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LIST OF BUREAU OF MINES 

PUBLICATIONS AND ARTICLES 

January 1, 1970, to December 31, 1974 

With Subiect and Author Index 

Compiled by 

Rita D. Sylvester 

Introduction 

The Bureau of Mines was established in the 
public interest to conduct inquiries and scientific 
and technologic inyestigations concerning min­
ing and the preparation, treatment and utiliza­
tion of mineral substances; to promote health 
and safety in the mineral industries; to conserve 
material resources and pre\'ent their waste; to 
further economic development; to increase effi­
ciency in the mining, metallurgical, quarrying, 
and other mineral industries; and to inquire 
into the economic conditions affecting those in­
dustries, The organic act of the Bureau, as 
amended by Congress and approved February 
25, 1913, made it the province and duty of the 
Bureau to "disseminate information concerning 
these subjects in such manner as will best carry 
out the purposes of this Act." 

In accordance with this directive, the Bureau 
reports the findings of its research and investiga­
tions in its own series of publications and also in 
articles that appear in scientific, technical, and 
tracIe journals; in proceedings of conventions 
and seminar's; in reference books; anel in other 
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non-Bureau publications. The number of these 
reports, the wide range of subjects they cover, 
and the variety of mediums in which they ap­
pear make the kind of list and index presented 
in this special publication both necessary and 
valuable. This issue describes reports and ar­
ticles published during the period January 1, 
1970, to December 31, 1974. It supplements the 
50-year list of Bureau publications issued from 
July 1, 1910, to January 1, 1960;2 the 50-year list 
of articles by Bureau authors published outside 
the Bureau from July 1, 1910, to January 1, 
1960;3 and the 5-year lists of Bureau publica­
tions and articles from January I, 1960, to 
December 31, 1964,4 and from January I, 1965, 
to December 31, 1969.5 It includes all the mate­
rial in the four annual lists of Bureau publi­
cations and articles from January 1, 1970, to 
December 31, 1973. 

1 Editor, 
, Out of print. 
3 Out of print. 
4 Out of print. 
5 Out of print, 



BUREAU PUBLICA liONS 

Some Bureau of l\Iines publications, including 
Bulletins and the Minerals Yearbook, are sales 
publications; other series contain both free and 
sales publications. Because the price of sales 
publications varies, the price is indicated in the 
individual listing of any publication for which a 
charge is made. 

Sales publications of the Bureau of Mines 
must be obtained from the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. 20402, to whom orders should 
be sent directly. Remittances for such publica­
tions may be made by money order or check or 
by coupons, sold in sets of 20 for $1 and good 
until used. Do not send postage stamps. Remit­
tances from foreign countries should be made 
by international money order or a draft on a 
U.S. bank payable to the Superintendent of 
Documents. 

Free publications of the Bureau of Mines may 
be obtained from the Publications Distribution 
Branch, Bureau of l\Iines, 4800 Forbes Avenue, 
Pittsburgh, Pa. 15213. Because of the limited 
editions, only one copy of any free publication 
can be sent to the person applying and only a 
few different publications to anyone applicant. 

The following types or series of publications 
are issued by the Bureau of Mines: 

Bulletins report the results of broad and sig­
nificant projects or programs of scientific, his­
torical, or economic research, or other investiga­
tions, including comprehensive and important 
mineral resource studies and compilations. Bulle­
tins are usually prepared after all laboratory and 
field work has been completed, but they some­
times report a major phase of a larger or con­
tinuing investigation or research study. They 
rarely represent the first public report on the 
subject. As a rule, they encompass published 
work together with essential unpublished data 
and details. 

Minerals Yearbook-annual statistical publi­
cation of the Bureau-summarizes the significant 
economic and technologic developments in the 
mineral industries. It presents, by mineral com­
modity, the salient statistics on production, 
trade, consumption, and other pertinent data. 
The U.S. mineral industry is reviewed by States, 
island possessions, and the Canal Zone. The 
latest available mineral statistics for more than 
ISO countries and areas are presented, together 
with a review of the role of minerals in the 
economies of these nations. Three separate vol-
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lIlnes are issued each year, as follows: Volume I, 
Metals, l\Iinerals, and Fuels; Volume II, Area 
Reports: Domestic; and Volume III, Area Re­
ports: International. Chapters in these volumes 
are issued separately as preprints before the 
bound volumes are available. 

Reports of Il2vestigatio~ls present the results 
of research and investigations conducted by the 
Bureau at its research centers or laboratories, or 
in mines, quarries, smelters, refineries, oilfields, 
plants, and other non-Bureau properties. They 
differ from Bulletins in that they describe the 
principal features and results of individual ex­
periments (single or multiple); minor research 
projects; or a significant coordinated phase of a 
major project or program. Reports of investiga­
tions may include a summary of several projects 
or activities in a given subject area that are not 
necessarily related directly to each other, new 
technical or economic theory, mineral resource 
studies that emphasize original evaluation of 
deposits, results of laboratory analyses of an 
unusual nature, and comparative and nom"ou­
tine testing of cores, explosives, and other com­
modities. 

Information Circulars differ from Reports of 
Investigations in that they are not concerned 
primarily with original Bureau research or in­
vestigative work. They cover sun'eys of mineral 
resources and related mining and operating ac­
tivities; guides to marketing of mineral com­
modities; compilations of historical or statistical 
and economic data on minerals; summaries of 
scientific and technical meetings and sympo­
siums; bibliographies; descriptions of new instru­
mentation and techniques; and descriptions of 
new industrial mining methods and metallurgical 
processes (as distinguished from those developed 
by the Bureau) . 

Technical Progress Reports present highly 
significant and newsworthy developments in 
Bureau of Mines programs and are intended for 
use in conveying information that, to be of 
maximum value, must be published in a matter 
of days. They are expanded fact sheets giving 
the technical background and details necessary 
to supplement a press release that reports im­
portant progress in an area of Bureau activity 
meriting widespread public interest. A more 
comprehensive treatment of the subject may be 
published later as a Report of Investigations. 

Handbooks are instruction or information 
manuals designed to improve efficiency in the 
mineral industries or to promote the wise use 



of mineral resources. Based on research and the 
practical experience of Bureau personnel, they 
cover a wide range of subjects, such as questions 
and answers on boiler-feedwater conditioning. 

Mineral Industry Surveys contain timely sta­
tistical and economic data on minerals and fuels. 
The surveys are designed to keep Government 
agencies and the public, particularly the min­
erals inclustry and business community, regularly 
informed of trends in the production, distribu­
tion, inYentories, and consumption of minerals 
and fuels. F!'equency of issue depen,ps on the 
need for current data. For example, the bitumi­
nous coal report is issued weekly; other reports 
are issued monthly, quarterly, and annually. 
Preliminary annual data on commodities are 
published as soon as possible after the close of 
each calendar year and comprise statistics that 
are later finalized in the Minerals Yearbook. Pre­
liminary annual area reports also contain data 
on mineral production by States, and final figures 
are published in Volume II of the Yearbook. 

Foreign Mineral Reports are issued to help 
domestic producers and consumers of mineral 
commodities keep abreast of developments in the 
mineral industries and markets abroad, and pro­
vide a brief summary of significant information 
from U.S. Foreign Service offices and other 
sources, which may otherwise not be made 
available to the general public. 

SperiaZ PubliCI/lions include the annual list of 
Bureau of \Jines Publications and Articles and 
popular-type pamphlets prepared for the general 
public and distributed in response to requests 
for information on specific subjects, such as air 
pollution and mineral waste reclamation. Special 
publications also include certain long and de­
tailed publications that do not belong in any of 
the other series. 

ASSOCIATED DOCUMENTS 

Although the material in the categories that 
follow is not published by the Bureau of Mines, 
it is listed and indexed in this publication as a 
service to those who may be interested. 

Cooperative Publications result from investi­
gations conducted cooperatively by the Bureau of 
Mines and another Government or outside orga­
nization. Although usually written either wholly 
or in part by Bureau personnel, they are pub-

. lished by the other organization. Cooperative 
publications include monographs and joint 
reports. 

Open File Reports are unpublished Bureau of 
Mines manuscripts, reports prepared for the 
Bureau under contract, or material not in manu­
script form, such as diamond drill logs or a 
collection of crude or raw data from an experi­
ment, which the Bureau makes available for 
consultation in a library or Bureau facility. See 
the list of open file reports for information as to 
where they are available for examination. 

Outside Publications (OP's) are journal arti­
cles, papers in proceedings and transactions of 
symposia and society meetings, and other non­
Bureau publications published by technical and 
trade journals, scientific organizations, and pub­
lishing houses. 

Patenls issued to Bureau personnel from Jan­
uary 1, 1970, to December 31, 1974, are listed, 
with instructions on how to apply for permission 
to use such patents. 

Reprints of Bureau of Mines publications that 
have been made available by the National Tech­
nical Information Service, U.S. Department of 
Commerce, are listed in the section "Reports 
Available' from the National Technical Informa­
tion Service." 
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LIBRARIES 

Under the provlSlons of the law, certain 
libraries are designated by Congress as deposi­
tories for printed publications issued by the Gov­
ernment agencies. Through these libraries, vari­
ous documents printed by the Government Print­
ing Office are made available to residents of 
every State. Distribution of these printed publi­
cations is made by the Superintendent of Docu­
ments. 

Bureau when the publications are out of print 
or copies no longer are available from the Super­
intendent ef Documents or the Bureau. 

In the United States some libraries maintain 
complete files of Bureau reports; others carry 
only selected series. The following list contains 
the names and locations of depository libraries 
receiving various series of reports and documents 
issued by the Bureau of Mines. The figures in 
parentheses, following the names of the libraries, 
indicate the type of Bureau publications gen­
erally received on a regular basis by each library. 

Many of these depository libraries also re­
ceive multilith publications of the Bureau of 
Mines, particularly the Reports of Investigations 
and the Information Circulars, which are dis­
tributed mainly by the Bureau. Libraries main­
taining a file of Bureau of Mines publications 
are the best sources for reports published by the 

(I) Reports of Investigations and Informa­
tion Circulars. 

(2) Bulletins. 
(3) l'vIinerals Yearbooks. 

State City 

Alabama _____________ Alexander City 

Auburn ______________ _ 
Birmingham __________ _ 

Florence ______________ _ 
Gadsden ______________ _ 
Huntsville ____________ _ 
Jacksonville ___________ _ 
Maxwell A. F. Base _____ _ 
Mobile _______________ _ 

Montgomery __________ _ 
Normal ______________ _ 

St. Bernard ___________ _ 
Troy _________________ _ 

Tuskegee Institute _____ _ 
University ____________ _ 

Alaska _______________ Anchorage 

Fairbanks _____________ _ 
Juneau _______________ _ 

Arizona Coolidge ______________ _ 
Flagstaff ______________ _ 
Phoenix ______________ _ 

Prescott ______________ _ 
Tempe _______________ _ 
Tucson _______________ _ 

Yuma ________________ _ 
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Library and Type of Publication Received 

Alexander City State Junior College, Thomas D. Russell Li-
brary (3). 

Auburn University, Ralph Brown Draughon Library (1,2,3). 
Birmingham Public Library (1,2.3). 
Birmingham-Southern College, M. Paul Phillips Library (2,3). 
Samford University, Harwell G. Davis Library (3). 
Florence State University, Collier Library (3). 
Gadsden Public Library (2,3). 
University of Alabama, Huntsville Campus Library (2,3). 
Jacksonville State University, Ramona \\Tood Library (3). 
Air University Library (3). 
Mobile Public Library (1,2,3). 
Spring Hill College, Thomas Byrne Memorial Library (3). 
University of South Alabama Library (1,2,3). 
Auburn Uni\'ersity at ~[ontgomery Library (1,3). 
Alabama Agricultural and ~[cchanical College, Drake Memorial 

Library (3). 
St. Bernard College Librarv (3). 
Troy State University, Lurleen B. Wallace Educational Re-

sources Cen ter (3). 
Tuskegee Institute, Hollis Burke Frissell Library (2,3). 
University of Alabama Library (1,2,3). 
University of Alabama School of Law Library (3). 

Alaska Methodist University Library (1,3). 
Anchorage Higher Consortium Library (1,2,3). 
University of Alaska, Elmer E. Rasmuson Library (1,2,3). 
Alaska State Library (3). 

Central Arizona College, Instructional Materials Center 
Northern Arizona University Library (2,3). 
Department of Library and Archives (1,2,3). 
Phoenix Public Library (1,2, 3) . 
Prescott College Library (3). 
Arizona State University, Matthews Library (1,2,3). 
Tucson Public Library (3). 
University of Arizona Library (1,2,3). 
Yuma City-County Library (2,3). 

(3) . 



State City Library and Type of Publication Received 

Arkansas _____________ Arkadelphia ____________ Ouachita Baptist University. Riley Library (2.3). 
Conway _______________ Hendrix College. O. C. Bailey Library (3). 
Fayetteville ____________ University of Arkansas Library (1.2.3). 
Little Rock ____________ Little Rock Public Library (1.3). 
Magnolia ______________ Southern State College. J. M. Peace Library (2.3). 
Monticello _____________ University of Arkansas at Monticello Library (3). 
Russellville ____________ Arkansas Polytechnic College. Tomlinson Library (3). 
Searcy _________________ Harding College. Beaumont Memorial Library (3). 
State University _________ Arkansas State University. Dean B. Ellis Library (2.3). 
Walnut Ridge __________ Southern Baptist College. Felix Goodson Library (3). 

California ____________ Anaheim _____________ _ 
Arcata _______________ _ 
Bakersfield ____________ _ 

Berkeley 

Anaheim Public Library (3). 
Humboldt State College Library (1.2.3). 
California State College Library (3). 
Kern County Library System (1.2.3). 
University of California. General Library (1.2.3). 
University of California. Law Library. Earl Warren Legal Cen· 

Carson _______________ _ 
Chico ________________ _ 
Claremont ____________ _ 
Compton _____________ _ 
Concord ______________ _ 
Culver City ___________ _ 
Davis ________________ _ 
Downey ______________ _ 
Fresno _______________ _ 

Fullerton _____________ _ 
Garden Grove _________ _ 
Gardena ______________ _ 
Hayward _____________ _ 
Huiltington Park _______ _ 
Inglewood ____________ _ 
Irvine ________________ _ 
La Jolla ______________ _ 
Lakewood ____________ _ 
Lancaster _____________ _ 
Long Beach ___________ _ 

Los Angeles ___________ _ 

:\[enlo Park 

Montebello ___________ _ 
Monterey _____________ _ 
Monterev Park ________ _ 
~orthridge ____________ _ 
~orwalk ______________ _ 
Oakland ______________ _ 
Palo Alto _____________ _ 
Pasadena _____________ _ 

Redding ______________ _ 
Redlands _____________ _ 
Redwood City _________ _ 
Reseda _______________ _ 
Richmond ____________ _ 
Ri\'erside _____________ _ 

Sacramento ___________ _ 

San Bernardino ________ _ 
San Diego ____________ _ 

ter (2). 
Carson Regional Library (3). 
California State University. Chico Library (3). 
Pomona College. Honnold Library (1.2.3). 
Compton Library (1.2.3). 
Contra Costa County Library (3). 
Culver City Library (3). 
University of California at Davis. School of Law Library (1.2.3). 
Downey City Library (3). 
California State University at Fresno Library (1.2. 3) . 
Fresno County Free Library (1.2.3). 
California State College at Fullerton Library (2.3). 
Garden Grove Regional Library (3). 
Gardena Public Library (3). 
California State College at Hayward Library (2.3). 
Huntington Park Library. San Antonio Region (3). 
Inglewood Public Library (2.3). 
University of California at Irvine Library (1.2.3). 
Unh'ersity of California at San Diego Library (1.2.3). 
Angelo Iacoboni Public Library (1.3). 
Lancaster Regional Library (3). 
California State College at Long Beach Library (1.2.3). 
Long Beach Public Library (1.2. 3) . 
California State College at Los Angeles. John F. Kennedy Me· 

morial Library (1.2.3). 
Los Angeles Public Library (1.2.3). 
Loyola Uni\'ersity of Los Angeles Library (3). 
Occidental College. Mary Norton Clapp Library (3). 
University of California at Los Angeles Library (1.2.3). 
University of Southern California Library (1.2.3). 
Geological Survey Library. U.S. Department of the Interior 

(2.3) . 
Montebello Library (3). 
~a\'al Postgraduate School Library (3). 
Bruggemeyer Memorial Library (3). 
California State University at ~orthridge (1.2.3). 
~orwalk Library (3). 
Oakland Public Library (1.2.3). 
Stanford University Library (1.2.3). 
California Institute of Technology. Millikan Memorial Library 

(1.2.3) . 
Pasadena Public Library (1.2.3). 
Shasta County Library (2.3). 
University of Redlands. Armacost Library (2.3). 
Redwood City Public Library (3). 
West Valley Regional Branch Library (3). 
Richmond Public Library (3). 
Riverside Public Library (1.2.3). 
Unh'ersity of California at Riverside Library (1.2; 3) . 
California State Library (1.2.3). 
Sacramento City.County Library (2.3). 
Sacramento State College Library (1.2.3). 
San Bernardino County Free Library (2.3). 
California State University at San Diego. Love Library (1.2.3). 
San Diego County Library (3). 
San Diego Public Library (1.2.3). 
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State City Library and Type of Publication Received 

California ____________ San Francisco __________ Mechanics Institute Library (2,3). 
San Francisco Public Library (1,2,3). 
San Francisco State College Library (1,2,3). 
Supreme Court of California Library (1,2,3). 
U.S. Court of Appeals for Ninth Circuit Library (3). 
University of San Francisco, Gleeson Library (2, 3) . 

San Jose _______________ San Jose State College Library (1,2, 3) , 
San Leandro ___________ San Leandro Community Library Center (3). 
San Luis Obispo ________ California State Polytechnic University Library (1,2,3) . 
Santa Ana _____________ Santa Ana Public Library (3). 
Santa Barbara __________ University of California at Santa Barbara Library (1,3). 
Santa Clara ____________ University of Santa Clara, Michel Orradre Library (3). 
Santa Cruz _____________ University of California at Santa Cruz Library (1,2,3). 
Santa Rosa ____________ Santa Rosa·Sonoma County Free Public Library (3). 
Stockton _______________ Public Library of Stockton and San Joaquin County (2,3). 
Thousand Oaks _________ California Lutheran College Library (2,3). 
Torrance ______________ Torrance Civic Center Library (3). 
Turlock _______________ Stanislaus State College Library (3). 
Valencia _______________ Valencia Regional Library (3). 
Van Nuys ______________ Los Angeles Valley College Library (3). 
\Valnut _______________ Mount San Antonio College Library (3). 
West Codna ___________ West Covina Library (3). 

Colorado _____________ Alamosa ______________ _ Adams State College Learning Resources Center (1,2,3). 
Uni\'ersity of Colorado Libraries (1,2,3). Boulder ______________ _ 

Colorado Springs _______ _ 
Denver _______________ _ 

Fort Collins ___________ _ 
Golden _______________ _ 

Greeley ______________ _ 
Gunnison _____________ _ 
La Junta _____________ _ 
Pueblo _______________ _ 

U. S. Air Force Academy __ 

Colorado College, Charles Learning Tutt Library (1,2,3). 
Bureau of Mines, U.S. Department of the Interior (1,2,3).· 
Bureau of Reclamation, U.S. Department of the Interior (2,3) . 
Colorado State Library (1,2,3) 
Denver Public Library (1,2,3). 
Regis College. Dayton Memorial Library (1,2,3). 
University of Denver, Mary Reed Library (1,2,3). 
Colorado State University, W. E. :\{organ Library (1,2.3) . 
Colorado School of Mines, Arthur Lakes Library (1,2,3). 
Jefferson County Public Library (3). 
University of Northern Colorado Library (1,3). 
Western State College, Leslie J. Savage Library (1,2,3). 
Otero Junior College. Wheeler Library (3). 
Pueblo Regional Library (1,2,3). 
Southern Colorado State College Library (1,2,3). 
U.S. Air Force Academy Library (1,3). 

Connecticut __________ Bridgeport _____________ Bridgeport Public Library (1.2.3). 
Danbury ______________ Western Connecticut State College, Ruth A. Haas Library (I, 

2,3) . 
Hartford ______________ Connecticut State Library (1,2,3). 

Hartford Public Library (1,2,3). 
Trinity College Library (2.3). 

Middletown ____________ Wesleyan University, Olin Library (1.2,3). 
New Britain ___________ Central Connecticut State College. Elihu Burritt Library (1.2.3). 
New Haven ____________ Southern Connecticut State College. Hilton C. Buley Library 

(1,2,3) . 
Yale University Library (2,3). 

New London ___________ Connecticut College, Palmer Librarv (3). 
Stamford ______________ Stamford Public Library (3). 
Storrs _________________ University of Connecticut, Wilbur Cross Library (1,2,3). 
Waterbury _____________ Silas Bronson Library (3). 

Delaware _____________ Dover _________________ Delaware State College. William C. Jason Library (3). 
Georgetown ____________ Delaware Technical and Community College Library (2,3) . 
Newark _______________ University of Delaware, Hugh M. Morris Library (1,2,3). 
Wilmington ____________ Wilmington Institute and New Castle County Free Library (I, 

2,3) . 

District of Columbia ___ Washington Advisory Commission on Intergovernmental Relations Library 

• Not a depository library. 
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(1,2,3) . 
District of Columbia Public Library (3). 
Federal Deposit Insurance Corporation Library (3). 
Georgetown University Library (2,3). 
National War College Library (3). 
Office of Management and Budget Library (3). 
Pentagon, Army Library (3). 
U.S. Atomic Energy Commission Library (1,3) . 



State City Library and Type of Pu blication Received 

District of Columbia ___ Washington ____________ U.S. Department of Agriculture, National Agricultural Library 

Florida _____________ _ Boca Raton ___________ _ 
Daytona Beach ________ _ 
De Land ______________ _ 
Fort Lauderdale _______ _ 

Gaines\'iIIe ____________ _ 
J acksonviIle ___________ _ 

Lakeland _____________ _ 

Le.esbl!rg --------------Miami _______________ _ 

Orlando ______________ _ 
Palatka ______________ _ 
Pensacola _____________ _ 
Punta Gorda __________ _ 
SI. Petersburg _________ _ 
Sarasota ______________ _ 
Tallahassee ___________ _ 

Tampa 

'Vinter Park __________ _ 

Georgia _____________ _ Albany _______________ _ 
Americus _____________ _ 
Athens _______________ _ 
Atlanta ______________ _ 

Augusta ______________ _ 
Brunswick ____________ _ 
Carrollton ____________ _ 
Dahlonega ____________ _ 
Decatur ______________ _ 

Gainesville ____________ _ 
Macon _______________ _ 
;\Iarietta _____________ _ 
;\Iilledgeville __________ _ 
Savannah _____________ _ 

Statesboro ____________ _ 
Valdosta _____________ _ 

Hawaii ______________ Hilo _________________ _ 
Honolulu _____________ _ 

Pearl City ____________ _ 

Idaho _______________ Boise 

(2,3) . 
U.S. Department of Commerce Library (1,3). 
U.S. Department of Housing and Urban Development, Library 

and Information Dh'ision (3). 
U.S. Department of the Interior, Central Library (1,2,3). 
U.S. Department of Justice, Main Library (3). 
U.S. Department of the Navy Library (3). 
U.S. Department of State Library (3). 
U.S. Department of the Treasury Library (3). 

Florida Atlantic University Library (1,2,3). 
Volusia County Public Libraries (3). 
Stetson University, DuPont·Ball Library (2,3). 
Fort Lauderdale Public Library (2,3). 
Nova University Libraries (3). 
University of Florida Libraries (1,2,3). 
Haydon Burns Library (1,2,3). 
Jacksonville University, Swisher Library (3). 
Lakeland Public Library (3). 
Lake·Sumter Community College Library (3). 
Florida International University Library (2,3). 
Miami Public Library (1,2,3). 
Uni\'ersity of Miami Library (1,2). 
Florida Technological University Library (1,2,3). 
SI. Johns River Junior College Library (3). 
University of West Florida, John C. Pace Library (3). 
Charlotte County Library (3). 
SI. Petersburg Public Library (3). 
Sarasota Public Library (3). 
Florida Agricultural and Mechanical University, Coleman Me· 

morial Library (2, 3) . 
Florida State Library (3). 
Florida State University, R. M. Strozier Library (1,2,3). 
Tampa Public Library (1,2,3). 
University of South Florida Library (1,2,3). 
University of Tampa, Merl Kelce Library (3). 
Rollins College, Mills Memorial Library (3). 

Albany Public Library (2,3). 
Georgia Southwestern College, James Earl Carter Library (2,3). 
University of Georgia Libraries (1,2,3). 
Atlanta Public Library (1,2,3). 
Atlanta University, Tremr Arnett Library (3). 
Emory Unh'ersity, Robert W. Woodruff Library (2,3). 
Georgia Ins-titute of Technology, Price Gilbert Memorial Library 

1,2,3) . 
Georgia State Library (3). 
Georgia State University Library (1,2,3). 
Augusta College Library (1,2,3). 
Brunswick Public Library (3). 
West Georgia College Library (1,2,3). 
~orth Georgia College. Stewart Librarv (3). 
DeKalb Community College. South Campus Learning Resources 

Center (3). 
Chestatee Regional Library (3). 
Mercer University, Stetson Memorial Library (3). 
Kennesaw Junior College Library (3). 
Georgia College at Milledgeville. Ina Dillard Russell Library (3). 
Savannah Public and Chatham-Effingham-Liberty Regional Li-

brary (3). 
Georgia Southern College. Rosenwald Library (1,2.3). 
Valdosta State College. Richard Holmes Powell Library (3). 

University of Hawaii Library (2,3). 
Chaminade College of Honolulu Library (3). 
Hawaii State Library (3). 
University of Hawaii Library (1,2.3). 
Leeward Community College Library (3). 

Boise Public Library (1.2,3). 
Boise State College Library (1.3). 
Idaho State Law Library (3). 
Idaho State Library (1.2.3). 
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State City 

Idaho _______________ Caldwell _____________ _ 
Moscow ______________ _ 
Pocatello _____________ _ 
Rexburg _____________ _ 
Twin Falls ____________ _ 

Illinois ______________ Bloomington __________ _ 
Carbondale ___________ _ 
Carlinville ____________ _ 
Carterville ____________ _ 
Champaign ___________ _ 
Charleston ____________ _ 
Chicago ______________ _ 

De Kalb _____________ _ 

Decatur ______________ _ 
Edwardsville __________ _ 
Elsah ________________ _ 
Evanston _____________ _ 
Freeport ______________ _ 
Galesburg ____________ _ 
Jacksonville ___________ _ 
Lake Forest ___________ _ 
Lebanon _____________ _ 
Lisle _________________ _ 
~[acomb ______________ _ 
Moline _______________ _ 
:\[onmouth ___________ _ 
Norm~ ______________ _ 
Palos Hills ___________ _ 
Peoria _______________ _ 

RiYer Forest __________ _ 
Rockford _____________ _ 
Springfield ____________ _ 
Urbana ______________ _ 
Wheaton _____________ _ 

Indiana ______________ Anderson _____________ _ 
Bloomington __________ _ 
Crawfords\'ille _________ _ 
Evansville ____________ _ 

Fort Wayne ___________ _ 

Gary _________________ _ 

Greencastle ___________ _ 
Hammond ____________ _ 
Hanover ______________ _ 
Huntington ___________ _ 
Indianapolis __________ _ 

Kokomo ______________ _ 
Lafayette _____________ _ 
Muncie ______________ _ 

Notre Dame __________ _ 
Rensselaer ____________ _ 
Richmond ____________ _ 

South Bend ___________ _ 
Terre Haute __________ _ 
Valparaiso ____________ _ 
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Library and Type of Publication Received 

College of Idaho. Terteling Library (2.3). 
University of Idaho Library (1,2,3). 
Idaho State Unh'ersity Library (1,2,3). 
Ricks Collegc, David O. McKay Library (1,2,3). 
College of Southern Idaho (3). 

Illinois Wesleyan Unh-ersity Libraries (2). 
Southern Illinois University, ~[oITis Library (1.2,3). 
Blackburn College, Lumpkin Library (3). 
Shawnee Library (2,3). 
University of Illinois, College of Law Library (2,3). 
Eastern Illinois Uniycrsity. Booth Library (1,2,3). 
Chicago Public Library (1,2.3). 
Chicago State University Library (3). 
Field Museum of Natural History Library (1,2,3). 
John Crerar Library (1,2,3). 
Loyola University of Chicago. E. ~r. Cudahy :\[emorial Library 

(2,3) . 
Northeastern Illinois State University Library (3). 
University of Chicago Library (1,2,3). 
University of Chicago, Law Library (3). 
University of Illinois Library (1.2,3). 
;\'orthern Illinois University. Swell Franklin Parson Library (I. 

2,3) . 
Decatur Public Library (3). 
Southern Illinois University, LO\'ejoy ~[emorial Library (1.2.3). 
Principia College, ~[arshall Brooks Library (3). 
Northwestern University Library (1,2,3). 
Freeport Public Library (3). 
Galesburg Public Library (3). 
~[ac~[urray College, Henry Pfeiffer Library (3). 
Lake Forest College, Donnelley Library (1.2,3). 
McKendree College, Holman Library (3). 
Illinois Benedictine College, Theodore Lownik Library (3). 
Western Illinois Uni\'crsity Library (1,2,3). 
Black Hawk College, Learning Resources Center (3). 
Monmouth College Library (2,3). 
Illinois State University at l\'ormal, ~fi1ner Library (1.2.3). 
Moraine Valley Community College Library (3). 
Bradley UniYersity Library (3). 
Peoria Public Library (1,2,3). 
Rosary College Library (3). 
Rockford Public Library (3). 
Illinois State Library (1,2,3). 
University of Illinois at Urbana Library (1.2,3). 
Wheaton College Library (3). 

Anderson College, Charles E. Wilson Library (3). 
Indiana University Library (1,2.3). 
Wabash College, Lilly Library (3). 
EYansville and Vanderburgh County Public Library (1,2,3). 
Indiana State University Library (1,3). 
Public Library of Fort Wayne and Allen County (1,2,3). 
Indiana·Purdue Universities, Regional Campus Library (3). 
Gary Public Library (3). 
Indiana University, :\'orthwest Campus Library (2,3). 
De Pauw University, Roy O. West Library (1.2.3) . 
Hammond Public Library (2,3). 
HanO\'er College Library (3). 
Huntington College Library (3). 
Butler University. Irwin Library (3). 
Indiana State Library (1,2,3). 
Indianapolis Public Library (1,3). 
Indiana University, Kokomo Campus Library (3). 
Purdue University Library (1,2,3). 
Ball State University Library (1.2,3). 
Muncie Public Library (3). 
Unh'ersity of Notre Dame, Memorial Library (1,2.3). 
St. Joseph's College Library (2.3). 
Earlham College, Lilly Library (2.3). 
Morrison Ree\'es Library (3). 
Indiana University at South Bend Library (3). 
Indiana State University. Cunningham Memorial Library (2,3). 
Valparaiso University. ~[oellering Memorial Library (2.3). 



State City 

Iowa ________________ Ames ________________ _ 
Cedar Falls ___________ _ 
Council Bluffs _________ _ 

Davenport ____________ _ 
Des Moines ___________ _ 

Dubuque _____________ _ 

Grinnell ______________ _ 
Iowa City ____________ _ 
Lamoni ______________ _ 
Mount Vernon ________ _ 
Orange City __________ _ 
~oux Ciry ____________ _ 

Kansas _______________ Baldwin City __________ _ 

Kentucky ___ '-________ _ 

Colby ________________ _ 
Emporia ______________ _ 

Hays _________________ _ 
Hutchinson ___________ _ 
Lawrence _____________ _ 

Manhattan ___________ _ 
Pittsburg _____________ _ 
Salina ________________ _ 
Topeka ______________ _ 

Wichita 

Ashland ______________ _ 
BarboUlTille __________ _ 
Bowling Green ________ _ 
Covington ____________ _ 
Danvilk ______________ _ 
Frankfort _____________ _ 

Lexington 
Louisville 

:\Iorehead ____________ _ 
~Iurray ______________ _ 
~ewport _____________ _ 
Owensboro ___________ _ 
Pikeville ______________ _ 
Richmond ____________ _ 

Louisiana ____________ Baton Rouge _________ _ 
Eunice _______________ _ 
Hammond ____________ _ 

Lafayette _____________ _ 
Lake Charles __________ _ 
Monroe ______________ _ 
~atchitoches __________ _ 
;'\ew Orleans __________ _ 

Pineville _____________ _ 
Ruston _______________ _ 

Shreveport ____________ _ 

Thibodaux ___________ _ 

Library and Type of Publication Received 

Iowa State Unh'ersity of Science and Technology Library (1,2,3). 
University of Northern Iowa Library (1,3). 
Free Public Library (2,3). 
Iowa Western Community College, Hoover Media Library (3). 
Davenport Public Library (1,2). 
Drake University, Cowles Library (1,2,3). 
Iowa State Traveling Library (2,3). 
Public Library of Des Moines (2,3). 
Carnegie-Stout Public Library (3). 
Loras College, Wahlert Memorial Library (3). 
Grinnell College, Burling Library (3). 
University of Iowa Library (1,2,3). 
Graceland College, Frederick Madison Smith Library (3). 
Cornell College, Russell D. Cole Library (1,2,3). 
;'\orthwestern College, Ramaker Library (3). 
Sioux City Public Library (3). 

Baker Unh'ersity Library (3). 
Colby Community Junior College Library (3). 
Kansas State Teachers College, William Allen White Library 

(2,3) . 
Fort Hays Kansas State College, Forsyth Library (1,2,3). 
Hutchinson Public Library (2,3). 
University of Kansas, Watson Library (1,2,3). 
University of Kansas Law Library (3). 
Kansas State University, Farrell Library (1,2,3). 
Kansas State College of Pit·tsburg, Porter Library (2,3). 
Kansas Wesleyan Uni\'ersity, Memorial Library (1,2,3). 
Kansas State Historical Society Library (3). 
Kansas State Library (2,3) . 
Wichita State Uni\'ersity Library (1,2,3). 

Ashland Public Library (3) . 
Union College, Abigail E. Weeks Memorial Library (3) . 
Western Kentucky University, Margie Helm Library (1,2,3). 
Thomas More College Library (3) . 
Centre College, Grace Doherty Library (3). 
Kentucky Department of Libraries (3). 
Kentucky State College, Blazer Library (2). 
State Law Library (3). 
University of Kentucky, M. I. King Library (1,2,3). 
Louisville Free Public Library (1,2,3). 
University of Louisville, Belknap Campus Library (2,3). 
Morehead State University, Johnson Camden Library (3). 
Murray State University Library (1,2, 3). 
l'i'orthern Kentucky State College Library (3). 
Kentucky Wesleyan College Library (3). 
Pikeville College, O'Rear-Robinson Library (3). 
Eastern Kentucky University, John Grant Crabbe Library (I, 3) . 

Louisiana State University Library (1,2.3). 
Louisiana State University at Eunice, LeDoux Library (I, 2, 3) . 
Southeastern Louisiana Unh'ersity, Sims Memorial Library 

(2, 3). 
University of Southwestern Louisiana Library (1,2, 3) . 
Mc~eese State Universi·ty. Frazar Memorial Library (1,2,3). 
:'\"ortheast Louisiana University. Sandel Library (3). 
~orthwestern State University. Watson Memorial Library (2, 3) . 
Isaac Delgado College. Moss Technical Library (I, 2, 3) . 
Loyola Uni\'ersity Library (3). 
~ew Orleans Public Library (1,2,3). 
Tulane University, Howard-Tilton Memorial Library (I, 2, 3). 
Southern University of New Orleans Library (I, 2. 3) • 
Louisiana College, Richard W. l'i'orton Memorial Library (3). 
Louisiana Polytechnic University, Prescott Memorial Library 

(1,2,3) . 
Louisiana State Uni\'ersity in Shreveport Library (I, 3) . 
Shreve Memorial Library (I, 2, 3) . 
Francis T. Nicholls State University (2, 3) . 

Maine _______________ Augusta _______________ Maine State Library (2. 3) . 
Brunswick _____________ Bowdoin College. Hawthorne-Longfellow Library (2, 3) . 
Castine ________________ Maine Maritime Academy. l'i'utting Memorial Library (I, 2, 3) . 
Lewiston ______________ Bates College Library (2, 3) . 
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State City 

Maine _______________ Orono _______________ _ 
Portland _____________ _ 

Springvale 
Waterville 

Maryland ____________ Annapolis 

Baltimore 

Bel Air _______________ _ 
College Park __________ _ 
Frostburg _____________ _ 
Rochille _____________ _ 
Salisbury _____________ _ 
Towson ______________ _ 

"restminster -----------

~[assachusetts _________ Amherst ______________ _ 

Boston _______________ _ 

Brookline _____________ _ 
Cambridge ____________ _ 

Chicopee _____________ _ 
Lowell _______________ _ 
Lynn ________________ _ 
~[arlborough __________ _ 
Medford ______________ _ 
Milton _______________ _ 
New Bedford __________ _ 
Xorth Dartmouth ______ _ 
Xorth Easton _________ _ 
Springfield ____________ _ 
"raltham _____________ _ 
Wellesley _____________ _ 
\Villiamstown _________ _ 
Wilmington ___________ _ 
\Vorcester ____________ _ 

Michigan _____________ Albion _______________ _ 
Allendale _____________ _ 
Ann Arbor ____________ _ 

Bloomfield Hills _______ _ 
Dearborn _____________ _ 

Detroit 

East Lansing __________ _ 

Escanaba _____________ _ 
Farmington ___________ _ 

Flint ________________ _ 

Grand Rapids _________ _ 

Houghton ____________ _ 
Jackson ______________ _ 
Kalamazoo ____________ _ 

Lansing ______________ _ 

10 

Library and Type of Publication Received 

University of !\faine, Raymond H. Fogler Library (I, 2, 3) . 
Portland Public Library (2, 3) . 
University of Maine Law Library (3). 
Nasson College Library (3). 
Colby College Library (3). 

Maryland State Library (3). 
U.S. l\'aval Academy Library (2, 3) . 
Enoch Pratt Free Library (1,2, 3) . 
Johns Hopkins University, Milton S. Eisenhower Library 

(I, 2, 3). 
Morgan State College, Soper Library (3). 
University of Baltimore, Langsdale Library (1,3). 
Uni\"ersity of :\faryland, School of Law Library (3). 
Hartford Community College Library (3). 
University of Maryland, :\fcKeldin Library (1,2, 3) . 
Frostburg State College Library (I, 3) . 
Montgomery County Department of Public Libraries (3). 
Salisbury State College, Blackwell Library (2, 3) . 
Goucher College, Julia Rogers Library (3). 
Western Maryland College Library (3). 

Amherst College Library (2, 3) . 
University of Massachusetts, Goodell Library (1,2,3). 
Belmont ~[emorial Library (3). 
Boston College, Bapst Library (3). 
Bostoll Public Library (I, 2, 3) . 
Northeastern University, Dodge Library (1,2,3)_ 
State Library of ~fassachusetts (2, 3) . 
Public Library of Brookline (3). 
Harvard University Library (2, 3) . 
Massachusetts Institute of Technology Libraries (1,2,3). 
Our Lady of the Elms College (3). 
Lowell Technological Institute, Alumni Memorial Library (3). 
Lynn Public Library (3). 
Marlborough Public Library (3). 
Tufts University Library (2, 3) . 
Curry College Library (3). 
Xew Bedford Free Public Library (3). 
Southeastern ~fassachusetts University Library (1,2, 3) . 
Stonehill College, Cushing-:\fartin Library (3). 
Springfield City Library (3). 
Brandeis University Library (3). 
Wellesley College Library (3). 
Williams College Library (3). 
Wilmington Memorial Library (3). 
Worcester Public Library (I, 2, 3) _ 

Albion College, Stockwell :l-femorial Library (I, 2, 3). 
Grand Valley State College Library (I, 2, 3) . 
Great Lakes Basin Library (3). 
Unh"ersity of Michigan, Harlan Hatcher Library (1,2,3)_ 
Cranbrook Institute of Science Library (3). 
Henry Ford Centennial Library (2, 3) . 
Henry Ford Community College Library (3). 
Detroit Public Library (1,2,3). 
~fercy College of Detroit Library (3). 
University of Detroit Library (3). 
Wayne State Uni\"ersity, G. Flint Purdy Library (1,2, 3) . 
Michigan State University Library, Upper Peninsula Branch 

(I, 2, 3). 
Michigan State Library (3). 
Oakland Community College, Martin L. King" Learning Re-

sources Center (l, 3) . 
Charles Stewart Mott Library (3). 
Flint Public Library (3). 
Calvin College Library (3). 
Grand Rapids Public Library (1,2,3). 
Michigan Technological University Library (1,2, 3) . 
Jackson Public Library (3). 
Kalamazoo Library System (3). 
Western Michigan University, Dwight B. Waldo Library 

(I, 2, 3). 
Michigan State Library (I, 2, 3) . 



State City Library and Type of Publication Received 

Michigan _____________ Livonia _______________ Schoolcraft College Library (1, 3) . 
Marquette _____________ Northern Michigan University, Olsen Library (1, 2, 3) . 
Mt. Clemens ___________ Macomb County Library (3). 
Mt. Pleasant ___________ Central Michigan University Library (I, 2, 3) . 
Muskegon _____________ Hackley Public Library (3). 
Rochester ______________ Oakland University, Kresge Library (1, 3) . 
Saginaw _______________ Hoyt Public Library (1, 2, 3) . _ 
Traverse City __________ Northwestern Michigan College, Mark Osterlin Library (3). 
University Center _______ Delta College Library (3)_ 
Warren _______________ Warren Public Library, Arthur J. Miller Branch (3). 
Wayne ________________ Wayne County Public Library (3). 
Ypsilanti ______________ Eastern Michigan University (1, 2, 3) . 

Minnesota ____________ Bemidji ______________ _ 
Collegeville ___________ _ 
Duluth _______________ _ 
Mankato _____________ _ 
Minneapolis __________ _ 

Moorhead ____________ _ 
Morris _______________ _ 
Northfield ____________ _ 

St. Cloud _____________ _ 
SL Paul ______________ _ 

SI. Peter _____________ _ 
Willmar ______________ _ 
Winona ______________ _ 

Bemidji State College, A. C. Clark Library (I, 2, 3) _ 
SI. Johns University, Alcuin Library (3). 
Duluth Public Library (1,2,3). 
Mankato State College, Memorial Library (I, 2, 3) . 
Anoka County Library (3)_ 
Minneapolis Public Library (I, 2, 3) . 
Southdale-Hennepin Area Library (2, 3) . 
University of Minnesota, Wilson Library (I, 2, 3) . 
Moorehead State College Library (3). 
University of Minnesota at Morris Library (3). 
Carleton College Library (3). 
SI. Olaf College, Rolvaag Memorial Library (2,3). 
St. Cloud State College Library (3). 
Minnesota Historical Society Library (2, 3) . 
SI. Paul Public Library (2, 3) . 
Gustavus Adolphus College Library (1,3)_ 
Crow River Regional Library (3). 
Winona State College, Maxwell Library (3). 

Mississippi ___________ Columbus _____________ _ Mississippi State College for Women, J. C. Fant Memorial 

Hattiesburg ___________ _ 
Jackson ______________ _ 

Lorman ______________ _ 
Sta~e C?llege __________ _ 
Ulllverslty ____________ _ 

Missouri _____________ Cape Girardeau _______ _ 
Columbia _____________ _ 
Fayette _______________ _ 
Jefferson City _________ _ 

Joplin ________________ _ 
Kansas City ___________ _ 

Kirksville _____________ _ 
Liberty _______________ _ 
Rolla ________________ _ 
St. Joseph ____________ _ 
SI. Louis _____________ _ 

Springfield ____________ _ 

Warrensburg __________ _ 

Library (3). 
University of Southern Mississippi Library (I, 2, 3) . 
MiSSissippi Library Commission (3). 
Mississippi State Law Library (3). 
Alcorn Agricultural and Mechanical College Library (I, 2, 3) . 
Mississippi State University, Mitchell Memorial Library (1, 2, 3) . 
University of Mississippi Library (1,2, 3) . 
Unversity of Mississippi School of Law Library (I, 2, 3) . 

Southeast Missouri State College, Kent Library (3). 
Unh'ersity of Missouri Library (1,2,3). 
Central Methodist College Library (3). 
Lincoln University, Inman E. Page Library (3). 
Missouri State Library (3). 
Missouri Southern State College Library (3). 
Kansas City Public Library (1,2,3). 
Rockhurst College Library (3). 
University of Missouri at Kansas City Library (I, 2, 3) . 
Northeast Missouri State College, Pickler Memorial Library (3)_ 
William Jewell College Library (3)_ 
Unh'ersity of Missouri at Rolla Library (I, 2, 3) . 
St. Joseph Public Library (2, 3) . 
SI. Louis County Library (3). 
St. Louis Public Library (I, 2, 3) . 
SI. Louis University, Pius XII Memorial Library (I, 2, 3) . 
SI. Louis University Law Library (3). 
University of Missouri at St. Louis, Thomas Jefferson Library 

(I, 2, 3) . 
Washington University, John M. Olin Library (1,2, 3) . 
Drury College, Walker Library (2, 3) . 
Southwest Missouri State College Library (1,2,3). 
Central Missouri State College, Ward Edwards Library (1,2, 3) • 

Montana _____________ Billings _______________ Eastern Montana College Library (1,3). 
Bozeman ______________ Montana State University Library (1,2,3). 
Butte _________________ Montana State College of Mineral Science and Technology 

Library (I, 2, 3) . 
Helena ________________ Montana Historical Society Library (I, 2, 3) . 

Montana State Library (1,2,3). 
Missoula ______________ University of Montana Library (I, 2, 3) . 

Nebraska _____________ Blair _________________ Dana College, C. A. Dana-Life Library (3). 
Crete _________________ Doane College, Whitin Library (3). 
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State City Library and Type of Publication Received 

Nebraska _____________ Fremont _______________ Midland Lutheran College Library (1, 2. 3) _ 
Kearney _______________ Kearney State College, Calvin T. Ryan Library (2, 3) _ 
Lincoln _______________ :\'ebraska Library Commission (1, 2, 3) . 

University of :\'ebraska, D. L. Love Memorial Library (1, 2. 3) . 
Omaha ________________ Creighton University, Alumni Memorial Library (3). 

Omaha Public Library (I, 2, 3) . 
University of Omaha, Gene Eppley Library (I, 3) . 

Scottsbluff _____________ Scottsbluff Public Library (3). 
Wayne ________________ Wayne State College, U.S. Conn Library (3). 

Nevada ______________ Carson City ____________ Nevada State Library (I, 2, 3) . 
Las Vegas _____________ University of ;'Iievada at Las Vegas Library (1,2,3). 
Reno _________________ Unilcrsity of :\'evada Library (1,2, 3) . 

:\'cw Hampshire _______ Concord ______________ _ Franklin Pierce Law Center Library (2, 3) . 

Durham ______________ _ 
Hanover ______________ _ 
Henniker _____________ _ 
Manchester ___________ _ 

New Hampshire State Library (1, 2, 3) . 
University of New Hampshire Library (1,2,3). 
Dartmouth College, Baker Library (1, 2, 3) . 
;'Iiew England College Library (3). 
Manchester City Library (3). 

:\'ew Jersey ___________ Bayonne ______________ _ Bayonne Free Public Library (2, 3) . 
Bloomfield ____________ _ 
Bridgeton _____________ _ 
Camden ______________ _ 
Convent Station _______ _ 
East Orange ___________ _ 
Elizabeth _____________ _ 
Glassboro _____________ _ 
Hackensack ___________ _ 
Irvington _____________ _ 
Jersey City ___________ _ 

Madison ______________ _ 
Mount Holly __________ _ 
New Brunswick ________ _ 

Newark ______________ _ 

Payak _______________ _ 
Plainfield _____________ _ 
Pomona ______________ _ 
Princeton _____________ _ 
Rutherford ___________ _ 
Shrewsbury ___________ _ 
South Orange _________ _ 
Teaneck ______________ _ 
Toms River ___________ _ 
Trenton ______________ _ 

Upper Montclair _______ _ 
'Vayne _______________ _ 
'Vest Long Branch _____ _ 
Woodbridge ___________ _ 

Free Public Library of Bloomfield (2, 3) . 
Cumberland County Library (3). 
Rutgers University at Camden Library (3). 
College of Saint Elizabeth. Mahoney Library (3). 
East Orange Public Library (3). 
Free Public Library of Elizabeth (2, 3) . 
Glassboro State College Library (1.2,3). 
Johnson Free Public Library (3). 
Free Public Library of Irvington (3). 
Jersey City Public Library (2, 3) . 
Jersey City State College, F. A. Irwin Librarv (3). 
Drew Universi,ty, Rose Memorial Library (3). 
Burlington County Library (3). 
Free Public Library (3). 
Rutgers University Library (1,2,3). 
Newark Public Library (1, 2, 3) . 
Rutgers-State Unil·ersity. John Cotton Dana Library (1,2,3) . 
Passaic Public Library (3). 
Plainfield Public Library (3). 
Stockton State College Library (1.2,3). 
Princeton Univcrsity Library (I, 2, 3) . 
Fairleigh Dickinson University, Messler Library (3). 
Monmouth County Library (1,2. 3) . 
Seton Hall Universitv, McLaughlin Library (3). 
Fairleigh Dickinson University, Teaneck Campus Library (3). 
Ocean County College Library (2, 3) . 
New Jersey State Library, Law and Reference Bureau, Depart-

ment of Education (3). 
Trenton Free Public Library (1,2,3). 
~fontclair State College, Harry S. Sprague Library (3). 
Wayne Public Library (2, 3) . 
Monmouth College, Guggenheim ~femorial Library (3). 
Free Public Library of Woodbridge (3). 

:\ew ~fexico __________ Albuquerque __________ _ University of :\'ew Mexico, Zimmerman Library (1,2,3). 
;'Iiew Mexico Junior College, Pannell Library (2, 3) . Hobbs _______________ _ 

Las Cruces ____________ _ 
Las Vegas ____________ _ 
Portales ______________ _ 
Santa Fe _____________ _ 

Silver City ____________ _ 

;'Iiew Mexico State University Library (1,2,3). 
:\'ew ~fexico Highlands University. Donnelly Library (I, 2, 3) . 
Eastern New Mexico Vniversity Library (I, 2, 3) . 
New Mexico State Library (1,2, 3) . 
Supreme Court Law Library (3). 
Western ;'Iiew Mexico Unil'ersity, Miller Library (1,2). 

:\'ew York ____________ Albany ________________ ;'Iiew York State Library (1,2,3). 
State Unil'ersity of New York at Albany Library (1,2, 3) . 

Auburn _______________ Seymour Library (3). 
Binghamton ____________ State University of ;'Iiew York at Binghamton Library (2, 3) . 
Brockport _____________ State University of New York. Drake Memorial Library (I, 2, 3) . 
Bronx _________________ Fordham University Library (3). 

Herbert H. Lehman College Library (3). 
New York Public Library, 'fott Haven Branch (3). 
State University of New York, '1aritime College Library (3). 
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State City 

New York ____________ Brooklyn _____________ _ 

Buff~o _______________ _ 

Canton _______________ _ 
Corning ______________ _ 

Cortland _____________ _ 

Delhi ________________ _ 
East Islip _____________ _ 
Elmira _______________ _ 
Farmingdale __________ _ 

Flushing _____________ _ 

Garden City ___________ _ 

Geneseo ______________ _ 
Great Neck ___________ _ 
Greenvale ____________ _ 

Hamilton _____________ _ 
Hempstead ___________ _ 
Huntington ___________ _ 
Ithaca _______________ _ 

Jamaica ______________ _ 

~fOUllt Vernon ________ _ 
New Paltz ____________ _ 
New York ____________ _ 

NeWburgh ____________ _ 
Oakdale ______________ _ 
Oneonta ______________ _ 
Oswego ______________ _ 
Plattsburgh ___________ _ 
Potsdam ______________ _ 

Poughkeepsie __________ _ 
Purchase _____________ _ 
Rochester _____________ _ 

St. Bonaventure ________ _ 
Saratoga Springs _______ _ 
Schenectady ___________ _ 
Southampton __________ _ 
Staten Island __________ _ 
Stony Brook ___________ _ 
Syracuse ______________ _ 
Troy ________________ _ 
Utica ________________ _ 
'Vest Point ___________ _ 
Yonkers ______________ _ 

Library and Type of Publication Received 

Brooklyn College Library (3). 
Brooklyn Public Library (1,2, 3) . 
Polytechnic Institute of Brooklyn, Spicer Library (2, 3) . 
Pratt Institute Library (3). 
Buffalo and Erie County Public Library (I, 2, 3) . 
State University of New York at Buffalo, Lockwood Memorial 

Library (1, 2, 3) . 
St. Lawrence University, Owen D. Young Library (I, 2, 3) . 
Corning Community College, Arthur A. Houghton, Jr., Library 

(3) . 
State University of New York College at Cortland, Memorial 

Library (3). 
State University Agricultural and Technical College Library (3). 
East Islip Public Library (3). 
Elmira College Library (3). 
State University Agricultural and Technical Institute at Farm· 

ingdale Library (2, 3) . 
Cathedral College Library (3). 
Queens College, Paul Klapper Library (3). 
Adelphi University Library (2, 3) . 
Nassau Library System (2, 3) . 
State University College, Milne Library (I, 2, 3) . 
U.S. Merchant Marine Academy Library (3). 
Long Island University, B. Davis Schwartz Memorial Library 

(2, 3). 
Colgate University Library (I, 2, 3) . 
Hofstra University Library (1,2,3). 
Huntington Public Library (1,2,3). 
Albert R. Mann Library (3). 
Cornell University Library (1,2, 3). 
Queens Borough Public Library (I, 3) . 
St. Johns University (3). 
Mount Vernon Public Library (3). 
State University College (1,2, 3) . 
City University of New York, City College Library (I, 2, 3) . 
Columbia University Library (I, 2, 3) . 
New York Law Institute Library (3). 
New York Public Library, Astor Branch (2, 3) . 
New York Public Library, Lenox Branch (1,2,3). 
New York University Law Library (3). 
New York University Library (1, 2) . 
Newburgh Free Library (3). 
Dowling College Library (3). 
State University College, James M. Milne Library (1, 2, 3) . 
State University of New York, Penfield Library (1,2, 3) . 
State University College, Benjamin F. Feinberg Library (I, 2, 3) . 
Clarkson College of Technology, Burnap Memorial Library 

(I, 2, 3). 
State Unh'ersity College, Crumb Memorial Library (I, 2, 3) . 
Vassar College Library (3). 
State University of New York College at Purchase Library (3). 
Rochester Public Library (I, 2, 3) . 
University of Rochester Library (I, 2, 3) . 
SI. Bonaventure University. FI-eidsam Memorial Library (3). 
Skidmore College Library (3). 
Union ColIege, Schaffer Library (2, 3) . 
Southampton College Library (2). 
Wagner College, Horrmann Library (2, 3) . 
State University of New York at Stonybrook Library (I, 2, 3). 
Syracuse University Library (2, 3) . 
Troy Pu bHc Library (3). 
Utica Public Library (3). 
U.S. Military Academy Library (3). 
Sarah Lawrence College Library (3). 
Yonkers Public Library (3). 

North Carolina ________ Ashe\'ille ______________ Unh'ersity of North Carolina, D. Hiden Ramsey Library (3). 
Boone ________________ Appalachian State University Library (1,3). 

588-3'76 0 - 75 - 2 

Buies Creek ____________ Campbell College, Carrie Rich Memorial Library (3). 
Chapel Hills ___________ University of North Carolina Library (1,2, 3) . 
Charlotte ______________ Public Library of Charlotte and Mcrklenburg County (3). 

University of North Carolina at Charlotte, Atkins Library 
I, 2, 3), 

Cullowhee _____________ Western Carolina Unh'ersity, Hunter Library (2, 3) . 
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State City 

North Carolina Daddson _____________ _ 

Durham ______________ _ 

Greensboro ___________ _ 

Greenville ____________ _ 
Laurinburg ___________ _ 
Murfreesboro __________ _ 
Pembroke ____________ _ 
Raleigh ______________ _ 

Rocky Mount _________ _ 
Salisbury _____________ _ 
Wilmington ___________ _ 

Wilson _______________ _ 
"Winston·Salem ________ _ 

Library and Type of Publication Received 

Davidson College, Hugh A. and Jane Grey Memorial Library 
(3) . 

Duke University, William R. Perkins Library (I, 2, 3) . 
::\'orth Carolina Central University. James E. Shepard Memorial 

Library (3). 
North Carolina Agricultural and Technical State University, 

F. D. Bluford Library (2, 3) . 
Uni\'ersity of North Carolina at Greensboro, 'Valter Clinton 

Jackson Library (1,2,3). 
East Carolina University, Joyner Library (I, 2, 3) . 
St. Andrews Presbyterian College, DeTamble Library (3). 
Chowan College, Whitaker Library (3). 
Pembroke State University, Mary H. Livermore Library (3). 
Department of Cultural Resources State Library (3). 
North Carolina State University, D. H. Hill Library (I, 2, 3). 
Wake County Public Library (3). 
North Carolina Wesleyan College Library (3). 
Catawba College Library (2, 3) . 
Unh"ersity of North Carolina at 'Vilmington, \\'illiam M. 

Randall Library (I, 2, 3) . 
Atlantic Christian College, Clarence L. Hardy Library (3). 
Forsyth County Public Library (3). 
Wake Forest University, Z. Smith Reynolds Library (3). 

North Dakota _________ Bismarck ______________ Veterans Memorial Public Library (3). 
Dickinson _____________ Dickinson State College Library (I, 3) . 
Fargo _________________ Fargo Public Library (3). 

North Dakota State University Library (1,2,3). 
Grand Forks ___________ University of ::\'orth Dakota, Chester Fritz Library (3). 
Minot _________________ Minot State College, :\femoriaI Library (1,2, 3) . 
Valley City ____________ State College Library (3). 

Ohio ________________ Ada _________________ _ Ohio Northern University, J. P. Taggart Law Library (I, 3) . 
Akron Public Library (I, 2, 3) . Akron _______________ _ 

Alliance ______________ _ 
Ashland ______________ _ 
Athens _______________ _ 
Batavia ______________ _ 

Bluffton ______________ _ 
Bowling Green ________ _ 
Canton _______________ _ 
Cincinnati ____________ _ 

Cleveland _____________ _ 

Columbus ____________ _ 

Dayton _______________ _ 

Delaware _____________ _ 
Elyria ________________ _ 
Findlay ______________ _ 
Gambier _____________ _ 
Granville _____________ _ 
Hiram _______________ _ 
Kent ________________ _ 
Marietta _____________ _ 
Middletown ___________ _ 
New Concord __________ _ 
Oberlin ______________ _ 
Oxford _______________ _ 
Rio Grande ___________ _ 
Springfield ____________ _ 
Steubenville ___________ _ 
Tiffin ________________ _ 
Toledo _______________ _ 
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University of Akron Library (I, 3) . 
Mt. Union College Library (1,2,3). 
Ashland College Library (3). 
Ohio University Library (1.2,3). 
University of Cincinnati, Clermont General and Technical Li-

brary (3) . 
Bluffton College, Musselman Library (3). 
Bowling Green State University Library (1,2,3). 
Malone College, Everett L. Cattell Library (3) . 
Public Library of Cincinnati and Hamilton County (1,2,3). 
University of Cincinnati Library (1,2,3). 
Case Western Reserve University, Freiberger Library (1,2,3). 
Cleveland Heights· University Heights Public Library (3). 
Cleveland Public Library (1,2,3). 
Cleveland State University Library (1,2,3). 
John Carroll University, Grasselli Library (3). 
Capital University Library (2,3). 
Columbus Public Library (3). 
Ohio State Library (1,2,3). 
Ohio State University Library (1,2,3). 
Dayton and Montgomery County Public Library (1,2,3). 
University of Dayton, Albert Emanuel Library (2,3). 
Wright State University Library (2,3). 
Ohio Wesleyan University, L. A. Beeghly Library (3). 
Elyria Public Library (1,2,3). 
Findlay College, Shafer Library (3). 
Kenyon College Library (3). 
Denison University Library (3). 
Hiram College, Teachout·Price Memorial Library (3). 
Kent State University Library (1,2,3). 
Marietta College, Dawes Memorial Library (1,2,3). 
Miami University at Middletown, Gardner·Harvey Library (2,3). 
Muskingum College Library (3). 
Oberlin College Library (3). 
Miami University Library (1,2,3). 
Rio Grande College, Jeanette Albiez Davis Library (2,3). 
Warder Public Library (3). 
Public Library of Steubenville and Jefferson County (3). 
Heidelberg College, Beeghly Library (3). 
Toledo Public Library (1,2,3). 



State City 

Ohio _______________ _ Toledo _______________ _ 
Westerville ___________ _ 
Wooster ______________ _ 
Youngstown ___________ _ 

Oklahoma ___________ _ Ada _________________ _ 
Alva _________________ _ 
Bethany ______________ _ 
Durant _______________ _ 
Edmond ______________ _ 
Langston _____________ _ 
Muskogee _____________ _ 
Norman ______________ _ 
Oklahoma City ________ _ 

Stil1water _____________ _ 
Tahlequah ____________ _ 
Tulsa ________________ _ 

Weatherford __________ _ 

Oregon _____________ _ Ash~nd ______________ _ 
Eugene _______________ _ 
Forest Grove __________ _ 
La Grande ____________ _ 
McMinnville __________ _ 
~fonmouth ____________ _ 
Portland _____________ _ 

Salem ________________ _ 

State Uni\'ersity ________ _ 

Pennsylvania _________ _ Allentown ____________ _ 
Altoona ______________ _ 
Bethlehem ____________ _ 
Carlisle ______________ _ 
Cheyney ______________ _ 
Collegeville ___________ _ 
Doylestown ___________ _ 
East Stroudsburg ______ _ 
Greenville ____________ _ 
Harrisburg ____ ., ______ _ 
Haverford _________ ----
Hazleton _____________ _ 
Indiana ______________ _ 

Johnstown ____________ _ 
Lancaster _____________ _ 
Lewisburg ____________ _ 
Mansfield _____________ _ 
:\Ieadville _____________ _ 
\fillers\'ilIe ___________ _ 
Monessen _____________ _ 
;\ew Castle ___________ _ 
~ewtown _____________ _ 
:-':orristown ___________ _ 
Philadelphia __________ _ 

Pittsburgh 

Pottsvil1e _____________ _ 
Reading ______________ _ 
Scranton _____________ _ 
Shippensburg _________ _ 
Slippery Rock _________ _ 
Swarthmore ___________ _ 
University Park ________ _ 

Library and Type of Pu bUeation Received 

University of Toledo Library (1,2,3). 
Otterbein College Library (3). 
College of Wooster, Andrews Library (1,2,3). 
Public Library of Youngstown and Mahoning County (1,2,3). 
Youngstown State University Library (3). 

Ea~t Central State College, Linscheid Library (2,3). 
Northwestern State College Library (3). 
Bethany Nazarene College, R. T. Williams Library (3). 
Sou theas tern Sta te College Library (3). 
Central State University Library (3). 
Langston University, G. Lamar Harrison Library (3). 
Muskogee Public Library (3). 
University of Oklahoma Library (1,2,3). 
Oklahoma City University, Gold Star Memorial Library (3). 
Oklahoma Department of Libraries (1,2,3). 
Oklahoma State University Library (1,2,3). 
Northeastern State College, John Vaughan Library (1,3). 
Tulsa City·County Library (1,2,3). . 
University of Tulsa, McFarlin Library (1,2,3). 
Southwestern State College Library (3). 

Southern Oregon College Library (1,2, 3) . 
University of Oregon Library (1,2,3). 
Pacific UniverSity Library (3). 
Eastern Oregon College Library (2, 3) . 
Linfield College, Northup Library (3). 
Oregon College of Education Library (3). 
Bonneville Power Administration Library, U.S. Department of 

the Interior (3). 
Lewis and Clark College Library (2, 3) . 
Library Association of Portland (1,2,3). 
Portland State University Library (1,2,3). 
Oregon State Library (1,2,3). 
Williamette University Library (3). 
Oregon State University Library (1,2,3). 

Muhlenberg College Library (3). 
Altoona Public Library (3). 
Lehigh University Library (1,2,3). 
Dickinson Col1ege Library (2,3). 
Cheyney State College, Leslie Pinckney Hill Library (3). 
Ursinus College. Myrin Library (3). 
Bucks County Free Library (3). 
East Stroudsburg State 'College, Kemp Library (3). 
Thiel College, Langenheim Memorial Library (1,2,3). 
State Library of Pennsylvania (1,2,3). 
Haverford College Library (3). 
Hazleton Area Public Library (1,2,3). 
Indiana University of Pennsylvania, Rhodes R. Stabley Library 

(3) . 
Cambria County Library System (2,3). 
Franklin and Marshall College, Fackenthal Library (1,2,3). 
Bucknell Unh'ersity, Ellen Clarke Bertrand Library (1,2,3). 
Mansfield State College Library (1,2,3). 
Allegheny O>llege, Reis Library (1,2,3). 
Millersville State College, Ganser Library (3). 
Monessen Public Library (3). 
New Castle Free Public Library (3). 
Bucks County Community College Library (3). 
Montgomery ·County.Norristown Public Library (3). 
Drexel University Library (1,2,3). 
Free Library of Philadelphia (1,2,3). 
Temple University, Paley Library (1,~, 3) . 
University of Pennsylvania Library (1,2,3). 
Bureau of Mines Library, U.S. Department of the Interior (2,3). 
Carnegie Library of Pittsburgh (1,2,3). 
Unh'ersityof Pittsburgh, Hillman Library (1,2,3). 
Pottsville Free Public Library (2, 3) . 
Reading Public Library (2, 3) . 
Scranton Public Library (1,2,3). 
Shippensburg State Col1ege, Ezra Lehman Memorial Library (3). 
Slippery Rock State College, Maltby Library (1,2,3). 
Swarthmore College Library (3). 
Pennsylvania State University Library (1,2,3). 
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State City Library and Type of Publication Received 

Pennsylvania __________ \Varren _______________ "Warren Public Library (3). 
Waynesburg ___________ Waynesburg College Library (3). 
West Chester __________ \'Vest Chester State College, Francis Harvey Green Library (1, 

2,3) . 
Wilkes-Barre ___________ Kings College Library (2,3). 
Williamsport ___________ Lycoming College Library (3). 
York __________________ York Junior College Library (3). 
Youngwood ____________ Westmoreland County Community College Library (3). 

Rhode Island _________ Newport _______________ Naval War College Library (3). 
Providence _____________ Brown University, John D. Rockefeller, Jr., Library (I, 2, 3) . 

Proddence College, Phillips Memorial Library (3). 
Providence Public Library (3). 
Rhode Island College, James P. Adams Library (3). 

Wakefield _____________ University of Rhode Island Library (1,2,3). 
Warwick ______________ Warwick Public Library (3). 
Westerly ______________ Westerly Public Library (3). 

South Carolina ________ Charleston ____________ _ Baptist College Library (2, 3) . 
Charleston College Library (3). 

Clemson ______________ _ 
Columbia _____________ _ 

Due West ____________ _ 
Florence ______________ _ 
Greenville ____________ _ 

Rock Hill ____________ _ 
Spartanburg __________ _ 

South Dakota _________ Aberdeen _____________ _ 
Brookings _____________ _ 

Pierre ________________ _ 
Rapid City ___________ _ 
~oux Falls ____________ _ 

Spearfish _____________ _ 
Vermillion ____________ _ 

Tennessee ___________ _ Br~~1 _______________ _ 
Chattanooga __________ _ 
Clarksville ____________ _ 
Cleveland _____________ _ 
Cookeville ____________ _ 

Jackson ______________ _ 
Jefferson City _________ _ 
Johnson City __________ _ 
Knoxville _____________ _ 

Martin _______________ _ 
Memphis _____________ _ 

Murfreesboro __________ _ 
Nashville _____________ _ 

Sewanee ______________ _ 

Texas Abilene ______________ _ 
Arlington _____________ _ 

Austin _______________ _ 

Baytown _____________ _ 
Beaumont ____________ _ 
Brownwood ___________ _ 

IS 

The Citadel, The Citadel Memorial Library (1,3). 
Clemson University Library (1,2,3). 
Benedict College, Starks Library (3). 
Columbia College Library (3). 
South Carolina State Library (3). 
University of South Carolina, Undergraduate Library (1,2,3). 
Erskine College, ~.rcCain Library (3). 
Florence County Library (3). 
Furman Unh"ersity Library (1,2,3). 
Greenville County Library (3). 
Winthrop College. Dacus Library (1,3). 
Spartanburg County Public Library (3). 

Northern State College Library (3). 
South Dakota State University, Lincoln Memorial Library (I, 

2,3). ' 
South Dakota State Library (3). 
South Dakota School of Mines and Technology Library (1,2,3). 
Augustana College, :\-likkelsen Library (3). 
Sioux Falls Public Library (3). 
Black Hills State College Library (3). 
University of South Dakota, I. D. Weeks Library (3). 

Kings College Library (1.2.3), 
Chattanooga Public Library (1.2.3). 
Austin Peay State University. Woodward Library (1,2.3). 
Cleveland State Community College Library (3). 
Tennessee Technological University. Jere \Vhitson :\Iemorial Li· 

brary (1.2.3), 
Lambuth College. Luther L. Cobbel Library (3). 
Carson·Newman College Library (3), 
East Tennessee State University, Sherrod Library (1,2.3). 
Lawson McGhee Library (2). 
University of Tenne,see Library (1.2.3) . 
University of Tennessee at Martin Library (3), 
Memphis Public Library and Information Center (1.2,3). 
Memphis State University. John W. Brister Library (1,2.3). 
Middle Tennessee State University Library (3), 
Fisk University Library (2). 
Joint Uni\"ersity Libraries (1.2.3). 
Public Library of NashvilIe (3), 
Tennessee State Library and Archives (1.2.3). 
University of the South. Jesse Ball DuPont Library (2.3). 

Hardin-Simmons University Library (3). 
Arlington Public Library (3). 
University of Texas at Arlington Library (1.2.3). 
Texas State Library (1.2.3). 
University of Texas. Law Library (1.2.3). 
University of Texas. Lyndon B. Johnson School of Public Affairs 

(3) . 
University of Texas. Main Library (1.2.3). 
Lee College Library (1.2.3). 
Lamar University Library (1.2.3). 
Howard Payne College. Walker Memorial Library (3). 



State City 

Texas ______________ _ Canyon ______________ _ 
College Station ________ _ 
Commerce ____________ _ 
Dallas _______________ _ 

Denton _______________ _ 
Edinburg _____________ _ 
EI Paso ______________ _ 

Fort Worth ___________ _ 

Galveston _____________ _ 
Houston ______________ _ 

Huntsville ____________ _ 
Kingsville ____________ _ 
Lake Jackson __________ _ 
Laredo _______________ _ 
Longview _____________ _ 
Lubbock ______________ _ 
Marshall _____________ _ 
:\'acogdoches __________ _ 
PlainYiew _____________ _ 
San Angelo ___________ _ 
San Antonio __________ _ 

San Marcos ___________ _ 
Texarkana ____________ _ 
Victoria ______________ _ 
'Vaco ________________ _ 
Wichita Falls _________ _ 

Utah _______________ _ Ephraim _____________ _ 
Logan _______________ _ 
Ogden _______________ _ 
Provo ________________ _ 
Salt Lake City _________ _ 

Library and Type of Publication Received 

We>t Texas State University Library (1,2,3). 
Texas Agricultural and Mechanical University Library (1,2,3). 
East Texas State University Library (2,3). 
Bishop College, Zale Library (3). 
Dallas Public Library (1,2,3). 
Southern Methodist University, Fondren Library (1,2,3). 
University of Texas Library (1,2,3). 
North Texas State University Library (1, 2, 3) . 
Pan American University Library (3). 
EI Paso Public Library (1,2,3). 
University of Texas at EI Paso Library (1,2,3). 
Fort Worth Public Library (1,2,3). 
Texas Christian University, Mary Couts Burnett Library (1,2,3). 
Rosenberg Library (3). 
Houston Public Library (1,2,3). 
Rice University, Fondren Library (3). 
University of Houston Library (1,2,3). 
Sam Houston State University Library (2,3). 
Texas Arts and Industries University Library (1,2,3). 
Brazosport College Library (3). 
Laredo Junior College, Harold R. Yearly Library (2,3). 
Nicholson Memorial Public Library (2,3). 
Texas Technological University Library (1,2,3). 
Wiley College, Cole Library (3). 
Stephen F. Austin State University Library (I; 2, 3) . 
Wayland Baptist College, Van Howeling Memorial Library (3). 
Angelo State University Library (3). 
St. Mary's University, Academic Library (1,2,3). 
San Antonio College Library (3). 
San Antonio Public Library (1,2,3). 
Trinity University Library (1,2,3). 
Southwest Texas State College Library (1,3). 
Texarkana Community College, Palmer Memorial Library (3). 
University of Houston Library (3). 
Baylor University Library (2,3). 
Midwestern University, Moffett Library (3). 

Snow College, Lucy A. Phillips Library (2). 
Utah State University, Merrill Library (1,2,3). 
Weber State College Library (1,2,3). 
Brigham Young University, Lee Library (1,2,3). 
University of Utah, Law Library (1,2,3). 
University of Utah, Marriott Library (1,2,3). 

Vermont _____ ' ________ Burlington ___ ~ _________ University of Vermont, Bailey Library (1,2,3). 
Castleton ______________ Castleton State College, Calvin Coolidge Library (3). 
Lvndonville ____________ Lyndon State College, Samuel Reed Hall Library (3). 
Middlebury ____________ Middlebury College, Egbert Starr Library (2,3). 
Montpelier ____________ Vermont Department of Libraries (3). 
='Iorthfield _____________ ='Iorwich University Library (3). 
Putney ________________ Windham College, Dorothy Marvin Memorial Library (3). 

Virginia ______________ Blacksburg _______ .:. ____ _ 
Bridgewater ___________ _ 
Charlottesville _________ _ 

Chesapeake ___________ _ 
Danville ______________ _ 

Virginia Polytechnic Institute Library (1,2,3). 
Bridgewater College, Alexander Mack Memorial Library (1). 
University of Virginia, Alderman Library (1,2,3). 
Unh'ersity of Virginia, Law Library (1,3). 
Chesapeake Public Library System (3). 
Danville Community College Library (3). 

Emory _______________ _ 
Fairfax _______________ _ 

Emory and Henry College Library (1,2,3). 
George Mason College of the University of Virginia, Fenwick 

Fredericksburg ________ _ 
Hampden-Sydney ______ _ 
Harrisonburg __________ _ 
Lexington ____________ _ 

Norfolk ______________ _ 

Petersburg ____________ _ 
Quantico _____________ _ 
Richmond ____________ _ 

Library (3). 
Mary Washington College, E. Lee Trinkle Library (3). 
Hampden-Sydney College, Eggleston Library (3). 
Madison College, Madison Memorial Library (3). 
Virginia Military Institute, Preston Library (2,3). 
Washington and Lee University, Cyrus Hall McCormick Library 

(2,3) . 
Armed Forces Staff College Library (3). 
Norfolk Public Library (3). 
Old Dominion University, Hughes Memorial Library (1,2,3). 
Virginia State College, Johnston Memorial Library (3). 
Federal Bureau of Investigation Academy Library (1). 
U.S. Court of Appeals, Fourth Circuit, Library (2). 
University of Richmond, Boatwright Memorial Library (2,3). 
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Virginia ______________ Richmond 

Roanoke _____________ _ 

Salem ________________ _ 
Williamsburg _________ _ 
Wise ________________ _ 

Washington __________ Bellingham ___________ _ 
Cheney _______________ _ 
Ellensburg ____________ _ 
Everett _______________ _ 
Olympia ______________ _ 

Port Angeles __________ _ 
Pullman ______________ _ 
Seattle _______________ _ 

Spokane ______________ _ 
Tacoma ______________ _ 

Vancouver ____________ _ 
Walla Walla __________ _ 

West Virginia ______ -:. __ Athens _______________ _ 
Bluefield _____________ _ 
Charleston ____________ _ 

Elkins _______________ _ 
Fairmont _____________ _ 
Glenville _____________ _ 
Huntington ___________ _ 
Institute _____________ _ 
Morgantown __________ _ 
Salem ________________ _ 

Wisconsin ____________ Appleton _____________ _ 
Beloit ________________ _ 
Eau Claire ____________ _ 
Fond du Lac __________ _ 
Green Bay ____________ _ 
La Crosse _____________ _ 

Madison ______________ _ 

Milwaukee ____________ _ 

Oshkosh ______________ _ 
Platteville ____________ _ 
Racine _______________ _ 
River Falls ____________ _ 
Stevens Point __________ _ 
Superior ______________ _ 

Waukesha ____________ _ 
Wausau ______________ _ 
Whitewater ___________ _ 

Wyoming ____________ Casper _______________ _ 
Cheyenne _____________ _ 
Laramie ______________ _ 
Riverton _____________ _ 
Rock Springs __________ _ 
Sheridan _____________ _ 

Guam Agana 

Virginia Commonwealth University, James Branch Cabell Li-
brary (3) . 

Virginia State Library (1,2,3). 
Hollins College, Fishburn Library (3). 
Roanoke Public Library (3). 
Roanoke College Library (3). 
College of William and Mary, Swen Library (1,2,3). 
Clinch Valley College, John Cook Wyllie Library (1,2,3). 

Western Washington State College, Wilson Library (1,2,3). 
Eastern Washington State College Library (1,2,3). 
Central Washington State College Library (1,2,3). 
Everett Public Library (3). 
Evergreen State College Library (1,2,3). 
Washington State Library (1,2,3). 
l':orth Olympic Library System (3). 
Washington State University Library (1,2,3). 
Seattle Public Library (1,2,3). 
University of Washington Library (1,2,3). 
Spokane Public Library (1,2,3). 
Tacoma Public Library (1,2,3). 
University of Puget Sound, Collins Memorial Library (2,3). 
Fort Vancouver Regional Library (1,2,3). 
Whitman College, Penrose Memorial Library (1,2,3). 

Concord College Library (3). 
Bluefield State College Library (1,2,3). 
Kanawha County Public Library (3). 
West Virginia Department of Archives and History (3). 
Davis and Elkins College Library (3). 
Fairmont State College Library (3). 
Glenville State College, Robert F. Kidd Library (3). 
Marshall Uni\'ersity Library (1,2,3). 
West Virginia State College Library (3). 
West Virginia University Library (1,2,3). 
Salem College Library (3). 

Lawrence University, Samuel Appleton Library (2,3). 
Beloit College Library (3). 
University of Wisconsin, William D. McIntyre Library (2, 3). 
Fond du Lac Public Library (1,2,3). 
University of Wisconsin at Green Bay Library (2,3). 
La Crosse Public Library (3). 
University of La Crosse, Murphy Library (3). 
Department of Public Instruction, Reference and Loan Library 

(3) . 
Madison Public Library (2,3). 
State Historical Society Library (2,3). 
University of Wisconsin, Memorial Library (1.2,3). 
Milwaukee Public Library (1,2,3). 
Mount Mary College Library (3). 
Oklahoma :'Jeighborhood Library (3). 
University of Wisconsin Library (1.2,3). 
Wisconsin State University. Forrest R. Polk Library (1,2,3). 
University of Wisconsin Library (1,2,3). 
Racine Public Library (1.2,3). 
University of Wisconsin, Chalmer Davee Library (3). 
University of Wisconsin Library (1,2.3). 
Superior Public Library (3). 
Wisconsin State University. Jim Dan Hill Library (2.3). 
Waukesha Public Library (3). 
Wausau Public Library (3). 
Wisconsin State University, Harold Andersen Library (1,2.3). 

Natrona County Public Library (1,2.3). 
Wyoming State Library (1.2.3). 
University of Wyoming. Coe Library (1.2,3). 
Central Wyoming College Library (3). 
Western Wyoming College (3). 
Sheridan College. Kooi Library (2,3). 

Nieves M. Flores Memorial Library (3). 

Panama Canal Zone ____ Balboa Heights _________ Canal Zone Library Museum (2.3). 
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Puerto Rico __________ Mayaguez ____________ _ 
Ponce ________________ _ 
San Juan _____________ _ 

Virgin Islands _________ Charlotte Amalie ______ _ 

University of Puerto Rico Library (1,2,3). 
Catholic University of Puerto Rico Library (3). 
University of Puerto Rico Library (1,2,3). 

College of the Virgin Islands, Ralph M. Paiewonsky Library (3). 
St. Thomas Public Library (I). 
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B 650. Mineral Facts and Problems, 1970 Edition, by Staff. 
Bureau of Mines. 1291 pp. Gives up-to-date 

comprehensive information on all important minerals 
-metals. nonmetals. and fuels. This one-volume en­
cyclopedia discusses individual mineral commodities sepa­
rately in 93 chapters under such topics as industry 
patterns; technology. present and future; reserves; supply­
demand relationships; byproduct-coproduct relationships; 
consumption patterns; economic factors; and environmen­
tal considerations. In addition the outlook for each 
mineral is projected to the year 2000. 513.60. 

B 651. Prereduced Iron Ore Pellets: Preparation, Properties, 
and Utilization, by M. M. Fine. N. B. Melcher. 

and others. 1970. 63 pp. 30 figs. A process for simul­
taneously reducing and indurating iron ore pellets was 
de\"eloped by Bureau of Mines laboratory research and 
confirmed on a continuous pilot plant basis. Moist iron 
ore concentrate was balled. mixed with solid reductant. 
and heated at about 1.100° to 1.150° C. On a small scale. 
a variety of concentrates and fuels were utilized success­
fully. The pilot rotary kiln tests were limited to natural 
magnetite. synthetic magnetite. lignite. and anthracite. 
In both laboratory and pilot plant. partially reduced 
pellets with excellent physical properties were regularly 
produced with average analyses of at least 80 percent total 
iron and 60 percent or more metallic iron. These and 
other prereduced pellets were smelted in the Bureau's 
experimental blast furnace facility. Bruceton. Pa. "'ith 
prereduced spheres comprising 85 percent of the burden. 
the coke rate was approximately half that with standard 
oxide peJlets and production of hot metal was increased 
by 75 percent. Economic appraisal of the cost of making 
hot metal indicates that reduced pellets could be more 
profitable than any other iron raw material in both in­
vestment capital and daily cost of operation. (Out of 
print.) 

B 652. Interstitial Compounds As Fuel Cell Catalysts: Their 
Preparative Techniques and Electrochemical Testing, 

by S. Akhtar. C. T. Grein. and D. Bienstock. 1970. 60 
pp. 32 figs. Interstitial compounds of iron. cobalt. and 
nickel. and their binary and ternary mixtures with silver. 
gold. paJladium. and platinum were prepared and tested 
as fuel cell catalysts. The first step in the preparation of 
the interstitial compounds consisted of preparing finely 
divided metals. This was done either by the Raney 
method or by reduction of precipitated hydoxides of the 
metals. The finely divided reduced metals were then 
treated with carbon- and/or nitrogen-containing gases to 
prepare their carbides. nitrides. and nitrocarbides. The 
materials were tested for cathodic activity towards O2 

and for anodic activity towards H 2• CaHg NHa• CO. and 
N2H4 in acid and alkaline electrolytes at 25° to 90° C in 
half-cell assemblies. Samples of carbided and nitrocar­
bided INi-IAg-IAu were about one-fifth as active as 
Pt-~Iack in the reduction of 02 in 35-percent-KOH so­
lutIOn whereas the activities of several interstitial prep­
arations exceeded the activity of Pt-black in the reduction 
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of O2 in 12A[ KOH containing N2H 4 . Nitrocarbides of 
x-Fe2C. 3:'>.'i-J..\u. and I :'>.'i-3.\u were effecti'e catah"sts for 
oxidizing N2H4 in liquid :'>.'H3 containing :'>.'H4 SCN. Cor­
rosion of the catalysts by electrolytes was se,'ere in many 
cases. (Out of print.) 

B 653. Reduction of Air Pollutants From Gas Burner Flames. 
Including Related Reaction Kinetics, bv Margaret E. 

Harris. Valeria R. Rowe, E, B. Cook. and J. Grumer. 
1970, 67 pp. 21 figs, The formation of nitrogen ox­
ides. the decay of carbon monoxide. and the concentra­
tions of residual hydrocarbons in the secondary com­
bustion zones of propane-air and methane-air flames 
were studied in three enclosed burners designed to simu­
late gas appliances such as space and water heaters. The 
effect of thermally or chemically perturbing the combus­
tion gases above these flames was determined theoretically 
and by means of factorial experiments. The concentra­
tions of air pollutants and the flame temperatures were 
measured. and the effects of ingress of secondary air into 
the primary and secondary combustion zones. flame sta­
bility, burner port surface, and simulated recycling of 
combustion gases were noted. 

Based on this study, four principles were derived that, 
applied to gas appliance design. will insure minimal 
emissions of these air pollutants: 

I. Oxides of nitrogen can best be kept low by de-
pressing peak temperatures to about 3,050° F. ' 

2. If this is not possible. then the secondarv com­
bustion zone should be cooled rapidly to this temperature. 

3. Carbon monoxide concentrations can be limited by 
rapid induction of secondary air. 

4. Hydrocarhon concentrations can he controlled by 
designing for well-seated, stahle flames. 
In addition, empirical reaction rates were deri'"ed that 
predict the concentrations of nitrogen oxides and carbon 
monoxide in the primary and secondary combustion 
zones. \\'ork done under an agreement with the :'>.'ational 
Air Pollution Control Administration, U.S. Department 
of Health, Education. and Welfare. (Out of tn·int.) 

B 654. The Chemical Thermodynamic Properties of Hydro-
carbons and Related Substances. II. Properties of 

25 Organic Sulfur Compounds in the Ideal Gas State From 
0° to 1,000° K. by ~r. Zaki EI-Sabban and Donald W. 
Scott. 1970. 26 pp. Tables of chemical thermodynamic 
properties for the ideal gas state from 0° to 1,000° K are 
reported for eight alkanethiols, three cycIoalkanethiols 
and arylthiols, six thiaalkanes, two dithiaalkanes, three 
thiacycloalkanes, and three thiophenes. They are based 
on current physical and thermochemical constants and 
definitions, reliable vibrational assignments, and the 
latest insights into molecular structure and energetics. 
(Out of print.) 

B 655. Thermodynamic, Electrical, Physical, and Composi-
tional Properties of Seeded Coal Combustion Prod­

ucts, by H. F. Feldmann, M. A. Leonardo, W. H. Simons. 
and D. Bienstock. 1970. 281 pp. 7 figs. This work 
was done to provide thermodynamic, electrical, physical, 
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and compositional data on the seeded combustion plasmas 
of seven coals for the design of MHD generators. The 
systems were assumed to be at equilibrium. and the de­
sign data were generated by solving for the composition 
of both gas and liquid phases with a digital computer. 
The coals reported in this study include a western sub­
bituminous. a Pennsylvania anthracite. and five repre­
sentative bituminous coals. The data include dewpoint 
temperatures of both slag and seed. A Mollier diagram 
for each coal is given to allow graphical generator 
calculations. (Out of prillt.) 

Bulletin 656. Blasting Vibrations and Their Effects on Struc-
tures, by Harry R. Nicholls. Charles F. 

Johnson. and Wilbur I. Duvall. 1971. 105 pp. 73 figs. 
This report presents the results of the Bureau of Mines 
10-year program to study the problem of air blast and 
ground vibrations generated by blasting, The program 
included an extensive field study of ground vibrations; a 
consideration of air blast effects; an evaluation of instru­
mentation to measure vibrations; establishment of dam­
age criteria for residential structures; determination of 
blasting parameters which grossly affected vibrations; 
empirical safe hlasting limits; and the problem of human 
response. "'hile values of 2,0 in/sec particle \'elocity and 
0,5 psi air blast O\'erpressure are recommended as safe 
blasting limits not to be exceeded to preclude damage to 
residential structures, lower limits are suggested to min­
imize complaints. ~fillisecond-delay blasting is shown to 
reduce vibration levels as compared to instantaneous 
blasting. and electric cap delay blasts offer a slight reduc­
tion in \'ibration le\'els as compared to Primacord delay 
blasts. Vibration lewIs of different blasts may be com­
pared at common scaled distances, where scaled distance 
is the distance diYided by the square TOot of the maxi­
mum charge weight per delay, Geology. rock type. and 
direction affect vibration le\'el within limits, Empirically. 
a safe blasting limit based on a scaled distance of 
50 ft/lb" may be used without instrumentation. How­
e\'er, a knowledge of the particle velocity propagation 
characteristics of a blasting site determined from instru­
mented blasts at that site are recommended to insure that 
the safe blasting limit of 2,0 in/sec is not exceeded. 
(Out of prillt.) 

B 657. The Proton Nuclear Magnetic Resonance Spectra of 
Pyridine., by f'. R. McDonald. A. 'V. Decora. and 

G, L. Cook, 19i1. 62 pp, 4 figs. The proton nuclear 
magnetic resonance spectra of 32 pyridines in two sol· 
vents, carbon tetrachloride and benzene-d6 • are presented. 
The chemical-shift and differential-shift values are cor­
related with the substitutent position and with the sol­
Yent media. The ring protons and the protons on alkyl 
substituents are tabulated. The paramagnetic shift of the 
protons adjacent to the nitrogen is discussed. and a pro­
posed structure for the pyridine-benzene complex that is 
consistent with the observed anomalous paramagnetic 
shift is presented. The utility of the data in the identifi­
cation of pyridine compounds found in shale·oil naphtha 
is demonstrated. 65 cents. 

B 658. Computer Simulation of Particulate Systems, by 
Lindsay D. :\'orman and others, 1971. 55 pp. 

40 figs. Computer models for simulating the construc­
tion and for calculating the properties of particulate 
solids in random two- and three-dimensional systems 
(co\'erings and packings. respectively) were de\'eloped 

for many different distributions of sizes. The statistical 
geometry of loose random coverings and packings was 
studied and se\'eral new interpretations of the area-cover­
ings or space-filling requirements in these systems were 
made. A unique method for predicting the geometrical 
properties of loose random packings was developed that 
did not require the simulation of the assembled packing. 
Instead. the simplicial tetrahedra in any packing were 
predictable and were used to predict most of the proper­
ties of that packing. A review of the packing literature is 
included. (Out of prillt.) 

B 659_ Sulfur Compounds in Crude Oil, by H. T. RaIl. 
C. J. Thompson. H. J. Coleman. and R. L. 

Hopkins. 1972. 187 pp. 99 figs. This report sum­
marizes a systematic 20-year study of the organic sulfur 
compounds in 'Vasson. Texas. crude oil and. to a lesser 
extent. of three other crude oils. that has culminated in 
some 200 individual sulfur-compound identifications. The 
development and application of special separation and 
identification techniques generally suitable for the char­
acterization of sulfur compounds in any crude oil are 
discussed. This report reviews early sulfur literature 
covering petroleum sulfur compound identifications com­
pleted before this study was begun. and cites 58 papers 
resulting from this work. The sulfur compounds in 
petroleum. both as to type and quantity. have long been 
a concern to the petroleum industry. and such compo­
sitional data are not only of theoretical interest. but also 
of practical value, GPO Stock No. 2401-2081. $2.45. 

B 660. Storage Stability of Gasoline. Development of a 
Stability Prediction Method and Studies of Gasoline 

Composition and Component Reactivity, by F. G. Schwartz. 
~f. L. Whisman. C. S. Allbright. and C. C. Ward. 1972. 
58 pp. 27 figs. The Bureau of Mines developed a rapid 
and precise method for predicting the storage stability of 
motor gasolines. This method resulted from the investi­
gation of many analytical techniques as well as a study of 
fuel composition and fuel component gum-forming mech­
anisms. The first section of this bulletin discusses the 
development of the prediction test through its several 
phases. including revision of the standard 110° F storage 
test; attempts to develop a modification of the ASTM 
D525 induction bomb test; and the ultimate abandon­
ment of this procedure with the adoption of the 16-hour 
o\'en test that was both precise and rapid. The second 
section comprises a discussion of further studies of fuel 
composition, including the reactivity of certain sulfur 
compounds and hydrocarbons to form gum. The compo­
sitions of various gums and inorganic deposits are re­
ported in terms of elemental analysis and spectroscopic 
examinations. The reactions of tetraethyllead with se­
lected hydrocarbons are also reported. GOP Stock No. 
2404-1030. 60 cents. 

B 661. Coal Composition, Coal Plasticity, and Coke Strength, 
by W. R. K. Wu and W. H. Frederic. 1973. 

88 pp, 16 figs. Results of linear correlations of two to 
four variables by the least-squares method are presented. 
The variables include 63 parameters representing coal 
composition. coal plasticity. and coke strength. The com­
position parameters are based on chemical analyses; the 
plasticity parameters. on three plastometer and dila­
tometer tests and four miscellaneous tests; and the 
coke-strength parameters, on ASTM indices. Seventy-two 
to 84 plastic coals were used in the plasticity and car­
bonization tests; 43 nonplastic or weakly plastic coab 
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were used in the coal-band studies. Plots of relations 
between volatile matter, carbon, and oxygen contents 
of 1,860 coals and the 84 coals used are shown. Similar 
plots between volatile matter and hydrogen or atomic 
H/C of the 84 coals are also included. Significance of 
regression coefficient signs for coal composition param­
eters in the significant correlations found are discussed. 
Based on these significances, the following .relations are 
shown: (I) Coke strength versus average aromaticity, or 
mineral matter content, of the parent coal; (2) charac­
teristic temperatures of the plastometer and dilatometers, 
the free-swelling index, or the Gray-King type versus 
average hydroaromaticity of the coal; and (3) non tem­
perature parameters of the plastometer and dilatometers 
versus the physical properties of a certain group of com­
pounds from thermal decomposition of coal. Significances 
between the positions of coals in the coal band and the 
aforementioned relations are also discussed. A structural 
theory of coal plasticity is proposed. :\pplications of the 
correlation results are discussed. Composition parameters 
may be used as a basis for selecting coking coals for 
stronger coke. Plasticity parameterS may be used for the 
~ame purpose. Coke-strength indices may be estimated to 
within 4 to 8 units of the observed values; the end tem­
peratures of the plastometer and dilatometer tests, within 
50 to 100 C; and the free-swelling index, within I !Jnit. 
GPO Catalog No. 128.3:661. Stock No. 2404-01247. 51.25. 

B 662. Mica Beneficiation, by James Browning. 1973. 
21 pp.12 figs. The Bureau of Mines con­

ducted laboratory and continuous process development 
work on weathered mica pegmatites and micaceous schist 
ores to determine the feasibility of recovering commercial­
grade mica concentrates by flotation. The research re­
sulted in the development of two processes for flotation 
of mica: an acid cationic method for recovery of coarse 
mica, and an alkaline anionic-cationic method for recov­
ery of fine mica. The' research indicated that the two 
processes may be effectively utilized separately or in com­
bination for flotation of mica from weathered pegmatites 
and micaceous schists. Concentrates containing over 98 
.percent mica, with recoveries ranging from 77 to 92 per­
cent, were obtained from the pegmatite ores. The mi­
caceous schist ores yielded concentrates containing 95 
to 98 percent mica, with recoveries ranging from 70 to 83 
percent. This report summarizes the process development 
work and demonstrates the feasibility of producing com­
mercial-grade mica concentrates. It also includes details 
of commercial beneficiation and grinding of mica. GPO 
Catalog No. 128.3:662. GPO Stock No. 2404-01144. 50 cents. 

B 663. Low-Temperature Lignite Tar: Processing and Utiliza-
tion, by John S. Berber, Richard L. Rice, and 

John D. Spencer. 1973. 63 pp. 78 figs. .-\cids, neutral 
oils, and pitCh were produced by distillation of low-tem­
perature lignite tar and processed to upgrade them into 
more valuable products. The acids were separated from 
the distillate and catalytically dealkylated to produce 
phenol, cresol, and xylenol. Aromatic and naphthene 
fractions of the. neutral oil were converted into phthalic 
and maleic anhydrides by catalytic hydrodealkylation and 
vapor-phase oxidation. Paraffins and n-olefins from the 
neutral oil were processed into alkyl benzene sulfonate, a 
biodegradable substance. Aromatic materials from the 
neutral oil. were also extracted with organic compounds 
and the extract hydrogenated under pressure to produce jet 
fuel. The pitch was processed by various means to change 
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its characteristics and make it suitable for similar appli­
cations as high-temperature tar pitch, including prepara­
tion of carbon black and metallurgical electrodes. In most 
cases, products obtained from the low-temperature tar 
were examined for physical and chemical characteristics 
and for potential commercial utility. Information ob­
tained from this research would be helpful if a new coal­
chemical industrY based on tar utilization were estab­
lished. GPO C~talog No. 128.3:663. Stock No. 2404-
01220. $1.25. 

B 664. A Study of the Carbon Dioxiae-Carbon Reaction by 
Oxygen Exchange, by M. Mentser and S. Ergun. 

1973. 42 pp. II figs. The exchange of oxygen between 
carbon dioxide and carbon monoxide that occurs rever­
sibly on carbon surfaces was studied at temperatures of 
7500 to 8500 C and a pressure of 1 atmosphere. Carbon-14 
was used to detect and measure the exchange reaction. 
The extent of oxygen exchange was a linear function of 
composition of the gas mixture, and this relationship 
was used to evaluate the forward and backward rate con­
stants of the reaction. Equilibrium constants, directly 
determined for oxygen exchange in this study, agreed well 
with values in the literature that were derived only by 
indirect procedures. This' result establishes the validity of 
oxygen exchange in the mechanism of carbon gasification 
by CO2 . Rates of carbon gasification were less than an 
order of magnitUde slower than rates of oxygen exchange. 
Activ'ation energies for these two processes were 58 and 
53 kcal/mole, respectively. The closeness in the activation 
energies argues against any change in the rate-controlling 
step over a wide temperature span at atmospheric pres­
sure. The role of CO as a retardant on the CO2-C reac­
tion and the nature of the carbon-oxygen complex are 
also discussed. GPO Catalog Xo. 128.3:664. Stock Xo. 
2404-01227. 75 cents. 

B 665. Microseismic Techniques for Monitoring the Behavior 
of Rock Structures, by Wilson Blake, Fred Leigh­

ton, and Wilbur I. Duvall. 1974. 65 pp_ 27 figs. 
This report presents the results of a 7-year Bureau 
of Mines program to review, re,:ise, ll;nd. make an 
effective engineering tool of the mlcroselsmlc method 
of determining the stability of rock structures. The 
program consisted of developing new microseismie 
equipment and data analysis techniques and ex~ensive 
field investigations to demonstrate the effectiveness 
and potential of the broad-band mieroseismic metho~. 
The guidelines for choosing the compone~ts of a m!­
croseismic system are presented along With approxI­
mate cost figures. Different microseismic systems are 
discussed including completely automated systems. 
Procedur~s for conducting microseismic investiga­
tions and analyzing microseismic data are discussed 
in detail. G PO Catalog No. 128.3: 665. Stock N 0_ 

2404-01554. $1.10. 

B 666. Chemical Thermodynamic Properties of Hydrocarbons 
and Related Substances. Properties of the Alkane 

Hydrocarbons, C1 Through C10, in the Ideal Gas State Fro,:" 0 
to 1500 K, by D. W. Scott. 1974_ 187 pp. Chemical 
thermodynamic properties for the Ideal gas state 
from 0 to 1500 K are tabulated for all of the ~l­
kane hydrocarbons through ClQ. These properties 
are based on correlations of the extant data for the 
entropy, vapor ·heat capacity, and enthalpy.?f ~or­
mation of individual alkanes and the eqUilIbrIUm 
constants of alkane isomerization reactions. GPO 
Catalog No. 128.3 :666. Stock No. 2404-01547_ $2.55. 
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SP 1-70. list of Bureau of Mines Publications and Articles. 
January 1, 1965, To December 31, 1969, With 

Subject and Author Index, compiled by Rita D. Sylvester. 
437 pp. 1970. This compilation supplements the 50-
year list of Bureau publications issued from July 1, 
1910. to January I, 1960; the 50-year list of articles by 
Bureau authors published outside the Bureau from July 
I, 1910. to January I. 1960; and the 5-year list of Bureau 
publications and articles published from January 1. 1960, 
to Decemher 31. 1964. It includes all the material in the 
four annual lists of Bureau publications and articles for 
January I. 1965. to December 31. 1968. as well as the 
Bureau puhlications and articles for 1969. More than 
2.500 publications by Bureau authors published in the 
regular Bureau of Mines series. in scientific. technical. or 
trade journals. or in other media are listed and sum­
marized; those availahle from the Bureau of Mines are 
indicated. Libraries which maintain files of Bureau pub­
lications are listed. Cooperative publications issued by 
organizations with which the Bureau conducted joint 
research are descrihed. Patents issued to Bureau person­
nel are also listed. and instructions are given on how to 
apply for permission to use them. One of the outstand· 
ing features of this Special Publication is an exhaustive 
subject and author index. (Out of print.) 

SP 1-71. List of Bureau of Mines Publications and Articles. 
January 1 to December 31, 1970, With Subject 

and Author Index, compiled hy Rita D. Sylvester. 130 pp. 
19i1. This compilation lists and summarizes publications 
hy Bureau authors published in the regular Bureau of 
Mines series. in scientific. technical. or trade journals. 
or in other media; those availahle from the Bureau of 
Mines are indicated. Patents issued to Bureau personnel 
are also listed, and instructions arli! given on how to 
apply for permission to use them. One of the outstand­
ing features of this Special Publication is an exhaustive 
subject and author index. (Out of print.) 

SP 1-72. Towards Improved Health and Safety for Amer-
ica's Coal Miners, by Staff. Bureau of Mines. 

January 1972. 79 pp. 5 figs. This puhlication is the 
official account of the first year's administration of the 
Federal Coal Mine Health and Safety Act of 1969. Most 
prO\'isions of the law took effect during 1970. This new 
annual report summarizes the law itself and gives an 
account of all major developments that occurred in con­
nection with it last year. A chronological summary of 
the year's developments is followed by an introduction 
that explains the unique features of the new law. A 
timetahle for actions required to be taken by the Secre· 
tary of the Interior is included. (Out of print.) 

SP 2-72. Administration of the Federal Metal and Non-
metallic Mine Safety Act. 1970 Annual Report, 

hy Staff, Bureau of Mines. February 1972. 60 pp. 4 
figs. This puhlication is an official account of the ad­
ministration of the Federal ~fetal and ;'IIonmetallic Mine 
Safety Act in 1970. Health and safety standards. both 
mandatory and advisory. became effective on July 31, 
1970, and refer to underground mines. surface (open pit) 
mines, and sand and gravel and crushed stone operations. 
During the period of July 31 to Decemher 31. 1970. a 
total of almost 16,000 violations of mandatory standards 
and nearly 5.500 failures to comply with advisory stand· 
ards were observed by Bureau of Mines inspectors. Before 

the inspections were completed, nearly 7,000 corrections 
of mandatory standards and violations and 1,100 correc­
tions of advisory standards were completed. The report 
covers development of standards. application, education 
and training. research and technical support, and plans 
for developing and enforcing health and safety standards. 
(Out of print.) 

SP 3-72. Bureau of Mines Research in 1971. A Summary 
of Significant Results in Mining, Metallurgy, and 

Energy, by Staff. Bureau of Mines. 1972. 61 pp. 7 figs. 
The Bureau of Mines research and development program 
comprises essentially projects on the extraction, process­
ing. use, reuse, and disposal. of minerals and mineral 
fuels. Scien tific and engineering efforts are directed to 
developing processes that will provide essential minerals 
without destruction or impairment of the environment 
and at minimal hazard to the health and safety of work­
ers in the metal, nonmetal, and coal·producing industries. 
The research is carried out in the Bureau's 19 research 
centers and laboratories located throughout the United 
States and through contracts with industry. universities, 
and State agencies. This document reports only on in· 
house research. which accounted for about 68 percent of 
the Bureau's obligations for research in fiscal year 1971. 
(Out of print.) 

SP 4-72. List of Bureau of Mines Publications and Articles, 
January 1 to December 31, 1971, With Subject 

and Author Index, by Rita D. Sylvester. 1972. 116 pp. 
This compilation lists and summarizes publications by 
Bureau authors published in the regular Bureau of 
Mines series. in scientific, technical. or trade journals, or 
in other media; those available from the Bureau of l\fines 
are indicated. Patents issued to Bureau personnel are 
also listed. and instructions are given on how to apply 
for permission to use them. One of the outstanding 
features of this Special Publication is an exhaustive sub­
ject and author index. (Out of print.) 

SP 1-73. Bureau of Mines Research 1972. A Summary of 
Significant Results in Mining, Metallurgy, and En­

ergy, by Staff. Bureau of Mines. 1973. 82 pp. The 
Bureau of Mines research and development program is 
comprised essentially of projects on the mining. extrac­
tion. processing. use. reuse. and disposal of minerals and 
mineral fuels. including the environmental effects of these 
operations. The research is carried out in the Bureau's 
19 research centers and laboratories located throughout 
the United States and through contracts with industry, 
universities. and State agencies. GPO Catalog No. 128.115: 
972. Stock No. 2404-01335. $1.00. 

SP 2-73. List of Bureau of Mines Publications and Articles, 
January 1 to December 31, 1972, With Subject 

and Author Index, compiled by Rita D. Sylvester. 1973. 
118 pp. This compilation lists and summarizes publi­
cations by Bureau authors published in the regular 
Bureau of Mines series; in scientific, technical, or trade 
journals; or in other media. Those available from the 
Bureau of Mines are indicated. Patents issued to Bureau 
Personnel are also listed. and instructions are given on 
how to apply for permission to use them. An outstand­
ing feature of this Special Publication is an exhaustive 
subject and author index. GPO Catalog No. 128.5:973. 
Stock No. 2404-01404. $1.50. 
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SP 1-74. Bureau of Mines Research 1973. A Summary of 
Significant Results in Mining, Metallurgy, and 

Energy, by Staff, Bureau of Mines. 1974. 107 pp. 
Created by the Organic Act of 1910, the Bureau of 
:\fines is the Federal Government's primary research arm 
in the mineral and fossil fuel fields. Through it, the 
Nation has 19 research centers and laboratories, located 
throughout the country, as essential startoff points to 
answer such challenges as the energy crisis of late 1973 
with which we are faced. The research and development 
being performed by coal, natural gas, and oil specialists 
at the Bureau's six Energy Research Centers and Labora­
tories across the Nation have taken on added emphasis 
with the realization that our once vast quantities of 
clean energy fuels are being depleted rapidly. For the 
last 2 years annual reports mve been published on sig­
nificant research projects and mineral intelligence studies 
conducted by the Bureau of Mines. This, the third 
report, summarizes the results of scientific and engineer-

ing im'estigations in de\'eloping technology for extracting. 
processing, and recycling minerals. metals. and fossil fuels. 
GPO Catalog No. I28.115:9i3. Stock No. 240-!-015i7_ 
$1.25. 

SP 2-74. List of Bureau of Mines Publications and Articles, 
January 1 to December 31, 1973, With Subject 

and Author Index, compiled hy Rita D. Sylvester. 19i4. 
148 pp. This compilation lists and summarizes publi­
cations by Bureau authors published in the regular 
Bureau of :\fines series. in scientific, technical. or trade 
journals. or in other media; those available from the 
Bureau of :\Iines are indicated. Patents issued to Bureau 
personnel are also listed, and instructions are given on 
how to apply for permission to use them. One of the 
outstanding features of this Special Publication is an 
exhausti\'e subject and author index. GPO Catalog :\"0. 
128.5:973. Stock No. 2404-01643. $~.60. 

HANDBOOKS 

HB 1-70. Controlling Employee Exposure to Alpha Radiation 
in Underground Uranium Mines. Volume 1 of 

Two Volumes, by R. L. Rock and D. K. Walker. 1970. 
72 pp. 5 figs. The Bureau of Mines presents a general 
discussion of the radon-daughter hazard associated with 
underground uranium mining and the control measures 
which are effective in eliminating this danger. The prob­
lem of employee exposure to radiation in underground 
uranium mines is reviewed, methods of determining at­
mospheric alpha radiation levels are discussed. and prac­
tical methods of reducing radon and radon-daughter 
influx into active mine openings are presented. Other 
pertinent subjects in radiation control are discussed. such 
as mine ventilation, mine planning. miner education, and 
individual exposure protection. 90 cents. 

HB 1-71. First Aid for the Mineral and Allied Industries. A 
Bureau of Mines Instruction Manual, by John S. 

Kelly. 1971. 191 pp. 74 figs. This handbook is de­
signed for use in first aid training for employees in the 
mineral and allied industries. It is intended to equip the 
student with the ability to render prompt, correct· emer­
gency care to the injured, especially in mines, as near as 
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possible to the place where the accident occurred. It is 
written in simple. straightforward language. is fully illus­
trated, and is thoroughly indexed. _-\n instructor's out­
line for a standard lO-hour first aid course is presented 
in an appendix. $2.10. 

HB 2-71. Controlling Employee Exposure to Alpha Radialion 
in Underground Uranium Mines. Volume 2 of 

Two Volumes. (Appendixes for the Use of Radon-Daughter 
Control Specialists), by R. L. Rock, R. \V. Dalzell, and 
E. J. Harris. 1971. 180 pp. 55 figs. The Bureau of 
Mines' conc~rn over radiation health hazards in uranium 
mines is inherent in its responsibility to promote safe 
health environments in the mining industry. The two 
volumes of this publication were prepared to make avail­
able infonnation that could aid in minimizing radiation 
exposure of underground uranium miners. This second 
volume discusses in detail specialized features of the 
radon-daughter control problem such as mine ventilation, 
instrumentation and calibration, sampling patterns. and 
record keeping. Volume 2 will be of interest as a refer­
ence guide for ventilation engineers and radon-daughter 
control specialists. $2.00. 



MINERALS YEARBOOKS 

The Minerals Yearbook, 1968, published in three volumes, 
pro\'ides a record of performance of the Nation's min­
erals industries during the year and a review of world 
mineral production, consumption, and trade on a country­
by-country basis. Volume I-II, Metals, Minerals, and 
Fuels, was published in 1969_ 

Volume III, Area Reports: Domestic, prepared by the staff of 
the Bureau of Mines_ 1970. 53 ch. 838 pp. 55 figs. 
Contains chapters on mineral industries by States, the 
island possessions, and the Canal Zone. This volume has 
a statistical summary identical with that in I'Olume I-II, 
and a chapter on employment and injuries. (Out of 
print.) 

Volume IV, Area Reports: International, prepared by the staff 
of the Division of International Activities. 1970. 85 
ch. 979 pp. This volume presents the latest available 
mineral statistics for more than 130 countries and areas 
and discusses the importance of minerals to the econ­
omics of these nations. A separate chapter reviews min­
erals in the world economy. (Out Of print.) 

The Minerals Yearbook, 1969, published in three volumes, 
prod des a record of performance of the :"iation's min­
eraI industries during the year and a review of world 
mineral production, consumption, and trade on a 
country-by-country basis. 

Volume I-II, Metals, Minerals, and Fuels, prepared by the 
staff of the Bureau of ~fines. 1970. 80 ch. 1194 pp. 
44 figs. Contains chapters on metal and nonmetal 
mineral commodities, including mineral fuels. It in­
cludes a chapter reviewing the mineral industries, a sta­
tistical summary, and chapters on employment and 
injuries and technologic trends. (Out of print.) 

Volume III, Area Reports: Domestic, prepared by the staff of 
the Bureau of Mines. 1971. 53 ch. 848 pp. 55 figs. 
Contains chapters on each of the 50 States, the U.S. 
possessions in the Pacific Ocean and the Caribbean Sea, 
the Canal Zone, and the Commonwealth of Puerto Rico. 
This volume has a statistical summary, identical with 
that in volume I-II, and a chapter on employment and 
injuries. (Out of prillt.) 

Volume IV, Area Reports: International, prepared by the 
staff of the Bureau of ~fines. 1971. 77 ch. 942 pp. 
Con tains the latest available mineral statistics for more 
than 130 foreign countries and areas and discusses the 
importance of minerals to the economies of these na­
tions. :\ separate chapter reviews minerals in the world 
economy. (Out of prillt.) 

The Minerals Yearbook, 1970, published in three volumes, 
proddes a record of performance of the :"iation's min­
eraI industries during the year and a review of world 
mineral production, consumption, and trade on a 
country-by-country basis. 

Volume I, Metals, Minerals, and Fuels, prepared by the staff 
of the Bureau of Mines. 1972. 80 ch. 1235 pp. 42 

figs. This publication contains chapters on metal and 
nonmetal commodities including mineral fuels. It in­
cludes a chapter reviewing the mineral industries, a 
statistical summary, and chapters on employment and 
injuries and technologic trends. GPO Stock No. 2404-
1126. SI0.75. 

Volume II, Area Reports: Domestic, prepared by the staff of 
the Bureau of Mines. 1972. 53 ch. 807 pp. 52 figs. 
Contains chapters on each of the 50 States, the U.S. 
possessions in the Pacific Ocean and the Caribbean Sea, 
the Canal Zone, and the Commonwealth of Puerto Rico. 
This volume has a statistical summary, identical with 
that in volume I, and a chapter on employment and 
lllJuries in the mineral industries. GPO Stock No. 
2404--01233. $8.65. 

Volume III, Area Reports: International, prepared by the staff 
of the Bureau of Mines. 1973. 76 ch. 1052 pp. This 
I'Olume of the Minerals Yearbook presents the latest 
available statistics for more than 150 countries and 
areas and discusses the importance of minerals to the 
economies of these nations. A separate chapter reviews 
minerals in the world economy. GPO Catalog No. 
128.37:970/1'.3. Stock No. 2404-01351. $9.70. 

The Minerals Yearbook, 1971, published in three volumes, 
provides a record of the performance of the Nation's 
mineral industries during the year and a review of 
world mineral production, consumption, and trade on 
a country-by-country basis. 

Volume I, Minerals, Metals, and Fuels, prepared by the staff 
of the Bureau of Mines. 1973. 81 ch. 1303 pp. This 
volume of the ~finerals Yearbook contains chapters on 
metal and nonmetal commodities including mineral 
fuels. It includes a chapter rel'iewing each of the min­
eraI industries, a statistical summary, and chapters on 
employment and injuries and technologic trends. GPO 
Catalog No. 128.37:971jv. 1. Stock No. 2404--01365. 
$11.75. 

Volume II, Area Reports: Domestic, prepared by the staff 
of the Bureau of Mines. 1973. 53 ch. 811 pp. 53 figs. 
Contains chapters on each of the 50 States, tl'\e U.S. 
possessions in the Pacific Ocean and the Caribbean Sea, 
the Canal Zone, and the Commonwealth of Puerto Rico. 
This volume has a statistical summary, identical with 
that in volume I, and a chapter on employment and 
injuries in the mineral industries. GPO Catalog No. 
128.37:971jv. 2. Stock No. 2404--01488. $8.65. 

Volume III, Area Reports: International, prepared by the staff 
of the Bureau of ~fines. 1973. 76 ch. llli pp. This 
volume presents the latest available statistics for more 
than 150 countries and areas and discusses the impor­
tance of minerals to the economies of these nations. 
A separate chapter reviews minerals in the world econ­
omy. GPO Catalog No. 128.37:971jv. 3. Stock No. 2404-
01499. SIO.OO. 
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MINERALS YEARBOOK 

The Minerals Yearbook, 1972, published in three volumes, 
provides a record of the performance of the Nation's 
mineral industries during the year and a review of 
world mineral production, consumption, and trade on 
a country-by-country basis_ 

Volume I, Minerals, Metals, and Fuels, prepared by the staff 
of the Bureau of Mines_ 1974. 81 ch'. 1370 pp. 59 
figs. Contains chapters on metal and nonmetal com­
modities including mineral fuels. It includes a chapter 
reviewing the mineral industries, a statistical summary, 
and a chapter on technologic trends. GPO Stock No. 
2404-01610. $12.15. 

Volume II, Area Reports: Domestic, prepared by the staff of 
the Bureau of Mines. 1974. 52 ch. 805 pp. Contains 
chapters on each of the 50 States, the U.S. possessions 
in the Pacific Ocean and the Caribbean Sea. the Canal 
Zone, and the Commonwealth of Puerto Rico. It in­
cludes a statistical summary, identical with that in 
Volume I. GPO Stock No. 002-004-01745-7. 510.20. 

Volume III, Area Reports: International, prepared by the staff 
of the Bureau of Mines. 1974. 76 ch. 1103 pp. Pre­
sents the latest available statistics for more than 150 
countries and areas and discusses the importance of 
minerals to the economies of these nations. A separate 
chapter reviews minerals in the world economy. GPO 
Stock N 0_ 024-004-01755-4_ $12.40_ 

The Minerals Yearbook, 1973, published in three volumes. 
provides a record of the performance of the Nation's 
mineral industries during the year and a review of 
world mineral production, consumption, and trade on a 
country-by-country basis. 

Volume I, Metals, Minerals, and Fuels, prepared by the staff 
of the Bureau of Mines. 82 ch. Contains chapters on 
metal and nonmetal mineral commodities, including 
mineral fuels. It includes a chapter reviewing the 
mineral industries, a statistical summary, and a chapter 
on technologic trends. The complete volume will be 
published in 1975. However, to provide the latest avail­
able statistical and economic data on minerals and fuels, 
preprints of individual chapters may be obtained from 
the Publications Distribution Branch, Bureau of Mines, 
4800 Forbes Avenue, Pittsburgh, 15213. 

Foreword. by Thomas V. Falkie, Director. 
Acknowledgments, by Albert E. Schreck. 
General reviews: 

Review of the mineral industries, by Daniel E. Sullivan 
and Nicholas G. Theofilos. 

Mining and quarrying trends in the metal and non­
metal industries, by John L. Morning. 

Statistical summary, by Staff, Office of Technical Data 
Services. 

Commodity Reviews: 
Abrasive materials. by Robert G. Clarke. 
Aluminum, by John W. Stamper. 
Antimony, by Charlie Wyche. 
Asbestos, by Robert A. Clifton. 
Barite, by Frank B. Fulkerson. 
Bauxite, by Horace F. Kurtz. 
Beryllium, by E. Chin. 
Bismuth, by John A. Rathjen. 
Boron, by K. P. Wang. 
Bromide, by Charles L. Klingman. 
Cadmium, by J. M_ Hague. 
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Commodity reviews: 
Calcium and calcium compounds, by Avery H. Reed. 
Carbon black, by John L. ,.!.Ibright. 
Cement, by Robert E. Ela. 
Chromium. by John L. :\[orning. 
Clays, by Sarkis G .. \mpian. 
Coal-bituminous and lignite. by L. W. Westerstrom. 
Coal-Pennsylvania anthracite, by Dorothy R. Federoff. 
Cobalt, by John D. Corrick. 
Coke and coal chemicals, by Eugene T. Sheridan. 
Columbium and tantalum, by J. A. Sutton. 
Copper. by Harold J. Schroeder. 
Diatomite. by Benjamin Petkof. 
Feldspar, nepheline syenite, and aplite, by J. Robert 

Wells. 
Ferroalloys, by :\'orman :\. Matthews_ 
Fluorspar, by H. B. Wood. 
Gallium, by E. Chin. 
Gem stones, by Robert G. Clarke. 
Gold, by J.M. West. 
Graphite, by Da\id G. Willard. 
Gypsum, by .-hery H. Reed. 
Helium, by Gordon W. Koelling. 
Iron ore, by F. L. Klinger. 
Iron and steel, by Horace T. Reno. 
Iron and steel scrap. by D. H. Desy. 
Iron oxide pigments, by Henry E. Stipp. 
Kyanite and related materials, by J. Robert Wells. 
Lead. by J. Patrick Ryan. 
Lime, by Avery H. Reed. 
:\[agnesium, by E. Chin. 
l\fagneslllm compounds, by E. Chin. 
Manganese, by Gilbert L. DeHuff. 
Mercury, by V. Anthony Cammarota, Jr. 
:\[ica, by Benjamin Petko£. 
Molybdenum. by Andrew Kuklis. 
:-.iatural gas, by William B. Harper, Robert J. Jaske. 

and Leonard Fanelli. 
:\'atural gas liquids, by David . .!.. Carleton and Leonard 

L. Fanelli. 
:-.iickel, by John D. Corrick. 
:\'itrogen. by William F. Keyes. 
Peat, by Eugene T. Sheridan and Donald p, Mickelsen. 
Perlite, by Arthur C. :\[eisinger. 
Crude petroleum and petroleum products, by David A. 

Carlton, William B. Harper, Bernadette Michalski, 
and Betty ~r. ~[oore. 

Phosphate rock, by William F. Stowasser. 
Platinum-group metals, by W. C. Butterman. 
Potash, by William F. Keyes. 
Pumice, by Arthur C. :\[eisinger. 
Rare-earth minerals and metals, by James H. Jolly. 
Rhenium. by Larry J .. .!.l\·erson. 
Salt, by Charles L. Klingman. 
Sand and gravel, by Walter Pajalich. 
Silicon, by E. Shekarchi. 
Silver, by J. R. Welch. 
Slag-iron and steel, by Harold J. Drake. 
Sodium and sodium compounds, by Charles L. Klingman. 
Stone, by Harold J. Drake. 
Sulfur and pyrites, ~ Roland W. Merwin and William 

F. Keyes. 
Talc, soapstone, and pyrophyllite, by J. Robert Wells. 
Thorium, by Roman V. Sondermayer. 
Tin, by Keith L. Harris. 
Titanium, by F. W. Wessel. 
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Commodity reviews: 
Tungsten, by Richard F. Stevens, Jr. 
Uranium, by Walter C. Woodmansee. 
Vanadium, by Harold A. Taylor, Jr. 
Vermiculite, by Frank B. Fulkerson. 
Zinc, by Albert D. McMahon, John M. Hague, and 

Herbert R. Babitzke. 
Zirconium and hafnium, by Sarkis G. Ampian. 
Minor metals (arsenic, cesium and rubidium, german­

ium, indium, radium, scandium, selenium, tellurium, 
thallium), by Staff, Division of :'\onferrous Metals­
Mineral Supply_ 

Minor nonmetals (greensand, iodine, lithium, meer­
schaum, quartz crystal, staurolite, strontium, woll­
astonite), by Staff, Division of Nonmetallic Minerals 
-Mineral Supply. 

Volume II, Area Reports: Domestic, prepared by the staff of 
the Bureau of Mines. 52 ch. Contains chapters on 
each of the 50 States, the U.S. possessions in the Pacific 
Ocean and the Caribbean Sea, the Canal Zone, and 
the Commonwealth of Puerto Rico. This volume has a 
statistical summary, identical with that in volume l. 
The complete volume will be published in 19i5. How­
e\'er, to provide the latest available statistical and eco­
nomic data on the domestic mineral industry, preprints 
of individual chapters may be obtained from the Pub­
lications Distribution Branch, Bureau of Mines, 4800 
Forbes :henue, Pittsburgh, Pa. 15213. 

Foreword, by Thomas V. falkie, Director. 
Acknowledgments, by .-\lben E. Schreck. 
Statistical summary, by Staff, Office of Technical Data 

Services. 
The mineral industry o£­

Alabama, by Joseph F. Corey. 
.-\laska, by Robert J. Jaske. 
Arizona, by Gertrude N. Greenspoon and H. J. 

Schroeder. 
Arkansas, by Grace :'\. Broderick. 
California. 1)\ Walter C. Woodmansee. 
Colorado, by' .-\ndrew Kuklis. 
Connecticut, by Robert _-\. Clifton. 
Delaware, by David G. Willard. 
Florida, by "'illiam F. Stowasser. 
Georgia, by J. Robert Wells. 
Hawaii, by Avery H. Reed. 
Idaho, by William C. Buttennan. 
Illinois, by Grace ;'\. Broderick. 
Indiana, by Robert .-\. Clifton. 
Iowa, by Brinton C. Brown. 
Kansas, by William G. Carrico and David A. Grisafe. 
Kentucky, by L. H. Frey. 
Louisiana, by ,rilliam B. Harper, Eugene A. Ander-

son, and Leo \\'. Hough, 
:o.[aine, by Frank B. Fulkerson. 
:o.[aryland, by Charles L. Klingman. 
:o.[assachusetts, by Robert A. Clifton. 
~richigan, bv Grace:'\. Broderick. 
Minnesota, by Cynthia T, Collins, 
Mississippi, by C. L. Readling, 
:o.[issouri, by J. Patrick Ryan and James A. :o.[artin. 
:o.[olltana, by J. M. West. 
;'\ebraska. by William F. Keyes. 
:'\evada, by V .. -\nthon)' Cammarota. Jr. 
l\'ew Hampshire, by Avery H. Reed. 
:'\ew Jersey, bv Donald C. Wininger. 
i\ew :o.[exico, by Roman V. Sondermayer. 

The mineral industry of­
New York, by E. Chin. 
North Carolina, by Roland W. Merwin and Stephen G. 

Conrad. 
North Dakota, by Joseph B. Huvos. 
Ohio, by Joseph A. Sutton. 
Oklahoma, by L. G. Southard, K. S. Johnson, and J. F. 

Roberts. 
Oregon, by John D. Corrick 
Pennsylvania, by Franklin D. Cooper. 
Puerto Rico, Panama Canal Zone, Virgin Islands, Pacific 

Island Possessions, and Trust Territory of the Pacific 
Islands, by J. M. West and Sarkis G. Ampian. 

Rhode Island,. by Frank B. Fulkerson. 
South Carolina, by Robert G. Clarke. 
South Dakota, by J. M. West. 
Tennessee, by Herbert R. Babitzke, William D. Harde-

man, and Robert E. Hershey. 
Texas, by Charles C. Jirik and Roselle Girard. 
Utah, by Gertrude N. Greenspoon. 
Vermont, by Frank B. Fulkerson. 
Virginia, by Charles Vannoy. 
Washington, by Benjamin Petkof. 
West Virginia, by R. E. Harris. 
Wisconsin, by Grace N. Broderick. 
Wyoming, by Roger A. Diedrich. 

Volume III, Area Reports: International, prepared by the 
staff of the Bureau of Mines. 76 eh. Presents the 
latest available statistics for more than 150 countries 
and areas and discusses the importance of minerals to 
the economies of these nations. A separate chapter 
reviews minerals in the world economy. The complete 
volume wiII be published in 1975. However, to provide 
the latest available statistical and economic data on the 
mineral industries of foreign nations, preprints of in­
dividual chapters may be obtained from the Publica­
tions Distribution Branch, Bureau of Mines, 4800 
Forbes Avenue, Pittsburgh, Pa. 15213. 

Foreword, by Thomas V. Falkie, Director. 
Acknowledgments, by Albert E. Schreck. 
~!inerals in the world economy, by Charles L. Kimbell 

and George A. Morgan. 
The mineral industry of­

Algeria, by John L. Albright. 
Angola, Mozambique, and Portuguese Guinea~ by 

Janice L. W. Jolly. 
Argentina, by Ronald F. Balazik. 
Australia, by Charles Wyche. 
Austria, by Grace l\'. Broderick. 
Belgium and Luxembourg, by Norman A. Matthews. 
Bolivia, by V. Anthony Cammarota, Jr. 
Brazil, by F; W. Wessel. 
Bulgaria, by Boteo A. Tachkov. 
Burma, by Donald C. Wininger. 
Canada, by John A. Rathjen. 
Chile, by George J. Coakley. 
China, People's Republic of, by John E. Shelton. 
Colombia, by Ronald F. Balazik. 
Cyprus, by E. Shekarchi 
Czechoslovakia, by Boteo A. Tachkov. 
Egypt, Arab Republic of, by John L. Albright. 
Finland, by F. L. Klinger. 
France, by E. Shekarchi. 
Gabon, by Henry E. Stipp. 
Germany, East, by Joseph B. Huvos. 

27 



MINERALS YEARBOOK 

The mineral industry of-
Germany, Federal Republic of, by D. H. Desy and 

Henry E. Stipp. 
Greece, by Scott F. Sibley. 
Hungary, by Joseph B. Huvos. 
India, by Harold A. Taylor, Jr., and Charles W. 

Sweetwood. 
Indonesia, by Walter Pajalich. 
Iran, by Bernadette Michalski. 
Iraq, by John L. Albright. 
Ireland, by J. M. West. 
Israel, by William F. Keyes. 
Italy, by Andrew Kuklis. 
Japan, by K. P. Wang. 
Kenya, Tanzania, and Uganda, by Avery H. Reed and 

Robert G. Clarke. 
Korea, l'Iorth, by Frank B. Fulkerson. 
Korea, Republic of (South), by Harold J. Drake. 
Kuwait and Saudi Arabia, by John L. .-\lbright. 
Liberia, by Henry E. Stipp. 
Libya, by John L. Albright. 
Malaysia, by Keith L. Harris. 
Mexico, by J. M. Hague. 
:\Iorocco, by 'Villiam F. Stowasser. 
~etherlands, by Norman A. Matthews. 
New Zealand, by Robert A. Clifton. 
Nigeria, by Keith L. Harris. 
Norway, by F. L. Klinger. 
Pakistan, by George E. Fish, Jr. 
Peru, by F. W. Wessel. 
Philippines, by Robert A. Clifton. 
Poland, by Boteo A. Tachkov. 
Portugal, by ~orman A. Matthews. 
Romania, by Joseph B. Hm·os. 
Sierra Leone, by Henry E. Stipp. 
South Africa, Republic of, by James H. Jolly. 
South·West Africa, Territory of, by James H. Jolly. 
Spain, by Scott F. Sibley. 
Sweden, by F. L. Klinger. 
Taiwan, by K, P. Wang. 
Thailand, by H. B. Wood, 
Tunisia, by Roland W. Merwin, 
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Turkey, by E, Shekarchi. 
U.S,S,R., by V. V, Strishkov. 
United Kingdom, by Horace T, Reno: 
Venezuela, by Ronald F, Balazik. 
Yugoslavia, by Roman V, Sondermayer. 
Zaire, by Harold J, Schroeder, 
Zambia, by Gertrude :-1", Greenspoon, 
Islands of the Caribbean (Bahamas, 

muda, Cuba, Dominican Republic, 
:\fartinique, N'etherlands .-\ n tilles, 
Tobago, by Staff, Bureau of Mines. 

Barbados, Ber­
Haiti, Jamaica, 
Trinidad and 

Central American areas (Belize, Costa Rica, El Salya· 
dor, Guatemala, Honduras, l'Iicaragua, Panama), by 

Other South American areas (Ecuador, French Guiana, 
Guyana, Paraguay, Surinam, Cruguay), by Staff, 
Bureau of Mines. 

Other European countries (Albania, Denmark (includ. 
ing Greenland), Iceland, Switzerland), by Staff, 
Bureau of Mines. 

Other African areas (Botswana, Burundi, Cameroon, 
Central African Republic, Chad, Congo, Dahomey, 
Equatorial Guinea and Fernando Po, Ethiopia, 
French Territory of the .-\fars and Issas, Gambia, 
Guinea, Ivory Coast, Lesotho, :\Ialagasv Republic, 
Malawi, :\Iauritania, :\Iauritius, N'iger, Rwanda, 
Senegal, Somali Republic, Southern Rhodesia, Span­
ish Sahara, Sudan, Swaziland, Togo, Upper Volta), 
by Staff, Bureau of :\Iines, 

Other Near East areas (Bahrain, Jordan, Lebanon, 
Oman, People's Democratic Republic of Yemen, 
Qatar, Syrian .-\rab Republic, United Arab Emirates, 
Yemen Arab Republic), by Staff, Bureau of :\Iines. 

Other Far Eastern and South Asian areas (Afghanistan, 
Bangladesh, Brunei, Hong. Kong, Khmer Republic, 
Laos, Mongolia, Nepal, Singapore, Sri Lanka, North 
Vietnam, South Vietnam) , by Staff, Bureau of :\Jines. 

Other South Pacific islands (British Solomon Islands, 
Christmas Island, Fiji Islands, Xauru and Ocean 
Island, N'ew Caledonia, Xew Hebrides, Papua and 
New Guinea), by Staff, Bureau of Mines. 



REPORTS OF INVESTIGATIONS 

RI 7291. Influence of Volatile Fuel Components on Vehicle 
Emissions, by B. H. Eccleston, B. F. Noble, and 

R. W. Hum. February 1970. 80 pp. 23 figs. The Bu­
reau of Mines, in cooperation with the American Pe· 
troleum Institute, studied the effect of fuel volatility 
and front-end fuel wmposition on the amount and 
photochemical reacti\'ity of antomobile exhaust and 
fuel-system evaporati\'e emissions. The study involved 
six gasolines-the base fuel, three fuels of \'aried vola­
tility, and two fuels differing from the base and from 
each other in front-end olefin content. Data were ob­
tained from 16 vehicles operated on a' chassis d yna­
mometer using a speed-load time cycle that approximated 
a typical urban trip. Tests were made at ambient tem· 
peratures of 20°, 45°, 70°, and 95° F, using a climate· 
controlled dynamometer room. The amount of hydro­
carbon emission and its probable photochemical effect, a 
potential contribution to pollution, is expressed as weight 
(reactivity equh'alent) of a moderately reacti\'e material, 

ethylene. Emission of oxides of nitrogen, carbon monox· 
ide, and aldehydes were also observed. Results showed 
that reduction o~ volatility from currently typical levels 
serves to reduce' both the amount and the reactivity 
equivalent of evaporative losses with a slight penalty by 
way of higher exhaust emissions. A,ltematively, reducing 
the amount of light (low boiling) olefin in the fuel had 
no effect on the amount of hydrocarbon pollutant but 
did significantly reduce the reactivity equhalent of the 
emissions, :'\either volatility change nor chemical 
changes to the fuel significantlY affected the non· 
hydrocarbon emissions. \\'ork don~ in cooperation with 
the American Petroleum Institute. 

RI 7326. Geochemistry of Some Petroleum-Associoted Waters 
From Louisiana, hy A. Gene Collins. January 

1970. 31 pp, 9 figs. Some of the geochemical relation­
ships that exist between subsurface fluids and the asso­
ciated geologic strata in petroleum.producing areas of 
Louisiana have been determined. Samples of petroleum· 
associated water were obtained from 126 wells in Lou· 
isiana that produced from sediments of three geologic 
ages: Tertiary, Cretaceous, and Jurassic. The samples 
were transported to a central laboratory for analysis of 
chemical composition, using standard method~, to de· 
termine if the com posi tions varied wi th the geologic 
strata of their source and, if so, why. The dissolved 
constituents were compared with those of a brine that 
was concentrated by e\'aporation. The concentrations of 
bromide, calcium, and strontium were useful in dis­
tinguishing the brines produced from sediments of a 
late age from those of an earlier age, The concentration 
ratios of total equivalent magnesium and bromide indio 
cated that dolomitization probably had occurred and 
altered the composion of the brines. A principal-com· 
ponents analysis of the data indicated an inverse relation­
ship between depth and concentrations of bromide, 
strontium, calcium, and lithium, 

RI 7327. Stabilization of Hydraulic Backfill With Portland 
Cement, Including Results With Other Additives, 

by Donald R. Corson. January 1970. 33 pp. 20 figs. 
The effects of adding varying amounts of type I portland 
cement to hydraulic backfill are described: Six different 
fill materials, each with three cement contents, were 
tested to determine which fill properties have the most 
significant effect on cemented strength. Two strength 
prediction equations, based on the physical and min­
eralogical properties of the fills, were formulated, and 
these accounted for 96 and 99 percent of the variability 
of the data. Results of both unconfined compression and 
triaxial tests of cemented fills are given, and the effects 
of moist curing and fill densification on the 7-day 
strength are discussed. Permeability test data are given, 
and the decreased permeability due to cement content 
and curing time is shown graphically. A discussion of 
the limited evaluation of other potential stabilization 
additives (expansive cement, fly ash, sodium silicate, 
gypsum, and asphalt) is included in an appendix. 

RI 7328. Coal Investigations Using Laser Irradiation, by F. S. 
Karn, A, G. Sharkey, Jr., A. F. Logar, and 

R. A. Friedel. January 1970. 32 pp. 18 figs. Condi­
tions necessary to obtain optimum yield of useful prod­
ucts when coal is rapidly heated to extreme temperatures 
by laser irradiation were determined by the Bureau of 
Mines. Product distribution and yield were investigated 
as functions of several variables. Low-rank coals with 
high.volatile matter gave. highest total gas yields. 
Medium-rank coals gave the highest yields of H2 and 
C2H 2, and low-rank coals gave highest yields of CO 
and CO2. Macerals gave gases of approximately the 
same composition, but the total gas yield increased in 
the order fusinite, micrinite, vitrinite, and exinite. Total 
gas and C2H2 yields varied inversely with particle size. 
The addition of nominally inert gases such as Ar, He, N2 
increased yields of H2, C2H 2, and total gas. Metals such 
as nickel and platinum had little influence on the rate 
of coal decomposition. Total gas yield increased with 
total energy of irradiation, and the ratio of ~H2-CH4 
increased with concentration of energy. A study was also 
made of the irradiation temperature, and a material 
balance was calculated. 

RI 7330. Mine Roof Vibrations From Underground Blasts, by 
James J. Olson, Richard A. Dick, Joseph L. 

Condon, Arlo D. Hendrickson, and David E. Fogelson. 
January 1970. 55 pp, 19 figs. Previous Bureau of Mines 
studi"s of vibrations from quarry blasts have shown that 
the square root of the charge weight may be used to 
group particle velocity data from various charge sizes, and 
that empirical propagation equations may be used to 
estimate vibration amplitudes. Particle accelerations of 
the sandstone roof of the White Pine Copper mine, l\fich­
igan, were measured to determine whether similar propa­
gation equations may be developed for underground mine 
blasts. 

Vibration data from ""hite Pine blasts were best 
grouped by scaling with the square root of the charge 
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weight. Cube root scaling did not effectively group the 
data. The empirical propagation equation A W'I = 50,000 
(R/ TV',,) -2,21, where A is peak-to-peak acceleration in 
g's, JI' is the zero-delay charge weight in pounds, and R 
is the distance from the blast in feet, may be used to 
estimate maximum vibration amplitudes from production 
sized blasts. Vibration differences among headings and 
types of explosive charge (:\~-FO and dynamite), while 
statistically significant, were not a major factor in the 
estimation of maximum vibration amplitudes with an 
empirical propagation equation. Vibration differences 
between types of explosive charge were larger than the 
differences among headings, indicating that some re­
duction of vibration amplitude might be gained by 
using AN-FO rather than dynamite. Acceleration records 
from both White Pine's A~-FO and dynamite production 
blasts show that high intensity vibrations from the de­
layed portions of the blast (each delay interval = 25 
milliseconds) were separate events, and that the zero­
delay portion of the blast produced the maximum vibra­
tion amplitudes. If the pull of the underground blast 
round can be maintained, a reduction of the zero-delay 
charge weight may effectively reduce the maximum 
vibration amplitude of the blast. 

RI 7331. Comparison of the Triangular, Polygonal, and a 
Statistical Method of Computing Grade and Ton­

nage of Ore for the Silver Bell Oxide Porphyry Copper De­
posit, by Richard F. Hewlett. January 1970. 33 pp. 27 
figs. This report describes a comparison of methods for 
computing grade and tonnage of ore, leach, and waste 
material for a mined-out portion of the Silver Bell 
Oxide porphyry copper deposit; computed values are 
compared with the actual tonnage of these classes of 
material produced during mining operations. Com­
parisons with production records have been made by 
using both exploration drill-hole assays and development 
blast-hole assays. The polygonal method is the most 
accurate for this deposit because it more closely repre­
sents the lateral mineral distribution in the deposit. 
This is demonstrated by plots of the total-copper assay 
distributions of the development blast-hole assays for a 
specific bench. The investigation also shows that the 
smaller vertical assay interval (based on a 5-foot vertical 
churn-drill-hole sample) yields a more accurate estimate 
of both grade and tonnage than the 40-foot composite 
assay interval (based on the average of eight 5-foot assay 
values). This can be attributed to the fact that selective 
mining within a bench can separate out much of the 
waste and leach material that is included as ore in the 
40-foot composite assay computations. Work done in 
cooperation with the Bear Creek Mining Company and 
under a fellowship agreement with the University of 
Arizona. 

RI 7332. Pretreating Steel Scrap To Speed Oxidation, by 
S. E. Khalafalla, S. L. Payne, and G. W. 

Reimers. January 1970. 20 pp. 7 figs. The extremely 
sluggish oxidation of steel scrap was appreciably ac­
celerated when the charge was pretreated in aqueous 
solutions of sodium meta vanadate or sodium molybdate. 
The degree of oxidation acceleration was inversely cor­
related with the melting point of the promoter oxide 
possessing the highest valency. The magnitude of oxida­
tion enhancement exhibited a systematic inverse de­
pendence on the duration of pickling processes; mere 
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dipping of the oxidizable charge in the vanadate bath 
was most effecth'e. In general, the rate of steel scrap 
oxidation increased with increasing concentration of the 
pickling reagent. 

The results are explained on the basis of the hydrolytic 
decomposition of the pickling agent with subsequent slow 
interaction with the metal surface, coupled with the 
tendency of vanadium to form polyanions in alkaline 
media. The data not only served to elucidate the 
mechanism by which catastrophic oxidation takes place 
but also showed that the accelerating species need not be 
alloyed with oxidizable metal; surface impregnation by 
minute amounts of the accelerating species can still pro­
duce catastrophic effects. 

RI 7336. Solvent Extraction of Nickel and Zinc From a Waste 
Phosphate Solution, by H. E. Powell, L. L. Smith, 

and A. A. Cochran. January 1970. 14 pp. 9 figs. The 
selective recovery of nickel and zinc from a waste phos­
phate solution by solvent extraction was investigated bv 
the Bureau of Mines as part of a broad program to 
recover valuable metals and compounds from industrial 
wastes and to reduce the associated land and water pol­
lution caused by dumping these wastes. The waste, which 
resulted from the phosphation of automobile bodies, 
yielded 99 percent of both the nickel and the zinc ex­
traction with dinonyl naphthalene sulfonic acid (DNSA) 
and di-2-ethylhexyl phosphoric acid (EHP.\), respec­
tively. Dilute sulfuric acid was used to reco\'er the 
metals and regenerate the solvents. 

RI 7338. Factors Affecting the Production of Phosgene Using 
Gamma Radiation, by Arne Landsberg and F. E. 

Block. January 1970. 15 pp. 9 figs. Experiments were 
made with a batch reactor to determine the effect of 
gas pressures, temperature, and gamma radiation in­
tensity on the reaction of CO + CI2 -->COCI2 . The 
equation, 

dP 
= 0.0110 (I - 0.01l) (Peol) 'I PCI2, 

do 
dP 

where-- is the change of pressure of phosgene with 
do 

time (atm/hr), t is the temperature (0 C), Peo and 
PCl2 are the reactant pressures (atm). and I is the radia­
tion intensity (rjhr), was found to best fit the data. 
Oxygen and a large ratio of reactor surface to volume 
retarded the reaction, but inert gases had no effect. A 
low-temperature reactor system is proposed to take ad· 
vantage of the conditions which give a high reaction rate 
with gamma radiation and a simple scheme of product 
purification. 

RI 7339. Oxidation Roasting of Chalcocite Concentrate, by 
M. M. Fine, A. B. Landstrom, and R. B. 

Schluter. January 1970. 19 pp. 8 figs. Chalcocite 
flotation concentrates (26 to 34 percent Cu and 6 to 7 
percent S) were roasted in air to determine sulfur elimi· 
nation as a function of temperature, airflow rare. and 
residence time. Fluosolids roasting was evaluated batch­
wise and continuously in a 4-inch fluid-bed reactor. Kiln 
roasting tests were carried out in a 4-inch-ID by 6-inch­
long rotary drum. Pelletizing the very fine concentrates 
prior to roasting was essential to minimize dust losses and 

,accretions. Concentrate pellets, sized minus 10 plus 20 
mesh and honded with 2 percent bentonite, were excel­
lent feed for flnosolids roasting and limited dust losses 
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to 10 percent or less. One-fourth-inch pellets were best 
suited to kiln roasting. Both techniques were capable of 
producing copper calcines analyzing well under I percent 
residual sulfur when operated at 900° C with average 
reten tion times of 3 to 4 hours. Calcined pellets were 
strong, porous, and readily reducible. 

RI 7340. An Improved Maximum-Bubble-Pressure System for 
Measuring Surface Tension of Molten Metals, by 

Alfred E. Schwan eke, Wilbert L. Falke, and Vernon R. 
Miller. January 1970. 10 pp. 4 figs. An improved 
maximum·bubble-pressure system using the Sugden twin­
capillary method for measuring the surface tension and 
density of molten metals is described. Improvements 
include (I) internally ground capillary tips, (2) elec­
tronic pressure transducers, (3) micrometer adjustment 
of immersion depth for density measurements, (4) valv­
ing arrangements to allow operation at other than at­
mospheric pressure, (5) temperature range to 1,100°C, 
and (6) recorder readout of pressures. Data for surface 
tension of mercury from 20° to 300° C are given. 

RI 734 I. Slope Stability Analysis by the Finite Element Stress 
Analysis and Limiting Equilibrium Method, by FUII­

Den ,rang and Meng·Cherng Sun. January 1970. 16 pp. 
6 figs. A new approach for evaluating pit slope stability 
by the limiting equilibrium method has been developed 
by the Bureau of :\[ines. The finite element method of 
plane strain analysis is used to find the stress field of the 
pit slope structure. This stress field is then used to find 
the normal and shear stresses along a potential failure 
surface. The normal stresses are used with the Coulomb 
equation to calculate the shear resistance. The shear 
stresses are integrated to determine the total driving 
force. The factor of safety is evaluated from the ratio of 
the resisting force to the driving force along a failure 
surface and is found to be affected by the elastic rna· 
terial properties. modulus of elasticity, and Poisson's 
ratio. 

RI 7342. Fluid Flow in Channels, Capillari~s, and Porous 
Media Under the Influence of an Electric Field, by 

L. C. Headley, C. 1. Pierce. and W. K. Sawyer. January 
1970. 33 pp. 15 figs. .\ series of exploratory tests was 
conducted to determine the effects of steady electric fields 
on fluid flow and streaming potential il~ narrow pas­
sages and porous media, the effects of stead), electric 
fields on fluid interfaces, and the influence of internal 
voltages on fluid flo,,' in a porous porcelain sample. Volt· 
ages greater than about 5 kilovolts were found to in­
fluence liquid droplets emanating from a capillary tube. 
Solutions of polyethylene oxide and polyacnlamide in 
water exhibited widely different behaYior than that of 
other liquids tested. Liquid·liquid displacement tests in 
porous samples to determine the influence of high mltage 
applied to the displacing liquid on flow rates and recovery 
gave no significant differences. :-';0 consistently measur· 
able effects were noted. either on flow rate or streaming 
potential. when an electric field was applied transverse 
to the direction of flow in porous media and in narrow 
rectangular or cylindrical channels. Experimental values 
of formation factor and streaming potential for a porous 
porcelain sample agreed qualitati"e!y with those calcu­
lated from electrokinetic theory for ultrafine capillaries. 
However. the agreement for the electroviscous effect was 
not good. 

RI 7343. A Systematic Analysis of Pit Slope Structures by 
the Stiffness Matrix Method, by Fun-Den Wang 

and Meng-Cherng Sun. February 1970. 37 pp. 4 figs. 
A two-dimensional plane strain analysis by the stiffness 
matrix method was used to analyze two basic pit slope 
configurations. The magnitudes and the directions of 
stresses are given for a V -shape and for a flat-bottom pit 
with the slope angle varying from 30° to 90° at 10° 
intervals. Stress effects due to irregular pit configuration 
or to in situ forces are discussed. Equations of simili­
tude for gravity loading are given. Expressions are also 
given for the stresses at the toe as a function of slope 
angle. Procedures are given for finding the stresses in 
any geometrically similar pit slope of different dimen­
sions and material properties from the stresses and 
equations presented in this report. Numerical results 
show that the V·shape pit slopes have lower stresses than 
the flat-bottom pit slopes; hence, they are inferred to be 
more stable. 

RI 7344. Electrolytic Preparation of Tungsten Metal and 
Tungsten Carbide From Wolframite, by John M. 

Gomes. Jenji Uchida, and M. M. Wong. February 1970. 
8 pp. Two methods for electrowinning tungsten from 
wolframite [(Fe,:\fn) W04] were investigated. The first 
method, direct electrowinning from wolframite concen­
trate dissolved in molten salt mixtures composed essen­
tially of various combinations of sodium phosphates, 
sodium borates, and sodium halides, yielded impure 
products. The second method was electrowinning from 
a halide· tungstate melt that was obtained from a high­
temperature, two-phase extraction of tungstic oxide 
(WOa) from wolframite. Electrolysis in electrolytes pre­
pared from addition of sodium metaphosphate (:-':aPOa) 
and boric oxide (B20 a) to the halide-tungstate melt 
produced tungsten metal of 99.9 percent purity. Tung­
sten carbide (WC) was electrodeposited from the halide­
tungstate melt when the melt was adjusted to contain 
82 mole-percent NaCI and 6.0 mole-percent each of WOg, 
sodium metaborate (l';a2B204), and caustic soda 
(:-':aOH). 

RI 7345. An Evaluation of Variables in Basic Oxygen Steel-
making, by Y. R. Spironello, H. A. Tucker, and 

W. C. Hill. February 1970. 35 pp. 33 figs. Operating 
variables affecting the efficiency of the basic oxygen fur­
nace (BOF) and the level of contaminating elements in 
the steel product were investigated by the Bureau of 
Mines. Steel was made in a 400·pound.capacity BOF 
designed to rotate on its vertical axis to increase the area 
of hot metal surface subject to oxygen attack. Hot metal 
for the BOF was made by melting pig iron and scrap in 
an 18-inch-ID cupola. The variables were BOF speed 
of rotation. rate of oxygen flow, number of jets and angle 
at which they were machined into the oxygen.lance tip, 
temperature of hot metal, reactivity of lime, and temper­
ature of scrap for the BOF charge. Experiments were 
arranged according to a two-level fractional·factorial de­
sign. The effects of the seven variables were evaluated 
for 13 responses. The greatest ingot yield occurred while 
using the larger angle lance tip and jets. The most 
carbon burned per unit volume of oxygen resulted from 
rotating the BOF and using the smaller angle lance tip. 
The largest sulfur transfer to the slag occurred at the 
higher hot metal temperature levels and higher rate of 
oxygen flow. 
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RI 7346. Analysis of Tipple and Delivered Samples of Coal. 
Collected During Fiscal Year 1969, by Staff, Coal 

Sampling and Inspections. 1970. 29 pp. Bureau of 
~lines analyses, including heating value, ash·softening 
temperature, free·swelling index, and Hardgrove grind· 
ability index, are given in this report for 6,325 samples 
of coal purchased by the Government in fiscal 1969. The 
analyses are used to determine whether coal delivered to 
the Government is of the quality guaranteed by the con­
tractor and to provide data for evaluating future contract 
bids. (Out of print.) 

RI 7347. Selection of Anode Materials and Operating Con-
ditions for Electrowinning Beryllium, by D. A. 

O'Keefe and D. E. Couch. February 1970. I I pp. 6 figs. 
The electrowinning of beryllium from beryllium oxide 
(BeO) using a molten-salt electrolyte composed of 56 
LiF-37 BeF2 -7 BeO (mole-percent) was investigated. 
Anodes made of porous carbon were found to be superior 
in current-carrying capacity and gave a lower cell voltage 
than other types of anode material tested. When porous 
carbon anodes were used, the resultant increase in anode 
area prevented anode passh'ation. The cell voltage was 
3.3 volts, and electrode current efficiencies of 50 to 70 per­
cent were obtained. The electrodeposited beryllium was 
recovered as beryllium powder or was coalesced to metal 
beads by heating to 1,3000 C. 

RI 7348. Use of Cement Copper in an Iron-Capper-Carbon 
Powder Metallurgy Alloy, by Robert L. Crosby, 

D. H. Desy, and Robert ~f. Doerr. February 1970. 14 
pp. The Bureau of ~[ines im"estigated the substitution 
of cement copper powder for commercial copper powder 
in an Fe-7 percent Cu-I percent C powder metallurgy 
alloy. Copper powders from six different commercial 
cementation operations were separately upgraded by 
screening and hydrogen reduction. They were then mixed 
with commercial iron and graphite powders to form the 
Fe-7 percent Cu-I percent C alloy. Various chemical and 
physical properties were determined on the upgraded 
cement copper and the alloy powders. ~[echanical, physi­
cal, and chemical properties were determined on green 
and sintered specimens made from the alloy powders. 
~[ean tensile and bending strength of sintered specimens 
were significantly lower than the means from specimens 
made from commercial metal powders." The lower 
strengths are apparently related to poor sinterability. 

RI 7349. Strengths of Sulfur-Basalt Concretes, by Lester J. 
Crow and Robert C. Bates. March 1970. 

21 pp. II figs. This study advances the use of elemental 
sulfur in Structural materials by demonstrating its value 
in bonding high-strength, well-graded basalt aggregates to 
form sulfur-basalt concretes. Sulfur is an excellent bond­
ing agent, and the strength of a thermoplastic sulfur­
aggregate mixture depends, to a large degree, on the 
strength and grain-size distribution of the aggregate used. 
A 3-cubic-foot, electrically powered mixer with heat ap­
plied to the barrel was used to mix the sulfur and aggre­
gate. Sulfur content of several mixtures was varied to 
obtain the best workability with a minimum of sulfur in 
excess of that necessary to fill the voids. The average 
grain sizes and grain-size distributions were also varied 
to determine their effects on strength. Unconfined com­
pression tests of forty-five 6- by 12-inch cylinders yielded 
average strengths of 3,348 psi to 10,398 psi. The highest 
strength single cylinder was 10,717 psi. The cylinders were 
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tested from 24 hours to 6 days after pouring; after 24 
hours the rise in strength was very slight. The results 
obtained suggest that sulfur can be a useful construction 
material. 

.-\n e\"aluation was also made of a high-vacuum appli­
cation for sulfur concrete. Sulfur has a high vapor pres­
sure at elevated temperatures. 50° to 100° C; consequently, 
significant losses by sublimation can be expected .. -\t lower 
temperatures the losses are not significant; however, this 
factor will limit its use at a higher temperature. 

RI 7351. Mass Spectre and Analytical Correlations of Some 
Alkycycloalkyl Sulfides, by J. E. Dooley, R. F. 

Kendall. and D. E. Hirsch. February 1970. 19 pp. 
Reference mass spectra and analytical correlations for 20 
alkylcycloalkyl sulfides and two dicycloalkyl sulfides are 
presented to provide information that will facilitate the 
identification of sulfur compounds occurring in natural 
or synthetic mixtures. Reference spectra indicate relative 
intensities in addition to parent and base peak sensitivi­
ties .. -\nalytical correlations establish the ionic species that 
reflect major fragmentation paths for the compounds 
studied. Specifically, the correlations show that these base 
peaks are formed by se\"eral different processes; (I) Cleav­
age of the bond a to the ring, 12) fragmentation of the 
alkyl chain. and (3) fragmentation of the ring plus frag­
ment contribution from the alb"! chain. Cseful correla­
tions for determining alkyl cl;ain length invohe the 
CnH2n+3S+ and C n H 2n<1+ ions. CnH2n-2+ and C nH 2n-1S+ 

ions reveal the number of carbon atoms in the cvclic 
ring. Other important ionic species are also discu~sed. 
Work done in cooperation with the American Petroleum 
Institute. 

RI 7352. Compressibility Date For Helium Over the Tem-
perature Range - 50 to 80 ° C and at Pressures 

to 800 Atmospheres, by Ted C. Briggs. March 1970. 
39 pp. Twenty-two compressibility runs were made with 
helium over the temperature range _5° to 80° C and at 
pressures to 800 atmospheres .. -\ Burnett apparatus was 
used. Data from the runs were fitted to a fourth degree 
polynomial equation of state in the pressure and a weight­
ing factor of P,.-~' was used. All data for a particular 
isotherm were treated simultaneously. A temperature 
function was found to represent the parameters Band 
C. Compressibility factors determined by this investigation 
are believed to be accurate to better than 0.05 percent. 

RI 7353. Electrowinning Aluminum From Aluminum Chloride: 
Operation of a Single-Compartment Cell, by D. E. 

Kirby, E. L. Singleton, and T. A. Sullivan. March 1970. 
24 pp. 13 figs. The electrochemical reduction of AICl3 
was investigated as a process for the production of alumi­
num. An externally heated, single-compartment cell 
with a rammed refractory lining was used with molten 
KCl-NaCI-AICI3 electrolyte. Aluminum was deposited at 
700° to 760° C with a current of 100 to 200 amperes on 
a molten aluminum cathode. Chloride was evolved at a 
graphite anode and collected and measured to provide 
a quantitative evaluation of the .-\ICh reduction. Alumi­
num was removed from the cell by siphoning or ladling. 
Granular AICl3 was added periodically to replenish that 
depleted from the electrolyte. Concentrations of 7.5 to 
17.5 percent .-\ICI3 in the electrolyte were optimum for 
operation. Anode current efficiencies of 83 to 85 percent 
were attained, using anode current densities of 5.9 am­
peres per square inch and an anode-cathode distance of 
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4 inches. The chemicallv bonded, alumina liner was re­
sistant to attack by alumi~um and chlorine but susceptible 
to erosion at the surface of the electrolyte. Titanium 
diboride proved suitable for the electrical connection to 
the molten aluminum cathode. Aluminum of a purity 
equal to or better than 1100 series metal was electrowon 
continuously from commercial AICI3 for a period of 4Y2 
months. 

RI 7354. Air-Sealing Coal Mines To Reduce Water Pollution, 
by N. N. ;\Ioebs and Stephen Krickovic. 

March 1970. 33 pp. 21 figs. The Bureau of Mines air­
sealed a 77-acre, above-drainage coal mine to evaluate 
sealing as a means of reducing the acid and metallic salt 
contents in drainage from abandoned mines. An approxi­
mate reduction in acidity of 150 ppm (equivalent to 193 
pounds per da)') and in iron of 98 ppm were directly 
attributed to sealing. Thc topographical, hydrological, and 
other factors involved in air-sealing are discussed, and the 
construction used to seal the mine is described. 

RI 7355. Microbial Conversion of Hydrous Calcium Sulfate 
to Hydrogen Sulfide, by ]. D. Corrick, M. J. 

Rose, J. A. Sutton,. and J. ;\1. Carosella. ;\Iarch 1970. 15 
pp. .. figs. Research was conducted to develop operating 
techniques and define some of the limiting parameters for 
microbially converting hydrous calcium sulfate to hydro­
gen sulfide. The work was carried out in either glass 
stoppered flasks or anaerobic fermentors. Using the cri­
teria of pH, temperature, number of bacteria per milliliter 
of test solution, and hydrogen sulfide produced, it was 
shown that hydrous calcium sulfate could be microbially 
converted to hydrogen sulfide at a rate of 7.3 g H 2Sjl of 
fermentor volume per 24 hours. The various parameters 
defined were pH, temperature, and medium exchange 
rate. These were shown to be a pH range of 7.2 to 8.8, a 
temperature range of 30 0 to 35 0 C, and a medium ex­
change rate of iO percent of the fermentor volume per 24 
hours. It was also shown that a daily waste was between 
50 and 77 percent as effecthe as sodium lactate in sup­
porting the production of hydrogen sulfide and that by 
utilizing a gas to purge the fermentation system, a l.i-fold 
increase in hydrogen sulfide was obtained. 

RI 7356. Effects of Type of Cut, Delay, and Explosives on 
Underground Blasting in Frozen Gravel, by Rich­

ard A. Dick. l\Iarch 1970. 17 pp. 5 figs. Underground' 
blasting in permanently frozen gravel was studied in a 7-
by 12-foot drift by running a nonreplicated 2x2x2 fac­
torial experiment on the effects of type of cut, delay, and 
explosive on the fragmentation subsystem. Comparisons 
were made between a V-cut round and a burn-cut round, 

-millisecond delays and half-second delays, and 40 percent 
special gelatin and 60 percent high-density ammonia 
dmamite. The number of large blocks in the muck pile, 
loading time, shuttle car operating time lost because of 
cleanup needs, length of advance per round, and length 
of muck pile were recorded and statistically analyzed. 
None of the blast parameters had a significant effect on 
the length of advance or length of muck pile, although 
the half-second delays tended to give a shorter muck pile 
than millisecond delays. The burn cut required less sec­
ondary breakage, less loading and cleanup time, and gave 
better overall fragmentation than the V-cut. The am­
monia dynami te shots req uired less secondary breakage 
and less loading time than those using special gelatin. 
The half-second delays gave better overall fragmentation 
and required less cleanup time, but the millisecond de-

lays gave a better loading rate. None of the differences 
between delays and explosives were notably significant. 

RI 7357. Green River Formation Lithology and 011 Shale 
Correlations in the Piceance Creek Basin, Colorado, 

by Laurence G. Trudell, Thomas N. Beard, and John 
Ward Smith. 1970. 212 pp. 15 figs. A geologic frame­
work for interpreting stratigraphic and geographic vari­
ations of the Green River Formation in the Piceance 
Creek basin is developed from lithologic data accumu­
lated by the Bureau of Mines from oil-shale coreholes. 
From detailed Bureau of Mines descriptions of samples 
from nine coreholes and supplementary lithologic data 
from seven additional sampled sections, three cross sec­
tions were constructed along lines transecting the basin. 
Plotted as lithologic columns with corresponding oil 
yields and resistivity logs, the sampled sections are cor­
related on a time-stratigraphic basis. Distribution and 
correlation of nahcolite and halite zones are shown, and 
the approximate base of leaching of these saline minerals 
is indicated. General lithologic characteristics of members 
and zones are discussed and interpreted. Large-scale 
lithologic logs illustrate the nine Bureau of Mines core 
descriptions, and the complete description of Bureau of 
Mines-Atomic Energy Commission Colorado Corehole 
No. 1 is included in an appendix. The time-correlated 
cross sections provide a necessary framework for under­
standing the depositional history of the Green River' 
Formation and will facilitate evaluation of oil shale and· 
other mineral resources in the Piceance Creek basin. 
(Out of print.) 

RI 7358. Properties of an Ion Exchange Resin With High Se-
lectivity for Gold, by T. E. Green and S. L. 

Law. March 1970. 9 pp. 3 figs. The Bureau of 
Mines Heavy Metals Program emphasizes the need 
for improved analytical methods for gold determina­
tion. A commercially available ion exchange resin 
with high selectivity for gold was investigated as 
a potential method to collect gold from solution. The 
resin was found to quantitatively collect gold from 
acid solutions over a wide range of acid concentra­
tions. Common metals were not collected by the 
resin nor did they seriously interfere with the col­
lection of gold. X-ray spectrographic and neutron 
activation methods based on the use of papers con­
taining this resin are proposed. 

RI 7359. Method for Testing Rate of Gas Diffusian in Crude 
Oil by Periodic Measurement of Concentratian Pra­

files, by G. T. Brow, C. Q. Cupps, and J. Fry. March 
1970. 22 pp. 7 figs. An experimental method is 
described for testing diffusion of gases in crude oils 
at pressures and temperatures up to 3,000 psia and 
200 0 F., A sampling technique was developed to 
withdraw by constant-pressure mercury displace­
ment about 60 ,ul of oil from the diffusion cell 
through any of several lAl-inch vertically spaced 
capillary tubes and to trap about 4 1-'1 of the oil in 
a specially designed microsampler. Oil trapped in 
the microsampler can be completely inserted in the 
sample inlet of a chromatograph. From analysis 
in a three-stage chromatograph (GLC), gas concen­
tration in a sample is determined from the ratio of 
gas peak heights to area of peaks of reference com­
ponents (hexanes or heptanes) in the oil. A diffu­
sion coefficient is calculated from measured concen­
tration profiles with known equations for diffusion 
in finite or semi-infinite systems, depending on 
whether the gas has or has not reached the end of 
the oil column. 
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Results are given fO,r a test of methane diffusing 
at 2,560 psia and 160' F in crude oil from the Weber 
Sandstone reservoir in the Rangely field, Colorado. 
A constant diffusion coefficient of 3.34 X 10-5 cm~ per 
second was obtained which gives a good fit between 
calculated and experimental profiles determined at 
six times after start of diffusion. The maximum 
standard error of gas concentration determinations 
experienced with this method was ±0.88 ml per 
ml of gas-free oil. Work done in cooperation with 
the University of Wyoming. 

RI 7360. Recovery of lead and Sulfur From Galena Concen-
trate Using a Ferric Sulfate leach, by F. P. Haver, 

K. Uchida, al'ld M. M. Wong. March 1970. 13 pp. 
4 figs. A procedure is described for recovering 
both lead and sulfur from galena flotation concen­
tr:;te, ,comprising the following steps: (1) Aqueous 
oXIdatIon of the concentrate, using ferric sulfate to 
convert lead sulfide to sulfate and to give elemental 
sulfur; (2) regeneration of the ferric sulfate by 
electrolysis in a diaphragm cell; (3) treatment of 
the leach residue with ammonium carbonate solution 
to change the lead to an acid-soluble form and to 
p.roduce ammonium sulfate as a byproduct; (4) solu­
tion of the lead carbonate in hydrofluosilicic acid 
followed by electrolysis to recover the lead as metal 
and regenerate the acid; and (5) extraction of the 
elemental sulfur from the final residue with an 
organic solvent. About 90 percent of the lead can 
be recovered by the above method as 99.9-percent­
pure ~etal, together with two-thirds of the sulfur 
-half III the elemental form and half as ammonium 
sulfate. 

RI 7361. High-Temperature Combustion of Coal Seeded With 
Potassium Carbonate in the MHD Generation of 

Electric Power, by D. Beinstock, R. J. Demski, and 
R. C. Kurtzrock. March 1970. 33 pp. 15 figs. A 
-rig was constructed to burn 100 to 125 lb of coal 
per hour at 4,000' F in a cyclone burner with 
oxygen-enriched air preheated to 1,500' F to ascer­
tain the problems in the coal-fired MHD generation 
of 'power. Potassium carbonate was added to the 
coal at several concentrations up to 1.23 g-moles/kg 
of coal (17 lb K,COS/100 lb coal). Boiler-tube mate­
rials maintained at wall temperatures of 800' to 
1,500' F were exposed to the combustion effluent 
of 1,800° to 2,500° F. Practically complete removal 
of l sulfur dioxide from the stack gas was achieved 
with the seed addition. Nitric oxide formation fol-: 
lowed theoretical expectations at combustion tem­
peratures with some decomposition of the NO oc­
curring as the gas cooled flowing through the system. 
Nitrates in the fly ash were less than 1.7 percent 
of the total fixed nitrogen. With aqueous extraction 
of the fly ash a maximum recovery of 75 percent 
of-the potassium was obtained. Haynes 25 was un­
attacked at a wall temperature of 1,500° F in 
combustion gas at 2,500° F; the stainless steels 310, 
316, and 446 were resistant at a metal temperature 
of 1,100° F in gas at 2,100' F. 

RI 7362. Removal of Magnesium Impurities From Phosphate 
Rock Cancentrates, by A. R. Rule, W. G. 

Gruzensky and W. A. Stickney. March 1970. 12 
pp. 7 figs. Laboratory tests were conducted to 
study removal of magnesium impurities from west­
ern phosphate rock concentrates by selective leach­
ing. The systems evaluated included leaching with 
dilute sulfuric acid, leaching with ammonium sul­
fate, and leaching in an aqueous medium with sulfur 
dioxide gas. Set standards for the magnesium im­
purity level of phosphate rock concentrates are not 
available, but industrial practice has indicated that 
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magnesium in excess of 0.3 percent MgO causes 
problems in phosphoric acid manufacture. Removal 
of magnesium was accomplished with all three sys-' 
terns. With dilute H,SO. the magnesium level was 
reduced to less than 0.1 percent MgO with an ac­
companying P,Oo loss of 6 percent. Magnesium oxide 
levels from 0.3 to 0.2 percent were obtainable with 
ammonium sulfate. However, the system requires 
'concentrate roasting at temperatures of 900° C or 
higher, heated pulps (100' C), and large quantities 
of ammonium sulfate. Selective leaching was ob­
tained using SO, gas in an aqueous concentrate 
slurry. Magnesium oxide content was reduced to 
less than 0.1 percent without loss of phosphate. 

RI 7363. Influence of Rolling Temperature and Copper Con-
tent on Creep and Other Properties of Zinc-Copper 

and Zinc-Titani"m-Copper Alloys, by L. A. Neumeier and 
J. S. Risbeck. April 1970, 45 pp. 31 figs. The 
Bureau of Mines evaluated the properties and ani­
sotrophy in properties of rolled Zn-Cu and Zn-O.12 
pet Ti-Cu alloys with various copper additions to 
1.25 pet. The alloys were rolled cold and at various 
hot-rolling temperatures to reductions as high as 
92 pct after breakdown rolling. The properties are 
extremely sensitive to various combinations of com­
position, rolling temperature, and rolling reduction. 
Zn-Cu alloys can develop good creep resistance, but 
they are inferior in that respect to Zn-Ti-Cu alloys_ 
For alloys either with or without the titanium addi­
tion, cold-rolling results in recrystallization of the 
matrix and rejection of copper from solution, caus~ 
ing poor hardness, tensile, and creep properties, but 
l>igh ductility. Peak tensile strengths develop when 
the alloys are rolled in the range 320'0 to 400° F_ 
B.est cree~ r,esistance for Zn-Cu alloys requires 
hIgher rollmg temperatures when copper content is 
increased. Creep resistance is best for Zn-Ti-Cu 
alloys with about 0.75 to 1.0 pct Cu rolled near 480' 
F. Some copper is soluble in the TiZn" phase, which 
forms into "stringers" during rolling. The possible 
contributions to creep behavior of factors such as 
distribution of second-phase particles, grain size 
and preferred orientation are discussed. ' 

RI 7364. Preparation Characteristics of Pennsylvania An-
thracite From the Kidney Seam, Northern Field by 

J. E. Zeilinger and A. W. Deurbrock. March 1970 
19 .pp. 3 figs. Th!s Bureau of Mines report de­
'scnbes the preparatIOn characteristics of three sam­
ples collected from the Kidney seam in the Northern 
field of the anthracite region. Re~oval of the sink 
1.70 specific gravity material from the samples col­
lected would result in greatly reduced ash contents 
at yields in excess of 90 percent. The Kidney seam 
in the locations sampled, proved to be a low-ash 
anthracite containing an unusually high percentage 
of float 1.45 specific gravity material. 

RI 7365. Geometric Relationship Between Geologic Structure 
and Ground Stresses Near Atlanta, Ga., by Carl 

E. Norman. April 1970. 24 pp. 14 figs. An in­
vestigation of geologic structure on macroscopic, 
mesoscopic, and microscopic scales was conducted on 
near-surface igneous and metamorphic rocks in 
which the existing stress field was determined by in 
situ methods. A consistent NE-SW orientation of 
the maximum compressive stress in the horizontal 
plane at four of five test localities appears due to 
the intrusion of NW -trending diabase dikes. Struc­
tural features at the mesoscopic scale show no con­
sistent directional relationship to determined stress 
directions. Petrofabric diagrams of open microfrac­
tures show preferred orientations, but these are not 
consistently related to the orientations of larger 
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structural features, such as joints, foliation, or min­
eralized shear zones. However, at five of six test 
sites the preferred direction of microfractures oc­
curs nearly perpendicular to the maximum principal 
stress directions; an anomalous parallel relationship 
exists at a test site in an intrusive rock body. The 
results suggest that the open microfracture sub­
fabric may provide a means for gaining information 
on the directional properties of stress fields. Such 
information can be obtained from oriented cores 
taken from holes which exceed the approximate 100-
foot depth to which other in situ methods are pres­
ently limited. 

RI 7366. Elastic Pressure Distortion of the Volumes of a 
I,OOO-Atmosphere Burnett Compressibility Appara­

tus Over the Temperature Range 0° to 75° C, by Ted C. 
Briggs and Alvin R. Howard. April 1970. 22 pp .. 
5 figs. A removable-jacket distortion apparatus 
was constructed and used to measure distortion co­
efficients for two high-pressure vessels. The meas­
ured distortion coefficients were used to compute 
distortion coefficients for volumes V, and (V,+ V2) 
of a 1,000-atmosphere Burnett compressibility ap­
paratus for the temperature range 0° to 75° C. 
Young's modulus for Armco 17-4 PH stainless steel, 
heat treated to condition H1150-M, was computed 
from experimentally determined distortion coeffi­
cients. A 10- to 14-percent correction to the values 
obtained for Young's modulus may be required be­
cause pressure vessel end effects were neglected. 
The distortion coefficients of the compressibility ap­
paratus are believed to be accurate to about 1 
percent. 

RI 7367. Evaluation of the Penetration Characteristics of a 
Horizontal Plate Elutriator and of a 10-mm Nylon 

Cyclone Elutriator, by Thomas F. Tomb and Lewis D. 
Raymond. March 1970. 9 pp. 5 figs. The pene­
tration characteristics of a horizontal plate elutria­
tor and of a 10-mm nylon cyclone were evaluated. 
The test aerosols were polvdisperse coal dust par­
ticles ranging from less than 0.3 to 15 micrometers 
in diameter. Particle densities ranged from 1.3 to 
1.4 grams per cubic centimeter. Equivalent Stokes 
diameters were measured using Coulter counter 
analytical techniques. 

Experimental results indicate that the penetration 
characteristics of the horizontal plate elutriator 
closely approximate the sampling efficiency curve 
defining the respirable fraction of the dust cloud 
recommended and adopted by the Johannesburg 
Pneumoconiosis Conference in 1959. Penetration 
characteristics of the 10-mm cyclone were evaluated 
at flow rates of 1.4, 1.5, 2.0, 2.5, and 2.8 liters of 
air per minute. The'data indicate that the penetra­
tion curve obtained at 2.0 liters per minute most 
closely approximates the sampling efficiency curve 
for respirable dust recommended at a meeting spon­
sored by the U.S. Atomic Energy Commission in 
1961. 

RI 7368, Mine Water Research: Plant Design and Cost Esti-
mates for Limestone Treatment, by EdwardA. 

Mihok. April 1970. 13 pp. 1 fig. This paper 
presents plant design and cost estimate~ f9r lime­
stone treatment of acid mine water covering a wide 
range of quality and quantity conditions. The treat­
ment process consists of limestone neutt:alization, 
aeration, solids settling, and concentratIOn. The 
design criteria for the various operation functions 
are based on pilot plant performance, laboratory 
data, and established mine water treatment stand­
ards. Unit costs have been assumed and are related 
to general market prices and conditions. These esti-· 

mates serve as preliminary indicators of what it 
would cost to construct and operate a mine water 
treatment plant. 

RI 7369 . Low-Temperature Heat Capacities and Entropies at 
298.15° K of Goethite and Pyrophyllite, by E. G. 

King and W. W. Weller. April 1970. 6 pp. 2 figs. 
Low-temperature heat capacity determinations of 
the minerals goethite and pyrophyllite were made 
in the temperature range from 51° to 298° K. The 
entropies at 298.15 ° K were evaluated as 14.43 ±0.15 
cal/deg mole for goethite and 56.6 ±0.5 cal/deg 
mole for pyrophyllite. The entropies of formation 
from the constituent oxides are -4.4 ±0.2 cal/deg 
mole for goethite and -12.3 ±0.6 calldeg mole for 
pyrophyllite. The standard free energy of formation 
of goethite from its oxides is AC ° 298.15 = 0.16 ±0.20 
kcallmole. 

RI 7370. Anode Materials for Alumina Reduction: Evaluation 
of Lignite as a Carbon Source, by V. A. Cam­

marota, Jr., and David Schlain. April 1970. 45 pp. 
16 figs. In this report, the effects of anode-produc­
tion variables, such as aggregate coke sizes, pitch 
binder content, and baking cycle, were investigated. 
A small alumina reduction cell proved effective in 
evaluating anodes prepared from commercial mate­
rials and from lignite coke and pitch. Compressive 
strength was found to be the physical property most 
significantly influenced, but it did not appear to 
affect anode consumption. Specific carbon consump­
tion, that is, the ratio of carbon in the anodic gas 
to carbon theoretically oxidized at the anode, was 
used as an index of anode consumption. It was 
found that an anode made with lignite coke and 
commercial pitch was very low in consumption; how­
ever, anodes made completely from lignite but by a 
different fabrication method showed high consump­
tion and anode deterioration. Microscopic examina­
tion of anodes after electrolysis showed evidence of 
higher consumption at low current densities and 
was useful in judging overall anode quality. Based 
on the physical properties of the anodes and their 
consumption during electrolysis, lignite can be a 
suitable material for anodes, provided the proper 
fabrication conditions are used. 

RI 7371. Reaction of Co-Ni-V Alloys With O2 at 1,351 ° to 
1,429° K, by Robert M. Doerr and J. W. 

Jensen. April 1970. 20 pp. 8 figs. The objective 
of this research was to determine the effect of. 
vanadium alloy additions on the oxidation behavior 
of cobalt-nickel alloys. Eighteen alloys were reacted 
with 0, at 0.5 atmosphere and 1,351°, 1,389°, and 
1,429° K. The alloy compositions consisted of Co-Ni 
master alloys (0, 22, 50, 70, 91, and 100 weight per­
cent Ni) with V additions of 0, 0.9, and 2.7 weight 
percent. Large early deviations from, or changes 
in, the parabolic rate constant were encountered, 
but the reaction rate in most cases declined approxi­
mately in accordance with the parabolic rate law. 
Relatively, the vanadium degraded the oxidation 
resistance most at the highest nickel contents. In 
some cases, melting of the oxide was inferred from 
microscopic evidence and X-ray diffraction. measure­
ments disclosed the presence of low-meltmg vana­
dates. 

RI 7372. Surface Tension and Density of Liquid Tin, by 
Alfred E. Schwaneke and Wilbert L. Falke. 

April 1970. 9 pp. 2 figs. The surf~ce ten~ion 
,from 240° to' 844 ° C and the density from 236 to 
583 0 C of 99.999 percent purity liquid tin has been 
measured using the maximum-bubble-pressure 
method. Results for surface tension ("I) sh?w "I 
(dynes/cm) = 566.84-4.76X10-z T (0 C) WIth a 
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standard error of ±1.9 dynes/cm. Results for den­
si~y (p) show p (g/cm3) = 7.16-6.3X10-4 T (0 C) 
w:th a standard error of 0.012 g/cm3 • Comparisons 
with other .data found in the literature are discussed. 
The expenmental results are considered to be as 
good as any data presently available. . 

RI 7373. Preliminary Engineering Studies to Characterize the 
Marine Mining Environment, by E-rnest L. Corp. 

May 1970. 32 pp. 8 figs. The natural marine en­
vironment can be divided into four basic categories: 
the air-sea interface, the water zone, the seafloor 
and the subbottom. Efforts are being made to ac~ 
cumulate data to delineate the conditions in each of 
these areas and to condud engineering studies which 
will determi.n~ how these environmental parameters 
affect the mmmg process. Laboratory facilities have 
been constructed and equipment and techniques for 
scientific data collection and laboratory research 
have beel! developed. Major emphasis is being placed 
on st.udymg th.e ~ubbottom material. The objective 
o.f this em~hasls IS to studr t?e engineering proper­
bes of manne placer deposits m order to assess their 
influence on the design and performance of the vari­
ous mining subsystems involving penetration exca­
vation, transportation, and disposal. Presented are 
the results of engineering properties tests on a 
placer simulant which is currently being used for 
model and prototype testing of coring tools. The 
e~~ct of these engineering properties on penetra­
blhty, core recovery, and sample recovery is dis­
cussed. 

RI 7374. Adaptation of a Slow-Speed Data Acquisition Sys-
tem to Record Multiple Time-Related Signals, by 

R. Newmal'! and E .. L. Corp. April 1970. 9 pp. 5 
figs. An mexpenSlve slow-speed data acquisition 
system has been adapted to digitally record multiple 
parameters simultaneously at intervals of 15 sec­
onds. The system was built for use with standard 
soils t~sting equipment to automatically record load 
and displacement parameters at predetermined in­
stants in time. Simultaneous readout is achieved by 
the us~ of .specia~ signal conditioner and sample-and­
hold ClrcUlts which read the multiple signals simul­
taneously and hold them until the slow acting system 
can print out. Three channels of a 10-channel sys­
tem have been converted and found to operate suc­
ces.sfully during a series of direct shear tests. A 
umqu~ ~eature ~f the system, which significantly 
reduced Its cost, IS the power supply units. Dummy 
circuits are used to maintain a constant power de­
mand during sampling, thus eliminating the need for 
a costly power supply with rapid response charac­
teristics. The entire system, having an overall ac­
curacy of 0.25 percent, was put in operation for a 
cost under $2,500. 

RI 7375. Leach-Precipitation-Flotation Studies on Red Bed 
Copper Ore Using Controlled Atmosphere, by J. 

Vanve Batty and B. F. Andrew. April 1970. 9 pp. 
1 fig. The Permian red bed copper deposits of 
the South Central States are a potentially important 
resource. Only the higher grade near-surface ores 
are now exploited, because conve~tional froth flota­
tion does not recover oxidized copper minerals which 
comprise 10 to 15 percent or more of the copper 
content of typical ore. 

Laboratory-scale beneficiation studies were initi­
ated to devise a method capable of recovering both 
s.ulfide and oxidiz~d copper mineral. Testing estab­
lished that the high clay and gypsum content of 
typical ore prevented effective flotation of the oxide 
mineral using sulfidizing, fatty-acid, or oil emulsion 
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techniques. A modified leach-precipitation-flotation 
(L-P-F) procedure recovered over 90 percent of the 
copper, compared to a recovery of 77 percent ob­
tained by conventional sulfide flotation. The higher 
costs of the L-P-F method would reduce the in­
creased revenue from higher copper recovery. An 
increase in copper price and/or an increase in oxide 
copper content of the ore would make the L-P-F 
process comparatively more attractive. 

RI 7376. Beneficiation of Georgia Kyanite Ore, by James S. 
Browning and Paul E. Bennett. April 

1970. 8 pp. 1 fig. The Bureau of Mines con­
ducted laboratory and small-scale continuous tests 
of kyanite ore from Georgia to determine the techni­
cal feasibility of recovering commercial-grade kya­
nite concentrates by flotation. The research indi­
cated that combinations of sulfuric acid and petro­
leum sulfonate may be used effectively for flotation 
of kyanite from quartzite-kyanite ore. Over 87 per­
cent of the kyanite was recovered in a concentrate 
analyzing 55.8 percent ALO.1 and 5.3 percent acid­
soluble Fe,O". Subsequent treatment of the flotation 
concentrate by high-intensity wet magnetic separa­
tion reduced the acid-soluble Fe,03 to 0.8 percent and 
increased the alumina content to 57.6 percent, with 
a recovery of 82.7 percent of the total alumina in 
the ore. 

RI 7377. Evaluating Sulfur and Ash Distribution in Coal Seams 
by Statistical Response Surface Regression Analysis, 

by Manuel Gomez and Kathleen Hazen. 120 pp. 24 
figs. The purpose of this study was to evaluate the 
teasibility of using statistical response surface re­
gression analysis to predict sulfur and ash distribu­
tions and the washability charact\!ristics of coal along 
a seam III advance of mining. Prediction equations 
were .developed with experimental data from chan­
nel, bench? and core samples from the Pittsburgh 
coal seam III Greene County, Pa. It was not possible 
with the available experimental data, to construct 
mathematical models to predict ash and sulfur con­
centrations between sample points. In the authors' 
opinion, however, the good agreement between ex­
perimentally determined and predicted values at 
given sample points demonstrates the usefulness of 
the me~hod. More input data, such as geologic in­
formatIOn, .seam ch~racteristics . (rock-to-coal ratio), 
petrographiC analysIs. and chemical data, would per­
haps make it possible to predict sulfur and ash 
concentrations .and washability characteristics be­
tween sample points. 

RI 737B. Use of Centrifugal Separation to Investigate How 
Kerogen Is Bound to the Minerals in Oil Shale, by 

Rex D. Thomas and Philip B. Lorenz. April 1970. 
12 pp. 2 figs. Concentration of the kerogen (or­
ganic material) in oil shale was accomplished by 
centrifuging after pretreating the oil shale with 
carbonic aCid to remove the carbonates and pretreat­
ing with sodium hydroxide (pH 11.5) to remove 
tile claylike minerals. Analysis of the materials ob­
tamed showed that the concentrations of organic 
sulfur and organic nitrogen com,pounds were not 
affected by centrifuging. These compounds are 
evenly distributed in the kerogen and are not 
strongly bound to the mineral constituents. Organic 
oxygen compounds, however, were concentrated in 
,the light fraction. These compounds are more closely 
associated with the kerogen and are not bound to the 
mineral constituents. Iron compounds other than 
pyrite apparently are closely associated with the 
organic material. 
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RI 7379. Continuous Heavy Liquid Concentration of Spodu-
mene, by R. B. Tippin, James S. Browning, 

and Thomas O. Llewellyn. May 1970. 24 pp. 5 
tigs. To study continuous operation of the heavy 
liquid separation of minerals, the Bureau of Mines 
concentrated spodumene from a typical ore. The 
studies included heavy liquid concentration, removal 
of the heavy liquid from the mineral products, and 
recovery of the heavy liquid for reuse. The research 
program e:l>amined the influence of feed moisture, 
steam consumption, stripping time, and condition of 
steam. Operation of multiple cyclones in series re­
sulted in spodumene concentrates assaying 92 to 95 
percent spodumene and indicated mineral recoveries 
of 86 to 89 percent. Continuous filtration and steam 
stripping produced mineral products containing less 
than 1 pound of heavy liquid tetrabromoethane 
(TEE) per ton of material. Problems unique to this 
process are discussed, including heavy liquid prop­
erties and viscosity, toxicity, material handling haz­
ards, and safety precautions. 

RI 7380. Freon 113 as a Test Material for Chemical Cartridge 
Respirators, by C. F. Swab, Jr., and B. 1. 

Ferber. May 1970. 5 pp. 1 fig. A relatively 
innocuous halocarbon was investigated as a substi­
tute for the highly toxic carbon tetrachloride in the 
approval testing of chemical cartridges. The vapor 
effluent of 1,1,2-trichloro-1,2,2-trifiuoroethane from 
chemical cartridges is continuously monitored by a 
non dispersive infrared analyzer. Breakthrough times 
for the cartridges, using the halocarbon, can be 
Equated to those of carbon tetrachloride, if multi­
plied by the factor, 1.49. 

RI 7381. Turf Soil Madification With Sintered Fly Ash, by 
James C. Patterson and John P. Cappo 

May 1970. 12 pp. 10 figs. Sintered fly ash was 
Ehown to have promise as a modifier for poorly 
drained soils. Turf grown in mixtures of sintered 
fly ash and soil benefited from increased water­
infiltration rates, greater total pore space, and higher 
moisture availability. The result was an improved 
turf stand with increased grass yield and root den­
Eity. 

RI 7382. Wellbore Enlargement Test in a Gas-Storage Well, 
by Larman J. Heath, Ray V. Huff, and 

Ray A. Jones. May 1970. 17 pp. 5 figs. Well­
bore enlargement was tested using hydrazine hydrate 
in a gas-storage well in Ohio to increas~ the well 
productivity. The wellbore was to be enlarged by 
chemical disaggregation df the sandstone adjacent 
to the wellbore. Productivity immediately declined 
49.1 percent and gradually declined to zero in 7 
months. A down-hole camera survey showed a white­
to-gTay precipitate covering the entire wellbore sur­
face. The precipitate was chemically analyzed and 
identified as mostly carbazic acid, a hydrazine de­
rivative of carbonic acid. Formation of this pre­
cipitate was not anticipated; this viscous substance 
caused the gradual loss in productivity of the well. 
The well bore was not enlarged. 

LalJoratory tests were run to determine what clay 
stabilization measures could be taken in sandstone 
cores to prevent clay swelling and particle migration 
caused by hydrazine hydrate. Normal clay stabiliza­
tion methods did not prevent the virtually complete 
loss in permeability to hydrazine hydrate. Other 
laboratory tests using natural gas diluted with small 
amounts of carbon dioxide confirmed the ease with 
which carbazic acid could be formed in a hydrazine 
hydrate-saturated environment within and adjacent 
to the wellbore~ 

RI 7383. A Statistical Interpretation of Sample Assay Data 

From the Getchell Mine, Humboldt County, Nev., by 
George S. Koch, Jr. and Richard F. Link. May 1970. 
23 pp. 12 figs. The distribution of gold in part of 
the Getchell mine, Humboldt County, Nev., is pre­
sented through the statistical analysis of 956 assays 
of rock cuttings from wagon-drill holes. Two meth­
ods to predict grade in undeveloped parts of the ore 
body are evaluated, and the possibility of sampling 
bias is tested. The distribution of gold is compared 
with that in three other Nevada gold deposits of the 
same type characterized by gold particles mostly of 
submicron size associated with carbonaceous rocks, 
and also with that in deposits with coarse-grained 
gold. Usually, fewer samples of a given type are 
required to make a satisfactory grade estimate for 
submicron deposits than for coarse-grained deposits. 
The economic consequence is that submicron gold 
deposits are likely to be less expensive to sample 
and evaluate than coarse-grained deposits. 

RI 7384. Refinement af Hematite Crystal Structure, by R. L. 
Blake, Tibor Zoltai, R. E. Hessevick, and 

Larry W. Finger. May 1970. 20 pp. 7 figs. The 
crystal structure of hematite, a-Fe20a, has been re­
fined as part of a continuing study of the behavior 
of phases in the Fe-O system during reduction and 
oxidation. Three-dimensional diffraction intensities 
were collected on two spherical single crystals of 
hematite with a semiautomated Buerger single­
crystal diffractometer. The first crystal refined was 
a natural Elba hematite with minor impurities. The 
other, a synthetic crystal, was refined at the request 
of Mossbauer spectroscopy investigators concerned 
with impurities in the natural crystal. The structure 
has been refined with a least-squares program, and 
the final structure for the natural crystal irradiated 
with CuKa-radiation gave a discrepancy factor (R) 
of 3.65 percent using 49 unrejected reflections of 
the 51 measured. For the synthetic crystal, using 
MoKa-radiation, the discrepancy factor converged 
to 2.8 percent using 95 unrejected reflections and 
was 3.3 percent for all 109 reflections. 

The structure model of Pauling and Hendricks 
has been confirmed with essentially no change in the 
iron coordinates and approximately a 5-percent 
change in the oxygen coordinates. Selected inter­
atomic distances and angles were calculated, as were 
anisotropic temperature factors. 

RI 7385. Evaluatian of Electrowon Tungsten Sheet, by G. H. 
Keith, J. S. Winston, and H. G. Iverson. 

May 1970. 14 pp. 8 figs. Electrowon tungsten 
powders were investigated with respect to consoli­
dation, fabrication, and mechanical properties. Sheet, 
0.03-inch thick, was produced and its tensile strength 
measured between 250 0 and 1,935 0 C. The large 
particle size of electrowon tungl!ten effectively pre­
cluded sintering to a density sufficient to allow hot 
working to sheet or bar. The powders were consoli­
dated by die pressing to 70-percent density, sheath­
ing in molybdenum, and high-energy-rate extruding 
to either round or sheet bar of 100-percent density. 
The material was then rolled conventionally to sheet. 
The mechanical properties of the sheet prepared 
from the electrowon powders compared favorably 
with those reported in the literature for sheet pre­
pared from commercially produced hydrogen-reduced 
powder. 

RI 7386. Bench-Scale Carbonization of Lignite From the 
Northern Great Plains Province: A Statistical Ap­

proach, by Daniel C. Boteler, Wayne R. Kube, and 
Charles C. Boley. June 1970. 32 pp. 6 figs. Five 
lignites from the northern Great Plains province 
'were carbonized at temperatures from 500 0 to 1,000 0 
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C in a bench-scale unit. A replicated Greco-Latin 
square experimental design was employed to allow 
testing of four independent variables at five levels. 
Independent variables investigated were tempera­
ture, source of lignite (mine), weight of charge, and 
moisture content of charge. Dependent variables 
were char yield, tar yield, light-oil yield, tar plus 
light-oil yield, carbonization gas yield, and carbon­
ization gas heat yield. An analysis of variance indi­
cated that, at the 99-percent confidence level, the 
independent variables of carbonization temperature, 
source of lignite, and weight of charge were signifi­
cant for yields of char, tar plus light oil, and car­
bonization gas, whereas moisture content was only 
significant for carbonization gas yields. At the 
95-percent confidence level, moisture content signifi­
cantly influenced the carbonization gas heat yield 
per pound of lignite charge and the yields of dry 
tar plus light oil. All dependent variables were 
determined on a moisture- and ash-free basis. Multi­
ple regression equations for predicting seven dif­
ferent factors of carbonization yields as functions 
of carbonization temperature and initial composition 
were -developed using computer techniques. Equa­
tions for yields of char, tar plus light oil, and car­
bonization gas were compared with equations" pre­
viously developed by others at the 500° C level. 

RI 7387. Seismic Effects Associated With an Underwater Ex-
plosive Research Facility, by Joseph L. Condon, 

John N. Murphy, and David E. Folgelson. June 
1970. 20 pp. 11 figs. Fifteen shots of three ex­
plosives with charge weights of 0.52, 1.1, 3.1, and 
5.1 kilograms were fired in a pond to study the 
seismic effects of detonating explosives in water. 
Shock pressures and bubble periods were measured 
with pressure transducers "in the water. Vibrations 
were measured on land in three orthogonal direc­
tions with particle velocity gages. Statistical tests 
indicated that a charge weight exponent of 0.43 
best scaled the data. While shock pressures and 
bubble periods showed considerable differences in 
explosive performances, the amplitudes of ground 
vibrations showed less difference, and one predic­
tion equation was therefore derived to estimate vi­
bration amplitudes from all the explosives. 

RI 7338. Columbium Alloy Development With Boron, Haf. 
nium, and Tungsten, by H. R. Babitzke, L. L. 

Oden, and H. J. Kelly. June 1970. 30 pp. 16 figs. 
As part of a continuing project to develop refrac­
tory metal alloys for high-temperature structural 
applications, the Bureau of Mines applied solid 
solution and precipitation strengthening techniques 
to improve the properties of columbium alloys. The 
purpose was to investigate the effects of hafnium, 
tungsten, and boron on the formability, strength, 
and oxidation resistance of columbium. The experi. 
ment was of factorial design with two replications 
which called for 72 ingots of 36 basic compositions, 
weighing 150 grams each. Hafnium, tungsten, and 
boron were evaluated at 3, 3, and 4 levels, respec­
tively. Values of alloy content are all in atomic 
percent. 

The highest strength observed was 29,000 psi at 
1,200° C for alloys Cb-15Hf, Cb-7.5Hf-5W-2B, and 
Cb-15Hf-5W-2B. At 1,200° C, the ternary alloy 
Cb-15Hf-5W which has shown good properties in 
pre .ious Bureau of Mines investigations was the 
most resistant to oxidation. For boron additions, 
the alloys oxidized more readily with increasing 
amounts of this element. The fabricability of the 
alloys high in boron became increasingly difficult, 
resulting in an inadequate number of alloys required 
for a complete statistical analysis for all the tests. 
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As a result of the decrease in ductility, an insuffi­
cient quantity of tensile samples was available for 
;l proper analysis for the high-temperature strength 
data. 

RI 7389. Reduction Roasting of Nonmagnetic Taconites With 
Automobile Scrap, by Charles Prasky, R. E. 

Peterson and D. L. Siebert. May 1970. 19 pp. 6 
figs. This report describes bench-scale studies and 
.pilot-plant development of the Bureau of Mines 
process for roasting iron ores with a ferrous scrap 
reductant, such as discarded automobile hulks, to 
yield artificial magnetite. Quality magnetic concen­
trates containing about 66 percent iron and 6 percent 
~iIica with iron recoveries of over 90 percent were 
obtained after roasting fine-grained oxidized or non­
magnetic taconite with unburned, sheared automobile 
hulks in a rotary kiln. The relatively complete oxi­
dation of the lighter gage metal in the automobile 
during roasting resulted in a metallic byproduct 
consisting of the unconsumed heavier gage metal 
scrap. This residual or tailored scrap is potentially 
useful as heavy melting stock and has more value 
than the original automobile hulk. 

RI 7390. Comparative Emissions From Some Leaded and Pro-
totype Lead-Free Automobile Fuels, by B. H. 

Eccleston and R. W. Hurn. May 1970. 24 pp. 6 
figs. The effect upon automobile emissions in chang­
ing from leaded to lead-free gasolines was studied 
in experiments by the Bureau of Mines in coopera­
tion with the American Petroleum Institute. Typical 
U.S. leaded gasolines and prototype lead-free gas­
olines of comparable octane quality were used in 
eight vehicles operated to simulate city driving. The 
experiments were run at 70° and 95° F. Exhaust 
and evaporative emissions were measured and the 
photochemical effect of the emissions was experi­
mentally observed in an artificial smog chamber. 
Results of the study reveal the manner and degree 
in which the changes in fuel composition alter the 
amount and characteristics of both exhaust and 
evaporative emissions. Briefly, it is shown that the 
compositional differences between leaded and proto­
type lead-free fuels resulted in higher photochem­
ical pollution potential of the emissions from the 
lead-~ree fuels. The effect is attributed to the photo­
chemIcal characteristics of high-octane fuel compo­
nents that are used in greater quantity in the lead­
free fuels. 

RI 7391. Fracturing Hard Rock With Nuclear Explosives and 
Extraction of Ore by a Modified Block-Caving 

Method, by W. R. Hardwick. June 1970. 18 pp. 8 
figs. Nuclear explosive fracturing has been sug­
gested as a method to make hard rock amenable to 
extraction by a modified block-caving method. To 
evaluate this possibility, conventional and nuclear 
blasting practices are discussed; underground min­
ing methods for large deposits and their costs are 
described, and the cost of fracturing ore with a 
nuclear explosive and subsequent mining by a modi­
fied caving system is estimated and compared with 
both open-stope and block-caving mining costs. 
While the direct cost of fracturing the ore in hard 
rock with '1 nuclear explosive is less than with 
conventional explosives, additional costs imposed by 
the use of nuclear explosives may make their use 
unattractive for deep mining. 

RI 7392. Spray-Applied Polyurethane Foam To Insulate Heated 
Rooms Excavated in Permafrost, by K. Robert 

Dorman and Aldon E. Gooch. June 1970. 43 pp. 
30 figs. Spray-applied polyurethane foam was used 
to insulate the walls of heated rooms excavated in 
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permafrost. The experiment was designed to deter­
mine whether polyurethane foam can be sprayed 
successfully on frozen ground under freezing con­
ditions and to measure the effectiveness of the in­
sulation in maintaining-at elevated temperatures 
for an extended period-a room excavated in frozen 
ground. Two manufacturers' foams were investi­
gated in the laboratory. Subsequently, one of the 
foams was employed to insulate two small rooms, 
one in frozen gravel and one in frozen silt, in an 
experimental tunnel belonging to the U.S. Army 
Cold Regions Research and Engineering Labora­
tory (USACRREL) near Fairbanks, Alaska. Fol­
lowing insulation, heat was introduced into the two 
rooms. Heat migration across the insulating bar­
rier into the walls, in addition to wall closures 
was monitored over an 8-month period. The result~ 
show that polyurethane foam can be successfully 
sprayed on frozen ground in below-freezing tem­
p~ratur~s. Given this type of insulation, together 
with winter cold to supercool the surrounding 
ground, it should be possible to maintain a shaft 
or heated room in permafrost for several years. 

RI 7393. Development of High-Temperature Vanadium-Base 
Alloy, by G. H. Keith and J. S. Winston. 

June 1970. 13 pp. 7 figs. A vanadium-base alloy 
consisting of the following elements in weight­
percent-molybdenum, 20; titanium, 10; carbon, 0.1; 
silicon, 0.5; and yttrium, 0.5-had exceptionally high 
strength at temperatures up to 1,200° C. This alloy 
was capable of fabrication to sheet of - 1 mm 
thickness by a combination of hot swaging and hot 
and warm rolling. In the warm-rolled condition at 
ambient temperature, its ultimate tensile strength 
was 1,205 meganewtons per square meter (MN/m2). 
The strength at 1,200° C was 150 MN/m~. Within 
the temperature range of 25° to 1,200° C, the 
ductility of the alloy as measured by elongation 
increased from 4 to >90 percent. Strengthening 
was achieved by both solid-solution and dispersed­
phase mechanisms. Alloys of 20 percent molybdenum 
and 10 percent titanium were stronger than the 
other molybdenum-titanium alloy compositions 
tested. Strength was increased 15 percent in the 
temperature range .of 25 ° to 800° C, with no ac­
companying loss in ductility, by the additi.on of 0.5 
percent silicon. Workability was impr.oved by addi­
tions of 0.25 and 0.5 percent yttrium. 

RI 7394. Repeatability of Plastometer and Dilatometer Tests 
of Coal, by W. R. K. Wu. June 1970. 27 

pp. 4 figs. This Bureau of Mines report presents 
a statistical study of the repeatabilities of coal­
plasticity parameters obtained in the tests with the 
Gieseler plastometer and the Audibert-Arnu and 
Hoffman dilatometers. Repeatability is expressed in 
terms of one or two standard deviations for the 
differences between duplicates. The statistical meth.od 
employed here is summarized. Results are tabu­
lated for the temperature and n.ontemperature 
parameters of the three tests. 

RI 7395. Leaching Gold-Bearing Mill Tailings From Mercur, 
Utah, by Ivan L. Nichols and LeRoy Peter­

son. June 1970. 10 pp. 2 figs. Tailings dumps 
at Mercur, Utah, contain about $7 million worth of· 
gold in 3.5 million tons of mill tailings assaying' 
about 0.07 ounce of gold per ton. Commercial mining 
and milling at Mercur ceased in 1942. To determine; 
whether improved technology was now available 
'that might permit economic repr.ocessing .of the 
Mercur dumps, the Bureau of Mines probed for a 
low-cost method that would be applicable to these 
tailings. A composite prepared for laboratory 
studies assayed 0.062 ounce gold per t.on. Aob.out 

10 percent of the gold occurred as a water-soluble 
cyanide.' Conventional cyanide leaching diss.olved 
32 percent of the gold, and h.ot, str.ong cyanide solu~ 
tion dissolved 42 percent. Results were not improved 
by pretreatment with acids, bases, .or oxidants. After 
expensive pre roasting, gold recovery by cyanidation 
was increased to 65 percent. The simple procedures 
were ineffective, and more effective procedures were 
too cestly for economical processing of Mercur 
tailings. 

RI 7396. Prediction of Penetration Rate for Percussive Drill-
ing, by A. Aly Selim and William E. Bruce. 

June 1970. 21 pp. This report describes the feasi­
bility .of predicting percussive drilling rates by 
equations derived from statistical regressi.on anal­
ysis. The least squares statistical method was used 
and the analysis was performed both by direct and 
by stepwise linear regression analysis. The predicted 
penetration rate is a function .of the drill power 
and the physical properties of the rocks penetrated. 
The results show promise that the technique may 
be of value in providing a mathematical model by 
which percussive drill manufacturers and users can 
predict the performance of a given drill. Experi­
mental work involved tw.o mining-type percussive 
drills. Penetration data for these drills were deter­
mined from nine rocks drilled in the lab.oratory. 
Drill work rates (power) were determined in a 
separate series .of experiments. Rock physical prop­
erties were measured from diam.ond-drill core sam­
ples taken from the same blocks used for percussive 
drilling. 

RI 7397. Evaluation of Oil-Shale Fracturing Tests Near Rock 
Springs, Wyo., by G. G. Campbell, W. G. Scott, 

and J. S. Miller. June 1970. 21 pp. 9 figs. Bu­
reau of Mines research to develop an in situ retort­
ing recovery method for oil shale has involved field 
testing of fracturing techniques for creating fluid­
flow paths in impermeable oil shale. E1ectrolinking, 
hydraulic fracturing with.out and with sand pr.op­
ping, and explosive fracturing with a liquid explo­
sive were tested in a 25-fo.ot-square, five-spot pat­
tern. These wells were drilled into oil shale at 50- t.o 
8S-f.oot depths near R.ock Springs, Wyo. Results of 
the fracturing tests were evaluated by injecting air 
into a test well and measuring flow rates and flow 
pr.ofiles in adjacent test wells before and after each 
test. To identify points .of air entry (location .of 
fractures) in wells, flow pr.ofiles were determined 
by use of inflatable packers and by continuous 
l.ogging with an airfl.ow probe developed during the: 
fracturing program. Electrolinking and hydraulic 
fracturing without sand propping were relatively 
ineffective; hydraulic fracturing with sand pr.opping 
created horizontal fractures with desirable flow ca­
pacity; and fracture flow capacity was significantly 
increased by detonation of nitroglycerin displaced 
in the natural and hydraulically induced fracture 
systems. 

RI 7398. Electrowinning Misch Metal From a Treated Bastna-
site Concentrate, by E. S. Shedd, J. D. 

Marchant, and M. M. Wong. June 1970. 11 pp. 
2 figs. Misch metal was electrowon from a treated 
bastnasite concentrate in a REF.-LiF-BaF. elec­
trolyte at 950° C. The metal was prepared and 
tapped from a 1,000-ampere cell, and nearly .100-
percent utilization .of the rare-earth .oxide was 
achieved. Prolonged .operation in a smaller cell (40 
amperes) indicated that the compositi.on of the 
misch metal product was reasonably constant, and 
no significant increase .of impurities, with the ex­
ception .of carbon, was noted. 
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RI 7399. Prediction of Coke Strength and Carbonization Prod-
uct Yields From Exploration Data, by Manuel 

Gomez and Kathleen Hazen. July 1970. 37 pp. 6 
figs. This report presents prediction equations for 
12 variables that are indicative of metallurgical 
coal quality. The variables include six for coke 
strength and six for carbonization product yields. 
All variables were predicted for coking coals having 
volatile matter contents from 16.3 to 42.1 percent, 
dry basis. The prediction equations, developed qy 
mathematical-statistical techniques, were based on 
information from the proximate and ultimate anal­
yses, the size consist, and the petrographic composi­
tion of bituminous coals carbonized in BM-AGA 
retorts at 800 0

, 900 0
, and 1,000 0 C. The equations 

were evaluated for validity with independent data 
derived from the 900 0 C carbonization of 33 binary 
blends of various coals and 22 binary blends of 
Pocahontas No.3 low-volatile bituminous coal with 
11 high-volatile bituminous coals. Results show that 
metallurgical coal quality can be predicted ahead of 
mining because data used to derive the prediction 
equations can be obtained at the time of exploration. 
Capability to forecast coal quality is useful in mine 
planning and should provide basic information for 
optimization of blending and crushing techniques 
and thus lead to the production of uniform coke. 

RI 7400. Coal Carbonization Studies. Altering Composition and 
Yield of Volatile Products by Increasing the Free 

Space Above the Charge, by C. Ortuglio, J. G. Walters, 
and D.E. Wolfson. June 1970. 11 pp. The effect 
of cracking by increasing the free space above the 
charge on .the composition and yields of the volatile 
products from carbonizatIOn of Pittsburgh-bed coal 
and one industrially used blend from Eastern United 
States and one from Western United States was 
investigated with the BM-AGA carbonization ap­
paratus. Increasing the free space above the charge 
from 1 inch to 3 inches, to 6 inches, and to 9 inches 
resulted in lower tar yields and increased gas and 
oil yields. Anthracene and naphthalene yields were 
increased; quinoline and benzene insoluble fractions 
of both the tar and pitch increased considerably 
with increased free space, although the carbon con­
tent of the tars and pitches increased only slightly. 
Increased cracking, 'occasioned by the increase in 
free space, resulted in a decrease in the yields of 
tar acids, tar bases, neutral oils, ole fins , aromatics, 
and paraffins and naphthenes. Gas composition was 
relatively constant; hydrogen and methane tended 
to increase and ethane to decrease. Results of the 
investigation are being used to design a unit to 
upgrade the volatile product's of carbonization by 
cracking the hot products as they leave the carbon­
ization chamber. 

RI 7401. Waters for Waterflooding San Joaquin Valley, 
Calif., Petroleu.m Reservoirs, by G. L. Gates and 

W. H. Caraway. June 1970. 18 pp. 4 figs. Five 
possible sources of water for waterflooding of pe­
troleum reservoirs in the arid San Joaquin Valley 
of Califor.nia were considered. Three of them (water 
produced with petroleum, water from a shallow 
saline aquifier, and waste irrigation water) were 
analyzed chemically; laboratory information for one 
(sea water) had been developed during a previous 
study. A series of 'Iabora tory tests made on the 
fifth source (fresh water) determined the solubility 
of calcium sulfate dihydrate in water. Laboratory 
analyses included the following: Chemical analyses 
of water produced with petroleum and waste irri­
gation water; solubility of calcium sulfate dihydrate 
in water and brines; the effect of excess sulfate on 
the solubility of calcium sulfate in brines; the 
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presence of sulfate-reducing bacteria; and .the p~r­
meability of cores from a petroleum reservOIr to all', 
to water from other petroleum reservoirs, and to 
waste irrigation water. The results showed that mo~t 
of the waters and mixtures of waters are compatI­
ble with petroleum reservoir waters and are gen­
erally suitable for injection. The calcium content 
of some of the formation waters is quite high, and 
care must be taken to prevent precipitation of cal­
cium sulfate dihydrate. The permeability of the few 
cores tested was about the same to water and brines 
as to air indicating that formation damage due 
to clay s~elling will not be serious. The waters 
most likely to be available for injection are wa~er 
produced with petroleum, water from shallow salme 
aquifers, and waste irrigation water. 

RI 7402. Electrochemical Recovery of High-Purity Nickel and 
Cobalt From Crude Nickel and Ferronickel, by 

P. T. Brooks and G. M. Potter. June 1970. 25 pp. 
12 figs. Semipilot scale tests were made to demon­
strate a newly developed el€ctrorefining process 
which could be extrapolated to commercial scale in 
producing high-purity nickel and cobalt from crude 
nickel metal and high-grade ferronickel. The new 
process comprises application of solvent extrac.tion 
techniques to remove and separate cobalt and Iron 
from nickel and the electrodeposition in diaphragm 
cells of pure nickel and cobalt from chloride-based 
purified electrolyte. 

Using water insoluble organic amines, the solvent 
extraction operations enabled production of com­
mercial-sized nickel and cobalt cathodes of higher 
purity than that of commercial electrolytic metals. 
'The solvent extraction operation for separation of 
cobalt from nickel was made simpler than the con­
ventional method. Furthermore, the solvent extrac­
tion operation for iron removal made possible the 
electrorefining of ferronickel without the prohibitive 
loss of nickel resulting from the method ordinarily 
used for iron removal. 
RI 7403. Respirator Filter Penetration Using Sodium Chloride 

Aerosol, by B. I. Ferber, F. J. Brenenborg, 
and A. Rhode. June 1970. 10 pp. 3 figs. Sodium 
chloride aerosol was employed to determine respirator 
filter penetration in a manner suitable for use in 
Bureau of Mines approval and certification pro­
cedures. The aerosol was produced by an ultrasonic 
generator and treated to yield the proper conditions 
of relative humidity, particle size, and concentra­
tion. Respirator filters were exposed to the aerosol; 
filter penetration (down to 0.02 percent) was deter­
mined with a flame photometer. Results are com­
parable with those obtained in another laboratory 
using different equipment. 

RI 7404. Factors Related to Mineral Separation in a Vacuum, 
by Foster Fraas. June 1970. 13 pp. 4 

figs. Under a very high vacuum of 10-8 torr the 
transfer of terrestrial mineral beneficiation methods 
to the vacuum ambience of extraterrestrial locations 
such as the lunar surface was investigated. In the 
size range for the electrostatic and magnetic sepa­
ration of ores (minus 35 plus 150 mesh) there is no 
adhesion of particles produced by crushing and 
gTinding due to the limited contact area, and for 
repeated contacts area size has a frequency of 
occurrence according to the normal law. The 
photoelectric effect which is successful in separating 
a few minerals in an air ambience has a wider ap­
plication in a vacuum, while the lack of air viscosity 
and sound transmission provides for high feed ve­
locities and the adaptation of particle vibration to 
dispersion and grinding. Contact electrification is 
reversible upon return to atmosphere. 
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RI 7405. Viscosity of the Helium-Nitrogen System From 133 0 

to 740 0 K for Pressures Between 1 and 240 At­
mospheres, by Robert E. Wood and W. J. Boone, Jr. 
July 1970. 130 pp. 13 figs. The temperature de­
pendency of the low-density viscosity coefficients, 
'1r, of helium and of nitrogen, 100 0 to 1,000 0 K, is 
conelated with 'empirical equations, and the tem­
perature and composition dependencies of the low­
density viscosity coefficients, '1r, of helium-nitrogen 
mixtures are correlated with the Chapman-Enskog 
expressions by using the Lennard-Jones (6: 12) 
potential function. The residual viscosity, '1r,p -
'11" (the difference between the viscosity of a com­
pressed gas and the dilute gas at a given tempera­
ture), was found to be a function of the thermal 
pressure coefficient, (iJP/aTh" and two parameters, 
a and /3, which are characteristic of gas composition. 

The equation '1r,p = '1T + a [(ap/aT)y)13 repre­
sente~ 1,340 higher pressure experimental viscosity 
values with a mean absolute deviation of 0.86 per­
cent, and this equation was used to compute vis­
cosities of the gaseous helium-nitrogen for a range 
of temperatures and pressures including those en­
countered in Bureau of Mines helium purification 
processes and in a crude-helium conservation gas 
reservoir. Tabular viscosities for helium, nitrogen, 
and 13 helium-nitrogen mixtures are presented for 
110 temperatures, 133 0 to 740 0 K, and 49 pressures 
in the range 1 to 240 atmospheres. The accuracy of 
the tabulated viscosities varies because correlation 
parameters were obtained from experimental data 
of unequal reliability. It is estimated that uncer­
tainties in the computed viscosity values are ±5 
percent for the region 325 0 to 740 0 K, ±2 percent 
for the region 183 0 to 325 0 K, and ±5 percent for 
temperatures below 183 0 K. The latter uncertainty 
may rise to ±10 percent as critical conditions are 
approached. 

RI 7406. In Situ Tests of Bearing Capacity of Roof and Floor 
in Selected Coal Mines. A Progress Report-Long­

wall Mining. by A. J. Barry and Oscar B. Nair. June 
1970. 20 pp. 7 figs. A practical method has been 
developed and field tested which provides an estimate 
of the bearing capacity of mine roof and floor. The 
relationship between penetration of the strata and 
imposed loads is determined by in situ tests. Infor­
mation of this type is needed to determine the max­
imum allowable pressure that may be applied by 
self-advancing support on roof and floor of a long-. 
wall face without causing a punching type of failure. 

RI 7407. Effects of Explosive Properties on Free-Surface Dis-, 
placement Pulses and Crater Dimensions. by Rich­

ard L. Fischer, Dennis V. D'Andrea, and David E. 
Fogelson. July 1970. 32 pp. 16 figs. Constant­
volume charges of precipitated PETN (pentaeythrite 
tetranitrate) at three specific gravities (0.50, 1.00, 
and 1.50) were used in laboratory tests to examine 
the effects of changes in explosive properties on 
free-surface displacement pulses and on crater di­
mensions. The tests were performed in large blocks 
of cement-mortar. The values for the detonation 
veloci ty, detonation pressure, specific energy, energy 
density, and energy release rate were calculated 
from the explosive loading density. Calculated ex­
plosive properties were correlated with free-surface 
displacement pulse measurements, strain energy, and 
measured crater dimensions. Increases in explosive 
properties resulted in increased free-surface dis­
placement pulse parameters and crater .dimensions. 
The loading density,' detonation velocIty, energy 
density, detonation pressure, and energy release rate 
were found to be best indicators of explosive per­
formance. Simple acoustic relationships involving 

impedance ratios were examined and could not be 
used to predict peak displacement amplitude or 
strain energy. 

RI 7408. siagging Fixed-Bed Gasification of North Dakota 
Lignite at Pressures to 400 PslG, by G. H. 

Gronhovd, A. E. Harak, M. M. Fegley, an? p. E. 
Severson. July 1970. 40 pp. 20 figs. ThIs IS ~he 
final report on a research program to develop a pIlot 
plant gasifier for slagging gasification of lignite at 
high pressures and to obtain process data under 
various operating conditions. An operable<jpilot plant 
was developed, and the test results show that lignite 
is well suited for the process. Tests were run at 
pressures from 80 to 400 psig, and the results indi­
cated that pressure had little effect on gas composi­
tion or the material requirements per unit of gas 
produced. Gas production rates as high as 26,000 
scfh/sq ft of reactor area were obtained at 300 psig, 
but limitations on auxiliary equipment prevented 
full-capacity operation at 400 psig. In several tests 
lignite having a 37-percent moisture content and 
2,500 0 F ash-fusion temperature was successfully 
gasified. Refractory materials were found to have a 
short life in contact with high-temperature slag, 
and a water-cooled taphole was developed. Explor­
atory tests with coking coal were unsuccessful. 

RI 7409. Crater Scaling in Granite for Small Charges, by 
Dennis V. D'Andrea, Richard L. Fischer, 

and Arlo D. Hendrickson. July 1970. 28 pp. 10 
figs. The Bureau of Mines performed cratering ex­
periments in a homogeneous granite to test scaling 
laws for charge weights of 0.00476, 0.0220, 0.0900, 
0.304, and 1.03 lb. Agreement among the data was 
best when empirical scaling exponents greater than 
one-third were assumed. Although the analysis 
showed that the best empirical scaling exponents 
were 0.37 for crater volume, 0.38 for crater radius, 
and 0.39 scaling for crater depth, all three crater di­
mensions could be scaled with a 0.38 scaling exponent. 

RI 7410. Tunnel Boring Technology. Disk Cutter Experiments 
in Sedimentary and Metamorphic Rockst by Roger 

J. Morrell. William E. Bruce. and David A. Larson. 
July 1970. 32 pp. 12 figs. Disk-cutter experiments were 
performed on five rock types ranging in compressive 
strength from 9.000 psi to 27.000 psi. A specially con­
structed testing machine called a linear-cutter apparatus 
(LCA) was designed to load and traverse a free-rolling 
disk cutter across a sawed rock surface. The LCA was 
instrumented to measure the vertical and horizontal 
forces acting on the cutter during the run. The ability 
of disk cu tters to fragment rock was determined for both 
60-degree and 90-degree cutting-edge angles. and reo 
lationships and regression equations were developed to 
predict cutter performance based on rock physical prop­
erties and applied forces. 

RI 7411. Magnetic Roasting and Leaching for Upgrading 
Minnesota Manganiferous Iron Ores, by H. D. 

Jacobs. July 1970. 13 pp. 3 figs. A process for recov­
ering both iron and manganese from four manganiferous 
ores of the Cuyuna range was evaluated. It comprised 
(I) low-temperature gaseous reduction to convert non­

magnetic iron minerals to magnetite and manganic min· 
erals to manganeous oxide. (2) acid leaching to extract 
manganese. and (3) magnetic separation to reclaim iron 
from the leach residue. Iron recoveries from the magnetic 
.products ranged from 70 percent up to 90 percent; man­
ganese recoveries from leach filtrates ranged from 75 
percent to 95 percent. Two ores. from the Hillcrest and 
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South Alstead properties, yielded magnetic products 
considered adequate for use as blast furnace feed. Al­
though good yields of manganese were attained on all 
ores, appreciable iron accompanied the manganese into 
solution. Previous work, however, has shown that this 
iron can be precipitated almost quantitatively under 
autoclave oxygen pressure with very little loss of 
manganese. 

RI 7412. Compressibility Factors for Helium and Carbon 
Dioxide Mixtures at -100 and -20 0 C and 

Pressures to 1,000 PSIA, by G. W. Weems and A. R. 
Howard. July 1970. 44 pp. 2 figs. The specific ob­
jective of this investigation was to determine the com­
pressibility factors for helium and carbon dioxide 
mixtures at - 100 and -200 C and pressures to 1,000 
psia. A Burnett apparatus was used. Data from the 
experiments were treated by the method of Barieau and 
Dalton. Tables of compressibility factors and approxi­

. mations of the virial coefficients are presented for 10 
binary mixtures as well as for helium and carbon 
dioxide. The results follow the same trend as data 
previously reported .• 

RI 7413. Method of Weighing an Object in Gaseous At-
mospheres To Obtain Its True Mass and Volume, 

by Alexander May and Robert E. Barieau. July 1970. 
32 pp. 2 figs. This report describes a new method of 
weighing based upon observing the apparent weight of 
an object in two separate pure gases. The method is 
presented in terms of experimental data which prove its 
soundness, but does not attempt to show the maximum 
accuracy possible with this technique. The new method 
incorporates the underlying principle that the apparent 
weight of an object is a linear function of the density. 
of the atmosphere in which the object is weighed. The 
coefficien ts of this linear fu nction are the true mass and 
volume of the object. From this functional relationship 
the true mass and volume of the object may be de­
termined. 

RI 7414. Sorption of S02 and Regeneration of Alkalized 
Alumina in Fluidized-Bed Reactors, by Jack I. 

Paige, Joseph W. Town, James H. Russell, and Hal J. 
Kelly. August 1970. 32 pp. 11 figs. In this Bureau of 
Mines study, two fluidized·bed reactors were designed, 
built, and operated, one as a sorber for S02 and the 
other as a contactor for the regeneration of the sulfur­
laden alkalized alumina. The target of 90-percent removal 
of S02 from a flue gas stream containing 0.3 percent S02 
was attained by using a sorbent feed of 10 to 15 grams 
per minute into a 5-inch bed depth of alkalized alumina. 
The sorption unit was operated at about 3300 C. Com­
plete regeneration of the laden alkalized alumina con­
taining 5 to 10 percent sulfur was accomplished in 
approximately Y2 hour. An excess of reformed propane 
at about 7300 C was the regenerating gas. Attrition 
losses, a major problem with this sorbent, ranged from 
0.9 to 7.9 percent of the inventory. Data from these tests' 
demonstrate, within experimental error, the validity of 
equations developed from short-term, thin-bed tests re­
lated to sorption and regeneration rates. 

RI 7415. Mathematical Evaluation of S02 Sorption-Regener-
ation Reactions With Alkalized Alumina (A Sup­

plement to RI 7275 and RI 7414', by James H. Russell, 
Joseph W. Town, and Hal J. Kelly. August 1970. 29 pp. 
18 figs. Alkalized alumina (an active form of sodium 
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aluminate) has been considered as a sorbent for the 
removal of sulfur dioxide from industrial flue gases. 
Four rate equations, each based on a different mecha­
nism, were compared with the results of thin·bed sorption 
tests. It was found that each equation agreed with the 
experimental results, within experimental variance. over 
most of the range of sorption studied. First-order ·:ate 
equations were generally satisfactory in explaining both 
sorption and regeneration. It is concluded that the 
equations developed are adequate for the design of 
commercial fluidized beds for the sorption of S02 from 
industrial flue gases and regeneration of the alkalized 
alumina. 

RI 7416. The Range in Metals and Metal Oxide Systems of 
Heavy Ions in th .. Energy Range 60 to 400 KEV, 

by B. D. Sartwell, P. B. ~eedham, Jr., and D. Danforth. 
July 1970. 19 pp. 11 figs. Multiple-charged beams 
originating from a 300·kv ion accelerator are important 
tools in the study of metal surfaces and thin films. A 
knowledge of the particle range is necessary for an 
understanding of the interaction processes of the ions 
with the targets. Utilizing a theory developed by Lind­
hard for determining the range of low·energy ions in 
solids, the ranges of H, He, C, ~, 0, and Ar ions in 
AI20 a, AI, Fe20a, Fea04, CuO, CU20, Fe, Cu, Sn, and W 
were calculated for the energy range 60 to 400 kev using 
a computer program written in B.\SIC. The range, 
presented in graphical form, is given in both f.Lg/cm2 
and angstroms. In addition, heavy ion ranges were 
calculated for comparison with published experimental 
values. For ions with Z > 5, the discrepancy between 
the calculated values and published experimental values 
generally ranged from 2 to 40 percent; the largest devi­
ations were probably due to experimental error. 

RI 7417. Geochemical Investigations for Gold, Antimony, 
and Silver at Stibnite, Idaho, by D'Arcy P. 

Banister. July 1970. 7 pp. 2 figs. Several gold­
antimony anomalies were outlined near Stibnite, Idaho. 
using the humus sampling technique. Several hundred 
reconnaissance humus samples were collected and ana­
lyzed by a combination fire·assay atomic absorption 
method. The results partially outlined several gold­
antimony anomalies and are very encouraging for further 
work in this part of Idaho. 

RI 7418. Hydrodesulfurizalion of a Residual Fuel From 
WilmIngton, Calif., Crude Oil, by C. M. Frost 

and P. L. Cottingham. August 1970. 16 pp. 4 figs. 
The hydrodesulfurization characteristics of a residual 
fuel prepared from Wilmington, Calif., crude oil were 
determined at a temperatures from 6000 to 9000 F. 
pressures of 200 to 800 psig, and space velocities from 
0.2 to 2.0Vo/ Vclhr, using cobalt molybdate type catalysts. 
A prediction equation, developed from the experimental 
data. satisfactorily predicts the fraction of total sulfur 
that can be removed under any combination of operating 
conditions within the ranges investigated. Yields and 
properties of the low-sulfur product are correlated with 
the fraction of total sulfur removed. Kinetic calculations 
show that the apparent reaction order and activation 
energy change with space velocity and temperature. 

RI 7419. Radiographic Test for Elect.odeposit Porosity, by 
Stephen D. Cramer, V. A. Cammarota, Jr., 

and David Schlain. August 1970. 17 pp. 5 figs. A 
nondestructive _proliedure for measuring electrodeposit 
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porosity has been developed which records the location 
and number of deposit defects including pores, pits, and 
voids. The procedures involves the passage of an X-ray 
beam through the deposit-substrate system onto suitable 
film. The defects are recorded as images on the film. 
Variables studied included intensity and spectra of the 
X-ray beam, composition- and thickness of deposit and 
substrate, film type and developing procedure, and limits 
for detecting defects. At an X-ray tube voltage of 40-kv, 
pores several mils thick were easily detected in copper­
nickel specimens more than 20 mils thick. To illustrate 
the utility of the procedure, the effect of substrate 
oxidation and of current density on electrodeposit 
porosity was briefly studied. 

RI 7420. Prediction of Sodium Concentration in Lignite, by 
Manuel Gomez, Kathleen Hazen, and Everett 

A. Sondreal. August 1970. 17 pp. 5 figs. Prediction 
models were constructed for seam elevation, overburden, 
and sodium concentration for a lignite deposit in Ward 
County, N. Dak. These models were developed by 
mathematical-statistical techniques using surface co­
ordinates as independent variables to permit inter­
polation between drill holes. The results suggest that 
sodium concentration in lignite may be predicted in 
advance of mining. This information is helpful to mine 
planning, specifically, in scheduling production to deliver 
a uniform product to existing powerplants. 

RI 7421. Prediction of Coal Grindabllity From Exploration 
Data, by Manuel Gomez and Kathleen Hazen. 

August 1970. 34 pp. 7 figs. A general prediction 
model for the Hardgrove grindability index was con­
structed from 735 coal samples using the proximate 
analysis, heating value, and sulfur content. The coals 
used to develop the general model ranged in volatile 
matter from 12.8 to 49.2 percent, dry basis, and had 
grindability indexes ranging from 35 to 121. A restricted 
model applicable to bituminous coals having grindabil­
ities in the 40 to 110 range was developed from the 
proximate analysis and the petrographic composition of 
the coal. The prediction of coal grindability within a 
single seam was also investigated. 

The results reported support the belief that me­
chanical properties of the coal are related to both 
chemical and petrographic factors of the coal. The 
mechanical properties of coal may be forecast in advance 
of mining, because the variables used as input to the 
prediction models can be measured from drill core 
samples collected during exploration. 

RI 7422. Production Potential of Copper Deposih Associated 
With Permian Red Bed Formations in Texas, Okla­

homa, and Kansas, by R. B. Stroud, A. B. McMahan, R. K. 
Stroup, and M. H. Hibpshman. August 1970. 103 pp. 
13 figs. Bureau of Mines studies of copper-bearing 
Permian red beds, which extend from north-central Texas 
through western Oklahoma to southwestern Kansas, indio. 
cate heretofore undefined commercial possibilities for low­
grade, medium-volume, strip-mining operations. Potential 
ore bodies are indicated containing 0.5 to 1.5 percent 
copper in zones 6 to 12 inches thick. Cost analysis studies 
indicate a commercial operation is feasible for a hypothe­
cated I,OOO-ton-per-day ore mining and milling complex 
where a maximum of 60 feet of overburden can be 
stripped in mining a seam of shale 12 inches thick con­
taining 1.2 percent copper. (Out of print.) 

RI 7423. Effect of Fuel Composition on Exhaust Emissions 
From a Spark-Ignition Engine, by R. D. Flem­

ing. September 1970. 68 pp. 16 figs. A single-cylinder 
research engine was operated on pure hydrocarbons and 
simple (two-component) mixtures of pure hydrocarbons 
to study the effect of fuel composition on exhaust emis­
sions from a spark-ignition engine. Used as fuels were. 
three pure hydrocarbons that represented the primary 
hydrocarbon types present in commercial motor fuels: ~ 
paraffin (2,2,4-trimethylpentane), an olefin (2,4,4-trl­
methylpentene-2), and an aromatic (meta-xylene). The 
engine was operated at the same equivalence ratio for 
all of the fuels used in the experiment. Exhaust gas 
samples were collected and quantitatively analyzed for 
carbon monoxide, carbon dioxide, hydrogen, nitrogen 
oxides, aldehydes, and hydrocarbons. Exhaust hydro­
carbons were separated and quantitatively measured with 
a chromatographic system employing a flame-ionization 
detector. Unknown hydrocarbons and oxygenated ma­
terials in the exhaust were identified with a Time-of­
Flight mass spectrometer coupled to a chromatographic 
system. 

The results of the exhaust gas analyses showed that 
ethylbenzene, I-methyl-3-ethylbenzene, and I-methyl-3-
vinylbenzene were more abundant in the exhausts from 
either 2,2,4-trimethylpentane-m-xylene or 2,4,4-trimethyl­
pentene-2-m-xylene fuel mixtures that in exhaust pro­
duced from m-xylene. Also, the pure 2,4,4-trimethylpen­
tene-2 fuel produced smaller amounts of C2 to C7 olefins 
in the exhaust than that produced by the pure 2,2,4-
trimethylpentane fuel. The exhaust from pure m-xylene 
fuel contained aromatic hydrocarbons of higher molecular 
weight than the parent fuel. The amount of total hydro­
carbon (moles of exhaust hydrocarbon per mole of fuel 
used) in the exhaust from the three pure fuels decreased 
in the following order: 2,2,4-trimethylpentane > 2,4,4-
trimethylpentene-2 > m-xylene. The hydrocarbon mole­
fractions of unreacted fuel in the exhausts produced 
from each of the pure fuels were 0.20 for 2,2,4-trimethyl­
pentane, 0.13 for 2,4,4-trimethylpentene-2, and 0.66 for 
m-xylene_ 

RI 7424_ Rock Fragmentation by Creating a Thermal In-
clusion With Dielectric Heating, by K. Thirumalai. 

September 1970. 33 pp. 14 figs. This study forms 
a part of Bureau of Mines continuing research on 
thermal fragmentation of rocks. The potential of internal 
heating techniques for rock fragmentation is discussed. 
A concept of rock fragmentation with rapid internal 
heating of a localized inner volume of rock is advanced. 
The energy required for rock fragmentation is made 
available by creating a required volume of localized 
heating. The fragmentation of rock using the proposed 
method is analyzed and qualitatively compared with the 
results of experiments with Charcoal granite, Dresser 
basalt, and Sioux Quartzite. High frequency dielectric 
heating below 100 MHz is used in the study as an ex­
ample to examine the working of the concept_ The 
selection of operating conditions for the experimental 
heating is explained. Fragmentation of Charcoal granite 
and Dresser basalt test rock blocks is achieved for local­
ized heating below 5500 C. The heated volume required 
for fragmentation is observed to be less than 2 percent 
'of the test block volume and the electrical energy con­
sumption is in the order of 3_5 to 6.5 kwhrjm3 • The 
method offers a possibility for in situ fragmentation of 
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rocks favorable for internal heating. The method is 
highly dependent on rock properties governing internal 
heat generation. The efficiency of dielectric heating in 
the experimental study is observed to increase with 
increasing dielectric loss of the rock material, ranging 
from about 10 percent in Sioux Quartzite to about 50 
percen t in Dresser basalt. 

RI 7425. Investigation of a Low-Grade Gold Deposit in the 
Orogrande District, Idaho, by William L. Rice. 

September 1970. 14 pp. 5 figs. Geochemical humus 
sampling techniques were used by the Bureau of Mines 
in investigating a potential large, low·grade gold deposit 
in the Orogrande district, Idaho. Conifer needle humus 
samples were processed by ashing and fire assay-atomic 
absorption analysis. An area bearing anomalous con­
centrations of gold and silver was outlined by the geo­
chemical method. 

RI 7426. Kyaniht Resources in the Northwestern United 
States lin Two Sections). 1. An Investigation of 

Selected Kyanite-Group Mineral Deposits. 2. A Market Study 
for Western Kyanite Ores, by Ronald M. Van Noy, Nor· 
man S. Petersen, and Jerry J. Gray. 1970. 81 pp. 37 
figs. A reconnaissance study of kyanite-group mineral 
deposits in the Northwest has revealed large exploitable 
reserves of the mullite,forming raw materials in the 
\Voodrat Mountain and Goat Mountain districts of 
north·central Idaho. Potential coproducts or byproducts 
are garnet and muscovite mica. 

The Woodrat Mountain district contains garnet· 
kyanite·mica schist, which has been traced for 6 miles 
and may extend farther. Surface samples average 29 
percent kyanite and contain up to 15 percent garnet. 
Inferred reserves of strippable ore with a low waste· to· 
ore ratio, ,and containing more than 15 percent kyanite, 
are more than 3 billion short tons. The Goat Mountain 
district contains several kyanite.mineral zones. Samples 
of the richest zones a\'erage from 10 to 20 percent kyanite 
minerals and represent about 200 million short tons of 
strippable rock. Beneficiation tests indicate that the 
kyanite minerals and garnet can be concentrated by a 
combination of gravity, flotation, and electromagnetic 
methods. 

Reserves in these deposits are sufficient to satisfy any 
foreseeable domestic and export demand. However, the 
freight tariff to reach the nearest major user of kyanite 
(located in the Midwest) has discouraged development 
of western kyanite resources. \Vestern demand of a mag· 
nitude to support a moderate to large milling operation 
has not yet been developed. However, there is some 
foreign market potential. If a garnet byproduct could 
be prepared and sold for coated abrasive products or as 
grinding grains, an offset possibly could be gained to a 
portion of the mining and milling costs for the Pacific 
Northwest producer. Such byproduct values would offer 
a means of expanding the geographical market areas as 
well as the market potential. 

RI 7427. Design and Construction of a Radiation Probe, 
by C. H. Schwartz and A. A. Orning, Septem· 

ber 1970. 20 pp. 15 figs. A thermal radiation probe 
was constructed and tested in pulverized·coal.fired fur· 
naces. A rotatable sensing head on the side of a water­
cooled probe permitted measurement of radiant flux 
within a 7.20 cone from any desired direction to a point 
within a furnace. A responsive curve for a corner· fired 
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furnace showed radiant flux of 130.000 Btu per square 
foot per hour. when sensing wall reflection. Detailed 
drawings and fabrication procedures are given. 

RI 7428. Conversion of Municipal and Industrial Refuse 
Into Useful Materials by Pyrolysis, by ,r. s. 

Sanner, C. Ortuglio, J. G. Walters, and D. E. ,rolfson. 
August 1970. 14 pp. 3 figs. Pyrlolysis (destructive 
distillation) techniques developed at the Bureau of Mines 
to determine the yield and quality of the products from 
coal were used to convert municipal (household) and 
industrial refuse into potentially useful solids, liquids, 
and gases without adding to environmental pollution. 
The tests demonstrated that a ton of municipal refuse 
can be converted into 154 to 424 pounds of solid residue, 
0.5 to 6 gallons of tar. 1 to 4 gallons of light oil, 97 to 
133 gallons of liquor. 16 to 32 pounds of ammonium 
sulfate, and 7,380 to 18,058 cubic feet of gas. A ton of 
industrial refuse, consisting of paper, rags. and cardboard, 
can be converted to 618 to 838 pounds of residue, 1.5 to 
3 gallons of light oil, 68 to 75 gallons of liquor. 12 to 
23 pounds of ammonium sulfate, and 9,270 to 14,065 
cubic feet of gas. The energy from the gas is more than 
sufficient to provide the heat for the pyrolysis. 

RI 7429. Bureau of Mines Apparatus for Thermal Analysis: 
Simultaneous DAT-TG-EGA for Oil Shale and Solid 

Fuels, by Donald R. Johnson and John Ward Smith. 
September 1970. 17 pp. 7 figs. Apparatus pro­
viding simultaneous differential thermal analysis, 
thermogravimetry, and evolved gas analysis, has 
been developed by the Bureau of Mines specifically 
for thermal study of oil shale and other solid, nat­
ural fuels. The apparatus is described in detail, and 
simultaneous analyses on a single sample of an oil 
shale mineral, nahcolite, ana a thermal analysis 
demonstration compound, calcium oxalate monohy­
drate, are presented to demonstrate the instrument's 
capabilities. Work done in cooperation with the Uni­
versity of Wyoming. 
RI 7430. Thermodynamic Data for Silver Chloride and Silver 

Bromide, by L. B. Pankratz. September 
1970. 12 pp. 3 figs. Enthalpies above 298 ° K 
were determined for AgCl to 1,400° K and for AgEl' 
to 1,200° K by copper-block calorimetry. Before 
melting, both compounds showed an anomalous in­
crease in enthalpy, an effect associated with lattice 
defect formation. Melting points and heats of fu­
sion were determined to be AgCl, 730° K and 2,945 
callmolej AgBt, 700° K and 2,030 cal/mole. The 
heat capacity of both melted substances decreaseq 
with increasing temperature over the entire liquid' 
ranges investigated. Enthalpies above 298° K were 
tabulated at even temperatures along with derived 
entropy increments and heat capacity values. The 
results were combined with the known heats of for­
mation and entropies at 298.15° K to obtain values 
of the heats and free energies of formation over the 
range 298.15° to 1,400° K for AgCl and 298.15° to 
1,200° K for AgBr. 

RI 7431. Evaluation of Chemical-Cartridge Respirator Face Fit, 
by Harold A. Watson, Patricia M. Gussey, 

and Albert J. Beckert. September 1970. 9 pp. 4 
figs. A metho,d for measuring leakage of vapors 
into a chemical-cartridge half-mask face piece during 
simulated use is described. The respirator, fitted 
with high-efficiency cartridges, is worn in a dichloro­
difluoromethane (CCLF,)-air test mixture while a 
series of timed activities (facial movements, varied 
breathing, exercise, etc.) is performed. Complement­
ing other tightness tests, this method is useful par-
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ticularly for studying face fit and the effect of facial 
movements on leakage. The concentration of CC12F2 

within the facepiece is monitored continuously to 
observe the immediate effect of physical activity on 
leakage. A composite sample is collected simultane­
ously in a plastic bag as a measure of average leak­
age during the 18-minute test period. Leakage, re­
ported as percent, is calculated from the concentra­
tions of CCLF, within the facepiece and in the test 
atmosphere. 

RI 7432. Rock Noise Source Location Techniques by Fred 
Leighton and Wilson Blake. September 

1970. 18 pp. 3 figs. The Bureau of Mines has 
developed rock noise .source .location techniques that 
may be used to obtam precIse and practical source 
locations from microseismic field data. These tech­
niques enable one to monitor all or any part of a 
rock structure and map progressive stress buildup 
or rock movement. Thus, the microseismic method 
of determining instability in rock structures is be­
com!n~ an ipvaluable engipeering tool for the mining 
or CIVIl engmeer engaged In rock excavation and con­
strucioion. 

RI 7433. On the Function of Hydrocarbon and Nitrogen 
Oxides in Photochemical-Smog Formation by Basil 

Dimitriades. September 1970. 37 pp. 21 figs. The 
roles o~ hydroc~rbons. and nitrogen oxides in smog 
formatIOn were InvestIgated by the Bureau of Mines. 
Samples of automobile exhaust with varying HC 
and 1\'0, l~v~ls were irradiated in a smog chamber 
under condItIons that resulted in smog levels similar 
to those observed in the' atmosphere. Results were 
used to define the patterns that describe the depend­
ence of a number· of smog manifestations on HC and 
on 1\'0,. Using these dependence data and some sim­
plifying assumptions, estimates were made of the 
ranges within which HC and NO, must lie in order 
to obtain specified levels of air quality. Work done 
under an agreement with the National Air Pollution 
Control Administration, U.S. Department of Health 
Education, and ·Welfare. ' 

RI 7434. Role of Alumina-to-Silica Mole Ratio in the Lime-
Soda Sinter Process, by R. V. Lindquist and 

D. D. Blue. September 1970. 11 pp. 4 figs. Past 
reports by the Bureau of Mines have described the 
extraction of alumina from numerous aluminum sili­
cate materials by the lime-soda sinter process. The 
results from pilot-plant investigations of six mate­
rials, with alumina-to-silica mole ratios from 0.3 to 
8.7, indicated a relationship between the alumina­
silica ratios and the processing characteristics of 
the sinter. A series of laboratory tests was con­
ducted to define this relationship. Sinter and leach 
tests determined that an alumina-to-silica mole ratio 
of 0.90 or greater resulted in the best alumina and 
soda recoveries while leaving the leach slurries prac­
tically free from any tendency toward gelation. The 
widely different chemical and mineralogic properties 
of the various aluminous materials used in com­
pounding the mixes had no perceptible effect on the 
leaching characteristics of the sinter. The blending 
of low-cost, high-alumina materials with aluminum 
silicate materials to give an alumina-to-silica mole 
ratio of 0.90 or greater would improve alumina and 
soda extraction and minimize operating problems in 
the lime-soda sinter process. 

RI 7435. High-Temperature Enthalpies and Entropies of Chal-
copyrite and Bornite, by L. B. Pankratz and 

E. G .. King. September 1970. 10 pp. 2 figs. En­
thalples were determined for synthetic chalcopyrIte 
(CuFeS,) between 298 0 and 1,050 0 K and for syn-

thetic bornite (Cu5}<'e::;,) between 298 0 and 1,100 0 K 
by copper-block drop calorimetry. Two transitions 
were found for each compound. The lower transi­
tions were both crystal transformations from tetra­
gonal (low-temperature form) to cubic (high-tem­
perature form). The chalcopyrite transformation 
occurred at 830 0 K with a heat of transformation of 
2,405 cal/mole; the bornite transformation was at 
485 0 K with a heat of 1,430 caI/mole. The other 
transitions were of the second order and were pre­
sumed to be magnetic in character. The second-order 
transitions for chalcopyrite occurred at 930 0 K, and 
the one for bornite at 540° K. 

RI 7436. Plates With Rows of Holes Considered as Anisotropic 
Soft-Inclusion Models of Three-Dimensional Room­

and-Pillar Mining Systems, by Clarence O. Babcock. 
October 1970. 28 pp. 15 figs. In this report, the 
Bureau of Mines presents a method for reducing the 
complexity of designing room-and-pillar mining sys­
tems by treating them as anisotropic soft inclusions 
in the surrounding ore or host rock. Theoretical 
models were derived for the calculation of the effec­
tive Young's moduli for these systems. The pre­
dicted behavior of the plate-type elements used in 
these models agreed well with test results from 21 
plates each with 49 holes spaced on a 7 X 7 Car­
tesian grid. The plates behaved as anisotropic solids, 
the effective Young's moduli of which could be pre­
dicted from the scaled hole size and spacing. Actual 
hole shape was insignificant. The effective Young's 
moduli for simple mining systems are calculated in 
sample problems. 

This approach should provide information about 
field stress in the mining region and the stress dis­
tribution in the surrounding ore or host rock when 
th~ actu~l ~inin~ c<;mfigur~tion is replaced by an 
amsotroplc InclUSIOn III a fimte element analysis. The 
field stress within the inclusion can then be applied 
to the actual opening shape to determine the stress 
distribution within the mining region. 

RI 7437. Phase Relations in the Alkaline Earth Fluoride-Yttria 
Systems. (In Three Parts) 1. The CaF,..Y20 3 

Phase Diagram, by Laurance L. Oden, Philip E. Sanker, 
Herbert R. Babitzke, and Donald H. Sumner. Octo­
ber 1970. 10 pp. 5 figs. The Bureau of Mines is 
developing melting data for binary combinations of 
the alkaline earth fluorides and yttria to facilitate 
the formulation of slag compositions. The present 
report deals with the CaF2-Y.03 system for which 
solidus and liquidus temperatures and solid solubili­
ties were determined. The information is presented 
as the phase diagram. 

All specimen compositions were blended from high­
purity materials and encapsulated in Mo or Pt20Rh 
prior to heat treatment. Liquidus temperatures were 
determined by ceramographic examination of heat­
treated and quenched specimens. Solidus tempera­
tures were determined by differential thermal anal­
ysis and by electron microprobe analysis of quenched 
specimens. Terminal solid solubilities were derived 
by parametric methods. 

The peritectic system was found to be pseudo­
binary due to the formation of yttrium oxyfluoride 
at temperatures near the liquidus. The peritectic 
point occurs at 7 mole percent Y,03 and 1,438°±5° C. 
The terminal solid solubility of Y.O. in CaF. de­
creases from 7 mole percent at 1,438 0 C to 1 mole 
percent at 1,100 0 C, and the solubility of CaF. in 
Y 20. decreases from 9.5 to 7 mole percent over the 
same temperature interval. 

RI 7438. Phase Relations in the AI~aline ~arth Fluoride-Yttria 
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Systems. (In Three Parts) 2. The BaF ... Y,03 Phase 
Diagram, by Laurance L. Oden, Philip E. Sanker, Her­
bert R. Babitzke, and Donald H. Sumner. October 
1970. 7 pp. 4 figs. The Bureau of Mines is devel­
oping melting data for binary combinations of the 
alkaline earth fluorides and yttria to facilitate the 
formulation of slag composition. Liquidus and solidus 
.temperatures and solid solubilities were determined 
for the BaF,-Y20. system, and the information is 
presented as the phase diagram. 

The phase diagram was constructed from data 
obtained by ceramography, X-ray diffraction, and 
thermal analysis of specimens encapsulated in small 
molybdenum ampoules. The data indicate a simpl~ 
eutectic system with maximum terminal solid solu­
bilities of less than 1 mole percent. The eutectic 
temperature is 1,343° C, and the composition of the 
eutectic is less than 1 mole percent Y,O •. 

RI 7439. Radiant Heating of Coal Dust Clouds by Flames in 
Coal Mine Galleries, by J. M. Singer, and E. B. 

Cook. October 1970. 15 pp. 8 figs. Approximate 
equations were used to compute the radiant heating 
of float coal dust by approaching flames for various 
combinations of particle size, dust path length (flame 
travel distance), flame temperature, dust concentra~ 
tion, flame speed, and flame length. The computed 
values of degree of radiant heating and flame travel 
distance for preheating the coal dust should be useful 
for estimating the increased fire hazard of different 
coal dust-flame parameters. Some findings relating 
to coal mine disaster control are-(I) Coal dust 
clouds cannot be preheated to ignition temperatures 
by flame radiation alone when deflagration speeds 
are greater than about 10 m/sec. Thus it appears 
unliKely that radiation alone will cause flames 
propagating in dust clouds to accelerate to detona­
tion velocitIes. (2) Small particles in the radiation 
flame zone caused by burnout and soot formation 
increase the degree or preheat significantly. (3) The 
concentration of float coal dust (radii = 3 to 40 
microns) for maximum radiant heating usually 
peaKS in the range 50 to 200 mg/liter of air. 

RI 7440. Electrophoretic-Specific Gravity Separation of Pyrite 
From Coal, Laboratory Studies, by K. J. Miller 

and A. F. Baker. October 1970. 12 pp. 6 figs. A 
laboratory electrophoresis column was designed to 
separate pyrite from fine coal by utilizing an ob­
served difference in the electrophoretic mobilities of 
the two materials in water. The apparatus worked 
well when tested with synthetic mixtures of coal and 
pyrite, but some modifications in design and pro­
cedures were necessary to provide a sharper separa­
tion. After these changes were made, the column 
was tested with a high-pyritic-sulfur raw coal sam­
ple. The column successfully fractionated the sam­
ple, removing not only the pyritic refuse, but a sili­
ceous refuse as well. 

RI 7441. Diffusion Studies of Light Hydrocarbon Gases 
Through Coal, by F. S. Karn, R. A. Friedel, 

and A. G. Sharkey, Jr. October 1970. 11 pp. 7 
figs. Measurements were made of the flow of he­
lium, methane, ethane, butane, and toluene through 
thin disks of coal. All measurements were made on a 
dense layer in the Pittsburgh seam identified as 
attritus. Flow increased with pressure differential 
and temperature. At room temperature and a pres­
sure differential of 1 atmosphere flow rates along 
the bedding plane of Pittsurgh seam coal were he­
lium 881 X 10-10 cm'sec-\ methane 1.2 X 10-'0 
cm'sec-" ethane 0.54 X 10-'0 cm'sec-" n-butane 0.35 
X 10-10 cm'sec-1

, and toluene 3.8 X 10~10 cm'sec-1• 

Flow rates were 50 percent lower across the bedding 
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plane of the coal than along the bedding plane. Ac­
tivation energies were 3.9 kcal mole-1 for helium and 
13.6 kcal mole-' for methane, with diffusion meas­
ured either along or across the bedding plane. 

RI 7442. Structural Models for the Design of Mining Systems • 
Encasement of Strain Gage Networks in Epoxy, by 

John R. Zelonka, R. J. Kline, and D. W. Mitchell. 
October 1970. 31 pp. 21 figs. Models made by en­
caSing strain-gage networks in epoxy are. described 
and evaluated. With this technique relatIvely com­
plex models can be construc.ted in wh.ich any number. 
of gages can be located aImed p.reclsely. Although 
the gages are an integral part of the model matrIx, 
they create no important mechanical or thermal 
stresses . 
• Model construction techniques and experimental 

data proved reproducible and reliable. In addition, 
the solution obtained with these models to the prob­
lem of the state of stress around a circular hole in 
a plate subject to a plane stress condition was in 
agreement with theoretical, photoelastic, and finite­
element solutions. 
RI· 7443. Optimization of Carbon Deposition Experiments in 

Thermal Oil Recovery by Statistical Analysis, by 
A. W. Effinger and L. A. Schrider. November 1970. 
1'{ pp. 2 figs. The Bureau of Mines used regres­
sion analysis and applied statistical methods in an 
effort to rationalize the results of an experiment 
examining the effects of certain variables on carbon 
deposition in a reservoir for thermal recovery of 
petroleum. Although none of the 15 trials of the 
original experiment resulted in the response of 
weight-percent of carbon regarded by the experi­
menter as adequate, values calculated using canonical 
analysis in two trials yielded responses 33 and 54 
percent higher than the minimum acceptable figure. 
. The actual responses differed by less than 3 and 6 
percent, respectively, from the predicted responses. 

Methods are described for defining a path of in­
creasing response based on the minimum point and 
the response surfaces and for defining a set of 
values tor the parameters in question, which result 
in mcreased response. A detailed explanation of 
the mathematical process used in this analysis is 
presented in the appendix for ease in computer 
programing the technique. 
RI 7444. An Improved Method and Apparatus for Analysis 

of Impurities in Helium, by David E. Emerson, 
C. A. Hoffman, and G. W. Weems. November 1970. 
10 pp. 5 tigs. An improved method and apparatus 
for determining the impurities in helium by precon­
centration and subsequent analysis by mass spec­
trometry are described. Pro concentration of the im­
purities is accomplished by passing a known volume 
of helium, at slightly above atmospheric pressure, 
through a metal coil and trap assembly immersed 
in liquid helium. The concentrated impurities are 
then analyzed by mass spectrometry. This method 
can detect impurities in the range of 0.01 to 600 ppm 
with an accuracy of better than ±0.05 ppm at the 
I-ppm level. One operator can analyze 15 samples 
in an 8-hour day. 

RI 744S. Dawsonite and Nahcolite Analyses of Green River 
Formation Oil-Shale Sections, Piceance Creek Basin, 

Colorado, by Neil B. Young and John Ward Smith. 
November 1970. 22 pp. 8 figs. Analytical results 
for nahcolite, dawsonite, total extractable alumina, 
and oil yield are presented for samples representing 
Green River. Formation oil shales in the saline sec­
tion of two cores from Colorado's Piceance Creek 
basin. Analyses are also reported for samples ex-
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tending the analyzed section of Colorad9 corehole 
1"0. 0 oeyond that reported previou§ly. These data 
permIt evalUatIOn OI the deposit lor posslOie pro­
ductIOn of three coproducts-shale 011, alumma, and 
sodIum caroonates-lrom the salIne sectIOn of the 
Iormation et these sampled points. 

RI 7446. Control of the Dust Explosion Hazard on Coal Mine 
Shuttle-Car Runways, by John Nagy, Edward 

M. Kawenski, and Edward A. Barrett. No~ember 
1970. 16 pp. 7 figs. Large-scale tests In the 
.tSureau of Ivlmes Experimental Coal Mine show that 
the explosion hazard of coal dust on shuttle-car road­
ways can be controlled by proper application of 
water dry rock dust, a saturated solution of am­
moniu'm phosphate, or mixtures of water or the 
water-phosphate solution with rock dust. 

The experiments were made with loadings of 1.0 
and 5.0 pounds of mine-size coal dust per linear foot 
of entry, and with a 3- or 4-inch-thick layer of c?al 
rubble on the floor. The data from the tests WIth 
mine-size coal and rubble are comparable. The water 
contents of the dust loading were determined from 
samples collected just prior to initiation of a gas­
air mixture in an ignition zone at the face. Dust 
samples were collected 1 inch deep from the coal-
rubble deposit. . . 

One experiment was made WIth the dust In the 
coal rubble bound with latex applied as a water 
solution by spray. The binding action was inadequate 
and explosion propagation was obtained. 

RI 7447. Photographic Calibrations for Emission Spectrog-
raphy Using a Small Computer, by R. J. Heem­

stra. November 19~0. 12 pp. 2 figs. A. method 
was developed for calibrating photographIc ~m.ul­
sions and retrieving working curves for emISSIOn 
spectography. The values obtained from a digital 
readout or a recorder chart of a comparator-mlcro­
photometer are. converted t? l.ight intensi~y values 
using an emulSIon. chara<:te~Istic curve derived from 
a quartic polynomI::1 prehmma~y curve. The charac­
teristic curve, conslstmg of SeIdel .tra:nsform vers~s, 
the logarithm of intensity, is splIt mto two CUbIC' 
polynomials at the zero value o~ the. transfor~, re­
sulting in eight emulsion calIbratIOn coeffiCIents. 
These methods allow use of the calibration curves 
even at very small and very high intensities, thus 
extending the range of analysis. Use of a small 
computer allows rapid calculations. A computer pro­
gram was written to ~orl!lulate,. c~de, and file each 
working curve along WIth ItS st.atlst!cal .error. ~roper 
coding of the input data permIts the dIrect p.rmto~t 
of the concentration of the elements under mvest!­
'gation. 

RI 7448. Hazards Associated With the Spillage of Liquefled 
Natural Gas on Water, by D. :::l. Burgess, J. N. 

Murphy, and M. G. Zabetakis. November 1970. .22 
pp. 1'/ figs. An investigation of the hazard of spII~­
age of liquefied natural gas (LNG) onto water IS 
described. About 2,000 gallons of LNG were con­
sumed in various tests. The initial vaporization rate 
of LNG following spillage was found to be 0.037 
Ib/fF sec; when the spill was confined, this vapori­
zation rate was moderated after about 20 seconds 
by the growth of an ice layer on the water surface; 
when the spill was unconfined, a coherent ice floe 
was' not observed and the vaporization rate was es­
sentially time independent. The maximum diameter 
(in feet) of the spreading LNG pool was found to 
be given by 6.25 Wo"/3, where Wo is the weight of 
LNG in pounds. Downwind of a natural gas source, 
time-averaged methane concentrations were given in 
good approximation by standard air pollution e,Qua-

tions. However, peak concentrations w~re as muc~ 
as twentyfold higher than average, addmg an addI­
tional factor to the assessment of hazard. The effect 
of layering by the cold vaporized natural gas was 
s1milar to the effect of a temperature inversion on 
normal gases in the atmosphere. Small-scale explo­
sions were observed on pouring LNG onto a water 
surface; no single explanation seems pertinent to all 
01 the Incidents observed. 

RI 7449. A Method for Estimating Strength of Rock Contain-
ing Planes of Weakness. by !<'rank G. Horino 

and Merlyn L. Ellickson. November 1970. 29 pp. 
22 figs. 'l'his report presents a method of utilizing 
the t.:oulomb strength criteria for estimating the 
strength and stability of pillars and pit slopes con­
taining planes of weakness. It is assumed that the 
Coulomb theory, as a special case of the Mohr en­
velope, is a satisfactory first approximation of 
failure in uniaxial compression or triaxial loading 
with l~w lateral loads. Accepting this assumption 
for brittle materials, an expression for the strength 
decrease of rock pillars containing a plane of weak-' 
ness or fracture at any angle of orientation is de­
rived. 

As few as six samples (three solid cores and three 
fractured cores at a failure-oriented angle) are 
required for testing uniaxially and triaxially to 
statistically determine the coefficients of friction 
and the shear strengths of both the solid rock and 
the fracture plane and the range of failure angles 
of the fracture plane. Interpretation of the data 
shows 'that the mean normal stress and maximum 
shear stress technique of analyzing the data is su­
perior for solid core and that shear and normal 
stress values using angles of failure should be used 
for fractured specimens with failure-oriented angles. 
Plots of either the strength or strength ratios 
against fracture angles obtained from oriented drill 
core samples give a useful first approximation of 
strength decrease due to fracture. Using the same 
test conditions for both fractured and unfractured 
material increases the validity of the tests. 
RI 7450. Heats of Solution and Formation of Oxalic Acid and 

Some Alkali Metal Oxalates, by Mary H. Brown 
and Arthur R. Taylor, Jr. November 1970. 13 pp. 
The heats of formation of oxalic acid and sodium, 
potassium oxalates, and lithium oxalates were re­
lated by solution calorimetry to the heat of forma­
tion of (COOH).· 2H.O, a value believed to be re­
liable as reported in the literature. The following 
heats of formation were determined: (COOH).(a), 
-198.1±0.1; (COOH).(,B), -197.8±0.1; Li.C.O., 
-328.7±0.4; Na2C20., -316.2±0.1; K.C.O., -321.9 
±0.2; and K.C.O.· H20, -393.5±0.2 kcallmole. The 
heat of the crystalline transformation (COOH). 
(a) ~ (COOH).(,B) was determined to be O.30±0.02 
kcal/mole at 298.15° K. 

RI 7451. Mechanics of Seafloor Penetration by an Axisym-
metric Tube: Static Penetration Studies, by Oleg 

Terichow. November 1970. 15 pp. 8 figs. The 
Bureau of Mines studied the penetration of a slender 
cylindrical tube into a sand bed, simulating seafloor 
material under the application of a static load. The 
factorial experimental design was based on three 
factors: tube diameter, geometry of penetrating bit, 
and seawater saturation of sand, all of which were 
found to be significant in influencing the depth of 
penetration. The geometry of the penetrating bit, 
or shoe, is of major significance in the mechanics of 
penetration and should be considered the most im­
portant factor for additional study. Linear regres­
sion analyses of the load-penetration data show that 
the relationship is linear. 
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RI 7452. Colorimetric Determination of Beryllium in Coal, by 
Roy F. Abernethy and Elizabeth A. Hatt­

man. November 1970. 8 pp. This report describes 
a method developed by the Bureau of Mines for the 
determination of beryllium in coal ash. Samples are 
put into solution by standard wet chemical proce­
dures. Interfering elements are complexed with 
Na,EDTA, and the beryllium is separated by extrac­
tion of its acetyl acetone complex with chloroform 
or carbon tetrachloride. Final determination is made 
with Beryllon II. 

RI 7453. Precipitation Strengthening of Pb-Cd-Sb Alloys, by 
M. M. Tilman. November 1970. 10 pp. 

7 figs. The Bureau of Mines investigated the pre­
cipitation strengthening of lead-base alloys contain­
ing 0.5 through 4 weight-percent combined Cd plus 
Sb. The Cd and Sb were alloyed in a 1-to-1 atomic 
ratio which maintained compositions along the quasi­
binary section Pb-CdSb. Tensile properties, creep 
rates, and stress-rupture values were obtained on 
alloys in the aged condition. The highest tensile 
strength was observed in an alloy of Pb-3 CdSb. 
After aging for 6 months at 90 0 ±3° F, this alloy 
had a mean tensile strength of 8,950 psi with 15-
percent elongation. An aged alloy of Pb-1 CdSb 
exhibited a steady state creep rate of 1.2 X 10-3 per­
cent per day at a stress of 500 psi and a temperature 
·of 90 ° ±3 ° F. Times to rupture at stresses up to 
4,000 psi and at a temperature of 90 0 ±3° F were 
obtained for some compositions. 

RI 7454. Utilization of Red Mud Residues From Alumina Pro-
duction, by Oliver C. Fursman, James E. 

Mauser, M. 0. Butler, and W. A. Stickney. Novem­
ber 1970. 32 pp. 13 figs. The Bureau of Mines 
undertook this investigation to study methods of 
utilizing red mud residues from production of 
'alumina from bauxite. Pilot-plant tests were con­
ducted using Jamaican and Surinam red muds. Both 
the carbon-lime-soda sinter process and electric-arc 
smelting with coke and limestone were employed to 
recover iron and alumina. Alumina recoveries of 85 
to 90 percent were obtained by the sinter process; 
although iron recovery was about 80 percent, the 
magnetic product was finely divided and difficult to 
separate from the gangue. Smelting red muds in 
the electric-arc furnace produced a pig iron with 
98-percent recovery of iron; up to 84 percent of the 
AI,O, was recovered by leaching the calcium alumi­
nate slag with Na2CO. solution. A titania product 
assaying 96 percent TiD2 was recovered from the 
nonmagnetic portion of Surinam red mud sinter by 
extraction with H2SO.. Leached calcium aluminate 
slags and brown mud (from the combination Bayer 
process) are possible raw materials in the manu­
facture of p<;lrtland cement. 

RI 7455. Characteristics of Electrowon and of Hydrogen-
Reduced Molybdenum Powder and Sheet, by E. F. 

Ferrell and H. G. Iverson. December 1970. 28 pp. 
9 figs. Electrowon molybdenum powders and a com­
mercial hydrogen-reduced powder, all with different 
minor impurities, were investigated by the Bureau 
of Mines with respect to inherent properties, to fabri­
cation techniques, and to properties of the fabricated 
sheet. Compared with the commercial hydrogen­
reduced powder, the electrowon powders had a larger 
particle size, a greater flow rate, a higher apparent 
density, and a lower oxygen content. Sheet materials 
prepared from the two types of powders showed 
similar mechanical properties, under the same con­
ditions of heat treatments, except for low-tempera­
ture ductility. Yield strengths varied with carbon 
content, heat treatment, and test temperature. 
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RI 7456. A Torsion Creep Tester for Metals and Alloys Using 
Electromechanical and Servomechanical Instrumenta­

tion, by Alfred E. Schwaneke, Vernon R. Miller, and 
Robert W. Nash. December 1970. 13 pp. 5 figs. 
A ver~atile torsion creep tester was instrumented 
with electromechanical and servomechanical compo­
nents to operate automatically and unattended, pro­
ducing digital printed outputs. The apparatus uses 
an electrical system for applying torsional stresses, 
and a unique angular transducer as a null detector 
operating a servocontrolled strain measuring system 
with the digital readout. The tester is designed to 
measure the creep in single-crystal or polycrystalline 
zinc, zinc alloys, mag-nesium, magnesium alloys, or 
other metals and alloys. Applied stresses may be 
varied from zero up to 2,000 psi in the outermost 
fibers of a Ys-inch-diameter, 4-inch-Iong specimen. 
Strain readings to 0.001 degree, equivalent to a 
strain of 2.73 X 10-7, may be made automatically 
from one every 5 seconds to one per month. The 
apparatus has provisions for programmed temper­
ature control and special atmospheres or vacuum 
operation. A discussion of applications of the sys­
tem to other mechanical testing apparatus is in­
cluded. 

RI 7457. Hydrogen Flare Stack Diffusion Flames: Low and 
High Flow Stabilities, Burning Rates, Dilution Limits, 

Temperatures, and Wind Effects, by J. Grumer, A. Stras­
ser, J. M. Singer, Patricia M. Gussey, and Valeria R. 
Rowe. December 1970. 34 pp. 12 figs. The Bu­
reau of Mines, under the sponsorship of the Space 
Nuclear Propulsion Office, conducted a laboratory­
scale hydrogen safety study which determined sev­
eral combustion characteristics of hydrogen diffusion 
flames. Experiments show that ambient air may 
enter the top of a hydrogen flare stack when the 
hydrogen flow is low. A new concept, supported by 
photographic evidence, predicts that diffusion flames 
burning in air on a wide, upright pipe (stack) and 
fed with slow, upward flows of buoyant gas will in­
duce a downward flow of air along the walls of the 
pipe that can support combustion within the pipe. 
Predicted flamedip limits agree roughly with ex­
perimental values determined on 6-, 12-, and 18-
inch-diameter stacks and increase with increasing 
stack diameter. . 

Measurements were made of the limiting flow at 
which a hydrogen diffusion flame blows out in still 
air. By means of an empirical application of the 
critical boundary velocity gradient concept, these 
data lead to a blowout limit of about lOS reciprocal 
seconds for a hydrogen diffusion flame. Burning 
rates of large hydrogen diffusion flames ranging 
from about 0.03 to 1 ft/sec were used to predict 
approximate flame heights on flare stacks. Tem­
peratures of larger hydrogen diffusion flames up 
to about 3,600° F were observed, but the most rep­
resentative values appears to be about 2,600° F. It 
was found that crosswinds do not strip significant 
amounts of unburned hydrogen from its diffusion 
flame and that water-cooled flare stacks are not likely· 
to be damaged when flame is blown back into them 
by' opposing winds. 

RI 7458. Yttria and Dysprosia as High-Temperature Thermis-
tor Materials, by Garrett R. Hyde, Edwin E. 

Maust, Jr., and LeRoy R. Furlong. December 1970. 
8 pp. 2 figs. Sintered yttria and sintered dysprosia 
can be used to make single-component thermistors 
having typical thermistor geometries and operable 
in the temperature range 500° to 1,200° C. How­
ever, at these temperatures, instability of platinum 
electrodes can contribute a slight aging effect if 
>he thermistor is kept near 1,200° C for long pe-
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riodE. Typical characteristics at 500 0 C for an yttria 
disk thermistor 12 mm in diameter and 2 mm thick 
are a resistance of 12.4 megohms and a temperature 
coefficient of resistance of -3.8 percent per 
degree C. Typical characteristics at 500 0 C for a 
dysprosia thermistor of the same dimensions are a 
resistance of 1.84 kohms and a temperature coeffi­
cient of resistance of -1.6 percent per degree C. 

RI 7459. Chemical Reactions in the Roasting of Copper Sul-
fides, by 1. D. Shah and S. E. Khalafalla. 

December 1970. 21 pp. 13 figs. The Bureau of 
Mines investigated the sequence of principal chem­
ical reactions taking place during the roasting of 
covellite (CuS). Practically all covellite is converted 
to digenite (Cu"S) before oxidation to Cu,O begins. 
Part of the Cu,O is then converted to CuO, which 
in turn forms CuSO, through CuO· CuSO, as an 
intermediary. CuSO, and CuO • CuSO, decompose at 
600 0 to 700 0 C to yield CuO and S03 (g) as final 
products. An overall mechanism is proposed for 
chemical reactions occurring at different interfaces 
of partially oxidized CuS pellets. 

1:1 7460. Surface Areas of Thermally Treated Cadmium Sui· 
fide Powders, by Roy L. Wilfong and Gar­

rett R. Hyde. December 1970. 15 pp. 2 figs. Sur­
face area measurements were conducted on cadmium 
Eulfide powders following thermal treatments at 
temperatures up to 500 0 C and treatment times up 
to 1 week. Thermal treatments at temperatures up 
to 300 0 C produced no significant changes in the 
surface area of the powders even after 1 week of 
exposure. At 500 0 C some decomposition of the 
cadmium sulfide occurred. 

RI 7461. Batch Reduction of Iron Ore in Fluidized Bed, by 
John P. Hansen, J. E. Berryhill, and J. A. 

Aufman. December 1970. 25 pp. 19 figs. Batches 
of red or brown iron ore concentrates, weighing 100 
or 200 grams, were reduced with gaseous reductants 
in a laboratory-sized fluidized-bed reactor. Using a 
IOES of weight technique, the rates of reduction were 
measured and the effects of temperature, gas con­
sumption, and gas flow rates were determined. 
Below about 725 0 C the rate of reduction was con­
trolled by the chemical reaction at the reduction 
interface having an activation energy of about 10 
kcaIlg mole. Above about 725 0 C the rate of re­
duction appeared to be controlled by the flow of fhe 
gaseous reductant and therefore to be directly pro­
portional to the flow rate. Above 725 0 C, hydrogen 
reduced the iron ore much faster than carbon mon­
oxide. In gas mixtures, carbon monoxide or nitrogen 
reduced the hydrogen partial pressure and lowered 
the reaction rate proportionally. When present in 
large concentrations, carbon monoxide had a serious 
inhibiting effect on the reduction rate, probably 
owing to carburization and sintering of the reduced 
iron. . 
RI 7462. Mine Roof Vibrations From Production Blasts, Shulls-

burg Mine, Shullsburg, Wis., by James J. Olson, 
Richard A. Dick, David E. Fogelson, and Larry R. 
Fletcher. December 1970. 35 pp. 18 figs. The 
Bureau o;f Mines recorded both particle accelerations 
and velocities from one-stick and production blasts 
at Eagle-Picher Industries' Shullsburg mine, Shulls­
burg, Wis., to test the effectiveness of square root 
scaling in grouping underground blast vibrations and 
to determine the effects of rock type and mine geom· 
etry on blast .vibrations. Although the charge 
weights of subsequent delay periods sometimes ex­
ceeded the charge weight of the zero-delay period, 
both acceleration and velocity records showed that 
the zero-delay portion of the Shullsburg production 
blasts produced the highest vibration amplitudes. 

Because of the restricted range of charge weights 
in the Shullsburg experiments, no statistical determi­
nation of an appropriate scaling factor could be 
made. However, the square root scaled peak par­
ticle velocity data from the Shullsburg production 
blasts grouped well within the approximate band 
width of vibration data obtained by the Bureau from 
quarry blasts in many different rock types. This 
indicates that scaling by some factor, perhaps the 
Equare root or cube root of the charge weight, may 
be an effective way to group and study vibration 
data from underground blasts. Further research is 
needed to determine which scaling factor is best 
for underground blasting. 

RI 7463. Roll Forming Strip From Oxide Powders, by Henry 
M. Harris, Bob L. Forkner, and Hal J. 

Kelly. December 1970. 24 pp. 5 figs. The roll 
forming of oxide powders was studied in a Bureau 
of Mines investigation to find the conditions and 
parameters required to make satisfactory ceramic 
strip. High-quality porous or dense alumina, zir­
conia, and porcelain shapes were made by sintering 
strip roll-formed at room temperature from powders 
containing minor amounts of binder and water. 
Strips with thicknesses of 0.04 to 0.08 inch and 
bulk densities from 40 to 90 percent of theoretical 
densities were made. The parameters most impor­
tant to formability were particle size, condition of 
the powders, and roll gap. Other factors affecting 
quality were speed and surface condition of the rolls, 
amount and type of binder, water content, and sin­
tering conditions. Ceramic strip was formed at 
rates up to 78 feet/minute, which is 13 to 23 times 
faster than reported by previous investigators, and 
forming was done in a simple and inexpensive roll 
unit. Reshaping the strip was possible by cutting, 
grinding, shearing, and stamping. 

The following innovations were developed that 
allow roll processing not normally possible with 
ceramic powders: (1) Fine-sized powders were made 
into strip by preparing these as partiallv sintered 
granules; (2) thick strip was formed by. pressu~e 
feeding powders into the rolls; (3) fleXIble strIp 
was made using a rubber-base bonding agent; (4) 
corrugated strip was formed on shaped rolls; and 
(5) porcelain strip was densified and reduced in 
thickness by rerolling while hot. 
RI 7464. Malononitrile Extraction of Gold From Ores, by 

H. J. Heinen, J. A. Eisele, and B. J. 
Scheiner. December 1970. 11 pp. 3 figs. Malo­
nonitrile [CH.(CN).], which forms a carbanion,in 
basic solutions, was investigated as a potent,lal 
leachant for gold and was shown to be an effective 
extractant in alkaline pulps. Malononitrile was com­
parable to equal molar quantities of sodium cyanide 
(NaCN) in leaching gold from an oxide ore and 
yielded 10 to 20 percent higher recovery in leaching a 
refractory carbonaceous ore, although dissolution 
was slower with malononitrile than with cyanide. 
Complete recover.y of the gold. f~om. the .pregnant 
solutions was achIeved by copreclpltatlOn WIth a lead 
salt on zinc dust; the leachant was shown to be 
capable of regeneration and recycling a limited nUl!l­
ber of times. Addition of an anion-exchange resm 
to the carbonaceous pulp containing malononitrile 
increased gold recovery from 67 to 95 percent. Some 
malononitrile derivatives were also shown to be gold 
solvents. 

RI 7465. Evaluation and Comparison of Red Fork Sand Water 
Flood Projects in Oklahoma, by Kenneth H. 

Johnson. December 1970. 45 pp. 2 figs. Infor­
mation on oil and water production, volume of water 

49 



REPORTS OF INVESTIGATIONS 

injected, core analyses, and well completion data was 
collected on 28 Red Fork sand water-flood projects 
for comparison and evaluation of results. An ave"r­
age water injection efficiency of 35 percent, an aver­
age water-injected to oil-produced ratio of 16.8 :1, 
and an average loss outside the flood pattern of ap­
proximately 45 percent of the injected fluid resulted 
in an oil recovery to January 1, 1969, of only 5.6 
percent of the pore volume, or 9.1 percent of the 
initial stock-tank oil in place. The principal causes 
of poor oil recovery from these projects are the 
losses of large quantities of injection water from 
the flood patterns through oriented, natural fracture 
systems or zones of high permeability and excessive 
channeling of injection fluids from input wells to oil 
wells. For more efficient operation and a higher 
percentage of oil recovery from the Red Fork sand 
and other low-permeability-sand waterflood projects, 
directional orientation of both induced- and natural­
fracture systems should be determined during early 
development. The success of a low-permeability-sand 
waterflood project depends to a large extent upon 
the orientation of the injection wells with the frac­
ture system. Work done in cooperation with the 
State of Oklahoma. 

RI 7466. A Comparison of Sublimation and Vaporization for 
Purification of Samarium Metal, by J. E. Murphy, 

E. Morrice, and M. M. Wong. December 1970. 
12 pp. 3 figs. Purification of samarium metal by 
sublimation and by vaporization from a low-melting 
metal flux, at the same temperature, were com­
pared. Vaporization proved more effective for re­
moving impurities such as magnesium, calcium, and 
manganese. Recovery of samarium, however, is 
more rapid by sublimation because of its constant 
rate of distillation. 

RI 7467. Washability Examinations of Colorado Coals, by 
Albert W. Deurbrouck. December 1970. 

44 pp. 1 fig. This Bureau of Mines report de­
scribes the washability characteristics of 13 coal bed 
samples collected in Colorado. Such data are needed 
to evaluate the quality of the coals of the West, 
where most of our low-sulfur-content coal reserves 
are found. Of the 13 samples included in this re­
port, 11 had a total sulfur content of 1 percent or 
less. All of the samples contained low percentages 
of ash or could be readily washed to a desirable ash 
level with minimal loss of yield. The coals ranged in 
rank from high-volatile A bituminous to subbitumi­
nous B' nine of the samples were high-volatile C bi­
tumino~s. The coal beds ranged in thickness from 6 
to 26 feet; the average was about 8 feet. 

RI 7468. Vapor-Uquid Equilibria Data for the Helium-
Nitrogen System as Predicted by the .Van Der 

Waals Equation of State, by B. J. Dalton and Robert E. 
Barieau. 1971. 184 pp. 9 figs. The Bureau of Mines 
"Helium Research Center has developed a computer 
program for solving two· phase equilibria data for binary 
mixtures and for evaluating thermodynamic functions of 
interest, including all critical points. This computer 
program was used to calculate equilibrium points on the 
PVTu surface for the helium.nitrogen system as pre· 
dicted by the Van der Waals equation of state. Numerical 
values are tabulated and illustrations are presented for 
1,279 equilibrium points and for quantities needed to 
construct Ponchon diagrams. Equilibrium ratios as a 
function of pressure at constant temperature and of 
temperature at constant pressure are also shown graph­
ically. In addition, saturated partial molal volume and 
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partial molal enthalpy data are given. It is shown that 
the Van der Waals helium·nitrogen system exhibits 
retrograde condensation of the second type for liquid 
helium concentrations of about 0.07 mole fraction or 
less and pressures below about 45 atm. It is also shown 
that the critical point is at a maximum yalue of pressure 
(at constant temperature) and of temperature (at can· 
stant pressure) . (Out at print.) 

RI 7469. Waterflooding of Oilfields in Wyoming to 1968, 
by Paul Biggs and Charles A. Koch. Decem· 

ber 1970. 147 pp. 32 figs. This Bureau of :\Iines report 
provides information on 138 waterflood projects in 
Wyoming. Injection was in 25 producing zones and 65 
fields. -Specific data presented include field location, 
discovery and development, water supply and injection. 
oil and water production. estimates of oil in place. and 
oil recoveries by primary and secondary methods. 

RI 7470. Microseismic and Displacement Investigations in an 
Unstable Slope, by RlIymond M. Stateham and 

John S. Vanderpool. January 1971. 22 pp. 20 
figs. Microseismic noise rates and slope movements 
were measured in an unstable area along the north 
wall of the Tripp-Veteran pit, Kennecott Copper 
Corp., Ruth, Nev. Low-noise, wide-band microseis­
mic geophones were located at various points in the 
wall, and the change in distance across open frac­
tures, resulting from instability, was determined by' 
repeated measurements between .fixed points set on 
each side of the fractures. The microseismic noise 
rate increased and decreased with corresponding in­
creases and decreases in the rate at which the frac­
tures opened. The microseismic noise rates and 
changes in width of the fractures show excellent 
agreement, and the two types of measurements com­
plement each other in monitoring the progress of pit 
wall failure. 

RI 7471. Recovery of Uranium From Natural Mine Waters by 
Countercurrent Ion exchange, by J. R. Ross and 

D. R. George. January 1971. 17 pp. 11 figs. Re­
covery of uranium from. slightly ~lka~ine mine water, 
available in the AmbrOSIa Lake dIstrIct of New Mex­
ico was studied using countercurrent ion exchange 
col~mns developed by the Bureau of Mines. Approxi­
mately 5 million gallons of mine water containing 
9 to 12 ppm UaO. was treated by ion exchange using 
a 14-inch-diameter absorption column composed of 
five or six compartments each 4 feet deep. Uranium 
recoveries averaged in excess of 98 percent at solu­
tion flows ranging from 15 to 25 gallons per square 
foot per minute and resin loadings up to 3.6 pounds 
Of UaO, per cubic foot. 

In subsequent tests, loaded resin was continuously 
eluted in a countercurrent elution column with a 
diameter of 4 inches and containing a bed of resin 
9 feet deep. The resin was eluted to a resi?ual load­
ing of less than 0.06 pound of UaOs per CUbIC foot, at 
a resin-retention time of 224 minutes, using only 1.9 
volumes of 1.1 M NaCI-0.05 M NaHCOa solution per 
volume of resin. 

Compared with existing ion exchange practices for 
recovering uranium from mine waters in the Am­
brosia Lake district of New Mexico, use of these im­
proved ion exchange contactors would reduce ion 
exchange resin requirements at least 70 percent and 
allow further substantial reductions in capital and 
opera ting costs. 

RI 7472. A Graphical Method of Removing Outlier Values 
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From Analytical Data, by E. E. Remmenga and 
R. G. Burdick. January 1971. 10 pp. 5 figs. Often 
a collection of analytical data, which should reason­
ably be expected to follow the normal distribution, 
contains too many extreme values, which the experi­
menter is inclined to eliminate according to some 
arbitrary procedure. The stepwise computer pro­
cedure described for this purpose is similar to many 
other truncation procedures; however, because trun~ 
cation of a basically normal distribution causes a 
downward bias in the estimated variance, this pro­
cedure provides a graphical method to compensate 
for the bias. 

RI 7473. Processing Manganiferous Sea Nodules, by P. T. 
Brooks and D. A. Martin. January 1971. 

19 pp. 5 figs. Mineral nodules from the ocean floor 
represent a vast potential source of manganese, 
nickel, cobalt, and copper. Process development 
studies to devise methods for recovering these metals 
were conducted by the Bureau of Mines using two 
types of nodules-relatively low-grade calcareous 
nodules from the Atlantic Oce~n and higher grade 
siliceous nodules from the Pacific Ocean. Ammonia­
cal carbonate leaching of reduced nodules appeared 
to have the best potential·f()r proc'essing the calcare­
ous nodules, but the method' proved to be impractical' 
for recovering manganese. Extraction of 90 percent 
or better of the nickel, cobalt, and copper showed the 
technique to be attractive for recovery of these' 
metals. 

The siliceous nodules appeared amenable to a' 
process that starts with either a sulfur dioxide leach 
or a sulfation roast followed by a water leach to dis­
solve the soluble sulfates. 

RI 7474. Recovering Elemental Sulfur From Nonferrous Min-
erals: Ferric Chloride Leaching of Chalcopyrite Con­

centrate, by F. P. Haver and M. M. Wong. January 
1971. 20 pp. 6 figs. Because of increasing con­
cern with air pollution, the Bureau of Mines has 
developed a hydrometallurgical procedure to obtain 
elemental sulfur from chalcopyrite (CuFeS,) by 
means of the following reaction: 

CuFeS, + 3FeCls '"" CuCI -+ 4FeCI. + 2S. 
Under optimum conditions, 99.6 percent.of the 'copper 
and 71.6 percent of the iron were extracted in 2 
hours from a typical mill concentrate containing 75 
percent CuFeS, and 15 percent pyrite (FeS,). At 
the same time, 68.2 percent of the sulfur in the con­
centrate was oxidized to the elemental form. The 
!each w:;.s highly selective; gangue minerals, includ­
mg PYrite, were not attacked, thus accounting for 
the r~latively low recoveries of iron and sulfur. 

RI 7475. Extraction of Copper and Nickel From the Duluth 
Gabbro Complex by Selective High-Temperature Sul­

fatization, by F. E. Joyce, Jr. January 1971. 15 pp. 
5 figs. The Bureau of Mines studied copper-nickel 
J')1inerals (mainly sulfides) of the Duluth Gabbro 
Complex in north-eastern Minnesota to determine 
their response to selective high-temperature sulfati­
zation techniques. The gabbro, containing 0.44 per­
cent copper and 0.13 percent nickel, was ground to' 
minus 325 mesh and sulfatized in a heated, rotating, 
stainless steel bench-scale retort. Tests demon­
strated that over 95 percent of the copper and 80 
percent of the nickel can be converted to water­
.soluble sulfates, depending upon the roasting condi­
tions employed. Yield equations were developed us­
ing regression analysis for predicting the extraction 
of copper and nickel between the temperature limits' 
of 520 0 to 670 0 C, the roasting time limits of 3 to 7 
hours, and SO, limits of 10 to 40 percent in SO,-air 
mixtures. 

RI 7476. Mathematical Simulation of a Gas-Solid Reaction in 
a Packed Bed: Reaction of CO2 With Coke, by 

Hillary W. St. Clair. February 1971. 29 pp. 6 
figs. This report describes an experimental met~od 
for determining parameters for the rate of reactlon 
of CO. with solid carbon. The method involves the 
simulation of a flow reactor by a mathematical model 
based on a hypothetical multistage reactor which 
permits calculation of the analyses of effluent gas 
and carbon consumed as functions of the flow rate 
and duration of the reaction. The method is applied 
to experimental data on the reaction of coke with: 
CO. in fluidized-bed and fixed-bed flow reactors. A 
method is described whereby two parameters may be 
determined simultaneously. The method involves a 
reiterative procedure that finds the values of the 
parameters that minimize the sum of squares of 
deviation between calculated and observed analyses 
of the effluent gas. 

RI 7477. Determining Seepage Characteristics. of Mill-Tailings 
Dams by the Finite-Element Method, by C. Daniel 

Kealy and Richard A. Busch. January 1971. 113 
pp. 34 figs. Finite-element, mathematical models 
that solve LaPlace's and Richard's equations numer­
ically were used to locate the phreatic surface within 
tailings pond embankments and to define the sub­
surface flow of water from the pond. Both must be 
known to design structurally and environmentally 
safe tailings dams. The permeability distribution 
within and beneath the embankment, the fluid poten" 
tial values upgradient and down gradient from the 
embankment, and the geometry and elevation of an 
approximately impermeable layer at some depth be­
neath the embankment were used as computer inputs 
in analyzing over a dozen finite-element models of 
tailings dams varying structurally from simple to 
complex. Results predicted with the finite-element 
model were confirmed with measurements in a labora­
tory model of a tailings pond and in the field. Of 
particular importance to the design of safe slopes, 
all data indicated that the phreatic surface within 
a tailings dam is concave upward, a configuration 
opposite that in most earth dams. The close correla­
tion between predicted and experimental values con­
firmed the practicability of using the finite-element 
technique to design safe tailings dams. 

RI 7478. Removing Sulfur Dioxide From Flue Gases. Re'lener-
ation Rates for Alkalized Alumina, by J. W. Town, 

J. H. Russell, and H. J. Kelly. February 1971. 24 
pp. 12 figs. The Bureau of Mines studied the ef­
fects of reducing gas composition, temperature, and 
superficial gas velocity on the regeneration rate of 
alkalized alumina. Regeneration was assumed to fol­
low the simple first order reaction for remova1 of 
sorbed SO.: du/dt = -KI-'. An Arrhenius relation­
ship can be plotted, which shows an activation energy 
of about 75 kcallmole for simulated reformed pro­
pane. The general effects of the individual gases 
can be described as follows: (1) CO and H. produced 
rates proportional to their concentrations, up to 
about 5 percent for each; (2) addition of CO. had 
no. effects. on the regeneration rate by CO; (3) the 
regeneratIO!1 rate by H. was. lowered by the addition 
of H 20 whlle the regeneratIOn rate by CO was in­
creased by H.O addition; (4) H.S showed a positive 
effect up to concentration levels of about 2 percent 
and then produced a rapid negative effect· (51 car~ 
bonyl sulfate (COS) increased the sulfu; content· 
and (6) propane was a~ effective in regenerating the 
loaded pellets as was slmulated reformed propane. . 
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RI 7479. Properties of Cast Columbia Carbide-Carbon Alloys, 
by Gene Asai, D. L. Paulson, and Hal J. 

Kelly. February 1971. 68 pp. 51 figs. Properties 
obtained for . columbium carbide-carbon castings 
ranging in carbon content from 12 to 17 weight­
:percent were compared with those of hot-pressed 
composites of similar composition. The properties 
'were oxidation resistance in static air between 500· 
and 700· C, linear thermal expansion between '20· 
and 2,400· C, electrical resistivity between 20· and 
1,500· C, microhardness between 20· and 1,500· C, 
and modulus of rupture between 1,300· and 1,800· 
C. CbC-C castings differed markedly from hot­
pressed material with respect to microstructure, elec­
trical resistivity, and modulus of rupture, but be­
haved quite similarly with respect to oxidation re­
sistance, thermal expansion, and hot hardness. 

In oxidation resistance, thermal expansion, and hot 
hardness both materials were independent of carbon 
content. Both castings and hot-pressed composites 
oxidize rapidly in air above 600· C, have thermal 
expansion coefficients very ~imilar to columbium 
metal, and the logarithm of the hardness decreases 
linearly with increasing temperature. 

The microstructures of hot-pressed composites con­
tained varying amounts of graphite in a CbC matrix 
but did not contain significant amounts of a eutectic 
structure present in all castings, nor did they con­
tain graphite needles which were present in the 
hypereutectic castings. The higher electrical resistiv­
ity of hypereutectic castings over hypereutectic hot 
pressings was attributed to the presence of highly 
oriented graphite needles in the castings.' The mod­
ulus of rupture of castings was 1 Vz to 2 times that of 
hot-pressed composites. Both materials displayed 
bend ductility above 1,800 0 C. 

RI 7480. Electrotransport of Impurities in Rare-Earth Metals, 
Using a Pulsed Current, by J. D. Marchant, 

E. S. Shedd, T. A. Henrie, and M. M. Wong. Febru­
ary 1971. 13 pp. 8 figs. Solid-state electrotrans­
port of impurities in cerium, lanthanum, and prase­
odymium, using a pulsed current,. was investigated. 
The results were compared with those of using a 
steady current. Implirities that showed appreciable 
movement with the pulsed current, but not with the 
steady current, were as follows: Molybdenum and 
oxygen in cerium, aluminum, iron, and molybdenum 
in lanthanum. The use of a pulsed current enhances 
the practical application of solid-state electrotrans­
port to remove a wider variety of impurities from 
the host metals. 

RI 7481. Continuous Heavy Liquid Concentration of Kyanite. 
by Thomas O. Llewellyn and James S. 

Browning. March 1971. 11 pp. 5 figs. Labora­
tory semicontinuous and continuous heavy liquid 
cyclone separation pilot plant tests were made to 
determine the feasibility of producing a high-grade 
kyanite concentrate from a kyanite-quartz rock sam­
ple from Graves Mountain, Ga. Use of a three-stage 
heavy liquid cyclone demonstrated that a 96.4- to 
99.0-percent kyanite concentrate could be obtained 
with recoveries of 95.5 to 96.7 percent. The test work 
showed that by steam stripping with 6.9 tons of 
steam per ton of ore and two stages of detergent 
scrubbing the residual TBE content of kyanite cy­
clone products was 0.22 pound per ton of ore. Work 
done in cooperation with University of Alabama. 

RI 7482. Heat Contents of Some Green River Oil Shales, by 
R. L. Wise, R. C. Miller, and H. W. Sohns. 

March 1971. 16 pp. 4 figs. Heat content studies 
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were conducted on burned shale, spent shale, and 
three grades of raw oil shale from the Green River 
Formation. Corrections were made for product en­
thalpies. The results were compared with previc;lUs 
work indicating good agreement below retortmg 
temp~ratures, but some differences at retorting tem­
peratures. A general equation was developed re­
lating heat content to oil-shale grade and tempera­
ture. Work done in cooperation with the University 
of Wyoming. 

RI 7483. Removing Sulfur Dioxide by Carbon Monoxide R~ 
duction, by L. A. Haas, T. H. McCormick, 

and S. E. Khalafalla. March 1971. 18 pp. 11 figs. 
The feasibility of removing sulfur dioxide by carbon 
monoxide reduction in a fixed-bed catalytic reactor 
was investigated by the Bureau of Mines. The re­
duction rate of sulfur dioxide with carbon monoxide 
was significantly dependent upon the iron and alu­
mina content of the mixed catalyst. Maximum 
catalytic activity was obtained with about 40 per­
cent iron-alumina mixture with a nominal gas mix­
ture of 10 percent carbon monoxide, 5 percent sulfur 
dioxide, and the balance nitrogen. The synergistic 
.effect of this catalyst mixture was explained by a 
dual reaction' site mechanism, with both iron and 
alumina augmenting their specific sites at their 
interparticle contacts. The catalytic activity also 
increased with decreasing catalyst pellet size. With 
0.7-mm pellets, the entire pellet appeared to be cata­
lytically active in a 2-gram catalyst bed. The ap­
parent activation energy of the reaction was 18.3 
kcal per mole in the temperature range of 350 0 to 
600 0 C. Carbonyl sulfide (COS) was produced by 
the interaction of carbon monoxide and sulfur. The 
amount decreased with decreasing CO concentration. 
The ratio of COS formed per S02 removed reached 
a maximum at about 400 0 C. The reaction rate 
appeared to be independent of SO, concentration in 
the range of 0.2 to 16 percent. The rate, however, 
increased directly with the CO concentration in the 
range of 5 to 20 percent. The presence of CO. «15 
percent) had no appreciable effect on the rate. How­
ever, not over 0.5 percent oxygen could be tolerated. 
This method appears feasible for removing SO, from 
waste gas if the oxygen is removed prior to the 
catalytic SO~ reduction process. 

RI 7434. Electrolytic Preparation of Vanadium From V,C-Type 
. Carbide. by K. P. V. Lei, and T. A. Sullivan. 
March 1971. 17 pp. . 8 figs. An electrochemical 
process was developed for the preparation of vana­
dium from vanadium carbide. Commercially avail­
able vanadium carbide (V,C) was used as the start­
ing material. Vanadium was obtained by electrolysis 
of the V,C in a BaCL-KCI-NaCI-VCI. electrolyte at 
670 0 C using a helium-atmosphere, molten-salt elec­
trolytic cell. Vanadium products were recovered 
with purities as high as 99.6 percent. Current effi­
ciencies of 87 percent and vanadium recoveries of 84 
percent were attained. The cathode products were 
amenable to electrorefining to high-purity vanadium 
of 9Jl.96-percent purity. 

RI 7485. Tungsten and Dispersion-Strengthened Tungsten 
Made by Freeze Drying. by M. J. Ferrante, 

R. R. Lowery, and G. B. Robidart. March 1971. 32 
pp. 17 figs. The Bureau of Mines investigated the 
applicability of the freeze-drying technique for pre­
paring dispersion-strengthened tungsten powders 
suitable for conversion by powder metallurgy into 
materials which might have improved high-tempera­
ture strength. Extruded rods from compacts of 
tungsten-5 volume percent thoria had at 1,650· C 
a tensile strength of 30,300 psi and a 10-hour stress-
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rupture strength of 12,700 psi. These are slightly 
belOW those measured for swaged rods of commercial 
tungsten-3.7 volume percent thoria. Only those tung­
sten-thoria dispersions containing a stoichiometric 
deficiency of oxygen yielded a significant strengthen­
ing effect. A low-melting eutectic formed in extruded 
tungsten dispersions containing either zirconia or 
yttna, which caused a lowering of the tensile 
strengths. These tensile strengths were only slightly 
higher than strengths of elemental tungsten made 
from commercial powder having a particle size of 
2.4 microns (Fisher subsieve). Sheet made from this 
commercial tungsten had a slightly higher tensile 
strength than tungsten made by freeze drying, but 
the freeze-dried tungsten sheet had a lower recrystal­
lization temperature, a lower ductile-to-brittle tran­
sition temperature, and a higher purity. 

RI 7486. Statistical Analysis of Assay Data From the Round 
Mountain Silver Prospect, Custer County, Colo., by 

George S. Koch, Jr. March 1971. 32 pp. 11 figs. 
A statistical analysis of silver assay data from 
rotary-drill-hole cuttings and diamond-drill-hole 
cores, from the Round Mountain prospect, Custer 
County, Colo., demonstrates several useful methods 
for estimating grades and tonnages of ore from the 
drilling of wide-spaced holes in disseminated deposits 
of precious metals. A new method of ore appraisal 
is introduced which estimates grade and tonnage of 
ore by calculating convex hulls (smallest convex 
polygons) for sample points with assay values above 
specified cutoff grades. 

Analyses of variance compare the consistency of 
data from rotary- and diamond-drill holes, from 
rotary-drill holes sampled at 2- and 4-foot intervals, 
from two methods of sample preparation, and from 
atomic-absorption and fire assaying. Evidently, data 
from the two types of drill holes, from holes sampled 
at the two intervals, and from different methods of 
preparation are in agreement. Atomic-absorption sil­
ver values are consistently lower than fire-assay sil­
ver values. Work done in cooperation with Round 
Mountain Associates. 

RI 7487. Method' for Controlling Instability of Liquid-Satura-
tion Camputations, by C. Kenneth Eilerts and 

Eudora F. Sumner. March 1971. 15 pp. 2 figs. 
A method is described for controlling instability in 
finite-difference computations of liquid saturation 
near the borehole of a recovery well. Differences of 
pressure- and saturation-dependent variables are in­
dexed offcenter, upstream and downstream alter,­
nately, to nrovide a stabilizing average. It was found 
that size of the time step could be increased by a 
factor of 4 without loss of numerical stability. Finite 
differences of the variables occur in a variety of 
relative numerical sizes and combinations. 'l'hose 
relationships of the differences that contribute to 
Instability may be identified by the computing pro­
gram in which they occur and modified to assist 
convergenC'e of the computations and execution of the 
partial differential equations of liquid and gas flow. 

RI 7488. Recovery of Mica From Silt Deposits in the Nolichucky 
Reservoir, Tennessee, bv Ralph B. Adair and 

Jerome O. Crabtree. March 1971. 9 pp. 2 figs. 
The Bureau of Mines conducted laboratory batch and 
small-scale continuous tests on samples of silt from 
the Nolichuckv Reservoir near Greeneville, Tenn., 
to develop a process for the recovery of commercial­
grade muscovite concentrates. Using a combination 
of Humphreys spirals for preconcentration follow.ed 
by cationic flotation, 94.5 percent of the muscovIt~ 

was recovered in a product contai?ing ~6.5 perce~t 
muscovite. Work done in cooperatIon WIth the Um­
versity of Alabama. 

RI 7489. Gold Transport by Complex Metal Chloride Vapors, 
by Judith A. Eisele, D. D. Fischer, H. J. 

Heinen, and D. G. Kesterke. March 1971. 12 pp. 
5 figs. The possibility of improving the volatiliza­
tion of gold through the formation of a metal-gold 
chloride vapor complex was investigated. Gold-silica' 
mixtures, containing ferrous and nonferrous min­
erals and salts as additives, were treated in a labo­
ratory tube furnace with a flow of chlorine gas at· 
various temperatures. Th~ addition of pyrite (FeS.) 
to a charge of gold-silica increased the volatility of 
the gold from 3, 20, and 62 percent of the total gold 
to 62, 93, and 100 percent at 200°, 300°, and 400° C, 
respectively. Chemical analyses of the condensate 
indicated the volatile species to be FeAuCI •. 

RI 7490. Analyses of Tipple and Delivered Samples of Coal 
Collected During Fiscal Year 1970, by Staff, Coal 

Sampling and Inspection. 1971. 20 pp. The Bu­
reau of Mines has been active in promoting the pur­
chase of coal for Government use under specifica­
tions that define the requirements in terms of heat­
ing value of the coal, expressed in British thermal 
.units, and the composition as shown by proximate 
analyses. To these, when required, are added the 
ash-softening temperature, the free-swelling index, 
and tile Hardgrove grind ability inde4'. Under most 
of these specification contracts the bidders guarantee 
the quality of the coal, and that guaranteed by the 
successful bidder becomes the standard of his con­
tract. The deliveries are sampled in accordance with 
instructions issued by the Bureau of Mines; the sam­
ples are analyzed in the Bureau laboratory to deter­
mine whether the coal is of the quality guaranteed 
by the contractor; if it is not, a price adjustment is 
made. Analyses of the delivered coal and tipple 
samples (samples collected liot mine tipples as coal is 
being loaded into railroad cars or trucks) provide 
valuable data for use in evaluating future bids. In 
addition, the continuous sampling of coal as deliv­
ered is a check on the practical results obtained in 
burning the coal. The Government, with the excep­
tion of the Tennessee Valley Authority, purchased 
approximately 6.0 million tons of coal in fiscal year 
1970. In connection with these purchases, the Bu­
reau analyzed 4,978 samples. These are published 
for the use of Government officials and the public. 
(Out of print.) 

RI 7491. Effects of Magnesium on the Microstructure, Hard-
ness, and Tensile Properties of Zinc Alloys Co'n­

taining 25 to 40 Percent Aluminum, by L. A. NeumeIer and 
J. S. Risbeck. March 19-71. 34 pp. 23. figs. ~he 
Bureau of Mines evaluated the propertIes of zmc 
alloys containing 25 to 40 weight-percent Al and 
o to 0.7 percent Mg. Mif!rostructures, hardness, and 
tensile properties were evaluated for material as 
extruded at 285° C, solution treated at 300° to 
400° C, and subsequently aged at 100° to 200° C. 
The alloys without magnesium are characterized by 
low hardness and strength with high tensile elonga­
tion and reduction in area. It was verified that 
magnesium effectively retards the Zn-AI eutectoid 
transformation below 275° C and markedly increases 
hardne~s and strength with decreases in ductility. 
Solution treating at 350° C results in large grain 
sizes and gross embrittlement. Subsequent aging of 
the Zn-Al-1v.Ig alloys at 200" C restores ductilIty sub­
stantially and stabilizes the structures, but strengths 
are considerably reduced. Combined strength and 

53 



REPORTS OF INVESTIGATIONS 

ductility properties are better for the as-extruded 
condition than for any heat-treated condition. There 
is usually littl~ advantage in overall tensile proper:' 
ties from increasing magnesium above 0.1 percent. 

RI 7492. Compositional Variations of the Organic Material of 
Green River Oil Shaill-Colorado No. 1 Core, by 

W. E. Robinson and G. L. Cook. March 1971. 32 
pp. 14 figs. Sixty samples, selected from a 2,300-
foot core of the Green River Formation in Colorado, 
we~e 'studied to ascertain differences in the structure 
of the organic ma~erial present in the oil shale sam­
ples. Emphasis was placed upon relating differences 
in the aromatic content 'of the insoluble kerogen and 
the alkane content of the extractable material ob­
tained from the selected samples. The methods used 
in determining these differences consisted of frac­
tionation of the soluble material, carbon and hydro­
gen analysis, volatile material determination, carbon 
residue determination, oxidation rate determination, 
and infrared analysis. In general it was concluded 
that the o.ganic material in this core does vary in. 
~chemical structure and that some of these variations 
resulted from factors related to depth of burial. 
Other observed changes in structure of the organic 
material were not depth dependent and resulted. 
'from other factors such as source material varia­
tions, biological alterations, or ecological differences. 
Work done in cooperation with the University of 
Wyoming. 

RI 7493. Radiotracer Study of Turbine Aircraft Fuel Stability, 
by M. L. Whisman, F. O. Cotton, J. W. 

Goetzinger, and C. C. Ward. March 1971. 30 pp. 
15 figs. The Bureau of Mines develop~d a radio­
tracer method for detecting the contribution of se­
lected comp9nents and additives to thermally induced 
deposits of turbine aircraft fuels. Fuels' were exam­
ined before and after 52 weeks of storage at 130° F. 
Of particular concern was the influence of aromatic 
hydrocarbon fuel constituents on thermal-stability 
quality of jet fuels during storage. A microfuel 
coker test apparatus was used to thermally stress 
the test fuels and blends, and the resultant contribu­
tion to deposits of selected fu~l components, labeled 
with carbon-14, was' determined by radioactive­
counting techniques. 

Ninety-one blends of five test fuels with carbon-14-
labeled fuel additives or components were prepared, 
tested, stored for 52 weeks at 130° F, and reanalyzed 
for deposit-forming tendency. These additives in­
cluded two antioxidants, a metal d,eactivator, and a 
corrosion inhibitor .. Of .the labeled hydrocarbon fuel 
systems studied, the greatest reaction was observed 
in blends containing methyl- and ethyl-substituted 
indenes. Other aromatic types also showed some 
contribution to the deposits. Three of the additives 
showed a marked tendency to degrade and react 
during storage and thermal stress. A cresol anti­
oxidant, however, barely contributed to deposit for­
mation. Oleic acid interacted with cadmium present 
in aircraft fuel systems and produced deleterious 
effects upon the thermal-stability quality of the fuel. 
Work done under an agreement with the Aero Pro­
pulsion Laboratory, Research and Technology Divi­
sion of the Air Force, Wright-Patterson Air Force 
Base, Ohio. 
RI 7494. Effect of Organic Additives on Impregnated Dia-

mond Drilling, by K. C. Strebig, A. Aly Selim, 
and C. W. Schultz. March 1971. 31 pp. 27 figs. 
The' effect of some organic additives in diamond 
drilling of quartzite was investigated in the labora­
tory with a drill instrumented to measure the rate 
of penetration, the thrust, and the torque and to 
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record each as a function of the distance drilled. A 
statistical plan was followed throughout the inve~ti­
gation, and an equation representing the bit per­
formance was derived from the mathematical theory 
of reliability. The coefficient of friction in drilling 
increased with the use of additives, although the 
wear coefficent decreased. The decrease in wear 
associated with an increase in energy per unit vol­
ume consumed and the increase in penetration rate 
resulted in a net decrease in the cost per foot of 
drilling. A hypothesis explaining the effects achieved 
with the additives is given. 

RI 7495. Statistical Analysis of Gold Assay and Other Trace-
Element Data, by Richard F. Link, George S. 

Koch, Jr., and John H. Schuenemeyer. April 1971. 
127 pp. 22 figs. The principal procedures for the 
statistical analysis of gold assay and other trace­
element data depend on applying either the normal 
frequency distribution or the lognormal frequency 
distribution. The consequences of applying both 
methods are examined through reference to example 
data from United States and South African gold 
mines. It is concluded that for estimation of aver­
age grades, except for certain data with a very high 
coefficient of variation (ratio of standard deviation 
to mean), use of the lognormal distribution is ordi­
narily undesirable because bias may be introduced 
and little efficiency can be gained. However, if biased 
average grades can be tolerated, as in the exami­
nation of data from surveys in exploration geochem­
istry, use of the lognormal distribution may be 
desirable. Various statistical analyses are detailed, 
and the tables presented to implement the analyses 
are more complete than those previously published. 

RI 7496. Oxidation of Cobolt.-Nickel-Aluminum Alloys at 
1,351 ° to 1,429~ K, by Robert M. Doerr and 

James W. Jensen. March 1971. 27 pp. 10 figs. 
'The research objective was to determine the effect 
of aluminum alloy additions on the oxidation be­
havior of cobalt-nickel alloys. Thirty high-purity 
alloys were reacted with 0, at 0.5 atm at 1,351°, 
1,389°, and 1,429° K in a volumetric apparatus for 
about iloo min. The alloy compositions consisted 
of Co-Ni master alloys (6, 22, 50, 70, 91, and 100 
wt pct Ni) with aluminum additions of about 0, 1, 
2, 4, and 8 wt pct. Large early deviations from, or 
changes in. the parabolic rate constant were en­
countered, but in most cases, the reaction rate de­
clined approximately in accordance with the para­
bolic rate law. A sharp peak in theparabQlic 
oxidation rate constant was observed for specimens 
containing 0 to 22 percent nickel and 1 to 2 percent 
aluminum at 1,351 ° K, and the rate constants for 
these compositions were lower at the higher tem­
peratures. Specimens containing- 8 percent aluminum 
reacted far mortj slowly than did any of the others. 

RI 7497. Evaluation of the Madison Limestone in the Williston 
Basin From Well Logs and Cores, by E. J. White 

and L. C. M~rchant. March 1971. 27 pp. 14 figs. 
Data fro~ o~l well logs and core analyses were used 
to quantItatIvely evaluate formation porosity and 
water saturation of heterogeneous carbonates and to 
~t~dy the pore geometry and performance character_ 
IStICS of cores from these formations. Logs and cores 
from ~he Madi~o~ Limest?ne from 233 wells in three 
fiel~s m the WIllIston basm were used in the investi­
gatIon. 

A comparison of log and core analyses shows that 
log porosities are consistently larger than core 
porosities, and the differences are correlatable with 
core porosity ranges. Water saturations from logs 
are usually smaller than the corresponding .core 
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saturations by summation of fluids, but the differ­
ence is attributable to mud filtrate invasion into the 
cores during drilling. Petrophysical studies show 
that the low permeabilities and high residual water 
saturations in these reservoir rocks are due·to their 
fine crystalline texture and complex pore geometry 
(heterogeneity). It is concluded that both log and 
core analyses must be used for reliable evaluation 
of these carbonate formations. Work done in cooper­
ation with the University of Wyoming. 

RI 7498. Distribution of Sulfide and Oxide Copper in Copper 
Mill Tailings, by Jack C. White and Albert R. 

Rule. April 1971. 19 pp. 12 figs. Studies were 
made to determine the character and distribution of 
the copper lost in copper mill tailings. Acid soluble 
(oxide) and acid insoluble (sulfide) copper were de­
termined for heavy-liquid sink and float products of 
screen-sized fractions from 12 copper mill tailings. 
In most of the tailings studied. the coarse-size frac­
tions are higher in copper grade than the respective 
bulk tailings, high in sulfide copper, and low in 
oxide copper. Oxide copper occurs predominantly in 
the minus 325-mesh "slimes." Microscopic examina­
tion of heavy-liquid sink products indicated that 
recovery of liberated copper sulfide minerals is com­
plete in most mills, and that copper minerals not 
being recovered are locked with gangue particles. 
Additional copper could probably be recovered from 
most tailings by size classification, scavenger froth 
flotation of the coarse fraction, and regrinding of 
the concentrate to achieve liberation of the locked 
sulfides. 

RI 7499. Heat of Formation of Cuprous Cyanide and Its Heat 
Capacity From 10° to 400° K, by A. R. Taylor, 

Jr., Mary H. Brown, and Estelle G: Taylor .. April 
1971. 12 pp. 1 fig. Using solutIOn calol'lmetry, 
the following heats of reaction were. determined: 

(1) NaCN(c) + 1I2Cu,O(c) + 129H,OO) 
---,) CuCN(c) + NaOH • 128.5H,O 

..lH = -13.44±0.10 kcal/mole. 
(2) HCNO) + NaOH • 128.5H,O 

~ NaCN(c) + 129.5H,OO) 
..lH = -2.52±0.02 kcallmole. 

From these reactions, the heats of formation for 
CuCN(c) and HCNO) were calculated to be 22.7± 
0.4 kcal/mole and 24.9±0.4 kcal/mole, respectively. 
Reaction 2 was made to check the consistency of 
literature values for heats of formation of HCN 
and NaCN. . 

Adiabatic calorimetric measurements between 10° 
and 400 0 K showed the entropy and heat capacity 
of CuCN(c) to be 21.51±0.06 eu' and 14.58±0.04 
cal/mole deg, respectively, at 298 0 K. A broad 
anomaly in the heat capacity was found in the tem­
perature range 285 0 to 320 0 K. The heat of transi­
tion associated with this anomaly was less than 1 
cal/mole, the sensitivity of the measurements. Work 
done in cooperation with the University of Alabama. 

RI 7500. Prediction of Oil- and Gas-Bearing Rock Fractures 
From Surface Structural Features, by W. K. 

Overbey, Jr .. and R. L. Rough. April 1971. 14 pp. 
6 figs. Knowledge of fracture systems in oil or gas 
reservoirs is essential to the efficiency of both pri­
mary and secondary production operations. A rela­
tionship was established between structural features 
of the surface and both natural and induced frac­
tures in oil and gas reservoirs, thus providing a 
method of predicting the direction of rock fracture 
prior to field development and well completion. Cor­
reIa tions between the surface features and under­
ground features resulted from analysis of joint 

strike measurements, bottom-hole impression packer 
surveys, photographs of hydraulically fractured 
wells, fracture data from oriented cores, in situ 
strain measurements from formation outcrops, and 
lineament analyses from aerial photographs. Th~ 
mean orientation of surface fractures, lineaments, 
and stress field directions ranged from N 53 0 E to: 
N 73 0 E, compared with an average orientation of 
N 63 0 E for the hydraulically induced fractures. 
Tectonic stress field was shown to influence the di­
n!ction of hydraulically induced fractures. This 
report presents the details and application of tech­
niques to obtain the orientation of the principal 
horizontal compressive stress field component and 
thus the direction of induced fractures. 

RI 7501. Autoclave and Ambient Pressure Leaching of Lake 
Superior Manganiferous Ores, by Vance G. Leak. 

April 1971. 18 pp. 6 figs. Leaching of manganese 
from low-grade Minnesota ores was studied over the 
temperature range 25 0 to 225 0 C at atmospheric 
and elevated pressures to demonstrate that good re­
coveries of manganese could be achieved from un­
roasted ores using reagents available nearby. Vari­
ous combinations of ore, pyrite, lignite derivatives, 
and sulfuric acid were tested on a small scale. 
Pyrite alone required the highest temperature to 
effect a good extraction, but the combination of 
pyrite, lignite char, and sulfuric acid solubilized 99 
percent of the manganese after 30 minutes of reac­
tion at 75 0 C. 

RI 7502. Utilization of Waste Fluosilicic Acid (in Two Sec-
tions). 1. Laboratory Investigations. 2. Cast Eval­

uation, by H. E. Blake, Jr., W. S. Thomas, K. W. 
Moser, J. L. Reuss, and H. Dolezal. April 1971. 60 
pp. 16 figs. Section 1 of this report describes two 
processes for utilizing the waste fluosilicic acid 
(H,SiF,,) generated by the manufacture of phos­
phatic fertilizers. The first process involves conver­
sion of fluosilicic acid to an acid-grade fluorspar 
(CaF,) by first precipitating the silica with am­
monia and filtering, and then reacting the ammonium 
fluoride (NH,F) filtrate with Ca(OH).. Over 95, 
percent of the fluoride is converted to CaF.. The 
second process involves neutralizing the H 2SiF. with 
Ca (OH), and- silica and filtering and then. volatiliz­
ing HF from the dry precipitate by pyrohydrolytic 
action at 1,050 0 C. The HF-H,O vapors are con­
densed and the fluoride precipitated as NaF' HF 
by addition of NaF to saturation. Anhydrous HF is 
recovered from NaF' HF by pyrolysis at 400 0 C. 
By this method, over 80 percent of the fluoride in 
H,SiFu is recovered as anhydrous HF. Preliminary 
tests on the synthesis of cell-grade aluminum fluo­
ride (AIF3) from the rotary reactor offgases and 
activated alumina showed that an 82-percent AlFa 
product could be produced. 

Section 2 is an evaluation made to determine tne 
economics of utilizing waste fluosilic acid for pro­
duction of (1) calcium fluoride or (2) anhydrous 
hydrogen fluoride. On the basis of data obtained 
from the research described in section 1, two ver­
sions of each process were considered and compared. 
The evaluation showed that both products could be 
produced and marketed competitively. Lowest esti­
mated product sales prices required to yield a 25-
percent return on investment before taxes (discounted 
cash flow basis) was $339.34 per ton of hydrogen 
fluoride and $48.64 per ton of calcium fluoride. (Out 
of print.) 

RI 7503. Heat Content and Specific Heat of Six Rack Types 
at Temperatures to 1,0000 C, by David P. Lind. 

roth and Walter G. Krawza. April 1971. 24 pp. 
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7 figs. The heat content above 25.0 0 C UP to 1,UUU' 
C was measured for six rock types: St. Cloud Gray 
Granodiorite, Holston Limestone, Sioux. Quartzite, 
Rockville Quartz Monzonite, Salem Limestone, and 
the basalt at Dresser, Wis. The calorimetric data 
were bbtained with an isothermal jacket-copper 
block calorimeter. The experimental heat content 
data for each rock type are presented, along with 
specific heat data obtained from the temperature 
derivative of the heat content. For the six rock types 
the maximum deviations of the specific heats at a 
given temperature were within 10 percent below 
575

0 C and within 34 percent above 575 0 C. The 
increase in the values of specific heat range from 
a minimum of 13 percent for the basalt at Dresser 
Wis. (temperature range, 100 0 to 1,0000 C) to ~ 
maximum of 46 percent for Holston Limestone (tem­
perature range, 100 0 to 870,0 C). 

RI 7504. Reclamation of Acidic C;oal-Mine Spoil With Fly Ash, 
by L. M. Adams, J. P. Ca~p, and E. Eisen­

trout. April 1971. 29 pp. 15 figs. Experiments 
in reclaiming acidic surface-mined coal lands with 
raw fly ash from bituminous-coal-fired powerplants 
were conducted by the Bureau of Mines at two sites 
in northern West Virginia. Plots at both sites were 
treated with varying tonnages of fly ash from three 
a!"ea powerplants and were planted with a variety 
of gTasses, legumes, trees, and shrubs. Eight grasses 
and seven legumes were investigated. Greatest 
promise for growth under harsh soil conditions was 
shown by Kentucky 31 fescue, rye and red top 
grasses, and birdsfoot trefoil, a legume. Survival 
of trees and shrubs was negligible. Addition of fly 
ash to the spoil increased the pH to a range tolerable 
to some types of plant growth, improved the tex­
ture of the soil, and increased the available water 
of the resulting mixture. 

RI 7505. Technique of Measuring Initial Deformation Around 
an Openng. Anialysis of Two Raise-Bore Tests, by 

Galen G. Waddell, Thomas J. Crocker, and Eugene H. 
Skinner. April 1971. 60 pp. 34 figs. This report 
describes a method of measuring and analyzing the 
initial deformation which occurs in the medium sur­
rounding a mine accessway as the opening is cre­
ated. Discussed are (1) the hypothesis upon which 
the research is based; (2) the in situ rock-deforma­
tion measuring equipment developed; (3) the field 
tests, consisting of measuring the deformation of 
the medium around two 4-foot-diameter raise bores 
as the boring progressed; and (4) a finite-element 
technique to correlate theoretical with experimental 
results, using elastic theory. Described also are the 
raise-bore operation and performance. The instru­
mentation developed proved to have the sensitivity 
and resolution necessary to measure rock deforma­
tion around a full-scale raise bore during excavation. 
Tests show the relationships of rock deformation to 
progress of the raise boring and to time. The ini-. 
tial deformation of the opening appeared to be elas­
tic. Using the deformation records and an esti­
mated field stress, the modulus of elasticity was 
,determined for the rock mass. 

RI 7506. A Method for Sampling and Analyzing Trona Dust, 
by Murray Jacobson and Samuel L. Terry. 

Apri11971. 4 pp. 1 fig. A method for determining 
airborne trona dust concentrations using a midget 
impinger was developed. During sampling, the trona 
dust, composed of sodium carbonate and bicarbonate, 
dissolves in the collecting medium (water). Result­
ing solutions are then titrated using 0.1 N hydro­
chloric acid solution. The mass concentration of the 
trona sample is determined from a calibration curve 
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relating the volume of acid required for neutralizing 
a collected sample to the mass of the dust. Test 
results obtained using this method are equivalent to 
those obtained using a gravimetric sampling method. 

RI 7507. Explosion Development in C106ed Vessels, by John 
Nagy, Earl C. Seiler, John W. Conn, and 

Harry C. Verakis. April 1\171. 50 pp. 32 figs. 
Data from experiments and literature on gas and 
dust explosions in closed vessels are presented to 
show the effects of the vessel size and shap~; the 
initial pressure, temperature, and turbulence; and 
the fuel-air ratio and the strength of ignition source 
on pressure and rate of pressure rise. An attempt 
is made to correlate some of these parameters with 
an elementary mathematical model. Analyses of 
data on 17 vessels-spherical, cubical, cylindrical, 
and rectilinear in shape-ranging from 0.018 to 905' 
cubic feet in volume were made. Although the study 
was initiated to provide information primarily on. 
dust-explosion phenomena, some data were obtained 
for gas explosions so that the factor of initial tur­
bulence caused by the pneumatic blast used to dis­
perse dust could be evaluated. 

The mathematical interpr€tation of the explosion 
phenomena was in general accord with the experi­
mental data, and correlation was obtained for sev­
eral factors affecting explosion development. Neither 
vessel size nor shape affected maximum pressure 
(when heat loss was neglected). The rate of pres­
sure rise decreased as vessel size increased, and the 
rate was proportional to the ratio of the surface 
area of the vessel to its volume. Induced initial 
turbulence markedly increased the rate of pressure 
rise and slightly increased the maximum pressure. 
Changes in initial pressure produced proportional 
changes in maximum pressure and rate of pressure 
rise. Initial temperature and maximum pressure 
were inversely related, but initial temperature had 
little effect on the maximum rate of pressure rise. 
Comparative experiments showed no appreciable dif­
ference in explosion development of gas and dust 
fuels. The vessels and experimental work are de­
scribed, and all data are given in tables. The mathe­
matical model will facilitate extrapolation from 
laboratory to industrial conditions and will allow 
comparison of results obtained in different labora-· 
tories. 

RI 7508. Sampling Gold Ore by Diamond.Drillingin the 
Homestake Mine, Lead, S. Oak., by George S. 

Koch, Jr., and Richard F. Link. April1971. 35 pp. 
3 figs. ~everal methods of calculatmg ore graucs 
by diamond-drill samplir.,g in the Homestake mine, 
Lead, S. Dak., have been evaluated by statistIcal 
analyses of assay data. ':!:'he natural distribution of 
gold particles, partly masked through sampling and 
assaying procedures, is probably lognormal. As a 
counsequence of the gold particles being clustered 
rather than randomly distributed withm the ore 
bodies, (1) more mine samples are needed to obtain 
a specified precision of mean grade than the number 
predicted by the standard-error-of-the-mean law; 
(2) the variance of gold values is not inversely pro­
portional to sample volume. and. therefore. small­
diameter drill .core yields samples nearly as good as 
larger diameter core; and (3) sampling at 5-foot 
intervals provides nearly as good results as sam­
pling at shorter intervals. 

Ie 7509. 10niJed Fields in Electrostatic Separation. Appli-
cations to Secondary Materials, by Foster Fraas. 

May 1971. 12 pp. 8 figs. Calculations based on 
data related to the electrostatic precipitator illus­
trate the variation in the electric forces on a par-
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tide with change in position in the ionized field. The 
feeble forces in some separators are explained by 
the low field intensity at midpoint locations between 
the electrodes. When the particles are in contact 
with the exterior surface of a rotating cylindrical 
electrode, a high field intensity at the electrode sur­
face comoined with the image charge results in large 
electric forces. The permissible feed velocity in­
creases as the square root of the electrode diameter, 
providing high values in efficiency and feed rate 
capacity, particularly in surface-to-mass ratio sepa­
rations such as are encountered in secondary mate-
rials recycling operations. . 

RI 7510. Tritiated Water as a Trac~r in the Dump Leaching 
of Copper, by F. E. Armstrong, G. C. Evans, 

,and G. E. Fletcher. May 1971. 3~ pp. 12 figs. 
Tritiated water. has been used as a tracer to follow 
the path of leach liquids as they flow through a 
coppermine dump. Semipermeable layers, produced 
within the dump by compaction and "stratification" 
of deposited dump material, restrict the vertical 
movement of water. Knowledge of this restriction 
would aid in the optimization of the leaching process. 
The portion of the dump of particular inte~est was 
approximately 2,000 feet long, 800 feet wIde, and 
200 feet high. A total of 94 curies of tritiated water 
was injected into the dump at the rate of 650 gpm 
over a period of 39 hours. The leach liquid was 
sampled at natural surface. outflows and through a 
series of wells, some drilled to the bottom of the 
dump and others to intermediate levels. More than 
3,300 samples were analyzed, most by liquid scin­
tillation counting, but a few hundred by gas count­
ing. Data obtained permitted calculation of flow 
paths recycle times, total fluid volume, and esti­
mate~ of retention times in various· portions of the 
dump. 

RI 751 J. Mathematical Simulation of Historic Gas Distribu-
tion by Diffusion in an Oil Reservoir, by C. Q. 

Cupps, G. T. Brow, and J. Fry. May 1971. 26 pp. 
6 figs. Rate of gas diffusion in reservoir oil has 
been investigated in an effort to explain the varia­
tion in oil characteristics observed in the Weber 
Sandstone reservoir, Rangely field, Colorado. Co­
efficients of gas diffusion were determined experi­
mentally for the Rangely oil system and used in a 
mathematical simulation of gas diffusion during the 
probable life of the Rangely reservoir, estimated. at 
65 million years. The simulator involved solutlOn 
of Fick's law for diffusion in two dimensions by t~e 
method of finite difference and successive over­
relaxation. The results show that continuing gas 
diffusion is a logical explanation for the variation 
in oil characteristics at Rangely and that the pat­
tern of gas distribution by diffusion in an asym­
metrical reservoir will not conform to structural 
contours as originally proposed. Work done in coop­
eration with the University of Wyoming. 

RI 7512. Multiple Zone Mining Beneficiation of Western Phos-
phate Rock. A Cost Estimate and Comparison With 

Selective Mining. by Richard N. Spencer. May 1971. 
18 pp. 3 figs. This report describes investigations 
of the economic merits of multiple zone. mining and 
beneficiation versus selective mining of altered West­
ern phosphate rock. The same deposit was considered 
in both instances and it was assumed that the grade 
of sele<!tively mined ore was comparable to the grade 
of the concentrate from beneficiation. The benefi­
ciating scheme used for the investigation was one 
proved by small continuous circuit operation. All 
economic factors were found to favor multiple zone 
mining plus beneficiation. Capital requirements and 

production costs were lower, and production life of 
the deposit was extended 4.5 times. The concentrate 
from beneficiation would be a uniform high-quality 
feed for acidulation and would be low in stable 
metallic oxide (R,O.) content. Such a feed would 
permit improved plant operating control, and the 
low R,O. would promote more rapid filtration and 
minimize sludge formation in the phosphoric acid. 
With the proposed treatment, the concentrate pro­
duced by flotation from this deposit would cost about 
1.5 times as much per ton as the concentrate pro­
duced by classification sizing. Therefore, inclusion 
of a flotation step in ;treatment schemes requires 
an economic analysis for each ore deposit. 

RI 7513. Dissociation and Vaporization of Gold Chlorides and 
Gold Bromides, by Aarne Visnapuu, Bar­

bara C. Marek, and James W . Jensen. May 1971. 
22 pp. 7 figs. Dissociation and vaporization of 
gold chlorides and bromides were investigated by a 
static pressure method and by Knudsen cell mass 
spectrometer. Two distinct chlorine and three dis­
tinct bromine pressur6-temperature relationships 
were observed for the respective salts. The chlorine 
pressures are attributed to the dissociation of Au,CI. 
and AU2CL and the bromine pressures to the dis­
sociation of Au,Br., Au,Br" and Au.Br.. These 
pressure-temperature relationships were used to cal­
culate dissociation pressure equations, enthalpies, 
and entropies of dissociation for each salt. 

Mass analysis of the vapors over AU2CI. between 
83 0 and 152 0 C confirmed the existence of gaseous 
Au,Cl,. Ionization potential of this molecule is 
11.0±0.1 ev and enthalpy of vaporization is 2B.1± 
2.0 kcal/mole. Mass analysis of the vapors over the 
gold bromides detected only Br. in the temperature 
range 15 0 to 150 0 C. 

RI 7514. Photochemiccd Reactivity of Diesel Exhaust. Some 
Preliminary Tests, by B. Dimitriades and 

H. B. Carroll, Jr. April 1~71. 6 pp. 1 fig. Ex­
ploration of the photochemical reactIvity of diesel­
exhaust hydrocarbons is described. A smog chamber 
was built, and reactivities of diesel exhaust, gasoline 
exhaust, and propylene were measured at two cham­
ber temperatures. Experimental data indicated the 
problems caused by instability of diesel-exhaust 
hydrocarbons. With reservations due to these prob­
lems, the results are interpreted to reflect compar­
able reactivities for diesel and gasoline exhaust. 
Work done under an agreement with the Air Polb­
tion Control Office of the Environmental Protecti.on 
Agency (formerly National Air Pollution Control 
Administration, U.S. Department of Health, Edu­
cation, and Welfare). 

RI 7515. Spatial and Temporal -Distributions of Halon 1301 
From a Commercial Extinguisher, by D. S. Bur­

gess, W. F. Donaldson, A. L. Furno, J. M. Kuchta, 
and C. R. Summers. April 1971. 17 pp. 9 figs. A 
commercially available Halon 1301 extinguisher has 
been evaluated as part of an exnlosion-suppression 
system for use in coal mines. Studies were made 
both of the dispersion pattern of the Halon 1301 at 
an initial pressure of 280 psig, and of the efficacy 
of this suppressant against 9.5 percent methane-air 
flames. These flames were quenched successfv.lly 
.only when the suppressant was applied before the 
fireball diameter exceeded 18 inches. 

RI 7516. Heavy Liquid Concentration of Brucite, by T. O. 
Llewellyn and James S. Browning, May 

1971. 12 pp. 5 figs. Laboratory batch and semi­
continuous studies showed the feasibility of using 
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methylene bromide and trichloroethylene in heavy 
liquid cyclone concentration of a Nevada brucite ore. 
Cyclone tests of minus 20- plus 200-mesh material 
at specific gravities of 2.42 and 2.44 recovered 71.6 
to 7.4.9 percent of the MgO at grades of 95.5 and 
95.4, respectively. Neither increasing the feed pulp 
density from 5 to 25 percent solids, nor varying feed 
pressures from 25 to 60 psig had any apparent effect 
on the heavy liquid separation. Work done in co­
·operation with the University of Alabama. 

RI 7517. Recovery of Heavy Minerals From Sand and Gravel 
Operations in the Southeastern United States, by 

E. G. Davis and G. V. Sullivan. May 1971. 25 pp. 
4 figs. This report summarizes an investigation to 
determine the occurrence and recoverability of heavy 
minerals in sand and gravel operations in the South­
eastern United States. A total of 61 samples from 
34 sand and gravel operations in Alabama, Georgia, 
South Carolina, and North Carolina were studied. 
Heavy minerals, in amounts ranging from 3 to 400 
pounds per ton, were found in all of thli samples. 
Eighty percent of the samples contained 20 to 40 
pounds per ton of heavy mineral. Valuable heavy 
minerals, in order of decreasing amounts, were 
ilmenite, kyanite, zircon, rutile, and monazite. 

Large-scale concentration tests were made on five 
samples from four major producers. Gravity con­
centration by Humphreys spirals and tables resulted 
in bulk heavy mineral concentrates that graded 
from 82 to 98 percent total heavy minerals. Mineral 
rlicoveries ranged, in percent, as follows: Ilmenite 
60 to 95; zircon 96 to 100; kyanite 37 to 77; rutile 
89 to 100; and monazite 96 to 100. Separation 
studies on the gravity concentrates spowed they 
would respond to high-tension and high-intensity 
magnetic separation techniques to produce indi­
vidual mineral concentrates. \Vork done in coopera­
tion with the University of Alabama. 

RI 7518. Hydrolyzed Metal Ions as Pyrite Depressants in Coal 
Flotation: A laboratory Study, by A. F. Baker 

and K. J. Miller. May 1971. 21 pp. 8 figs. Labo­
ratory flotation of synthetic coal-pyrite mixtures 
and high-pyritic-sulfur coal indicated that ferric 
chloride (FeCL), aluminum chloride (AICla), chro­
mium chloride (CrCla), and cupric sulfate (CuSOS 
are potential pyrite depressants. For each metal salt 
there appeared to be a range of pH values and 
opti.mu!ll concentra.tion for. selectively depressing 
PYrIte m coal flotatIOn. PYrIte was depressed in the 
pH range from 4.5 to 7.0 with ferric chloride, from 
5.8 to 7.0 with aluminum chloride, from 6.4 to 7.1 
with chromium chloride, and from 6.4 to 7.4 with 
cupric sulfate. Best separation of pyrite from coal 
was achieved in flotation solutions containing from 
2 X 10-0 to 5 X 10-5 mole/liter of each salt. In 
solutions containing' excess salt concentrations coal 
was also depressed.· , 

These Bureau of Mines tests demonstrated on a 
laboratory scale that, in solutions containing 4 X 
10-·' mole/liter ferric chloride and from 1 X 10-4 
to 2 X 10-4 mole/liter sodium hydroxide, the pyritic 
sulfur content of a Lower Freeport bed coal sample 
could be reduced from about 2.51 percent to less 
than 0.60 percent with recoveries of over 83 per. 
cent. 

The depression of pyrite appears to be due to the 
adsorption of positively charged colloidal metal 
hydroxide at the p'yrite-solution interface. This 
hypothesis is supported by zeta potential determi­
nations which showed that suspended coal and 
pyrite particles in solutions containing metal salts 
are positively charged in the pH range where de­
pression occurs. 
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RI 7519. Electrical and Hydraulic Flow Properties of Appala-
chian Petroleum Reservoir Rocks, by W. K. 

Sawyer, C. 1. Pierce, and R. B. Lowe. June 1971. 
22 pp. 9 figs. Resistivity, porosity, permeability, 
and saturation data were obtained on core samples 
from the Big Injun, Clinton, Gordon, Bradford Sec­
ond and Third, and Venango Second oil sands and 
formation factor-porosity relationships were derived 
using the general form of Archie's equation F = 
aq,-m, where F is the formation factor, ¢ is the po­
rosity, and", and 'In are constants that depend on 
characteristics of the rock. It was found that IX 

and 'In varied significantly between sands, as did the 
exponent in the Archie relation I = Sw-n, where I 
is the resistivity index and Sw is the water satura­
tion. The average exponent, n, determined from all 
data was 50 percent greater at residual oil satura­
tion than at residual water saturation. Samples 
from each sand exhibited differences in directional 
resistivity and/or permeability. The Bradford Third 
sand data showed correlation between resistivity and 
permeability anisotropy. 

RI 7520. Dewatering Florida Phosphate Pebble Rock Slime 
by Freezing Techniques, by Martin H. Stanczyk, 

I. L. Feld, and E. W. Collins. June 1971. 20 pp. 
4 figs. Freezing to dewater typical Florida phos­
phate rock slime as demonstrated in laboratory tests 
appeared to have potential commercial use because 
of indicated moderate energy requirements, good 
compaction of dewatered solids, and effective recov­
ery of usable water. After freezing, thawing, de­
canting, and filtering, batch freezing of gallon-size 
13.7 percent solids slime samples yielded 42 percent 
solids products. Cationic amine, used as a process 
additive, yielded 46.8 percent solids product with 
significant filter area reduction. Semicontinuous 
8-stage freezing tests also produced thickened 
slimes. Cooling and freezing 13.7 percent solids 
slime from 30 0 to minus 100 C required removal 
of 183 Btu per pound of slime; Carnot cycle calcu­
lation indicated that the theoretical minimum energy 
to transfer this heat was 27.8 Btu per pound. To 
produce 1 ton of 44 percent solids slime from 13.7 
percent solids slime, the calculated theoretical en­
ergy required for cooling and freezing was 52.3 
kilowatt-hours. During the research, heat capacity 
and heat of fusion data were determined for the 
slime at various percent solids. Work done in co­
operation with the University of Alabama. 

RI 7521. A New Internal Oxidation Process for Strengthening 
Tungsten, by Robert Blickensderfer, Mark 1. 

Copeland, and William L. O'Brien. June 1971. 40 
pp. 19 figs. Tungsten alloys with high-temperature 
strength profiles, comparable to the best of alloys 
recently developed by others, were produced by a 
new process called here the oxyreaction process. The 
process involved additions of a powder of a reactive 
metal compounds, ZrN, ZrW •• or HfW., to a base 
metal powder, tungsten, which contained some oxy­
gen. The powders were blended, compacted, sintered, 
and extruded: During sintering, diffusion and in­
ternal oxidation occurred to produce reactive-metal 
oxide particles and solid solutions. A dispersion of 
?xide particles cou~d be preciI?itated by heat treat­
mg. The oxyreactlOn process circumvents many of 
the agglomerating and coarsening problems encoun­
tered in the current methods for dispersing a stable 
oxide in a metal. 

Oxyreaction strengthening results from solid-soIu­
~ion strengthening and from dispersion strengthen­
mg produced by. the reactive metal and its oxides. 
At a test temperatl:lre of 1,650° C, the alloys pre­
pared from ZrW. had tensil~ strengths up to 70,000 
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psi and stress-rupture lives up to 142 hours at 10,000 
psi stress; the alloys prepared from ZrN powders 
had tensile strengths up to 80,000 psi and stress­
rupture lives up to 27 hours at 10,000 psi stress. 
Tensile strengthening in the alloys was attributed 
to Zr in solid solution or to Zr-O-W structures too 
small to be observed in an electron microscope 
replica. Stress-rupture life was attributed to a dis­
persion of submicron ZrO, particles which precipi­
tated and grew to 0.05- to 0.2-micron size during the 
test. Tensile strengthening and stress-rupture life 
were dependent upon both the zirconium and oxygen 
contents with the maximum occurring at roughly 
0.9 atomic percent Zr and 0.9 atomic percent O. 

Studies of the details of the oxyreaction process 
were made on the W-ZrW, alloys and three general 
steps were determined: (1) the reaction of 0 in 
tungsten powder with ZrW, to form relatively large 
ZrO, particles; (2) the dissolution of remaining 
ZrW, into the W matrix and partial internal oxida­
tion to form ultrafine but sparse zirconium oxide 
particles and possibly to establish Zr-O-W struc­
tures; (3) the development of ultrafine ZrO. par­
ticles during high-temperature aging. 

RI 7522. Effects of Rolling Temperature and Titanium Con-
tent on Creep and Other Properties of Zinc-Titanium 

and Zinc-Copper-Titanium Alloys, by L. A. Neumeier and 
J. S. Risbeck. June 1971. 31 pp. 27 figs. The 
Bureau of Mines evaluated the properties and ani­
sotropy in properties of rolled Zn-Ti and Zn-1.0 wt 
pet Cu-Ti alloys containing up to 0.36 wt pct Ti. 
Fini~h rolling ,,,as at yatied temperatures to total 
reductions as high as 92 pct.· Alloy properties are 
very sensitive to various combinations oi composi­
tion, rolling temperature, and reduction. Properly 
rolled Zn-1.0 Cu-Ti alloys are superior in strength 
to Zn-Ti alloys. Conditions are described that lead 
to best tensile properties. Creep resistance for Zn­
Ti alloys decreases with increases! rolling tempera­
ture when finish rolled to 92-pct total reduction, but 
not when finish rolled to 33- or 67-pct reduction. 
Creep resistance for Zn-1.0 Cu-Ti alloys improves 
with increased rolling temperature to about 480 0 F. 
Heavily cold-rolled Zn-1.0 Cu-Ti alloys have fine 
grain sizes and poor hardness, tensile, and creep 
properties, but hig>h ductility. Thermal expansivity 
is markedly affected by the copper addition. Data 
show the anisotropy of tensile, creep, and thermal 
expansivity properties. Large idiomorphic crystal­
lites of TiZn", appear in both Zn-Ti and Zn-Cu-Ti 
alloys when more than about 0.2 pct Ti is present. 
A new Zn-Cu-Ti intermediate phase was also iden­
tified, Empirical equations are presented relating 
creep rates with major process variables. 

RI 7523. Using Broad-Line Nuclear Resonance Spectrometry 
To Estimate Potential Oil Yields of Oil Shales, by 

A. W. Decora, F. R. McDonald, and G. L. Cook. 
June 1971. 30 pp. 11 figs. A technique has been 
developed utilizing proton, broad-line nuclear mag­
netic resonance spectrometry to estimate the organic 
carbon contents and the potential oil yields of five 
domestic oil shales, The quantity of organic hydro­
gen in the oil shales is mathematically related to 
the organic carbon contents and to the potential oil 
.yields so that the proton, broad-line nuclear magnetic 
resonance signal strength can be correlated with 
both the Fischer assay oil yield and the organic 
carbon contents of oil shales from Colorado, Utah, 
Wyoming, and Kentucky. The experimental data 
indicate that calibration curves need be determined 
but once for a limited oil shale area under develop­
ment. The method is rapid, can be applied without 

extensive calibration, and gives good estimates of oil 
yields and organic carbon contents on as many as 
30 samples per hour. Work done in cooperation with 
the University of Wyoming. 

RI 7524. Differential Extraction of Rare-Earth Elements in 
Quaternary Ammonium Compound-Chelating Agent 

Systems, by D. J. Bauer and R. E. Lindstrom. June 
1971. 1'6 pp. 15 figs. Solvent extraction separa­
tion of light group rare-earth elements in a quater­
nary ammonium compound-chelating agent system 
was' demonstrated in single-stage studies. Typical 
separation factor values obtained were 93 for 
lanthanum-praseodymium, 5.4 for praseodymium­
neodymium, and 11.6 for neodymium-samarium. 
These values are significantly higher than those 
obtained using organophosphate extractants. Further 
.studies in a 20-stage countercurrent mixer-settler 
resulted in the production of 99 percent lanthanum 
·(oxide basis) at 96-percent recovery. Subsequently, 
88 percent. of the neodymium with a purity of 92 
per(!ent was recovered in the raffinate. 

RI 7525, Washability Examinations of Wyoming Coals, by 
A. W. Deurbrouck. June 1971. 47 pp. 1 

fig. This Bureau of Mines report. describes the 
washability characteristics of 14 coalbed samples col­
lected in Wyoming. Such data is needed to evaluate 
the quality of the coals of the West where most of 
our low-sulfur-content coal reserves are found. Of 
the 14 samples included in this report 13 had a total 
sulfur content of 1.1 percent or less. All of the 
samples contained low percentages of ash or could 
be readily washed to a desirable ash level with min­
imal loss of yield. The coals ranged in rank from 
high-volatile B bituminous to subbituminous C, al­
though 10 of the samples were high-volatile C bitu­
minous. The coalbeds varied in thickness from 4.5 
to an unknown thickness greater than 67.5 feet. 

RI 7526, Analysis of Tunnel Support Structure With Con~ider-
ation of Support-Rock Interaction, by J. D. Dixon. 

June 1971. 45 pp. 21 figs. The Bureau of ¥ines 
-investigated the principles of s':!pport-rock mt~r­
action, based on structural matnx methods WhiCh 
permit mathematical formulation of the problem 
and computer solution. The principles are given 
under two main sections: the first discusses the 
idealization of the tunnel support structural system 
for matrix analysis; the latter discusses the anal­
ysis procedures necessary for carrying out the solu­
tion. A general frame matrix computer program 
and a medium-size computer should be sufficient for 
carrying out the procedures involved. The example 
problem consists of a circular tunnel support which 
is subjected to a uniformly distributed vertical load. 
Three wall thickness-radius ratios are studied in 
combination with four support-rock modulus ratios. 
This problem illustrates the main procedures of the 
support-rock interaction analysis. involved, and ex­
'amination of the results reveals the influence of the 
relative rigidities of the support and the rock. 

RI 7527. Reactivities of Exhaust Aldehydes, by B. Dimitri-
ades and T. C. Wesson. May 1971. 18 

pp. 2 figs. Data on smog-forming reactivities of 
exhaust aldehydes are scarce. Such data were ob­
tained by irradiating in a smog chamber typical 
exhaust aldehydes, individually and in exhaustlike 
mIxtures. Onserved reactivity manifestations were 
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rate of nitrogen dioxide formation (RNO.) and 
yields of oxidant, peroxyacetyl nitrate, and formal­
dehyde. Results showed that exhaust aldehydes vary 
widely in reactivity. Formaldehyde soowed high 
RNO" reactivity but low oxidant yield; benzaldehyde, 
m-, and p-tolualdehyde were totally unreactive when 
irradiated individually; o-tolualdehyde 'was reactive. 
In mixtures, benzaldehyde manifested reactivity in 
terms of peroxybenzoyl nitrate yield. Exhaust alde­
hydes as a group are judged to be as reactive as the 
exhaust olefin group. The importance of the alde­
hyde contribution to exhaust reactivity aJ\d methods 
for assessing such contribution are di~cussed. Work 
done under an agreement with the Air Pollution Con­
trol Office of the Environmental Protection Agency 
(formerly National Air Pollution Control Adminis­
tration, U.S. Department of Health, Education, and 
Welfare). 

RI 7S28. Electrical Conductivity and pensity af Fluoride Sys-
tems, by R. E. Meaker, Bernard Porter, 

and D. G. Kesterke. June 1971. 20 pp. 11 figs. 
Electrical conductivities and densities of molten 
fluoride systems were measured as functions of the 
melt temperature and composition. For any given 
mixture, the t\yo properties change linearly with 
temperature. Three alkali metal fluorides were se­
lected as solvents for melts of the type LiF-, NaF-, 
and KF-MF" where M is a metal selected from the 
alkali metal or alkaline earth groups, or from the lan­
thanide or actinide series of elements, and x = 1-4. 
Heats of activation for conductance were calculated 
from the experimental data and varied from 2.3 
to 9.2 kcallmole at 1,000 0 C. Some relation be­
tween position in the phase diagram and the con­
ductivity changes was suggested. 

RI 7529. Thermal Reactions of l-Methylindole, by Irven A. 
Jacobson, Jr. June 1971. 8 pp. The 

thermal' reactions of 1-methylindole were studied 
in the temperature range of 525 0 to 627 0 C in a 
flow reactor. The major products consisted of 
2-methylindole, 3-methylindole, indole, quinoline, hy­
drogen, and methane. 2-Methylindole is formed 
from 1-methylindole by an irreversible isomeriza­
tion reaction. The 2-methylindole isomerizes in a 
reversible manner to 3-methylindole, the equilibrium 
favoring the 3-methyl isomer. Indole is formed 
directly from 1-methylindole. Quinoline is formed 
from 1-methylindole, 2-methylndole, and 3-methyl­
indole. Work done in cooperation with the Univer­
sity of Wyoming. 

RI 7530. Diesel Emissions Reinventoried, by W. F. Mar-
shall and R. D. Fleming. JUly 1971. 24 

pp. 8 figs. This report describes exhaust-emission 
data from 10 diesel engines: six 4-cycIe, direct­
inj ection, naturally aspirated engines; two 4-cycle, 
direct-injection, turbocharged engines; one 4-cycIe, 
precombustion-chamber, turbocharged engine; !lnd 
one 2-cycIe, direct-injection engine. These engmes 
were tested over a 3-year period (1968-70), Lowest 
emissions were obtained with a precombustion-cham­
ber engine. Emissions from the 2-cycIe, direct-injec­
tion engine fell within the range of emission rates 
for the 4-cycle, naturally aspirated, direct-injection 
engines. Excluding the precombustion-chamber en­
gine and excepting one of the . 4-cycIe! ~aturally 
aspirated engines carbon monOXIde emISSIon rates 
were about the s'ame for all engines tested. Test 
data on smoke, odor, and emissions of ~ydrocar­
bons oxides of nitrog'en, carbon monOXIde, and 
aldehydes are given. Work done un~er an agree­
ment with the Environmental ProtectIOn Agency. 
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RI 7531. Flexible, Spiral-Reinforced Circular Ventilatio~ Tub-
ing. System Pressure Loss Tables for SelectIon of 

a Fan. ,.. Supplement to Report of I.nvestigations 7085, by 
Richard J. Kline and Alfred ReISZ. JulJ:' ~971. ~n 
pp. This publication comprises t3;bles lrstrn~ fnc­
tion loss for a flexible, spiral-remforced cIrcular 
ventilation tubing system. The tables were. c?n­
structed with the following parame~ers: a fnct:on 
factor of 62 X 10-1°, 10-foot sectrons of tubm.g 
ranging in total length from 100 to 550 feet, all' 
quantities ranging from 1,000 to 15,000 cfm! and 
one to four 90 0 bends in the tubing: -r:he aIm. of 
this pUblication is to improve ventrlatron tubmg 
analysis and to provide a method of proper fan 
selection. 

RI 7532. Utah Crude Oils: Characteristics of 67 ,Samples, by 
W. J. Wenger and J. C. Morris. July 1971. 

51 pp. -7 figs. Analytical, geographical, and geo­
logical data on 67 samples of crude oils fr?m Utah 
are presented, along with some. correlatI~ms and 
~nterpretations. Most of the geologIC formatlon.s th~t 
produce oil in other areas are also productrve. m 
Utah' and as in many other locations, the PermIan, 
Penn~ylva~ian, and Mississippian form.ations accour:t 
for the major amount of the total OIl produced m 
the State. Some anomalies and unusual phenomer:a 
are noted. Although most Utah oils are low m 
sulfur a sample containing the highest percentage 
of sulfur ever recorded by the Bureau of Mines is 
among the oils discussed in .this paper .. Mo~t of the 
oil from the' major producmg formatIOns m Utah 
is low in sulfur; the sam'e formations produce high­
sulfur oils in adjoining Rocky Mountain States. 
Some Utah oils are both waxy and asphaltic, an 
unusual combination of characteristics. Correlation 
index curves for some oils are shown suggesting 
compositional differences in oils from different pro­
ducing formations. Production statistics trace the 
rGtPid rise of oil production in the State after the 
first commercial discovery in 1947 and indicate a 
decline in amounts produced since 1959, the year of 
peak production in Utah. Wor~ done in cooperation 
with the University of Wyommg. 

RI 753'3. Recovery of Phosphates and Metals From Waste 
Phosphate Sludge by Reduction-Sinter Processes, by 

R. F. Waters, H. E. Powell, and A. A. Cochran. 
July 1971. 10 pp. 3 figs. The Bureau of Mines 
developed laboratory-scale processes to recover so­
dium phosphates and metal values from waste 
sludges generated by the phosphate treatment of 
automobile and appliance components. After treat­
ment df the sludge with NaOH, followed by coke or 
hydrogen reduction and sintering, zinc and lead 
were recovered as fume; the sinter was separated 
by leaching into a metallic product, chiefly iron and 
nickel, and high-purity disodium or trisodium phos­
phate. 

RI 7534. A Small-Scale Test for Free-Swelling Index of Coal, 
by R. F. Abernethy and J. P. Snyder. July 

1971. 17 pp. 8 figs. A small-scale method was 
developed for determining the free-swelling index 
of coal samples of limited quantity, especially the 
macerals. Results of a series of tests using a 0.3-
gram sample correlated well with those by the 
standard method using a I-gram sample. The stand­
ard and small-scale methods are modified to give 
unrestricted swelling for those coals having swelling 
index: numbers above 7. 
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RI 7535. Thermodynamic Properties of (Na20)4 • Fe203, 6° 
to 1,200° K, by J. M. Stuve, L. B. Pankratz, 

and D. W. Richardson. JUly 1971. 12 pp. 2 figs. 
Calorimetric determinations of the low-temperature 
.heat capacities, standard enthalpy of formation, 
and high-temperature enthalpies were made of 
(Na,O).· Fe,O,,(c). The resulting values of entropy 
(SO), enthalpy of form!J.tion OHf O

), and free en­
ergy of formation (:'GfO) at 298.15° K are 104.676 
cal/deg mole, -656.2 ±1 kcal/mole, and -603.4 ±1 
kcal/mole, respectively. Tabulations of Cp 0, So, 
-(Go-H°2(j,)/T, HO-Ho.", :'Hfo, AGfo, and log 
Kf are given to 1,200° K. Work done under an agree­
ment with the U.S. Atomic Energy Commission. 

RI 7536. Increasing Oil Production From the Venango Second 
Sond. A Re'lPproisal of Two In SitJ Combustion Tests, 

by K. H. Frohne. July 1971. 15 pp. 8 figs. In 1962 
and 1963. two in situ combustion pilot tests were 
conducted in the shallow Second Venango sand near 
Reno, Pa. Because of poor oxygen utilization and 
lack of production response, both tests were con­
sidered failu'res and were terminated. The area was 
then relatively inactive until late 1966, when a 
development well drilled near the 1963 test ·site had 
surprisingly good production in what was considered 
to be a pressure-depleted reservoir. Other wells 
drilled in and around the old thermal pilot areas 
also came in as good oil producers. This report pre­
sents a study of the increased oil production from 
the Second Venango sand in the Reno area, and the 
apparent connection of the present production re­
sponse and the old thermal pilot tests. Apparently 
combustion occurred in the Second Venango sand 
after the 1962 and 1963 experiments were termi­
nated and, supported by large volumes of air left 
in the reservoir after the 1963 test, generated carbon 
dioxide which helped repressure the formation. This 
field evidence of combustion warrants another pilot 
experiment to fUrther explore the use of properly 
designed in situ combustion techniques in increasing 
production from the Second Venango sand. 

RI 7537. Dry.Pressed BuildinR Bricks From Copper Mill Tail-
ings, by P. G. Pigott, E. G. Valdez, and 

K. C. Dean. July 1971. 13 pp. 1 fig. This Bureau 
of Mines laboratory research demonstrated that 
building bricks meeting ASTM specification C62-66 
for grades SW and MW of FBS-type bricks can be 
produced from waste copper mill tailin!2's. Waste 
tailings from accumulations at Magna, Utah. Ana­
conda, Mont., Hayden, Miami, and San Manuel, 
Ariz., were dry pressed into bricks, and the products 
.w:fe tested in accordance with ASTM Designation 
Cti/-66 on samplmg and testmg of bl'lck. An evalu­
at~on derived from pilot-plant production of similar 
bl'l~k at. the. C~al Research Bureau of West Virgmia 
tJll1verslty mdICated the production cost to be about 
$34 per 1,000 bricks. Utilization of such mIll tail­
ings on a commercial scale would eliminate the need 
f?r digging new pits for brick raw material produc­
tIOn, conserve natural resources, and simUltaneously 
remove potential sources of air pollution. 

RI 7538. Creep and Other Properties of Extruded Zinc-30 
Percent Aluminum Alloys Containing Magnesium, by 

L. A. Neumeier and J. S. Risbeck. July 1971. 27 
pp. 17 figs. The Bureau of Mines evaluated creep 
and other properties of extruded Zn-30 percent Al 
alloys containing 0 to 0.7 percent Mg. The alloys 
were extruded both above and below the Zn-AI eutec­
toid temperature of 275° C. Creep behavior is de-
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fined for the alloys as extruded' and after various 
heat treatments. Tensile properties, hardness, ther­
mal expansivity, impact resistance, and microstruc­
tures are given. The alloys, either with or .without 
magnesium, required substantially less pressure for 
extrusion near 275° C than at higher or lower tem­
peratures. The alloys containing magnesium ex­
hibited significantly greater hardness than the Zn-30 
percent Al alloy. The properties were very sensitive 
to the processing conditions. 

RI 7539. Reactivities of Automotive Emissions From Fuels of 
Varied Front·End Composition, by F. D. Sutter­

field, G. P. Sturm, Jr., and B. Dimitriades. July 
1971. 13 pp. 1 fig. This study was conducted to 
provide experimental evidence on the effect of modi­
fications of gasoline front-end composition on the 
photochemical specific reactiVIties of automotive 
emissions. Evaporative and evaporative-plus-exhaust 
emissions from an automobile operated with four 
fuels of different volatility and varying levels of 
C,-C, olefins were irradiated in a 100-ft3 environ­
mental chamber at three sets of initial hydrocarbon­
nitrogen oxide~ concentrations. Reactivity was 
measured and expressed in terms of rate-of-NO. 
formation and dosages of oxidant. peroxyacetyl ni­
trate, and formaldehyde. The compositional changes 
that were necessary in reducing fuel volatility were 
found to have no significant effect on the reactivity 
of the emissions. However, replacing C.-C, olefins 
with saturated components resulted in sharp de­
creases in all reactivity manifestations observed for 
the evaporative emission samples. A lesser influ­
ence (of c.-C, olefin replacement) was found with 
the composite exhaust-plus-evaporative samples; the 
effect that was observed could be attributed to the 
evaporative emission portion of the sample. The data 
therefore suggest that saturation· of front-end fuel 
olefins had no large effect on exhaust emission re­
activity. Work done under an agreement with the 
Environmental Protection <\gency. 

RI 7!;40. Gas Combustion Retorting of Oil Shale Under Anvil 
Points Lease Agreement: Stage II, by J. R. Ruark, 

H. W. Sohns, and H.C. Carpenter. July 1971. 74 
pp. 3 figs. This report presents results of the re­
search and development work and operations per­
formed during stage II of the gas combustion re­
torting research program conducted by the Colorado 
School of Mines Research Foundation and six major 
oil companies at the Bureau of Mines Anvil Points 
Research Facilities. The experimental program, in­
cluding retort modification and air-gas distributor 
development, effects of shale quality and pal'ticle­
size distribution, and other variables on the process, 
is discussed. Although operating problems are not 
fully resolved, it appears that the gas combustion 
retorting process can be successfully applied to 
achieve oil yields in excess of 85 percent of Fischer. 
assay at mass shale feed rates of 500 pounds per 
hour per square foot of cross-sectional bed area, 
approximately twice the rate previously demon­
strated to be reasonably practicable. 

RI 7S41. Thermal Conductivities and Prandtl Numbers of 
Nitrogen From 133 ° to 740 ° K Between 1 ami 

240 Atmospheres, by Robert E. Wood, F. W. Baer, and 
W. J. Boone, Jr. July 1971. 34 pp. 4 figs. The 
temperature dependency of the low-density thermal 
conductivity coefficients, AT, of nitrogen, 100 ° to 
1,200° K, is correlated with the Keyes' equation, 
AT = aT~ / (1 + bT-l 10-W). 

The equation AT.P = AT + a [ e~)\.J~ repre-
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sen ted 509 experimental higher pressure thermal 
conductivities in the temperature range 131.2 0 to 
973.15 0 K for pressures to 500 atmospheres, with 
a me~n absolute deviation of 2.35 percent. This 
equatIOn was used to compute thermal conductivities 
of gaseous nitrogen for 47 pressures, 1 to 240 at­
mospheres, and 110 temperatures, 133 0 to 740 0 K 
which are common to conditions encountered in th~ 
Bureau of Mines helium purification process. 

Isobaric .heat capacities, Cp, and viscosities, 'l/T,P, 
from preVIOUS work were combined with thermal 
conductivities, "T,P, to compute Prandtl numbers 
CP'l/T,P I "T,P, of nitrogen. Tabular values of 
Prandtl numbers are presented for 49 pressures, 
1 to 240 atmospheres, and 75 temperatures, 133 0 to 
740 0 K. 

Estimated uncertainties are ±5 percent in the 
tabulated thermal conductivities and ± 15 percent 
tor the compu.ea l'ranatl numbers. Howev!::r the 
uncertainty may rise to ±10 percent for the'rmal 
conductivities and to ±30 percent for Prandtl num­
bers as the critical conditions of nitrogen are ap­
proached. 

RI 7542. Preliminary Survey of Polymer-Impregnated Rock, 
by Lester J. Crow, Dennis J. Kelsh, Meyer 

Steinberg, and Peter Colombo. July 1971. 35 pp. 
11 figs. A p.reliminary survey was performed to in­
vestigate the impregnation of relatively weak, porous 
volcanic tuff and a relatively strong, dense sand­
stone' with five different monomers. Increases in 
compressive strengths by factors of 2 to 5, and 
elastic moduli by factors of 2 to 3,5, are reported 
for natural rocks (tuff, sandstone, dacite), which 
were impregnated with five monomers (methyl 
methacrylate; chlorostYl'ene; 40 percent TMPTMA-
60 percent styrene; 40 percep.t TMPTMA-60 percent 
chlorostyrene; _ 60 percent polyester-40 percent sty­
l'ene); polymerization took place after monomers 
were forced into the rock, Impregnation was per­
formed (1) by pressurizing rock specimens from one 
end, or (2) by a vacuum-soak operation. Polymeri­
zation was accompanied by either radiation or chem­
ical initiation techniques~ 

Strength improvement is dependent on (1) the 
type of monomer used, (2) the amount of polymer 
incorporated into the rock, and (3) the degree of 
water saturation of the rock.' Water saturation 
strongly reduced the effectiveness of the method for 
the polymer systems testeq. The more viscous mon­
omers (fot example, 60 percent polyester-40 percent. 
styrene) were more effective in displacing the water 
from the rock, and compressive strengths of wet 
. rock were doubled with these systems. Water satu­
rations ranging from 25 to 100 percent of maximum 
saturation gave essentially identical results. 

Further tests on other types of mine rock, ~nclud­
ing shale and coal, are planned. Water-compatible 
polymer systems should be developed, or present 
systems should be suitably modified. For application 
to tunnel stabilization, design studies evaluating the 
improvement in rock strength and its influence on 
the support system are also recommended. 

Rt 7543. Gravity Flow of Powder in a Lunar Environment 
(in Two Parts). 1. Property Determination of Sim. 

ulated Lunar Soil, by David E. Nicholson. July 1911. 
34 pp. 21 figs. This report investigates the me­
chamcal behavior of fine soils in a lunar environ­
ment in engineering gravity-flow bins. The ultra­
high vacuum, absence of moisture, and a lunar 
gravity one-sixth that of earth gravity represents. 
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a unique environment, both advantageous and detri­
mental to these systems. On earth, moisture and 
gases contained in powder masses can be respon­
sible for complex descriptions of gravity flow. Their 
absence appear to simplify the lunar soil behavior. 
However, simulation of the lunar gravity and 
vacuum complicates the development of experimental 
data for designing bins. 

The properties of a dry soil powder, its behavior 
under one-dimensional compression, and its torsional 
and direct shearing strength under earth atmos­
phere are described in part 1 of this paper. These 
properties provide the parameters for a finite-ele­
ment analysis to optiniize the design of bins, to be 
described by Dr. William Pariseau in part 2. 

Shear tests assess the failure criteria for the ma­
terial. Compression tests provide modules and (Ko) 
stress-ratio values from the loading portion of the 
compression cycle, duplicating the condition of a 
bin at rest with the discharge closed. ,During the 
unloading portion of the compression cycle (soil 
overconsolidated), the residual Ko values rise. It is 
postulated that this phenomenon creates a high­
lateral stress in bins when they approach incipient 
flow. Assessment of the Ko value, overconsolidation 
ratio, and the void ratio state is proposed as a cri­
terion to determine the flowability of powder. 

RI 7544. Chemical Spot Tests for Aluminum Alloys, by A. W. 
Maynard and D. A. Wilson. August 1971. 

15 pp. 5 figs. Simple chemical spot tests for the 
identification of major alloying elements in alum­
inum-base alloys are described. The tests are suit­
able for use by nontechnical personnel working out­
side a laboratory. Tests for zinc, copper, manganese, 
and magnesium employ electrographic sampling 
methods and sample papers. Use of electrographic 
sampling in a test for magnesium in aluminum is 
made possible by using glass fiber filter paper. 
Differentiations between magnesium and magnesium­
silicon alloys of aluminum and between aluminum­
base and magnesium-base alloys are made by direct 
chemical solution tests. Description of a device for 
obtaining reliable electrographic samples is included. 
A sequence of testing for identification by alloy 
groups is given. 

RI 7545, Investigation of Pulsation Dampers for Personal 
Respirable Dust Samplers, by J. A. Lamonica 

and H. N. Treaftis. August 1971. 13 pp. 10 figs. 
The Bureau of Mines studied a pulsation damping 
device designed to smooth pulsating flow in personal 
respirable dust samplers, The effect on the pulsation 
dampener efficiency of six parameters was investi­
gated, as follows: Volume, diaphragm elasticity, 
diaphragm area, center orifice area, inlet-outlet ... 
orifice area, and geometry (LID ratio) .. The results 
indicate that volume predominates in determining 
snubber efficiency. while the other parameters become 
important at ~mall volumes. Geometry has no effect 
on snubber efficiency. Criteria for an efficient pulsa-' 
tion dampener construc~ion were obtained. 

RI 7546. Field Evaluation of' Hydraulic Backfill Compaction 
at the Lucky Friday Mine, Mullan, Idaho, by 

D. R. Corson. August 1971. 24 pp. 20 figs. The 
Bureau of Mines instrumented two similarly back. 
filled stopes-one filled in the normal manner and 
the other with the fill densified using vibratory com­
pactors-to evaluate the effect of fill compaction on 
subsequent vein-wall closure, proposed as an adjunct 
process for strengthening cemented fill. Hydraulic 
pressure cells to monitor pressures within the fill and 
mechanical closure devices to measure vein-wall 
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movement and the procedure for their installation 
are described. The field ,compaction work was gen­
erally performed manually 'by utilizing small com­
mercial concrete vibrators. A protoype immersible 
vibrator using slusher cables to propel the vibrator 
in the stope was used on several lifts of fill. 

Although compaction efforts were less e~ective 
than anticipated in increasing the final densIty of 
the fill, analysis of the field data does indicate some­
what improved strain characteristics and an in­
creased pressure buildup for the densified fill. The 
effects of a prolonged period of inactivity and of 
rock burst occurrences in the immediate area also 
reflected in plots of strain and pressure within the 
two instrumented stopes. 

RI 7547. Production Decline Curves Using Data From Cali-
fornia Oilfields, by R. V. Higgins and H. J. 

Lechtenberg. 1971. 28 pp. 1 fig. The results of 
two separate but related studies are given. In .the 
first study, four equations were tested; the object 
was to determine which would produce a curve that 
would best fit data points that represent a trend of 
declining oil production in 90 California fie.1ds. Tw~ 
conventional equations (the Arps and semIlog). ana 
two novel equations (extreme-c and double semIl?g) 
were tested. The curves were first fitted to the mI­
tial 9 years of the 15-year production data and then 
extrapolated for 6 years to determine how well the 
extrapolated curve would fit the data points. The 
generated curves were also extrapolated beyond the 
last data point to predict rates of future produc­
tion. 

The results of the first study showed that no 
equation was clearly superi?r to the ot~ers in all 
respects. The semilog equatlOn re:5Ulted m the best 
fit to production data for the first 9 years, but Arps 
and extreme-c equations produced a better fit for 
the extrapolated data for the period. of 9 to 15 
years. The Arps and extreme-c also gave m~re 
realistic production rates when extended to the pomt 
where cumulative production equ.aled reserves. 

A second study was made to determine whether 
the least-squares technique applied to the Arps 
equation would result in more. acc~rate extrapola­
tions. The merits of the loganthmic an.d the n?n­
logarithmic forms of the Arps. hyp~rbohc eql;latlO? 
were also tested. For the logarIthmIc expresslOn, It 
was found that one of the constants of the Arps 
equation reached a value so small or so large that 
the equation was not applicable to the. dat~ of 40 
of the 90 California fields. The nonloganthmlC form 
of the Arps equation was applicable to neither the 
same 40 fields nor to a few additional ones. When 
the data and the Arps equation were compatible. 
the use of the least-squares technique as cOI?pared 
with other methods improved the extrapolatlOn ac­
curacy somewhat. 

RI 7548. Preparing Copper Powder From Cemented Copper, 
by R. D. Groves, J. K. Winter, and L. G. 

Evans. 1971. 20 pp. 1 fig. Techniques were de­
veloped for preparing metallurgical-grade copper 
powder from industrially p:rod~ced ~ement copper. 
Flotation was used for reJectmg dI~crete. gangue 
particles, acid leaching to l'E;move re~Id.ual Iron and 
aluminum hydrogen reductlOn to ~hmmate oxygen, 
sintering to consolidate the fine-sIzed copper, and 
grinding to obtain copper powder. Powders prep.ared 
from six different cement copper samples contamed, 
in percent, 98.5 to 99.0 Cu, 0.10 to 9·~5 ~e, ~.~O to 
0.08 insoluble material, and the remammg mdIvldual 
:impurities less than .0.~5 percent. The .apparent 
density, flow cha,ractenstics, and other phYSIcal pro.p~ 

e:rties were sUitaJ;lle for po.wder metallurgy applica­
tions. An economIC evaluatIOn showed that this proc. 
ess was economically feasible. Processing costs ap­
peared modest when considering that copper powder 
commands a price normally about 17.5 cents per 
pound over that of electrolytic copper. 

RI 7549. The Free Energy of Formation of Indium Oxide by 
EMF Measurements, by S. C. Schaefer. 1971. 

10 pp. 4 figs. Thermodynamic properties of indium 
oxide (In20a) have been studied with a high-tempera­
tUre galvanic cell employing stabilized zirconia elec­
trolytes. In the temperature range 790° to 1,230° K 
the free-energy chans-e for the cell reaction 

2In(l) + 3Cu.0(c) = In.Oa(c) + 6Cu(c), 
together with the standard free energy of forma­
tion of cuprous oxide gives the standard free energy 
of formation of indium oxide from the elements as 
aGr = -218.78 + 75.34 X 10-sT ·±0.7 kcallmole. 
A third-law analysis yields the standard enthalpy 
of formation: 

!!Jlr2lJa.15 = -221.5 kcal/mole. 

RI 7550. Noise in Underground Coal Mines, by J. A. 
Lamonica, R. L. Mundell, and T. L. Mul­

doon. 1971. 11 pp. 3 figs. The Bureau of Mines 
conducted an environmental noise survey to deter­
mine the noise levels to which underground coal mine 
employees.are exposed, to evaluate noise survey tech­
niques and equipment, and to compare noise expo­
sures using two criteria, Walsh-Healey and CHABA, 
for determining allowable exposures that were not 
under consideration for the Federal Coal Mine 
Health and Safety Act of 1969. Time study tech~ 
niques and Bureau-approved standard sound level 
meters were employed. The shift exposures of 20. 
percent of the miners studied were in excess of the 
safe standards established by both criteria. The 
shift exposures calculated using the Walsh-Healey 
criteria were greater than those calculated using 
the CHABA criteria owing to the intermittent na­
tUre of the exposure. Ultimately the CHABA cri­
teria were rejected, and the Walsh-Healey criteria 
were adopted. 

RI 7551. Thermodynamic Properties of Four Crystalline Sodium 
Borates, by L. B. Pankratz and M. J. 

Ferrante. 1971. 8 pp. 1 fig. . Enthalpies above 
298 ° K were investigated for four crystalline sodium 
bo:r;ates by copper-block drop calorimetry. Determi­
nations were made to 1,200° K for NaB02, 1,003° K 
for Na.B.O" 1,005° K for NaBaO., and 1,046° K for 
N a.BaO,a. No phase transitions or other thermal 
anomalies were found. 

The enthalpy determinations, when combined with 
known heats of formation at 298° K and other sup­
plementary data, enabled the calculation of the heats 
and free energies of formation of the compounds to 
their melting points. 

Values of relative enthalpies, entropies, heat ca". 
pacities, free energy functions, enthalpies of forma­
tion, free energies of formation

i 
and equilibrium 

constants of formation were tabu ated at even tem­
peratures. 
RI 7552. Inhibition of Coal Dust-Air Flames, by J. Grumer 

and A. E. Bruszak. August 1971. 14 pp. 
4 figs. Nine dust and gaseous inhibitors of propa­
gating coal dust-air flames (lean, stoichiometric, and 
rich) were evaluated in a newly developed 15-cm-id, 
3.6-meter-Iong instrumented flame duct, under con­
ditions such that wall quenching was virtually absent 
and the dust concentration was temporally and spa­
cially uniform to within about ±5 percent. Listed 
roughly in order of increasing efficiency, the inhibi-
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tors evaluated were rock dust (calcium carbonate), 
powdered oyster shells (calcium carbonate), Halon 
1301 (trifluorobromomethane), Halon 1211 (difluoro­
chlorobromethane), sodium chloride, Super-K (po­
tassium chloride), regular-grade fire extinguishant 
powder (sodium bicarbonate), Purple-K (potassium 
bicarbonate), and Monnex (potassium bicarbonate. 
combined with urea). Experiments were extended 
to clouds containing 1 and 2 volume-percent of 
methane. The inhibition of lean, stoichiometric, and 
rich methane-air flames without coal dust was also 
examined in a few instances; results agreed with 
those obtained for coal dust-air flames. 

RI 7553. A Three-Dimensional Dynamic Programing Method 
for Optimal Ultimate Open Pit Design, by Thys B. 

Johnson and William R. Sharp. 1971. 25 pp. 15 
figs. A . three-dimensional dynamic programing 
method is presented for determining the optimal 
open pit limit. The method given is based on the 
block concept and is an extension of the two-dimen­
sional Lerchs-Grossman approach. The three-dimen­
sional technique presented herein is fast and simple 
~and may be used for an initial open pit evaluation 
w~n only limited data are available or as a more 
refined model when the entire deposit is well deline­
ated. 

The method is illustrated by simple numerical ex­
amples and is also presented in algorithmic form. 
A computer program was wr~tten ,in Fortra~ IV 
which implements the three-dImenSIonal algorIthm 
and some computational aspects are discussed. 

RI 7554. Improved Cupric Ammonium Carbonate Leaching of 
Copper Scrap, by W. L. Staker, C. J. Chind­

gren, and K. C. Dean. 1971. 9 pp. 2 figs. Alter­
natives were developed to the conventional ammo­
niacal carbonate leaching-steam stripping procedure. 
for recovering copper as an oxide from contaminated 
scrap metal. By entraining air bubbles in the leach 
soluiion, the copper dissolution rate was increased to 
1.5 g/in2 of copper surface !ler hour, eompared to 
0.5 g/in2/hr prpduced by conventional agitation in 
stirred tanks. Using entrained nitrogen.gas bubbles 
for agitation in conjunction with powdered sulfur 
not only resulted in rapid dissolution but also ~imul­
taneou's precipitation of the copper from solutlOn as 
a high-grade cuprous sulfide. 

RI 7555. Sampling Gold Lode Deposits, Bluff, Seward Pen in­
. sula, Alaska, by John J. Mulligan. 1971. 40 

pp. 7 figs. The Bureau of Mines sampled a gold­
bearing schist series 50 miles east of Nome near 
Bluff, a dormant mining camp on the southern shore 
of the Seward Peninsula, Alaska. Gold is unevenly 
distributed through a section of a schist series that 
extends from the coast northward 4,500 feet. In 
this section the schists dip westward 20 to 38 de­
grees and have an outcrop width of about 1,000 feet 
and a normal width of about 500 feet. An intensely 
fractured zone within the schists averages 0.015 to 
0.017 ounce of gold and 0.03 to 0.05 ounce of silver 
per ton for outcrop widths of 200 to almost 500 feet. 
The grade of the remainder of the schist series 
ranges downward to scant traces. Gold eroded from 
these schists collected in solution channels in meta­
limestones to form the Daniels Creek placers, which 
also extend from the beach southward under the 
sea for an unknown distance. The lode sources of 
the gold placers elsewhere in the southern Seward 
Peninsula may be similar schists that occupy a 
similar position in the metasedimentary series. 

RI 7556. Effect of Temperature on the Electrolytic Prepara­
tion and Recovery of Samarium-Cobalt Alloy, by 

E. Morrice and M. M. Wong. 1971. 11 pp. 3 figs. 
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The effect of the temperature of SmF:r-LiF elec­
trolyte on the electrolytic preparation of samarium­
cobalt alloy by the consumable cathode technique 
was investigated. The temperatures of the cathode 
zone, alloy collection zone, and samarium oxide 
(Sm,O,) feed zone had to be controlled carefully to 
obtain a satisfactory samarium-cobalt alloy product. 
Any appreciable deviation from certain temperature 
values adversely affected yield and product quality. 
RI 7557. Hydrodesulfurization of Venezuelan Residual Fuel 

Oils, by C. M. Frost and P. L. Cottingham. 
1971. 18 pp. 8 figs. The hydrodesulfurization charac­
teristics of a Venezuelan topped crude oil and a Vene­
zuelan crude oil were determined at temperatures 
from 740 0 to 850 0 F, pressures from 800 to 1,600 
psig, and space velocities from 1.0 to 2.0 Vo/V./hr. 
Kinetic calculations showed that under these condi­
tions the desulfurization reaction was first order with 
respect to sulfur a'nd had an average activation 
energy of 32.5 kcallmol. Catalyst life tests made at 
750 0 F, with pressures of 800, 1,200, and 1,600 psig 
and space velocities of 1.0 and 1.25 Vo/V./hr, 
showed that the decrease in the relative activity of 
the catalyst was a logarithmic function of time or 
volume of oil processed and the amount of vanadium 
depoRited on the catalyst. Comparative tests made 
with. residual fuels prepared from a Wilmington, 
California, crude oil and a Wyoming asphaltic crude 
oil showed that catalyst life may be extended by 
processing fuel oil with a low metal content, but it 
may be shortened by the presence of large amounts 
of asphalt in the feed. 

RI 7558. Analysis of Uranium Distribution in Diamond-Drill 
Cores. Section 23 Mine, Ambrosia Lake Area, Grants 

District New Mexico, by George R. Schlottler. 1971. 
29 pP'. 16 figs. The Bureau of Mi~es investigated 
the distribution of uranium and varIOUS methods of 
ore sampling in a uranium deposit typical of those 
in the Morrison Formation sandstone of the Am­
brosia Lake area, Grants mining district, north­
western New Mexico. Chemical and radiometric 
assays of diamond-drill core samples are compared 
in detail by statistical techniq~es, and the assay da~a 
are correlated with the stratIgraphy of the depOSIt. 
Conclusions applicable to ore-reserye estimation in 
geologically similar uranium depOSIts are drawn. 

RI 7559. Laboratory Evaluation of Some Factors in C~aniding 
Gold Placers, by I. L. Nichols, H. B. SalIsbu:y, 

and B. K. Shibler. 1971. 12 pp. 4 figs. The In­
place cyanidation leaching of gold f~om placer de­
posits is a potential method for treatmg gravels too 
deeply buried and too low in gO.ld content t? be proc­
essed economically by conventlOnal dredgmg meth­
ods. Laboratory experiments were made to evaluate 
those placer cyanidation factors adaptable to small­
scale studies. The variables investigated included 
gold particle size and locatiop in san.d b~ds, cyanide 
solution flow rate, and cyamde solutIon strength as 
factors affecting gold solubility rates. The solution 
flow rate in turn, was influenced by variables such 
as bed sl~pe, solution head pressure, and sand size, 
and the effects of these factors were studied. 

Free gold, minus ISO-mesh and finer in size, is 
rapidly dissolved by dilute cyanide solutions from 
mixtures of gold and silica and prepared to simulate 
placer deposits. About 94 percent of minus 325-mesh 
free gold was extracted in 5 hours from silica sand 
mixtures, and 94 percent extraction of minus 150-
mesh gold was obtained in 21 hours with 0.1 percent 
NaCN solutions. Moving solutions were almost twice 
as effective in leaching free gold from silica sand 
mixtures than stagnant solutions. 
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RI 7560. Converting Organic Wastes to Oil. A Replenish-
able Energy Source, by H. R. Appell, Y. C. Fu, 

Sam Friedman, P. M. Yavorsky, and· Irving Wender. 
J.971. 20 pp. 3 figs. The Bureau of Mines is ex­
perimentally converting cellulose, the chief constit­
uent of organic so'lid waste, to a low-sulfur oil. All 
types of cellulosic wastes, including urban refuse, 
agricultural wastes, sewage sludge, wood, lignin, and 
bQvine manure, have been converted to oil by reac­
tion with earbon monoxide and water at tempera­
tures of 350 0 to 400 0 C and' pressures near 4,000 
psig, and in the presence of various catalysts and 
solvents. Cellulose conversions of 90 percent and 
better (corresponding to oil yields of 40 to 50 per­
cent) have been obtained. 

A continuous reactor for use at maximum condi­
tions up to 500 0 C and 5,000 psig has been operated 
successfully. Using sucrose as a feedstock, opera­
tion in this system has permitted a simplified and 
preliminary chemical study of the conversion proc­
ess. Oil yields of over 30 percent have been obtained 
with this unit. 

RI 7561. Prediction of Low-Temperature Carbonization Prop-
erties of Coal in Advance of Mining, by Manuel 

Gomez and Donald J. Donaven. 1971. 88 pp. 14 
figs. Dehydrogenation factors, proximate analysis, 
and ultimate analysis were examined as predictors 
of the low-temperature carbonization properties of 
coals varying in rank from lignite through anthra­
cite. All factors studied contributed to reduction in 
variance of the sample populations investigated. 

Response surface regression models based on vari­
ables from proximate and ultimate analyses of coal 
were constructed for eight low-temperature carboni­
zation assay product and gas component yield<;. These 
models were tested with independent samples that 
included dr.m cores. sized fractions, petrographic 
fractions, and run-of-mine coal. The models devel­
oped were used to predict low:temperature carb?ni­
zation yields for coals from maJor fields of Wyommg. 
This information was cast in the form of contour 
plots describing the potential low-temperature car­
bonization product yields of Wyoming coals and the 
properties of the resultant char or coke. 

The variables used as input to the models may 
be measured and collected during exploration; thus, 
the carbonhation properties of a seam can be de­
termined in advance of mining. The information 
presented in this report is useful in that it broadens 
the decision making base for management when 
.either mine locations or coal conversion plant sites, 
or both; are being considered. 

RI 7562. Recovery of Copper From Converter Slags by Flota-
tion, by V. E. Edlund and S. J .. Hussey. 

1972. 13 pp. 4 figs. Laboratory batch flotation tests 
were conducted on copper converter slags to evaluate 
the relative merits of recovering copper from slow­
cooled versus water-quenched slags. Three slags con­
taining 1.6. 5.0, and 6.6 percent copper were used. 
More than 90 perce:ri.t of the copper was recovered 
in a rougher concentrate leaving a 0.2- to 0.3-percent 
copper tailings when .treating slow-<;o?led slag. 
Lower recoveries and hIgher copper taIhngs rang­
ing from 0.5 to 0.6 percent copper were obtained 
from quenched slag. Grindability studies were made 
on the respective heat-treated slags. Quenched slags 
proved more difficult to grind than slow-cooled slags. 
Cost studies showed that quenched slags can be 
treated at slightly lower cost than slow-cooled slags. 
However, the cost advantage of processing quenched 

slags is more than offset by the higher copper re­
coveries obtained from slow-cooled slags. ThIS 1972 
report is a revision of the original RI 7562, pub­
lis.,hed in 1971. 

RI 7563. Computer Calculation of Binary Organic Liquid 
Recovery by Condensation From Mixtures of Binary 

Organic Vapor and Air, by John P. Gooch and James S. 
Browning. 1971. 81 pp. 12 figs. The Bureau of 
Mines wrote a computer program which calculates 
the saturation curves and condensation characteris­
tics of gaseous mixtures consisting of binary organic 
vapor and air. The program employs an algorithm 
which assumes an equilibrium mechanism for con­
densation, and the degree of fractionation obtained 
is predicted on the basis of relative volatility. The 
program incorporates a featUre which allows the 
user to examine the fractionation resulting from 
condensation as a function of the size of the tem­
perature increments over which condensation is as­
sumed to occur. If a .single temperature interval 
between the dewpoint of the mixture and the outlet 
temperature of the condenser is assumed for the 
calculation, the results obtained will be those re­
sulting from a single equilibrium condensation. If 
the condensation is assumed to occur over a number 
of temperature increments, the results obtained will 
approach those predicted by the Rayleigh equation 
as the magnitude of the temperature increments ap­
proaches zero. The results from calculations per­
formed on vapor mixtures from organic heavy 
liquid solutions used in beneficiating potash and 
brucite ores are presented. The liquids are solutions 
of dibromomethane in trichloroethylene or perchloro­
ethylene. The results show the degree of liquid re­
covery which is possible by cooling mixtures of 
organic vapor in air. Compositions of the vapor 
range from 10 to 95 percent air. and assumed con­
denser eltit temperatures range from 110 0 to 50° F. 

RI 7564. Prediction of Coke Strength of American Coals by 
the Ruhr Dilatometer Method, by J. G. Walters, 

C. Ortuglio, and D. E. Wolfson. 1971. 18 pp. 1 
fig. The method for predicting coke strength de­
veloped at Steinkohlenbergbauverein, Germany, in 
which experimental parameters are readily deter­
mined by small-scale laboratory tests, was found to 
be applicable to cokes produced from industrially 
used blends of American coals. Predicted 1-inch 
ASTM tumbler indices for four industrial blends 
were found to be in excellent agreement with the 
experimentally determined values. The laboratory 
determined prediction parameters include the prox­
imate analysis of the coal, the size consist of the 
coal, and Ruhr dilatometer test data. 

RI 7565. Delineation of Clustered Points in Two Dimen-
sions by Measuring Perimeters of Convex Hulls, 

by John H. Schuenemeyer, Charles E. Lienert, and 
George S. Koch, Jr. 1972. 69 pp. 32 figs. Con­
siner a set of points, some of which are anomalous· 
(larger than a specified cutoff value), located on a 
plane. Whether some or all of these points are 
clustered to form one anomaly or more or, al­
ternatively whether th~se points are sc.attered. at 
random may be investigated by measurmg perIm­
eters of convex hulls. A convex hull is the smallest 
convex polygon that will encompass a gr.oup of 
points. Examples of convex polygons are trIangles, 
rectangles, and all other regular polygons: A set of 
anomalous points is selected and the perImeters of 
the convex hulls of this set and all its subsets are 
measured and compared with tabulated values of 
perimeters for each subset size. For a given subset 
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~~ze tco;sld:r
d 

those perimeters which are less than 
h II ~ u a e perimeter. If the number of convex 

u S IS greater than the maximum number ex ected 
by <;hance, th.en the chance that anyone of 'the ob­
~hrv et hUlls

d 
IS a nonrandom cluster is the ratio of 

and °therve ~umber to the sum of the observed 
o h ~ maximul? number expected by chance. 
1/ erwIse, the POI~tS are evidently not clustered. 
modefnK ~ample P?Ints are anom~lous, an alternate 

P
oint e dnes varIOUS configuratIOns of contiguous 

s .an compa.res the observed number of con­
figUr~tIO!ls per un~t area with the expected number 
ApplIcatIOns are dIscussed in several fields of I . 
and geoche . t . I d' geo ogy . miS ry-In~ u Ing geochemical exploration 
s~TI"e~s al!d he~vy mineral spatial distributions-as 
VIe aSh m mInmg (dust control) and medical 
geograp y. 

RI 7566. Re~overy of Codmium, ond Nickel From Scrap Bat. 
terles, by D. A. WIlson and B. J. Wi egaI'd, 

Jr. 1971. 15 pp. 4 figs. A cyclic leaching process 
was ~eveloped fo~ selectively leaching and recovering 
cadmI.um f~om mckel-cadmium scrap battery waste. 
The SIX m,aJor steps in the process are the following: 
(1) wash~ng the plates to remove KOH electrolyte, 
(2) r,oastmg at 550 0 to 600 0 C to oxidize metallic 
cadmIUm and decompose cadmium and nickel salts 
(3) leaching with an ammonium nitrate solution' 
(~) precipita~ion of the leached cadmium from solu~ 
tron as cadmIum carbonate using C02 gas, (5) re­
moval of CO2 from the lixiviator by adjusting to pH 
4.5, heating, and evacuating the system, and (6) 
r,el?~val of s~all all).ounts of leached nickel from the 
lIXIviator usmg a solvent extraction technique. The 
r~generated lixiviato~ is then recycled to leach addi­
tIOnal plates. ,CadmIUm extraction was 94 percent 
and the ~admIUm' carbonate product contained 0.14 
percent mckel and 0.12 percent cobalt impurity. The 
leached plates were smelted to a high nickel-low 
iron alloy with no detectable amounts of cadmium. 

RI 7567. Influence of Thermal Treatments Upon Grindability 
of Low-Grade Nonmagnetic Iron Ores, by R. A. 

Vik, C. B. Daellenbach, and W. M. Mahan. 1971. 
30 pp. 13 figs. The influence of thermal treatments 
on the grindability of low-grade hematitic iron ores 
from Michigan and Minnesota was examined in 
bench-scale tests. Treatment factors were roasting 
temperature, roasting atmosphere, and ore cooling 
conditions. Bond ball mill grindability and work 
indices were used as response indicators in evalu­
ating the condition of the ore. Of the three treat­
ment factors evaluated, roasting atmosphere, which 
brought about the conversion of iron oxides to mag­
netite, had the most significant effect; roasting tem­
perature had the next most important effect; and 
cooling condition had the least effect. Optimum 
grindability was obtained with reduced-quenched 
products of both ores at 650 0 C, near the alpha-beta 
phase transformation of quartz. 

RI 7568. The Use of Rock Bolts or Wire Rope To Increase the 
. Strength of Fractured Model Pillars, by F. G. 

HorIno, W. 1. Duvall, and B. T. Brady. 1971. 24 
pp, ~2 figs. The Bureau of Mines conducted com­
preSSIve stre~gth tests on model pillars of selected 
ro~k types wIth each pillar containing a critically 
orIented plane of weakness. The objective of these 
tests was to determine if a significant increase in 
t~e strength. of the model pillar could be obtained by 
eIthe:r: (1) Installing tensioned rock bolts through 
the pIllar !lnd nor~al to the plane of weakness, or 
(?) wrappIl!g tensIoned steel wire ropes around the 
pIllar at .umformly spaced intervals along the pillar. 
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Equations based on Coulomb's failure criterion are 
developed to predict uniaxial compressive strength of 
model pillars that are either rock-bolted or wire­
roped. 

Laboratory compressive strength tests on unbolted 
and bolted model pillars of sandstone, marble, 
Indiana limestone, and oil shale containing a plane 
of weakness oriented at 45 0 showed that the bolted 
pillars are stronger than the unbolted pillars by 
84, 31, 52, and 28 percent, respectively. Laboratory 
compresFive strength tests on non roped and roped 
model pillars of Texas limestone, sandstone, and 
granite containing planes of weakness showed that 
the roped pillars were stronger than the non roped 
pillars by factors ranging from 1.01 to 2.41; depend­
ing upon the angle of the plane of weakness llJld the 
rock type. Rocks with a low Young's modulus bene­
fited most by the wire-roping technique. 

RI 7569. Preparation of Thorium-Magnesium Alloys and Pure 
Thorium by Magnesium Reduction of Thorium Tetra­

chloride, by T. T. Campbell, G. B. Robidart, and F. E. 
Block. 1971. 17 pp. 4 figs. StudIes were con­
ducted by the Bureau of :Mines to develop a process 
for prepa:r:ing thorium-magnesium master alloys or 
pure thOrium metal by magnesium reductlOn of 
thori~m tetrachloride in a semicontinuous reactor. 
ThorIUm tetrachloride was prepared in a fluidized­
bed reactor by chlorination of thorium oxide or 
thorium oxalate. Conditions were established for 
producing a suitable thorium oxide feed for a 
fluidized-bed reactor. Thorium tetrachloride was 
purified by vacuum sublimation and subsequently 
reduced by magnesium in a semicontinuous reactor 
to f~rm thorium-magnesium alloys. Relatively pure 
thorIUm was produced by removing magnesium from 
the alloys by vacuum sublimation. Close to 100 per­
cent of the thorium fed into the reactor was recovered 
either as metal (-93 percent) or as thorium oxide 
(-7 percent). The oxide can be recycled directly 
into the process. 

RI 7570. Dispersion Strengthening of Lead by Coprecipita. 
tion, by M. M. Tilman, R. L, Crosby, and 

D. H. Desy, 1971. 9 pp.3 figs. The Bureau of 
Mines conducted research into the dispersion 
strengthening of lead by the coprecipitation method. 
Commercially available reagents in water solutions 
were reacted to form homogeneous precipitates of 
lead and aluminum compound:;. The l'e~ulting pre­
cipItates were roasted to oxides and reduced in hy­
drogen to form mixtures of lead powder and alumina. 
'111" powd"rs were Isostatically pressed mto billets 
which were extruded into rods. '1 he rods were rolled 
into strip to provide material for testing. Alloys 
containing 0.5, 1, 2, and 3 nominal volume-percent 
AbO. were tested in short-time tensile tests and in 
tensile creep tests. An alloy of Po-3 volume-percent 
AbO. exhibited an average tensile strength of 8,570 
psi after rolling to 75-percent reduction at 125 0 C 
but had no measurable eionzation. Allo;rs of lower 
AbO. content provided a better comprcmise between 
tensIle strength and ductility. For example an 
alloy of po-0.5 volume-percent ALO. content ha'd an 
average tensile strength of 6,590 psi with 9-percent 
elongation after rollmg to '15-percent reduction at 
125 0 C. Creep rates of dispersion-strengthened 
Pb-AbO. alloys were below 1 percent in 10,00U hours 
at stresl;es or 2,000 to 4,000 psi. 

RI 7571. Hardness, Tensile Strength, and Impact Toughness 
ot Reservoir Sands. one at Extreme Tempe,al"res. 

by C. A. Komar. 1971. 8 pp. Hardness, tensile 
strength, and Impact toughness of dry and brine-
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satuI'ated sandstone speCImens were measured at 
ambient, cryogenic, and elevated tl:mperatures as a 
m"asure 90f tne relative, stablllty of reservoir rocks 
for subsilrface disposal of liquId wastes . .tiardness 
mea::;uremencs were inconclusl ve. Tensile strength 
and Impact toughness were slgnificantly higher at 
_020 0 F than at ambient temperature, but were 
relatl vely unatfected at 7UO° F. impact toughness 
was reuuced by sUbjecting the speCImens to three 
cycles 01 raplq. temperature changes t thermal shOCk) 
over a 1,OlJU 0 F range. Tenslle strength of brine. 
saturated sandstone was less than that of dry sand­
stone. Based on results of be tests, reservoir sand­
stone likely would be stable if exposed to extreme 
temperatures of liquid wastes, although rapld 
changes in waste temperatures should be avoided., 

RI 7572. Fragmentation of Concrete With Hydraulic Jets, by 
Jacob N. Frank and John W. Chester. 1971. 

32 pp. 13 tigs. A factorially designed, hydraulic 
fragmentation experiment using a hlgh-pressure 
water Jet was conducted on concrete blocks. Three 
le"els of pressure, standoff distance, and impact 
angle and two levels of traverse time and surface 
condition were used. Three variables were measured: 
depth of penetration, volume of material removed, 
and width of slot. Three stepwise linear regression 
equations were developed from the jet parameters 
and the physiocal properties of the concrete. The 
three basic equations, describing the significant jet 
parameters and physical properties, were developed 
into 15 predictor Equations, five for each variable 
investigated. Direct regression equations were also 
developed for each variable investigated to show the 
result of increasing or decreasing each significant 
variable. Energy efficiencies were developed for the 
experiment and for each significant factorial vari­
able. 

RI 7573. Oxidation Process for Improving Gold Recovery 
From Carbon-Bearing Gold Ores, by B. J. 

Scheiner, R. E. Lindstrom, and T. A. Henrie. 1971. 
14 pp. 12 figs. Carbonaceous gold-bearing ores of 
the type that occur in north-central and northeast­
ern Nevada were investigated by the Bureau of 
Mines as part of its Heavy Metals Program. Specific 
objectives were to identify the carbon and organic 
compounds that prevent adequate gold recovery from 
the ore by cyanidation and to develop an economical 
process that would overcome the detrimental effect 
,of the carbonaceous constituents. Activated carbon 
and long-chain organic compounds containing sulfur 
and nitrogen were found in the ore. Part of the 
material consisted of stable gold organic complexes. 
A mild oxidation technique that allowed gold extrac­
tion as high as 96 pErc~nt by subsequent cyanidation 
was developed. A variety of oxidants was shown 
to be effective in improving gold recovery, including 
chlorine and sodium hypochlorite (NaOCl). An elec­
trolytic oxidation process was· developed th~t was 
tparticularly advantageous from an economlC and 
effectiveness standpoint. 

RI 7574. Airblast-Overpressure Levels From Confined Under-
ground Production Blasts, by James J. Olson and 

Larry R. Fletcher. 1971. 24 pp. 10 figs. The 
Bureau of Mines recorded and a.lalyzed 0, erpres­
sure levels for three production blasts at the White 
Pille copper mine, Upper Michigan; to obtain repre­
sentative data from smgle-heading blasts in a long, 
straight haulage\\'ay and to estImate the ~amage 
potential inherent in production blasts fired m cl~se 
proximity to underground structures. Commerclal 
pressure gages with a flat response to 1 kHz were 

used wlth an FM tape recorder to record the over­
pressures from one dynamite and two ammonium 
nitrate-fuel oil, 500-msec production blasts having 
zero-delay charge welghts of about 75 lb (34 kg). 

The recorded waveforms from the underground 
blasts (1) were more complex than the typical free­
air wave, (2) were of larger duration, and (3) had 
numerous secondary arrIvals owing to reflections 
"rom the ribs and roof. The waveforms showed that 
the zero-delay charges produced the only high over­
pressures. 

RI 7575. In Situ Strain Orientations: A Comparison of Three 
Measuring Techniques, by R. L. Rough and 

W. G. Lambert. 1971. 17 pp. 9 figs Photoelas­
tic, wire resistance, and borehole-deformation gages 
were used to measure the in situ strains when an 
outcropping Black Hand Sandstone Formation in 
Hocking State Forest, Hocking County, Ohio, was 
overcored to stress-relieve the surrounding sand­

·stone. Strains transmitted to the photoelastic gage 
did not produce isochromatic patterns suitable for 
quantitative analysis. Strain readin!!'R from the wire 
!esistance gage indicated tensile-strain loading dur­
m~ ove!coring; readings from the strain-gage 
brIdges m the borehole-deformation gage indicated 
compressive-strain relaxation during overcoring. 
The magnitude and orientation of the computed 
stress fields obtained from both gages were compar­
able when the corresponding tensile and compres­
sive elastic moduli were applied. Measurements of 
in situ strain in sandstone were shoWll to have 
promise but to require further development in field 
tec~nique that could likely be achieved through ex­
penence. 

RI 7576. Structural Deformation of Green River Oil Shale as 
It Re:ates to In Situ Retorting, by P. R. Tisot and 

H. W. Sohns. 1971. 27 pp. 9 figs. Structural 
response and/or deformation was determined for 
each of four different grade Green River oil shales 
(27.0-, 34.5-, 45.5-, and 63.5-gal/ton) as they were 
heated in an inert atmosphere, under constant com­
prEssive stress, from ambient to subretorting tem­
peratures; that is, below those required for rapid 
pyrolysis of the organic matter. Small cores and 
l>mOlll columns of confined fragments comprised the 
test specimens, which were heated in a specially de­
signed microunit at a uniform rate either to 725 0 

or to 825 0 F, under three different stress levels, 80, 
200, and 325 psi. Structural response of some cores 
was observed as they were heated in a stress-free 
(;ll "ironment. The obtained stress-strain-time-tem­
perature relationships provide information regard­
ing the oil shale's yield temperature, yield stress, 
rate of compressive strain, loss of mechanical 
strength, and nature oJ structural deformation. Ef­
fects of structural deformation on induced perme­
ability in small columns of fragments are presented. 
;Results indicate that underground retorting of 
Green River oil shale may be seriously impaired 
.through loss of induced permeability brought about 
bv structural d"formation of rich oil shale under 
the influenQ!:! of heat and compressive stress. 

RI 7577. Gravity Flow of Powder in a LUI ar Environment 
(In Two Parts). 2. Analysis of Flow Initiation, by 

William G. Pariseau. 1971. 20 pp. 11 figs. A 
small displacement-small strain finite element tech­
.nique utilizing the constant strain triangle and in­
cremental constitutive equations for elastic-plastic 
media, which are nonhardening and obey a Coulomb 
yield condition, has been applied to the analysis of 
gravity flow initiation in a V -shaped hopper con­
taining a powder under lunar environmental condi-
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tions. Three methods of loading were examined. Of 
the three, the method of computing the initial state 
of stress in a filled hopper prior to drawdown by 
adding material to the hopper layer-by-Iayer is su­
perior. Results of the analysis of a typical hopper 
problem show that the initial state of stress, the 
elastic moduli, and the strength parameters have 
an important influence on material response sub­
sequent to the opening of the hopper outlet. 

RI 7578. Rock-Bolt Anchorage in Tertiary-Gravel Material: 
Badger Hill, California, by John P. Conway. 

1971. 14 pp. 5 figs. This investigation was under­
taken to· determine the feasibility of rock-bolt sup­
port in Tertiary-gravel material. Pull tests were 
performed on five types of rock-bolt anchors to de­
termine their optimum anchorage capacity. Four of 
these anchors are commercially available ~ the fifth, 
an explosive-anchor bolt, was developed by the Bu­
rea of Mines. To increase anchorage capacity, epoxy 
grout was used with several of the commercial types 
of bolt. Tests showed that sufficient anchorage couln 
be obtained by employing epoxy-resin grout with the 
commercially available wedge bolt, or hy using the 
explosive-anchor bolt. 

RI 7579. Modifying Diesel Engine Operating Parameters To 
Reduce Emissions, by W. F. Marshall and R. W. 

Hum. 1971. 14 pp. 9 figs. The effect of engine param­
eters on exhaust emissions from two diesel engines 
was studied experimentally. Fuel-injection charac­
teristics and intake air conditions were considered 
as parameters influencing the emissions. Emphasis 
was placed on the effect of parameter variations on 
nitrogen oxide (NOx) emissions, because dies.els 
generally emit very low levels of carbon monoxide 
(CO) and unburned hydrocarbons. 

Emissions other than NOx were at lowest levels 
when the engines were adjusted for best perform­
.ance. NOx emissions can be diminished somewhat 
through variation in fuel-injection characteristics, 
but there generally are penalties in emissions of 
CO, smoke, and unburned hydrocarbons or in engine 
performance. . 

Temperature and composition ?f .intake air have 
a significant effect on NOx emlSSlons. Levels of 
NOx are reduced by recircul.atin~ the exhaust gas or 
by adding water to the intake all' stream. I.!0wever, 
the rate of water added or exhaust gas. reclrcula~ed 
must be limited to prevent the de,gr~datlOn of engme 
performance and increase~ emls~lons of CO and 
smoke. At high exhaust reclrculatlOn rat~s, levels of 
CO and smoke were increased such that It was nec­
essary to derate the engine and also to use a 
catalytic system for oxidation of CO. 
RI 7580. Comparison of Techniques for Electrowinning Tung-

sten From Scheelite, by John M. Gomes, Kenji 
Uchida, and M. M. Wong. 1971. 10 pp. 1 fig. 
Two techniques were investigated for removing CaO 
from scheelite (Ca WO.) prior to electrolysis. In 
the first technique, a crude tungstic oxide (W03) 
containing 0.15 percent lime (CaO) was prepared by 
digesting scheelite concentrates in hot hydrochloric 
acid. This oxide was used as cell feed to produce 
tungsten of 99.9-percent purity. The second tech­
nique used a high-temperature, two-phase separa­
tion, resulting in the extraction of 99 percent of 
the W03 in the halide-tungstate phase, while 90 per­
cent of the CaO was retained in the silicate phase. 
Tungsten of 99.9-percent purity was deposited from 
the halide-tungsten melt after B.03 and NaP03 were 
added to form an electrolyte. The two methods were 
compared with a previously developed technique of 
depositing tungsten from scheelite concentrate fed 
directly to the electrolytic cell. 
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RI 7581. Explosion-Proof Bulkheads. Present Practices, by 
D. W. Mitchell. 1971. 16 pp. This report 

summarizes experience and past research on methods 
for sealing abandoned areas of a coal mine and areas 
from which the pillars have been wholly or partially 
extracted. The Federal Coal Mine Health and Sa~ety 
Act of 1969 requires that such areas be ventilated or 
sealed with explosion-proof bulkheads, but the pres­
ent study indicates that bulkheads alone cannot iso­
late areas in a coal mine in which methane and other 
dangerous gases have accumulated. Gas-air ex­
changes between sealed and open areas must be 
controlled. 

RI 7582. Evaluation of Some Solid Oxides as Sorbents of 
Sulfur Dioxide, by James H. Russell, Jack I. 

Paige, and Danton L. Paulson. 1971. 27 pp. ~3 
figs. Several solid sorbents were compared for th~lr 
effectiveness in removing sulfur dioxide from Hue 
gases. The materials were tested for the rate of 
sorption and capacity at about 300' C, and rate of 
regeneration around 700 0 C in thin beds and in 4-inch­
diameter fluidized beds. Rates of material loss were 
also estimated. The sorbents tested included three 
samples of alkalized alumina, two samples of sodium 
.carbonate-impregnated alumina, and one proprietary 
,sample of porous silica impregnated with copper and 
iron compounds. 

RI 7583. Experiments on Gas Flow in Porous Media at Low 
Pressures, by L. C. Headley, C. I. Pierce, and 

W. E. Wallace, Jr. 1971. 9 pp. 4 figs. Surface 
areas of two synthetic and three natural consoli­
dated porous samples were obtained by the Orr low­
pressure permeametry technique. The results sug­
gest that the Orr technique is a useful substitute 
for the low-temperature gas. adsorption (BET) 
method for determining the surface area of rock 
samples. It was more rapid than the BET method, 
and the surfai'e-area values obtained were larger 
but agreed better with BET values than values cal­
culated from the Kozeny-Carman equation. Efforts 
were unsuccessful to demonstrate the influence of 
channel-size distribution on pressure-flow rate curves 
by means of experimental data and a parallel chan­
nel model. 

RI 7584. Geophysical Measurements of Gold-Bearing Gravels, 
Nevada County, Calif., by Benton L. Tibbetts 

and James H. Scott. 1972. 32 pp. 34 figs. Com­
prehensive geophysical measurements were made in 
the Tertiary Channel gravel deposits of Badger HilI, 
Calif.. with the refraction seismoJ<raph, gravimeter. 
and well logging equipment, to develop a three-di­
mensional physical model of the gold-bearing grav­
els. Tests were also made of the applicability of 
magnetometer and electrical resistivity techniques. 
Results of 14 seismic profiles revealed four distinct 
layers with velocities of 1,600 ft/sec for loose gravel, 
5,900 ft/sec for compact gravel, 8,600 ft/sec for 
cemented, blue gravel, and 15,500 ft/sec for bedrock. 
The depth to bedrock along the middle of the chan­
nel varied from a minimum of 100 feet in the hy­
draulically' mined pit area to a maximum of about 
300 feet in the upper bench area immediately south 
of the pit. These geophysical methods revealed that 
.40 percent of the drill holes necessary to delineate 
the deposit could be eliminated, at a cost saving of 
at least 30 percent. GPO Stock No. 2404-1033. 
$1.25. 

.RI 7585. Enthalpy and Free Energy of Formation of 
Vanadium Subnitride (VNo.4651, 298 0 to 1,800 0 K, 

by L. B. Pankratz, J. M. Stuve, H. O. Poppleton, 
L. L. Oden, and AlIa D. Mah. 1971. 13 pp. 2 figs. 



REPORTS OF INVESTIGATIONS 

Low-temperature heat capacities, high-temperatl:1re 
enthalpy increments, and the enthalpy of formatIOn 
at 298 0 K were determined calorimetrically for 
vanadium subnitride (VNo.465). The low-temperature 
investigation gave S0298.15 = 6 .. ~79 ± 0:005 ~al/~eg 
mole and a combustion calorimeter mvestlgatlOn 
provided ,0,Ht0298.15 = - 31.80 ± 0.60 kcal/mole. The 
two quantities were combined with the high-t~n;pera­
ture data to give standard. values of ent~alples of 
formation and free energies of formatIOn above 
298° K. These and related thermodynamic functions 
were tabulated to 1,800° K. Similar data are included 
in the range of 298° to 1,600° K for the mono­
nitride, VN. 

RI 7586. Thermal-Chemical Alteration of Sandstone To In-
crease Permeability, by Larman J. Heath and 

Ray A. Jones. 1971. 22 pp. 6 figs. Liquid in­
cendiaries were burned within the interstices of sev­
eral different types of sandstone cores to determine 
the technical feasibility of increasing sandstone per­
meability by this method. Fuel-oxidant mixtures 
were tested in 186 cores; six cores exploded when 
ignited. In virtually all instances, the explosion com­
pletely pulverized the sandstone cores. In addition 
to those cores damaged by explosions, 24 cores were 
fractured EO severely that permeability tests were 
impossible. Although combustion generally increased 
the permeability, specific mixtures at given pres­
sures were inconsistent in their ignition and burning 
behavior. Tests indicated that the heat of burning 
incendiaries significantly increased sandstone per­
meability. The improved permeability ratios were 
usually less than 2, but one was 10.3. Permeability 
alteration by other in situ methods was not as effec­
tive as that by flame propagation. 

RI 7587. Electrowinning of Oxygen From Silicate Rocks, by 
D. G. Kesterke. 1971. 12 pp. 3 figs. Re­

search was conducted to determine the feasibility of 
extracting elemental oxygen from silicate-bearing 
melts by high-temperature electrolysis. The method 
was based on a modification of existing processes for 
electrowinning metals from their oxides dissolved 
in molten halide systems. Electrolyses were per­
formed at temperatures ranging from 1,050° to 
1,250° C in boron nitride cells that incorporated a 
silicon carbide cathode and an iridium anode. The 
electrolytes contained volcanic scoria as the oxygen 
source, plus mixtures of BaF2 and LiF as fluxing 
agents. Cell gases containing almost 14 volume-per­
cent oxygen were obtained. The average anode cur­
rent efficiency for several experiments of extended 
duration was calculated to be 55 percent. Cell design 
and operating conditions are described, and some of 
the problems associated with the process are dis­
cussed. 

RI 7588. Analyses of Tipple and Delivered Samples of Coal 
ICollected During Fiscal Year 1971 I, by Staff, 

Coal Sampling and Inspection. 1972. 20 pp. The Bu­
reau of Mines has long been active in promoting the 
purchase of coal for Government lise under specifica­
tions that define the requirements in terms of heat­
ing value of the coal, expressed in British th~rmal 
units, and the composition as shown by proximate 
analyses. To these, when required, are !ldde~ the 
ash-softening temperature, the free-swellmg mdex, 
and the Hardgrove grind ability index. Under most 
of these specification contracts, the bidders guaran­
tee the quality of the coal, and that guaranteed b'y 
. the successful bidder becomes the standard of hiS. 
contract. The deliveries are sampled in accordance 
:with instructions issued by the Bureau of Mines, and 
the samples are analyzed in the Bureau laboratory 

to determine whether the coal is of the quality guar­
anteed by the contractor; if it is not, a price adjust­
ment is made. The Government, with the exception of 
the Tennessee Valley Authority, purchased approxi­
mately 5.5 million tons of coal in fiscal year 1971. In 
connection with these purchases, the Bureau an­
alyzed 4,366 samples. These are published (table 1) 
'for the use of Government officials and the public. 
Such analyses of delivered coal and tipple samples. 
(samples collected at mine tipples as coal is being 
loaded into railroad cars or trucks) provide valuable 
data for use in evaluating future bids. In addition, 
the continuous sampling of coal as delivered is a 
check on the practical results obtained in burning 
the coal. .GrO Stock.No. 2404-1034. 30 cents. 

RI 7589. In Situ Rock Temperature. Stress Investigations in 
Rock Quarries, by Verne E. Hooker and 

Wilbur 1. Duvall. 1971. 12 pp. 8 figs. Near­
surfa~e temperature ~easurements in two granite 
quarl'les show that dlUrnal temperature variations 
are significant to a depth of 1 or 2 feet, and annual 
temperature variations are significant to a depth of 
at least 25 feet. As a result, ground stress anomalies 
due t<? temperature exist near the surface, and their 
n:agmtude depends upon the time of day and the 
tIme of year. Rock stress and corresponding tem­
.perature measurements were made in one granite 
quarry over a rock temperature range of 33° to 
81 ° F. ~easured rock temperatures show good agree­
ment With values predicted from one-dimensional 
heat flow theory. Calculated and measured stress­
temperature coefficients for the two granites in this 
,study are given. ' . 

RI 7590. Ionic Constituents of DC Discharges in a He-S02 
Mixture, by D. G. Kuehn and L. M. Chanin. 

1971. 17 pp. 7 figs. Positive ion sampling studies 
have been condu~te~ o~ dc d~scharges containing 0.33 
percent sulfur dIOXide m hehum. Measurements were 
made for normalized gas pressures from 0.45 to 6.8 
torr. and discharg:e currents from 5 to 40 mao Ion 
species observ~d mcluded SO+, S+, SO+2, SO+3, 0+, 
and 0+2. StudIes were conducted on the functional 
depend~nce of the various ion species with respect to 
aXIal dlstal!-ce, pressure, current, and gas flow rate. 
InterpretatIon of these .results is consistent with the 
assumption of S02 dissociation. Deposition of sulfur 
compounds was observed in the plasma container 
during these studies. 

RI 7591. Methane Emission Rate Studies in a Central Penn-
sylvania Mine, by Stephen Krickovic and 

Charles Findlay. 1971. 9 pp. 4 figs. A methane 
emission rate study was conducted in 1969 on a long­
wall section of a Lower Kittanning coalbed mine in 
central Pennsylvania. The longwall face was mined 
with a drum shearer between developed headings on 
the head end and headings on the tail end that were 
driven with a ripper-type continuous miner as 
needed. The study was conducted over 22 consecutive 
shifts (7-1/3 days). The average methane emission 
rate from the Lower Kittanning coalbed during min­
ing at the face and developing the headings at the 
tail end of the face was' 34 cfm. Caving of the gassy 
overlying strata as the result of mining at the face 
incrf'ned the methane emission to rates ranging 
from 702 to 1,049 cfm. 

RI 7592. Determination of Metallic Aluminum in Recycled 
Glass, by Thomas E. Green. 1971. 7 pp . 

2 figs. A gas volumetric method was developed for 
determining metallic aluminum at the 0.01- to 0.3-
percent level in 100-gram samples of recycled glass. 
The method is based on the measurement of the 
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change in gas volume produced by the reaction 
2 Al + 2 NaOH + 2 H20 ~ 2 NaAlO2 + 3 H2 

usi~g a simple apparatus assembled from readily 
aval!a?le glassware. Apart from sampling errors, the 
pl:eclslOn ot the method is within ± 5 percent. A 
mmor modification of the apparatus would extend 
the method to larger samples or samples of higher 
metallic aluminum content. 

RI 7593. Classification Test Methods for Flammable Solids, 
by J. M. Kuchta and A. F. Smith. 1972. 

13 pp. 1 fig. Ignition and flammability test methods 
were developed by the Bureau of Mines for use in the 
classification of flammable solids by the Department 
of Transportation. A rotating disk ignition appa­
ratus and a flame-spread-rate apparatus are pro­
posed for determining the ignitibility and flam­
mability, respectively, of most flammable solids. 
Extremely flammable solids, such as pyrophoric ma­
terials, are evaluated by determining their ease of 
spontaneous ignition in an environmental chamber 
at high-humidity conditions. Data are presented for 
various representative solids to show the reliability 
of the test methods for cla;Jsifying the materials. A 
classificatIOn system is also proposed for use In 

government transportation regulations. 

RI 7594. Classification Test Methods for Oxidizing Materials, 
by J. M. Kuchta, A. L. Furno, and A. C. 

Imhof. 1972. 13 pp. 2 figs. Bench-scale test 
methods were developed by the Bureau of Mines for 
use by the Department of Transportation in the 
classification of solid and liquid oxidizers. A burning­
rate test is recommended for evaluating the fire 
hazard of solid inorganic oxidizers when mixed with 
a red oak sawdust as the reference combustible. A 
spontaneous ignition test is proposed for evaluating 
liquid and solid inorganic oxidizers which may de­
compose violently or ignite spontaneously when un­
mixed or mixed with the wood sawdust under uncon­
fined conditions. Test results are compared with vari­
ous representative oxidizers and a classification 
system is proposed for use in the Government trans­
portation regulations. 

RI 7595. Computer Analysis of Seismic Refraction Data, by 
James H. Scott, Richard G. Burdick, and 

Benton L. Tibbetts. 1972. 95 pp. 11 figs. A tech­
nique of seimic refraction data analysis has been 
developed in which a digital computer is used to 
generate a two-dimensional model representing a 
layered-earth depth interpretation. Travel times are 
picked on seismic records by the human interpreter. 
These times, together with shot point and geophone 
locations and refraction-layer control information, 
are submitted to the computer on punched cards. A 
first approximation delineation of each refraction 
horizon is obtained by a computer adaptation of the 
delay-time method. The approximation is then tested 
and improved by the computer through the use of a 
ray-tracing procedure in which ray travel times 
computed for the model are compared against field­
measured travel times. The model is subsequently 
adjusted in an iterative manner so as to minimize 
the discrepancy between computed and measured 
travel times. The Fortran program is listed in the 
appendix of the report together with instructions 
for preparing data cards and examples of results. 
GPO Stock No. 2404-104!:J. 30 cents. 

RI 7596. Hydraulic Fracturing of Wyoming Green. River 
Oil Shale: Field Experiments, Phase I, by H. E. 

Thomas, H. C. Carpenter, and T. E. Sterner. 1972. 
18 pp. 7 figs. The Bureau of Mines has conducted 
a field hydraulic fracturing experiment to determine 
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the preferential orientation of induced fractures in 
oil shale at a depth of about 400 feet in the Green 
River Basin of Wyoming. The hydraulic fracturing 
treatment was perfornled by injecting extremely 
viscous water-base gel and 8- to 12-mesh sand into 
the oil shale through straddle packers set in an im­
permeable section of smooth-walled, 6~-inch-diame­
ter open hole. An impression packer proved that a 
horizontal fracture, which has an average width of 
about one-half inch at the borehole, was induced. A 
core hole drilled 100 feet from the fractured well in­
tersected the fracture and confirmed its horizontal 
orientation. Because a horizontal fracture was suc­
cessfully initiated, it is inferred that the creation 
of mUltiple, closely spaced horizontal fractures may 
be feasible in Green River Basin oil shale. 

RI 7597. Extraction of Gold From Carbonaceous Ores: Pilot 
Plant Studies, by B. J. Scheiner, R. E. Lind­

strom, W. J. Guay, and D. G. Peterson. 1972. 20 
pp. 16 figs. Oxidation procedures based on the 
chlorine-hypochlorite system were investigated fen· 
improving gold recovery from carbonaceous gold 
ores. The oxidation pretreatment prior to cyanidation 
was accomplished by (1) addition of sodium hypo­
chlorite to ore pulp, (2) by addition of chlorine to 
ore pulp, and (3) by generation of hypochlorite in 
situ by electrolysis of a brine solution used to pulp 
the ore. Gold 'extraction of 90 pct was achieyed by 
cyanidation of carbonaceous ore that had been pre­
treated with 20 Ib per ton sodium hypochlorite at 
50 0 C for 4 hours. Similarly, pretreatment of the ore 
pulp with 35 Ib chlorine per ton at 24 0 to 30 0 C for 
15 hours reaction time resulted in 89-pct gold extrac­
tion by subsequent cyanidation. Concomitant studies 
.showed that electrolyzing the pulp prepared with a 
brine solution was equally as effective as electro­
lyzing hypochlorite and chlorine for oxidizing car­
bonaceous ore constituents that are deleterious to 
cyanidation. Gold extraction of 90 pct was obtained 
by electrolysis when 275 lb of ore was treated at 200 
amp for 7 hours in an 8- to 10-pct salt solution. 
Power consumption was in the range of 60 kwhr 
per ton. 

RI 7598. Vapor-Liquid Equilibria Data for Two Helium-
Nitrogen-Methane Mixtures From 76.5 0 to 164 0 K 

and Pressures to 1,200 PSIA, by Harold L. Rhodes, Lowell 
Stroud, and Philip C. Tully. 1972. 29 pp. 22 figs. 
Vapor-liquid equilibria data for 65-34-1 and 25-27-48 
mole-percent helium-nitrogen-methane mixtures are 
presented for 12 temperatures from 76 .. 50 to 164 0 K 
and pressures from 100 to 1,200 psia. These data 
were obtained in a windowed phase-equilibria cell 
equipped with a vapor recirculating pump. Isobaric 
and isothermal K-values are plotted for both mix­
tures. Two isometric plots are included. 

RI 7599. Use of Char To Improve Physical Quality of Coke 
From Allen (Colorado) Coal, by Charles C. 

Boley M. M. Fegley, R. B. Porter, and D. C. Boteler. 
1972. ' 21 pp. 4 figs. High-volatile A bituminous 
coal from the Allen mine, L1ts Animas County, Colo., 
blended with char produced from the same coal, 
yielded acceptable metallurgical coke in a 500-lb 
movable-wall test oven. Nineteen experimental runs 
were carried out using several concentration lev«;ls 
of two different chars, 5.6 and 19.6 percent volatile 
matter produced by entrainment carbonization of 
the .b:{se coal. With the higher-volatile char, an 
aceptable coke was produc~d at a 22:5-percent con­
centration· the lower volatile char did not produce 
an accept~ble coke at the concentrations investi­
gated. 
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RI 7600. Enthalpies and Entropies above 298.1 SO K for 
Copper Sulfate and Copper Oxysulfate, by M. J. 

Ferrant~. 1972. 8 pp. 2 figs. Enthalpy and 
entropy Increments above 298.15 0 K were determined 
for copper sulfate between 298 0 and 1,000 0 K and 
for copper oxysulfate between 298 0 and 1,146 0 K 
by the method of copper-block drop calorimetry. 
Enthalpies, entropies, and heat capacities are tabu­
lated for both compounds. In addition free-energy 
fundions are tabula,ted for the sulfat~. 

RI 7601. Laboratory Flotation Studies of Tennessee Phos-
phates in the Presence of Slimes by W E 

Lamont, C. E. Spruiell, Jr., D. R. Brooks and i L' 
Feld: 1972. 17 pp. Flotation studies of phosph~te~ 
b~arIng \\'aste pond materials, low-grade washer 
plOducts, and raw ores, all from the Tennessee 
brown. phosphate district, showed that these types of 
matenal,s could be tl:eated without desliming to re­
cover h~gh-grade phosphate concentrates. Thp. in­
v:stJgatIon ~~o\\'ed t~at fine grinding before flotation 
v\ as a ~eqUlslte for Increased r~covery of the 12hos­
p~ate. values, and that the optImum pH conditions 
\\ ere In the ran&,e of 10.0. to 10.5 when using anionic 
collectors. MultIple-cleanIng of the rougher phos­
phate concentrate was required to produce high­
grade concentrates. Phosphate recoveries ranged 
from 60 to 82 percent and were inversely related 
to the grade of concentrate produced. 

RI 7602. Removing Bismuth From Lead With a Submersible 
Centrifuge, by Dominic Montagna and John 

A. Ruppert, 1972. 10 pp. 4 figs, The Kroll­
Bet~erton pI:ocess for debismuthizing lead is based on 
ad(h,ng calcIum and. magnesiun~ ~o impure molten 
bulllOn to form solId Ca-Mg-BI Intermetallic com­
pounds t~a~ float on the surface as drosses. Present 
practIce 111 Industry is to hand-skim off these drosses 
often followed by hydraulic pressing to squeeze out 
some of the entrapped liquid lead. In an effort to 
de:elop an. improved te.chnique, the use of an argon­
shlOuded dlPPI.ng centn~uge t? perform the required 
phase. separatlOn was InvestIgated. Centrifugation 
expel'l.ments dem?nstrated that the bismuth content 
of, an Impure bullIon could be lowered from an initial 
O.V percent down ~o 0.~3 percent with a lead recovery 
of 90 percent,. whl.ch IS comparable to lead recovery 
aft~r haJ1(~ ~kImmIng ?f drosses in commercial lead­
deblsmuthlzIng. operatJ~ns. Centrifugation provides 
better contr?l l~ remov1l1g drosses, faster operation 
WIth less oXIdatIOn and relatively little fuming, and 
r~coyery. of lI: lead bullion that approaches commer­
CIal specIfic a tlOns. 

RI 7603. Recovery of Aluminum From Aluminum-Silicon 
Alloys, by E. L. Singleton, R. L. de Beau­

champ, and T. A. Sullivan. 1972. 12 pp. 6 figs. 
The extraction of aluminum from aluminum-silicon 
alloys was investigated as a means of utilizing do­
mestic aluminum silicate ores for aluminum produc­
tion. Aluminum was extracted from aluminum-silicon' 
alloys by electrolysis in molten electrolytes of NaCI­
KCI-AICb and NaCI-KCI-AIF3 in a laboratory-scale 
cell. Six alloys with aluminum contents ranging from 
20 to 87 percent aluminum were tested, and alumi­
num products of primary grade or better were ob­
tained. More than 80 percent of the aluminum was 
recoyered with current efficiencies as high as 91 
percent. Recovery of a metallurgical-grade silicon 
product from the anode residue by an acid leaching 
procedure was possible with the 50-50 and 65-35 AI­
Si alloys. 

RI 7604. Mass Spectra and Analytical Correlations for a 
Series of Alkyl Aryl Sulfides, by J. E. Dooley 

and R. F. Kendall. 1972. 18 pp. 1 fig. A mass 

spectral scheme of analysis, which can be used to 
identify individually a single compound from a 
larger group of similar compounds, was devised. 
Mass spectra for 32 alkyl aryl sulfides are provided 
for future reference work, and analytical correla­
tions used in producing the analytical scheme are 
discussed. Some of the correlations show that base 
peaks are either the same mass as the parent peaks 
or may be derived from alpha cleavage to the sulfur 
atom with migration of one hydrogen to the sulfur 
atom. Other spectral consistencies provided means 
of separating ortho-, meta-, and para-tolyl arrange­
ments in an overall analytical scheme. 

RI 7605. Fabrication and Cost Evaluation of Experimental 
Building Brick From Waste Glass, by M. E. 

Tyrrell, 1. L. Feld. and J. A. Barclay. 1972. 33 pp. 
8 figs. The Bureau of Mines produced building brick 
of good quality in an investigation designed to ex­
plore the possible utilization of high-glass fractions 
of municipal incinerator residues in the manufacture 
of building products. Common clays, lime, and sodium 
silicate were used as binders for the non plastic resi­
dues. Test bricks were formed by dry pressing, soft­
mud molding, and stiff-mud extrusion. A run of 
standard-size face brick, dry-pressed and fired in the 
West Virginia University Coal Research Bureau 
pilot plant, demonstrated that SW -grade glass-clay 
face brick can be produced on a commercial scale 
without difficulty. A cost evaluation made for pro­
duction of the brick showed an estimated cost of 
$42.13 per thousand bricks for a shuttle kiln plant 
and $28.70 per thousand for a tunnel kiln plant. 

RI 7606. The Effect of Atmospheric Pressures on the Oxygen 
Level in a Sealed Mine, by N. N. Moebs and 

C. E. Chamberlain. 1972. 19 pp. 14 figs. The 
atmosphere in part of an dr-sealed coal mine was 
monitored continuously through a drill hole for 
oxygen content to determine (1) the effectiveness of 
sealing a mine against the entrance of air and (2) 
the major force that caused the phenomenon of mine 
breathing through the overburden. The differential 
pressure across the seal and the barometric pressure 
on the outside also were recorded. A general cor­
relation, obtained between the oxygen level, differen­
tial pressure, and barometric pressure, indicates that 
changes in air pressure are thE; cause fo!. perio~lic 
replenishment of the oxygen In the mIne. MIne 
effluent quality was determined by conditions in 
many sections of the mine and could not be related 
to the oxygen level at the drill hole. 
RI 7607. An Experiment in Seismic Holography, by G. L.. 

Fitzpatrick, H. R. Nicholls, and R. D. Mun­
son. 1972. 20 pp. 7 figs. Preliminary results of 
an experiment in seismic holography indicate that 
the techniques of acoustical holography may be suc­
cessfully used with seismic waves to determine the 
size and general shape of underground objects. 

This experiment was carried out under field con­
ditions on a moderately large scale compared with 
the typical laboratory experiments in acoustical 
holography. The object to be mapped was a 100-foot­
diameter, spherical, low-velocity zone of explosively 
fractured rock in oil shale at an average depth of 80 
feet. The seismic wavelength of the Fourier com­
ponent wave used in making the seismic holograms 
was 50 feet at a frequency of 140 cps. The hologram 

. sampling aperture was 226 feet square and was 
sampled by 441 geophones in a 21 by 21 rectangular 
array. 

RI 7608. Washability Examinations of Core Samples of San 
Juan Basin Coals, New Mexico and Colorado, by 

A. W. Deurbrouck. 1972. 26 pp. 1 fig. This re-
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port describes the washability characteristics of 18 
coal samples taken from 11 drill hole cores from the 
San Juan Basin area of New Mexico and Colorado. 
The ash content of these coals could generally be 
sub~t~ntially reduced by removing the heavy im­
purItIes. The coals were characteristically low in 
sulfur content; only one sample contained more than 
1 pe~cent sulfur after removing the sink-l.50 specific 
graVIty material. 

The coals ranged in rank from subbituminous C 
to high volatile C; 11 of the samples were sub­
bituminous /'J... 

RI 7609. Mercury in Some Coals of the United States, by 
M. D. Schlesinger and Hyman Schultz. 

1972. 11 pp. Mercury exists in coal in minute 
quantities, but the large tonnages of coal consumed 
could represent relatively large amounts of mercury 
entering the environment. Limits have not been 
placed on the emission of mercury, and it is impor­
tant that reliable analytical methods be available to 
the chemist. 

The Bureau of Mines has evaluated analytical 
techniques used by a number of laboratories; most 
used vapor phase atomic absorption as the final 
detection method. Neutron activation was used by 
some of the laboratories. All of the methods de­
scribed could be applied, but they require careful 
manipulation to prevent loss or mercury contamina­
tion. In the samples analyzed, the mercury content 
ranged between 0.05±0.01 and 0.41±0.06 part per 
million. 

RI 7610. Electrostatic Separation with Photoelectric Charg-
ing, by Foster Fraas. 1972. 14 pp. 4 

figs. In this Bureau of :\Iines report, the use of the 
photoemission of electrons to produce electric charges 
for the electrostatic separation of sonic dispersed 
minerals, which had previously been ground to pass 
a 43wopening sieve, is demonstrated. It appears that 
many of the oxides, carbonates, sulfides, and arse­
nides will respond to photoemission. Minerals least 
responsive are the oxides of silicon, the oxides of 
aluminum, and minerals that have a .high concen­
tration of these oxides. Although sei,,'eral synthetic 
ore mixtures did not yield to complete separation in 
a one-stage operation, it is probable that preliminary 
neutralization of the initial electric charges pro­
duced by powder dispersion will provide complete 
separation. That the separation can be carried out 
in air and without the use of reagents or heating, 
which are required in the present practice of elec­
trostatically separating coarse granular feeds, is of 
special significance. 

RI 7611. Evaluation of a Radioisotopic X-Ray Drill Hole 
Probe: Delineation of Lead Ores, by Harold E. 

:\Iarr III and William J. Campbell. 1972. 28 pp. 
7 figs. The Bureau of Mines evaluated two drill­
hole probes for the delineatio'1 of Missouri lead ores. 
The battery-powered, portable instruments, weigh­
ing less than 30 pounds, were designed for logging 
holes of 1.8 inches in diameter or larger. These 
probes have dual. scintillation detectors, balanced 
filters with a pass band for lead Ka radiation, and 
a cobalt-57 source of radiation. The results of field 
tests in Missouri confirm laboratory tests indicating 
that probe response can be correlated to lead ore 
grade using counting times of 10 seconds or less at 
any selected depth in the hole. 

RI' 7612. 

Ruzzi. 
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Effect of Preheating Upon Metallization of Iron 
Ore Pellets, by R. B. Schluter and P. L. 

1972. 22 pp. 14 figs. Drying and :pre-

heating (partial induration) of green, unfired iron 
ore pellets is a means of reducing the energy re­
quired to produce metallized pellets. The Bureau of 
Mines processed three magnetite and two hematite 
concentrates through the unit operations of pellet­
izing, preheating in air, and reduction to metal to 
determine the effects of preheating upon the proper­
ties of the metallized pellets. 

The pellets were prepared in a 16-inch-diameter 
laboratory balling drum. Preheating and meta~liza­
tion were carried out in an externally heated 4-Inch­
ID by 4-inch-long stainless steel drum using air for 
the preheating atmosphere and lignite char as a 
reductant. The results varied considerably; two of 
the magnetites spalled when preheated in air at 
temperatures of 900 0 C and above, and. the third 
magnetite and the hematite flotation concentrate re­
quired complete induration at 1,300° C to produce 
satisfaCtory pellets. The earthy hematite ore yielded 
excellent pellets at all preheat temperatures. 

RI 7613. High-Speed Photogrophy Studies of Laboratory 
Cratering in Tennessee Marble Plates, by Joseph 

L. Condon and Dennis V. D'Andrea. 1972. 18' pp. 
13 figs. High-speed movies were taken of crater 
experiments in two-dimensional plates of Tennessee 
marble to study craters being formed primarily by 
stress-wave action. The contribution of gas action 
to the cratering process was minimized because the 
two-dimensional models did not contain the expand­
ing gases from the explosive. Four burdens were 
studied for solid plates and one burden for a seg­
mented plate. After crate ring, the plates were re­
assembled for dye penetrant studies of the fractur­
ing. Flyrock velocities were calculated and related 
to the degree of fracturing, and compared with those 
from quarry shots. In general, the smallest burdens 
produced the highest flyrock velocities and the least 
amount of fracturing. Flyrock yelocities compared 
f~vorably with initial flyrock velociti~s in quarry 
blasts but did not show step acceleratIOns OWIng to 
gas effects as- did the quari'y blasts. The test with 
a segmented plate was used to simulate cratering 
in a jointed material and showed that stres~-wa:'e 
effects can be important for crater formatIOn In 
jointed rocks. 

RI 7614. Selective Oxidation of Automobile Scrap, by R. E. 
Peterson and Charles Prasky. 19;2. 19 

pp. 10 figs. Scrap iron is partially oxidized at 
elevated temperatures in the selective oxidation 
process fo produce iron oxide and a dense residual 
metal of high purity. Investigation of the process 
was confined to converting automobile hulks into 
useful products. In one test series, compressed, 
sheared automobile scrap was processed at 1,000° C 
in a 36-foot-long rotary kiln at feed l'ates ranging 
from 300 to 1,200 lb/hr. Less fuel was required to 
maintain the temperature at the higher feed rates 
because of the heat generated from the burning of 
the combustibles and the oxidation of the iron. The 
bulk density of the residual metal exceeded 75 pounds 
per cubic foot. 

In an attempt to lower the quantity of contami­
nants in the residual metal, another test was de­
signed using automobile hulks that had been pre­
pared by ripping, a low-cost method of scrap 
fragmentation. Before oxidizing the ripped scrap, 
approximately 62 percent of the total copper was 
removed in a tumbling, screening, magnetic separa­
tion, and hand-sorting system. Cast iron made from 
the residual metal obtained. by selective oxidation 
contained 0.15 percent copper; iron oxide scale ob­
tained from the kiln averaged 0.13 percent copper. 
Pellets made from the scale demonstrated com pres-
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sive strengths necessary for blast furnace reduction; 
lead and zinc were removed by volatilization when 
the induration was performed in a reducing at­
mosphere. 

RI 7615. An Experimental Study of Particle Size and Size 
Distribution of Minerals Crushed by Impael, by' 

Hillary W. St. Clair and Raymond E. Brown. 1972. 
19 pp. 6 figs. This report gives t.he results of an 
experimental study of the progressive changes that 
occur in particle size and size dis.tribution when a 
homogeneous and isotropic mineral is subjected to 
c'rushing by impact. The mineral used in the st.udy 
was uniformly sized quartz, which was crushed m a 
simple drop-weight machine that applied impact 
energy up to about 100 kg-cm per g. Screen analyses 
of the crushed products were effected b.y the m.ethod 
of moments to determine the mean Size, vanance, 
skewness, and kurtosis. . 

Analysis of the data from these expenments shows 
that the mean size of the crushed product is a func­
tion of the energy input and the initial size. The size 
distribution is functionally related to the degree of 
size reduction. As the mean particle size is decreased, 
at first there is a corresponding increase in the vari­
ance and decrease in the skewness. But, as size re­
duction is carried further, each tends eventually to 
approach a steady value, and the form of the size 
distribution becomes stable. 

RI' 7616. Preparation Charaeleristics of Coal From the Ohio 
Coalfield, by John E. Zeilinger. 1972. 72 

pp. 3 figs. This Bureau of Mines report describes 
the preparation characteristics of the significant 
coalbeds of the Ohio coalfield. Washability analyses 
were made on 39 coal bed samples collected from a 
14-county area. None of the samples were of metal­
lurgical quality as received. Nine of the sampl~s 
could be sufficiently upgraded to produce metallurgi­
cal-grade products, and the remai!ling 30 sampl~s 
could not be upgraded to this quahty because their 
sulfur contents could not be lowered to meet the 
standard. For steam or power generation, 10 of the 
samples were of medium sulfur content as received 
and one could be upgraded to a low sulfur content. 
Of the 29 samples having a high sulfur .content as 
received, 18 could be upgraded to a medIUm sulfur 
content. The original sulfur content of the other 11 
samples having a high sulfur content as rece~ved can 
be appreciably reduced by removal of the smk 1.58 
specific gravity material; however, these coals would 
be classified as high sulfur coals both before and 
after removals of the sink 1.58 specific gravity ma­
terial. 

RI 7617. Recovery of Aluminum, Base, and Precious Metals 
From Electronic Scrap, by T. A. Sullivan, R. L. 

de Beauchamp, and E. L. Singleton. 1972. 16 pp. 
8 figs. The processing of sweated aluminum elec-· 
tronic scrap was investigated to develop methods for 
recovering the aluminum and concentrating the 
other metals, including copper, lead, gold, and silver, 
into a product that can be separated by known 
methods. Two molten-salt electrorefining processes 
were developed and tested. The first process utilized 
a three-layer refining cell with a BaC12-NaF-AIF3 
electrolvte, which operated at 750 0 to 850 0 C. The 
second . process used an all-chloride electrolyte of 
NaCI-KCI-AICb at 750 0 to 800 0 C, with separate 
anode and cathode compartments. High-quality alu­
minum that averaged 99.8-percent pure in the three­
laver cell and 99.6-percent pure in the compartment 
'ceil was recovered. Over 94 percent of the aluminum 
was recovered with cathode current efficiencies of 
approximately 90 percent in both methods. The 

copper, lead, tm, sliver, gold, and other metals were­
concentrated threefold in an anode prod.uct. Separa~ 
tion of lead and part of the tin by liquation from 
this product seemed feasible. The anode product 
was smelted to prepare a 96-percent copper bullion 
that contained 690 ounces of silver and 65 ounces of 
gold per ton, with 98 percent recovery of these 
values. 

RI 7618. Effect of Tapioca Flour on the Anionic Flotation 
of Gangue From Iron Ores, by A. F. Colombo. 

1972. 18 pp. 7 figs. The differences in starch de­
mands that occur between ore types sUbjected to the 
anionic flotation of calcium-activated gangue and 
the range of residual starch contents expected to 
give the best metallurgical response were evaluated 
on a batch and pilot plant basis. A phenol-sulfuric 
acid procedure was used to determine the residual 
starch contents in the iron ore slurries. 

Three pilot plant campaigns on samples from a 
group of orebodies located on the Marquette Range, 
Michigan, showed that in the rougher flotation pulp, 
a residual carbohydrate range of 25 to 100 ppm, 
which is equivalent to a 0.5-lb/short ton spread, 
yielded optimum results. Concentrates assaying at 
least 65 percent Fe and less than 6.0 percent Si02 
and containing more than 80 percent of the recov­
erable iron were obtained. Both batch and continuous 
research indicated that starch adsorption is calcium 
modulated arid relatively unaffected by the fatty 
acid additions employed. Residual starch level is not 
a critical control factor, but the addition must be 
adjusted to about 25 to 50 ppm residual starch and 
kept in this range for most effective utilization of 
tJ:e added tapioca flour. 

RI 7619. Skid-Resistance and Durability of Fly Ash-Rubber 
Mixtures, by John P. Capp and Leo Makov­

sky. 1972. 11 pp. 5 figs. Addition of sintered 
fly-ash/bottom-ash mixtures to rubber formulations 
failed to increase the skid resistance of the resulting 
products. Wear, tensile and hot-tear strengths, and 
resilience of the ash-rubber material, as determined 
in laboratory tests, were significantly less than that 
of comparable rubber. The material appeared un­
satisfactory for automobile and truck tire manufac­
ture, but might prove suitable as a filler in other 
rubber goods. Raw fly ash could not be satisfactorily 
compounded with rubber. 

RI 7620. Thermal Degradation of Green River Kerogen at 
1500 to 350 0 C-Rate of Product Formation, by 

J. J. Cummins and W. E. Robinson. 1972. 15 pp. 
6 figs. Green River oil shale previously extracted 
by benzene was heated at 150 0

, 200 0
, 250 0

, 300 0
, 

and 350 0 C for 0.5 to 360 days to determine the rate 
at which kerogen degrades to thermal prod.ucts, the 
types of thermal products formed, and the effect of 
prolonged low-temperature heating (preheating) 
upon subsequent assay yields. Thermal decomposi­
tion of kerogen at 150 0 to 350 0 C is treated as a 
'first-order reaction. The specific reaction rate for 
kerogen decomposition increases from 2.2 x 10-4 per 
day at 150 0 C to 2.0 X 10-1 per day at 350 0 C. The 
calculated kerogen activation energy is 19 kcal. Var­
iations in the rate of formation of individual type 
components of the pyrolytic products were found. 
Carbon balances show an increase in the amount of 
kerogen converted to bitumen and oil (from assay 
of preheated oil shale) as the temperature of pre­
heating increased from 150 0 to 350 0 C. The total 
product from shale preheated at temperatures of 
150 0 and 200 0 C gave less than. 100 percent of 
Fischer assay yields while the total products from 
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shale preheated at temperatures of 250 0 to 350 0 C 
gave greater than 100 percent of Fischer assay 
yields. 

RI 7621. Numerical Methods for Determining Streamlines 
and Isopressures for Use in Fluid Flow Studies, 

by R. V. Higgins and A. J. Leighton. 1972. 60 pp. 
9 figs. A numerical method is presented to calculate 
the isopressure (isobar) lines and streamlines for an 
'oilfield from the pressure distribution. A knowledge 
of these lines is useful in the study of the flow of 
fluids in underground reservoirs, especially for those 
containing gaseous and/or liquid hydrocarbons. This 
work was done primarily to enable determination of 
the shape factors needed in the calculation of petro­
leum reservoir performance. However, it has applica­
tion for the flow of water in aquifers, or electricity 01' 

heat in odd-shaped geometry. Techniques previously 
developed were used to calculate the pressure distri­
bution. From this pressure distribution, the iso­
pressure lines were calculated accurately by the 
method presented in this paper. Then by successively 
projecting orthogonal lines from one isopressure line 
to another, the streamlines are determined. From the 
coordinates of the isopressures and the streamlines, 
the shape factors can then be determined by a pub-' 
lished method. 

Computer methods are presented to calculate the' 
streamlines and isopressures for any well-spacing 
pattern existing within a field with multiple wells. 
The method reproduces the flow net for several well 
configurations having extensive geometrical varia­
tions. Such information provides the petroleum en­
gineer with data from which he can compute oil 
recoveries for different patterns and thereby maxi­
mize the recovery of hydrocarbons from the reservoir. 

RI 7622. Continuous Gaseous Direct Reduction of Low-Grade 
Iron Ore in a Fluid-Bed Reactor, by E. G. Davis, 

J. O. Crabtree, and 1. L. Feld. 1972. 19 pp. 6 figs. 
The gaseous direct reduction of low-grade iron ore 
concentrates in a continuous fluid-bed reactor was 
investigated. These studies were made in a 4-inch­
diameter fluid-bed reactor using hydrogen alone, and 
oxygen- or air-reformed natural gas as the reduct­
ants. The percent reduction was directly dependent 
on the mole ratio of hydrogen in the reducing gas 
to the oxygen associated with the iron oxide in the 
ore. 

Two- and three-stage fluid-bed tests were simu­
lated by repeated continuous tests. The results 
showed that percent reduction of the final product 
was dependent on the mole ratio of the quantity of 
hydrogen in the gas of each stage to oxygen in the 
iron oxide of the initial ore feed. 

Reduction as high as 87 percent in the single 
stages and as high as 94 percent in the multistages 
was obtained when either hydrogen or reformed 
natural gas was used as the reducing gas. 

RI 7623. Photoelectric Concentrator for the Wet Concen-
trating Table, by R. A. Welsh and A. W. 

Deurbrouck. 1972. 7 pp. 3 figs. The Bureau of 
Mines has developed a photoelectric concentrator ap­
paratus which is capable of collecting incremental 
products from the discharge of wet concentrating 

-tables. The instrument uses photoelectric cells as 
sensors to differentiate between two products which 
have differences in color or reflectivity. The photo­
cells provide a signal that controls a mobile splitting 
device that separates the products. Tests conducted 
on a wet table demonstrated the ability of the ap­
paratus to separate a product containing 81.5 percent 
pyrite from a lower grade product containing only 
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68.8 percent pyrite. The photoelectric concentrator 
should have a broad application for collecting con­
centrates with visible color or reflecth'ity differences 
from wet concentrating tables. Work done under an 
agreement with the Office of Air Programs of the 
Environmental Protection Agency. 

RI 7624. A Thousand-Ton Capacity Stiff Testing Machine, 
by F. G. Horino, B. T. Brady, W. I. Duvall, 

and V. E. Hooker. 1972. 19 pp. 9 figs. This re­
port presents the theory and design of a stiff loading 
machine used by the Bureau of :\Iines. The machine 
incorporates three high-strength steel columns as the 
restraining member in parallel with the specimen. 
The theory presented gives the basis of design and 
the dimensions of component parts of the machine. 
Laboratory verification of the theoretical stiffness is 
described using three different setups involving a 
hydraulic jack and spacers and confirms the stiffness 
calculations to within 1 percent. Experimental tech­
niques, testing procedures, and special equipment 
designed for determining the complete stress-strain 
behavior of NX cores of both hard and soft rock are 
described. Typical test data are presented as force­
displacement curves for two rock types, a marble 
and a granite. 

RI 7625. Flame Spread Evaluation of Ventilation Cloth, by 
E. M. Murphy. 1972. 9 pp. 5 figs. 

Comparative data from ASTM method of test E-162 
and large-scale trials in the Experimental !lIine 
show that the flame-spread quality of brattice cloth 
and other ventilation control materials can effectively 
be evaluated by either method. Materials ha\'ing a 
flame spread index of 25 or less, as determined by 
the simpler and more economical laboratory test 
~STM E-162, do not present a serious fire hazard 
when used in coal mines. 

RI 7626. A Least Squares Method for Improving Rock Noise 
Source Location Techniques, by Fred Leighton 

and Wilbur I. Duvall. 1972. 19 pp. 7 figs. The 
least squares method of rock noise source location 
presented is shown to be more accurate and reliable 
than standard direct solution methods. This method 
is particularly effective in improving solutions from 
rock noise locations outside of geophone array boun­
daries. A least squares solution for a medium in 
which the seismic velocity is the same in all direc­
tions is also presented. In this special case, one can 
solve for both the source coordinates and the velocity. 

RI 7627. Flash Reduction of Iron Ore in a Coil Reactor, by 
E. G. Davis and I. L. Feld. 1972. 10 pp. 

1 fig. The flash reduction of fine iron ore in a 
dilute-phase system was investigated at 500 0 to 
900 0 C within a heated stainless steel tubular coil. 
Alabama brown iron ore and Mesabi semitaconite 
ore were fed into the coil concurrently with reducing 
gases of hydrogen and reformed natural gas, so that 
the velocity of the gas at the reaction temperature 
was sufficient to entrain and pneumatically transport 
the solids through the coil. Reduction is very rapid 
with retention time of the ore in the coil varying 
from 4 to 15 se'conds. Variables affectirig reduction 
are temperature, ore feed rate, and gas flow or 
velocity. Results of the studies show that a partially 
reduced product (10- to 25-percent reduction) can be 
~ade which, on subsequent magnetic concentration, 
YIelds a concentrate containing 64 to 70 percent iron 
with a 90- to 94-percent iron recovery. Maximum re­
duction of 77 percent was obtained when hydrogen 
was used in a four-stage reduction test to yield a 
product containing 61 percent metallic iron. Work 
done in cooperation with the University of Alabama. 
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RI 7628. Use of Steam To Control Respirable Coal Dust at 
the Point of Generation, by A. J. Strazisar, 

R. L. Stein, and T. F. Tomb. 1972. 8 pp. 4 figs. 
The Bureau of Mines conducted a laboratory investi­
gation to study the effectiveness of low-pressure 
steam and water spray in suppressing respirable 
dust at the tips of a saw-type cutting wheel. Sup­
pression efficiencies were found to be proportional to 
the amount of the water or steam applied at the 
cutter tips. For equivalent water output rates, a 
maximum efficiency of approximately 80 percent was 
reached for both steam and water l>pray. Results 
from the steam and water spray tests showed an 
increase in suppression efficiency with an increase in 
particle size of 1 to 8 micrometers. The data indicate 
no advantages for using steam as a dust suppressant. 

RI 7629. Electrolytic Preparation of Beryllium-Copper Alloys, 
by D. E. Kirby, D. A. O'Keefe, and T. A. 

. Sullivan. 1972. 14 pp. 8 figs. In the preparation 
of beryllium-copper alloys by fused-salt electrolysis, 
beryllium was electrowon from beryllium oxide dis­
solved in fluoride electrolytes and deposited on copper 
cathodes. At 870° to 1,030° C, deposition was on 
solid .cathodes. Beryllium deposited on the copper, 
forming a liquid alloy that dripped from the cathode. 
Dripping alloys containing 3 to 4 weight-percent 
beryllium were produced with as high as 90 percent 
cathode current efficiency, by electrolysis at 910° C. 
To prepare alloys of higher beryllium content, at­
tempts were made at depositing beryllium on liquid 
copper cathodes. These efforts were generally un­
successful, although alloys containing as much as 12 
percent beryllium were prepared by this method. At 
temperatures of 1,100° to 1,300° C, requisite to main­
taining beryllium-copper compositions as liquids, the 
beryllium reacted with cell structures. 

RI 7630. Use of Preheated Coal in Carbonization, by D. E. 
Wolfson. 1972. 8 pp. 1 fig. The Bu­

reau of Mines investigated the use of preheated coal 
in carbonization operations. Liquor yields and cok­
ing times were reduced, coke quality was improved, 
and smokeless pipeline charging to coke ovens should 
eliminate a serous source of pollution. Work done in 
cooperation with the National Steel Corp. 

RI 7631. Pulverizing Lignite in a Ring Roller Mill, by Rob-
ert C. Ellman, Leroy Dockter, and John W. 

Belter. 1972. 25 pp. 7 figs. The Bureau of Mines 
studied lignite pulverization in a laboratory ring-roller 
mill. Both moisture content and the source of lignite 
were found to be important factors in pulverizer opera­
tion. Reduction of moisture content increased capacity 
and reduced power consumption, but predrying is more 
effective than in-the-mill drying in improving pulverizer 
operation. A combination predrier-crusher system pro­
duced significant improvements but other efforts to 
improve in-the-mill drying in the test mill were unsuccess­
ful. Pulverization of frozen lignite was found to seriously 
reduce pulverizer capacity and increase power require­
ments. 

RI 7632. Contribution of Some Carbonyl, Phenol, and' 
Hydrocarbon Components to Diesel Exhaust Odor, 

by James W. Vogh. 1972. 11 pp. The report covers 
initial findings in an experimental program to identify 
diesel exhaust odorants and determine their contribu­
tions to diesel odor. The approach was to isolate selected 
component groups from exhaust and to evaluate the 
contribution of each' group to exhaust odor. Results 
were obtained for those carbonyls and phenols that could 
be isolated from exhaust through intermediate con­
version to oxime derivatives. Unsaturated aliphatic 
aldehydes and sterically hindered carbonyls were not 

included. Hydrocarbons intermediate in the diesel range 
were also evaluated and an odor contribution was found 
from those of the aromatic group. The evaluated car­
bonyls, phenols, and hydrocarbons were found to ac­
count for about 20 percent of the total odor in exhaust 
from an indirect-injection engine during idle. For ex­
haust from the indirect-injection engine operating under 
load and from a direct-injection engine at no load, these 
compounds were found to have no significant levels of 
odor. Work done under an agreement with the Bureau 
·of Air Pollution Sciences of the Environmental Pro­
tection Agency. 

RI 7633. Sulfur Reduction Potential of the Coals of th .. 
United States, by A. W. Deurbrouck. 1972. 

289 pp. 122 figs. This report presents the results of 
a washability study of 322 coal mine samples show­
ing the sulfur forms and distribution in the coals. 
The samples were collected from mines which were 
principally utility coal producers. Generally, the 
data show that the total sulfur content of the coals 
evaluated could be significantly reduced by some 
combination of stage crushing and specific gravity 
separation. However, few coals could be upgraded to 
a final product containing 1 percent or less total 
sulfur. The complete washability data are presented 
for each sample processed. A statistical evaluation 
is included for the coalbeds from which more than 
10 samples were collected and for the geographical 
coal producing regions. A graphical summation is 
presented for the coal producing regions and selected 
coalbeds. Work done under an agreement with the 
Office of Air Prog-rams, Environmental Protection 
Agency. (Out of print.) 

RI 7634. A Field Survey of Emissions From Aircraft Turbine 
Engines, by F. W. Cox, F. W. Penn, and J. O. 

Chase. 1972. 28 pp. 7 figs. Exhaust emissions were 
measured from 25 aircraft turbine engines using Jet A 
fuel. Analytical apparatus, procedures, and results are 
described. Carbon monoxide, carbon dioxide, nitric 
oxide, nitrogen dioxide, and aldehydes were measured at 
engine operating modes representing power levels used 
in airline operation. Carbon monoxide, hydrocarbon, and 
aldehyde emissions were highest at idle and lowest at 
takeoff; oxides of nitrogen were lowest at idle and highest 
at takeoff. Of the total oxides of nitrogen emitted, nitro­
gen dioxide constituted from 10 to 100 percent, depend­
ing on the exhaust gas temperature. Engines retrofitted 
with smoke-reducing burner cans produced less carbon' 
monoxide, hydrocarbon, and aldehyde emissions, and 
slightly more oxides of nitrogen then engines with stand­
ard burner cans. Work done under an agreement with 
the Office of Air Programs of the Environmental Pro­
tection Agency. 

RI 7635. Identification and Analyses of Copper-Base Alloys 
by Fluorescent X-Ray Spectrography, by William 

J. Campbell and Harold E. Marr III. 1972. 30 pp. 
21 figs. Three types of X-ray analytical instrumenta­
tion were compared for applications in the secondary 
brass and bronze industry. The instruments were a con­
ventional X-ray spectrograph, a portable X-ray spec­
.trograph, and a radioisotopic X-ray analyzer using 
balanced filters. The following two general applications 
were considered: Rapid identification for sorting scrap 
metals and quantitative analyses to provide guidance 
in the melting and casting of alloys. Twenty-three 
analyzed cupper-base alloys were used as standards. 
Although the alloys varied widely in composition, matrix 
correction procedures were not necessary except for 
copper. The conventional X-ray spectrograph provides 
positive identification of the alloys and quantitative 
values for the six elements investigated-aluminum, 
copper, iron, lead, tin, and zinc. Equivalent results 
wer!' obtained with the portable X-ray spectrograph for 
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those elements whose characteristic X-rays are in the 
wavelength range of the instrument. The radioisotopic 
X-ray analyzer distinguishes certain groups of allbys 
and provides quantitative determinations for copper, 
lead, tin, and zinc. The sensitivity of the analyzer was 
marginal for the determination of small concentrations 
of elements of atomic number 26 or lower. 

RI 7636. The Effect of Pulsation Damping on Respirable 
Dust Collected by Coal Mine Dust Personal 

Samplers, by J. A. Lamonica and Harry N. Treaftis. 
1972. 23 pp. 19 figs. The Bureau of Mines studied 
two types of approved coal mine dust personal.samplers 
to determine the effect of decreasing the amplitude of 
airflow velocity fluctuations on cyclone performance. 
Results indicate that more dust is collected when pulsa­
tion free flow is used. Velocity fluctuations were reduced 
by means of a pulsation damper; damper efficiency of 
about 85 percent was needed to reduce the fluctuations 
to an acceptable-level. The data were obtained employ-
ing both pUlsating and non pulsating flow. A comparison 
was made of (1) the masses of respirable coal dust as. 
determined by weighing and of (2) the particle size dis­
tributions as determined by an electronic counter. An 
empirical relationship is given between the ratio of masses 
collected using pulsating and nonpulsating flow (M') 
and the ratio of the maximum air velocity to the mini­
mum air velocity (V') as measured in the cyclone en­
trance channel. 

RI 7637. Recovery of Zinc, Copper, and Lead-Tin Mixtures 
From Brass Smelter Flue Dusts, by H. E. Powell, 

H. Fukubayashi, L. W. Higley, and L. L. Smith. 1972. 
8 pp. 3 figs. The smelting of brass and bronze gen­
erates a dust composed primarily of zinc oxide, with 
lesser amounts of other metal oxides, such as copper, 
lead, and tin. The small quantity of this waste generated 
by individual smelters and the relatively low unit value 
of the contained metals, suggests the desirability of re­
claiming the metals onsite or at some nearby point. The 
Bureau of Mines has developed a process that fits these 
requirements. The technique consists of (1) dissolving 
zinc and copper from the dust with sulfuric acid, (2) 
recovery of copper by cementation, (3) recovery of zinc 
as zinc sulfate crystals, and (4) recovery of lead and tin 
as a salable residue. Alternatively, zinc may be recovered 
by electrodeposition. Free acid is recycled and no major 
pollution problems are generated by the process. 

RI 7638. Kinetics of Thermal Decomposition of Copper 
(II) Sulfate and Copper (II) Oxysulfate, by 1. D. 

Shah and S. E. Khalafalla. 1972. 21 pp. 10 figs. 
Thermal decomposition of copper (II) sulfate (CuSO,) 
and copper (II) oxysulfate (CuO· CuSO,) are important 
steps in the overall oxidative roasting of covellite (CuS) 
and chalcocite (Cu,S). Nonisothermal thermogravi­
metric techniques were used to investigate the decom­
position reactions in flowing N, and air. Thermal decom­
position of CuSO, and CuO· CuSO, followed "linear" 
kinetics with an apparent activation energy of 55±2 
and 66±3 kcal per mole decomposed,' respectively. 
These apparent activation energies comply with those 
previously reported when isothermal kinetic techniques 
were used. The addition of oxygen decreased the rate of 
decomposition, while small amounts of iron which were 
admixed with CuO· CuSO, did not have a significant 
effect. Neither oxygen nor iron had any appreciable 
effect on the apparent activation energy of the decom­
position reaction. 

RI 7639. Compressibility Data for Helium, Nitrogen, and 
Helium-Nitrogen Mixtures at 0°, 25°, and 50° C 

and at Pressures to 1,000 Atmospheres, by Ted C. Briggs 
and Alvin R. Howard. 1972. 194 pp. 7 figs. A 
special high-pressure Burnett-type compressibility 
apparatus was constructeq and used to determine 
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compressibility factors for pure helium, Jlure nitro­
gen, and nine helium-nitrogen mixtures containing 
89.47, 79.04, 69.69, 60.09, 49.24, 41.02, .'30.9!:1, 20.53, 
and 10.67 mole-percent helium. A total of 161 runs 
were made consisting of 2,355 obsernd pressures. 
Data were obtained at 0°, 25°, and 50 0 C at pres­
sures to 1,000 atmospheres. A power series in the 
reciprocal volume, commonly called a Leiden series, 
is used to represent the compressibility factors. 
Three parameters in the series are required to 
represent helium, five parameters to represent 
nitrogen, and from three to five parameters to 
reP.resent the mixtures. 'Compressibility factors are 
belIeved to be accurate to better than 0.1 percent 
oy~r the entire pressure, temperature, and compo­
SItIOn range. GPO Stock No. 2404-1103. $2.00. 

RI 7640. Methane and Dust Control by Water Infusion. 
Pittsburgh Coal bed (Fairview, W. Va.! by Abdur­

rahman Cetinbas, R. P. Vinson, Joseph Cei-vik and 
M. G. Zabetakis. 1972. 17 pp. 13 figs. The ~ffect 
of water infusion on the flow of methane and on the 
producti<:m of dust was investigated at an actin face 
m the PIttsburgh coalbed. The average total flo\\' of 
methane at the face decreased by approximatelv 79 
percent, whereas the flow from the ribs increased 
!lbout 24 percent after infusion. Oll' the day after 
mfusion, dust concentrations appear to ha\:e been 
reduced; however, the presence of large quantities of 
rock dust obscured the results on the following days. 

RI 7641. Ultl'afine Grinding of Several Industrial Minerals 
by the Attrition Grinding Process, by :\Iartin H. 

Stanczyk and 1. L. Feld. 1972. 25 pp. 8 figs. 
Ultra fine grinding of the industrial minerals, mica, 
pyrophyllite, talc, marble, barite, and fluorite was 
accomplished using the Bureau-de\'eloped and pat­
ented attrition-grinding process. The materials, rep­
resenting minerals of diverse physical characteris­
tics, were batch ground in a lO-inch-diameter 
machine using statistically designed experimental 
test programs. The tests were made to determine 
large effects of yariables such as feed pulp density, 
grinding medium size, and quantity of the electrical 
energy consumed during grinding on product par­
ticle size and bulk density. In designing the test 
programs, it was assumed that there was no inter­
action between the variables. Relatiyely coarse com­
mercial flotation concentrates of mica, barite, and 
fluorspar and mine-run products of pyrophyllite, 
talc, and marble were readily ground into subsieve 
size ranges. Considering the great amount of par­
ticle size reduction obtained, the electrical energy 
requirel}1ents for grinding were very 10k. In gen­
eral, the test results indicated that the best concli­
tions for particle size reduction were approached 
when grinding with the coarser fraction of sand 
grinding media, the higher sand-to-mineral weight 
ratio, and the higher feed pulp density. '''ork done 
in cooperation with the University of Alabama. 

RI 7642. Dispersal of Coal and Rock Dust Deposits, by 
J. M. Singer, E. B. Cook, and J. Grumer. 

1972. 32 pp. 8 figs. The objective of this inyesti­
gation was to determine minimum air yelocities and 
entrainment rates for coal and rock dust dispersion 
in wind tunnel experiments under conditions that 
simulate disperson from surfaces in coal mines 
where airflows are induced by weak gas explosions. 
Dust deposits were bed- or ridge-shaped; particle 
sizes were 6 to 80 microns .( cohesive deposits) or 
100 to 150 microns (free-flowing deposits); and 
wind tunnels were 7.62 cm wide by 5.08 em high by 
300 cm long, and 2.4 m wide by 1.5 m high by 
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215 mlong. The investigation showed that minimum 
air velocities (directed at midheight) of separate, 
layered, or mixed piles of coal dust and rock dust 
were within the range 5 to 30 mlsec, independent of 
size of wind tunnel. This finding considerably facili­
tates scaling of data to mine-size passageways. Free­
flowing deposits dispersed relatively slowly by 
single-particle detachment; cohesive dusts dispersed 
faster by the breaking and lifting of large clumps 
along weak failure flames; particle dispersion oc­
curred in flight. Layered or mixed deposits of coal 
and rock dust did not disperse selectively. Semi­
empirical ·expressions were derived relating mini­
mum air velocities and dispersion rates to dust-pile 
geometry, cohef'ion, porosity, and bulk density. 

RI 7643. Creep and Other Properties of Zinc-Copper-
Titanium Alloys Annealed After Rolling, by L. A. 

Neumeier and J. S. Risbeck. 1972. 31 pp. 9 figs. 
The Burea"u of Mines evaluated creep properties of 
Zn-Cu-Ti alloys that were annealed aftel' finish 
rolling, either cold or at 480 0 F (249 0

. C). Co~­
positions ranged up to 1.25 pct Cu and 0.36 pct TI. 
Most data are for sheet annealed after finish rolling 
to 92-pct total reduction. Annealing times were 
varied at temperatures between 320 0 and 560 0 F 
(160° and 293' C). For a number of the alloys, 
annealing after hot rolling at 480 0 F affects creep 
properties very differently)n 10ngitudiI!.~ta.nd trans-. 
verse sheet directions. The detrimental result is 
that the anisotropy in creep properties between the 
two directions can be vastly increased. Conversely, 
specific annealing treatments of certain heavily cold­
rolled alloys result in surprisingly low anisotropy 
in creep properties and the low anisotropy coincides 
with excellent creep resistance for both directions. 
Supplemental data are presented on tensile, hard­
ness, and thermal expansion properties and micro­
structures. 

RI 7644. Strongly Caking Coal Gasified in a Stirred-Bed 
Producer, by P. S. Lewis, A. J. Liberatore, 

'and J. P. :'IIcGee. 1972. 11 pp. 4 figs. Shortage 
of natural gas is reviving interest in low-Btu fuel 
gas made by gasifying coal in fixed-bed producers. 
The Bureau of Mines gasified strongly caking Pitts­
burgh bed coal over test periods lasting 4 days 
in an experimental gas producer located at Morgan­
town, W. Ya. :'Ilechanical stirring throughout the 
fuel bed was effective for keeping the fuel moving 
and this stirring made the operation successful; 
hence. the gas producer was named the stirred-bed 
produ·cer. Nliclear density gages were applied as con­
trol instruments to indicate coal flow and fuel level 
and to record the frequency and location of void 
spaces in the bed. The gas, of nominal 140 to 165 
Btu/scf calorific value, could be burned in a boiler 
for generating steam. 

RI 7645. A Method for the Prediction of Stresses in an 
Isotropic Inclusion or Orebody of Irregular Shape, 

bv ;'dartin S. Oudenhoven, Clarence O. Babcock, and 
\\'ilson Blake. 1972. 36 pp. 20 figs. This report 
describes the results of a Bureau of Mines investi­
gation in which the stress concentrations and dis­
tributions caused by inclusions in a strained elastic 
plate were determined. Finite element analyses were 
made for 168 models containing single inclusions of 
elliptical, ovaloidal, and rectangular shape. The 
variables studied included the following: horizontal­
to-vertical loading ratios, (ShISv) of 0, 0.33, 0.5, and 
1.0; width-to-height ratios (w/h), of 0.25, 0.5, 2, and 
4; and Young's modulus of inclusion to Young's 
modulus of plate ratios (K ratios) of 0.33, 0.5,. 2.g, 
and 5.0. The results show that the theory for elhptI-
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cal inclusions can accurately predict the average 
stress along the x and y axes of symmetry for cir­
cular, ovaloidal, and rectangular inclusions from the 
width-to-height and K ratios. The actual inclusion 
,shape was insignificant, suggesting that the average 
stresses in other inclusions of irregular shape (ore­
bodies) can be estimated with the theory for an 
.elliptical inclusion. An application of this technique 
to mining problems is presented. The stresses in the 
elliptical inclusions were uniform throughout the 
inclusion for all the models studied. 

RI 7646. Blending Crushed Coal by Recycling Through a 
Bin Equipped With a Particle Distributor, by 

James L. Konchesky. 1972. 10 pp. 7 figs. Crushed 
coal, consisting of a wide range of sizes, was effec­
tively blended by recycling it through a bin equipped 
with a particle distributor. Vertical blending was' 
accomplished by simply recycling the coal; it was 
not significantly influenced by the horizontal blend­
ing that was achieved by the distributor. The method 
was effective, even though the coal was wet and 
possessed poor flowing characteristics. Recirculation 
appears capable of providi~g uniform blends .of 
solids that can be more effiCIently processed. ReCIr­
culation also appears useful, preceding packaging 
operations, to insure for blending of solids into 
specification products. Continuous measurement of 
the bulk density of the coal by a gamma ray meter 
proved to be an effective monitor of vertical blending 
effectiveness. 

RI 7647. Activity Patterns in the Catalytic Reduction of 
S02 on Some Transition Elements in Alumina, by 

L. A. Haas, T. H. McCormick, and S. E. Khalafalla. 
1972. 14 pp. 4 figs. S02 reduction with CO was 
studied in an integral flow reactor at a nominal 
flow of 0.5 liter per minute. Reactant gas contained 
3 percent S02, 6 percent CO, and the balance He. 
S02 conversion was determined for three different 
types of catalysts. The first consisted of 16 com­
mercial catalysts used for various chemical syn­
theses. Only the commercial catalysts which con­
tained transition metals in alumina removed more 
than 30 percent S02 at temperatures below 510 0 C. 
Two other types of catalysts were prepared in the 
laboratory either by pelletizing equal amounts of 
powdered alumina and transition metal oxides or 
by impregnating commercial alumina tablets with 
transition metal ions. Regardless of preparation 
techniques, Cr and Fe in alumina were the two 
best catalysts. The observed results suggest that an 
intermediate (SCO) is formed by the interaction of 
surface metal sulfides and carbonyls. Alumina then 
catalyzes the interaction of SCO with S02 to form 
the end products (sulfur and carbon dioxide). Over 
80 percent S02 was removed at 460 0 C with 2 grams 
alumina impregnated with 2.5 percent iron. 

RI 7648. Use of Composite Diaphragms in the Eleclro-
winning of Titanium, by O. Q. Leone and D. E. 

Couch. 1972. 12 pp. 4 figs. Composite dia­
phragms were used in the investigation of electro­
winning Ti from TiCl4 in a fused LiCl-KCl-TiCb 
electrolyte. Composite diaphragms tested were of 
two general classes-those consisting of two or more 
solid materials and those which contained, in addi­
tion, a loose material. An electrowinning cell using 
a flat diaphragm is described. The maximum current 
density for these diaphragms was 300 amp per ft2. 
Lower currents permitted longer operation times. The 
composite diaphragms gave electrode efficiencies that 
averaged approximately 60 percent, and the electro­
won titanium was of good quality-some Brinell 
hardnesses were as low as 68. 
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RI 7649. Methane Flows in the Pocahontas No.3 Coal bed, 
by Fred N. Kissell. 197:2. 19 pp. 7 figs. 

:'tfethane-flow and pressure data taken from a mine 
in the Pocahontas No.3 coal bed are compared with 
flow rates from lump coal obtained in laboratory 
experiments. From this, it is concluded that the 
main source of gas is the intact coal bed rather than 
a "crushed zone" near the working face. The per­
meability and sorption capacity of the intact coal bed 
are calculated and gas emission rates are theoreti­
cally accounted for. 

RI 7650. A Chemiluminescence Detector for Ozone Measure-
ment, by H. Carroll, B. Dimitriades, and R. 

M. Ray. 1972. 17 pp. 12 figs. An ozone detector 
was built and evaluated for its applicability in 
smog-chamber studies. The detection method is based 
on the reaction of ozone with ethylene and the 
measurement of resultant chemiluminescence. In the 
first phase of evaluation, the detector's response to 
ozone was studied as a function of several instru­
ment parameters, and optimum conditions were 
oclefined for the maximum and most stable responses 
to ozone. In subsequent evaluations, the method was 
checked for sensitivity, precision, and interferences 
and was compared with two alternative methods. 
Results showed the chemiluminescence method to 
~be acceptably sensitive and precise for smog-chamber 
studies and superior to the Mast ozone meter and 
KI (colorimetric I-percent neutral potassium iodide 
method) methods in that it is specific for ozone. 
Work done under an agreement with the Environ­
mental Protection Agency. 

RI 7651. Recovery of Feldspar and Glass Sand From South 
Carolina Waste Granite Fines, by W. H. Eddy, 

E. W. Collins, J. S. Browning, and G. V. Sullivan. 
1972. 11 pp. 1 fig. The Bureau of Mines conducted 
laboratory batch and continuous flotation processing 
tests on waste granite fines from South Carolina to 
determine the possibility of recovering high-quality. 
feldspar and glass sand. Three flotation systems 
were used for removal of the iron-bearing biotite. 
Two employed an alkaline anionic-cationic circuit 
and the third employed an acid cationic circuit. Com­
mercial-grade products were obtained when the re­
maining biotite was magnetically removed from the 
feldspar and quartz concentrates. Continuous flota­
tion processing yielded a feldspar concentrate con­
taining, in percent, 3.60 Na~O, 5.60 K20, and :2.:25 
CaO, with recoveries of 75.3, 66.6, and 72.6 percent, 
respectively. The feldspar tailing was high quality 
glass sand containing 9S.0 percent Si02 and 0.025 
percent Fe203; about 60 percent of the quartz was 
recovered. Work done in cooperation with the Ur 
versity of Alabama. 

RI 7652. Evaluation of The Sulfatization-Reduclion Process 
for Recovering Manganese and Iron Oxide Pellets, 

by John J. Henn, Robert A. Clifton, and Frank A. 
Peters. 1972. 27 pp. 9 figs. A process is evaluated 
for recovering metallurgical-grade manganese ore 
from the low-grade manganiferous iron ores of the 
Cuyunga Range, Minnesota. The process, developed 
by the Bureau of Mines, employs high-temperature 
sulfatization of the ore to form manganese sulfate 
and reduction of the ore to convert the iron to a 
magnetic oxide. The roasted ore is water-leached to 
dissolve the manganese sulfate, which is then sepa­
rated from the leach residue, crystallized, and cal­
cined to produce the manganese product. Iron is 
recovered from the leach residue by magnetic sepa­
ration, and is pelletized and calcined to produce 
byproduct iron are pellets. The fixed capital cost for 
a plant yielding a product containing 100 tons 6f 
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mano-anese per day is 319.6 million,;" on a mid-1970 
basi;' when the raw ore cont~ins 4.S4 percent mal.l­
ganese. The estimated operatmg cost of the plant IS 

$211 per ton of contained manganese. Graphs ~re 
included to show the effects of ore cost and v~rYlllg 
manganese content of the raw ore on the estimated 
operating cost. 

RI 7653. Ground Vibrations From Tunnel Blasting in Gran-
ite-Cheyenne Mountain (NORADI, Colo., by 

James J. Olson, David E. Fogelson, Richard A. Dick, 
and Arlo D. Hendrickson. 197:2. :25 pp. 7 figs. The 
Bureau of :'tIines recorded peak particle-velocity 
levels and vibration frequencies to determine the 
nature and intensity of ground vibrations for tunnel 
blast rounds at the XORAD Complex, Colorado 
Springs, Colo. Previous Bureau of :'tIines studies in 
quarries and underground mines had shown that 
scaling (dividing) the distance from the blast by 
the square root of the charge weight remo\-ed the 
effect of the yarious charge weights on yibration 
amplitudes. The analysis of variance tests per­
formed on the XORAD vibration data, howeyer., 
indicated that the cube rather than square root 
scaling exponent grouped the data more effecti\·ely. 
The empirical propagation equation V 'JOO 
(D/Wl/:l)-2.0., where V is the maximum peak par­
ticle velocity in inches per second, D is the distance 
from the blast in feet, and ,V is the zero-delay 
charge weight in pounds described the attenuation, 
with distance, of the particle yelocities from tlw 
tunnel blasts in the Pikes Peak Granite of the 
XOl{AD Complex. 

RI 7654. In Situ Determination of Stresses in Mountainous 
Topography, by Verne E. Hooker. Dayid L. 

Bickel, and James R. Aggson. 197:2. 19 pp. 11 figs. 
Stress relief measurements were made at three un­
derground test sites associated with the Hell.rier:,oll 
project, American :VIetal Climax, located III thp 
rugged, mountainous region betwe~n Lo\-elanc\ Pas,; 
and Berthoud Pass on the Contlllental Dly!(le III 
Colorado. Sufficient data were obtained to determitl(' 
the three-dimensional stress ellip!'oid for each site. 
The measurements \\'ere made at hole depths greater 
than one diameter of the mined opening; thus, cal­
culated stresses are representative of premining in 
situ conditions. The vertical components of stress 
are in good agreement \\-ith o.\·erbul'den depth it:­
eluding the influence of mountam topography. Hon­
zontal components of stress substantla\ly lIlcrease 
with depth. These components are belJe\':d t'? .be 
influenced by stresses presumably of tectol1l~ ongm: 
The largest measured principal stress was u,900 pSI 
at a depth of 3,70S feet. The predominant o~'ienta­
tion of maximum principal stress for the determma­
tions at greatest depth is in the .':W-SE quadrants. 
The work upon which this report is based was done 
under a cooperative agreement between the. Bureau 
of Mines, U.S. Department of the Intenc:r, and 
American :'Ietal Climax, Inc., Henderson proJect. 

RI 7655. Ternary Phase Diagram For, the System Tetra-
bromoethane/Water/2-Propanol, by John P. 

Gooch, E. K. Landis, and James S. Browning. 1972. 
11 pp. 5 figs. Data for the ternary phase diagram 
for the system 1,1,2,2-tetrabromoethane/water/2-
propanol at 25° C have been obtained. Experimental 
methods used are described, and the complete 
ternary phase diagram is presented. A simple ex­
ample is given to review the use of the ternary 
diagram. Work done in cooperation with the Uni­
versity of Alabama. 
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RI 7656. The Solubility of 1,1,2,2-Tetrabromoethane In 
Water as a Function of Temperature, by John P. 

Gooch, E. K. Landis, and James S. Browning. 1972. 
18 pp. 3 figs. The solubility of 1,1,2,2-tetrabrometh­
ane (TBE) in water was determined from 1.0° to 
97.0' C. The solubility (S) of TBE in grams of 
solute per 100 grams water was correlated with 

S = 1920 c c [ (1,407,921.7 _ }0,737.577 
, .i)i) exp T' T 

+ 9.9239624) ] 

where T is in degrees Kelvin. A thermodynamic 
analysis conducted on a system consisting of a TBE 
phase and a water phase in equilibrium with a 
vapor phase led to the calculation of the activity 
coefficient, vapor-liquid equilibrium distribution 
coefficient, relative volatility, and heat of mixing 
for saturatpd solutions of TBE in water. Data re­
quired for these calculations were .the solubility of 
THE in water and th~ vapor pressures of TBE and 
water as a function of temperature. Work done in 
cooperation with the University of Alabama. 

RI 7657. Effect of a Surface Borehole on Longwall Gob 
Degasification . (Pocahontas No. 3 Coalbed), by 

T. D. :'Iloo1'e, Jr., and :'11. G. Zabetakis. 1972. 9 P]J. 
.J figs. The use of a partially slotted 6.5-inch-inside­
diameter vertical pipe to remove methane from a 
long'wall gob area at a depth of 2,260 feet in the 
Pocahontas X o. 3 coalbed was investigated. The 
valtH- of gas removed b~' such a pipe under free-flow 
conditions was found to equal the cost of the instal­
lation in this case. Allp1'oximately 25 percent of the 
a\'ailable methane passed through the pipe without 
the usc of all exhauster; an additional 10 percent 
was removed when an exhauster \\'as employed. 

The diwl'sion of methane through a vertical 
'slotted pipe to the surface permitted the use of in­
creased mining' rates and decreased the ventilation 
air requirements. 

RI 7658. Methane Emission in Cool Mines-The Effects of 
Oil and Gas Wells, by :\1. G. Za betakis, T. D. 

:'Iloore, Jr., A. E. Xagel, and J. E. Carpetta. 19,2. 
l) PJ! .. j figs. The method of moving averages was 
found useful in assessing the nature of methane 
emis:,ion in coal mines. ~mission rates \\'ere influ­
enl'ed markedJy by the presence of abandoned oil 
and gas \\'ells in the vicinity of the mine. Such 
wells alljJt'<1red to increase the flO\\' rate of methane 
intu the minE' Lv a factor of 2 to 30 in an actiye 
J11inc in the Pittsburgh coal seam. 

RI 7659. Lowering the Tin Cohtent of Secondary Leaded Tin 
Bronze by Replacement With Lead or Zinc, by 

E. R. Cole, L. W. Higley, and J. L. Holman. 1972. 
12 ])Jl. :; figs. Laboratory heats of an 80 percent 
copper, high-leaded, tin-bronze alloy, similar to 
Brass and Bronze Ingot Institute (BBll) alloy 3A, 
were made with J'educed tin content to determine 
whether an alloy. comparable to BBll alloy 3..1.. could 
be produced using less tin to aid in conserying this 
strategic metal. The tin content was lowered from 10 
percent to 8 percent and;) percent (nominal values), 
j'(':'pectin-ly, and the reduction in tin was offset by 
either increasing the lead content or adding zinc. 
:\Iechanical properties, machinability, and cOJ'l'osion 
characteristics of the resultant alloys were investi­
gated, and the mechanical properties \\'ere compared 
with BIHI t~'pical v<11u(:s and American Society for 
Te.-.:ting and :'IIaterials (AST:'II) minimums for high­
lead"<I. till-bronze allo,'. Results indicate that the tin 
content of this alloy could be reduced approximately 

1 percent (the difference between the 8.4 percent 
actual tin composition obtained and the 9.3 percent 
BBlI minimum) without seriously affecting the de­
sired properties. Results also show that the tin con­
tent can be reduced without significantly increasing 
the chances of rejects for mechanical property fail­
ures, which might result from normal variations in 
the casting process. 

RI 7660. Recovery of Silver and Mercury From Mill Tailings 
by Electrooxidation, by B. J. Scheiner, D. L. 

Pool, and R. E. Lindstrom. 1972. 9 pp. 3 figs. Ex­
traction of silYer from silver mill tailings by an 
electrolytic oxidation procedure was in'lestigated by 
the Bureau of Mines. Various parameters affecting 
silyer extraction, such as electrolysis time, particle 
size, and dissolution of the silver as the tetrachloro 
or cyanide complex, were studied at 30° C with an 
electrolyte concentration of 20 weight-percent 
sodium chloride. Resulting silver extractions ranged 
from 77 to 90 percent, depending on the tailings 
being treated. Concomitant extraction of mercury 
ranged from 90 to 95 percent. Power consumption 
was 52 to 90 kilowatt-hours per ton for the tail­
ings investigated. Comparative experiments using 
direct cyanidation resulted in the extraction of 46 
to 82 percent of the silyer and 20 percent of the 
mercury. Cyanide consumption ranged from 3.3 to 
9.4 pounds per ton of tailings, depending on the 
tailings being treated. Silver and mercury were re­
covered from leach solutions by precipitation on iron 
powder, followed by conYentional distillation and fire 
refining steps. 

RI 7661. Force Distribution in the High-Intensity Wet Mag-
netic Separator, by Foster Fraas. 1972. 18 

pp. 8 figs. A comparison has been made between 
cubes and spheres in the matrix of the high-intensity 
wet magnetic separator. For two inclined plane sur­
faces, such as may occur with cubes, the maximum 

dH . . 
force value, H-, JS at the pomt of nearest approach 

dx 

and is much higher than the force resulting from 
adjacent spheres. Although the maximum force 
value fOl' cubes is higher, it decreases more rapidly 
at increasing distances. The maximum force for 
spheres is at an appreciable distance from the p.oint 
of nearest approach. At field intensities for mag­
netic saturation of the iron spheres, the force ex­
tends to further distances with greater uniformitv 
approximating that of the constant force or isodv­
namic field. The force is also independent of the 
sphere diameter, which permits the scaling of the· 
sphere diameter to provide changes in particle 
migration distances without changes in force 
gradient. 

RI 7662. Recovery of Phosphates and Metals From Waste 
Phosphate Sludge by Solvent Extraction, by How­

ard E. Powell, Lawrence L. Smith, and Andrew A. 
Cochran. 1972. 12 pp. 4 figs. A solvent extraction 
procedure was developed on a laboratory scale for 
recoyering trisodium phosphate, zinc, and iron from 
waste phosphate sludge as separate products. The 
sludge was dissolyed in hydrochloric acid, and iron 
was extracted as fel'l'ic chloride by isopropyl ethel' .. 
Zinc was extracted by di-2-ethylhexyl phosphoric 
acid in kerosine. The efficiencies of the one- and two­
stage extractions ranged from 98 to nearly 100 per­
cent. Trisodium phosphate was recovered by crystal­
lization from the raffinate. The value or" the two 
marketable products is considerably more than the 
costs of the ma.ior reagent. The process was devel-
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oped to permit recycling of values in this waste and 
to consequently reduce stream pollution from this 
source. 

RI 7663. Extraction Process for Upgrading Sm~03 Using 
Selective Stripping Techniques, by D. J. Bauer, 

L. E. Schultze, and R. E. Lindstrom. 1972. 9 pp. 3 
figs. A solvent-extraction system employing selective 
stripping of -a preloaded organic phase was investi­
gated for recovering Sm20a from a light-group rare­
earth mixture. The samarium concentrated in the or­
ganic phase, and a >99-pct-pure samarium oxide 
product was obtained at 76-pct recovery in a 20-stage 
operation using di (2-ethylhexyl) phosphoric acid 
(EHP A) as the organic phase. The stripping agent 
was a 1.5-pct hydrochloric acid solution containing 
200 g NH1CI per liter. 

RI 7664. Synthesis and Characterization of Dawsonite, by 
J. Jackson, Jr., C. W. Huggins, and S. G. 

Ampian. 1972. 14 pp. 7 figs. Synthetic dawsonite 
[:\faAl (OH)2CO:l] has been prepared with crystal­
linity similar to that of dawsonite found in oil shale 
deposits of the Piceance Creek area of Colorado. 
Optimum experimental conditions were as follows: 
N a/AI atomic ratio, 43; temperature, 175 0 to 200 0 

C; pCO:!, 15 psig; and reaction time, 5 hr. Chemical 
and spectrographic analysis revealed that the syn­
thetic dawsonite was of high purity and was essen­
tially stoichiometric. Similarity of the synthetic to 
natural dawsonite, demonstrated by X-ray diffrac­
tion, infrared spectrophotometry, and electron mi­
croscopy, suggests its suitability as a standard. 

RI 7665. The Solution of Ventilation Problems With Ana-
log and Digital Computers, by Richard J. 

Kline and Stanley C. Suboleski. 1972. 15 pp. 9 figs. 
The underground mining industry is presently using 
the fluid network analyzer and digital computer to 
analyze ventilation systems. The availability of the 
digital computer and ventilation programs to min­
ing companies has escalated its use, permitting the 
design and modification of new or existing mine ven­
tilation systems to be projected completely and thor­
oughly with consistent precision. Because the analog 
computer has been analyzing ventilation systems 
accurately for many years, a comparison of the 
analog and digital methods was warranted. This 
report summarizes a detailed comparison for one 
mine, based on pa,rallel analyses by the two com­
puter systems. 

RI 7666. Pressure Distribution in Irregularly Bounded Res-
ervoirs, by R. V. Higgins and A. J. Leigh­

ton. 1972. 15 pp. 2 figs. A numerical method is pre­
sented to calculate the pressure distribution in a 
petroleum reservoir that has irregular boundaries. 
The computer program is straightforward and re­
quires minimal data preparation. The method can 
also be used to determine pressure distribution in 
many other types of underground reservoirs. In this 
method, the grid solution of the fluid-flow equations 
-in a reservoir that has regular boundaries (previ­
ously published) was expanded to handle irregular 
boundaries. The computer program locates -grid 
points at the irregular boundaries. The method of 
mirror images is then used to form a special sten­
cil to determine the pressure at each of these points. 
Two examples are presented to demonstrate the ap­
plicability of the method for virtually any reservoir 
configura tion. 

RI 7667. The Methane Migration and Storage Character­
istics of the Pittsburgh, Pocahontas No.3, and 

Oklohoma Hartshorne Coalbeds, by Fred N. Kissell. 1972. 
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22 pp. 9 figs. Methane flo\\'s and pressures were 
measured in mines in the Pittsburgh, Hartshorne, 
and Pocahontas No.3 coalbeds. From the data, the 
permeability of each of these coal beds was com­
puted. It was found to depend strongly on the type 
of coal and on the amount of water in the coalbed, 
and it was found to increase with time. All of the 
coalbeds had a high-permeability zone adjacent to 
the face or rib, and the Pittsburgh bed exhibited 
directional anisotropy. Surprisingly, little or no 
overburden effect was observed. 

RI 7668. An In Situ Diffusion Parameter for the Pittsburgh 
and Pocahontas No. 3 Coal beds, by Fred :\f. 

Kissell and R. J. Bielicki. 1972. 13 pp. 3 figs. In 
this report the importance of diffusion in controlling 
the emission of methane in mines is examined. An 
in situ diffusion parameter is defined and calculated 
for a hypothetical unfractured lump of coal in the 
Pittsburgh and Pocahontas No. 3 coalbeds. The 
values obtained are similar to those obtained with 
lump coal in laboratory experiments. 

RI 7669. Analysis of Fracture Orientations for Input to 
Structural Models of Discontinuous Rock, by:\[. A. 

Mahtab, D. D. Bolstad, J. R. All~lredge, and 'R. J. 
Shanley. 1972. 76 pp. 18 figs. ThIS report presents 
a new procedure for analyzing the orientations of 
rock fractures in an engineering site. This proce­
dure, coded in a computer program, ident.ifies c,lus­
tel'S or groupings among the fracture onenta tlOns 
and calculates (1) the mean orientation of the frac-­
tures within each cluster and (2) the dispersion or 
scatter among these fracture orientations. Data 
points are represented by intersections of joint nor­
mals with the upper hemisphere, which is cli\'ided 
into 100 equal-area quadrilateral patches. The points 
in adjacent patches where the Poisson distribution 
test shows significant concentrations are assigned to 
a single cluster .• For a cluster whose fracture orien­
tations follow Arnold's hemispherical normal dis­
tribution, a confidence inter\'al for the fracture 
orientation mean is calculated by applying Fisher's 
estimates. The technique is applied to the treatment 
of three examples. 

RI 7670. Bureau of Mines Instrumented Impact Tester, by 
K. R. Becker, C. M. l\Iason, and R. W. 

Watson. 1972. 21 pp. 15 figs. The addition of a 
force gage and a reaction detector to the Bureau of 
Mines drop-weight impact apparatus made it possi­
ble to examine the details of the force exerted on 
the specimen and make estimates of the time to 
reaction. With the current setup the force was 
found to be oscillatory and not reproducible. How­
ever, single, well-defined pressure pulses can be de­
livered to the explosive sample by modifying the 
drop-weight tools. With a modified test arrangement, 
the time to reaction and the peak force and energy 
at the time of reaction were determined as a func­
tion of drop-weight height for several different ex. 
plosh·es. All these parameters were found to de· 
crease as the rate of force application was increased. 
The same parameters "were also found to vary with 
the thickness of the test sample. The implications of 
these results are discussed in terms of practical 
drop-weight testing. 

RI 7671. Separation of Columbium, Tantalum, Titanium, and 
Zirconium From Titanium Chlorination Residues, bv 

C. C. Merrill and D. E. Couch. 1972. 8 pp. 3 figs. 
Columbium, tantalum, titanium, and zirconium are 
present in solid-waste products generated bv the 
chlorination of the rutile used in the procIuctfon of 
titanium tetrachloride (TiCI4). The columbium and 
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tantalum were separated from titanium and zir­
conium by liquid-liquid extraction techniques using 
a secondary amine. Salts of these elements are in a 
leach liquor produced by water leaching of mineral 
waste from the chlorination of rutile. This waste, 
produced at the rate of approximately 50,000 tons 
per year, is about 40 wt pct water soluble. Leach 
liquors, separated by fi~tration, w~re .further. sepa­
rated into a solid fractlOn and a lIqUId fractlOn by 
pressure hydrolysis. The solid fraction containing 
Cb, Ta, Ti, and Zr was dissolved in HCI-HF. and 
used as a feed solution. Columbium and tantalum 
were removed from the organic extractant with 1 
N HC!. A miniature 10-stage reactor showed that 
the columbium and tantalum present in solution 
could be separated with a continuous flow. 

RI 7672. Emission Characteristics of Propane as Automotive 
Fuel, bv J. R. Allsup and R. D. Fleming. 

1972. 34 pp. 13' figs. Air pollutants in exh.aust ~as 
produced from LP-gas (propane) were studIed usmg· 
both laboratory engines and whicles. The objective 
of the study ,,:as to evaluate engine parameters re­
lating to the advantageous use of propane as a low­
'pollution fuel. Some comparisons are made between 
gasoline, natural gas, and propane. 

Results show that engines can operate over a 
wider range of A/F with minimum carbon monoxide 
and hydrocarbon emission when using propane than 
when using gasoline. Mixture enrichment using pro­
pane is 1111necessary'during cold starts, thereby elim­
inating the emission penalty during warmup. Carbon 
monoxide and hydrocarbon emission using propane 
are unaffected by ambient temperature. The photo­
chemical reactivity of hydrocarbon emission is con­
siderably lower with propane than with gasoline. 
'York done in cooperation with the National LP-Gas 
Association. 

RI 7673. Performance Characteristics of Coal-Washing Equip-
ment: Dense-Medium Cyclones, by A. W. Deur­

brouck and J. Hudy, Jr. 1972. 34 pp. 3 figs. The 
separations achieved by eight conventional cyclone 
washers have been evaluated to determine their per­
formance when processing intermediate size coal of 
28-mesh bottom size. The dense-medium cyclones pro­
vided efficient, sharp separations in treating feeds of 
up to 44 percent of near-gravity material at separat­
ing specific gravities ranging from 1.42 to 1.55 (one 
separation of a secondary feed was made at 1.63). 
Complete washability analyses are shown by sizes 
of the composite feed to these cyclones. The magne­
tite losses per ton of coal processed ranged from 
0.6 to 2.0 pounds; however, of the eight plants re­
porting losses, seven indicated magnetite losses were 
1.1 pounds or less per ton of coal processed. 

RI 7674. Detection of Rubble Zones in Oil Shale by the 
Electrical Resistivity Technique, by John W. 

Brown and Richard C. Repsher. 1972. 17 pp. 8 figs. 
Electrical resistivity surveys were conducted at 
three sites in Wyoming in an attempt to detect 
underground rubble zones in oil shale and to deter­
mine their size and resistivity contrast. The zones 
were detected at Rock Springs sites 4 and 5, but 
none were detected at Green River site 1. The resis­
tivity of the rubble zones at sites 4 and 5 is greater 
than that of the surrounding rock. The zones at 
sites 4 and 5 are concluded to be roughly ovaloid in 
shape, with a horizontal diameter of 33 m and a 
vertical thickness of 24 m. Both rubble zones and 
the blasting that created them are considered to be 
centered at a depth of 24 m. 

RI 7675. Oxygenates in Automotive Exhaust Gas: Estimation 
of Levels of Carbonyls and Noncarbonyls in Exhaust 

From Gasoline Fuels, by D. E. Seizinger and B. Dimi­
triades. 1972. 27 pp. 5 figs. The Bureau of Mines has 
developed analytical methods, primarily gas chroma­
tographic, for measurement of exhaust oxygenates 
produced from selected simple fuels. The resulting 
data were used to estimate levels of carbonyls and 
noncarbonyl oxygenates in exhaust from gasoline 
fuels. Estimated noncarbonyl oxygenates in gasoline 
exhaust may comprise as much as 30 percent of total 
oxygenates which include unsaturated carbonyls and 
noncarbonyls believed to be significant potential pol­
lutants. Work done under an agreement with the 
Coordinating Research Council, Air Pollution Re­
search Advisory Committee. 

RI 7676. A Solid-State Amplifier for the Bridge Circuit of 
a Mercury Detector, by C. Melvin Lepper. 

1972. 10 pp. 6 figs. A solid-state amplifier for the 
bridge circuit of an atomic-absorption mercury de­
tector is presented and described. Operational advan­
tages over previously used circuitry include improved 
time and temperature stability, increased measure­
ment accuracy, and simplified setup, calibration, and 
operation. 

RI 7677. Sample Preparation Variability in Diamond-Drill 
Core From the Homestake Mine, Lead, S. Oak., 

by George S. Koch, Jr., and Richard F. Link. 1972. 
15 pp. 2 figs. In preparing diamond-drill core sam­
ples for assay at the Homestake mine, Lead, S. Dak., 
5-foot intervals of core are processed through three 
stages, crushing, grinding, and pulverizing, and por­
tions of the core material are discarded after split­
ting at each stage of preparation. Then .two 1-assa;y­
ton fractions are taken from the pulverIzed materIal 
and assayed. This report investigates alternative 
methods of sample preparation. The consequences of 
'crushing, grinding, and pulverizing all rather than 
part of the core are appraised through the statisti­
cal analysis of assay results from 118 5-foot inter­
vals of core. Evidently, a substantial improvement 
in precision at small additional expense is obtained 
by grinding most or all of the core before splitting. 
Pulverizing all of the core would be desirable only if 
doing so would cost less than assaying five random 
splits from each interval. Graphs and tables detail 
appropriate procedures to obtain specified precisions. 
The experimental design and methods can be applied 
cO similar problems in preparing core and other 
geological samples. 

RI 7678. Measurement and Reduction of Noise From Deto-
nating Cord Used in Quarry Blasting, by Andris 

Viksne. 1972. 29 pp. 16 figs. A series of tests were 
conducted by the Bureau of Mines to determine the 
best means of reducing noise generated by the deto­
nating cord that is utilized for trunklines in quarry 
blasting. Ten different types of detonating cord were 
tested and evaluated for their acoustic qualities. The 
results of the investigation showed that noise levels 
produced by "low-core-Ioad-per-foot" detonating cord 
"not covered" were lower than those produced by 
"high-core-Ioad-per-foot" detonating cord covered 
with 6 inches of unconsolidated material. 

RI 7679. The Statistical and Spatial Evaluation of Sulfur 
in Coal Seams, by Manuel Gomez, Donald J. 

Donaven, and Kathleen Hazen. 1972. 46 pp. 31 figs. 
The mean and the standard deviation were used to de­
scribe general sulfur and ash populations as well as 
specific populations of these variables from one coal 
seam. Both the mean and the standard deviation 
were incorporated in the exploration process to de-
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termine the number of drill cores neceS5al y [or seam 
evaluation and to guide the sequential dri'lling plan, 
Probability regions were computed to establish a 
basis for predicting probable ranges of average sul­
fur and ash concentrations that may be expected 
upon continued or future drilling, 

A computerized plot program was utilized to in­
terpolate sulfur and ash concentrations between grid 
points, The plot program, which is essentially a 
moving average technique, permits a rapid evalua­
tion of sulfur, sulfur forms, and ash spatial dis­
tributions as a drillling program progresses sequen­
tially. This information, in the form of contour plots, 
can be made available to both the mining engineer' 
and the fuel technologist in advance of mining to 
outline reserves, to improve selective mining, and 
to anticipate preparation facilities. 

RI 7680. Forecasting the Properties of Coal Seams in Place, 
by Manuel Gomez and Donald J. Donaven. 

1972. 53 pp., 25 figs. A computerized, interpolative 
mapping technique based on the moving average 
method .was shown to be adequate to estimate the 
between-drill-hole values of coal-seam variables. The 
forecasting of the spatial distribution of coal proper­
ties along the seam was of three kinds: (1) Estima­
tion of the variable of interest on a regional basis. 
from widely spaced sample points, (2) prediction of 
coal properties for product control from closely 
spaced data, and (3) prediction of coal properties 
for specified benches, or layers of the coal seam, 
from closely spaced sample points. Estimates ob­
tained with the computerized, interpolative mapping 
procedure were useful in the delineation of seam 
thickness, elevation, and overburden and in the esti­
mation of sulfur and ash concentrations during the 
early phases of exploration. This grid interpolation 
technique was found adequate to adjust between-, 
'drill-hole values for trends resulting from the com­
bined effect of several variables on a measured re­
sponse. This information, coupled with statistical 
'and geologic data that can be obtained in the ex­
ploration phase of mining, enlarges the information 
base available for coal-mine development planning, 
energy forecasts, and environmental control asso­
ciated with fossil fuel power generation. 

RI 7681. Oil Yields and Stratigraphy of the Green River 
Formation's Tipton Member at Bureau of Mines 

Sites Near Green River, Wyoming, by George F. Dana and 
John Ward Smith. 1972. 46 pp. 4 figs. Oil yields, 
lithology, and stratigraphy have been evaluated for 
15 cored wells and two sampled wells representing 
10 square miles of the Tipton Member of the Green 
River Formation near Green River, Wyo. The area 
evaluated is being used by the Bureau of Mines for 
experimental production of oil from the oil shales in 
place. Lithology and oil yields were correlated to 
produce a stratigraphy diagram for the in situ study 
area, permitting precise designation of comparable, 
,sections. Because of lateral uniformity of oil shale, 
oil yields from eight cores and two sets of drill­
cutting samples within a quarter section show the 
range of variation in average oil yield arising from 
experimental error. Variation in average oil yields 
from the seven cores representing the 10-square-mile 
study area lies within the expected experimental 
error. No difference in oil-shale richness across the 
study area is indicated. 

Average oil yields for three Tipton sections in the 
study area were determined as follows: (1) The en­
tire Tipton Member oil shale (about 145 feet thick), 
13.3 gallons per ton; (2) the 40-foot upper rich zone, 

'21.0 gallons per ton; and (3) the 21-foot zone in 
which the Laramie Energy Research Center is con-
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ducting in situ experiments, 22.4 gallons per ton. 
One acre of the 21-foot experimental section repre­
sents 34,300 barrels of oil in place, and 1 acre of 
the Tipton's 40-foot rich upper layer represents 
62,000 barrels. 

RI 7682, Reducing Surface Hot Shortness of Copper-~earlng 
Steels, by M. I. Copeland and J. E. Kelley. 

1972. 19 pp. 15 figs. A study .,,·as cot;~ucted to clet.er­
mine if commonly used alloYll1g a,ddltlOns ~r c,oahng 
materials can prevent the f~rmatlOn of a hqUld:c?p­
per phase during the reheatll1g of copper-contall1l11g' 
steels. If so the tendency of such steels to surface 
crack during hot working migh~ be eliminated. S~eel 
specimens were scaled by heatll1g them eIther ISO­
thermally or in a programed manner tha~ simul~ted 
industrial furnace practice. Metallographlc examll1a­
tion of the heated specimens showed that molten 
fayalite (Fe2SiO.) completely prevented t~e forl1!a­
tion of liquid copper at the surface. Fayahte, :\'h](:h 
melts at 2,200° F (1,205° C), was formed by lI1ter­
nal oxidation of the silicon contained in the steel. 
By forming complex molten oxides, coatings of borax 
glass were also effective in preventing the occur­
rence of liquid copper at the steel surface. 

RI 7683. Recovery of Precious Metals From Electronic Scrap, 
by R. O. Dannenberg, J. M. Maurice, and 

G. M. Potter. 1972. 19 pp. 8 figs. The Bureau of 
Mines investigations described in this report were 
undertaken to devise a process to economically re­
cover precious metals and copper from low-grade, 
complex electronic scrap generated in large quanti­
ties by military and civilian electronic operations. 
Leaching with various media is applicable to certain 
selected items of electronic scrap but cannot be prac­
tically applied to complex mixtures of scrap. 

A process comprising incineration, caustic leach­
ing to remove aluminum, smelting with a siliceous 
slag, and electrolysis recovered 99.9-percent-pure 
copper metal and anode slimes assaying more than 
7,000 ounces per ton of combined precious metals: 
Silver, gold, and copper recoveries v,'ere 93, 95, and 
87 percent, respectively. Cost analysis indicated that 
an alternative process using direct smelting of the 
scrap to make assayable products for sale to a cus­
tom smelter would provide better overall financial 
returns. 

RI 7684. Drillability Studies. Percussive Drilling in the Field, 
by R. L. Schmidt. 1972. 31 pp. 11 figs .. 

One of a series published by the Bureau of Mines 
covering research investigations in rock drillability, 
this report of field drilling results extends earlier 
laboratory findings and provides a relatively simple 
procedure for predicting percussive drilling rates 
with reasonable accuracy. 

Two percussive drills mounted on a truck were 
used to drill a total of 25 rock types, and the results' 
were used to develop a prediction equation. The equa­
tion was tested on a set of unrelat"!d laboratory per­
cussive drilling data, and the comparison between 
predicted and actual rates is shown in tabular form. 

RI 7685. A Computer Program for Pit Slope Stability Analysis 
by the Finite Element Stress Analysis and Limiting 

Equilibrium Method, by F. D. Wang, M. C. Sun, and 
D. M. Ropchan. 1972. 53 pp. 7 figs. The Bureau 
of Mines has developed a computer program for 
evaluating pit slope stability by the finite element 
stress analysis and limiting equilibrium method. The 
program includes the finite element method of stress 
analysis using triangular elements, finite-element 
model mesh generation, plotting of the model mesh 
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and 'stress contours, calculation of a factor of safety 
along a circular or a plane failure surface and 
location of a critical circular failure surface. In~truc­
tions for preparation of input data an example 
problem, and the program listing are presented. 

RI 7686. Dispersion Strengthening of Internally Oxidized 
Iron-Aluminum Alloys, by M. 1. Copeland and 

W. C. McBee. 1972. 17 pp. 11 figs. The forma­
tion of AbO:; dispersoids 0.1,u and less in size in di­
lute iron-aluminum alloys by internal oxidation in 
wet hydrogen and dispersion strengthening of iron 
by application of the technique to iron powder were 
found to be feasible by the Bureau of Mines. In 
,flowing H~-1.5 H20 gas, AbO:; dispersoids 0.1,u and 
less in size formed (at 650 0 to 750 0 C) in Fe-1 and 
2 :<\1 sh.eet material but not in Fe-3 or 4 AI alloys. 
Vhth hlgh~r temperatures and/or higher H20/H2 
volume-ratIo gases, AbO" and FeAbO~ dispersoids 
>0.1,u in size formed in all the sheet materials. 
Mi.n\lS 100-mesh Fe~2. Al powders were internally 
oXIdIzed under condItIOns that promoted formation 
of fine . .t?-bO:J particles in sheet material, and then 
the oXIdIzed powders were hydrogen reduced, sin­
tered, extruded, and evaluated. During internal oxi­
dation, fine AbO:; dispersoids formed within the 
poweler grains, and coarse FeAb04 particles formed 
on the powder surfaces and grain boundaries. The 
FeAl201 content was essentially eliminated during 
sintering by reacting with the un oxidized aluminum 
that remained in the center of the larger internally 
oxidized powders. The tensile strength at 800 0 C 
depended upon the aluminum-oxygen weight ratio 
of. these elements in the extrusions and reached a 
maximum of 17,000 psi. The stress-rupture strengths 
at 800 0 C of the better alloys were comparable with 
those of type 310 stainless steel. 

RI 7687. A Comparison of Borer, Ripper, and Conventional 
Mining Products in Illinois No. 6 Seam Coal, by 

R. L. Schmidt, \V. H. Engelmann, and R. R. Fu­
manti. 197:2. 18 pp. 14 figs. The Methane Con­
trol and the Respirable Dust Groups at the Twin 
Cities :'Iining Research Center (TC:.\1RC) cooper­
ated recently in obtaining production samples of 
approximately 1 ton each, from the loading con­
yeyors of a rippel', a borer, and a loading machine 
in com'entional deyelopment headings. These sam­
ples were sized, in {our stages, from plus 4 in to 
minus 10 ,urn. The conventional product had the least 
fines of the three production methods. The borer 
product had more fines than did the ripper product, 
but it also had a greater amount of large pieces. All 
three products, as sampleJ, had eSEentially the same 
amount of minus 10-,um particles. Photomicrographs 
and surface-area comparisons were made. Gas­
adsorption, surface-area determinations on particles 
under 37 ,um give essentially the same value. Sur­
face-area calculations, assuming spherical particles 
and no porosity, giye a smaller area to the conven­
tional product.· 

RI 7688. Oilfields and Crude Oil Characteristics Cook Inlet 
Basin, Alaska, by Donald P. Blasko, 'Welton 

J. Wenger, and .T. C. l\Iorris. 1972. 44 pp. 7 figs. 
The first well that produced commercial quantities 
of oil in the Cook Inlet Basin of Alaska was com­
pleted in 1957. Since that time oil production in the 
basin has .increased rapidly and by the end of 1969 
had reached an annual rate of 74 million barrels. 
Five major oilfields had been developed, and two 
additional discoveries a\\'aited development. Esti­
mated amounts of recoverable oil by primary and 
secondary recovery methods total 2.7 billion barrels, 
or 36 percent of the estimated oil originally in place. 

Repressurization by injecting gas or water infor­
mations containing undersaturated oil has signifi­
cantly increased the volume of recoverable oil. All 
production has been from formations of the Tertiary> 
age; that much of it is from depth of 10,000 feet or 
more is unusual for Tertiary formations. The oils 
are low in sulphur and contain low to moderate 
amounts of asphalt. 

RI 7689. Estimating Nahcolite and Dawsonite Content of 
Colorado Oil Shale From Oil-Yield Assay Data, 

by John Ward Smith, Thomas N. Beard, and Paul 
M. Wade. 1972. 24 pp. 3 figs. Methods for esti­
mating the amounts of nahcolite, dawsonite, and the 
sum of these two' sodium carbonate minerals from 
oil-yield assay data are developed and evaluated for 
Green River Formation oil shales from the saline 
section of Colorado's Piceance Creek Basin. Derived 
statistically, these estimation methods depend on the 
fact that these minerals yield water and gas meas­
ured during oil-yield assay. The estimation proce­
dures yield values for nahcolite and nahcolite-plus­
dawsonite of sufficient accuracy for stratigraphic 
plotting and correlation, whereas estimates for daw­
sonite are more generalized. However, resource esti­
mates and reserve computations for both nahcolite 
and dawsonite accurate within 10 percent of the real 
value are readily available by assuming the mineral 
amounts calculated by the procedures presented, 
These estimation procedures are applicable to oil­
yield assay data on core samples from more than 30 
coreholes which have penetrated the saline section 
of the Green River Formation in Colorado. Work 
done in cooperation with the University of Wyoming. 

RI 7690. Hydrocarbon Gases Produced in a Simulated Swamp 
Environment, by A. G. Kim and L. J. Doug­

las. 1972. 15 p. 11 figs. Coal formation begins 
in peat swamps or bogs, in which microorganisms 
alter plant material and initiate the formation 
of carbonaceous sediments. Methane, which con­
stitutes about 98 percent of the hydrocarbon gas 
in coalbeds, is known to be a product of anaerobic 
microbial metabolism. To determine if other hy­
drocarbon gases could be produced in an envi­
ronment similar to that of a swamp, samples of 
wood cellulose and lignin were inoculated with 
soil microorganisms and incubated anaerobically. 
The resultant gases included methane, ethylene, pro­
pane, prop;vl~ne,_ butanes,pentanes, and carbon dio~­
ide. Hydrogen was also produced from the wood 
samples during the first month of incubation. Over 
90 percent of the produced gas was methane; C02 
was the other predominant component. Concentra­
tions of all other hydrocarbon gases ranged from 1 
to 20 parts per million, approximately 0.1 percent of 
the total hydrocarbons, which was less than the con­
centration in coalbeds. Therefore, although higher 
hydrocarbons could be produced in a swamp environ­
ment, subsequent mechanisms, either concentration 
by adsorption or formation during geochemical re-· 
actions, must affect the final concentratioll of higher 
hydrocarbons in coalbeds. 

RI 7691. Low-Temperature Heat Capacities and High-
Temperature Enthalpies of Sodium Chromate, by 

M. J. Ferrante, J. M. Stuve, and M. P. Krug. 1972. 
12 pp. 2 figs. Low-temperature heat capacities and 
high-temperature enthalpies were determined calori· 
metrically for Na2Cr04. A reversible transition was 
found at 700 0 K with an isothermal heat of transi­
tion of 2,263 cal/mole. High-temperature X-ray dif­
fraction analysis showed that the transition was a 
crystal change from the low-temperature orthorhom-
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bic form to the high-temperature hexagonal form. 
At 795 0 K the hexagonal form had the parameters 
ao = 5.691 and co = 7.478 A. Powder diffraction data 
for the high-temperature form are given and pos­
sible structures discussed. The melting point was 
determined to be 1,065 0 K with a heat of fusion of 
5,810 cal/mole. Enthalpy and entropy increments 
from this investigation were combined with other 
data from the literature to calculate enthalpies of 
formation, free energies of formation, and equi­
librium constants for formation from 298 0 to 1,400° 
K. Equations that represent enthalpies above 298 0 

K are given. Work done under an agreement with 
the U.S. Atomic Energy Commission. 

RI 7692. Percussive Drilling With Independent Rotation, by 
Harold F. Unger and Robert R. Fumanti. 

1972. 21 pp. 16 figs. The Bureau of Mines con­
ducted drilling experiments in the laboratory with 
a commercially available percussive drill that has an 
independent rotational system. Eight rock types with 
a wide range of physical properties were drilled 
under several combinations of rotational speed, 
drilling thrust, and operating pressure. Penetration 
rates and energy per unit volume correlated well' 
with the coefficient of rock strength as shown 
graphically. Size-distribution analyses of some of 
the drill cuttings show how particle size varies with 
rotation speed and rock hardness. In general, chang­
ing the rotational speed has a greater influence on 
the penetration rate in softer rocks, with penetration 
rate increasing with increasing rotational speed. 

RI 7693. Oil Yields and Characteristics of Green River 
Formation Oil Shales at Wosco EX-1, Uintah 

County, Utah, by John Ward Smith, Laurence G. Tru­
dell, and William A. Robb. 1972. 145 pp. 11 figs. 
Detailed oil yield, lithologic, and mineral distribution 
data are presentee! for core and drill-cutting samples 
from the West.ern Oil Shale Corp. Project Utah 
EX-1 Corehole (WOSCO EX-1), drilled to sample a 
deeply buried oil-shale sequence in the Green River 
Formation of Utah's Uinta Basin. Drilling of this 
corehole was part of the evaluation of this site for 
possible oil-shale development by nuclear explosion. 
Sections sufficiently thick for nuclear development 
average 15 gallons per ton or less and consist pre­
dominantly of low-grade shales. Some properties of 
low-grade shales may be advantageous to a nuclear 
experiment by facilitating breakage, fracture develop­
ment, and in situ retorting. The formation correlates 
precisely with the well-studied oil shales 25 miles 
east near the Colorado border. A 235-foot mineral­
ized section containing nahcolite, shortite, and sear­
lesite whose bottom lies 300 feet above the Maho­
gany zone is described. Work done in Cooperation 
with the University of Wyoming. 

RI 7694. Stability Constants of Metal Coordination Com-
pounds. Complexes of N-Ethylethylenediamine and 

2-(Ethylthio)-Ethylamine, by David J. MacDonald, Alex­
ander May, and E. G. Baglin. 1972. 19 pp. 5 figs. 
Stability constants, that is, equilibrium constants 
for complex-formation reactions, have been deter­
mined by a titrimetric method for complexes formed 
by the transition metal ions Ni2+, Cu2+, Zn2+, and 
Cd2+ with the structurally analogous bidentate li­
gands N -ethylethylenediamine and 2- (ethylthio) -
ethylamine. The sulfur containing ligand was found 
to be the weaker of the two chelating agents for 
earh 9 f the four metals. Absorption spectra of the 
individual complexes have been detefmined in order 
to calculate their crystal field stabilization energies. 
The combined results suggests a linear relation be­
tween free energy of chelation and ionic radius of 
the metal ion. 
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RI 7695. Extraction of Manganese From Georgia Umber 
Ores by an Acid-Ferrous Sulfate Process lin Two 

Parts). 2. Cocurrent Extraction and Centrifuge Tests, by H. P. 
LeVan. 1972. 19 pp. 3 figs. Th.e Bure~u of 
Mines has developed a technically feaSIble contInuous. 
single-stage leaching and thickening system fC!r 
extracting manganese from umber by a sulfupc 
acid-ferrous sulfate process; the cocurrent leachl!1g 
and thickening system proved simpler to operate and 
control than the countercurrent leaching and thick­
ening system developed earlier. Related test.s inves­
tigated the use of a centrifuge to replace thlck~ners 
for separating the product liquor from ore resld~es 
and compared several chemical agents for remoymg 
iron from the pregnant manganese leach solutIOns. 
Results of some exploratory autoclaving tests are 
also given. Work done in cooperation with the 
University of Alabart1a. 

RI 7696. A Three-Minute Gas Chromatographic Analysis of 
the Main Constituents of Mine Atmospheres, by 

'Helen W. Lang and Robert W. Freedman. 1972. 7 
pp. 3 figs. The Bureau of .Mines has develop.ed a very 
rapid gas chromatographIc method for routme deter­
mination of oxygen, nItrogen, methane, and. c~rbon 
dioxide in mine atmosphere samples. AnalYSIS I:' ac­
complished in 3 min; reado.ut allpears on a smgle 
strip chart. The gas sample IS split between two ~ol­
umns contained in separate chromatographs .. A i)-A 
molecular sieve column separates oxygen, nItrogen, 
and methane; a porous polymer colu.mn separa~es 
carbon dioxide from an air peak. DIrect. selecti\:e 
analysis of methane from this unresolv~d ~Ir peak IS 
accomplished using a hydrogen flame IOn:zatlOn de­
tector (FID). Carbon dioxide is catalytICally con­
verted to methane and detected by FID. 

RI 7697. Methane Diffusion Parameters for Sized Coal 
Particles-A Measuring Apparatus and Some 

Preliminary Results, by R. J. Bielicki, J. H. Perkins, and 
Fred N. Kissell. 1972. 12 pp. 7 figs. A sorption 
apparatus for measuring the equilibrium sorption 
isotherm and the rate of diffusion of methane from 
fine-sized coal was designed and constructed. Pre­
liminary work that used Pittsburgh and Pocahontas 
No.3 coal shows that the diffusion coefficient varies 
with pressure and that the fracture spacing in these 
two coals is substantially different. 

RI 7698. Optimizing Decomposition of Carbonyl Sulfide in 
an Elecft'ical Discharge, by Larry A. Haas, 

Carl F. Anderson, and Sanaa E. Khalafalla. 1972. 
17 pp. 10 figs. Carbonyl sulfide (COS) was de­
composed to sulfur and CO in a silent electrical 
discharge. A threshold of about 4 kv at 60 Hz ~\'as 
required to dissociate the gas in a laboratory OZOnIzer 
at 790 torr with electrode gaps between 1 and 5.5 
mm. Above the threshold value, the reaction rate 
increased with increasing voltage with helium or 
nitrogen diluent. With the latter diluent, higher 
voltage had to be applied to obtain the s~n:e yield 
in the 4-' to 12-kv range. The COS decomposItIOn rate 
increased with COS concentration, but a saturation 
value was reached at about 10 pct COS. The reaction 
rate decreased at low linear gas velocities as ob-' 
tained at lower gas flows, larger electrode gaps, or 
larger reactor volumes. Increasing gas temperature 
also decreased the decomposition rate. The presence' 
of solid adsorbents such as quartz wool, bauxite, or 
charcoal had no significant effect on the reaction 
rate. The addition of S02 did not affect the COS 
decomposition rate, but small amounts of water 
decreased the reaction rate. Over 50 pct of the COS 
was decomposed at room temperature and atmos­
pheric pressure in a 17-kv ozonizer using a gas 
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containing 0.9 pct COS in helium flowing at a rate 
of 0.3 liter/min. The average current was less than 
5 mao This method has possible application in 
eliminating the toxic air pollutant, COS, which is 
generated in petroleum refineries and in processes 
involving reactions between sulfurous and carbona­

·ceous materials. Carbon monoxide that is formed 
can be further oxidized to CO2 after the collection of 
elementa.l sulfur. 

RI 7699. Experimental Investigations of an Open-Cycle Vor-
tex MHO Generator, by G. J. Conroy, R. C .. 

Kurtzrock, R. B. Snedden, J. J. Demeter, D. Bien­
stock, and W. F. Hughes .. 1972. 28 pp. 13 figs. 
Electrical power generation was studied in a labora­
tory-scale, open-cycle vortex MHD generator, which 
offers several advantages over straight-channe1 gen­
erators that require separate combustors. Compact­
ness, lower capital cost, and high-energy release are 
obtained by combining the combustor and generator 
into one unit in the vortex generator. In addition, 
the vortex generator uses a simple solenoid rather 
than the more complex and expensive saddle magnet 
required for straight-channel generators. Although 
the vortex generator must utilize combustion gases 
with a low Hall coefficient in order to be efficient 
in direct comparison to the linear generator, the. 
primary motivation for this experimental device in 
terms of ultimate objective was to investigate the 
vortex generator with applications to direct coal 
firing and with combustion taking place in specially 
designed expansion nozzles. The vortex device offers 
one decided advantage over the linear device in this 
regard because slag deposits do not degrade or 
short-circuit the coaxial electrodes as is the case 
for a lineal' machine. The experimental vortex gener­
ator consists of a modified cyclone burner 7% in 
ID by 21 in long, with the inner wall used as one 
electrode together with a coaxial center electrode. 
Power was obtained by impressing an axial field of 
3,000 G from an air core solenoid magnet. Tests 
were conducted by seeding natural gas seeded with 
potassium acetate and burning with preheated 
oxygen-enriched air. Power generation was lower 
than calculated because theoretical plasma velocities 
were not achieved. 

RI 7700. Interpretation of Gas Chromatographic Spectra in 
Routine Analysis of Exhaust Hydrocarbons, by 

B. Dimitriades, C. J. Raible, and C. A. Wilson. 
1972. 19 pp. 1 fig. Experimental work has 
been done to refine and to confirm an analytical 
procedure by which gas-liquid chromatographic 
(G LC) spectra are interpreted from retention time 
data alone. The rationale of this spectra interpre­
tation techniqu2 involves whether or not a given 
peak invariably represents the same component or 
component mixture; if not, what factors influence 
changes in peak identifications: To answer these 
questions, peak-identification procedures, based 
mainly on the use of subtractive columns, were 
developed and applied to interpret GLC spectra 
'of several exhaust (and fuel) samples. Work done 
'under an agreement with the Bureau of Air Pollu­
tion Sciences, Environmental Protection Agency. 

RI 7701. Waste Glass as a Flux for Brick Clays, by 1\1. E. 
Tyrell and Allen H. Goode. 1972. 9 pp. 

1 fig. Work in this investigation was undertaken 
by the Bureau of Mines to demonstrate how waste 
glass might be utilized to lower the required firing 
temperature and firing time of structural clay 
products. Mixtures of waste glass and common clays 
were formed by stiff-mud extrusion and fired to the 
temperature required to produce a body having 6 to 

7 percent absorption. i::lubstitution of glass for one­
half of the clay in a red body reduced the firing 
temperature 500 0 F, which made possible a 30-
percent increase in production; in a tan body, the 
firing temperature was reduced 400 0 F, which made 
possible a 23-percent increase in production.· Work 
done in cooperation with the University of Alabama. 

RI 7702. Dispersing Antiferromagnetic Precursors To Prepare 
Magnetic Fluids, by George W. Reimers and 

Sanaa E. Khalafalla. 1972. 16 pp. 6 figs. Meta­
stable pyrophoric wiistite (FexO, with x between 
0.89 and 0.95) was found to be much easier to grind 
to colloidal state than were its stable disproportion 
products, magnetite or iron. The grinding of poly­
crystalline magnetite appears to be complicated by 
the magnetic flocculation arising from interparticle' 
attraction. This is superimJlosed on the attraction 
?! a fluc~uating electric dipole for a neighboring 
I~duced dIpole. More than 85 percent of the tumbling 
tIme was saved by grinding antiferromagnetic 
wiistite instead of the ferrimagnetic oxide of iron 
(Fe304). Disproportionation of colloidal wiistite to 
the stable ferromagnetic and ferrimagnetic colloidal 
particles of alpha-iron and magnetite, respectively 
was accoI!lplished rapidly at temperatures abov~ 
250 0 C but below 570 0 C, the eutectoidal sta}-,ility 
point of the wiistite phase. 

RI 7703. Methane Emission Rate Study in a Deep Poca-
hontas No. 3 Coalbed Mine in Conjunction With 

Drilling Degasification Holes in the Coalbed by Stephen 
Krickovi~ and. J. D. Kal!lsky. 1972. i2 pp. 5 figs. 
A degaslficatlOn experIment was conducted in a 
Pocahontas No. 3 coalbed mine in Virginia. It in­
volved (1) drilling holes in the coalbed in the out­
si.de. headings of a set of ~ve being developed in 
vlrgm area and (2) conductmg a methane emission 
rate study as mining progressed and additional holes 
were drilled. Degasification from all drill holes ex­
cept the longest in each of the outside headings and 
the first three drilled (excluding the in situ pressure 
hole) was erratic and inconsequential in methane 
emission rates. The two longest holes liberated 66 
and 79 cfm of methane, which is significant for the 
c?albed, but such quantity lasted a relatively short 
tIme; the first three were uniform but low in 
methane emission. 

RI 7704. A Study of Fragmentation From Bench Blasting 
in Limestone at a Reduced Scale, by Richard A. 

Dick, Larry R. Fletcher, and Dennis V. D'Andrea. 
1973. 24 pp. 7 figs. Eight blasts were fired in a 
2%-ft bench in the Stewartville member of the 
Galena Limestone formation in an aggregate quarry 
near Stewartville, Minn. The shots were dimen­
sionally proportional to production-size bench blasts 
and were about 5 to 10 percent of full scale. The 
effects of site, timing of initiation, and burden-to­
spacing ratio were studied in a 2 x 2 x 2 factorial 
experiment, using three boreholes, each containing ~ 
a %-in charge diameter of high-density ammoni~ 
dynamite, in each blast. Detonation velocity measure­
ments indicated that the dynamite detonated satis 
factorily in the lh-in charge diameter. The effects 
of the three experimental variables were analyzed by 
weight for the percentage of oversized material ;::1'0-
duced and for size distributions determined by 
screening the entire muckpiles. The bench faces were 
painted before each shot in an effort to determine 
the origin of the oversized material. The square 
pattern (burden and spacing = 15 in) produced finer 
overall fragmentation and less oversized material 
than the rectangular pattern (burden = 15 in; spac-
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ing = 22 ~2 in). Sites 1 and 2 were about 15 ft, 
apart. Although site 2 produced slightly better over­
all fragmentation than site 1, the amounts of over­
sized material produced showed no significant dif­
ference. The timing of initiation (instantaneous or 
delayed) did not significantly influence the overall 
fragmentation or the amount of oversized material 

.produced. 

RI 770S. Autogenous Smelting of Copper Sulfide Concen-
trate, by Robert B. Worthington. 1973. 21 

pp. 9 figs. This investigation was undertaken to 
develop a more efficient copper smelting practice that 
would. help meet the increasingly stringent anti­
pollutIOn standards. Continuous smelting to copper 
and a 0.8- to 5-percent copper slag using pure oxy-' 
~en ~as beel} demonstrated for several hours at a 
time lJl a umque double furnace, which was devised 
to overcome the heat losses inherent in a laboratory 
furnace. The us~ of pure oxygen to effect the smelt-, 
mg. and cor:verslOn of copper sulfide concentrate in 
a, smgle umt to produce blister copper and a verv 
hIgh S02 concentration provides a much reduced gas 
volume for more economical and thorough sulfur re­
covery. Although the process "'as successfully demon­
strated for several hours at a time, extended test 
\\-ork using longer runs will be required to balance 
the system and to obtain test data for adequately 
demonstrating its technical feasibility. ' 

RI 7706. Determination of Paleotectonic Principal Stress Di-
rection, Including Analysis of Joints by Optical 

~iffraction, by Robert C. Steckley. 1972. 18 pp. 5 
figs. A study of joir:ts in Marathon County, Wis. 
\\-as made to determme the orientation of reO"ionqi 
pa.leotect~nic s.tresses and to develop a meth~d of 
:IS,lIlg ol:,tlcal c!lffraction ana~ysis (ODA) in studying 
Jomt ollentat!ons an~1 spacmgs. Standard geologic 
and p~trofabnc techmques employing the use of a 
geologl.C compass, ~nd a Schmidt net were used.in 
wathenng, descn~mg, and reducing joint orienta­
~IOI: data. AnalYSIs of selected outcrops with ODA 
:n~hcate~ that; ODA can be applied to study both 
.JOint on~ntatlOns and spacings. ODA is shown to 
~)e a rapId method .that can. be used to complement 
~tandal'd petrofabnc techmques especially in the 
study of joint spacings. ' 

RI 7707. Effect of Fuel Front-End and Midrange Volatility 
on Autamobile Emissions, by B. H. Eccleston 

and R, W. Hurn. 1972. 70 pp. 19 figs. Experi­
mental work is reported showing the effects of gaso­
line characteristics on auto emissions. Fuel volatility 
is shown to influence evaporative losses, with the 
highel' losses associated with higher volatility. Fuel 
front-end olefin IS snown to contnbute slgrnticantiy 
to reacti\'ity of emissions. Large vehicle-to-vehicle 
differences were found. The study was conducted by 
the Bureau of Mines at its Bartlesville Energy Re­
search Centel' in cooperation with the Coordinating 
Research Council Air Pollution Research Advisory 
Committee. The work was done using 15 1968-70 
model autos and eight fuels were tested at ambients 
ranging from :20' to 9;')' F. Data on emissions from 
each vehicle-fuel-temperature combination are pre­
"ented. AI~o included are calculated photochemical 
reactiyity data and the distribution of hydrocarbon 
and nitl'ogen oxides during the test cycle. Work 
done under an agreement with the Coordinating Re­
search Council Air Pollution Reseal'ch Advisory 
Committee. 
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RI 7708. Glass Wool From Waste Gloss, by Alan H. 
Goode, lVI. E. Tyrrell, and 1. L. 'Fe I". 1D72. 

16 pp. 5 figs. Glass wool meeting requirements for 
commercial use was made from glassy fractions of 
urban solid \\'astes by the Bureau of }Iines. This 
research was a part of the Bureau's program to de­
wlop building products and other usable materials 
from reclaimed urban waste materials. :\Iixes of 
molten glass were fiberized into glass wool during 
laboratory studies by impingement of a jet of com­
pressed air on a stream of the molten glass. The 
principal test variable studied \\-as composition of 
the melt; this was varied by adding dolomite and 
alumina to obtain molten glass with the handlin~ 
characteristics required for producing final wooi 
products of the desired composition and physical 
characteristics. \Vhen no charge is made for the 
waste glass and approximately $75 pel' ton can be 
obtained for the wool product, an interest rate of 
return on investment after taxes of about 12 percent 
can be obtained. If a charge of $5 per ton is required 
for the waste glass, a selling price of about $78 per 
ton would be necessary to obtain a 1:2-percent­
interest rate of return on im-estment after taxes.' 

RI 7709. Adhesion at Crystalline In:erfaces in Rock, by 
George A. Savanick, and Donald 1. John­

son. 1972. 16 pp. 7 figs. The objectiye of tf1is 
research is to develop a method for measunng 
the tensile strength at the interface bet\\'een 
minerals in rock. These measurements reflect the 
strength of the attractive forces operating at crys­
talline interfaces in rock. Since these forces act. 
in opposition to the forces set up in v~rious rock 
fragmentation processes, measunng theIr strength 
'may help in designing more efficient methods of r?ck 
fragmentation. The method developed. for. meaSUl'!!1g 
the strength of ir:tergranular adheSIOn lJl rock lJl­

voh'es separating a bicrystal from the rock and de­
termining the tensile strength at its solid-solid inter­
face. This technique has been successfully applied 
to the study of quartz-feldspar interfaces separated 
from massive pegmatites, graphic granite, and the 
Rockville granite. yielding average tensile strengths 
of 5.86, 8.62, and 1U.tit> meganewtons per meter 
'squared (MN/m~) (850, 1,250, and 1,524 psi, re­
spectively). The d'1ta this technique provides indi­
cate that the members of these bicrystals are strongly 
adherent. Examination of bicrystals broken at the 
crystalline interfaces indicates that the bonds re­
sponsible for this adhesion operate OWl' only a ,Por­
tion of the interfacial area. This work conclUSIvely 
demonstrates that tensile strength tests can be COll­
ducted on small selected areas; for example, grain 
boundaries in rock. The small-scale zones of strength 
or weakness determined in this way can be related 
to the overall strength of the rock. 

RI 7710. Purification of Yttrium by .Electrorefining, bv D. C. 
Fleck, E. K. Kleespies, and D. G. Kesterke. 

1973. 12 pp. 2 figs. Electrorefining yttrium from 
selected low-melting yttrium-base alloys is im-esti­
gated, and various halide systems are studied as 
potential electrolytes for use in preparing low­
oxyg.en yttrium by electrorefining unalloyed yttriUm. 
Yttnu:n .catho~e. products having significantly less 
metallIc ImpurItIes than' the anode materials were 
prepared from alloys containing nickel, iron, anci 
manganese by electrorefining in LiCI-YCb electro­
lytes- at _ 900 0 to 1,000° - C. Yttrii.un-copper and 
yttrium-magnesium alloys are not suitable as anode 
feed materials. An evaluation of chloride, fluoride, 
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bromide, and mixed chloride-fluoride electrolytes 
showed that cathode products containing much 'less 
oxygen than the anode material can be obtained in 
the fluoride and mixed chloride-fluoride svstems. 
Initial cathode current density has no apparent ef­
fect on the purity of the products obtained in both 
p.hases of the inyestigation. 

RI 7711. Cleaning Titanium Alloy Chips, by O. Q. Leone 
~nd D .. E. Couch. 1973. 18 pp. 12 figs. 

A pr?cessmg'. UI1l.t was deyeloped for the complete 
cleanmg of tlt:::l1Ium alloy chips. The process uses 
solYe!1t degreasll1g, magnetic separation, and anodic 
sol,utlOn of no~magl.1etic impurities in 10 weight­
pel:cel!t sulful'lc. aCId. Vacuum arc-melted ingots 
welglung approx~matelr 10 pounds each were pre­
pal:ed from cleamng chIps according to ingot specifi­
catlOns. 

RI 7712. Analyses of Tipple and Delivered Samples of Coal 
(Collected During Fiscal Year 19721, by J. B: 

J aJ1l~~) an.d B. S. ~hirleJ:"" 1973. 17. pp. This report, 
the __ c~ .m a senes, gIves analytIcal data. showing 
;composltlOn and quality of tipple and deliyered sam­
ples of coal collected during fiscal year 1972. This 
coyerage lists mines located in 20 States. Ultimate 
'al!alyses are giyen for most of the coalbeds listed. 
TIpple samples were collected by Bureau of Mines 
enf!,'meers at tJpples as coal was being loaded into 
railroad cars or trucks. The deliveries were sampled 
in accol'dance \\'ith instructions issued bv the Bureau 
of }\1ines, and the samples were analyzed in the Bu­
reau laboratory at Pittsburgh. GPO Stock No. 2404-
0126, Catalogue No. 128.23: 7712, 45 cents. 

RI 7713. Testing of Coal Cutter Materials for Incendivity 
and Radiance of Sparks, by R. A. Blickensdel'­

fer, J. E. Kelley, D. K. Deal'dorff, and 1\1. 1. Cope­
land,. 1:)72. 17 pp. 7 figs. The sparking and gas­
Igl1ltll1g tendenc~' of steels and alloys were evaluated 
by measuring the radiance of spark showers pro­
duced by gTinding a sample on an abrasive wheel 
in air, the time required for a ~park showel' gener­
ated on an abrasiye wheel to produce an ignition in 
an e:,plosiYe ~as mixture, and the energy and speed 
reqUIred for Impacts between val'ious materials to 
ignite an explosive gas mixture. }lixtures of air­
methane were found quite resistant to ignition by 
showers of sparks. A mixture of air-9.;j pct hydro­
gen \vas used to increase the sensitivity of the tests 
and to thereby extend the range of materials that 
could be evaluated. The results of the spark-shower 
tests indicate that carbon steels and the alloy steels 
~ound in coal-cutter tools are among the most spark-
1I1g' and most incendive of anv materials tested. 
Stainless steels, nickel alloys, al1d tungsten carbide 
are among the least sparking and least incendive. 
The brightness of the spark showers depended upon 
the degree of oxidation of the abraded ·particles. Im­
pact tests against hard rocks such as solid quartz 
and sandstone, showed that high-carbon steel was 
more incendive in the hydrogen mixture than were 
the softer steels or the alloy steels found in coal 
cutters. Ignitions were foun<l much less likely to 
occur at speeds somewhat lowel' than the speeds 'cur­
rently in use in continuous mining machines. 

RI 7714. Analysis of Trace Elements in Coal by Spark-
Source Mass Spectrometry, br T. Kessler, A. G. 

Sharkey, Jr., and R. A. Friedel. 197.3. 8 pp. 2 figs. 
As part of a respirable mine-dust research program 
at the l".S. Bureau of :'IIincs. spark-source mass 

spectro!net~y has been used for the semiquantitatiye 
detern?lI1atJon of trace elements (200 ppm "'eight 'Or 
les~) 111 raw coals. In addition, several minor and 
maJo~ elem~nts hay€' been determined using this 
t~chmque. SIxty-four elements ranging in concEmtra­
tl?n fr.om 0.01 to 41,000 ppm weight were deter­
l11111ed 111 one anthracite, two mvb, four Ivb, and six 
hvab raw coal sam12les. The samples represented 10 
coal seams located 111 Pennsylvania West Virginia 
Virginia, Utah, and Colorado.' , 

RI 7715. Analysis of the Geometry of Fractures in San 
Manuel Copper Mine, Arizona, by M. A. Mahtab, 

D. D. Bolstad, and F. S. Kendorski. 1973. 24 pp. 14 
figs. This report presents the geometric parameters 
. (attitude,. spacing, extent, and aperture) of fracture 
patterns 111 a selected portion (study area) of San 
Manuel copper ~ine, Ari.zona. The geometric para­
meters are quantified for mput to structural analyses 
for studies of the influence of fractures on cay ability 
of ores. Usi~g an orientation analysis procedure de­
veloped earlier by the Bureau, three prominent and 
nearly orthogonal sets of fracture orientation were 
delineated in the study area. Sets 1 and 2 dip neady 
vertically, and generally strike east-"'est and 110rth­
south, respectively, whereas set 3 is nearly horizontal. 
Both a horizontal rotation (of 14° to 26° for sets 1 
and 2, respectively) and a tilt (of 20° for set 3) is 
j;hown to occur between the 1415 and 201-5 levels of 
the mine: Comparison of the three major rock types 
present III the study area (quartz monzonite, mon­
zonite porphyry, and rhyolite) show that the rhyo­
lite is characterized by short extent, small spacii1g, 
and tightness of fractures as well as the general 
absence of fracture set 3, which may account for its 
generally observed strong resistance to caving. 

RI 7716. Use of Cryogens To Reclaim Nonferrous Scrap 
Metals, by E. G. Valdez, K. C. Dean, and 

W .. J. ·Wilson. 1973. 13 pp. 5 figs .. Three cryo­
gemc systems that utilized liquid nitrogen Drv Ice 
and methanol with Dry Ice were invest'igated ir: 
conjunction with crushing and classifying techniques. 
Th~ ~ystel11s were u~ed to aid in separating and re­
clallmng the metallic components contained in in­
sulated wires, shredded automobile nonferrous metal 
concentrates, small motors, generators and rubber 
tires. \Vire strands, 2 to 6 inches long ~nd insulated 
with polyyinyl chloride and neoprene, were chilled 
at - 60° and -195° C, then roll-crushed and proc­
essed by water elutriation; this procedure resulted 
in two products-a sink fraction that ,,"as 99 percent 
metallic and a float fraction that \"as 99 percent 
nonmetallic. Excellent separation of zinc die-casting 
alloys from copper and aluminum contained in 
shredded automobile nonferrous metal concentrates 
was attained by chilling at _72° C for 1 minute 
crushing in a grateless hammer mill, and screening: 
From the screened products, 97.2 and 100 percent 
of the copper and aluminum, respectivelv ,,"ere re­
covered !n the plus I-inch fraction, and i60 percent 
of the zmc was recovered in the minus I-inch frac­
tion of oveF 97 percent zinc die-cast purity. Labora­
t~ry expe~ll!1enta.1 r~sults comparing direct and in­
dlrect chlllmg mdlcated that a sufficiently low 
temperature coulc! be attained by indirect chilling 
~o permit ~se of a liquid CO~-Dry Ice system on 
II1sulated wIres and mixed nonferrous metallic con­
centrates. 

RI 7717. Economics of Mixed Potassium-Cesium Seeding of 
?n MHO Combustion Plasma, by P. D. Bergman 

and D. BIenstock. 1972. 12 pp. 5 figs. The high 
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price of polIudte ore, its limited availability, and 
the need to provide stack removr.' of S02 present 
formidable obstacles to the use of pure cesium as a 
seeding material in MHD power generation. Cost 
estimates indicate that mixed potassium-cesium seed­
ing is preferable to the use of either pure cesium 
or pure potassium. Cheaper electricity and higher 
open-cycle MHD operating efficiencies result from 
the use of mixed seed. Savings of $3,000,000 per year 
in power costs for a 1,000-MWE open-cycle MHD 
pO\\'erplant are envisioned if the mixed seeding tech­
nique is adopted. 

RI 7718. Better Coke by Using Antiflssurants: Results for 
. Illinois No. 6 and High Splint Coals, by M. J. 

KovalIk, D. E. Wolfson, and L. Mafrica. 1973. 20 
pp. 2 figs. Illinois No.6, a high-volatile B coal 
of low fluidity, was blended with fluidized-bed char 
and .coke breeze to improve the' strength of the coke 
obtamed from carbonizing this coal. Twenty-one 
tests, selected from those made in the small-scale 
Hanson carbonizeI', were carbonized in the BM-AGA 
.13-inch-diameter, cylindrical retort, with a coal 
charge of about 90 pounds; the strength of the 
cokes was determined by the standard ASTM tum­
bler test. Using the same procedure, 10 tests were 
made with High Splint, a high-volatile A coal from 
Harlan County, Ky. Carbonization of the blends 
produced larger and stronger cokes than did the 
Ill.inois No. 6 coal singly. The optimum blend con­
tamed 6 percent each of char and coke breeze. 
Further improvement in coke strength was realized 
by either preheating this blend prior to carboniza­
tion <?r by adding a small proportion of a premium 
blendmg coal. The former method could possibly 
eliminate the use of premium coking coals in blends 
with Illinois No. 6 coal to make an acceptable 
metallurgical coke. Except for no improvement in 
coke strength by preheating, results for High Splint 
coal showed behavior similar to that of the Illinois 
No.6 coal. 

RI 7719. Conversion of Ilmenite to Rutile by a Carbonyl 
Process, by A. Visnapuu, B. C. Marek, and 

J. "V. Jensen. 1973. 20 pp. 16 figs. High-grade 
synthetic rutile has been produced in the laboratory 
from domestic ilmenite concentrates by a new car­
bonyl process. The ilmenite was first reduced to 
convert the iron oxides to metal and then treated 
at temperatures over 100° C in high-pressure carbon 
monoxide (CO) to convert the iron to the penta car­
bonyl. Rapid carbonylation was achieved in the 
presence of small quantities of selected promoters. 
jylaximum iron removal occurred at temperatures 
bet\veen 110° and 130° C at CO pressures from 
1,000 to 1,400 psig. Iron pentacarbonyl appeared as 
liquid and vapor in the reactor and could be removed 
by gravity flow and vapor transport. More than 90 
pct of the iron was extracted in 2-hr experiments 
at pressures of 1,000 psig and above. The Ti02 
product is porous owing to the removal of the iron, 
has the rutile crystal structure, and is suitable for 
chlorination. Waste disposal problems associated 
with the process would be minimal because the iron 
pentacarbonyl can be decomposed to produce iron 
powder or pellets for sale and CO for recycling. 

RI 7720. Kinetics of CO Reduction of Hematite to Magnetite 
and the Effect of Silica, by J. C. Nigro, T. D. 

Tiemann, and Charles Prasky. 1973. 43 pp. 25 figs. 
Hematite-to-magnetite reduction kinetics were in­
vestigated mainly in CO-C02 atmospheres at tem-
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peratures ranging from 500 0 to 1,000 0 C. Reduction 
rates were measured with a thermobalance which 
record~d the weight loss as the specimen was l:educed. 
~eductlOn data on both synthetic and natural hema-' 
~I;e s~her~s showed good linearity of ro [1- (1- R) 
/ J. WIth time, t, up to over 85 pct conversion to maO'­

netIt.e; the rat~ coefficient (h, cm/min) obtained fro~n 
the Imear portIOn of the plot was used to characterize 
the penetration rate of the hematite-magnetite inter­
face. Ga~ composition, porosity, and silica content 
were maJor factors affecting the rate. Temperature 
dependency: of. the reaction rate was small, yielding 
a m~:;.n act~vatlOn energy of about 3 kcai/mole. Silica 
additIOns I~creased. the reaction rate, probably 
t~rou~h an mcrease m the effective surface area and 
dIffUSIOn; how~ver, above 900° C, silica can react 
to form fay~hte .. Experimental data showed that 
the lInear !hlckenmg rate of the magnetite la\'er 
normally eVIdence of a chemically controlled reaction' 
can also be indicath'e of a re'action controlled In: 
bo~h mass ~ra~sfer and diffusion. Evidence fronl 
thIS. study mdlcates that the dominant rate-con­
trol,Img fac,tor in the reduction of hematite to mag­
netIte at hIgh temperatures is transport in the gas 
phase, 

RI 7721. Phase-Contrast Enhancement Without Spatial Filters 
for Seismic Holography, by G. L. Fitzpatrick. 

1973. 17 pp. 5 figs. Future applications of seis­
mic holography to "seismically transparent phase 
objects," such as rock inclusions, fracture zones, 
liquid-filled cavities, etc., wiII require techniques to 
improve the poor image contrast generally charac­
teristic of these objects. Although com'entional phase­
contrast enhancement techniques could be used, these 
methods involve additional optical elements such as 
quarter-wave spatial filters, Owing to the anticipated 
practical difficulties of properly alining such optical 
devices and properly locating poorly defined image 
planes and filter planes, this approach is not con­
sidered to be well-suited to the case of seismic holo­
grams and their laser reconstructions. Results simi­
lar to those achieved with spatial filters may be 
obtained withQut filters by specially processing the 
seismic hologram data. The new process, which is 
an extension of Gabor's subtraction holography, 
achieves an improvement in contrast bv an inter­
ferometric technique. The process involv~s adding a 
"before" hologram without an object present to a 
90° phase-shifted "after" hologram with the object 
present. Then, the combination is reconstructed with 
a laser or by computer. Not only is the image con­
trast improved in such processed holograms, but 
the images are also phase-contoured. In general, the 
latter feature is not to be expected when cOI1\'en­
tional phase-contrast enhancement techniques are 
employed. The new technique is experimentally veri­
fied by examining computer-generated synthetic seis­
mic holograms rather than by examining actual 
seismic field data. However, results of this study 
are directly applicable to real seismic data and 
should prove useful in future applications of seismic 
holography. 

RI 7722. Molten Salt Electrowinning of Magnesium-Yttrium 
Alloys, by E. Aamland, D. J. MacDonald 

apd D. G. !<esterk.e. 1973. 11 pp. 5 figs. Prepar:J 
tron of hlg~-PUl'lty magnesium-yttrium alloys by 
electroreductIon of Y203 dissolved in a YF3-LiF bath 
and the subsequent deposition of yttrium in a molten 
magnesium cathode was investigated in laboratory-
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scale apparatus. Parameters such as temperature, 
current density, and electrolyte density were studied. 
Electrolysis was conducted in a specially designed 
l\'IgO diaphragm cell at temperatures ranging from 
,80 0 to 9,OQ C. Alloys containing up to 55 weight­
percent yttrium were prepared at cathode current 
efficiencies of 21 to 60 percent. Cell design and 
operation are described, and some of the limiting 
conditions pertaining to the method are discussed. 

RI 7723. Chemical Flame Inhibition Using Molecular Beam 
Mass Spectrometry Bromotrifluoromethane in Low 

Pressure Methane-Oxygen-Argon Flames, by Joan C. Biordi, 
Charles P. Lazzara, and John F. Papp. 1973. 39 pp. 
16 figs. A molecular beam-mass spectrometer-low 
pressure flat flame apparatus has been constructed for 
the purpose of examining the chemical microstructure 
of normal methane-oxygen-argon flames and those 
inhibited with Halon extinguishants. Details of con­
struction and performance of this apparatus and of 
related flame temperature measurements are gh·en. 
Pal,ticular attention is paid to the empirical charac­
terization of the perturbation to the flame caused 
by the sampling probes. The composition profiles 
obtained for normal flames are compared to those 
of flames inhibited by CF:,Br. In addition to the 
unusual stable species (CH,I, 02, CO, C02, H20, JI2, 
and H2CO), the inhibitor, its products and inter­
mediates associated with its reactions could be fol-
10\ye(1. In particular, hydrogen bromide, bromine' 
atoms, hydrogen fluoride, and carbonyl fluoride were 
obserYed. The relatiYely rapid disappearance of 
inhibitor and eally appearance of fluorinated reac­
tion products suggest a short lifetime for the CF:l 
radical in this s~'stem. Obsen'ation of COF2 suggests 
that CF::Br is effective as an inhibitor, at least in 
part, by virtue of its interference with the oxygen 
containing species of the normal chain reaction. Pro­
files of the 1/" peak at low electron energy suggests 
that the hydroxyl radical may also be sampled, but 
the profiles obtained are not yet sufficiently accurate 
to determine the effect of inhibitor on this important 
flame radical. 

RI 7724. Continuous Heavy Liquid Concentration of High-
CI~y Potash Ores, by K. J. Liles, J. W. 

Brown, and G. V. Sullivan. 1973. 14 pp. 4 figb. 
The Bureau of Mines conducted laboratory semi-' 
continuous and continuous heavy liquid tests to de­
termine the feasibility of producing commercial­
grade products from the high-clay sylvinite ores of 
the Permian Basin in New Mexico. Continuous test 
operations demonstrated that concentrates contain­
ing 59.9 percent K20 and recoveries of over 75 per­
cent of the contained potash can be obtained. 

The organic heavy liquid was effectively recovered 
by vaporization, condensation, and absorption 
methods. Less than 5 parts per million of heavy 
liquid vapors were released to the atmosphere. This 
loss represents only 0.02 pound of heavy liquid per 
ton of ore treated. 

RI 7725. Solid-Liquid Flow in Noncircular Pipes, by R. C. 
\\'ang and J. J. Seman. 19,3. 31 pp. 

25 figs. Solid-liquid flow in different pipe geome­
tries was investigated. This investigation was con­
ducted by measuring deliyered solids concentration 
and head loss. The delivered solids concentration 
wa~ measured to study the effect of pipe geometry 
on the minimum carrying velocity above which solids 
do not lag behind the fluid. Head loss ,vas measure~ 

to study the effect of pipe geometry on the friction 
loss. A m!'lthematical formula was developed for 
determma~lOn o,f the ~inimum carrying velocity. 
Darcy-Welsbach s equa~lOn and Durand's equation 
were used for c<!mparlson. of head losses of pipe 
shares. Of the different pipe shapes studied, each 
havmg the same mterior cross-sectional area the 
rectangula,r pipe with the wide side oriented as 
~he bas~ Yleld~d the lowest minimum carrying veloc­
Ity at high solIds copcentrations. The minimum head 
loss at low velocity and high solids concentration 
also was ~tta!ned with this pipe. Although the cir­
~ular. se~tlOn IS known to be the best for transport­
IJ;g lIqUId onl~, the present study suggested that 
pipe ~eometry IS a. factor in lowering the operating 
velOCity and reducmg head loss in solid-liquid flow. 

RI 7726. Char~cterizalion of Ihe Valence SIale of Iron in 
Coal Dust, by D. A. Doughty and C. W. 

Dwiggins, Jr. 1973. 17 pp. The Bureau of Mines 
~eveloped. two methods for determining iron II and 
Iron III m 2- to 5-mg samples of coal using elec­
tron paramagnetic resonance (EPR) spectrometry. 
One method used solid coal samples; the other 
me~hod .used aqueous sol1;ltions. The method using 
sol~d samples was more SImple, technically, but re­
qUIred t~e use of X-ray fluorescent analysis, or 
~mot~er mdependent method, for determining total. 
Iron 111 the samples, and the results were subject to 
s?me uncertainty. The method using aqueous solu­
tIons appeared capable of greater certainty and did 
not require additional methods of total iron analysis 
but was more involved procedurally. The coals 
analyzed were found to contain much more iron II 
than iron III. 

RI 7727. Aragonite and the Gene',is of Carbonates in 
Mahogany Zone Oil Sha!es of Colorado's Green 

River Formation, by Johll \\'ard Smith and William A. 
Robb. 1973. 21 pp. 4 figs. Aragonite, co-occur­
ring with calcite and dolomite as matrix minerals, 
has been discoyered in Mahogany zone oil shales of 
-Colorado's Eocene Green RiYer Formation, posing 
puzzles on the geochemical patterns of their separate 
origins, reasons for their simultaneous existence, alld 
their interrelation. The presence of aragonite is 
demonstrated by X-ray diffraction. Amounts of 
aragonite and dolomite are significantly and in­
versely related, but the calcite quantity is essentially 
mdependen~ of either aragonite or dolomite quantity. 
A geochemical pattern outlining the deposition con­
ditions that created the Green hher Formation oil 
shale is postulated from characteristics of the oil 
shale. The deyelopment of the three separate car­
bonates-aragonite, calcite, and dolomite-the in­
verse relationship between aragonite and dolomite, 
and the independence of amounts of calcite and the 
other t\\'O carbonates are shown to be natural con­
sequences of this oil-shale genesis pattern. 

'RI 7728. Phosphorus Removal From Birmingham, Ala" 
Calcareous Iron Ores, by W. E. Lamont, T. No' 

McVay, C. E. Spruiell, Jr., a:Qd I. L. Feld. 1973. 
15 pp .. 2 figs. The Federal Bureau of Mines c?n­
ducted research to develop. methods of removl!1g 
phosphorus from . the earthv, c~lcal'e0!ls ,hematl.te 
ores of the Birmmgham, Ala., Iron distrIct while 
simultaneouslv improving the grade and recovery 
of the iron ,:alues prior to furnacing. An a~tempt 
\yas also made to identify the phosphorus mmerals 
present in the ores. The ores contained about 36 
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lwrcl.'nt iron, 1:2 to 16 percent CaO, 1.", to :20 percent 
hnll"Ochloric acid insolubles, and 0.30 to 0.36 percent 
pho;;ph,)rus. Fracti,:ns containing 5 to I;) pe~'cent 
pho"piJorus were Isolated frQm the ores. Col;o-. 
phanite. Ca;PcO<nH.!O, a memher. of th~ aJl~tIte 
gTOUp, .\\"as the only phosphate mll1eral lflcntlfl.ecl. 
Fkndkitttion methods using flotation and reductIOn 
roasting \\'ith magnetic separation yielded good 
grade iron concentrates, but \\'ere not as effective 
fur rrducilig the phosphorus content of concentrates. 
R(·<iuction roa:;ting followed by fine grindi,ng, mag­
lwtic separation, and acid leaching ga\'e Iron COll­

centrates containing G2.0 percent iron and (l.0.! per­
cpnt phosphorus with an iron recoyery of 82.9 per­
cent and a phosphorus rejection of 93.7 percent. 
Reoxidation of reduced mag-netic concentrates fo]­
]owprl by acid treatment gaye iron concentra!es 
.")8.1 pc>rcent iron and 0.02 percent phosphorus \nth 
89.0 percent reco\"ery of the iron and 96.;) percent 
rejection of the phosphorus. 

RI 7729. Methods and Ev.aluation of Explosive Fracturing 
in Oil Shale In' J. S. :\Ii lIer and H. R. 

Xicholls. 1973. 2:2 'pp: 9 figs. The Bureau of 
:\Iines deHlojlPd methods for fragmenting oil shal.e 
formations- with chemical explosi\'es to prppare 011 
shale for in situ retorting and to e\'aluate the extent 
of hag-mentation bv yarious methods. A combination 
of tl11"~e methods of explosi\"e fracturing was used: 
(1) The displacement and detonation of a liquid 
chemical explosi\"e in a natUl'al fracture system; 
(~) the use of 60-pet dynamite to relieye stress 
conditions of the rock around the \\'ellbore; and 
(:)) the use of pelletized TXT in a series of \\"ell­
bore shots to fragment the oil shale. An attempt wa.s 
made to seal or grout around the fragmented 011 
shale b\" drilling 67 holes and displacing approxi­
mateh" iuo hbl of neat cement in the fracture system 
to airl in evaluating the fragmented zone. Se\"en 
methods \\'Pl'e used to e\'aluate the fragmented zone. 
The· primary eyaluation method \\'as the recording 
of seismic \\"a\"es to delineate the fragmented zone 
with result~ based on an'i\'al time, amplitude, and 
record quality. The data from the seismic measure­
ments indicated the extensi\'ely fragmented zone was 
aD proximately 95 ft in diameter and 70 ft thick. 
Results of the remaining methods of evaluating frac­
tures-including airflow tests, coring of the expected 
fra O'l11ented zone ele\'ation measurements to indicate 
o\'E'~burden cro\\:ning, and sur\'eys with high-speed 
camera, impression packer, and down-hole camera­
'agreed with and supported the data from seIsmic 
measurements. Further field application of explosive 
fracturing and evaluation methods is needed to 
determine \\'hen a zone of oil shale is effectively 
fragmented for efficient in situ retorting. 

RI 7730. Beneficiation of Calico District, California, Silver-
Barite Ores, by ,V. W. Agey, J. Vance Batty, 

Hugh W. Wilson, and Wayne J. Wilson. 1973 15 
pp. The Calico silver-barite deposits near Barstow, 
Calif., are a potentially important resource. Explora­
tion performed by two major minirig companies 
outlined large tonnages of ore that assayed at 2 to 
3 ounces of silver per ton and 7 to 15 percent barite. 

Laboratory heneficiation work was done by the 
Bureau of Mines on four samples to develop methods 
for recovering the silver and/or barite. Cyanidation 
reco\'~red from 47 to 60 percent of the silver from 
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ore grounel to approximately 100 percent mi.nus :~:2.-, 
mesh. Salt roasting minus 1O.-me~h matel"lal. f'~l= 
lowed by regrinding and cyalllciatlOn, rcco\'el"ed ,.) 

" to 8·:; percent of the silver. 

From 75 to 90 percent of the barite \\"a5 recon'rrrl 
in a plus 9:2-percent barite product from either 
the natural ore or from cyanidation residues. Salt 
roasting before cyanidation precluded reco\'ery of 
the high-grade barite concentrate from the leach 
tails. 

RI 7731. Materials Handling Research: Shear Properties of 
Several Granular Materials, by G. A. \Yancheck 

and R. S. Fawkes. 1973. 36 pp. 2;) figs. Shear 
tests \\'ere performed on several prepared samples 
of granular and powdery bulk materials to inwsti­
gate the following parameters: Particle size and 
distribution, particle mO\'ement, moisture content, 
conso!idation of material, hulk densit~·, voir! ratio, 
poroslty, yolume change, and strain rate. A series 
of shear tests was performed with m?ight-percent 
ratios of minus 0.185-inch tertiary sand and 11~_ 
by ~2-inch tertiary gran'l mixtures, and weig-ht­
percent ratios of minus :200-mesh limestone (;"ock 
dust) and minus 200-mesh bituminous float coal 
dust. A comparison was made for shear test results 
obtained \\"ith rectangular and circular shear cells 
utilizing the large and small direct shear testPl"S. 
Specifically, the shear results obtained include the 
angle of internal friction or shear strength of the 
tested matprial under known consolidating pl't'ssures. 
and the kinematic angle of friction or coefficient of 
friction between the interface of a bulk material 
and a sample wall material. The expel'imental pro­
cedure, tests, and results are given for each param­
eter investigated. 

RI 7732. Removal of Pyrite Fram Coal by Dry Separation 
Methods, by W. T. Abel, M. Zulkoski, G. A. 

Brady, and J. W. Eckerd. 1973. 26 pp. 16 figs. 
The difficulties associated with wet-processing fine 
size coal led the Bureau of :\Iines to investigate a 
dry process for removing pyrite from coal pulverized 
to powerplant fineness. The dry process that was in­
vestigated consists of two cleaning steps: First, cen­
trifugal separation is used to remove a fine, pyrite­
depleted portion as a product; second, the remaining 
coarser, pyrite-enriched portion is taken to electro­
static separation in which pyrite is concentrated and 
rejected. Ball milling and Hardgrove milling were 
used to pulverize the coal. Three coals from the 
Pittsburgh seam were treated by the dry-removal 
process. Over 55 percent of the pyrite, which 
amounted to 70 p'ercent of the available pyrite, was 
removed in a reject of 10 to 20 percent from one of 
the coals. Similar treatment of the other two coals 
removed about 35 to 50 percent of the pyritic sulfur, 
which amounted to about 70 percent of the available 
pyritic sulfur from these co·ais. Both centrifugal and 
electrostatic separations were more efficient when py­
rite particles \\'ere as large as possible. Separation 
efficiency was improved by confining the particle size 
of the feed to a relatively narrow range and by 
avoiding excessive amounts (more than 10 percent) 
of dust in the electrostatic range. The removal effi­
ciency was increased with the use of stage grinding. 

RI 7733. Solvent Extraction of Nitrate From Titanium Leacher 
Effluent, by J. R. Ross, S. R. Borrowman, 

and D. R. George. J.973. 12 pp. 8 figs. The ex­
traction and recovery of nitrate from waste solutions 



REPORTS OF INVESTIGATIONS 

generated in the production of titanium were in­
vestigated us!ng solvent e~traction techniques. Lab­

,oratory studIes and contll1uous tests in a small 
solvent-extraction system showed that up to 98 
percent of the nitrate can be selectivelv extracted 
by a solution of tributyl phosphate iiI kerosine. 
The extracted nitrate can be recovered as nitric 
a~id, at concentrations suitable for reuse by strip-
PIng the loaded organic with water. ' 

RI 7734. An Automatic Data Acquisition System for Under-
ground Measurements, by J. R. McVey and 

T. O. :\leyer. 1973. 10 pp. 9 figs. A 10-channel 
automatic data acquisition system has been designed 
and environmentally packaged for use with under­
ground strain-gage applications and associated in­
strument:". The system uses commercially available 
components and is assembled in two plastic en­
closures. Environmental control is provided through 
a speciall v designed (compressed-air) air-condition­
ing systcin and water-resistant cahling. Accuracies 
of o.(il pct and resolution of 1 /l V have been ob­
tained in underground tests. 

RI 7735. Emission Characteristics of an Aircraft Auxiliary 
Power Unit, by F. VI'. Penn and W. F. 

Marshall. 1973. 13 pp. 8 figs. An aircraft aux­
iliary po\\'er unit (APU) was used as an \!xha~st 
source for evaluation and refinement of samplIng 
and analytical procedures for gas turbine en~ir:es. 
The unit was also used to determine the emJSSlon 
characteristics of APl:'s in sen'ice and to study the 
effect of fuel composition and comhustor design on 
exhaust emissions. Carbon monoxide, carbon dioxide, 
oxides of nitrogen, hydrocarbons, aldehydes, p?-r­
ticulate loading, and odor were measured at engll1e 
operating modes representing the duty cycle en­
countered in airline opel'ation. Analyses showed good· 
repeatability, and adequate sensitiyity was attained 
in these experiments. Smoke opacIty measurements 
were not taken owing to the lack of a high­
sensitivity smokemeter. Results showed that the 
minil11unl emission levels occurred with the standard 
combustor and Jet A fuel. Emission rates were 
highly dependent on test mode, but em~ss~ol1 patterns 
as a function of test mode were SImIlar for all 
fuels and combustors tested. A comparison of three 
identical design production combustors showed a 
variation in average emission rates of less than 
5 pct. 

RI 7736. Extrac.tion of Silver From Refractory Ores, by B. J. 
. ScheIner, D. L. Pool, J. J. Sjoberg, and 

R. E. Lll1clstrom. 1973. 11 pp. 4 figs. Silwr ores 
from the Candelaria District, Nevada and Round 
Mount.ain District, Colorado, were inve~tigated min­
eralogIcally and metallurgicallY. Silver minerals of 
four distinct groups were identified: (1) Silver sul­
fide; (2) argentojarosite; (3) sih-er contained in the 
iron oxide; and (4) manganese carbonate-oxide min­
erals. Electrooxidation and acid-chloride leac"hing 
techniques were investigated as means of altering 
silver minerals, and their effects on subsequent sil­
ver extraction were determined. Application of the 
knowledge obtained from mineral leaching studies 
resulted in development of a sulfur dioxide-sodium 
chloride leaching sequence for extracting silver from 
these types of ores. Silver extractions of 80 to 85 
percent were obtained bv leaching the ores with a 

:;u!furous acid-sodium chioride system. This was an 
mcrease .of 9 to 61 percent silver extraction over 
that obtamed by conventional cyanidation techniques. 

RI 7737. Geochemical Aspects of the Saturated Hydrocarbon 
Constituents of Green River Oil Shale-Colorado 

.No. 1 Core, by D. E. Anders and W. E. Robinson. 
1973. 23 pp. 6 figs. Saturated hydrocarbons from 
60 selected samples of a 2,300-foot Green River For­
mation oil-shale core (Piceance Creek Basin, Colo.) 
were analyzed by gas-liquid chromatography tech­
niques. Emphasis was placed upon the distribution of 
normal alkanes and 15 key-branched and cyclic al­
kanes. The latter compounds consisted of the C15; 
C16, CI~, C19, and C20 chain isoprenoids, the 5-0: and 
5-13 C27, C28, and C29 steranes, three C30 pentacyclic 
triterpanes, and perhydro-f3-carotene. The results 
showed definite evidence of maturation of both the 
n-alkanes and the branched and cyclic alkanes; how­
ever, most if not all of the changes were limited to 
the indigenous soluble extract and were not the re­
sult of additional soluble extract generation from the 
insoluble kerogen. Source material and environmen­
tal variations were important factors in some of the 
observed diff~r:ences in the branched plus cyclic al­
kane compOSItIOns. Work done in cooperation with 
the University of Wyoming. 

RI 7738. Hydrogenating Shale Oil at Low Space Velocity, 
by C. 1\1. Frost and P. L. Cottingham. 

1973. 9 pp. 1 fig. Crude shale oil prepared by 
gas-combustion retorting of Colorado oil shale was 
hydrogena~ed over a cobalt molybdate catalyst at 
an operatIng pressure of 1,000 psig, temperatures 
of 7?~ 0 F and 761 0 F, and liquid hourly space 
velOCIties of 0.10 and 0.05 Vo/Vo/hr, respectively. 
'The yields of total liquid products and the amounts 
of nitrogen and sulfur removed were comparable 
with those obtained at an operating pressure of 
3,000 psig and a liquid hourly space velocity of 
1.0 V,,/V,/hr. Approximateh- 1.5 times as much 
gasoline ,,'as produced at the lower pressure and 
space velocities. Work done in cooperation with the 
Lniversity of Wyoming. 

RI 7739. Materials Handling Research: Penetration of Se-
lected Granular Materials by Wedge-Shaped Tools, 

by R. S. Fowkes, D. E. Frisque, and W. G. Pariseau. 
1973. 19 ,Pp. 8 figs. A study was made by the Bu­
reau of ]\1111es of the penetration of selected granular 
materials. in ;:n un.confined state by wedge-shaped 
tools havmg dllllenslOns comparable with the dimen­
sions of the particles composing the materials. The 
output force for larger particles fluctuated radically. 
A custom-designed integrator was used to obtain 
work as a function of depth of penetration in the 
form of smooth curves. The influence of wedge angle 
depth o~ penetration, penetratio~ rate, entry angle:. 
compactIon state, and particle sIze on the force re­
quired and the work performed was ascertained. Em­
pirical equations describing force and work as a 
function of penetration were obtained for each spt of 
experiments. 

RI 7740. Reflning Improvement of Shale Oil Naphtha, by 
L. K. Barker and P. L. Cottingham. 1973, 

15 pp. 7 figs. The purpose of this research was 
to determine how much, if any, improvement woul<] 
be made by - sub.iecting hydrogenated shale-oil 
naphtha to a catalytic reforming process. Preselected 
ranges of temperature and pressure within the COI11-
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mercial reforming ranges were chosen for investiga­
tion and other possible variables were held constant. 
All ~ests were made with a liquid hourly space 
Yeloclty of 3 volumes of liquid feed per volume of 
catalyst per hour (Vr/Vc/hr) and a hydrogen feed 
rate of 3,000 scf/bbl. Operating temperatures of 
850°, 875°, and 900.° F were used at pressures of 
200, 4~0, and 600 pSIg. The greatest octane improye-' 
ment In the naphtha was obtained at a temperature 
of 900,° F and pressure of 200 p"ig. The reformed 
nal?ht~a ~ad a clear research octane number of 89, 
a lIqUId YIeld of 80 vol-pct, and a yield-octane num­
ber of 71.1. The data indicate that a higher tem­
perature could have produced a higher yield-octane' 
num)Jer. Work d.one in cooperation with the Uni­
versity of \VyomIng. 

RI 7741. Developm:nt of a Portable Radon Detector, by 
H. L. Gibbs and J. H. Bilbrey, Jr. 1973. 

9 pp. 6 figs. A portable radon monitoring instru­
ment capable of making on-the-spot measurements 
of the radon g~s content of uranium mine atmo­
spheres was ?eslgned and constructed. The monitor 
was. tested. In the laboratory and in operating 
ur,amum mllle:;. Good .correlation was obtained be­
h\ een the ~ollltor 1'eadll1gs and radon measurements 
made on mll1e atmosphere samples taken in radon 
bottles. 

RI 7742. Studies on Recovering Rutile From Titanium-En-
riched High-Iron Smelter Slag, by Laurance L. 

Oden, D. H. Sumner, and J. Howe Jr. 1973. 10 
pp. 3 figs. T,itanium-enriched sm'elter slag pro­
duced commerCially by Quebec Iron and Titanium 
Corp., Sorel, Quebec, was evaluated as feed material 
for a process developed by the Bureau of Mines 
to prepare rutile. Glas~-formin~ agents including 
~2q5,. B203, and two blllary mixtures were added 
ll1dlvldually to the as-received and preoxidized 
smelt~r slag, al!~ the ~onferrous tramp oxides were 
e,tfecbvely parhtI~:med lllto the -rl;sulting noncrystal­
lll1e phase. Iron In !he ferrous o~iclation state was 
moderately soluble 111 the glass of reduced speci­
mens but. !ess so!uble under oxidizing conditions. 
The solUbility o~ :ron o=-:ide in phosphate glass ex­
ceeded. the solubl.lIty of Iron oxide in borate glass. 
EffectIve conversIOn of titanium oxide to rutile was 
not achieved in the high-iron commercial smelter 
slag, and 20 to 30 pct of the titanium remained as 
pseudobrookite, a mixed iron-titanium oxide. 

~I 7743. Liquid State Spectral Emissivities of Titanium, Vana-
dium, Zirconium, Molybdenum, and Platinum in an 

Electron Beam Furnace, by R. K. Koch, J. L. Hoffman, 
'and R. A. Beall. 1973. 25 pp. 8 figs. The normal 
spectral emissivities of liquid Ti, V, Zr, Mo, and Pt 
were determined at the fusion temperatures in an 
electron-beam furnace using a water-cooled copper 
hearth. TJJ.e normal spectral emissivities were esti­
mated above the melting points by using adjusted 
two-color temperatures as approximations of the true 
temperatures for substitution in Wien's equation. 
Simultaneous brightness temperatures were deter­
mined with a micro-optical pyrometer. The true tem­
perature ranges covered were 1,668° to 1,885° C for 
Ti; 1,919° to 2,013° C for V; 1,855° to 2,367° C for 
'Zr; 2,610° to 2,751° C for Mo, and 1,772° to 1,990° C 
for Pt. The spectral emissivities for titanium and 
zirconium decreased with increasing temperature. At 
an effective wavelength (1\) of 658 m!, the emissivity 
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of titanium ranged from 0.51 to 0.45 and zircon ill '" 
from 0.47 to 0.41. The emissivities of yanae!!'.!, 
(1\ = 658 m!') and molybdenum (1\ = 657 mIL) .wo': "e' 

constant at 0.41 ± 0.02 and 0.33 ± 0.01, respectl\'ely. 
The spectral emissivity of platinum (l\ = 6·:;8 m!') 
was constant at 0.39 ± 0.02 up to 1,900° C; above that 
temperature anomalous data were obtained. A mass 
spectrometric study indicated that platinum 'was re­
acting with backstreaming silicon vapors from the 
diffusion pump when the ambient pressure ,\'as 
greater than 2 X 10-5 torr. 

RI 7744. Properties of Natural Zeolites, by Ronald A. 
Munson. 1973. 13 pp. 8 figs. Samples 

of the naturally occurring zeolites phillipsite, cli­
noptilolite erionite, and chabazite have been sur­
veyed for' their gas adsorption, ion exchange, and 
other characteristics. Chabazite and erionite, which 
are generally more stable, also have higher methane 
adsorption capacities than do the other natural zeo­
lites. Both natural erionite and natural chabazite are 
classified as small-port zeolites on the basis of their 
inability to adsorb chlorotrifiuoromethane. In the 
range of 8 to 100 mesh, the adsorptive capacity of 
natural zeolites is improved only slightly by a de­
crease in particle size. The capacity of natural cli­
noptilolite to adsorb methane is increased, ~y cation 
replacement by the hydrogen ion and decreased by 
exchange with calcium ion. Natural phillipsite, which 
is easily decomposed by heat, adsorbed methane to a 
limited extent. 

RI 7745. Beneficiation of Idaho Kyanite-Bearing Materiais, 
by A. R. Rule and R. S. McClain. 1973. 

12 pp. 3 figs. Research ,\'as conducted bv the 
Bureau of ::\Iines to develop a process for u'tiliza­
t!on of Ida~o kyanite. A continuous gravity-flota­
tIOn separatIOn process was applied successfully to 
recover kyanite-group minerals from an Idaho ore 
containing about 21 percent combined kYanite, 
a,ndalusite, and sillimanite. Dry. magnetic separa­
tion of the concentrate resulted in a product con­
taining about 90 percent kyanite at a recoyery of 
63 percent of the kyanite-group minerals in the 
ore. Alumina and silica analyses were \\'ithin the 
range generally accepted for com'ersion to mullite, 
and the finished products had a pyrometric cone 
equivalent of more than 38. A recovered garnet 
coproduct may be of commerical value. 

RI 7746. Alternating Current Matrix-Type Magnetic Sepa-
rator, by Foster Fraas. 1973. 13 pp. 10 

figs. This report describes the application of pulsed 
magnetic fields derived from alternating and inter­
mittent magnetizing 'currents. Application of such 
pulsed magnetic fields to the matrix-type separator 
permits (1) the complete discharge of the magnetic 
fraction with wet feeds and (2) the dry separation 
at particle sizes down to 325 mesh. At smaller par­
ticle sizes, indications are that frequencies above 60 
hertz will be required. Applications of intermittent 
magnetizing current to the crossbelt separator give 
the crossbelt separator an advantage over the con­
ventional constant-field crossbelt and induced roll 
separators; the intermittent current enables the 
crossbelt separator to separate matted fibrous and 
magnetically coagulating feeds, a type of feed that 
occasionally occurs with mineral, industrial, and 
secondary materials. 

RI 7747. Ionic and Neutral Reactions in Glow Discharges 
of a He-S02-CO Mixture, by D. G. Kuehn, 
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S. E. Khalafalla, and L. M. Chanin. 1973. 18 pp. 
9 figs. Mass spectrographic studies have been con­
ducted on the positive ions and neutral species of 
glow discharges containing 1.0 pct S02 and 1.0 pct 
CO in helium. Measurements were conducted for gas 
pressures from 3.5 to 10.1 torr using both dc and 
60-Hz ac excitation. The ion species that were ob­
served included S+, SO+, SOz+, 0+, 02+, C+, CO+, and 
Coz+ with less amounts of S03, (CO)2+, SCO+, and 
(SO'CO)+ or CS2+. Interpretation of the functional 
dependence of the various ionic and neutral species 
on pressure and applied power showed that CO re­
acted with the SO formed in the discharges to pro­
duce C02 and sulfur. Deposition of elemental sulfur 
was observed in the plasma container. 

RI 7748. Effects of Specimen Radius on the Stress State Near 
a Roof Bolt Anchor: A Finite Element Determina­

tion, by L. V. Wade and P. A. Stahl. 1973.' 24 pp. 
14 figs. This Bureau of Mines work was performed 
to theoretically determine the effects of specimen 
radius and specimen boundary conditions 'on the 
stress state in the rock near the anchor for rock 
specimens used to investigate expansion anchor be­
havior. Finite element analyses were performed on 
mathematical models of varying radius and boundary 
conditions. A review of the results of these analyses 
revealed a definite convergence of all stress measures 
considered as the specimen radius increased. There 
was however, a significant variation in all stress 
mea'sures as the specimen diameter increased from 
8 to 12 inches. 

RI 7749. Sulfatizalion-Reduction of Manganiferous Iron Ore, 
by F. E. Joyce, Jr., and Charles Prasky. 

1973. 17 pp. 4 figs. This paper describes the de­
velopment of a process for producing mangarrese 
and iron pellet concentrates from low-grade man­
ganiferous iron ores of the Cuyuna Range by a two­
stage sulfatization-reduction roast. First, the manga-

,nese minerals (7.5 percent manganese) were converted 
to water-soluble manganese sulfate by roasting in 
sulfur oxide gases at 700 0 C, then, the hematitic iron 
minerals (31 percent iron) in the hot sulfatized ore 
were reduced to magnetite with simulated reformed 
natural gas in the temperatm'e range of 350 0 to 
425' C. Batch tests were made in a 3-inch-ID by 
6-inch-long, gas-heated, stainless steel retort, and 
continuous countercurrent experiments were per­
formed in a 2-inch-ID by 10-foot-long, electrically 
heated shaft furnace. Manganese sulfate was re­
moYeo;i from the roasted product by leaching with 
water, and over 90 percent of the manganese was 
recovered in an oxide product (65 percent manga­
nese) obtained by precipitation, drying, and thermal 
decomposition of the sulfate. An iron oxide con­
centrate (60 percent iron) with an iron recovery of 
75 percent was obtained from the water-insoluble 
residue by magnetic separation. 

RI 7750. Recovery of Mercury From Cinnabar Ores by 
Electrooxidation, by B. J. Scheiner, R. E. 

Lindstrom, and D. E. Shanks. 1973. 14 pp. 9 
figs. The Bureau of :\1:ines investigated an elec­
trolytic technique for oxidizing ore slurried with 
brine to determine its effectiveness in extracting 
mercury from ores. Optimization experiments con­
ducted on a 2.5-pound-mercury-per-ton ore resulted 
in 95 percent mercury extraction with operating 
conditions of 30' C, a current density of 0.5 ampere 
per square inch, and a treatment time of 3.5 hours. 
Corresponding power consumption amounted to 38 
kilowatt-hours per ton of ore treated. Amenability 

experiments conducted on 6~ different mer~ury o~es 
resulted in 90 to 99 percent mercury dissolutIon 
from ores containing 0.6 to 20 pounds of mercury 
per ton of ore. Treatment ti~e ranged. from 1 .to 7 
hours in 4- to 20-percent sodIUm chloride solutIOns, 
and power consumption was in the. rang~ of 10 ~o 
50 kilowatt-hours per ton- of ore. Pilot mill exp~rI­
ments in a 100- to 200-pound-per-hour extractIOn 
plant have been in progress to qua;ntify power aI?d 
reagent requirements. These data Will be reported 111 
a subsequent pUblication. 

RI 7751. Rock Damage From Small Charge Blasting in Gran-
ite, by James J. Olson, Robert J. Willard, 

David E. Fogelson, and Kenneth E. Hjelmstad. 
1973. 44 pp. 25 figs. The Bureau of Mines used 
microfracture density analysis of quartz grains in 
thin sections and diametric pulse velocity measure­
ments along preblast and post blast cores to determine 
the nature and extent of rock damage produced by 
small (0 .25-, 0.50-, 1.0-, and 2.0-kg) charges of high 
intensity explosive (C-4) in granite. Pulse velocities 
from the postblast cores were significantly lower 
than velocities from the preblast cores and, with 
the core logs, provided clear identification of the 
upper and sometimes the lower limits of most severe 
damage. These zones ranged from about 1.68 ft for 
the 0.25-kg blast to 4.16 ft for the 2.0-kg blast. Micro­
fracture densities from postblast cores were signifi­
cantly higher and more variable than densities meas­
ured from preblast cores. The microfracture density 
measurements showed that microscopic damage was 
present far past the zones of most severe damage 
as delineated by the pulse velocity logs and core logs. 
An exponential relationship was observed between 
the microfracture density levels and the charge 
weight. 

RI 7752. Detonation of a Flammable Cloud Following a 
Propane Pipeline Break: The December 9, 1970, 

Explosion in Port Hudson, Mo., by D. S. Burgess and, 
M. G. Zabetakis. 1973. 26 pp. 15 figs. This report 

·summarizes the incidents that preceded the Decem­
ber 9, 1970, propane-air explosion in Port Hudson, 
Mo., and then attempts to establish the nature of 
the explosion from the ensuing events. Special em­
phasis is given to possible ignition sources, t~e 
distribution of flammable vapors, and. the anawsls 
of blast damage. Both near- and far-field. damage 
indicated that this explosion may be attl'lbuted to 
the detonation of propane in air with an energy 
release equivalent to that from about 50 tons of 
detonating TNT. 

RI 7753. Fracturing in the Zone Around a Blasthole, 
White Pine, Mich., by David E. Siskind, 

Robert C. Steckley, and James J. Olson. 1973. 20 
pp. 9 figs. The Bureau of Mines has studied the 
fracturing and associated damage occurring in the 
vicinity of blastholes from five shots fired in the 
shale pillars in the White Pine copper mine, White 
Pine, Mich. Four types of explosives (AN-FO, com­
merical extra dynamite, ammonia gelatin dynamite, 
and a low-density, low-velocity permissible) were 
used. Cores were takeri from the blast region and 
examined by ultrasonic and petrographic tech­
niques. Pulse wave velocities were measured across 
the core diameters, and thin sections showing cracks 
and changes in lithology were examined in an at­
tempt to establish zones of damage. Cores from the 
blast regions and areas near pillar free faces were 
found to have abnormally low pulse velocities. Petro­
graphic study of the thin sections showed that the 
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!,!egative velocity ll;nomalies were. caused by cracks 
m the cores. Crushmg and extenSIve fracturing pre­
vented me~ninl?f,!l measurem~,:t~ ~m core fragments 
from the ImmedIate blast vicimtIes. Compositional 
changes and other rock nonuniformities such as 
joints and preexisting fractures tended' to mask 
d.etailed damage differences amo~g the four explo­
SIves; howeve~, the two mos~ energetic explosives 
(extra dynamIte and ammoma gelatin dynamite) 
produced damage zones two to three times as large 
a.s the AN -FO and low-velocity permissible explo­
SIves. 

RI 7754. Recovery of Zinc, Copper, Silver, ond Iron From 
. Zinc Smelter Residue, by H. E. Powell and 

L. W: HIgley. 1973. 15 pp. 6 figs. This Bureau 
?f :'\I:nes study describes two processes for recover­
Ing z~nc, copper, silver, and iron from the magnetic 
tractIOn. of ~ was~e generated by.th.e primary smelt­
Ing of zmc In horIzontal retort dIstIllation furnaces. 
The. laboratory-scale procedures include reduction 
meltIl!g to produce a high-copper iron and matte 
smeltIng to produce a copper-silver-iron matte and 
metallic iron. Zinc is fumed in each process and 
r~covered as the oxide. Direct reduction melting 
y~elds a metallic iron high in copper and a small 
rIch matte from the sulfur contained in the waste. 
The p~oducts of. the second process are a matte 
contaInIng essentIally all of the silver, about 80' 
percent of the copper and 37 percent of the iron, 
an~ ~n iron-copper alloy containing all of the re­
ma:nIng copper. Extraction with metallic lead or 
sodIum sulfate recov.ers essentia~ly all of the copper 
from the molten hIgh-copper Iron and yields an 
acceptable foundry i.ron. 

RI 7755. Strengthening of Fractured Rock Pillars by the 
Use of .Smail. Radial Reinforcement Pressures, by 

B. T. Brady and W. I. Duvall. 1973. 20 pp. 11 
fig:s. Results of a study of the effect of low radial 
reIl!f~rcement pressure on the postfailure charac­
terIstIcs of two types of granite, a sandstone, and 
marble are presented. The low radial reinforcement 
pressure is applied to the rock surface by a gooch 
rub?er sleeve. The gooch rubber sleeve provides a 
radIal pressure of. less than 1 psi pressure to the 
rock surface. Th:s method of support gives an 
average strength mcrease of approximately 8 per­
cent to the fractured rock sample. 

RI 7756. The Association of Automotive Fuel Composition 
With Exhaust Reactivity, by Basil Dimitriades, 

B. ~ H. Eccleston, G. P.· Sturm, Jr., and C. J. Raible. 
1.9,3. 51 pp. 14 figs. The association of automo­
tIve . fue! compositio!,! with exhaust reactivity was 
stu~Ied I': an .experImental program that involved 
testIn.g WIth dIfferent automotive engines and with 
gasolmes of varied composition. Results showed 
clearl.y the exhaust reactivity to increase with in­
creasmg ,levels. of polyalkylbenzenes in the fuel. No 
other systematic patterns of high significance were 
detected in the association of exhaust reactivity with 
several broadly defined groups of fuel components. 
For the purpose of this study, had it been possible 
fuel composition should have been defined and ex~ 
presse? in terms of component groups such that the 
p~te,:tIal for exhaust reactivity would be the same 
wIthI!l eac~ group and different from group to group. 
ClaSSIficatIOn of fuel components in terms of the 
paraffins-olefins-aromatics groups does not meet the 
latter requirements. For appropriate classification of 
fuel components more information is needed on the 
~ombustion of hydrocarbons in the multicylinder 
mternal combustion engine. Statistical analysis of the 
mass emissions data showed significant 'car and fuel 
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effects on hydrocarbon, carbon monoxide, nitric oxide, 
total aldehydes, and formaldehyde emission levels 
an~ on total photochemical reactivity. Car-fuel inter­
actIO!1s were not significant at the 90-pct level. Cor­
relatIOns were found between mass emission param­
eters and fuel composition. 

RI 7757. Hazard From Engines Rebreathing Exhaust in Con-
fined Space, by W. F. Marshall and R. W. 

Hurn. 1973. 16 pp. 18 figs. The Bureau of 
Mines conducted a series of experiments to deter­
mine the influence of exhaust rebreathing on emis­
sions from various gasoline and diesel engines. Tests 
were conducted that simulated operation of engines 
in nonventilated spaces as well as· in spaces \\,ith 
partially restricted ventilation. Results of these tests 
showed that exhaust rebreathing can have a 
marked effect on ex):laust emissions and thus on the' 
composition of the air in the working space. For the 
case of restricted ventilation, unacceptably high 
(greater than 50 ppm) levels of CO in the air of 
the working space resulted from exhaust rebreath­
ing rates as low as 8 pct exhaust in the engine's 
intake. Operation in a nonventilated space resulted 
in highly critical CO levels (fatal in a few minutes) 
at times corresponding to 1 to 3 pounds of fuel con­
sumed per 1,000 cu ft of space. Tests im'oh'ing 
space of various sizes showed that volume of the 
air spaces per se is not important-the primary vari­
able is fuel consumed per unit volume of air space. 

RI 7758. Methods for Producing Alumina From Clay: An 
Evaluation of a Sulfurous Acid-Sulfuric Acid 

Process, by Paul J. Barrett, Paul W. Johnson, and 
Frank A .. Peters. 1973. 40 pp. 11 figs. The Bu­
reau of MInes evaluated a sulfurous acid-sulfuric acid 
proce~s for recovering. alumin.a from clay, in whi.ch 
clay I~ leac?ed succeSSIvely WIth sulfurous acid and 
sulfUrIC aCId. The resulting aluminum sulfite and 
aluminum sulfate solutions are combined and heated' 
to produce a basic aluminum sulfate and sulfur 
dioxide. Alumina is extracted from the basic alumi­
n~m sulf::te as sodium aluminate by leaching with 
dIlute sodIum hydroxide. After desilication sulfuric 
acid is used to precipitate alumina as alu;nina tri­
hydrate! which is then calcined to alpha-alumina. 
:rhe estImated fixed capital cost for a plant produc­
I!1g 1,000 tons per .day of alumina is about $74 mil­
hon ?n a 1971 baSIS. For comparison with preyious 
aluI.l1lna-from-clay evaluations, the estimated fixed 
capItal cost for the plant is about $67 million on an 
M ~md. S Ch.emical Equipment Index basis of 240.Q, 
WhICh IS eqUIvalent to a 1960 cost level. Because the 
op,erating cost is highly dependent on fuel and elec­
tnc power costs, graphs are included to show the 
effe.ct of. these items on the operating cost. On a 1971 
baSIS, WIth natural gas costing 35 cents per million 
Bt\l and operati!lg labor costing $4 per hour, the 
estIm.ated operatmg cost is about $100 per ton of 
.alumIna. On a 1960 basis, with labor costing $2.30 
~er hour and na~ural gas costing 25 cents per mil­
lIOn Btu, the estImated operating cost is about $86 
per ton of alumina. 

RI 7759. Correlations of Phase-Boundary Pressures of Con-
densate Fluid Systems With Compositions Modified 

by Added Butane, by Byron A. Baker and C. Kenneth 
Eilerts. 1973. 56 pp. 28 figs. The Bureau of 
Mines used a windowed cell to measure the phase­
boundary pressures of two related series of gas­
condensa~e fluid ~ixtures. Norrrial bufane was' added 
t? the mIxtures mcrementally to determine its effec-' 
tIveness f?r lowering phase-boundary pressure. All 
the experIme,:tal data were correlated, so that the 
pressure reqUIred to maintain light oils mixed with 
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natural gas in the single 'phase may be computed 
fo;' sec~ndary recovery al?plications. The heavy 
hJ dr?cal bon parts of the mIxtures were distillation 
fractIOns of a gulf coast condensate. Intermediate 
normal hydrocarbons in the butane-heptane range 
and natural g.as were added to the fractions in se­
lected p~oportlOns, so that phase-diagram pressures 
of 26 flUIds were actually studied. The experimental 
rang~ of temperatures was 50 0 to 280 0 F. Two cor­
relatIOns were developed to represent phase-bound­
ary,Pressures by means of a polynomial. Independent 
v~nab?~s represent natural gas c~)]'~tent, disparity of 
plopel tIes of components compnsmg the mixtures 
and .temperature. A fourth variable, for one cor~ 
relatIOn only, was the quantity of normal butane 
a.dded ~o the ori~inal mixtures. The latter correla­
tIon ~nth four mdependent variables contains 15 
co~fficlents and is estimated to be accurate to 135 
pSI. 

RI 7760. Resource Recovery From Raw Urban Refuse, by 
P. M. Sullivan, M. H. Stanczyk, and M. J. 

Spendlove. 1973. 28 pp. 16 figs. At its College 
Park :\Ietallurgy Research Center in Maryland, the 
Bureau of Mines has installed and is operating a 
;j-ton-per-hour pilot plant for continuous mechanical 
separation of values contained in raw urban refuse. 
The entire system was assembled using commercially 
available equipment. The process relies on multistage 
processing including shredding, air classification, 
screening, gravity concentration, and electrostatic 
separation. Compactor trucks deliver raw refuse col­
lected along typical routes in metropolitan Washing­
ton, D.C., to the pilot plant. The loads are separated 
into concentrates of light-gage iron, massive metals, 
glass, putrescibles and waste combustibles, paper, 
and plastics. \Vhile some refinements remain to be 
made ill the processing system flowsheet, the data ob­
tained to date have been highly encouraging, indicat­
ing favorable economics for commercial-size plants. 

RI 7761. Physical Aspects of Copper Cementation on Iron, 
bv Walter W. Fisher and Rees D. Groves. 

1973. 9 pp. 5 figs. A study of copper cementation 
on iron was initiated to determine the effect that 
deposited copper has upon subsequent cementation. 
A microscopic investigation of cementation on an 
iron surface showed that cupric ion precipitates 
predominately on a growing copper deposit attached 
to the iron surface. A kinetic study of the cementa­
tion process in a revolving drum showed that the 
cementation rate is enhanced by the copper deposit 
attached to the iron surface and by the discrete 
copper particles of a cement-copper slurry. The 
kinetic study also indicated that the character of 
the deposit is affected by the major anion in the 
solution. The cementation process is visualized to 
occur as a series of electrochemical cells in which 
cupric ion precipitates on copper dendrites attached 
to the iron surface. 

RI 7762. The Composition of Coal bed Gas, by Ann G. 
Kim. 1973. 9 pp. Samples of gas were 

'obtained directly from the coal bed during drilling of 
horizontal and vertical boreholes in six different for­
mations. The s'amples were analyzed by gas chroma­
tography for C1 to C5 hydrocarbons and for 02, N 2, 

H~, He, and C02. Methane in the gas varied from 
63 to 99 percent; carbon dioxide from 0.1 to 15 
percent. The CH4/COZ ratio varied and showed no 
apparent correlation with age, rank, or bed. The 
majority of samples contained ethane, propane, and 
butane; hydrogen and helium were found in some 

saml?les. Oxygen and nitrogen were usually present, 
pOSSIbly as a result of air contamination. A more ex­
tensive sampling program would be necessary to es­
tablish a relationship between the amount and com­
position of the gas in the coalbed and other factors. 

RI 7763. Procedures Used for Sampling Fracture Orientations 
in an Underground Coal Mine, by D. D. Bolstad, 

J. R. Alldredge, and M. A. Mahtab. 1973. 9 pp. 
3 figs. The Bur~au of Mines has developed proce­
dures for samphng the geometry of fractures in 
undergroun~ coal mines. Stratified cluster sampling 
and the umt area concept are applied to the collec­
tion of fracture orientation data. The USe of unit 
area mapping, stratification, and site delineation is 
made to assure collection of representative data. The 
procedures developed here help to isolate sources of 
variability in the fracture patterns. 

RI 7764. Mine Roof Vibrations From Underground Blasts, 
Pilot Knob, Mo., by David E. Siskind James 

J. Snodgrass, Richard A. Dick, and John N. Quiring. 
1973. 21 pp. 14 figs. The Bureau of Mines re­
corded particle accelerations in the mine roof pro­
duced by three types of explosives in the Pilot Knob 
Pelle~ Co. mine, Pilot Knob, Mo. Examined ,,,ere the 
effectIveness of cube root, square root and two­
thirds powe.r scaling in grouping the u~derground 
blast vlbratlOn data, and the effects of mine geome­
try, ro~k type, explosive type, and charge size on 
bl~st VIbratIOn le,:els. A propagation law for this 
mme was determmed. The scaling factor of the 
square ro~t of the charge weight was developed 
from preVIOUS Bureau studies of vibrations from 
quarry blasts, and in underground blasting both 
sq:uare root and ~ube root scaling were found ap­
p!lcabl.e for scalmg particle vibration data. The 
vlbratlOns from the Pilot Knob blasts were best 
grouped by a square-root scaling factor. The empiri­
cal ,Pr,?pagation eq~ation A Wl/2 76,250 (R/ 
Wl/.-) -_.61 where A IS the peak acceleration in g's 
'Y IS the charge weight in pounds, and R is th~ 
dls~ance. fro~ the blast in feet, may be used to de­
SCrIbe vlbratlOn amplitUdes from charges fired with 
zero delay caps or with a single cap at Pilot Knob. 

RI 7765. Respirable Dust 'Adhering to Run-of-Face Bitumi-
nous Coals, by L. Cheng and P. P. Zukovich. 

1973. 1.0 pp. 6 f!.gs. ,!hio: Burequ of Mines report 
summarIzes an mvesbgatIOn of the amount of 
respirable dust adhering to the surfaces of seven 
run-£f-face .broken bituminous coals. The number of 
resl?lrable-slze (0.9 to 10 micrometers) particles ad­
hei'~ng to. the run-of-face coal ranged from 10" to 
10 - pa:tlcles per pound. of coal and was approxi­
mately mversely proportIOnal to the mean lump size 
o~ the coal ~ample. Otherwise it did not vary sig­
m.fic~ntly Wlt~ the coal seam, mining method, or 
wmmng mach me. Based on these results about 16 
pounds of ordinary run-of-face broken ~oal would 
hav~ enough ~e~pirable:size adhering dust to con­
tamll1ate 1 mIllIOn CUbIC feet of air up to the 2 
~g/m3 level, if this adhering dust should become 
alrbor~e: Although brief studies here suggest that 
a ~eghglble amount of new respirable dust is formed 
o~mg t.o fra~ture of the broken coal during drop­
Pll1g, dlslodgmg. of old a.dheripg particles during 
secondary handlll1g operatlOns IS a potentially dan­
gerous source of airborne respirable dust. 

RI 7766. Radical Species Profiles for a Methane-Oxygen-
. . Argon Flame, by Charles P. Lazzara, Joan 

C. BIOrdl, ~nd John F. Papp. 1973. 10 pp. 4 figs. 
ConcentratIOn profiles of low-pressure, slightly lean 
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CH4-02-Ar flames have been measured in situ for 
the following unstable species: oxygen atom, hydro­
gen atom, hydroxyl radical, methyl radical, and 
formyl radical. The observed maximum mole frac­
tions were 2.0 X 10-2 for H, 1.1 X 10-2 for OH, 
and 0.8 X 10-2 for 0; the maxima occurred in the 
recombination zone. Methyl and formyl radicals have 
maximum mole fractions in the reaction zone of 
2.2 X 10-3 and 6 X 10-5 , respectively. 

RI 7767. The Direct Method of Determining Methane Content 
of Coolbeds for Ventilation Design, by F. N. 

Kissell, C. M. McCulloch, and C. H. Elder. 1973. 
17 pp. 7 figs. The applicability of the "direct 
method" for determining the methane content of vir­
gin coalbeds was tested. Preliminary results indicate 
that the direct method, when applied to exploration 
cores, can be successfully used to estimate coalbed 
gas content and also approximately predict the total 
gas emission from a prospective mine located in the 
coalbed at the exploration site. 
III 776S. Gases Desorbed From Five Coals of Low Gas Con'. 

tent, by A. G. Kim and L. J. Douglas. 1973. 
9 pp. 1 fig. Methane and other hydrocarbon gases, 
bvnroducts of coalification, are emitted from <;oal.at 
widely varying rates and often present ventrla~lOn 
problems during mining. The air in some coal .mm~s 
apparently contains no methane. To determme If 
coals from mines which had no history of detectable 
gas emission contained adsorbed methane, samples of 
coal at the shaft bottom and at an active face were 
obtained and placed in sealed metal cylinders. The 
atmosphere around the coal was sampled and ana­
lyzed by gas chromatography. Methane, ethane, eth­
ylene, propane, propylene, and butane were found to 
have been desorbed from these coals. Hydrogen and 
helium were also detected. An estimate of the amount 
of residual gas per ton of coal indicated that coal 
samples from the active face generally contained 
more adsorbed gas than coal samples obtained from 
the shaft bottom. 

RI 7769. Geologic Factors Causing Roof Instability and 
Methane Emission Problems. The Lower Kittanning 

Coalbed, Cambria County, Pc., by C. l\f. McCulloch and 
Maurice Deul. 1973. 25 pp. 15 figs. A geologic study 
of Mines 32 and 33 in Cambria County, Pa., was con­
ducted as part of a methane control research program. 
Areas of high methane emission and roof instability are 
encountered; these are related to the structural and 
stratigraphic features that characterize the geologic set­
ing of these mines. Locally the folds trend N 200 
E ±2°, the direction of the butt cleat in the Lower 
Kittanning coal. The face cleat strikes at N 690 
W ±2° and the systmatic rock joint in the surface bed. 
rock strikes N 67° W ±2. This suggests that a directional 
stress oriented N 70° W produced the folds and influ­
enced the directions of coal cleat and systematic joint sets. 
:\nalysis of side-look airborne radar (SLAR) indicates 
three directions of prominent regional lineation: N 39° E, 
N 31 ° W, and N 70° W. Little gas was encountered dur­
ing development mining; large volumes of gas are encoun-' 
tered when roofs fall. Most of the gas comes from strata 
above the mined coal; therefore, to control methane, roof 
instability 'must be controlled. Roof falls and high rates 
of methane emission are most likely where less than 30 

-feet of many thin layers of limestone, shale, and sand­
stone occur between the Lower Kittanning coal and the 
next coal and in zones along the margins of a sandstone 
channel. 
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RI 7770. Compound Type Separation and Characterization 
Studies for a Gash Saran, Iran, 370 0 to 535 0 C 

Soiling Distillate, by J. E. Dooley, R. L. Hopkins, D. E. 
Hirsch, H. J. Coleman, and C. J. Thompson. 1973. 
25 pp. 10 figs. To process and use the heavy ends of 
petroleum effectively, the development of suitable 
separation and characterization procedures not cur­
rently available was required. A systematic proce­
dure was developed by the Bureau of Mines using 
such techniques as isothermal and molecular distilla­
tion, chemical treatment, silica-alumina gel chroma­
tography, gel permeation chromatography, and spec­
trometry. Using these techniques, the Bureau 
achieved a detailed separation and characterization 
of a 370 0 to 535 0 C distillate from Gash Saran, Iran, 
crude oil. Such a systematic procedure and the semi­
quantitative data resulting therefrom should be of 
value in selecting feedstocks and in optimizing 
petroleum processing operations. 

RI 7771. Large-Scale Continuous Attrition Grinding of Coarse 
Kaolin, by E. G. Davis, E. W. Collins, and 

I. L. Feld. 1973. :22 pp. 7 figs. Large-scale ultra­
fine grinding tests of a coarse kaolin :\·.ere n:ade 
using the Bureau of Mines-developed attntIon ~nn~­
ing process in continuous open- a!ld clo~ed-cll'cUlt 
systems. A 20-inch-diameter attrItIOn grImier, de­
signed and constructed at the Tuscaloosa La.boratorY, 
was used. Studies included single- an~! multlple:st:;tge 
open-circuit grindin~, an.d also c~)l1tmuous gl'lndJr~g 
tests in closed-cirCUit WIth a 6-mch-c!Jametel' sohd 
bowl centrifuge. Clay feed, containing 9.0 percent 
minus-2-micrometei' esd, was used at rates up to 840 
pounds per hour~ Multlst~ge grinding tests ga\'e 
better results than single-stage treatment when 
equivalent clay feed rates were used. Closed-ci.rc.uit 
grinding tests yielded ground products contall1ll1g 
slightly more minus-2-micrometer-esd clay than the 
open-circuit grinding when using th~ same clay. fee~!. 
Energy consumption was lower Il1 closed-clrcult 
grinding than in batch or ~pen~circu.it .lFinding. A 
modified two-stage closed-CIrCUit grmdmg system 
gave the best grade of product and amount of minus-
2-micrometer-esd clay produced per pound of clay 
feed. The ground product from this test contained 
88.5 percent minus-2-micrometer-esd material and 
electrical energy consumption was 327 kilowatt-hours 
per ton of minus-2-micrometer-esd material produced. 
Work done in cooperation with the University of 
Alabama. 

RI 7772. Comparison of Respirable Dust Concentrations 
Measured With MRE and Modified Personal Gra­

vimetric Sampling Equipment, by Thomas F. Tomb, H. N. 
Treaftis, R. L. Mundell, and P. S. Parobeck. 1973. 
29 pp. 2 figs. Past experience has shown that the 
penetration characteristics of the 10-mm nylon 
cyclone used on approved personal sampling equip­
ment are significantly different from those deter­
mined in the laboratory using a non pulsating flow 
SOUl'ce. The Bureau of Mines has developed and 
recommended a modification to presently approved 
equipment that will alleviate this difference,. How­
ever, as a result of this modification, a new relation­
ship for converting respirable dust concentrations 
measured with approved personal sampling equip­
ment to equivalent concentrations as measured with 
an MRE instrument wiII have to be t!stablished. 

This Bureau of Mines report describes the under­
ground sampling program conducted to establish a 
new factor for converting respirable dust concentra. 
tions measured with personal sampling equipment, 
modified with a recommended pulsation damping 
device, to an equivalent concentration as measured 
with an MRE gravimetric dust sampler. 
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RI 7773. Determination of Eight Minor Elements in Low 
Alloy Steels by Fluorescent X-Ray Spectrography, 

by William J. Campbell and David L. Neylan. 1973. 
13 pp. This analytical method development and 
evaluation was undertaken by the Bureau of Mines 
to provide accurate determinations of eight minor· 
elements in low-alloy steels prepared from ferrous 
.scrap. Fluorescent X-ray spectrography was the 
principal method investigated. Confirming analyses 
were made' by conventional instrumental and chemi­
ca] methods. All X-ray data were processed by a 
timesharing computer. No corrections were found 
necessary for interelement effects or overlapping 
spectral lines. Concentrations were calculated from 
the least-square fit of a linear calibration equation 
derived from measul"(!ments 011 three sets of standard 
steels. These studies st.(.\y that X-ray spectrographic 
analysis of lathe-finbhed surfaces provides accurate 
determinations of aluminum, copper, chro'Xlium, man­
'ganese, nickel, phospho,'1is, silicon, and tin. 

·RI 7774. Sulfur Dioxide Emission Control by Hydrogen Sul-
fide Reaction in Aqueous Solution. The Citrate 

System, by J. B. Rosenbaum, W. A. McKinney, H. R. 
Beard, Laird Crocker, and W. 1. Nissen. 1973. 
31 pp. 17 figs. Prolonged laboratory and limited 
pilot plant tests have shown that the Bureau of 
Mines buffered S02-H~S process is capable of remov­
ing 95 to 99 percent of the S02 from industrial 
waste gases. Most of the S02 is converted to ele­
mental sulfur; only about 1 percent is converted to 
sulfate. The process comprises (1) washing the flue 
gas to remove particulates and S03, (2) absorption 
of the S02 in citric acid or other carboxylate solu­
tion, (3) reaction of the loaded solution with H2S 
in a closed vessel to precipitate the absorbed S02 as 
elemental sulfur, and (4) separation of the sulfur 
from the regenerated solution by oil flotation and 
melting. Two-thirds of the molten sulfur is con­
wrted to H2S for use in the sulfur precipitation 
step by reacting sulfur vapor with natural gas and 
steam in the presence of an' alumina catalyst. The 
chemistry and mechanism of the process are de­
scribed, 'initial laboratory and pilot plant data are 
summarized, and second-generation laboratory oper­
ation and pilot plant design are reviewed. Pre­
liminary cost estimates are presented for recovering 
sulfur from copper smelter gas, powerplant flue gas, 
,and Claus plant tail gas. 

RI 7775. Geology of Eocene Rocks and Oil Yields of Green 
River Oil Shales on Part of Kinney Rim, Washakie 
Basin, Wyoming, by Laurence G. Trudell, 

Henrv W. Roehler, and John Ward Smith. 1973. 
151 pp. 8 figs. Geology and oil-yield data a"re Dre­
sented for a 58-square-mile area encompassing the 
U.S. Department of the Interior oil-shale leasing 
program tracts in the western Washakie Basin, 
Sweetwater County, Wyo. Lithology and oil yields 
of samples from three Bureau of Mines coreholes 
are evaluated and correlated with Kinney Rim sur­
face section" measured and sampled by the U.S, 
Geological Survey. Minable sections of oil shale 
averaging up to 25 gallons of oil per ton crop out 
on Kinney Rim in the Laney Member of the Green 
River Formation. Thick oil-shale sections in the 
Laney Member that average 15 gallons per ton 
represent 155 million barrels of oil in place per 
square mile. In the lower part of the Green River 
Formation the Tipton Shale Member contains a 20-
to 40-foot section averaging 15 gallons per ton. 
Beds of high-volatile Cbituminous coal up to 6 feel 
thick are present in intertongued parts of the lower 
Green River Formation and upper Wasatch Forma-

tion, GPO Catalog No, 128.23:7775. Stock No. 
2404-01429. $2.90. 

RI 7776. Reducing Copper and Tin Impuriiies in Ferrous 
Scrap Recovered From Incinerated Municipal Refuse, 

by L. L. Oden, A. Adams, and A . .D. Fugate. 1973. 
11 pp. 3 figs. The purpose of thIS rese~rch was to 
develop a meth?d to re~oye copper and. t.m from the 
magnetic fractIOn of mcmerated. mum~lpal refus.e, 
as recovered by the Bureau of Mm.es pIlot plan~ m. 
College Park, Md. Copper, present l,n the scrap m a 
metallic form bonded to ferrous obJects, was amen­
able to leaching in cupri~ ammonium carbonate solu­
tion. Copper levels in small 5- to 10-P?u?? lots of 
treated scrap were reduced from the lmtlal level, 
0.5 to 0.6 percent, to 0.1 to 0.2 percent. Larger lots 
of scrap (100 lb) were treat~d less effectively. be­
cause of poor contact of solutlOn and scrap .. OXIda­
tion in the air or in aerated aqll;eous so~utlOn ~as 
applied to liberate tin from the dIlute sohd solution 
present on the surface of incinerated t~nplate. ~hred­
ding of air-oxidized scrap or ca~stIc leachmg of 
scrap oxidized in solution reduced tm levels from the 
initial 0.25-percent level to about 0.1 percent. 

RI 7777. Effect of Copper and Silicon on Selected Mechanical 
Properties of Hot-Rolled Medium-Carbon Steels, by 

Mark 1. Copeland. 1973. 19 pp. 11 figs. The 
Bureau of Mines investigated the effect of up to 1 
wt-pct of copper and silicon on the heat treatment 
response and hardness, tensile, and impact properties' 
of hot-rolled medium-carbon steels. The steels were 
prepared by induction melting and fabricated into 
plates bv forging and rolling. The tensile strength 
of 0.2-v{t-pct carbon steels containing 0.3 wt-pct 
,silicon was affected significantly by copper in both 
.the hot-rolled and heat-treated (600° G) conditions, 
whereas the tensile strength of the 0.3-wt-pct carbon 
steels was less affected. A 600° C treatment was 
considered optimum as a post-rolling treatment to 
strengthen the steels by copper precipitation. 
~trengthening of 0.2-wt-pct carbon steels by silicon' 
was reduced by increasing copper contents. Optimum 
impact strengths occurred at about 0.3 wt-pct silicon 
in 0.2-wt-pct carbon steels containing 0.6 and 0.8 
wt-pct copper. The impact strengths were lowest for 
0.2-v .. t-pct carbon steels containing over 0.8 v.>t-pct 
copper and greater than 0.3 v.>t-pct silicon, especially 
in the heat-treated condition. Copper and silicon 
solutes and copper precipitates strengthened the 
steels. This effect was augmented slightly by 
strengthening through grain refinement by these 
solutes. 

RI 7778. Thermodynamic Properties of Three Sodium Titan-
ates, by K. O. Bennington and R. R. Brown. 

1973. 13 pp. Enthalpies of formation of three so­
dium titanates'were determined by hydrofluoric acid 
solution calorimetry. The values obtained for forma­
tion from the elements at 298.15° K are -370.9±0.5 
kcal/mole for Na2Ti03, -832.1±0.9 kcal/mole for 
Na2Ti307, and -1,510.9± 1.7 kcal/mole for Na2Tis013. 
Tables of enthalpies of formation and Gibbs energies 
of formation are given as a function of temperature 
both from the elements and from the component 
oxides for Na2Ti03 and Na2Tb07. 

RI 7779. The Spectral Growth of E'xpanding Flames: The 
Infrared Radiance of Methane-Air Ignitions and 

Coal-Oust-Air Explosions, by M. Hertzberg, C. D. Litton, 
W. F. Donaldson, J. M. Kuchta, and A. L. Furno. 
1973. 38 pp. 21 figs. Results of a comprehensive 
study of the absolute spectral radiance:of the infra­
red emissions from methane-air explosions are re­
ported. The spectral growth of these expanding 
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flames were' recorded with a time resolution of 1 
msec in the spectral range of 1.7 to 5.0 .um. Time­
resolved spectra were obtained for methane-air mix­
tures as a function of stoichiometry, nitrogen dilu­
tion, and Halon dilution, in a 9-liter vessel under 
different venting. conditions. Data are also presented 
for coal dust-air explosions. Temperatures, obtained 
from the absolute radiances and from a band ratio 
technique for methane-air, are internally consistent 
and are generally 50° to 200° K below adiabatic 
flame temperatures. AI! near limit mixtures gave 
essentially the same flame temperatures (1,500° to 
1,600° K) regardless of whether the limit was ob­
tained by dilution with excess air, excess methane, 
excess nitrogen, or Halon. The coal dust explosion 
spectrum is essentially a blackbody' continuum at 
1,500° K with some selective emission at 4.4 I'm 
'from hotter C02. The data are analyzed in terms of 
the radiative dynamics of a spherically expanding 
flame zone. The importance of radiative transport is 
assessed. An equation is derived which relates the 
instantaneous fraction of combustion power radiated 
to adiabatic variables. 

RI 7780. Decomposition of Hydrogen Sulfide in an Electric 
Discharge, by L. A. Haas and S. E. Khala­

falla. 1973. 22 pp. 14 figs. Hydrogen sulfide was 
decomposed to elemental sulfur in an electrical dis­
charge. With He, N2, or Ar diluents, a threshold 
yoltage between 1 and 3 kV was required for the 
decomposition reaction to occur in a laboratory, 
ozonizer. Above the threshold voltage, the H~S de­
composition rate increased with increasing voltage, 
but the increase was more pronounced with argon 
diluent than with either nitrogen or helium. In com­
mon with other reactions in an electrical discharge, 
the HzS decomposition decreased with increasing 
temperature in the range of - 41 ° to + 61 ° C. The 
reaction did not appear to be rate controlled by a 
solid-gas sorption step because the introduction of 
activated charcoal into the electrical discharge zone 
did not significantly affect the decomposition yield. 
In the presence of polymeric chlorofluorocarbon oil, 
90 percent conversion of the 3-percent H2S in helium 
was obtain~d at 14 kV, 60 Hz, a 2-mm electrode gap, 
and a gas-residence time greater than 1 min. Under 
the same experimental conditions in the absence of 
oil, the conversion was only about 50 percent. ' 

RI 7781. Evaluation of Methods for Determining Nahcolite 
and Dawsonite in Oil Shales, by Charles W. 

Huggins, Thomas E. Green, and T. L. Turner. 1973. 
21 pp. 13 figs. To determine the nahcolite and 
dawsonite content in oil shales, the Bureau of Mines 
compared X-ray diffraction, infrared spectroscopy, 
therm~l methods, and a previously published method 
by SmIth and Young based on the selective solubility 
of sodium compounds. The Smith and Young method 
a!1d . a new method based on the weight of carbon 
dIOXIde produced by thermal decomposition are rec­
ommended for determining nahcolite. X-ray diffrac­
tion and the Smith and Young method are recom­
n:end~d for determining drawsonite. X-ray diffrac­
tIon, Infrared spectroscopy, and differential thermal 
analysis 'were useful for identifying other minerals 
in the samples. 

RI 7782,. Minimum Extinguishant and Maximum Oxygen 
Concentrations for Extinguishing Coal Dust-Air Ex­

plosions, by Joseph Grumer, L. F. Miller, A. E. Bru­
szak, and L. E. Dalverny. 1973. 6 pp. In addition 
to nine powder and gaseous extinguishants of propa­
gating Pittsburgh seam coal dust-air explosions ear­
lier evaluated, 10 other powders have similarly been 
evaluated under. like conditions . such that wall 
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quenching of the coal dust-air flames was virtually 
absent and the dust concentration was temporally 
and spatially uniform to within about :!: 5 percent. 
None of the newly examined extinguishants was 
better than Purple-K (potassium bicarbonate); the 
10 of this report are anhydrite (calcium sulfate), 
monobasic (4 types) and dibasic ammonium phos­
phate, natural and synthetic cryolite (sodium fluo­
aluminate), sodium sulfate, and tricalcium phos­
phate. Except for anhydrite, s~dium sulfate, tri~al­
cium phosphate, and the cryohtes, these materIals 
were about equally effective, when present in rela­
tively low concentrations (weight-percent of the coal 
dust-extinguishant mixture). The maximum oxygen 
concentration for the extingUishment of otherwise 
uninhibited coal dust explosions and the influence of 
coal dust particle size and the volatile content of the 
coal were also explored. For the present, the choice 
of the inhibitor among the good ones evaluated is 
not as critical as the system to be used to deploy 
the extinguishant against a coal dust explosion. 

RI 7783. In Situ Retorting of Oil Shale-Results of Two 
Field Experiments, by E. L. Burwell, T. E. 

Sterner, and H. C. Carpenter. 1973. 41 pp. , 26 figs. 
Application of the in situ, recovery process to oil 
shale was tested during two field experiments near 
Rock Springs, Wyo. The results of these tests 
demonstrate that a self-sustaining combustion zone 
can be created in an oil shale body, that this zone can 
be moved through the oil shale, and that the process 
will produce shale oil. Evaluation of the combustion 
process by monitoring produced fluids for physical 
and chemical properties. and volumes is described. 
The material and energy balance obtained is com­
pared with a second evaluation based on extensive 
coring of the test area after the test was termi­
nated. Several side results of the research are noted 
such as ground surface heating by underground 
burning and proquction of low- to medium-Btu gas 
during retorting. Work done in cooperation with the 
University of Wyoming. 

RI 7784. Preparation of Samarium-Cobalt Permanent Mag-
nets, by J. W. Walkiewicz, J. S. Winston, 

and M. M. Wong. 1973. 18 pp. 14 figs. Studies 
were conducted by the Bureau of Mines to develop 
a method for fabricating Sm-Co permanent magnets. 
This method consisted of arc-melting, crushing and 
grinding the alloy, alining and pressing the powder, 
.and sintering the green compacts. Results indicated 
that the optimum composition was 36.7:!:0.3 weight­
percent Sm and 63.3:!: 0.3 weight-percent Co. This 
composition was. obtained by blending together' 
Sm2Co7 and SmC05. The maximum values experi­
mentally obtained were 1.rHr = 27.4 KOe, BHr = 7,510 
Oe B, = 7,810 G, and (BH) max = 15.1 ~fGOe. The 
optimum sintering temperatures and grinding t~mes 
for maximum ~rHr and (BH) max were determllled. 
4>wering the grinding temperature from 0° to -60

0 

, C resulted in a significant increase of magnetic prop­
erties. 
RI 7785. The K,HfF.-K,ZrF.-1.25. Percent HF System at 40°. 

C With Other Solubility Curves From 25 ° to 70° C, 
by Stanley C. Rhoads. 1973. 20 pp. 10 figs. The 
Bureau of Mines investigated the complete ternary 
system K2HfF6-KzZrF6-1.25 weight-percent HF at 
40° C. In addition, solubility curves have been estab­
lished at 25°., 30°, 50°, 60°, and 70° C. These solu­
bility data implemented a study of hafnium enrich­
ment in feed solutions for liquid-liquid extraction 
processes. Selected KzHfF6-KzZrF6-1.25 weight-per­
cent HF mixtures were equilibrated in a constant 
temperature bath. Compositions of the equilibrated 



REPORTS OF INVESTIGATIONS 

solutions and wet residues were estaolished from 
combined hafnium and zirconium oxide and total 
fluorine analyses. All solubility curves were essen­
tially parallel on triangular coordinates. At' 40° C 
the solid phase of the K2HfFG-K2ZrF6-1.25 percent 
HF system is a series of solid solution hydrates with 
K2HfFG'HzO and KzZrF6'3HzO segments existing at 
the respective extremes. Since this system contains 
K2HfF,,'HzO and KzZrF6'3HzO segments, it is not 
ideal for simple separation of high-purity K2HfF6 
from K2HfF6-KzZrF6 mixtures by recrystallization. 
However, it would be useful for producing hafnium­
enriched feed solutions from zircon concentrates for 
liquid-liquid extraction of hafnium from zirconium. 

RI 7786. An Algorithm for Calculating Multiphase Chemical 
Equilibrium, by F. E. Spencer, Jr., and A. A. 

Orning. 1973. 42 pp. 1 fig. This Bureau of Mines 
report provides a complete mathematical description 
of the algorithm employed by a general multi phase 
chemical equilibrium program developed particularly 
for the purpose of studying problems in coal com­
bustion, although the generality of the program will 
allow its application to any equilibrium system in 
which an appreciable gas phase is present. When 
applied to coal combustion problems, the program 
'predicts composition and quantity of slag and un­
consumed carbon phases as well as calculates accu­
rately the composition of the gas phase including 
trace species such as free electrons and ions which 
are important for predicting electrical properties. 

RI 7787. Tunneling Machine Research-Development of an 
Experimental Full-Scale Research Rock Cutting De­

vice bv Parviz F. Rad and Robert L. Schmidt. 
1!)"i'3. "18 pp. 12 figs. The increased use of tunnel 
boring machines (TBM) has stimulated laboratory 
research to optimize the cutting parameters of these 
machines with the objective of increasing machine 
efficienc\' and penetration rate. Laboratory-scale 
rock cutting experiments have succeeded in identify­
ing many of the important parameters involved in 
rock-cutter interaction. Although scaling factors 
may be required to apply the results directly, the 
concepts developed can be used qualitatively as de­
sign guidelines for boring machines. The Bureau of 
l\Iines Twin Cities Mining Research Center has 
recently developed a large-scale rock cutting device 
(ReD)' that will simulate many of the operating 
narameters of the tunnel boring machines in the 
iaboratorv under a controlled environment. The re­
sults of 'the experiments with this device will be 
directly applicable to the design of TBM's. 

RI 7788. Evaluation of a Machine-Mounted Dust Collec-
tor, by T. F. Tomb, J. F. Martonik, and 

C. D. Taylor. 1973. 15 pp. 7 figs. This paper de­
scribes field and laboratory investigations conducted 
on a dust-collection system recently designed for 
integral use with a continuous mining machine. The 
results of the field study showed that the average 
l'<,spirable dust concentration measured at the ma­
chine opel'ator's position was reduced by about 60 
percent (from 8.7 to 3.5 milligrams per cubic meter), 
and total and respirable dust concentrations in the 
return air were reduced by approximately 70 per­
cent. The data indicated that approximately 20 per­
cent of the dust generated at the face was not passed 
through the scrubber. The laboratory results showed 
that the ovel'all efficiency (by particle count) was 
approximately 80 percent for to.tal dus~ concentra­
tions (minus 20 micrometers in size) typical of those 
encountered underground. Calculations based on 
total dust concentrations measured during the under­
ground study indicated that the respirable mass 

concentrations of the effluent from the scrubber 
would still exceed acceptable levels even if scrubbing 
of all the air at the face were possible. 

RI 7789. Establishing Standards far Effective Wire Rope 
Clip Installation, by Robert 1. Fujimoto. 1973. 

20 pp. 16 figs. The work described was conducted 
to develop standards for tne application of wir~ rope 
clips on wire rope. These standards include optimum 
number of clips and clip nut torques for wire rope 
sizes ~ through 2~ inches, when used for forming 
an eye attachment in wire rope. Wire rope test spec­
imens with clip attachments were load tested on 
tensile testing machines to determine an effective 
combination of clip nut torques and number of clips 
for each size of wire rope to develop efficiencies 
above 90 percent of the catalog ultimate rope 
strength. 

RI 7790. Methane Control by Isolation of a Major Coal 
Panel-Pittsburgh Coalbed, by Charles Findlay, 

Stephen Krickovic, and J. E. Carpetta. 1973. 11 pp. 
9 figs. As one of its projects for degasification of 
major panels of coal prior to mining within them" 
the Bureau of Mines conducted methane emission 
studies during development of a set of three head­
ings 1,800 feet in a major coal panel (2,700 by 3,500 
feet) which had been completely isolated by sets of 
main headings for 12 months in the Federal No.2 
mine (Pittsburgh coalbed) in northern West Vir­
ginia. Similar emission studies were conducted in the, 
development of two sets of main headings in virgin, 
coal areas nearby. Comparing the two sets of data 
indicated that the isolated coal panel had been de­
gasified by approximately 70 percent. Work done in 
cooperation with the Eastern Associated Coal Corp. 

RI 7791. Radioactive Tracer Pulse Method of Evaluating 
Fracturing of Underground Oil Shale Formations, 

by Philip B. Lorenz. 1973. 33 pp. 17 figs. A 
Bureau of Mines feasibility study on the use of 
tracer pulses to assess the degree of fracturing in 
an underground formation consisted of three phases: 

1. A laboratory study on sand packs and open 
tubes, which developed a correlation between dis­
persion of the pulse and size of the flow channels. 

2. A test on a retort, il feet in diameter and 
45 feet high, packed with shale rubble. Void volume 
was measured, but evaluation of channel size was 
not possible because of interference from the space 
unoccupied by the matrix. 

3. A field test on an explosively fractured shale 
formation. Pressure, flow, and transit time led to 
qualitative estimates of fracture pattern, but quanti-, 
tative detection of dispersion in the"formation was 
overwhelmed by dispersion effects in the well. 

RI 7792. Structural Design Data for Concrete Drift linings in 
Block Caving Stopes, by J. D. Dixon. 1973. 

73 pp. 112 figs. The Bureau of Mines has devel­
oped structural design data for unreinforced con­
crete tunnel linings for drifts used in block caving 
stopes. Design data are given that consist of mo­
ment, thrust, and deformation coefficients from which 
bending, axial, boundary stresses, and structural de­
formations can be determined at any point on the 
lining. Data is given for circular, horseshoe, and rec­
tangular linings, each with two different thicknesses 
and subjected to eight different loading conditions' 
for drifts excavated in hard and soft rocks. The, 
structural analyses performed are based on proce­
dures that account for both the structural behavior' 
of the lining and that of the drift and take into con-
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sideration deformational interaction that occurs be­
tween them. 

RI 7793. Nuclear Gages for Monitoring the Coalbed of 
Commercial-Scale Pressurized Gas Producers, by 

G. R. Friggens and A. W. Hall. 1973. 9 pp. 4 figs. 
A nuclear method for continuously monitoring the 
coalbed and ash levels and void formation in com­
mercial-scale, fixed-bed, pressurized gas producers is 
proposed. Measurement of gamma ray transmission 
through the coal bed is the basis of the method. The 
coal bed level is monitored by detecting the trans­
mission of gamma rays from a 1 to 2 Cl Co-60 
source positioned on the outside wall of the vessel. 
Coal bridging or, alternatively, ash level is moni­
tored by a 10 Ci Co-60 source at the center of the 
coal bed. Source activities and geometries are' calcu­
lated for a 12-foot-ID producer designed to operate 
at 350 psi. Source capsule and detector specifications 
and operational safety are also discussed. 

RI 7794. Oxidation of Cement Copper by Flash Roasting, 
by Walter W. Fisher and Rees D. Groves. 

1973. 11 pp. 5 figs. Cement copper was flash 
roasted in a vertical tube furnace to convert the 
copper to acid-soluble oxides as part of a postulated 
process for refining cement copper by oxidation 
roasting, acid leaching, and electrowinning .. The 

. results of the study showed that the oxidation was a 
linear function of oxygen concentration between 0 
and 20 percent, but above 20 percent oxygen there 
was no further increase in oxidation. Therefore, air 
was the optimum oxidizing atmosphere in this flash 
roasting system. The oxidation followed a parabolic 
rate law as the roasting temperature was increased 
from 400 0 to 800 0 C. Extrapolation of the data, based 
on the parabolic law, indicated that at 400 0

• 500 0
• 

600 0
, 700 0

, and 800 0 C, the roasting times required 
for complete conversion to soluble oxides were 75, 37, 
21, 7.7, and 4.6 seconds, respectivley. Cyclic-roasting 
test results did not substantiate the predictions ob­
tained through data extrapolation. 

RI 7795. Determining Explosive Oil in Dynamites Using 
High-Pressure liquid Chromatography, by T. 

Christos and L. Spinetti. 1973. 5 pp. 2 figs. The 
explosive oils, nitroglycerin (NG) and ethylene 
glycol dinitrate (EGDN), were extracted from dyna­
mites by a halocarbon solvent and were then deter­
mined by high-pressure liquid chromatography. 
Separation was achieved by liquid-liquid chroma­
tography on a column packed with Durapak-Carbo­
wax 400/Corasil II and the eluted NG and EGDN 
were detected with a double-beam ultraviolet 
detector. 

RI 7796. An Economic Evaluation of MHO-Steam Power-
plants Employing Coal Gasification, by P. D. 

Bergman, K. D. Plants, J. J. Demeter, and D. 
Bienstock. 1973. 33 pp. 10 figs. To assess the 
efficacy and economics of producing power from coal, 
four open-cycle magnetohydrodynamic (MHD) proc­
essing schemes were selected for study. Each in­
volved a different mode of coal combustion and level 
of gas cleanliness. The options considered were 
the following: (1) Coal burned in a slagging com­
bustor; (2) suspension gasification with slag re­
moval prior to combustion; (3) parallel cyclone 
combustors, one operating fuel rich and the other 
operating with excess air; and (4) suspension gasi­
fication by the hot exhaust gases from the MHD 
duct with ash removed prior to combustion. Option 
1 has the highest ash content in the combustion 
plasma and as a result would have the greatest 
operational difficulties associated with it. Options 2 
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and 4 have the cleanest MHD combustion- plasma. 
For coal priced at $4/ton, the power generating cost 
of Option 4, 11.78 milIs/kW-hr, is the highest, with 
Option 1, at 9.04 mills/kW -hr the lowest. These 
costs may be compared with a conyentional po\\'er 
cost of 9.92 mills/kW-hr for the late seventies. 
Capital costs of three of the foul' options were 
competitive with those of COIl\"entional thermal 
powerplants employing stack gas SO~ cleanup sys­
tems. Option 2 has the most favorable combination 
of operating characteristics and power cost. It was' 
concluded that a clean, high-temperature working 
fluid can probably be produced from coal withou.t 
leading to depressed system efficiencies and exorbi­
tant capital costs. 

RI 7797. Effects of Thermal Treatments Upon Concentratabil-
ity of a Nonmagnetic Iron Ore, by J. J. Drost 

and W. M. Mahan. 1973. 15 pp. 6 figs. This 
Bureau of Mines investigation studied the effect of 
thermal treatments upon concentratability of a west­
ern Mesabi Range nonmagnetic taconite ore and is 
a sequel to Bureau of Mines RI 7567. Magnetic tube, 
tests were used to develop the data needed to calcu­
late separation efficiency, the primary measure of 
concentratability. A horizontal tube furnace was 
employed to heat treat and reduce the hematitic ore 
samples. The two variables studied were roasting 
temperature and cooling method. The manner of 
cooling, either by slow cooling or quenching in 
water, produced no significant difference in concen­
tratability. Roasting temperatures employed ranged 
from 500 0 to 1,000 0 C, and a temperature of 650 0 C 
effected the best concentratability. The temperature 
of 650 0 C correlated with the most effectiYe roast­
ing temperature for grindability. 

RI 7798. Microspismic Source locations Around Block Cav-
ing at the Climax Molybdenum Mine, by :Martin 

S. Oudenhoven and Robert E. Tipton. 1973. 13 pp. 
8 figs. This Bureau of Mines report presents the 
results of a microseismic study conducted in the 
Climax block cave mine at Climax, Colo. Rock 
noises created by caving were monitored and their 
sources located during a 3-month period. A planar 
array of seven accelerometers, located above the 
block of ore being caved, detected the rock noise. A 
computer was used to calculate the location of the 
microseismic activity, using a traveltime difference 
method. The accuracy of these locations was esti­
mated to be ± 20 feet. An analysis of the data taken 
during the recording period showed a concentration 
of microseismic events located in the wall of the 
cave panel. This concentration of events was found 
to occur in a "high-silica" geologic formation that 
cut across the caving panel approximately 200 feet 
behind the undercut. 

RI 7799. Elastic Plane Frame Analysis of Semisymmetric 
Cabs and Canopies Used on Underground Electric 

Face Equipment, by Stephen Gerard Sawyer and Darryl 
K. Brogan. 1973. 40 pp. 31 figs. The Bureau of 
Mines developed a method for analyzing elastically 
certain types of protective cabs and canopies used 
on underground electric face equipment. The meth0d 
is based on plane frame theory, and to be amenable 
to analysis by this method, cabs and canopies must 
contain symmetry about one plane. Additionally, 
protective structures with one or more top members 
in the long direction that do not frame into the 
columns should be approximately twice as long as 
they are wide and have two or more internal top 
members in the short direction. The assumptions 
and limitations of the plane frame method as re­
gards analysil? of three-dimensional cabs and can-
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opies are discussed. A step-by~step procedure for 
application of the plane frame method is given, and 
three example canopies are analyzed following this 
procedure. Elastic strengths calculated for the three 
example canopies compare within 10 percent of those 
computed by the more complicated space frame an­
alysis. Formulas employed in plane frame analysis 
of cabs and canopi.es are given in the appendixes. 

RI 7800. Degasification of Virgin Pittsburgh Coalbed 
Through a Large Borehole, by H. H. Fields 

Stephen Krickovic, Albert Sainato and M. G. Zabe~ 
takis. 1973. 27 pp. 19 figs. Th~ Bureau of Mines 
is in the process of degasifying a virgin area in 
northern West Virginia from the base of an 839-
foot-deep vertical borehole. An in situ gas pressure 
hole .199 . feet long, and seven degasification holes 

.rangll1g 111 depth from 500 to 850 feet (average 
618 feet) were drilled in an 8-foot-thick virgin 
P.lttsburgh coal bed fr?m the enlarged (14-foot­
dIameter) bottom of thIS borehole. The in situ pres­
sure at the back end of the hole and the range of 
gas and -,vater flows from degasification holes as 
they were completed and closed off were 203 psi 
~9.000 to 257,000 efd (average 160,000 cfd), and 
') to 8 gpm per hole (average 6.8 gpm), respectively. 
Twenty-four hours after the seven holes were con­
nected through individual water traps to a common 
c~llector for natural venting of the gas through 
pIpes to the atmosphere, the total gas and water 
flow;. and the in situ pressure dropped, respectively, 
to 911,000 efd, 1.3 gpm, and 18 psi. Eighty days 
later the corresponding values dropped to 529,000 
,cfd, 0.50 gpm, and 13 psi. After 180 days of degasi­
fication, 91 million cubic feet of gas had been re­
mOYed from the affected virgin area. This represents 
GO to 70 percent of the gas calculated to be contained 
in the area of coal affected by the holes. 

RI 7801. Reactions of Copper Sulfide Minerals wiih Chlorine 
in an Aqueous System, by Rees D. Groves and 

Paulette B. Smith. 1973. 10 pp. 1 fig. The 
Bureau of Mines conducted research on reactions 
of copper sulfide minerals with chlorine in an aque­
ous system. Selected samples of covellite, chalcopy-. 
rite, 'chalcocite, bornite, and pyrite were leached 
with aqueous chlorine soLutions. The mineral samples 
were sized to minus 100- plus 325-mesh, individually 
mixed with precleaned sand and leached in an en­
closed percolation column. Each mineral was leached 
in stages to achieve about 90 percent mineral dis­
solution. The chlorine leaching solutions were pro­
duced by reacting sodium hypochlorite with hydro­
chloric acid within the closed system. The study 
showed that when the mineral dissolution was com­
plete, the reaction products (copper, iron, and sul­
fur) were in their highest oxidation states and a 
stoichiometric amount of chlorine \vas consum 2d. 
Although elemental sulfur formed as an intermedi­
ate product, it was oxidized to sulfate during the 
leach. 

RI 7802. Extraction of Molybdenum and Rhenium From 
Concentrates by Electrooxidation, by R. E. Lind­

strom and B. J. Scheiner. 1973. 12 pp. 5 figs. 
Electrooxidation techniques were investigated on a 
,bench scale by the Bureau of Mines to determine 
the applicability of the process for extracting molyb­
denum and rhenium from low-grade molybdenite 
concentrates. Parameters affecting the extraction, 
such as pulp densit~·, power consumption, reagent 
requirements for pH control, and electrolytic cell 
configuration, were studied. Molybdenum and 
rhenium extractions of 98 to 99 percent were 

achieved from several concentrates containing 4.76 
to 28.6 percent molybdenum and 180 ppm to 1,000 
ppm rhenium. Optimum results were obtained by 
maintaining pH values between 5.5 and 7.0 during 
electrolysis and allowing the final pH to rise to 
about 8.2. Reagent consumption was 4 to 6 pounds 
of sodium carbonate per pound of molybdenum ex­
tracted. The power consumption declined from a 
range of 12 to 25 kilowatt-hours per pound of molyb­
denum extracted with immersion electrodes to 9.7 
kilowatt-hours with a bipolar flow-through cell; how­
ever, molybdenum extraction was independent of cell 
configuration. 

RI 7803. Smog Chamber Reactivities of Emissions From 
Leaded and Lead-Free Fuels, by G. P. Sturm, 

Jr., and Basil Dimitriades. 1973. 14 pp. 2 figs. 
This work was undertaken by the Bureau of Mines 
in cooperation with the Environmental Protection 
Agency to determine photochemical specific reactivi­
ties of emissions from automobiles using leaded­
premium- and regular-grade fuels and prototype 
lead-free fuels of comparable octane quality. Emis­
sions were photoirradiated in a 100-ft' environ­
mental (smog) chamber constructed of aluminum 
and Pyrex glass at three sets of initial hydrocarbon 
(HC) and oxides of nitrogen (NO,) concentrations. 
Reactivity was measured and expressed in terms 
of rate-of-N02 formation (RN02) and dosages of 
oxidant, peroxyacetyl nitrate (PAN), peroxypro­
pionyl nitrate (PPN), and formaldehyde (HCHO). 
The results indicate that the evaporative emission 
samples and the evaporative plus exhaust emissions 
samples from the lead-free fuels have, in general, 
higher reactivities per gram than those from the 
leaded fuels. For the samples containing only ex­
haust emissions, the only trend observed was the 
lower specific reactivity exhibited by the leaded 
premium fuel exhaust. These differences in specific 
reactivity are taken to reflect the differences in 
hydrocarbon composition of the fuels and their 
evaporative and exhaust emissions rather than any 
difference in lead content per se. Work done under 
an agreement with the Environmental Protection 
Agency. 

RI 7804. Subsurface Disposal of Pickle Liquor, by Abdo F. 
Bayazeed, and ErIe C. Donaldson. 1973. 

31 pp. 23 figs. A survey of the underground in­
jection of steel processing waste pickle liquor 
(WPL) wa>; made by Bureau of Mines engineers. 
Hydrochloric and sulfuric acids W~L are being ,in­
jected into deep wells completed 111 the Cambnan 
age Mt. Simon Sandstone Formation in Illinois and 
Indiana. The Mt. Simon Formation ranges up to 
1,800 feet in thickness. The average depth of WPL 
injection wells is 4,000 feet, and injection is mostly 
by gravity flow at rates as hig~ as 4,000 bar:t:els 
per day. The details of the deSIgn and operatmg 
history of a WPL well located near Gary, Ind., are 
discussed. Laboratory tests showed that the Mt. 
Simon Sandstone is sensitive to fresh water. The 
adsorption of iron and neutralization of acids by 
sandstone cores from deep wells and an outcrop 
were determined. 

RI 7805. Bleeder System in Virgin Area in a Pittsburgh 
Coalbed Mine, by Stephen Krickovic, T. D. 

Moore, Jr., and J. E. Carpetta. 1973. 8 pp. 2 fi!Ss. 
Air quantity-pressure and methane concen!ratl~n 
surveys were conducted by the Bureau of M1I1es 111 
accessible portions of an area being pillared in a 
Pittsburgh coalbed mine in West Virginia. These 
included two mined-out and three active butt head­
ings and a bleeder system. The particular mine 
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workings were started in virgin coal directly from 
a set of main headings; the main reason for the 
study was the difficulty usually encountered in ade­
quately bleeding the gobs under such conditions. 
Although the two separate return airways in each 
active butt;; heading and the North and 1 Left 
bleeders contained acceptable methane concentrations 
(0.01 to 0.78 percent in the butts and 0.73 to 1.0 
percent in the bleeders) with significant total meth­
ane removal (109 cfm in butts and 631 cfm in 
bleeders), there were relatively large areas in the 
gobs with possible minimal airflows. This condition 
appears to have developed from lack of systematic 
regulation of the airflow across the gobs and ap­
pears to indicate the existence of considerably more 
methane in the probably low flow areas in the gob. 

RI 7806. Natural Gas as an Automotive Fuel, an Experi-
mental Study, by R. D. Fleming and J. R. 

Allsup. 1973. 26 pp. 5 figs. A study was con­
ducted by the Bureau of Mines to evaluate natural 
gas as an automotive fuel and to provide guidelines 
for optimum engine adjustments for low exhaust 
emissions. The study was conducted using a single­
cylinder engine, a multi cylinder engine, and a total 
of eight vehicles. Results from single-cylinder engine 
tests showed that the light-load, lean-limit misfire 
region for natural gas begins at an air-fuel ratio 
between 150 and 160 pct of stoichiometric. Changes 
in ignition timing significantly influenced emissions 
of nitrogen oxides and hydrocarbons, but had little 
effect on carbon monoxide emission.' Low emissions 
can be achieved with current-design engines by ad-' 
justment of engine parameters, but only with heavy 
penalty to engine performance. Emissions from 
vehicles fueled with natural gas are virtually un­
affected by ambient temperature change within the 
range 20° to 100° F. The organic emissions from 
engines fueled with natural gas were estimated to 
be 22 to 25 pct as reactive as the emissions produced 
using gasoline. Levels of exhaust emissions from 
vehicles fueled with natural gas were unchanged over 
10,000 miles of normal driving. 

RI 7807. Continuous Monitoring of Coal by a Neutron 
Moisture Meter, by A. W. Hall, J. L. Kon­

chesky, and R. F. Stewart. 1973. 18 pp. 10 figs. 
A nuclear method was developed for continuously 
and automatically determining the moisture content 
of coal flowing through a bin. Fast neutrons from 
"a 1 curie americium-beryllium source penetrate the 
coal, are thermalized (slowed down) by hydrogen in 
the moisture, and are counted by a thermal neutron 
detector. The difference between the number of these 
therm-ai" neutrons and those thermalized oy dry coal 
(in a reference drum) is a measure of the moisture 
content of the coal. A materials handlings system 
was developed and in tests at a commercial coal 
preparation plant, moisture in coal was monitored 
continuously within 0.2 percent of values determined 
by conventional means. The meter responded rapidly 
to change in moisture content, making it adaptable 
to automatic process control, and was operated for 
1 year without malfunction or recalibration. Shield­
ing of the source by the coal kept the neutron flux 
level at the bin wall less than 1 milliroentgen per 
hour, a safe level for personnel. Work done in co­
operation with the U.S. Steel Corporation. 

RI 7808. Secondary Pig Iron From Shredded Auto Scrap, by 
Jack E. Tress and Willard L. Hunter. 

1973. 9 pp. 1 fig. The Bureau of Mines has been 
involved for several years in the development of 
processes for the recycling of solid wastes. As part 
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of this program, a project was initiated ~o ~Ietermine 
the feasibility of producing secondary plg Iron from 
auto scrap. During the test period, 86,000 pounds of 
shredded auto scrap, along with petroleum coke and 
fluxing agents, was charged to ~ sub~nerged~arc 
furnace of 1 ton nominal capaCIty. ElghtY->lght 
thousand pounds of pig iron, with an average carbon 
content of 3.90 percent and an average copper con­
tent of 0.2 percent, was produced at an electric~l 
consumption of 512 kW-hr per net ton. A cost estI­
mate of the process showed that the pig iron might 
be produced at a cost of $57 per ton. 

RI 7809. Separation of Copper From Scrap by Preferential 
Melting. Laboratory and Economic Evaluation, by 

Vance G. Leak, M. M. Fine, and Henry Dolezal. 
1973. 48 pp. 10 figs. A technique for recovering 
copper and steel from metallic scrap has been dev:l­
oped by the Bureau of Mines based. on prefe~er:tlal 
melting in molten salt baths at 1,~bOQ to 1,2.;)0· C. 
The molten salt, preferably barium chlOride or 
calcium chloride, both minimizes oxidation of the 
metals and promotes heat transfer .. C.1ean~st ~epa~ 
rations (0.01 percent copper remalnll1g. m. Iron) 
have been achieved by pretreatment (dlppll1g or 
spraying) with sodium sulfate or sodium ~ilicate, 
which alters and coat5 the surface of the Iron tv 
inhibit the alloying or brazing with copper. ~t\n 
economic evaluation of the process was carned 
out on six combinations of sweating media and 
inhibiting reagents. On the basis of the postu­
lated model a cost of about $0.20 per pound of 
copper reco\:ered has been determined for the sweat­
ing treatment operation. 

RI 7810. Response Variations of a Microphone Worn on 
the Human Body, by Terry L. :\Iuldoon. 1973. 

42 pp. 26 figs. The Bureau of :'.Tines conducted an 
investigation to quantify microphone response "ana­
tions that could result when the microphone is ,,'orr, 
by a worker, as with a personal noise dos.imete~·, and 
to suggest an optimum placement and onentatlOn of 
the microphone for noise exposure measu rements. 
Preyious studies have shown no significant "aria­
tions in a diffuse field. This investigation, therefore, 
was conducte(\ in the free-field conditions of an 
anechoic chamber using an anthropometric dummy 
as a subject, and broad band noise as the acoustic 
stimulus. This investigation established that, in a 
free field the wearer's body does significantly affect 
micropho~e response; the response yariations are a 
function of azimuth, and location and orientation of 
the microphone. Results suggest that locating the 
microphone on top of the subject's shoulder, oriented 
pamllel to the body axis. should yield data compar­
able to that obtained using a sound-level meter. 

RI 7811. Accuracy and Precision of Several Portable Gas 
Detectors, by H. B. Carroll, Jr., and F. E. 

Armstrong. 1973. 42 pp. 34 figs. This Bureau 
of Mines report evaluates the performance of com­
mercially available portable instrumentation for the 
detection of carbon monoxide, carbon dioxide, oxygen, 
and methane at conditions simulating an industrial 
work atmosphere. Portable instrumentation included 
in the study was gas-detection tubes (length-of-stain 
and color intensity), catalytic detector liquid absorp­
tion detectors, paramagnetic oxygen' detector, gal­
vanic detector, and "pelement" or hot-wire methane 
detectors. Evaluation of the instruments was in at­
mospheres with 50 and 80 percent relative humidities 
at 75° F and containing test gas concentrations of 
0.1, 0.25, 0.50, 1.0, 1.5, and 2.0 times the threshold 
limit value. Correlation of the results from the port­
able gas analyzer with measyrement from the stand-
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.aTd instrun:ents w~s made by calculating and plot­
tll1g an estJ~~te'd lll1e of regression, prediction, and 
confidence lImIts and the correlation coefficient for 
each detector syste~. Relative humidity in the 50- to 
SO-percent range dId not appear to contribute to in­
strum\ntal unc~rtainties in either performance or 
operatIOn. ConsIderable deviation in detection preci­
SIOn between the portable gas-detection systems and 
the standard systems wa.s established, especialIy at 
the lower gas concentratIOn levels. The main differ­
ence or inconsistency in toxic gas concentrations de­
termined with length-of-stain tubes resulted from the 
observer's interpretation of the results rather than 
difference in the tubes themselves. 

RI 7812. Iron Oxide Superconcentrates by Caustic Leaching, 
by R. E. Gneen and A. F. Colombo. 1973. 

11 pp. 10 figs. The removal of silica from com­
mercial iron oxide concentrates by dissolution with 
sodium hydroxide was investigated by the Bureau of 
Mines as a means for producing supergrade concen­
trates. The effects of strength of solution, tempera­
hue, and digestion time on the extraction of silica 
were evaluated using eight iroll oxide concentrates. 
Silica extraction from the eight concentrates was 
enhanced by autoclave leaching in the temperature 
range of 150° to 250 0 C and varied from 70 to 95 pct 
depending on the concentrate used. Superconcen­
tI·ates containing less than 2 pct Si02 and more 
than 69 pct Fe were made only when magnetite con­
centrates were leached in the autoclave. The investi­
gation showed that it is not difficult to obtain a 
super-grade product if the gangue is mainly quartz. 

RI 7813. Analysis of Factors Influencing Fracturi! Initiation 
and Orientation in Oil Reservoir Sandstone by 

C. A. Komar and K.-H. Frohne. 1973. 22 pp.' 11 
figs. Laboratory-scale hydraulic fracture tests were 
cO!1ducted by the Bureau of Mines on directionalIy 
onented sandstone material along with measure­
ments of directiomd rock pr~perties such as tensile 
stre~gth, p'crmeability, ultrasonic velocity, and dy­
llamiC elastiC constant~. In these tests fracture orien­
tation was determined as a function 'of various com­
binations of stress, rock saturation, rate of borehole 
pressurization, and direction of minimum tensile 
strength relative to minimum horizontal compressive· 
stress. The objective of the experiment was to in­
vestigate whether horizontal stresses always con­
trolled the orientation of induced vertical hydraulic 
fractures, or if under conditions of small differences 
in stress and/or slow borehole pressurization rates 
the induced fracture direction was influenced b~ 
directional properties of the rock matrix. The 
study shows that the expected influence of horizontal 
e.arth stress on the orientation of an induced hydrau­
lIc fracture becomes negligible whenever the magni­
tude of the difference between the compressive 
stresses is 200 psi 01: less. When this occurs frac­
ture. orientation is controlled by the direction~l pro­
pertH'S of the rock-primarily permeability and ten­
sile strength. 

RI 7814. Shear Testing of Simulated Lunar Soil in Ultrahigh 
Vacuum, by B. V. Johnson, 'v. 'v. Roepke, 

and K. C. Strebig. 1973. 18 pp. 11 figs. The 
Federal Bureau of :\lines has conducted research in 
support of the National Aeronautics and Space Ad­
ministration's (NASA) ApolIo program to acquire 
fundamental scientific and engineering knowledge of 
lunar-mineral resources for NASA's OffiCI< of ,Ad­
vanced Research and Technology. Equipment and 
techniques were de,'eloped to conduct soil shear tests 
in a simulated lunar em'ironment. Shear tests per­
formed with this equipment in ultrahigh vacuum and 

controlled laboratory ·atmosphere showed that simu­
lated lunar soil increased in strength in the simulated 
lunar environment. Work done under a contract with 
National Aeronautics and Space Administration. 

RI 7815. Suppression of Coal-Dust Explosions by Passive 
Water Barriers in a Single-Entry Mine, by 1. Lieb­

man and J. K. Richmond. 1974. 34 pp. 17 figs. A 
Bureau of Mines study is in progress to determiJlf' 
the effectiveness of passive water barriers in sup­
pressing coal-dust explosions. A 2.9-ft"-capacity 
water-filled plastic tub was found effective in sup­
pressing dust explosions propagating at speeds of 
250 to over 1,000 it/sec. Work directed at determin­
ing the limitations of water barriers showed that 
the passive water barrier technique is also feasible 
for the suppression of weak dust explosions propa­
gating at speeds of 100 to 250 ft/sec. For relatively 
slow accelerating flames, dynamic wind forcesap­
pear to be the important quantity governing frag­
mentation of the plastic tub and subsequent water 
release and dispersion, whereas dynamic impulse ap­
pears to be the significant quantity for rapidly ac­
celerating flames. The acoustic approximation (rela­
tion between static pressure and flame or wind 
speed) is shown to be valid in a long single mine 
entry. This relationship appears to be useful in pre­
dicting the regions within a long single entry where 
passive water barriers are effective in quenching a 
dust explosion. 

RI 7816. Electrophoresis and Coagulation Studies of Some 
Florida Phosphate Slimes, by Oleg Terichow, 

and Alexander May. 1973. 8 pp. 2 figs. Elec­
trophoretic mobility measurements were made on 
samples of Florida phosphate slimes to determine 
the optimum conditions of coagulation and precipi­
tation in aluminum sulfate solutions. The addition 
of silica sand and other selected materials as mu­
tual coagulants has demonstrated the practicability 
of coagulating two dissimilar particle ·systems by 
elimination of the repulsive double layers. By proper 
selection of the solution and its concentration, the 
reduction of the double layer to a zero point of 
charge causes coagulation and rapid precipitation of 
both particle systems. Confirmation was found in 
filtration tests and sedimentation tests. Work done 
in cooperation with the University of Alabama. 

RI 7817. Use of Char To Improve Physical Quality of Coke 
From Sunnyside (Utah) Coal, by Charles C. 

Boley, M. M. Fegley, and R, B. Porter. 1973. 30 
pp. 8 figs. Using bench- and pilot-scale coking fa­
cilities, the Bureau of Mines produced experimental 
coke from blends of char with Sunnyside coal (high­
volatile A bituminous) from Carbon County, Utah. 
At bench scale, additions of char made from lignite, 
improved resultant cokes when concentrations of up 
to 60 percent were used in the blends. At pilot scale 
(500-pound movable-wall oven), four chars made by 
entrained-bed carbonization techniques from the par­
ent Sunnyside coal and from a North Dakota lignite 
were used in two-component blends with the Sunny­
side coal. Chars from Sunnyside coal had vola­
tile matter contents of 5.8, 9.8, and 16.0 percent, 
moisture-free basis; the char from the lignite had 
16.6 percent. In 25 500-pound tests, improvement in' 
coke quality was observed from all blends at char. 
concentrations to 17.5 percent. The best coke, pro­
duced from a concentration of 12.5 to 15 percent of 
5.8-percent volatile char, exhibited physical proper­
ties approaching those of an industrial coke produced. 

103 



REPORTS OF INVESTIGATIONS 

·from S·unnyside coal blended with three higher rank 
blending coals. Studies were also made of the effects 
on coke quality of char source, of particle size, of 
comparative use of char and of a blending coal, and 
of prolonged coal storage. 

RI 7818. Evaluation of Instrumentation for Measuring Be-
havior of Aerosols in Smog-Chamber Studies, by 

H. B. Carroll, Jr., and R. M. Ray. 1973. 23 pp. 8 figs. 
The Bureau of Mines investigated the adaptability. 
of the Meteorology Research Inc. (MRI) nephelom­
'eter and the Sinclair-Phoenix smoke meter for use 
in routine,. analytical, smog-chamber experiments 
The samplmg systems of both instruments were 
modified-smaller size sampJe input systems were 
studied using the nephelometer and a secondary 
sample system was added to the smoke meter to 
allow measurement of Aitken or condensate nuclei. 
Both instruments were easily adapted for use with 
s~all smog ch~'!l?ers and both displayed good preci­
sIOn and sensltn'lty to aerosols. A correlation was 
shown to exist between the responses of both instru-' 
ments to aeros?!. T~is correlation makes it possible 
to report the Smclalr-Phoenix measurements in visi­
bility and/or mass units if desired. Work done under 
an agreement with the Office of Air Programs of the 
Enviromnental Protection Agency. 

RI 7819. Collection of Airborne Coal Dust by Steam, by L. 
Cheng, J. E. Emmerling, and T. F. Tomb. 

1974. 13 pp. 9 figs. This report describes a lab­
oratory investigation of the effectiveness of low­
pressure steam and a steam-water spray sequence 
for the collection of airborne respirable «10 .um ) 
coal dust. Comparison of present results to previous 
results obtained with water spray alone indicates 
that the use of steam in a steam-spray sequence in­
creases the collection efficiency by about 14 percent 
over that obtained by water spray alone. However, 
the use of steam to collect airborne dust requires 
cooling the steam-dust mixture in order to achieve 
condensation of the steam, and steam does not ap­
pear to be an attractive approach for collecting air­
borne dust in underground coal mining operations. 

RI 7820. Campasitianal Variations of Organic Material From 
Green River Oil Shale. Wyoming No. 1 Core bv 

W. E. ~obinson and G. L. Cook. 1973. ·32 pp.' 12 
figs. OIJ-shale s.amples selected from a core of the 
G:t:een .Rlver Bas~n (Wyoming) were studied to ascer­
tam differences III the composition and/or chemical 
s~ructure of ~~e org-anic material in the samples rela­
tive to stratigraphic position within the Green River 
Formation. T~is involyed a systematic study of the 
soluble ~rgamc material and the insoluble kerogen 
prese~t l,n tl).e samples. Emphasis was placed upon 
th~ cilstnbutlOn of the alkanes (normal and isopre­

'nold cO~'pounds) in the soluble extract and upon the 
aromatIClty of the kerogen. In general it was con­
cluded that significant differences exist in the chemi­
cal .structure of .th~ oil-shale orga.nic material from 
varlOU~ strata wlthm the Green River Formation of 
Wyommg. Most of the compositional and structural 
changes were not related to burial depth but were 
r~lated to source material variations, environmental 
d.lffere~ces, or ot?er ~actors. Work done in coopera­
hon With the Umverslty of Wyoming. 

RI 7821 . Compound-Type Separation and Characterization 
Studies for a 370 0 to 535 0 C Distillate of Swan 

Hills (South Field), Alberta, Canada, Crude Oil, by J. E. 
Dooley, D. E. Hirsch, H. J. Coleman, and C. J. 
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Thompson. 1973. 3U PP. 10 figs. An analytical 
procedure developed by the Bureau of ~Iines wa!1 ap· 
plied to the separation and characterization of a 
370 0 to 535 0 C distillate from Swan Hills (south 
field), Alberta, Canada, crude oil. Inwstigators deter­
mined the general characteristics of the crude oil by 
the Bureau's routine method for crude oil analysis. 
Suitable fractions were prepared for instrumental 
analyses by utilizing such techniques as i~othermal 
and molecular distillations, chemical treatment, silica­
alumina gel chromatography, and gel permeation 
chromatography (GPC). A detailed characterization 
of the 370 0 to 535 0 C distillate was possible by the 
application of GPC-mass spectrometry. correlations 
and nuclear magnetic resonance spectrolYletr~-. Semi­
quantitative data based on mass Z series distribu­
tions were determined and are shown. The data will 
be valuable in developing future processing tech­
niques and in calculating yields for converting high­
boiling distillates into more useful, energy forms. 

RI 7822. Flotation of Pyrite From Coal: Pilot Plant Study, 
by Kenneth J. Miller. 1973. 15 pp. 3 figs. 

Pittsburgh bed and Lower Freeport bed coals were 
tested in the U.S. Bureau of Mines two-stage froth 
·flot.ation pilot plant, which utilizes a new flotation 
process to remove pyritic sulfur. The process con­
sists of a first-stage coal flotation step to remove 
coarse, free pyrite and other refuse in the tailings. 
The clean coal froth concentrate is then repulped 
and treated with a coal depressant, a pyrite collector, 
and a frother to selectively float the remaining 
pyrite in a second stage. Results in the pilot were 
excellent, comparing well with those obtained in 
laboratory batch tests. That is, about 70 percent of 
the pyrite present in the Pittsburgh bed coal and 
about 90 percent of the pyrite present in the Lower 
Freeport bed coal were removed with excellent final 
clean coal recoveries. 

RI 7823. Initial-Stage Sulfuric Acid Leaching Kinetics of 
Chalcopyrite Using Radiochemical Techniques, by 

J. P. Baur, H. L. Gibbs, and M. E. Wadsworth. 1974. 
38 pp. 23 figs. The sensitivity of radiochemical 
techniques makes possible the study of the initial­
stage sulfuric acid leaching kinetics of chalcopyrite 
and other copper sulfide minerals. This Bureau of 
Mines study of the initial leaching of chalcopyrite 
used techniques to evaluate the molecular and elec­
trochemical processes. High-grade Transvaal chal­
copyrite was neutron-irradiated to produce. radioi.so­
topes copper-64, iron-59, and sulfur-35. DissolutlOn 
rates were measured in the time interval zero to 60 
minutes during which time significant anomalies 
were observed. First was an initial period of rapid 
dissolution lasting a few minutes; second, an arrest 
or "plateau" region usually l!lsting f:t:om 6. to 10 
minutes' third, a second perIOd of dIssolutIOn of 
lesser r~te than the first. The effects of solution 
variables such as pH, oxygen partial pressure, and 
ferric iron concentration at different temperatures 
were measured. 

RI 7824. Detection and Delineation of Faults by Surface Re-
sistivity Measurements. Gas Hills Region, Fremont 

and Natrona Counties, Wyo., by Robert Lee Stahl. 1973. 
28 pp. 13 figs. Comprehensiye fi,eld tests were made 
in the Gas Hills, Wyo., to determme whether surface 
geophysical techniques could be used to detect and 
delineate faults in marginal uranium deposits. The 
tests were made on property owned by Federal 
Amerfcan Partners, Gas Hills, Wyo., and included 
seisn.ic refraction, self-potential, induced polariza­
tion, magnetometer, electrical resistivity, airborne in­
frared thermal scanning, and airborne photography. 



REPORTS OF INVESTIGATIONS 

Of the several geophysical techniques tested in the 
field, horizontal resistivity p'rofiling with electrode 
spac.ings in the range of 25 to 50 feet was most diag­
nostic of faults. The method is quick, cheap, accu­
rate, and one that can be easily used by personnel 
employed by mining companies to detect and delin­
eate faults. 

RI 7825. Stability Constants of Metal Coordination Com-
pounds. Complexes of Diethylenetriamine, 2-Ami­

noethyl Sulfide, Triethylenetetramine, and 1,8-Diamino-3,6-
dithiaociane, by Alexander May and David J. Mac­
Donald. 1974. 12 pp. 2 figs. In this Bureau of 
Mines publication stability constants for complexes 
of diethylenetriamine, 2-aminoethyl sulfide, triethy­
lenetetramine, and 1,8-diamino-3,6-dithiaoctane with 
copper, nickel, zinc, and cadmium were determined. 
The amine complexes were found to be much more 
stable than the analogous thio complexes. The re­
sults are interpreted in terms of possible molecular 
structure of the complexes. 

RI 7826. Flotation of Marquette Range Nonmagnetic Taco-
nite Using Innovative Procedures, by D. W. 

Frommer, P. A. Wasson, and D. L. Veith. 1~73. 
30 pp. 8 figs. Proc~ssing ~f ~onmagneti~ t~comtes 
by selectin; floccul.atlon-de.s~lmmg and a;l1lomc. flota­
tion of calCIUm-activated sIlIca has been mvestlgated 
using innovative procedures as a means of. improving 
operating co?ts'.Areas chosen f?r cost-cuttIng evalua­
tion \vere grmdmg, fine screemng, and water conser­
vation and reclamation. The investigation was per­
formed on Marquette Range nonmagnetic taconites 
in the Bureau of Mines Twin Cities Metallurgy Re­
search Center flotation pilot plant, at fe~d rates 
.ranging between 900 and 1,100 lb(hr. With fully 
integrated \vater reclamation, flotatIOn conc.entrates 
'containing 65.8 percent J;"e and ~.4 pex:cent SI02 were 
made in the best operatmg penod, with accompany­
ing weight and iron recoveries of '40 and '74 percent, 
respectively. During this same period, the estimated 
cost of both flotation and water reclamation reagents 
was only $0.80 per ton of concentrate (1968 pricing 
basis). This cost is about 15 percent lower than ob­
tained previously at this Center for flotation reagents 
only. The investigation demonstrated additional po­
tential savings in operating costs of approximately 
$0.96 per ton of concentrate through autogenous 
grinding as a substitute for ballmilling. Fine screen­
ing of intermediate concentrates was employed ad­
vantageously, but the frequency of blinding may be 
:a factor militating against use of the screen in this 
flotation system. Work done in cooperation with the 
Cleveland-Cliffs Iron Co. 

RI 7827. Distribution of Sulfur and Ash in a Part of the 
Pittsburgh Seam and Probable Mode of Ceposition, 

by Manuel Gomez, Donald J. Donaven, and Bion H. 
Kent. 1974. 44 pp. 28 figs. Areal distributions 
for ash, total sulfur, and sulfur forms were devel­
oped for the top 12 inches, the middle section, the 
bottom 8 inches, and the total seam of Pittsburgh 
coal in southwestern Pennsylvania. The sulfur and 
ash exhibit an apparent high local variability. As a 
general rule, both the sulfur and ash show high con­
centrations in the top 12 inches and in the bottom 
8 inches of the seam relative to the concentrations 
observed in the middle section of the seam. The high­
low sulfur and ash concentrations in the top 12 
inches of the seam are not coincident with the high­
low sulfur and ash concentrations in either the mid­
dle section or the bottom 8 inches of the seam. With 
respect to sulfur and ash, it is suggested that the 

top and bottom sections of the Pittsburgh coal may 
reflect both a syngenetic and epigenetic origin. Pres­
ent data support the belief that paleotopography 
controlled Pittsburgh seam deposition. Evidence is 
presented to show that channels were cut at various 
times into the semilithified sediments that buried 
the Pittsburgh seam. In this channeling process, por­
tions of the Pittsburgh coal may have been eroded 
away. Following channel development, the lower part 
of the Pittsburgh sandstone filled the complex system 
of braided channels to produce the "want areas" en­
countered in present mining operations. In localized 
areas of the Pittsburgh seam, impingement of Pitts­
burgh sandstone may be responsible for the lateral 
displacement of the coal. Information of this type 
becomes important in the assessment of exploration 
data, in the development of a quality control system 
for mine output, and in mine life planning. Work 
done in cooperation with the U.S. Steel Corp. 

RI 7828. Design of an Underground Mine Layout, by Wil-
liam R. Sharp. 1974. 45 pp. 7 figs.' 

This Bureau of Mines report details a technique for 
aiding the engineer with the long-range design of 
an underground mine. The method is based upon 
the assumption that sufficient data are available to 
assign numeric values to some finite number of min­
eralized blocks; assignment of numerical values is 
problem dependent. By assigning appropriate weight­
ing schemes, the algorithm developed in this report 
may be used to solve the optimal end-of-life under­
ground mine layout, design least-cost electrical 
layout networks and efficient material handling net­
works, find least risk escape routes in the event of 
an actident, etc. The method is based upon the as­
sumption that sufficient cost and geologic data is 
available to build a detailed mineral block inventory 
of the mineral deposit. It is further assumed that 
the cost assigned to any minable unit is independent 
of the neighboring blocks. The basic approach relies 
upon concepts and ideas from the theory of net­
works. To make the approach user oriented, a com­
puter program is included and discussed. The 
computer code is written for an orthogonal, three­
dimensional set of blocks. Computational costs and 
experience indicate that the program could be of 
great benefit in evaluating large complex mineral 
properties from the viewpoint of pre designing an 
underground mine layout. 

RI 7829. Utilization of Phosphorus Furnace Slag in Ceramic 
Wall and Floor Tile, by E. G. Valdez, K. C. 

Dean, and L. L. Warner. 1974. 12 pp. 3 figs. 
Laboratory research demonstrated that ceramic wall 
and floor tile can be produced from electric furnace 
ph?sp~orus slags composed of calcium silicates. 
Grl?dmg the slag in a p~bble mill, followed by mag­
netic removal of deleterIOUs magnetite produced a 
raw mater.ial that could be compounded and formed 
mto wall tile by dry pressing, sintering, and glazing. 
The effects of 'proc~ss variables such as forming 
pressure and smtermg temperature were investi­
gated. Wall tile bodies produced by this method were 
comparable to commercial tile. The tiles were readily 
glazed to a smooth shiny finish and met ASTM 
~pecificati0l!s C34-62 for structural clay load-bearing 
tile. The estimated cost of producing wall tile by this 
method compared favorably with the retail market 
value for similar wall tile. Addition of borax or 
other. additives to th~ gr<;lUnd slag followed by dry 
pressmg and firmg lIkeWise produced a commercial 
grade of floor tile. 

105 



REPORTS OF INVESTIGATIONS 

RI 7830. Preparation Characteristics and Desulfurization 
Potential of Iowa Coals, by J. A. Cavallaro 
and O. J. Van Eck. 1973. 32 pp. 3 figs. 

'This Bureau of Mines report describes the prepara­
tion characteristics of 10 coal samples collected from' 
the significant coal-producing mines of Lucas Maha~, 
ska, Marion, Monroe, and Wapello Counties i~ Iowa; 
with emphasis on physical desulfurization. All 10 
sam~les were of high sulfur content as received; 
rangmg from 4.2 to lOA percent; the organic sulfur 
content ranged from 0.8 to 3.8 percent. The pyritic 
sulfur content of the samples could be appreciably 
reduced by crushing and washing and provided 
pyrite sulfur reductions ranging from 36 to 75 per­
cent. Crushing to 3/8-inch top size and removing the 
sink 1.60 specific gravity material would provide 
float coal products containing 3.5 to 6.0 percent 
sulfur. However, these coals could be burned at 
utility plants utilizing S02 removal processes with 
efficiencies ranging from 70 to 88 percent and still be 
in compliance with the current Federal S02 emission 
regulation for stationary sources. 

RI 7831. Statistical Comparison of the Pulse and Resonance 
Methods for Determining Elastic Moduli, by Rich­

ard E: Thill and Syd S. Pengo 1974. 24 pp. 9 figs. 
ElastIc wave velocities and moduli were determined 
by both the pulse and resonance methods in a large 
n:umber of specimens of St. Cloud Gray Granodio­
rIte and Tennessee marble under the same moisture 
temperature, and stress environment. Long cylinder~ 
were first tested by the resonance method to obtain 
longitudinal bar and torsional wave velocity. The 
cylinders were then sectioned in half and tested by 
the pulse method to obtain the transient pulse ve­
locity. These velocities were later used to obtain 
various moduli for comparison. Statistical compari­
sons between the Young's, shear, and bulk moduli 
and Poisson's ratios obtained independently ,by the 
pulse and resonance methods indicate that the meth­
ods do not give equivalent results in nearly isotropic 
rock. The amount of difference varies for each modu­
lus, .wit~ the least difference (less than 5 pct) oc­
currmg m the shear modulus and the greatest dif­
ference (as high as 34 pct) in the bulk modulus. 
Moduli determinations in aluminum show much 
closer agreement between the pulse and resonance 
methods than in rock. The discrepancy in pulse and 
resonance results probably is caused by frequency 
dispersion effects and by differences in error sensi­
tivity in the various formulas used to calculate the 
moduli. 

RI 7832. Undulatory Conveyor Tests and Evaluation, by W. 
K. Kleysteuber and A. J. Miscoe. 1974. 

16 I?P. 11 figs. This report covers the design and 
testmg of a novel bulk materials conveying device 
by the .Bu~eau of Mines. The. transport concept of 
the deVIce IS to create a travelmg wave with a steep 
-front so that the bulk material slides and cascades 
down the front of the waVe with some horizontal 
motion. Ideally, the front should act like a continu­
ous chute. The concept of moving bulk materials 
alon~ a belt without any forward movement of the 
belt Itself was demonstrated. The conclusions reached 
were that the mechanism as designed could not over­
come the inherent major disadvantages that would 
make the undulatory conveyor suitable for practical 
applications. 

RI 7833. The Rapid Growth of Metallic Fibers by Partition-
ing Sulfur in a Copper-Iran-Sulfide Mineral, by 

H. W. Leave'nworth, Jr., B. W. Dunning, Jr., R. C. 
Gabler, Jr., and C. E. Goldsmith. 1974. 16 pp. 
8 figs. Research was conducted by the Bureau of 

lU6 

Mines to develop a technique to grow metallic fibers 
from a sulfide mineral. In this research, chalcopyrite 
(CuFeS z) was made sulfur deficient, and the re­
maining sulfur partitioned to the iron in the mineral 
to liberate metallic copper, or to the copper to lib­
erate metallic iron. The metals formed on the sur­
face as fibers and in the interior as spherical 
particles. Fiber growth is very fast. Lengths of 3 
to 4 cm form in a matter of minutes, and the diam­
eter of individual fibers is less than 1 ,um. The 
mechanism of fiber growth is· explained, and the 
reactions are reversible as predicted. Copper fibers 
can be made to grow from the surface at 400 0 C or 
to dissolve back onto the solid surface and be re­
placed by iron fibers at 625 0 C. Growth and dissolu­
tion can also be controlled to form copper/iron 
duplex fibers. 

RI 7834. Low-Temperature Heat Capacity and High-Temp-
erature Enthalpy of TiAI:J, by J. M. Stuve and 

M. J. Ferrante. 1974. 9 pp. 2 figs. Thermodv­
na.mic propertie.s were determined by the Bureau of 
Mme~ for the mterz:netallic compound, TiAL. Heat 
cap~cItres 'Yere obtamed f1'<;)ln 5 to 303 K by adia­
batIC calorrmetry. The derrved val ue of S~!" 15 is 
22.08±0.07 calldeg-mole. Enthalpies relative to 298 
K were ob~ained from 298 to 1,413 K by copper-block 
drop calorrmetry. No anomalous thermal behavior 
was noted ~n the temperature ranges investigated. 
Low- and hIgh-temperature data were combined with 
a kno\vn enthalpy of formation at 298 K to give 
values of enthalpy of formation and Gibbs energy 
formation, 0 to 1,400 K. . 

RI 7835. Some Effects of Pressure on the Hydrocracking of 
Crude Shale Oil Over Cobalt Molybdate Catalyst, 

by C. M. Frost and P. L. Cottingham. 1973. 11 
pp. .9 figs. ~rude shale oil produced by gas com­
bustIOn retortmg of Green River oil shale was hydro­
~racked over a cobalt molybdate catalyst at operat­
mg pr~ssures of 500, 1,000, 1,500, and 3,000 psig, an 
operatmg t~mperature of 890 0 F, and a liquid hourly 
sp.ace velOCIty of 1.0. Hydrogen feed rate was main­
tamed at. 6,900 scf/bbl. The volume-percent yields 
of total lIq:UId product were .directly proportional to 
the operatmg pressure. WeIght-percent conversion 
and vol,ume-percent yields of gasoline were directly 
proportIOnal t<? the log of the operating pressure. 
qatalyst depOSIt percentages were inversely propor­
tronal to the log of the operating pressure. Nitrogen 
3;nd. sulfur remoyel rates as well as saturation of the 
hqUl~ products mcreased as the operating pressure 
was mcreased. ' , 

RI 7836. Polymeric Materials for Underground Support, by 
J. C. Franklin, J. E. Fraley, R. E. Burn­

ham, and L. W. Brandt. 1974. 16 pp. 5 figs. 
The Spokane Mining Research Center of the Federal 
Bureau of Mines is placing major emphasis on 
chemical stabilization as part of the ground support 
program. Development of polymeric material suit­
able for bonding rock fractures around the mine 
opening is one phase of the program. Some of the 
pr:oble~s that m~st be cons\dered are viscosity, ap­
plrcabIlIty, adheSIOn, cure tImes, strength toxicity 
and flammability. Epoxies and polyesters' were i~: 
vestigated, but shrinkage in polyesters caused redi­
rected effort toward epoxies. Test results with the 
latter showed that bonded fractures in mine-roof 
strata were stronger than in the virgin rock. Fur­
ther t~sts showed that polymeric materials have good 
potentIal for bonding, and in conjunction with poly­
mer roof bolts, are expected to result in an economic 
and useful new support concept. 
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RI 7837. Oxygenates in Automotive Exhausts .• Effect of on 
Oxidation Catalyst, by D. E. Seizinger and 

B. Dimitriades. 1973. 21 pp. 4 figs. Analytical 
methods for oxygenates in exhaust gases were 
studied, and emissions of these compounds from au­
tomotive engines were measured with and without an 
oxidation catalyst in the exhaust system. Hydrocar­
bons, simple mixtures of hydrocarbons, and a single 
gasoline were used as fuels. With the more complex 
gasoline, successful analysis was possible only with 
exhaust from the catalytic system which preferen­
tially converted and thus removed interfering hydro­
carbon species. However, it was shown that an esti­
mate of the oxygenate yield from gasoline used in a 
noncatalytic system can be synthesized from data ob­
tained with simple fuels. Such synthesized data were 
used for comparison of non catalytic with catalytic 
systems. Compared with those of previous studies, 
results of this work indicate that the action of the 
catalyst introduced no new ox"genates and reduced 
:both the carbonyl and the totF.\ of .oxygenates. It is 
concluded that the composition 11 character and class 
,distribution of oxygenates in ,~xhaust from catalytic 
systems may differ significam;';, from the composi­
tion and distribution for oxyger,ates not subjected to 
catalytic conversion. The findings also support pre~ 
vious' estimates that noncarbonyls may constitute a 
significant fraction of exhaust oxygenates and may 
warrant attention in procedures for measurement of 
the oxygenates. Work done under an agreement with. 
the Coordinating Research Council, Air Pollution Re­
search Advisory Committee. 

RI 7838, A Geometric Method for the Prediction of Stresses 
in Inclusions, Orebodies, ond Mining Systems, by 

Clarence O. Babcock. 1974. 35 pp. 17 figs. This 
report describes the results of a Bureau of Mines 
investigation in which an elastic inclusion, orebody, 
or mining system is replaced for purposes of analy­
sis with an imaginary effective inclusion of rectan­
gular shape that encloses the region. This effective 
inclusion has averaged physical properties that are 
directly related to the average inclusion stresses. The 
results were in excellent agreement with those pre­
dicted by Donnell's theory for an isotropic elliptical 
inclusion in a state of plane strain for all height-to­
width ratios and for all degrees of inclusion hard­
ness from very soft to very hard. The results are 
exact for an isotropic circular inclusion and provide 
an easy method of evaluating the stresses obtained 
In' cylindrical inclusions in boreholes when the Pois­
s~n's ratio for both host and inclusion equals 0.25 
for plane strain or 0.333 for plane stress. The prac­
ticar usefulness of the method is given by treafing"a 
variety of mining problems: (1) The average 
stresses in an orebody of irregular shape; (2) the 
average stresses in single-level room-and-pillar min­
ing systems; (3) the average stresses in multiple­
level room-and-pillar mining systems; (4) the effect 
of mining sequence on the average stresses produced 
during mining; (5) the stresses in cylindrical bore­
hole plug related to host rock stresses as a function 
of plug hardness; and (6) methods for simplifying 
finite-element analysis of complex structures. 

RI 7839. Constant-Volume Flame Propagation, by H. E. 
Perlee, F. N. Fuller, and C. H. Saul. 

1974. 24 pp. 11 figs. Mathematical expressions 
are derived for the histories of the pressure, flame 
radius, mass fraction burned, and burned and un­
burned gas temperatures associated with a spherical 
flame propagating concentrically in a spherical 
yesse!. The equations are solved numerically for a 

9.5 pct CH.t/air mixture using the best available 
information for the burning velocity, expansion 
ratio, and specific heat ratio. Calculated histories are 
in complete accord with experimental measurements. 
The accuracy of calculated histories is determined 
relative to errors in the system parameters, and it is 
found that a 10-pct error in either the burning 
velocity or the expansion ratio results in a 40-pct 
error in the pressure history. A lO-pct er,ror in 
burned or unburned specific heat ratio results in a 
22-pct error in the pressure history. It was further 
established that the usual assumption of constan~ 
specific heat ratio is unacceptable, but equating the 
burned and unburned specific heat ratios results in 
no apparent error. in the histories. The cubic law 
(I" = Kt3 + Po) is derived and discussed, and it is 

found that the law is valid only during the early 
period (P<2 atm) of flame growth. 

RI 7840. Sensitivity of Some Ammonium Nitrate-Based Ex-
plosive Compositions, by R. W. Watson, J. E. 

Hay, and K. R. Becker. 1974. 8 pp. This Bureau 
of Mines report summarizes some recent results on 
the sensitivity of various explosive systems using 
ammonium nitrate (AN) as the oxidizing agent. The 
sensitivity survey included drop-weight and friction 
testing and sensitivity to initiation by projectile im­
pact and a No.8 blasting cap. It was found that 
certain types of AN prills can result in cap-sensitive 
mixtures when combined with No. 2 diesel fuel 
(FO); prilled AN mixed with nitromethane also re­
sult in cap-sensitive mixtures. Mixtures of AN prills 
and neat 1- and 2-nitropropane were not cap­
sensitive, and the use of powdered or grained alum­
inum in AN-FO did not adversely affect the sensi­
tivity except possibly to increase its sensitivity to 
friction. 

RI 7841. Catalytic Activity of Rare-Earth Oxides fo'r the 
Oxidation of Hydrogen, by Larry J. Nicks and 

D. J. MacDonald. 1973. 9 pp. 4 figs. The 
Bureau of Mines is investigating the catalytic ac­
tivity of rare-earth compounds to develop a catalyst 
for the cathode reaction of a hydrogen-oxygen fuel 
cell. This report presents the results of studies of 
,the catalytic activities of lanthanide oxides for the 
oxidation of hydrogen at 150~ to 250 0 C,. Preliminary 
activity tests were made with approXimately. StOI­
.chi.ometric mixtures of hydrogen and oxygen diluted 
with helium. A se.ries of tests was also run under 
oxygen-rich conditions in which specific rate con­
stants and ,activation energies were determined. 
Variations in -r'ateconsbints ·up to"2~lJOO tImes were 
observed for the various lanthanide oxides. The 
three most active catalysts were oxides of Ce, PI', 
and Eu, having specific activities of 6.93 X 10-', 
4.88 x 10-', and 4.06 X 10-1 moles H2 • sec-I. m-', 
respectively, at 200 0 C. 

RI 7842. Forecasts of Chemical, Physical, and Utilization 
Properties of Coal for Technical and Economic 

Evaluation of Coal Seams, by Manuel Gomez and Don­
ald J. Donaven. 1974. 127 pp. 57 figs. A comput~r­
ized moving average technique was developed to Ill­

terpolate coal seam c:haracteristics betwee? sampl.e 
points. The interpolatIve ~ethod c01!pled >ylth multi­
variate regression analysIs and simulatIOn proce­
dures was used to forecast coal properties not read­
ily obtained from an analysis of drill core samples. 
Coal property forecasts were of two kinds:. (1) Spe­
cific mine property forecasts that are SUItable. for 
mine product control and yield a good apprOXll!!a­
tion of the local variation along both the vertIcal 
and horizontal axes of the seam, and (2) regional 

107 



REPORTS OF INVESTIGATIONS 

estimates where much of the iocal seam variation is 
smoothed out, but the general trends are main­
tained. Forecasts of the volatile matter ash total 
sulfur, and the heating value for part of the' Pitts­
burgh seam located in Ohio, Pennsylvania and 
West Virginia were in good agreement with'inde­
pendent .evaluation d~ta: Spatial configuration for 
preparat.lOn characterIstIcs, particularly, the effect 
of crushing on sulfur release low- and high-temper­
at,;re .c~rb~nization prope~ties, the Hardgrove 
g.nndabl~lty Index, the coal hardness index, gasifica­
tion variables, and hydrogenation factors were con­
structed for the same area of the Pittsburgh seam. 
These forecast~ may be developed from drill core' 
data collected l,n the exploration phase of mining. 
The results, whICh may take the form of a series of 
n:aps, a::e useful to mining, chemical, and combus­
tion engineers, to economists and mine managers, as 

o well as to coal users for mine design, economic 
analyses, energy forecasts, utilization studies mine 
prod~ct control, and environmental control an'd pro­
graming. 

RI 7843. Partial Devolatilization of Coal In Two Entrained-
Bed Carbonizers, by Daniel C. Boteler and 

Charles C. Boley. '1973. 20 opp. ·2 figs. Data from 
68 entrained-bed carbonization tests were treated 
statistically by the Bureau of Mines, and several 
useful relationships were developed among the major 
variables. Nine coals, ranging in rank from lignite 
A to high-volatile A bituminous, were carbonized in 
two entrained-bed carbonization pilot plants. The 
carbonizing reactors employed were vertically 
mounted cylinders, internally heated, refractory­
lined, and Ii)OinchesfD.The range of carbonization 
temperatures was from 825 0 to 1,600 0 F. Using a 
regression-analysis computer program, empirical 
equations were developed by which .carbonization 
temperature, air-to-coal ratio, devolatilization of 
coal, char yield, and volatile matter content of pro­
duct char may be predicted. 

RI 7844. Methods for Refining Crude Shale Oil Produced by 
In Situ Retorting, by C. M. Frost and P. L. 

Cottingham. 1974. 21 pp. 5 figs. Crude shale oil 
produced during in situ retorting by the Bureau of 
Mines at Rock Springs, Wyo., was refined by three 
schemes. In the first, the crude oil was fractionated 
to raw naphtha and a residuum boiling above 400 0 

F. The residuum was hydrogenated over cobalt molyb­
date catalyst at 815 0 F and 1,100 psig. The blended 
raw and 160 0 to 400 0 F hydrogenated naphthas were 
hydrodenitrified and then catalytically reformed. The 
hydrogenated oil boiling above 400 0 F was catalyti­
cally cracked. In the second scheme, the crude was 
hydrogenated over nickel-tungsten catalyst at 800 0 

F and 1,500 psig. The hydrogenated fractions were 
processed by methods used in the first scheme. The 
third sche~e resembled the second, but, prior to 
hydrogenatIOn, the crude was "hydrostabilized" over 
cobalt molybdate at 500 0 F and 500 psig. Yields of 
reformate and cat-cracked gasoline as volume-percent 
of the crude, and research-method octane numbers 
(with 3 ml tetraethyllead) for the three methods 
were as follows: First method, 32 pct reformate 90 
octane; 19.5 pct cracked gasoline, 99.2 octane. Sec­
ond method,. 29 pct reformate, 81.1 octane; 21.3 pct 
cracked gasoline, 99.6 octane. Third method, 28.2 pct 
reformate, 86 octane; 28.7 pct cracked gasoline, 95.9 
octane. 

RI 7845. Structural Analysis of a Coal Mine Opening In 
Elastic Multilayered Material, by F. D. Wang, 

D. M. Ropchan, and M. C. Soun. 1974. 0 36 pp. 36 
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figs. Finite-element structural ~nal'yse~ were p~r­
formed to determine the stress distrIbutIOn and diS­
placements around a single rectangular coal mine 
opening in a multilayered rock system. The effects 
of changes in mechanical properties of roof and 
coal layers, roof layer and mine opening geometry, 
horizontal-to-vertical load ratio, and structural geo­
logic features on the stress distribution. about the 
opening were studied. Variability in the stIffness and 
relative thickness of the immediate roof layers can 
produce a considerable difference in the stress distri­
bution about the opening as compared With that of 
a homogeneous material. Changes in opening width 
and horizontal-to-vertical load ratio have different 
effects on the stress distribution about the opening 
depending on the composition of the roof layers. In 
general, where a stiff layer exists in the roo.f at t~e 
surface of· the opening, the stresses are higher m 
the roof and ribs around' the opening. Horizontal 
changes in facies in the roof layers ,produced by 
structural geologic features can also greatly alter 
the stress distribution about the opening compared 
with the simple layered cases. 

IU 7846. Effect of Specimen Volume on Apparent Tensile 
Strength of Three Igneous Rocks, by Laxmal! S. 

Sundae. 1974. 26. pp. 7 figs. A Bureau of Mmes 
investigation was conducted to determin~ the effect 
of specimen volume on the apparent tenSile strength 
of disks of St. Cloud Gray Granodiorite, Lithonia 
granite, and Rockville granite. The im-estigation 
used a technique developed by the Bureau to deter-
mine apparent tensile strength. . 

RI 7847. Formation of Surface Sulfides on Iron Through 
Reaction With Sulfur, by L. A. Haas and S. 

E. Khalafalla. 1974. 21 pp. 8 figs. In this Bu­
reau of Mines investigation, conditions were deter­
mined to form an iron sulfide adherent coating with 
a metallic golden luster on steel upon anaerobic heat 
treatment with sulfur. The sulfide formation rate 
was determined in the temperature range of 105 0 

to 500 0 C with reaction times up to 68 hours. The 
optimum temperature and time to form an adhering 
decorative coating on mild steel was in the range of 
105 0 C for about 70 hours to 285 0 C for 1 hour. The 
golden coating consisted of an inner layer of pyrrho­
tite and an outer layer of pyrite. At temperatures 
higher than about 300 0 C, the outer layer thickness 
decreased owing to the decomposition of pyrite to 
pyrrhotite. Small quantities «0.5 wt-pct) of 
petroleum oil accelerated the sulfide growth rate. 
The sulfide coating decreased the corrosion rate of 
steel in a neutral aqueous medium by a factor of 
two. The dissolution of pyrite in water was de­
pendent on particle size and surface area with the 
flat pyrite coatings exhibiting the lowest dissolution 
rate. 

RI 7848. Analyses of Tipple and Delivered Samples of Coal. 
Collected During Fiscal Year 1973, by J. B. 

Janus and B. S. Shirley. 1973. 15 pp. In connec­
tion with the purchase of coal under specifications 
for Government use, the Bureau of Mines in this 
report has compiled data on 81 mines located in 15 
States. This annual report lists analytical data on 
the composition and quality of tipple and delivered 
samples of coal collected during fiscal year 1973. 
Tipple samples were collected by Bureau of Mines 
engineers at tipples as coal was being loaded into 
railroad cars or trucks. Ultimate analyses are given 
for most of the coal beds listed. The deliveries were 
sampled at destination in accordance with instruc-
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tions issued by the Bureau of Mines. All samples 
were analyzed in the Bureau laboratory at Pitts­
burgh, Pa. GPO Catalog No. 128.23 :7848. Stock 
,No. 2_40,4-01501. 5_0 cents. 

RI 7849. Methane and Dust Controls for Longwalls: Poca-
hontas No. 3 Coalbed, Grundy, Va., by Abdul'­

rahman Cetinbas, R. P. Vinson, Joseph Cervik, and 
M. G. Zabetakis. 1974. 16 pp. 13 figs. The pe­
riphery of longwall panels in the Pocahontas No.3 
coalbed is characterized by a zone of reduced per­
meability that inhibits the natural drai~age of meth­
ane. A residual gas pressure of 105 pSlg was meas­
ured after 1 year in an isolated block of coal 
measuring 340 by 1,100 feet. The buildup of gas 
pressure within such large blocks causes methane 
problems during plowing operations. However, natu­
ral drainage holes drilled during development have 
b€en found -fo reduce the gas content of the coal hi 
this coal bed by over 90 percel}t. The eff~ct of wa!er 
infusion on dust during plowmg operatIons was m­
vestigated using existing methane drainage holes. 
These holes were cleaned of debris and a pipe was 
grouted into the hole for water infusion of the panel. 
Both total and respirable dust levels were reduced 
by 40 to 79 percent. Water infusion of the panel 
proved more effective than did the use of a plow­
mounted spray system. Work done in cooperation 
with the Island Creek Coal Co. . 

RI 7850. Support Performance of Hydraulic Backfill: A Pre-
liminary Analysis, by J. R. M. Hill, M. Mc­

Donald, and L. M. McNay. 1974. 12 pp. 5 figs. 
The Bureau of Mines performed elastic-plastic, 
finite-element analyses to investigate the support 
performance of hydraulic backfill. A mathematical 
model was developed for two vertically adjacent 
stopes separated by a sill pillar. An exact duplicate 
of a working stope was not intended; however, the 
model did simulate a working stope to the extent 
that field measurements from an active stope could 
be used for comparative purposes. Using a prede­
termined mining sequence, the computer analysis 
simulated the mining operation as a series of incre­
mental cut-and-filJ steps. Computer results included 
a complete history of stope closure and pillar 
stresses throughout the mining sequence. With the 
mining sequence and rock properties held constant, 
three separate analyses were made using varying 
backfill properties. These cases included no fill, low­
to-medium quality fill, and medium-to-high-quality 
fill. Results of these analyses show decreases in stope 
closure and pillar stresses as the backfill quality 
increases, thus reducing the possible occurrence of 
rock bursts. Predicted stresses within the backfill 
compare favorably with field measurements. A rela­
tionship between maximum stress normal. to the 
stope wall and the ratio of relative fill stiffness to 
relative rock stiffness was also indicated. 

RI 785 I. Enthalpy of Formation of Malachite [CU2 (C03) 
(OHb), by D. W. Richardson and R. R. 

Brown. 1974. 5 pp. This Bureau of Mines publi­
cation provides the enthalpy of formation of mala­
chite [CU2 (CO:J) (OH)z] as determined by hydro­
chloric acid solution calorimetry. At 298.15 K the 
enthalpy of formation from the component oxides is 
-15.10±0.30 kcal/mole and from the elements 
-251.9±0.5 kcal/mole. 

RI 7852. Superconcentration of Commercial Magnetic Tac­
onite Concentrates by Cationic Flotation, by 

David L. Veith. 1974. 12 pp. 3 figs. Caustic 
scrubbing followed by silica flotation with cationic 

58~;-37(, 0 - '15 - 8 

ether primary amine proved effective in upgrading 
commercial magnetic concentrates to supergrade 
products containing 2 percent Si02 or less. Samples 
representing 41 million long ..t~ns 'p.er year of com­
mercial magnetic concentrates from the Lake. Su­
perior region were tested by the Bureau of Mmes. 
Bench-scale and pilot plant research indicated an 
estimated potential of 32 million long tons per year 
of superconcentrates to be available. Two pilot ph!Lnt 
investigations yielded superconcentrates contammg 
1.1 and 1.9 percent Si02 that were derived from 
commercial concentrates containing 7.0 and 4.2 per­
cent Si02, respectively. Corresponding iron re~ov­
eries were 90 and 93 percent at reagent costs of Just 
over 33 cents per long ton of super concentrates 
produced. Additional sources evaluated on a bench 
scale resulted in iron recoveries of 72 to 95 percent 
in products containing 1.7 to 2.0 percent Si02. Al­
though reagent cost ranged up to 60 cents per long 
ton of superconcentrate, it is probable that these 
costs would be reduced in plant applications where 
benefits are derived from material and reagent re­
cycle. 

RI 7853. Phase Relations in the Alkaline Earth Fluoride­
Yltria Systems (In Three Parts). 3. The SrF2-Y20.'l 
Phase Diagram and Information on the SrF2-SrO 
System, by Laurence L. Oden, Herbert R. 

Babitzke and Philip E. Sanker. 1974. 9 pp. 4 
figs. The Bureau of Mines is developing melting 
data for binary combinations of the alkaline earth 
fluorides and yttria to facilitate the formula~ion of 
slag compositions. The present report deals WIth the 
Sr F2-Y 203 system for which liquidus and solidus 
temperatures and solid solubilities were determined. 
The information is presented as the phase dIagram. 
The phase diagram was constructed from. infon;na­
tion obtained by ceramography, X-ray dIffractIon, 
thermal analysis, and electron ~robe ~icroanalysis 
of small specimens encapsulated m platmum-20 per­
cent rhodium or molybdenum ampoules. The data 
indicate a simple eutectic system with limited term­
inal solid solubilities. The eutectic temperature is 
1457° ± 5° C, and the eutectic composition is 4 ± 1 
~ole-pct Y 203. Strontium fluoride containing up to 
2 wt-pct 02 was studied to determine the effects of 
oxygen contamination. Oxygen levels in excess of 
0.2 wt-pct resulted in eutectic formation between 
SrF2 and SrO. The eutectic composition is between 
0.2 and 0.7 wt-pct 02, and the eutectic temper!lture 
is 1,447° ±5° C. ' .. 

RI 7854. Dispersion of Dust in a Channel by a Turbulent 
Gas Stream, by C. C. Hwang, J. M. Singer, 

and T. N. Hartz. 1974. 29 pp. 11 figs. The Bureau 
of Mines formulated a method for calculating the 
concentration of entrained dust from a dust deposit 
by a turbulent gas stream. In particular, a diffusion 
equation is used to calculate dust concentrations in 
a channel following an explosion. Dust leaving the 
channel walls was treated as originating from sta­
tionary or moving, and single or multiple material 
sources. Formulas and sample computations for 
various types of dust so.urces in circular and rec­
tangular channels are given, based on e~perimental 
entrainment rates. The analysis predicts the dust 
concentration as a function of time and channel 
space. The results appear to agree with the physical 
~haracterist~cs of explosion-driven dust dispersion 
m a 0.6-m-dJameter, 50-m-long explosion tunnel. The 
analysis is also applied to simultaneous and consec­
utive dispersion of coal and rock dust from simu­
l~ted coal mine surfaces (walls, floor, roof, and 
nbs) . 
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RI 7855. NX Borehole Jack Modulus Determinations in' Ho-
mogeneous, Isotropic, Elastic Materials, by 

Thomas O. Meyer and James R. McVey. 1974. 50 
pp. 25 figs. Laboratory test results are presented 
for the determination of elastic modulus made with 
the NX borehole jack. Determinations were made in 
massive pieces of aluminum so as to satisfy condi­
tions of linear elasticity, homogeneity, and isotropy. 
Results indicate a large discrepancy (approximately 
200 percent) between material modulus as deter­
mined by laboratory block-loading tests and that in­
dicated by the jack under relatively ideal 
circumstances. Effects due to interface friction, 
finite block size, incomplete plate-bore contact, and 
other factors were examined and found not to be 
significant. Finite element results indicate that as­
sumed loading conditions for the jack· differ from 
those actually occurring, at least in materials of 
high elastic modulus (approximately 10 million psi), 
such as quartzite. 

RI 7856. Steam-Cured Bricks From Industrial Mineral 
Wastes, by P. G. Pigott, E. G. Valdez, and 

K. C. Dean. 1974. 13 pp. 1 fig. This investiga­
tion by the Bureau of Mines demonstrated that 
building bricks can be produced by the steam-curing 
process from various types of industrial mineral 
wastes. Wastes, utilized to produce bricks, consisted 
of copper mill tailings, roofing granule fines, asbes­
tos fines, and zinc mill tailings. Bonding of the 
wastes with either Ca(OH)z or portland cement 
resulted in building bricks that met ASTM specifi­
cation C73-67 for grade SW and MW bricks when 
evaluated in accordance with ASTM designation 
C67-66 on sampling and testing of brick. An eco­
nomic evaluation of the process indicates the total 
operating cost per 1,000 bricks to be about $36. 

RI 7857. Potential Uses for 400-Hz Electrical Power Sys-
tems in Mining, by G. J. Conroy. 1974. 10 

pp. 3 figs. This Bureau of Mines study was initi­
ated to determine whether or not a large-scale in­
vestigation of 400-Hz applications in coal mines was 
j::,stified as a .means of i.ncreasing safety in opera­
bons due to sIze and weIght reductions in portable 
and other mining machinery. Potential uses for 
400-Hz power in mining operations are explored and 
cost and size comparisons with 60-Hz system~ are 
made. The use of variable-freQuency motor drive is 
suggested for conveyors. The conclusion was reached 
that there is no significant potential safety increase 
due to a general size and weight reduction, since 
the fact of such general reduction cannot be demon­
strated. 

RI 7858. Chemical Analysis of Slickensides From Coal Mine. 
Roof Shale, by George A. Savanick and Ray­

field W. Cabaniss. 1974. 13 pp. 5 figs. Coal mine 
roof shales fracture preferentially as slickensided 
surfaces because of weak or nonexistent adhesion 
between two slickensided rock surfaces. The purpose 
of this Bureau of Mines research was to characterize 
chemically the thin film of smooth, glossy material 
that makes up the slickenside. This material was 
analyzed by electron spectroscopy and ion scattering 
spectrometry while in place on the rock surface and 
by standard methods of quantitative chemical analy­
sis on concentrate removed from the rock. These 
analyses showed that the chemistry and mineralogy 
of the slickensides are similar to that of the adja­
cent shale. 

no 

RI 7859. Controlled-'Atmosphere System for Testing Gas Mon-
itors, by H. B. Carroll, Jr., R. M. Ray, and 

F. E. Armstrong. 1973. 10 pp. 6 figs. The Bu­
'reau of Mines has designed and built a controlled­
environment test chamber specifically for instrument 
evaluation in simulated work atmospheres. The at­
mosphere inside the 300-liter stainless steel chamb2r 
can be controlled at any selected temperature and 
relative humidity in the range of 2° to 93 0 C and 
20 to 95 percent, respectively. Instruments placed 
inside the test chamber are subjected to an atmos­
phere at a present temperature an~ humidity con­
taining various concentrations of tOXIC gases such as 
CO C02 NO, NOz, S02, and HzS. Toxic gas losses 
res~lting from wall reactions, monitoring instru­
ments and instruments under evaluation are compen­
sated 'by. the use of ~ dy~amic gas blending system. 

RI 7860. Permeability Changes and Compaction of Broken 
Oil Shale During Retorting, by Ed\\'ard L. Bur­

well, Samuel S. Tihen, and Harold W. Sohns. 1974. 
16 pp. 11 figs. The Bureau of Mines conducted 
laboratory experiments to determine the change dur­
ing retorting in the apparent pelmeability and the 
degree of compaction of beds of broken oil shale. 
Grades of oil shale studied ranged from 20,6 to 46.7 
gallons of oil per ton (gpt), and the simulated over­
burden pressures applied to the shale were from 
300 to 900 psi. Linear regression analysis of the data 
produced equations describing the response of the 
oil shale. Oil shales of approximately 20 gpt experi­
ence only minor apparent pelmeability reductions 
under test conditions, but richer shales (30 to 50 
gpt) lose essentially all permeability. The permea­
bility reductions were accompanied by corresponding 
decreases in bed height that ranged up to 37 percent 
of the original bed height. Work done in cooperation 
with the University of Wyoming, 

RI 7861. Atomic Absorption Methods of Analysis of Oilfield 
Brines: Barium, Calcium, Copper, Iron, Lead, Lith­

ium, Magnesium, Manganese, Potassium, Sodium, Strontium, 
and Zinc, by Gordon E. Fletcher and A. Gene Collins. 
1974. 14 pp. 1 fig. This Bureau of Mines report 
outlines the atomic absorption analysis of oilfield 
brines for barium, calCium, copper, iron, lead, lith­
ium, magnesium, magnanese, potassium, sodium, 
strontium, and zinc, using the method of additions. 
The advantages of using atomic absorption are dis­
cussed. The method of additions was chosen to over­
come large matrix interferences usually found in 
brines; techniques of overcoming chemical, ioniza­
tion, and background interferences are also de­
scribed. The method was used to analyze several 
hundred oilfield brines and found to be rapid and 
reasonably accurate. A solvent extraction method 
was used to concentrate lead, copper, zinc, and iron 
in low-level samples. 

RI 7862. Thermal Characteristics of Shortite, by Donald R. 
Johnson, John Ward Smith, and William A. 

Robb. 1974. 9 pp .. 3 figs. Apparatus developed 
by the Bureau of Mmes for thermal analysis of oil 
shale w~s use~ to. de~ermine the thermal properties 
of shortJte. DISSOCIatIOn of shortite near 470 0 C oc­
curs as an endothermic reaction that could consume 
~ignificant quantities of heat in the oil-shale retort­
mg process that produces shale oil. The shortite dis­
sociation products undergo other thermal reactions 
that would not affect the retorting process. These 
reactions include crystal inversions near 365 0 C and 
425

0 
C and melting and decomposition. endotherms 
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above 500 0 C. Two separate reaction routes for 
fusion and decomposition of the shortite decomposi­
tion products are dictated by the presence or absence 
of C02 around the sample. Work done in coopera­
tion with the University of Wyoming. 

RI 7863. Effects of Jointing and Bedding Separation on 
Limestone Breakage at a Reduced Scale, by 

William C. Larson and Joseph M. Pugliese. 1974. 
13 pp. 8 figs. A study was conducted by the 
Bureau of Mines to provide quarry operators with 
information regarding (1) the effects of jointing 
and bedding on rock fragmentation when bench 
blasting in two small-scale (2.5-ft) limestone benches 
and (2) the successful use of inexpensive equipment 
and field techniques to determine the orientation 
and spacing of joints and bedding separations within 
the quarry. U sing inexpensive equipment, such as a 
pocket transit and steel and paper tapes, joint and 
bedding separations were mapped and their frequen­
cies measured. Results from two small-scale bench 
blasts in the Stewartville member of the Galena 
limestone formation showed that when the row of 
vertical blastholes was oblique to the vertical joint 
orientations, the backface expression was outlined 
by two relatively large triangular protrusions (joint 
surfaces). In this blast, part of the rock burden was 
unbroken. '''hen the line of vertical blastholes par­
alleled a predominant joint set, all of the rock 
hurden was broken and displaced. The thickness of 
fragments that had been displaced by a blast cor­
related with the observed bedding thickness in the 
bench. 

RI 7864. Flotation of Carbonate Minerals From Unaltered 
Phosphate Ores of the Phosphoria Formation, by 

A. R. Rule, C. W. Clark, and M. O. Butler. 1974. 18 
pp. 6 figs. A flotation process was developed by the 
Bureau of Mines for separation of carbonate and 
phosphate minerals occurring in unaltered phos­
phate ores of the Phosphoria formation. The proc­
ess involves depression of phosphate minerals with 
fluosilicic acid and flotation of carbonate minerals 
with fatty acid emulsions. In indiYidual laboratory 
tests, selective removal of carbonates was achieved 
with phosphate recoveries ranging from 60 to 80 
pet P~O". In continuous-circuit testing, sizing and 
separate treatment of coarse and fine fractions was 
necessary to achieve 65-pct P20" recovery. Concen­
trate grade ranged from 26 to 33 pet P~O.-,. The flo­
tation tailings containing primarily carbonate and 
phosphate minerals are a potential fertilizer mate­
rial. \Yhen reacted with H:lPO.1, concentrated super­
phosphate containing approximately 40 pct available 
P~O" was obtained. 

RI 7865. A Standard Rock Suite for Rapid Excavation Re-
search, by Wanen W. Krech, Frank A. 

Henderson, and Kenneth E. Hjelmstad. 1974. 29 pp. 
16 figs. Rock property data is needed over a wide 
range of parameters for the optimum execution of 
rapid excavation research. Eight rock types were 
chosen hy the Bureau of Mines for a standard rock 
suite for such research. Large rock blocks were 
quarried and the standard physical and mechanical 
properties measured and documented. The eight 
rock types that comprise the rock suite are Barre 
Granite, Berea Sandstone, Dresser basalt, Holston 
Limestone, Salem Limestone, Sioux Quartzite, St. 
Cloud Gray Granodiorite, and Westerly Granite. 
Geologic, petrographic, physical-property, and me­
chanical-property test data are reported for each 

rock type. The information is the first step in the 
building of a comprehensive property listing for the 
eight rock types. A limited number of rock cubes 
are available from the Bureau of Mines Twin Cities 
Mining Research Center for use by researchers to 
broaden the information available on the suite. 

RI 7866. Recovery of Fluorine From Low-Grade Calcareous 
Fluorspars: Preliminary Studies, by A. R. Rule 

and H. E. Blake, Jr. 1974. 6 pp. This report de­
scribes preliminary studies by the Bureau of Mines 
to develop a procedure for extracting the fluorine 
from low-grade fluorspar ores in which the CaF2 
particles are finely locked in the calcite matrix. A 
combination of flotation beneficiation and pyrohy­
drolysis is applied to recover and to liberate the 
fluorine. Flotation of a finely locked high-calcite 
fluorspar ore containing only 11.7 pct CaF;! re­
covered over 92 pct of the fluorspar at a grade of 
51 to 52 pct CaF2. Pyrohydrolysis of the flotation 
concentrate liberated nearly 90 pct of the fluorine 
as aqueous HF. By this procedure over 80 pct of 
the fluorine contained in the original ore was ex­
tracted. 

RI 7867. Toxic Fumes From Explosives. Ammonium Nitrate-
Fuel Oil Mixtures, by R. F. Chaiken, E. B. 

Cook, and T. C. Ruhe. 1974. 24 pp. 11 figs. The Bu­
reau of Mines has carried out experimental and 
theoretical studies with prilled and pulverized am­
monium nitrate-fuel oil (AN-FO) mixtures contain­
ing varying amounts of fuel oil in an attempt to 
quantify the effects of stoichiometric composition, 
non ideal detonation behavior, and expansion volume 
on the production of CO, NO, and NO~ fumes. Ex­
perimental fume measurements were obtained in the 
Bureau's large closed gallery facility (7.2 x 104 

liter expansion chamber) and in the standard 
Crawshaw-J ones apparatus (90-liter expansion 
chamber) using a prepackaged charge configuration 
containing about 450 g of explosive. The theoretical 
calculation of toxic fumes was achieved with an 
equilibrium detonation code called "TIGER." Con­
trary to initial expectations, the NO.r (= NO + 
NO;!) fumes from the large gallery test were found 
to be in essential agreement with the Crawshaw­
Jones results. It was also concluded that (1) 
"TIGER" calculations offer a good approach to the 
prediction of toxic fumes; (2) there is a basic prob­
lem in extrapolating laboratory measurements of 
CO fumes to mine conditions-this being due to 
postdetonation oxidation of CO to CO~; and (3) the 
detonation velocity decay rate of an explosive is a 
useful experimental parameter for correlating toxic 
fumes production with nonideal detonation behavior. 

RI 7868. Recovering Copper From Mill Tailings. Selected 
Studies, by Jack C. White, Andrew J. Fer­

gus, and Thomas N. Goff. 1974. 21 pp. 8 figs. The 
purpose of this Bureau of Mines work was to de­
velop information useful in improving copper recov­
ery during copper milling operations. Eleven copper 
mill tailings from the Western United States were 
subjected to froth flotation and cyanide leaching to 
provide an experimental basis for comparing their 
beneficiation response. Recoveries in flotation con­
centrates made from mill tailings ranged from 65 to 
15 percent, at copper grades of 13 and 2.2 percent, 
respectively. Liberated copper sulfide minerals pres­
ent in two samples were readily recovered by labo­
ratory froth flotation. Nine of the samples were less 
amenable to froth flotation because of physical lock­
ing between .copper sulfide minerals and gangue. 
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Correlations among- tailing-s indicated that recovery 
of sulfide copper by flotation was directly related to 
the sulfide copper content. Empirical equations de­
rived from flotation data provided average values 
for unrecoverable copper and for recovery efficiency. 
Flotation response of copper mill tailings may be 
predicted from the equations. Data from cyanide 
leaching provides an equation describing the limit­
ing high values for removal of copper by this 
method. 

RI 7869. Geologic Structure Analysis Using Radar Imagery 
of the Coal Mining Area of Buchanan County, Va., 

by C. H. Elder, P. W. Jeran, and D. A. Keck. 1974. 
29 pp. 19 figs. An analysis of the geologic struc­
ture of an area of Buchanan County, Va., was made 
by the Bureau of Mines using imagery from an air­
borne ANI APQ-97 side-looking radar system to eval­
uate that mapping technique for delineating struc­
tural features that may cause mining problems. Side­
looking airborne radar (SLAR) was found to be a 
useful remote sensing tool for geologic structural 
analysis. Fault and joint systems identified by linea­
ments and linear patterns in the imagery were veri­
fied by surface and in-mine observations. Little Paw 
Paw fault was extended 10 miles by SLAR lineament 
analysis. A 22-mile fault, here named the Bishop­
Bradshaw Creek fault, was mapped by lineament 
analysis and verified by observation of the fault 
on the Bishop Coal Co. mine map and on offset 
patterns of commercial gas production and sur­
face observation of lineament along the fa·ult. 
Three major superimposed joint sets and several 
fault or fractured zones were identified by SLAR 
lineament analysis, showing more complex structure 
than earlier mapping indicated. SLAR imagery ac­
curately delineated structural features that are 
known to affect gas migration and accumulation and 
that weaken the rock forming the immediate roof to 
mine workings, causing mining problems and poten­
tially hazardous environment in the mines. 

RI 7870. The Influence of Manganese Additions Upon Prop-
erties of Iron Ore Pellets, by R. B. Schluter 

and B. W. Carriere. 1974. 17 pp. 10 figs. The 
objective of this Bureau of Mines investigation was 
to determine the effects of adding manganese com­
pounds and ores to iron ore pellets. Manganese 
dioxide, carbonate, sulfate, and chloride, pi us six 
manganiferous ores from the Minnesota Cuyuna 
Range were tested as additives to increase the man­
ganese content of iron ore pellets. One to 5 percent 
manganese, as a compound or ore, was added to five 
magnetite concentrates and one hematite concentrate. 
These concentrates were balled, indurated (1,300 0 

C), and tested for reducibility. Manganese sulfate 
and chloride were unsatisfactory additives causing 
cracking and degradation of the pellets during re­
duction. Manganese dioxide, carbonate, and the ores 
were satisfactory additives. The additives increased 
pellet compression strengths with a corresponding 
loss of reducibility, as compared with the pellets 
without manganese additions. The changes in com­
pression strengths and reducibility were caused by 
the formation of jacobsite spinel and slag within the 
pellets. However, when the induration temperature 
was lowered from 1,300 0 to 1,200 0 C the reducibility 
and compression strengths were comparable with the 
pellets without manganese additions indurated at 
1,300 0 C. 

RI 7871. Determining the Effects of Gasoline Price on Use 
of Metals in Automobile Manufacture, by Phillip 
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N. Yasnowsky and Donald S. Colby. 1974: 15 pp. 
1 fig. The thrust of this Bureau of Mines report is 
to relate the size of automobiles to the price of gaso­
line, and the use of minerals in automobile manu­
facture to the size of automobiles. Only one of the 
many plausible scenarios of public reaction to higher 
gasoline prices, a switch to economy size automo­
biles, is developed. No account is taken of other po­
tential impacts such as improvements in public 
transportation or increased occupancy per vehicle. 
Furthermore, a gasoline price increase is the only 
incentive to the greater utilization of economy cars 
that is considered. A gasoline price increase to $0.60 
per gallon would reduce the amount of minerals re­
.quired to produce the automobiles sold in the United 
States by an estimated 15 percent. Gasoline prices 
of $0.80 and $1 per gallon would cause declines in 
mineral requirements for U.S. automobile sales esti­
mated at 26 percent and 35 percent, respectively. 

RI 7872. Coal Mine Combustion Products: Identification and 
Analysis, by Arthur M. Hartstein and 

Davi~ R. Forshey. 1974. 12 pp. 2 figs. The Bureau 
of ~llles, through contract with Ultrasystems, Inc., 
obtamed data on the oxidative degradative behavior 
of a number of materials used in coal mines. Tests 
were perforn:ed using ~ sta&"nation burner arrang-e­
ment. Materials exammed lIlcluded those used in 
typic~l coal m.in,ing opera~ions such as (1) polyvinyl 
c?lorlde-con~a!mng materIals, (2) neoprene compos i­
tl<;>llS, (3) rigId foams (urethanes/isocyanates) (4) 
mIscellaneous materials (including jute, fiber g'lass, 
and polyethy.lene), (5) coal, (6) fluids (phosphate 
esters, ?rgamc esters, oil-water emulsions), and (7) 
composItes. The composite comprised a mixture of a 
p~osphate ~ster fluid with (1) coal, (2) a represent­
atIve polyvl':!y:I chloride sample, or (3) a neoprene­
type compOSItIOn. A number of decomposition prod­
ucts are identified that could represent a potential 
health ha~ard to miners including HCl, CO, SO~, 
and H~S, If they were generated to exceed toxic lev­
els. The work upon which this report is based was 
done by Ultrasystems, Inc. under Contract "'0 
H0122009. ' .:., . 

RI 7873. Use of Centrifugal Measurements of Wellability To 
Predict Oil Recovery, by P. B. Lorenz, E. C. 

Donaldson, and R. D. Thomas. 1974. 26 pp. 11 
figs. Wettability measurements and laboratory 
waterfl~0!i tests wer~ compared under a wide variety 
of condItIOns. ExperIments were conducted with syn­
thetic and natural crude oils, treated and untreated 
outcrop and oilfield sandstone cores, and synthetic 
brines wit~ .and without caustic, detergent, or phos­
phate addItIves. Measurements were made on equil­
ibrated and unequilibrated systems at 77° and 
150 0 F. Wettability was evaluated by the Bureau of 
Mines method from capillary pressure curves deter­
mined with a centrifuge. The waterflood data were 
fitted by empirical curves; the parameters of the 
c?rves characterize primary and subordinate produc­
tIon and also give the ultimate oil recovery. Results 
showed that wettability measurements at 77° F were 
useful predictors of recovery efficiency in waterflood 
tests run at both temperatures. Oil recovery in the 
early stages of waterflooding increased with increas­
ing water wettability; however, the ultimate re­
covery was highest at a slightly oil-wet condition. 
The oil displaced at highest speed in the centrifuge 
was correlated with ultimate recovery in waterflood 
tests. Chemical additives to the brine sometimes low­
ered wettability and also sometimes improved water­
flood recovery, but wettability and recovery were 
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not correlated with additives present. The etfect of 
additives on recovery in waterflooding was best seen 
in water-oil ratio curves. 

RI 7874. Fracturing Oil Shale With Explosives for In Situ 
Oil Recovery, by J. S. Miller, C. J. Walker, 

and J. L. Eakin. 1974. 100 pp. 40 figs. This re­
port presents a complete coverage of results from 
'Bureau of Mines preliminary research and the field 
application of exp~osi:,e fracturing techniqu~s to pre­
pare oil shale for m Situ recovery of shale OIl. Small­
scale surface tests were conducted to determine the 
feasibility of using a nitroglycerin-base explosive for 
creating rock fractures. Prior to unde;rgr01;nq test­
ing, surface and near-surfa~e te~ts With .hqUld ex­
plosives showed that explOSIOns m sheetlIke layers 
simulating underground fractures would propagate 
effectively. Successful surface experiments were con­
ducted using layers of explosive placed between gla~s 
pIa tes and explosive-saturated sand confined In 
small-diameter metal tubes. The tests in glass-plate 
reservoirs and metal tubes demonstrated that nitro­
glycerin would detonate. and the .explosion would 
propagate in cracks as thm as 1/32 mch and thr~ugh 
distances 'up to 12 feet. In a shallow field test, mtro­
glycerin vms detonated in a vertical crack in lime­
stone and produced extensive fracturing. Explosive 
fracturing tests were performed in oil shale forma­
tions on seven sites near Rock Springs, Wyo. The 
procedures included (1) displacing a,nd det?nating 
nitroglycerin in natural or hydrauhcally mduced 
fracture systems; (2) detonating nitroglycerin in 
wellbore shots; (3) displacing and detonating nitro­
glycerin in induce~ fractures followed by welJb~:>re 
shots using pelletized TNT; and (4) detonatmg 
wellbore charges using pelletized TNT. The research 
on oil shale formations demonstrated that nitro­
glvcerin displaced in a natural or hydraulically in­
duced fracture would detonate, and the explosion 
would propagate through the explosive-filled frac­
ture. Shooting a pattern of wells in oil shale at 
100-foot depth with well bore charges of pelletized 
TKT developed a satisfactory interwell fragmented 
zone. Tests performed on other sites at depths to 
385 feet caused fragmentation of rock around the 
well bore and provided interwell communication. 
Fourteen methods used to evaluate the extent and 
degree of fragmentation in the explosively fractured 
oil shale are discussed. 

RI 7875. Correlations of Basic Gel Permeation Chromatog-
raphy Data and Their Applications to High-Boiling 

Petroleum Fractions, bv D. E. Hirsch, J. E. Dooley, and 
H. J. Coleman. 1£i74. 77 pp. 9 figs. The Bureau 
of Mines, as a part of America~ Pe~roleum Institute 
Research Project 60, CharacterizatIOn of the Heavy 
Ends of Petroleum, has made extensive use of gel 
permeation chromatography (GPC). Data developed 
in this study were used to develop several correla­
tions that greatly expanded the usefulness of GPC 
and the data have been used as an aid in the inter­
pretation of mass spectra (MS). GPC rete;ntion vol­
ume data on pure compounds were used With molec­
ular structure to develop correlations that can be 
used to accurately predict retention volumes, mo~ec­
ular volumes densities, chain lengths, and rmg 
numbers of I~any components of petrole~m with.out 
resorting to further laboratory experimentatIOn. 
Conversely, the correlation can be used to. select or 
reject some compounds from severa.l possible com­
pounds that are indicated on the b.asls ~f MS analy­
sis. The utility of these correlatIOns 111 compo~nd 
type characterization is demonstrated ?y showmg 
their application to 330 0 to 550 0 C ~ractlOns from a 
low-sulfur and a high-sulfur crude OIL 

RI 7876. Noise Dosimeter Performance, by Kenneth C. 
Stewart and Timothy Y. Yen. 1974. 39 pp. 

49 figs. Eight brands (three samples of each kind) 
of commercially available audiodosimeters were per­
formance tested. Each unit was placed in an ane­
choic chamber and subjected to various acoustic sig­
nals to measure its A-weighting response and 
overall integration accuracy. All units met the A­
weighting tolerance for type II sound level meters, 
and six brands were within the Bureau's overall ac­
curacy requirements of ±2 dbA referred to input. 

RI 7877. Development and Application of the Waste-Plus-
Waste Process for Recovering Metals From Electro­

plating and Other Wastes, by Andrew A. Cochran and 
Lawrence C. George. 1974. 18 pp. 9 figs. Labora­
tory-scale research was conducted by the Bureau of 
Mines to develop a new process for treating electro­
plating and other wastes. Various acid and alkaline 
cyanide wastes were combined under controlled con­
,ditions to neutralize the wastes and to almost 
completely precipitate the metals and cyanides. The 
metals were subsequently recovered for recycling; 
the cyanides can also be easily recycled. The process 
was successfully used to treat the major types of 
electroplating and etching wastes, containing Cd, 
Cr Cu, Ni, and Zn, and to treat both concentrated 
and dilute wastes. The economic aspects of treating 
concentrated electroplating, etching, and anodizing 
wastes are especially attractive because of the low 
cost of mixing two wastes, the high value of the re­
covered metals, and the simplicity of the recovery 
procedures. The filtrates from the waste-plus-waste 
step were relatively harmless compared with t.he 
original wastes and met Public Health Service 
standards for free cyanide content. Free cyanide 
ions were not detected in most of the filtrates; the 
limit of detection was 0.03 ppm. Only small 
amounts of HCN were produced during the neutral­
ization; the HCN was collected and neutralized. 

RI 7878. Rapid Identification of Copper-Base Alloys by En-
ergy Dispersion X-Ray Analysis, by Harold E. 

Marr III. 1974. 15 pp. 3 figs. Energy dispersion X­
ray analysis was evaluated for possible application 
in the secondary metals industries for the rapid 
analysis and identification of copper-base alloys. 
Laboratory investigations of standard brass and 
bronze samples indicate that X-ray methods are ca­
pable of separating standard alloys into 10 general 
classes with analytical times of less than 3 seconds 
per sample for clean, flat samples. A radioactive 
source of americium-241 with a secondary fluorescer 
was used as an excitation source, and a lithium­
drifted silicon semiconductor detector was utilized 
for energy discrimination of X-rays. 

RI 7879. Method for Rapid Particle Size Analysis by Hy-
drosizing and Nuclear Sensing, by C. B. Dael­

lenbach, W. M. Mahan, and F. E. Armstrong. 1974. 
16 pp. 4 figs. A prototype particulate size analyzer 
system was developed that would rapidly determine 
size distributions of homogeneous and two-mineral 
materials in the 74-micrometer (200-mesh) to 7-mi­
crometer size range. The system sizes particles in a 
series of hydrocyclone elutriation steps and senses 
the weight of the five sized fractions by nuclear at­
tenuation techniques. Size distribution of materials 
was determined from experimentally developed 
mathematical relationships that existed between 
particulate weight and the measured transmittance 
of gamma rays from an americium-241 source. In 
the developmental phases, size distributions of three 
minerals (quartz, magnetite, and hematite) and a 
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-laboratory prepared two-mineral mixture of quartz 
and magnetite were accurately determined by the 
'prototype system. In later stages of the investiga­
tion, semiconcent'rates, an intermediate magnetic 
product from a taconite plant, were evaluated. 
Using 25-gram feed samples of this industrial mate­
rial, the analyzer system was found to predict 
weight percentages for individual size fractions 
with an accuracy of ± 0.85 percent or better at a 
95-percent confidence level. 

RI 7880. Recovery of Zinc and Lead From Brass Smelter 
Dust, by H. H. Fukubayashi and L. W. 

Higley. 1974. 10 pp. 4 figs. This Bureau of Mines 
report describes the development of a pyrometal­
lurgical process for the recovery of the zinc and 
lead contained in brass smelter flue dusts, which 
constitute a recycling or disposal problem. Tests on 
brass flue dust from several sources were made in a 
quartz tube, heated by an electric furnace to tem­
peratures as high as 1,050° C. The dusts were 
mixed with 'carbon and heated in an oxygen-free at­
mosphere. It was demonstrated that 98 pct of the 
zinc and 12 to 25 pct of the lead, both in the metal­
lic state, could readily be removed from the dusts. 
It was also found that 75 pct of the zinc could be 
recovered, with less than 0.1 pct of the lead, in the 
absence of chlorides. Pelletization techniques were 
investigated and 0.6-inch pellets were found to be 
optimal. -

RI 7881. Tunneling Machine Research-Interaction Between 
D:sk-Culler Grooves in Rocks, by Parviz F. Rad 

and Richard C. Olson. 1974. 21 pp. 12 figs. The Bu­
reau of Mines conducted groove cutting experiments 
in marble, 'limestone, granite, and quartzite with a 
7-inch disk cutter under a normal thrust of 7,000 lb. 
The values of muck weight per unit length, specific 
energy, cutting coefficient, and groove depth for 
each of these rocks were determined for groove 
spacings ranging from 0.1 to 4 inches, and from 
these results the values of optimum and critical 
spacing were computed. The results indicate that 
compressive strength may be used to predict some 
of the cutting characteristics of the independent 
grooves. Considering all the cutting chhacteristics, 
particularly those for the interacting grooves, Shore 
hardness, coefficient of rock strength, and torsional 
velocity correlate with cutting characteristics better 
than do other physical properties. Some of the field 
applications of the principles established in this re­
port are identified. 

RI 7882, Tunneling Machine Research: Size Distribution of 
. Rock Fragments Produced by Rolling Disk Cullers, 

by Parvlz F. Rad and Richard C. Olson. 1974. 40 
pp. 17 figs. The Bureau of Mines used a linear cut­
ting apparatus equipped with a 7-inch disk cutter 
to cut grooves in marble, limestone, granite, and' 
quartzite under a normal force of 7,000 lb. The size 
distribution of the muck for various grooves was 
determined through sieve analysis. A statistical 
search showed that Weibull distribution describes 
the size distribution better than other available 
functions. Results indicate that fineness modulus, 
chip population, and dimension of the largest chip 
can be used as indicators of cutting efficiency. The 
results correlate with those obtained from the bor­
ing machines and other laboratory experiments. Ap­
plication of the principles established through this 
work to the operation of boring machines is ex­
plained. 

RI 7883. Correlation of Laboratory CUlling Data With Tun­
nel Boring Machine Performance, by Parviz F. 
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Rad. 1974. 19 pp. 19 figs. The BUl'eau of Mines con­
ducted rock-cutting experiments under constant nor­
mal force and constant penetration in an effort to 
correlate laboratorv data with those obtained in the 
field. Both indepenclent and interacting groove spac­
ing regions were studied, and optimum and critical 
cutter spacings were determined. For the laboratory 
work, the effects of specific energy, muck \\'eight, 
groove depth, cutting coefficient, and size distribu­
tion of the muck for both independent and interact­
ing grooves were studied. For field operations, for­
ward thrust, torque, advance rate, and muck size 
distribution were the parameters studied. Satisfac­
tory correlation is obtained between laboratory cut­
ting results and field performance data. 

RI 7884. Waste Lubricating Oil Research. An Investigation 
of Several Re-refining Methods, by M. L. \Vhis­

man, J. W. Goetzinger, and F. O. Cottpn. 1974. 
26 pp. Several commercial processes for reclaiming 
used lubricating oil were duplicated on a laboratory 
bench scale. Laboratory tests were selected and in 
some instances modified to determine the physical 
properties of each oil produced. In addition, the 
hydrocarbon composition of some samples was deter­
mined using a liquid chromatographic technique and 
compared with the composition of new oil to deter­
mine the severity of the re-refining technique, 
Selected samples of reprocessed oil were reformu­
lated with an additive package for further estimates 
of quality as determined by wear, corrosion, foam­
ing, and oxidation stability tests. Additionally, sev­
eral samples of commercially re-refined oil and nrw 
oil were obtained, and physical properties were 
determined for comparative. studies. 

RI 7885. Peak Methane Concentrations During Coal Mining, 
An Analysis, by Fred N. Kissell, J. L. Ban­

field, Jr., R. W. Dalzell, and M. G. Zabetakis. 1974. 
17 pp. 7 figs. Methane concentration peaks were 
measured by the Bureau of Mines at coal mine 
working faces during entry development. The statis­
tical distribution of peaks was found to be normal 
or log normal depending on how we][ the methane 
was being mixed into the ventilation airstream. A 
normal distribution indicated good mixing, whereas 
a log-normal distribution indicated that mixing was 
poor. In addition, the "highest" peaks over selected 
intervals were found to fit' a type I extreme-value 
distribution, a result simiiar to that obtained ,,'hile 
mining longwall faces. 

RI 7886. Field Studies on an Unsupported Roof, York Canyon 
Coal Mine, Raton, N. Mex., by Raymond ),1. 

Stateham. 1974. 18 pp. 12 figs. Infrared and 
displacement studies, were made of an unsupported 
roof in Kaiser Steel Corp.'s York Canyon coal mine, 
Raton, N. Mex. Monitoring of the roof continued 
until the roof over the area was caved. Loose slabs 
in the roof, about 6 inches thick, were detected by 
means of associated thermal anomalies, using re­
mote-sensing infrared instruments. Displacement 
measurements taken during the study indicate that 
roof movement was cyclic in nature; the cycles ap­
pear to have been related to the mine work cycle 
(work days to idle days). 

RI 7887. Laboratory Oetermination of Faclors Affecting Stor-
age of North Dakota Lignite: Computer Simulation 

of Spontaneous Heating, by Everett A. Sondreal and 
Robert C. Ellman. 1974. 83 pp. 59 figs. Material 
and energy balances for stockpiled lignite were cal­
culated by computer simulation techniques to deter-



REPORTS OF INVESTIGATIONS 

mine the occurrence of spontaneous heati:hg. Data 
on properties of lignite which affect spontaneous 
heating were required. In some cases, best values 
from reported data were utilized; in other cases, 
new data were developed. These include specific 
studies on the rate and conditions that influence oxi­
dation, heat of oxidation, heat of wetting, specific 

'heat, thermal conductivity, and permeability of sto~k-. 
piles to air. These data are presented and discussed 
in detail for possible application to other studies. 
Results of computer simulations confirm past field 
experience on the storage of lignite containing as­
mined moisture, and predict a greater risk of heat 
occurrence in stockpiles of dried lignite where ex­
perience is lacking. Successful storage was predicted 
for dried lignite of 20 pct moisture content, if it 
were cooled after drying and compacted to an inter­
particle void fraction of 9 pct (bulk density of 67 
lb/cu ft) compared to 10 pct void fraction (72 lb/cu 
ft) for as-mined lignite. 

RI 7888. X-Ray Study of the Structure of Cokes Carbonized 
at Different Temperatures, by R. R. Schehl and 

R. A. Friedel. 1974. 12 pp. 7 figs. The Bureau 
of Mines analyzed the structure of a high-grade 
metallurgical coke, carbonized at different tempera­
tures in the range 500 0 to 1,000 0 C, through X-ray 
diffraction studies. Growth in the crystallite size 
with increasing coking temperature was calculated 
from profile analysis and compared with values ob­
tained from the radial distribution function. The 
carbonization temperature appeared to have little 
influence upon the stack height, whereas the layer 
diameters more than doubled in size between 500 0 

and 1,000° C. These results are comparable with 
those obtained from other studies of poorer quality 
cokes. 

RI 7889. Second-Order Effects in the Kinetics of Oil Shale 
Pyrolysis, by Donald W. Fausett, John H. 

George, and Harry C. Carpenter. 1974. 21 pp. 6 
figs. This Bureau of Mines publication presents a 
system of thermal decompositions providing an ade­
quate description of the mechanism of oil shale 
pyrolysis. Specific rate constants for systems of 
thermal decompositions studied are estimated via a 
least-squares procedure. The estimates thus obtained 
provide a mathematical model of the corresponding 
thermal decomposition system. A model that gen­
erates a good fit to published Bureau of Mines ex­
perimental data, in comparison with other models 
studied, is based on a thermal decomposition system 
consisting of two first-order reactions and three 
second-order reactions. Values computed for the spe­
cific rate constants corresponding to this system are 
shown to exhibit a temperature dependence that is in 
good agreement with the Arrhenius equation. Work 
done in cooperation with the University of Wyoming. 

RI 7890. Combination Model for Simulating Transient Gas 
Flow in a Vertically Fractured Reservoir, by W. K. 

S,myer and C. D. Locke. 1974. 44 pp. 7 figs. In this 
Bureau of Mines investigation, one- and two-dimen­
sional gas reservoir simulators were combined in 
such a manner that pressure distributions, both in an 
induced vertical fracture and in the surrounding 
formation, could be determined as a function of time 
for any specified well production rate. The technique 
used consisted basicallv of the alternate use of one­
and t"'o-dimensional algorithms for obtaining new 
pressure distributions in the fracture and in the 
l'l'ser\"oil', respectiYely. The pressures at adjacent 
resen'oir and fracture nodes were used to calculate 

flow rates from the formation into the fracture; 
which provided· source terms for both algorithms. 
The combination model developed provides the only 
known means of simultaneously simulating transient 
gas flow in a vertical fracture and the surrounding 
formation. Thus, the technique developed would be 
useful in locating wells in a gas storage field in that 
the effects of both fracture length and conductivity 
could be considered prior to drilling and fracturing 
operations. In addition, it will be helpful in analyz­
ing pressure drawdown tests in a vertically frac­
tured gas well since the entire test can be readily 
simulated for a wide range of reservQir and fracture 
properties. 

RI 7891. Performance Characteristics of Coal-Washing 
Equipment: Hydrocyclones, by Albert W. Deur­

brouck. 1974. 22 pp. 5 figs. The performance 
characteristics of five hydrocyclone coal washers 
were evaluated to determine the sharpness and effi­
ciency of separation that might be anticipated in 
commercial operation. The hydrocyclone overflows 
contained generally good clean coal products that 
would require little re-treating to remove misplaced 
high-gravity material. The underflows, however, con­
tained from 63.6 to 36.7 percent of misplaced low­
gravity material, which would require secondary 
cleaning to provide acceptable clean coal yields. 
Work done in cooperation with the University of 
Wyoming. 

RI 7892. Laboratory Experiments in Electrokinetic Densifi-
cation of Mill Tai:ings lin Two Partsl. 1. Develop­

.ment of Equipment and Procedures, by R. H. Sprute and 
D. J .. Kelsh. 1974. ~2 pp. 42 figs. This report 
descl'lbe:; Bureau of ~Ines laboratory test results in 
electrokInetIc dewaterIng and consolidation of metal­
mine tailings. Tailings were placed in 0.3-ft3 plexi­
glass models, and dc potential was applied until de­
watering ceased. Time-oriented measurements of 
water re:noval, changes in resistivity, and power 
consumptIon were recorded during the dewatering 
process. Dewatered material was tested for moisture 
content and densi~y .. Equipment and procedures were 
developed to optImize the method for unclassified 
mill tailings from a particular mine in the Coeur 
d' Alene, Idaho, district. Results indicate the method 
to be highly effective in dewatering and consolidat­
ing this material. 

RI 7893. Compound-Type Separation and Characterization 
Studies for a 370 0 to 535 0 C Distillate of Wilming­

ton, Calif., Crude Oil, by D. E. Hirsch, J. E. Dooley, 
H. J. Coleman, and C. J. Thompson. 1974. 28 pp. 
10 figs. A systematic procedure for separation, 
characterization, and semiquantitative analysis of 
high-boiling petroleum distillates was developed by 
the Bureau of Mines and applied to a 370 0 to 535 0 C 
distillate of Wilmington, Calif., crude oil. Separa­
tion procedures employed were isothermal and molec­
ular distillation, chemical treatment, silica-alumina 
adsorption, and gel permeation chromatography. 
Characterization and analysis were accomplished by 
gel permeation chromatography correlations and 
mass and nuclear magnetic resonance spectrometry. 
These data should lie useful in improving petroleum 
processing and utilization and in achieving the 
energy conservation inherent therein. 

RI 7894. Improvements in the Three-Component Borehole 
Deformation Gage and Overcoring Techniques, by 

Verne E. Hooker, James R. Aggson, and David L. 
Bickel. With an app~ndix on stress relief by center 
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hole, by Wilbur I. Duvall. 1974. 2~ pp. 20 figs. 
This Bureau of Mines report summanzes the results 
of modifications in the borehole deformation gage 
design and subsequent changes in th,e overcor~ng 
techniques. Modifications in the borehole deform~tI.on 
gage have greatly improved the creep characteristIcs 
and enhanced the versatility of the gage. In situ 
field tests in competent rock near St. Cloud, Minn., 
provided sufficient data to compare the reliability 
between gages and new techniques in obtaining goo.d 
engineering estimates of stresses. Near-surface hOri­
zontal stresses at the test sites are compressive and 
biaxial in nature. 

RI 7895. Thermodynamics of the AI-Si System, by Seth C. 
Schaefer. 1974. 15 pp. 7 figs. The' Bu­

reau of Mines studied thermodynamic properties of 
liquid Al-Si alloys with the high-temperature gal: 
vanic cell Al(l)//Al+3 (AlCls in NaCI 0 KC1)//AI-SI 
alloy(l). Activities of aluminum and silican (re­
ferred to pure. liquid metals), show . a f>r0!l0unce~ 
negative deviatIOn from Raoult 3 13:w m lIqUId. ~l-SI 
alloys containing 0.9 to ?5.2 atomlc-perce~ sll~on. 
Activity coefficients and the properties ':::"Gi, aGixs , 
.:::..H t1G .:::..Gxs and .:::..8 have been derived from the 
experim'ental data and are summarized in tables and 
ill ustrations. 

RI 7896. Methods and Costs far Stabilizing Fine-Sized Min-
erai Wastes, by K. C. Dean, Richard Ha­

vens and M. W. Glantz. 1974. 26 pp. 4 figs. Fine­
sized mineral wastes discarded by ore milling plants 
require stabili.z~ti0!l to prevent ai,r and wate.r 
pollution. StabilIzatIOn. has been atta~ned. by phYSI­
cal, chemical, vegetative, and combmatlOn prr~~-' 
dures. Vegetative reclamation is preferred to phYSI­
cal and chemical stabilization but is difficult to 
achieve because the wastes are sterile, contain dele­
terious inorganic salts, and lack the essential nu­
trients and physical characteristics required for 
sustaining vegetative growth. Methods now have 
been developed for attaining vegetative growth on 
all but excessively acidic, basic, or saline tailings at 
costs ranging from $120 to $650 per acre. The C?st 
for stabilizing tailings requiring more intenSive 
treatment techniques may range upward to $1,750 
per aci·e. This report summarizes procedures devel­
oped by the Bureau of Mines and industry for v~ge­
tating amenable tailings, lists costs for the varIOus 
processes, and suggests procedures that may be ap­
plicable for stabilizing saline and pyrite-containing 
tailings. Ridged planting beds, drip irrigation, and 
deep-furrow planting techniques. are. sugges~ed f?r 
stabilizing saline wastes. A combmatlOn of mill t~il­
ings and sewage sludge can be used for producl,ng 
synthetic soils, and layers of sewage sludge buned 
under a.layer of failings offer promise of inhibiting 
acid formation from oxidation of sulfides in mineral 
wastes. 

RI 7897. Geochemistry of Li'luids, Gases, and Rocks From 
the Smackover Formation, by A. Gene Collins. 

1974. 84 pp. 22 figs. The Bureau of Mines con­
ducted a research study of the geochemistry of the 
~mackove.r Formation to determine what geochem­
Ical relatIOnships are useful in exploration for and 
production of oil and gas. Samples of oil, gas, brine, 
and rock were collected and analyzed. The oilfield 
brines we.re analyzed by met?ods recommended by 
the American Petroleum Institute and by tentative 
methods of the American Society for Testing and 
Materials. The crude oils were analyzed by Bureau 
of Mines methods; the gas, by Bureau of Mines 
methods; and the rocks, by wet-chemical, atomic 
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absorption, and neutron activation methods. The re­
sults were correlated and interpreted, and several 
'geochemical relationships useful in exploration and 
production were found. These include the type and 
class of brine, organic constituents in the brine 
re10x potential, in situ temperature and preSSUl'e of 
brme, degree of sulfate and carbonate saturation 
of brine, and halide concentrations in the brine. 

RI 7898. Corrosion of Commercial A"oys in Three Environ-
ments Simulating Phosphate Rock Acidulation, by 

Laurance L. Oden and Boyd D. Nash. 1974. 10 pp. 3 
figs. The Bureau of Mines conducted corrosion tests 
of 18 commercial alloys in HaPO{-phosphate I'ock or 
AhO;; slurry, in 10 pct HF, and in 25 pct H~SiFIi to 
simulate three environments anticipated in a Bu­
reau process to extract fluoride values from phos­
phate rock. Small alloy coupons were rotated in du­
plicate tests at 4.4 to 21 fps in the slurry at 170' C 
to determine rates of erosion-corrosion. At 4.4 fps 
the lowest rates, in mils penetration per year 
(mpy), were measured for Hastelloy C-276 «20), 
Hastelloy B (30), and Inconel 625 (150); the rates 
increased at 21 fps to 55 mpy, 45 mpy, and 1,000 
mpy, respectively. The corrosion rate for all alloys 
exceeded 40 mpy in either the equilibrium vapor or 
liquid phases of aqueous solutions containing 10 pct 
HF or 25 pct H~SiF6 at 100 0 C. Uniform corrosion 
in 10 pct HF at 50' C was observed only for Inco­
nel 625 (22 mpy), Hastelloy C-276 (43 mpy), and 
Illium 98 (17 mpy). Inconel 625 (0.75 mpy), Hastel­
loy C-276 (1.3 mpy), Illium 98 (1.7 mpy), and Inco­
loy 825 (0.45 mpy) were attacked uniformly in 2;) 
pct H~SiF6 at 50 0 C. 

RI 7899. The Error in Gas Drive Calculations Caused by 
Ignoring Compressibility and Solution Effects, bv 

F. M. Carlson and C. S. Land. 1974. 18 pp. 6 
figs. Comparisons are made between the results of 
the Buckley-Leverett and Kern solutions, which de­
scribe immiscible displacement of oil by gas in a 
linear system and the results obtained from a less 
restrictive numerical model. This model takes into 
account the effect of compressibility of the oil and 
gas and the effect of allowing changes in the amount 
of gas in solution in the oil. These effects are best 
exemplified by imposing large pressure drops across 
the system. With these large pressure drops, com­
parison of the model solution with the Buckle\'­
Leverett solution reveals that the Bucklev-Leverc'tt 
solution provides estimates of recoveries "at break­
through of the gas that are too low. In contrast to 
the model, the Kern solution predicts breakthrough 
recoveries that are too high. A modification to the 
Kern solution is presented to facilitate more accu­
rate predictions of recovery at gas breakthrough for 
gas injection at pressures higher than the saturation 
pressure of the oil. . 

RI 7900. Laboratory Experiments in Electrokinetic Densifica-
tion of Mill Tailings (In Two Partsl. 2. Applica­

tion to Various Types and Classifications of Tailings, by R. H. 
Sprute and D. J. Kelsh. 1974. 43 pp. 27 figs. 
This report describes Bureau of ).fines laboratory 
test results in electrokinetic dewatering and consoli­
dation of metal-mine mill tailings from five mines 
in the Coeur d'Alene, Idaho, district. Classified 
(coarse) tailings, slimes, and unclassified material 
wer~ separately tested. Tailings were placed in 0.3-ft3 
plexlglass models, and dc potential was applied until 
dewatering ceased. Time-oriented measurements of 
water re~noval, changes in resistivity, and power 
consumptIOn were recorded during the dewatering 
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process. M.oisture content and density of the de­
watered material at test end indicated the method to 
be generally effective for all materials examined, 
but best results were achieved with well-mixed un­
classified tailings. 

RI 7901. Blast-Produced Fractures in Lithonia Granite, by 
David E. Siskind and Robert R. Fumanti. 

1974. 38 pp. 23 figs. The Bureau of Mines has 
studied the fracturing produced in the vicinity of 
large-diameter blastholes in Lithonia granite. Cores 
were taken from the vicinity of AN-FO production 
blasts and examined using a total of seven laboratory 
and field measurement techniques to delineate zones 
of damage and to evaluate· the effectiveness of the 
seven diagnostic tests for fracture-state determina­
tion Laboratoi'y measurements of acoustic pulse ve­
locity, porosity, permeability, compressive strength, 
and Young's modulus indicated the extent of fractur­
ing, with the acoustic techniques providing the best 
means of distinguishing between fractured and un­
fractured core. A severely fractured zone was found 
to extend approximately 25 inches (64 cm) from the 
center of the 6%-inch blastholes, equival~nt to 8 
blasthole radii. A second zone, characterized by a 
lesser degree of fracturing, extended from 25 to 45 
inches (64 to 114 cm) or 8- to 14-blasthole radii. 
Beyond 45 inches (114 cm) the rock was un­
damaged. 

.RI 7902. Spark-Shower Radiance of Metal Grinding Sparks, 
by John E. Kelley and Robert Blickens­

derfer. 1974. 25 pp. 12 figs. A method for 
measuring the spark-shower radiance of metals 
when abraded on a grinding wheel was developed by 
the Bureau of Mines for evaluating the sparking 
tendency of metals. The radiance was measured in 
units of emissive power per solid angle per area of 
the detector. Over 100 metals were tested and rated 
relative to commercially pure iron. The metals tested 
inc! uded elemental metals, iron binary and ternary 
alloys, iron-carbon ternary alloys, commercial steels, 
nonferrous alloys, and a few hard-metal compounds. 
Some alloys were synthesized; others were obtained 
commercially. Alloys that possessed good strength 
properties were emphasized for selection .. The re­
sults indicate that the spark-shower radIance of 
plain carbon steels and carbon alloy steels was 
greater than that of pure iron. Certain elements, 
particularly vanadium and chromium, reduced the 
sparking tendency of iron. Stainless steels and par­
ticularly nickel alloys displayed low spark-shower 
radiance. Some metallic elements had much lower 
radiance than iron; others, much greater. Plain car­
bon steels, heat treated to a variety of hardnesses, 
gave radiance values that generally incre~sed with 
increasing hardness. The effect on sparkmg tend­
ency of an increase in hardness of an alloy steel was 
studied. The sparking tendency increased with an 
increase in hardness to a maximum, then decreased 
with a further increase in hardness. 

RI 7903. Gas Chromatographic Method for Analyzing Gases 
Associated With Coal, by Ann G. Kim and 

Louise J. Douglas. 1974. 9 pp. 3 figs. Gas sam­
ples containing 02, N2, H2, He, C02, CO, CH4, and 
trace amounts of C2 to C5 hydrocarbons are ana­
lyzed by a gas chromatographic method that utilizes 
both thermal conductivity and flame ionization de­
tectors. A porous polymer support and molecul.ar 
sieve columns are used with ar,gon as the carner 
gas. A column selector valve makes it possible to 
perform a complete analyis either on one 1-ml sam­
ple in 40 minutes or on two samples in 20 minutes, 
one sample for each detector. Samples are int:r:oduced 

either by on-column injection or through a gas 
sampling valve. By varying operational parameters, 
the speed, sensitivity, and accuracy of analysis may 
be modified to suit a particular situation. 

RI 7904. Detecting and Sorting Disseminated Native Copper 
Ores, by Vernon R. Miller, Robert W. Nash, 

and .Alfred E. Schwaneke. 1974. 14 pp. 4 figs. 
The' Bureau of Mines developed and evaluated a 
detector-sorting device to separate the copper-bear­
ing portion from the barren portion of native copper 
ores. Small-scale sorting tests were run on minus 
I-inch plus %-inch size materials from the following 
Michigan samples: Winona, Kingston, and Centen­
nial ores, and "poor" rock from the Champion mine 
dump. Results showed that 60 to 85 pct of the cop­
per was recovered in 9 to 19 wt-pct of the sorted 
fraction. About 90 pct of the copper recovered was 
obtained in the first pass through the sorter. For 
the Kingston and Centennial ores, combinations of 
sorter concentrates and fines generated during 
crushing resulted in recoveries of 93 and 94 pct, 
respectively, of the total copper in the samples. The 
combined products constituted about 66 wt-pct of the 
total sample and allowed the balance to be discarded 
with only a 6 to 7 pct copper loss. 

RI 7905. Detonation Calculations With a Percus-Yevick Equa-
tion of State, by John C. Edwards and Robert 

Chaiken. 1.974. 15 pp. 5 figs. Chapman-Jouguet 
detonation calculations were carried out for penta­
erythritol tetranitrate (PETN), TNT, and ammo­
nium nitrate-fuel oil (AN-FO) explosives using the 
compressibility form of an equation of state of hard 
spheres based upon Percus-Yevick (PY) theory, and 
a chemical equilibrium detonation code called TIGER. 
Similar calculations were also carried out with the 
Becker-Kistiakowsky-Wilson (BKW) equation of 
state. For PETN, the BKW equation gives some­
what better agreement with experimental values of 
detonation velocity and pressure. However, in terms 
of experimental temperatures and concentrations of 
the minor product species (NO), the predictions of 
the PY equation are shown to be more satisfactory. 
Similar comparisons of experimental and theoretical 
results for TNT and AN-FO indicate that the PY 
equation has general utility in predicting the deto­
nation properties of condensed explosives at moder­
ate loading densities (po<1.3 g/cm3 ). 

RI 7906. Reduction of Tetravalent Cerium and Its Applica-
tion to Stripping From Tri-n-Butyl Phosphate, by 

L. E. Schultze, D. J. Bauer, and R. E. Lindstrom. 
1974. 8 pp. 7 figs. The Bureau of Mines con­
ducted bench-scale studies to develop techniques for 
stripping tetravalent c~rium from trion-butyl ~hos­
phate solutions. Experiments were conducted m a 
constant-temperature bath using beakers and me­
chanical stirring. In 15 minutes at 50° C, 95 percent 
of the cerium was stripped from a 50-pct trion-butyl 
phosphate-50-pct kerosine solution containing 0.18 M 
cerium, using 0.11 M aqueous formaldehyde. 

RI 7907. Mine Roof Reinforcement by Specifically Designed 
Epoxy Resin Systems, by R. V. Subramanian, 

Helen Austin, R. A. V. Raff, and J. C. Franklin. 
1974. 14 pp. 8 figs. This Bureau of Min~s project 
investigated the use of polymers to achIeve rock 
bonding and reinforce coal mine structures for better 
or permanent ground supp.ort. Support :vas ac?ieved 
by pumping the polymers mto the rock mterstices to 
bond the mass together for increased structural com­
petence. Holes were drilled in the mine roof, after 
which the polymers were injected at about 100 psi to 
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permeate the cracks. Initial laboratory work indi­
cated that, of all the resin systems tested, the epoxy 
resins could most likely be modified to be suitable for 
rock injection. This was confirmed when several 
potentially suitable resin systems underwent inten­
sive evaluation. In a series of three field-tests, two 
conducted in a copper mine with coal mine-type shale 
and the third in a coal mine, it was shown that the 
polymers penetrated cracks less than 0.005 inch wide. 
The fast-setting epoxy systems, cured out in thin 
films under mine conditions, produced a bond exceed­
ing the strength of the uncracked virgin rock. Work 
done in cooperation with Washington State Univer­
sity. 

RI 7908. Mathematical Study of a Propagating Flame and Its 
Induced Aerodynamics in a Coal Mine Passageway, 

by Donald N. H. Chi and Henry E. Perlee. 1974. 
'51 pp. 18 figs. The unsteady, one-dimensional, 
compressible-flow equations have been solved nu­
merically for a deflagration propagating through a 
gallery of finite length closed at the ignition end 
and open at the opposite end. These equations were 
solved for two situations wherein (1) the propa­
gating flame was extinguished after 0.1 sec or 
before the return of aerodynamic disturbances re­
flected from the open end, and (2) the flame was 
allowed to propagate a full 0.8 sec until it was 
extinguished. It was found that the process of 
sudden flame extinguishment creates rarefaction 
waves that, upon entering the burned zone, produce 
resonance within the burned cavity. For the rela­
tively small value of the product of the expansion 
ratio (8.5) and the effective burning velocities of 
7.4 m sec-1 for the first experiment and 4.9 m 
sec-1 for the second experiment, it was found that 
the acoustic approximation provides an adequate 
estimate of the pressures developed ahead of the 
flame during the system's early history. 

RI 7909. Fast Pulse Processing for Gamma-Ray Spectroscopy, 
by George E. Fasching and George H. Pat­

ton. 1974. 11 pp. 6 figs. The Bureau of Mines 
has developed a pulse counting system with improved. 
energy resolution and having dual channels to pro­
cess pulses at different rates and a pulse pileup 
detector for channel selection. Pulse input is delayed 
until the detector determines if any pulse is so close­
ly followed by a second pulse as to constitute pulse 
pileup. If no pulse pileup is detected, the slower 
channel is selected; this clips the pulse to a rela­
tively wide pulse width to retain good energy reso­
lution. If pulse pileup is predicted, the fast channel, 
with correspondingly shorter pulse width, is selected 
to improve resolution with respect to time. Output of 
the two channels is transmitted to a pulse height 
analyzer for interpretation. The pulse processing 
system can process count rates above 300,000 counts 
per second with little loss in energy resolution. 

RI 7910. Cleat in Bituminous Coalbeds, by C. M. Mc-
Culloch, Maurice Deul, and P. W. Jeran. 

1974. 25 pp. 13 figs. The natural vertical fracture 
system in bituminous coalbeds is called cleat. Cleat 
orientation commonly controls the direction of min­
ing with major development paralleling the face 
cleat. Previous researchers have categorized the oJZi­
gin of cleat as endogenetic, relating the origin of 
cleat to compaction and coalification, and exoge­
netic, relating the origin of cleat to tectonic forces. 
In the coalbeds studied for this report it was found 
that tectQJ1ic forces were the controlling factor of 
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cleat formation. Face cleats were formed as exten­
sion fractures during structural deformation, and 
butt cleats, as release fractures during erosion and 
uplift. The face cleat of the Pittsburgh coalbed ro­
tates from N 80' W in northwestern West Vir­
ginia to N 57' W in southwestern Pennsylvania; 
the face cleat maintains a perpendicular orientation 
to the shifting axial trend of local structures. Cleat 
orientation in other bituminous coalbeds in Virginia, 
Utah, Oklahoma, and central Pennsylvania showed 
a similar relationship to local structure. Directional 
permeability of coal is directly related to cleat. 
Holes drilled perpendicular to the face cleat yield 
from 2.5 to 10 times the amount of gas released as 
compared with holes drilled perpendicular to the 
butt cleat. 

RI 7911. The Optimum Gas Saturation for Maximum Oil 
Recovery From Displacement by Water, by Carl­

on S. Land and Francis 1\1. Carlson. 1974. 28 pp. 
21 figs. The Bureau of Mines investigated the influ­
ence of a free gas saturation on oil recoyery by 
water drive. A digital computer was used to calcu­
late the combined oil recovery from solution-gas 
drive to various states of depletion. Results of these 
calculations are compared and optimum conditions 
for the maximum oil recovery are found for yarious 
fluid-rock systems. For most of the fluid-rock sys­
tems, the calculations show an optimum gas satura­
tion other than zero. Using fluid and rock properties 
a:; parameters, graphs are plotted showing the opti­
mum gas saturation and increase in oil recoyery 
brought about by the gas saturation. The effects of 
fluid properties and relative permeability on the 
optimum gas saturation are seen in these graphs. 
The graphs can be used as guides in connection with 
other considerations in determining the optimum 
time to start a waterflood. They should also be help­
ful in determining the MER of a water-driye reser­
voir. The effects of compressibility and solubility of 
the trapped gas saturation are inYestigated for 
select cases using a backward difference scheme to 
solve the partial differential equation of three-phase 
flow. From these calculations, it is observed that 
some benefit of a gas saturation remains for injec­
tion pressures up to 1.5 times the original bubble­
point pressure. 

RI 7912. Deformation Monitoring of Underground Openings 
by Photographic Techniques, by James R. Mc­

Vey, Samuel R. Lewis, Elmer E. Guidice, and James 
R. Powell. 1974. 26 pp. 16 figs. A new meth<?d 
for measuring deformations of rock surfaces 111 
underground excavations has been suggested by Dr. 
James Powell of Brookhaven National Laboratories 
(BNL) and subsequently developed and successfully. 
demonstrated in a mining enyironment by the Fed­
eral Bureau of Mines Spokane Mining Research 
Center (SMRC) and Brookhaven National Labora­
tories. The system uses 35-mm photography of tar­
gets strategically located on surfaces of interest, 
such as across the roof and on the sides of a mine 
drift or tunnel. The optimum target, as determined 
in this investigation, consists of a white "X" made 
with %-inch-wide reflective tape on a black 6-inch 
square. Photographs, taken in pairs from two sepa­
rated camera positions and at regular time inter­
vals, were analyzed at the Bureau by hand and at 
Brookhaven National Laboratories using techniques 
and equipment similar to those used in cloud cham­
ber film analysis. Test results show that deforma­
tion-measurement accuracies of better than ± 0.020 
inch in a drift that is 20 feet wide can be expected. 
This degree of accuracy, plus providing displace-
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ment data in the X, Y, and Z directions (rather 
than the one direction formerly possible'), makes this 
a noteworthy and useful tool for industry as well as 
for mining research. 

RI 7913. Recovery of Lead From Galena by a Leach-Electrol-
ysis Procedure, by J. E. Murphy, F. P. Haver, 

and M. M. Wong. 1974. 8 pp. 3 figs. A method 
is being developed by the Federal Bureau of Mines 
for recovering lead metal from galena without the 
?,eneration of S02. Lead chloride is obtained by leach­
mg lead concentrate at a temperature of approxi­
mately 100° C with FeCla solution: 

PbS + 2FeCb --) PbCh + 2FeClo + S. 
Electrolysis of the PbCb product in - a fused-salt 
bath results in deposition of molten lead metal at 
the cathode and evolution of chlorine at the anode. 
The chlorine can then be absorbed in the spent leach 
solution to regenerate FeCla for recycling. Optimum 
electrolyte composition was a PbCbLi-CI eutectic 
containing 7.6 v.>t-pct LiC!. The PbCb-NaCI eutectic 
also proved satisfactory. Electrolysis in the PbCb­
LiCI bath 450° C yielded 99 pct current efficiency at 
current density of 5 amp/in" with an energy require­
ment of only 0.24 kW-hr/lb metal produced. This 
compares with 98 pct current efficiency and 0.26 
kW-hr/lb metal produced for the PbCh-NaCI bath. 
A typical lead deposit contained less than 100 ppm 
total detectable metallic impurities. At the low 
temperature employed for electrolysis, there was 
essentially no vaporization of Pb or PbCb. 

RI 7914. Copper Removal From Molten Ferrous Scrap. A 
Pilot Plant Study, by H. V. Makar and R. E. 

Brown. 1974. 11 pp. 1 fig. The Bureau of Mines 
suc~essfully demonstrated, on a pilot plant scale, a 
sodIUm sulfate (Na2S04) refining process for re­
moyal of copper from molten ferrous scrap. Previous 
tests establIshed technical feasibility on a bench 
scale for achieving low copper concentrations and 
dete,rmining the ~rincipal factors controlling process 
effiCIency. The pIlot plant study involved a I-ton 
arc furnace for melting ferrous scrap and a Ph-ton 
treatment ladle. Results of these tests showed that 
copl:~r removals ob~ained in laboratory tests (ap­
ploxm~ately 40 relative percent copper removal with 
10 weIght-percent surface addition of sodium sul­
fate) could be achieved on the pilot plant scale when 
excess carbon was added with the sodium sulfate 
compacts. Data were obtained on temperature losses 
and carbon consumption related to Na2S04 treat­
ll1ent. 

RI 7915. Dielectric Constants and Dissipation Factors of 
Simulated Lunar Rocks, bv Russell E. Griffin. 

1974. 19 pp. 16 figs. Dielectric constants and dis­
sipation factors were measured by the Bureau of 
Mines for 13 simulated lunar rocks over the 20- to 
100-megahertz frequency range by means of the 
susceptance-variation method. Measurements were 
made at room temperature and normal atmospheric 
pressure. Results are presented and some compari­
son is made with data reported by others. The rocks 
used include a broad range of physical characteris­
tics and chemical compositions from the large areas 
of volcanism in OIegon and northern California, and 
two nonvolcanic types. These rocks make up a suite 
of rock standards used by a group of laboratories 
engaged in lunar research. The data presented will 
add to the basic scientific and engineering knowledge 
needed to utilize extraterrestrial mineral resources 
for support of future space missions. 

RI' 7916. Using Sulfur Hexafluoride as a Gaseous Tracer To 
Study Ventilation Systems in Mines, by E. D. 

Thimons, R. J. Bielicki, and F. N. Kissell. 1974. 
22 pp. 14 figs. The Bureau of Mines found sulfur 
hexafluoride (SFs), released from a lecture bottle 
to J:>:e ll;n ideal gaseous tracer for studying min~ 
ventIlatIOn systems. Air samples were collected in 
glass syringes and analyzed by electron-capture gas 
chrom~tography. In these studies, the lower limit of 
detectIOn was about 1 part per billion by volume 
(ppb) C!f SFs per part of ail'. Experiments con­
du.cted m. a Pennsylvania limestone mine showed 
thIS tec.h!uque useful in 'evaluating the effectiveness 
of a:uxlliary f~ns,. measuring low flow velocities, 
pro):nng the all' c!rculating neal' a working face 
re~lOn :where ventll~tion appeared to be poor, and 
eshmatm~ volumetl'lc flow rates in airways of large 
cro.ss-sectl~nal area and having low flow velocities. 
ThIS tec~mque was also used in a western vein-type 
~etal ~me to m~asure the amount of return air be­
mg recll'culated Into the intake air due to leakage 
through old stoped areas. 

RF 7917. Tracer Gas as, an Aid in Mine Ventilation Analysis, 
~ by E. D. Thlmons and F. N. Kissell. 1974. 

1 (Pp. 13 figs. The Bureau of Mines has success­
fully used sulf:ur he?Cafluoride (SFs) as a tracer gas 
to measure mme all' flows under conditions where 
conve~tional methods have failed. SFs was employed 
expel'lmen~ally. to mea~ure accurately recirculation 
of return mto mtake all' caused by leakage through 
an old stoped area, to check for potential leakage 
f~'om an adja~ent min~, to trace 10,000 cfm of "lost" 
a!r from an mtake airway, and to measure transit 
airtime through uranium mines. It proved useful 
~s a. means of accurately measuring airflow volumes 
111 al!ways o~ large cr?s~ section and very low flow 
yeloclty and m determmmg the recirculation result­
mg from underground cooling plants. 

RI 7918. Identification of ,),-Valerolactone in Waste Water 
From an Oil-Shale In Situ Retort, by F. R. Mc­

Donald. 1974. 8 pp. 5 figs. The compound "y­

valerolactone has been identified in an acid fraction 
isolated from waste water collected from an in situ 
oil-shale retort. Infrared, nuclear magnetic reso­
nance, and mass spectrometry were used by the 
Bureau of Mines to confirm the identification of a 
subfraction collected from a gas chromatograph. 
Work done in cooperation with the University of 
Wyoming. 

RI 7919. Electrochemical Kinetics of the Reactian of Titanium 
Metal With Titanium Sub chlorides in Molten Sodium 

Chloride, by D. J. MacDonald, A. E. Raddatz, T. A. 
Henrie, and E. K. Kleespies. 1974. 16 pp. 5 
figs. Rates of electro oxidation and electrodeposi­
tion of titanium metal in a bath of molten sodium 
chloride containing dissolved TiCI, and TiCl3 were 
measured by Bureau of Mines investigators as a 
function of current density, temperature, and TiClo 
and TiCl3 concentrations. The rates were found to 
be ,nearly linear functions of current density, but 
theIr dependence on temperature and on TiClo and 
~iC13 concentrations are more complex. A rate ~qua­
hon that adequately describes the anodic electro­
oxida~ion at a single temperature (860° C) is 

Umt mass rate X 104 (g. cm-2 • sec-I) = 2.39 CD 
+ 0.11 X mole-percent TiCI3. 

Similarly, the cathodic deposition of titanium at 
860° C can be described by the rate equation: 

Unit mass rate X 104 (g. cm-!) . sec-I) = 1.65 CD 
- 0.06 (CD X mole-percent TiCI3). 

~he .average n~mber of electrons transferred per 
tItanIUm atom dIssolved anodically ranged from 0.84 
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to 2.7, the exact number being a function of current 
density and of TiCl, and TiCl, concentrations. In 
the cathodic experiments, from 2.6 to 6.3 electrons 
were transferred per titanium atom deposited and 
the ratio :vas found to be a function only of 'TiCI, 
concentratIOn. The results are interpreted in terms 
of a reaction mechanism involving adsorption. 

RI 7920. Evaluation of Plastic Scintillators for Detection of 
Prompt Gamma Rays in Continuous Analysis of 

Bulk Material~ by A. W. Hall and G. R. Friggens. 
1974. 11 pp. 3 figs. Cylindrical plastic scintillators 
were investigated for efficiency in detecting neu­
tron-induced prompt gamma rays. Scintillator per­
formance was compared on the ba~s of half-resolu­
tion and peak-to-trough ratios for gamma spectra 
obtained from Co-60 (1.17 and 1.33 MeV), Th-228 
(2.62 MeV), and PuBe (4.43 MeV). Various sizes of 
Pilot Chemical scintillators (types B, F, M, and Y) 
were tested. The best half-resolution, 7.7 percent for 
PuBe, was achieved with a 5- by 5-inch Pilot Y­
scintillator and dual photomultipliers. Comparison 
with sodium iodide (NaI) scintillators and the use 

. of plastic scintillators for on-stream analysis of sul­
fur in coal is discussed. Plastics were found to be 
unsuitable for on-stream analysis of materials hav~ 
ing complex prompt gamma ray spectra; however, 
they could conceivably be used for those yielding 
simpler spectra. 

III 7921. Retorting Indexes for Oil-Shale Pyrolyses From 
Ethylene-Ethane Ratios of Product Gases, by I. A. 

Jacobson, Jr., A. W. Decora, and G. L. Cook. 1974. 
22 pp. 7 figs. In a closely controlled laboratory 
retorting system for oil shale, a relationship' was 
developed by the Bureau of Mines between the tem­
perature in the retort and the weight ratio of ethyl­
ene to ethane in the gases produced. Reciprocal 
temperature was shown to be directly, proportional 
to the log ([ e~hylene] / [ethane] ). From this rela­
tionship a number, called retorting index, was de­
veloped. The retorting index has the dimension of 
temperature, but its magnitude depends on both 
temperature and residence time for the reactants 
in the heated zone in the oil-shale retort. The slopes 
of the lines relating reciprocal temperature and the 
logarithm of the ethylene-ethane ratios are nearly 
constant for each of the retorting processes for 
which data have been presented. The retorting index 
should be a valuable tool to control the operation of 
oil-shale retorts, either aboveground or in situ. If an 
optimum operating condition can be established, the 
maintenance of the optimum or the departure from 
it should be easily monitored by use of the index. 
Work done in cooperation with the University of 
Wyoming. 

RI 7922. Steam Pyrohydrolysis of Hydrous Magnesium 
Chlorides, by John L. Reuss and Joan T. 

May. 1974. 9 pp. 3 figs. A laboratory study was 
conducted by the Bureau of Mines to investigate the 
technical feasibility of decomposing hydrous mag­
nesium chlorides by using a steam pyrohydrolysis 
technique. This procedure consisted of injecting 
steam into the atmosphere of a decomposition fur­
nace containing samples of hydrous magnesium chlo­
ride and then determining the rate of hydrolysis by 
measuring the rate of chlori-de evolution. The vari­
ables investigated were temperature, amount of 
water vapor in the decomposition atmosphere, and 

.hydration stage of magnesium chloride. The applica­
tion of steam was shown·to ~ccelerate both the rate 
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apd compl.eteness of magnesium chloride decomposi­
tion reactIOns. For example, when magnesium chlo­
ride hexahydrate is exposed to a furnace tempera­
ture of 600 0 C in an air atmosphere for 20 minutes 
t~e. deco.mposition is 37 percent. Under identical con~ 
~htlOns III a steam atmosphere, the decomposition is 
III excess of 70 percent. The magnesium oxide pro­
duce~ by .the steam pyrohydrolysis of magnesium 
chlol"ld~ dIhydrate at 800 0 C contained 98 percent 
magnesIUm OXIde. Based on magnesium oxide com­
p.osition, this is equivalent to that of burned magne­
sIte produced at temperatures in excess of 1,300 0 C. 
~o demo~strate the quality of the product on a prac­
tical baSIS, metal reduction tests have shown it to be 
equivalent to reagent-grade magnesium oxide as a 
carbothermic reduction feed material. 

RI 7923. Properties of Utah Tar Sands-Threemile Canyon 
Area, P. R. Spring Deposit, by L. C. Marchant, 

L. A. Johnson, and C. Q. Cupps. 1974. 14 pp. 6 figs. 
Results of detailed analyses of four cores from the 
Threemile Canyon area in the P. R. Spring tar sand 
deposit in Utah are reported by the Bureau of 
Mines. The cores were obtained by the Utah Geo­
logical and Mineralogical Survey as part of a 17-
corehole evaluation program in the P. R. Spring, 
Hill Creek, and Rim Rock tar sand deposits. A ver­
age properties of the oil zone in the Threemile Can­
yon areas as determined from these cores are as 
follows: Oil saturation, 67.4 pct of pore volume' 
porosity, 29.2 pct; permeability before oil extraction', 
133 millidarcies; and permeability after oil extrac­
tion, 2,855 millidarcies. Average net thickness of oil 
zone is 23.8 ft, and average depth to the top of the 
oil zone is 189 ft. Work done in cooperation with the 
University of Wyoming. 

RI 7924. Thermal Degradation of Green River Kerogen at 
150 0 to 350 0 C. Composition of Products, by J. J. 

Cummins, F. G. Doolittle, and W. E. Robinson. 1974. 
18 pp. 5 figs. The Bureau of Mines heated Green 
River oil shale that had been previously extracted by 
benzene to provide information on in situ processing 
conditions, to determine the effect of low tempera­
ture heating on the unconverted kerogen, and to de­
termine the composition of benzene-soluble thermal 
products. Tests were conducted at 150 0 to 350 0 C for 
0.5 to 360 days. The methods used in determining the 
composition of the soluble thermal products consisted 
of fractionation of the soluble material, elemental 
analysis of the soluble products, fractionation of the 
polar resins by ion-exchange chromatography, gas 
chromatographic analysis of n-alkanes, and mass 
spectral analysis of the branched plus cyclic alkanes 
and aromatic oils. The methods used to determine the 
effect of low-temperature heating on the unconverted 
kerogen remaining in the oil shale heated residues 
consisted of carbon-hydrogel} analysis, volatile mate­
rial determination, carbon residue determination, 
and oxidation rate determination. In general, it was 
concluded that significant increases in the degrada­
tion of kerogen to oil occurred between the tempera­
ture range of 250 0 to 350 0 C; that the composition of 
the soluble products depends upon the temperature 
at which they are formed; and that the n-alkanes 
are pyrolytically degraded from the kerogen struc­
ture. In particular, the 250 0 C heating temperature 
is beneficial to the formation of branched plus cyclic 
alkanes. Also, the heated and unconverted oil shale 
kerogen and the soluble thermal products become 
more aromatic as the temperature increases from 
150 0 to 350 0 C. Work done in cooperation with the 
Universjty of Wyoming. 
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RI 792S. Waste Lubricating Oil Research. Some Innovative 
Approaches To Reclaiming Used Crankcase Oil, by 

M. L. Whisman, J. W. Goetzinger, and F. 0. Cotton. 
1974. 20 pp. The Bureau of Mines developed and 
laboratory tested several innovative techniques for 
reclaiming used lubricating oil. These processes in­
cluded percolation through both chemically treated 
clay and ion-exchange resins, distillation through 
batch and continuous wiped-wall vacuum apparatus, 
treatment with solvent extraction systems, and 
chemical removal of impurities with chelating agents. 
In each treatment, the criteria of evaluation were oil 
recovery and reduction of acidic and metallic com­
ponents. Both vacuum distillation and solvent treat­
ment ranked high in their abilities to remove acidic 
and metallic components of the used oil with good 
oil recoveries. A combination of the two techniques 
gave the best overall results in terms of quality 
evaluations made by established bench tests. The 
methods were not ranked according to economic prac­
ticability. 

RI 7926. Vapor Phase Reduction of Lead Sulfide, by E. R. 
Cole, Jr., W. M. Dressel, and M. M. Fine. 

1974. 11 pp. 3 figs. A lead smelting process that 
appears to present minimal pollution problems has 
been developed at the Bureau of Mines Rolla Metal­
lurgy Research Center. Ten- and 100-g samples of 
PbS mill concentrates were vaporized at 1,000° to 
1,100° C in a furnace with an inert gas atmosphere 
during a 2-hour period. The PbS vapor was trans­
ported by the inert carrier gas to the reduction zone 
of the furnace where it was reduced at the same tem­
perature with excess hydrogen to metallic lead. Lead 
of 99.9-pct purity was produced. The H2S formed 
can be decomposed into elemental sulfur and water 
vapor by a modified Claus process. Approximately 
90 pet of the Cu and 70 pct of the Ag and Zn remain 
in the residue and are potentially recoverable. More 
than 98 pct of the lead in the concentrates was ex­
tracted. 

RI 7927. Removal of Lead and Zinc and the Production of 
Prereduced Pellets From Iron and Steelmaking 

Wastes, bv W. M. Dressel, P. G. Barnard, and M. M. 
Fine. 1974. 15 pp. 3 figs. Over 2 million tons of 
steel furnace dust containing approximately 100,000 
tons of zinc and 10,000 tons of lead are produced 
each year. Recycling of the dusts would conserve 
mineral resources, lessen land area requirements for 
disposal, decrease pollution problems, and aid in solv­
ing the balance of payment problem. Steelmaking 
dusts can b~ pelletized. and thermally ~reated.to re­
move lead and zinc and to reduce the Hon OXIde to 
form metallized pellets. In laboratory tests, more 
than 99 pct of the zinc and 85 pc;t of the lea~ w~s 
volatilized from the dust by roastmg at 1,000 C m 
carbon monoxide. The volatilized material can be 
collected and treated further for lead and zinc recov­
ery. Reduction and volatilization of <!ver 95 pct of 
the zinc and most of the lead were achIeved by roast­
ing self-reducing mixtures of steel. furnac.e dusts and 
high-carbon steelmaking wastes m an l?ert .atmo­
sphere at 1,100° C. Over 8~ pct of the Iron m the 
resulting pellets was metallIzed. 

RI 7928. Recovery of Feldspar and Glass Sand From Georgia 
Waste Granite Fines, by W. H. Eddy, E. W. 

Collins, and G. V. Sullivan. 1974. 11 pp. 1 fig. 
The Bureau of Mines conducte~ laboratorl batch­
and small-scale continuous flotatl<!n processm~ tests 
on waste granite fines from GeorgIa to determme the 
feasibility of recovering usable fe~dspar and quartz· 
products by flotation. Two flotatIOn methods were 

utilized for the removal of biotite and other iron­
bearing minerals: one was in an acid-cationic circuit, 
and the other, in an alkaline-anionic-cationic circuit. 
Feldspar was recovered using an acid-cationic 
method. To produce commercial-grade feldspar and 
quartz products, it was necessary to employ either 
two sequential froth flotation circuits or one froth 
flotation circuit supplemented by wet-magnetic 
separation techniques to remove iron contaminants. 
Continuous flotation processing yielded a commercial­
grade feldspar concentrate containing, in percent, 
3.8 Na20, 5.4 K20, and 1.10 CaO, with recoveries of 
'77.8,70.3, and 64.4, respectively. The feldspar tailing 
was high-quality glass sand containing 98.2 percent 
SiO. and 0.024 percent Fe.O,. About 42 percent of 
the quartz was recovered at glass sand specifications. 
An effective separation of potash feldspar from the 
bulk feldspar concentrate was achieved by batch flo­
tation in a mineral separation cell. Work done in co­
operation with the University of Alabama. 

RI 7929. Thermal Energy Recovery by Basic Oxygen Furnace 
ORgas Preheating of Scrap, by J. J. Drost, C. B. 

Daellenbach, W. M. Mahan, and W. C. Hill. 1974. 
8 pp. 3 figs. The feasibility of basic oxygen fur­
nace (BOF) offgas heat recuperation by preheating 
scrap was investigated on a pilot plant scale by the 
Bureau of Mines. In this study, offgases generated 
during the oxygen blowing of a molten pig iron and 
scrap charge were passed through a static bed of 
shredded auto scrap. Scrap quantities ranging from 
100 to 180 pounds and representing from 22 to 40 
percent of the 450-pound BOF metallic charge were 
preheated in this manner. Average scrap bed temper­
atures of 1,650° F for 100 pounds of scrap and 
1,150° F for 180 pounds of scrap have been achieved 
during the blows. Compared with cold scrap used in 
the normal BOF practice, it was found that by pre­
heating scrap, usage could be increased by 43 per­
cent. The thermal energy recovered by this preheat­
ing method can account for up to 44 percent Of the 
energy necessary to melt the scrap. 

RI 7930. Incendivity of Some Coal-Cutter Materials bY' 
Impact-Abrasion in Air-Methane, by R. Blickens­

derfer, D. K. Deardorff, and J. E. Kelley. 1974. 20 pp. 
5 figs. Test equipment that simulated frictional im­
pacts between coal-cutter bits and mineral inclusions' 
at a coal face during operation of a continuous coal 
mining machine was used by the Bureau of Mines 
in the laboratory to study the incendivity of impacts 
between various rocks, metals, and hard-metal alloys 

.in an explosive mixture of air-7 pct natural gas. 
Quartzitic sandstone was found to be the most incen­

.,dive of several rocks tested. Limestone concretions 

.from a coal seam, known locally as "sulfur balls," 
sparked furiously but were not incendive. Among the 
metals tested, the type of steel used in commercial 
coal-cutter tools was the most incendive material 
tested. A 17 -4PH stainless steel was less incendive 
,and appears to be the most promising high-strength 
.steel alloy for use in coal-cutter bits. Some hard-metal 
alloys, primarily titanium and zirconium diboride 
composites, were also evaluated as possible replace­
ments for the conventional cobalt-bonded tungsten 
carbide used in the tip of coal-cutter bits. The metal­
bonded diborides were generally less incendive but 
more brittle than the conventional tungsten carbide. 
Carbonitride coatings on tool bits were also tested 
but found to have no advantage. The source of igni­
tion during frictional impact between metal and rock 
was studied. Immediately after impact, a yellow flash 
was observed and a smear of metal near its melting 
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point occurred on the rock. This .hotspot on the rock, 
rather than the yellow flash or sparks or metal frag­
ments, were observed to be the cause of the ignition. 

RI 7931. Hydrogen Peroxide Precipitation of Uranium, by 
M. Shabbir and K. E. Tame. 1974. 13 pp. 

5 figs. A study was made to determine the optimum 
conditions for precipitation of uranium from mill so­
lutions using hydrogen peroxide. Precipitation tests 
were made on both synthetic and actual mill solu­
tions. Parameters studied included the amount of hy­
drogen peroxide, initial pH, reaction pH, time, and 
temperature. Also investigated was the effect of 
Yal'ied amounts of vanadium, molybdenum, and sul­
fate in the test solution on uranium precipitation and 
product quality. The optimum conditions for complete 
precipitation and high product quality were (1) the 
use of 150 percent of the stoichiometric requirement 
of hydrogen peroxide, (2) initial pH of 1.0, (3) reac­
tion pH betwen 3.4 and 5.0, (4) 4 hours reaction 
time, and (5) ambient reaction temperature. The ex­
cess hydrogen peroxide requirement is partially de­
pendent on the amount of impurities present in the 
feed solution. The hydrogen peroxide process ap­
peared applicable to treatment of the several mill 
eluate and strip solutions tested. The experimental 
studies also indicated that the hydrogen peroxide 
technique gives substantially better product quality 
than that produced by ammonia precipitation. 

RI 7932. Recovering Vanadium From Dolomitic Nevada Shale, 
by P. T. Brooks and G. M. Potter. 1974. 

20 pp. 6 figs. A process for extracting 69 percent 
of the vanadium from weathered Nevada dolomitic 
shale containing about 1 percent V205 was developed 
on a laboratory scale by the Bureau of Mines. The 
process essentially consists of salt roasting leach­
ing with dilute sulfuric acid, solvent ext~action, 
and precipitation of vanadium as ammonium meta­
yanadate. Carbonaceous unweathered shale was less 
amenable to treatment. A preliminary cost estimate 
for mining and processing 1,500 tons per day of 
weathered shale indicated a production cost of about 
$1 per pound of VZ05. Considering recent sales at 
nearly $~.75 per pound of contained V205, larger 
scale testmg to obtain more definitive process design 
and evaluation data may be warranted. 

RI 7933. Source and Control of Nitride Inclusions in Tita-
nium, by Jack L. Henry, S. D. Hill, W. E. 

Anable, and J. L. Schaller. 1974. 48 pp. 24 figs. 
A laboratory- and a pilot plant-scale investigation 
has been conducted by the Bureau of Mines to ex­

. amine possible sources of nitride defects in the pro-
duction of magnesium-reduced titanium sponge. The 
production of alpha-stabilized nitride inclusions in 
hot-rolled titanium plate from air contamination of 
sponge during its manufacture has been experimen­
tally demonstrated. Magnesium-reduced sponge pre­
pared from air-contaminated magnesium or when 
contaminated by an air leak during reduction, vac­
uum distillation, or inert gas sweep shows very 
large variations in nitrogen content. Refractory ni­
h'ides, delta TiN, and epsilon Ti2N have been identi­
fied in this sponge. The highest incidence of inclu­
sions resulted from sponge that was reduced by air­
contaminated magnesium and from sponge subjected 
to air contamination during the vacuum distillation 
cycle and during helium sweep. Air contamination 
of sponge during the reduction cycle was not nearly 
as effective in producing inclusions. Tests showed 
that color and texture may not be reliable criteria 
for locating defects during sponge inspection. Main­
tenance of good vacuum-tight integrity, filtration of 
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~olten magnesium prior to charging into the reduc­
tIon r~tort, and. mechanic~l attrition of sponge to 
pulve~'lze and disperse mtrides are suggested as 
practIces to lower inclusion incidence in commercial 
titanium ingots. 

RI 7934. Pioneering Experiments on the Coreduction of 
Titanium, Aluminum, and Vanadium Chlorides To 

Produce Titanium Alloy Sponge, by Jack L. Henry, 
Wallace E. Anable, and John L. Schaller. 1974. 
21 pp. 15 figs. The Bureau of Mines conducted 
seven pioneering experiments in a 12-inch-diameter 
Kroll reduction reactor to examine the feasibility of 
coreducing the chlorides of Ti, AI, and V to produce 
a homogeneous titanium alloy sponge. The coreduc­
tion studies proceeded in a normal manner, and the 
yields of sponge were comparable with those of pure 
titanium sponge made in the same reactor. Vanadium 
concentration was very uniform throughout the 
sponge cake when VCLI in solution in TiCI4 was feel 
into the molten magnesium. More difficulty was 
encountered in feeding solid VCIz and AICb. Vana­
dium and aluminum concentration in the sponge was 
not uniform, and mechanical difficulties were experi­
enced with the small-scale screw feeder. Although 
the sponge varied in composition from region to 
region, the ingots prepared from it were uniform in 
composition. 

RI 793S. Drilling and Sampling Tertiary Gold-Bearing 
Gravels at Badger Hill, Nevada County, Calif., 

by Russell R. McLellan, Richard D. Berkenkotter, 
Richard C. Wilmot, and Robert L. Stahl. 1974. 50 
pp. 20 figs. As part of an effort to. develop ne\y or 
improved placer mining technology m the T.ertla.ry 
gold-bearing channel gravel of northern Cahforma, 
the Bureau of Mines conducted investigations at the 
old Badger Hill placer mine in Nevada County, 
Calif., to collect data and information regarding 
drilling and sampling methods and deposit ~harac­
teristics. Sampling studies involved the collectIOn and 
processing of 400 tons of large- and small-volume 
samples from drill holes, underground workings, sur­
face pits, and blasthole rounds. A total of 355 
samples averaging 2,296 pounds per sa~ple pro­
vided reasonably accurate data for analYSIS of the 
gold distribution. These studies indicated that the 
bulk of the gold is within 40 feet of bedrock in 
stacked, lenticular zones of cemented gravel that are 
largely confined to the relatively narrow, meandering 
course of the deepest portion of the bedrock channel. 
Drilling studies involved the testing of truck-mounted 
rotary, bucket, and vibratory drills, none of which 
proved to be a completely versatile tool for sampling 
quickly and reliably both consolidated and uncon­
solidated gravel. 

RI 7936. Reducing Surface Hot Shortness of Copper-Contain-
ing Steels Using Silicon Additions and Controlled 

Reheating Conditions. by Mark I. Copeland. 1974. 20 
pp. 7 figs. This study was conducted by the Bureau 
of Mines to determine the effect of steel reheating 
practices in burning natural gas on the amount of 
silicon required to prevent the formation of copper 
on steels containing up to 1 wt-pct Cu. Formation of 
copper, which causes surface hot shortness, was 
readily prevented by as little as 0.3 wt-pct Si and 
by 2 vol-pct excess oxygen in the furnace atmosphere 
when reheating steels containing up to 0.8 wt-pct 

. Cu. Up to 0.8 wt-pct Si content and careful control of 
reheating conditions were necessary for steels con-
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taining 1 wt-pct Cu. Best conditions for these steels 
were reheating to 2,200° F (1,205° C) in burning 
gases containing 2 vol-pct excess oxygen, and then 
to higher temperatures in gases of 6 vol-pct excess 
oxygen. Slag and mold wash were not detrimental 
on steels reheated for 8 hr by a soaking-pit-type 
furnace schedule, but they were problematical on 
steel heated for 2 hr by a pusher-type furnace sched­
ule. The effect of silicon contents on scaling rates 
also was determined. 

RI 7937. Vibrations From Underground Blasting, by James 
J. Snodgrass and David E. Siskind. 1974. 

31 pp. 22 figs. The 'Bureau of Mines has investi­
gated vibration levels produced by blasting at four 
underground sites to establish how such factors as 
type of explosive, delay blasting, charge weight, and 
geology affect amplitudes of ground motion. A sum­
mary of the work is presented, and the results of 
further analysis of the data are discussed. Square 
root scaling was found applicable to two of the under­
ground sites and could be applied with minor error 
to all the sites. Comparison of empirical propagation 
equations in the different rock types indicates that 
although the site effect is apparent, the combined 
data may be used as a basis for engineering esti­
mates of vibration amplitudes from subsurface 
blasting in many different rock types. Recommenda­
tions for predicting and minimizing vibration ampli­
tudes from underground blasts are given. 

RI 7938. Processing High-Resolution Mass Spectrographic 
Plates With a Comparator-Microdensitomer-Pro­

grammable Calculator System, by J. H. \Veber, D. G. 
Earnshaw, D. W. K. Severin, and A. W. Decora. 
1974. 14 pp. 4 figs. This Bureau of Mines pub­
lication describes the hardware system and software 
package for the semiautomatic acquisition and auto­
matic processing of high-resolution mass spectro~ 
graphic plates. The semiautomatic data acquisition 
allows a tenfold saving of time compared with 
manual data acquisition. Automatic processing of 
the high-resolution data to yield exact masses in­
tensity, and the corresponding empirical for~ulas 
is accomplished by efficient programing on a small 
inexpensive, program able calculator system. ' 

RI 7939. Seepage-Environmental Analysis .of the Slime ~one 
of a Tailings Pond, by C. Damel Kealy, RICh­

ard A. Busch, and Michael M. McDonald. 1974. 89 
pp. 18 figs. Dissolved and su~~ended solids a:t;e 
present in the free water of tallmgs ponds. ThIS 
Bureau of Mines study was designed to identify the 
influences of the slime zone in preventing these solids 
from reaching the environment outside the tailings 
pond. The finite-element method was used to deter­
mine the rate of discharge of subsurface water from 
the Van Stone tailings pond in northern Washing­
ton. The slime zone was sampled and tested for the 
first time and results were interpreted and incor­
porated i~to th~ mathem~tical !llodel. Compu~er .re­
suIts were verIfied by mstallmg and momtonng 
piezometers in the field and by a simulated (16- by 
Ih- by 3-foot) laboratory model. Output from the 
numerical model defined critical seepage zones and 
revealed that proper pond design and maintenance 
can reduce pond seepage I.osses to. a n:U~imum. Mini­
mization of seepage reqUIres mamtam.mg the ~ond 
water level over the slime zone. SuffiCIent phYSIcal, 
chemical and limnological data were collected and 
analyzed'to conclude that the only realistic reflection 
of synergistic effects is obtained by study of the 

indigenous biota in combination with quantitative 
chemical and physical data. Proper planning and 
management of the milling and waste disposal op­
erations are the key to minimal pollution. 

RI 7940. Low-Temperature Heat Capacities of Sphalerite 
and Wurtzite, by J. M. Stuve. 1974. 8 pp. 

2 fig~. ~ow-temperature adiabatic heat-capacity de­
termmatlOns were made by the Bureau of Mines in 
the temperature range from 5 to 300 K for the two 
,crystalline modifications of zinc sulfide, sphalerite 
({3) and wurtzite (a). The entropy at 298.15 K of 
sphalerite was evaluated as 14.02 ± 0.04 cal/deg 
mole, and that of wurtzite, at 14.06 ± 0.04 cal/deg 
mole. 

RI 7941. Tube-Wall Methanation Reactors With Combined 
Diffusion and Kinetic Resistance, by T. D. Ral­

ston, W. P. Haynes, A. J. Forney, and R. R. Scheh!. 
1974. 15 pp. 6 figs. This Bureau of Mines report 
presents a mathematical model for heterogeneously 
catalyzed chemical reactors operating under turbu­
lent conditions. The model includes reaction kinetics 
on the catalyst surface as well as diffusion of the 
reacting components within the reactor. Three ap­
plications of the model to tube-wall methanation 
reactors are discussed. The first application is a 
computation of catalyst activity from measured re­
actor data. This result is then used in a reactor 
sizing problem and a problem of reactor simulation 
with recycle. In addition to the reactor model, a 
novel approach to solving the recycled reactor prob­
lem is given. 

RI 7942. An Improved Electrical Resistivity Field System for 
Shallow Earth Measurements, by C. Melvin Lep­

per and James H. Scott. 1974. 20 pp. 10 figs. 
The Bureau of Mines has developed an improved 
earth resistivity field system that employs a novel 
technique for obtaining null measurements. The in­
strument is designed to operate reliably in high-noise 
environments such as those found in the vicinity of 
operating mines. The system consists of a low­
frequency transmitter, a sensitive receiver, and an 
external battery pack, each in its own case to provide 
protection from the elements. The receiver and 
transmitter units have self-contained rechargeable 
batteries to supply power to the circuitry and sepa­
rate built-in battery charges that operate on stand­
ard 115 Vac power. The system is portable and sim­
ple to operate. Measurement accuracy, reliability, 
and dynamic range are superior to most commer­
cially available equipment even though less time and 
effort is required to make null readings. Unlike some 
commercial systems, long integration times are not 
required to enhance signal-to-noise ratio in areas of 
high background noise. 

RI 7943. Phases and Interdiffusion Between Titanium and 
Its Mononitride, by F. W. Wood, P. A., 

Romans, R. A. McCune, and O. G. Paasche. 1974. 
40 pp. 27 figs. The Bureau of Mines has sought 
clarification of the Ti-TiN system by studying the 
phases formed by diffusion reactions between tita­
nium and titanium nitride. Reaction couples were 
prepared by embedding pockets of TiN powder in 
arc-melted buttons of titanium. Specimens were vac­
uum annealed at nominal temperatures of 800 0

, 

950 0 , 1,200°, and 1,500 0 C. Metallographically 
mounted cross sections from reacted specimens and 
from some that were not annealed were examined 
optically, with an electron microprobe. with an elec-
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tron microscope, and by X-ray diffraction. Each 
annealed specimen contained a segregated core pri­
marily of 8-phase material, an e-phase diffusion 
layer, an a-phase diffusion layer, and host metal. 
On the basis of corresponding microprobe analyses, 
and considering results of certain other research, a 
new phase diagram is proposed. It contains no quali­
tative innovations, only quantitative adjustments. 
Results were also analyzed from the viewpoint of 
diffusion behavior. Diffusion coefficients calculated 
for the e-phase were sufficiently scattered that the 
parameters are very tentative. Nevertheless, the d\f­
fusion behavior reported is in reasonable agreement 
with one of two prior studies if it is assumed that 
the earlier investigators were mistaken in their 
identification of the nitride phase in which the dif­
fusion occurred. 

RI 7944. Multiple-Orifice Feeder for Fine Particles, by H. G. 
Lucas and N. S. Smith, Jr. 1974. 5 pp. 

5 figs. A feeder screw supplied at constant pressure 
by a hopper-orifice arrangement was developed for 
feeding solids in size ranges up to several hundred 
micrometers at constant flow rates. Performance of 
the feeder was evaluated by measuring the flow rates 
obtained with 3- to 7-micrometer coal ash, 70 per­
cent through 200-mesh coal, and minus 325- plus 
400-mesh coal ash. Constant feed rates within a few 
percent of set values were achieved for half-hour 
periods for the larger particles and for 5-minute 
periods for the finer particles. Suggestions are given 
for feedstock preparation and feeder operation for 
optimum performance. 

RI 794S. Compound~Type Separation and Characterization 
Studies for a 370 0 to 530 0 C Distillate of 

Recluse, Wyo., Crude Oil, by D. E. Hirsch, J. E. Dooley, 
J. W. Vogh, and C. J. Thompson. 1974. 25 pp. 10 
figs. The Bureau of Mines has developed a sys­
tematic procedure for separation, characterization, 
and semiquantitative analysis of high-boiling (350° 
to 550° C) distillates of crude oils. Isothermal and 
molecular distillation were used to prepare the 370 0 

to 530 0 C distillate of Recluse, Wyo., crude oil. The 
distillate was separated into fractions by chemical 
treatment, silica-alumina gel adsorption, and gel 
permeation chromatography (GPC). The fractions 
were analyzed by use of GPC correlations and mass 
and nuclear magnetic resonance (NMR) spectrom­
etry. The increased knowledge of petroleum compo­
sition obtained from the data will contribute to im­
proved petroleum processing and utilization and 
energy conservation. 

RI 7946. Coal Mine Dust Il\combustibles Content Analyzer 
Using a Gamma-Ray Backscatter Technique, by 

F. E. Armstrong. 1974. 10 pp. 5 figs. An in­
strument using a gamma-ray backscatter technique 
for determining the weight-percent incombustibles 
content of coal dust and rock dust mixtures in coal 
mines has been built and tested. The unit gives a 
direct readout in percent incombustibles for coal 
mine dust mixtures containing between 50 and 100 
percent incombustibles. Calibration of the device re­
quires using a sample of the rock dust employed; 
the sample is usually limestone but is occasionally 
dolomite or gypsum. A small americium-241 source is 
used with a scintillation detector, the output of which 
feeds a rate meter. The source-detector geometry 
used was chosen to reduce the effects of variation in 
bulk density. Accuracy of the system is within ± 3 
percent for most mixtures. The instrument is port­
able and completely self-contained; the rechargeable 
batteries supply power for 300 to 400 determinations. 
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RI 7947. Removal of Hydrogen Sulfide From Hot Producer 
Gas by Solid Absorbents, by W. T. Abel, F. G. 

Shultz, and P. F . .Langdon. 1974. 23 pp. 13 fig.s. 
The Bureau of Mines tested 48 materials for their 
ability to absorb H,S from hot simulated producer 
gas (1,000' to 1,500' F). The n:aterial fo.und best 
from the standpoint of absorptIOn capaCIty, dur­
ability, and amenability to regeneration was sin­
tered pellets of 75 percent fly ash-25 percent Fe,03. 
The performance of this absorbent under simulated 
and actual conditions is described. The effect of ab­
sorbent composition, absorbent temperature, steam 
content of the gas, and tar vapors and dust in 
producer gas is discussed. 

RI 7948. Continuous Heavy Liquid Concentration of 8rucite, 
by T. O. Llewellyn and G. V. Sullivan. 

1974. 7 pp. 1 fig. The Bureau of Mines investi­
gated the use of a heavy liquid in combination with 
fluid cyclones to separate brucite from a Nevada ore 
on a continuous basis, using a mixture of dibromo­
methane and trichloroethylene having a density of 
2.44 grams per cubic centimeter. Single-stage cyclone 
separation produced a concentrate that contained 84 
percent of the total magnesia at a grade, on ~ cal­
cined basis, of 95.6 percent MgO. Work done III co­
operation with the University of Alabama. 

RI 7949. Room Temperature Tensile Properties of Titanium 
and Seven Titanium Alloys Prepared by Skull 

Casting, by E. D. Calvert and Ronald R. Lowery. 
1974. 26 pp. 6 figs. The room temperature ten­
sile properties of commercially pure titanium and 
seven titanium alloys prepared by skull casting were 
determined in the as-cast and heat-treated condi­
tions. Data were compared with property data from 
tensile tests on wrought alloys of the same composi­
tions in the as-worked and heat-treated conditions. 
The alloys evaluated were Ti-5Al-2.5Sn, Ti-6Al-4V, 
Ti-6Al-4V-1Si Ti-6Al-2Sn-4Zr-2Mo, Ti-6Al-6V -4Zr-
4Mo, Ti-6Al-6V-2Sn, and Ti-ll.5Mo-6Zr-4.5Sn. Test 
specimens were prepared from both static and cen­
trifugal castings and from plate fabricated by forg­
ing and rolling vacuum-melted ingots. The data in­
dicate that the alpha and alpha-beta alloys have 
strenth properties in the as-cast condition that are 
reasonably close to the strength properties of their 
wrought counterparts in the as-worked condition. 
An exception to this was the Ti-6Al-6V-4Zr-4Mo 
alloy for which insufficient data were available to 
form any firm conclusions. Fine-grained cast struc­
tures of Beta III (Ti-11.5Mo-6Zr-4.5Sn) were shown 
to be generally stronger in the as-cast condition than 
the wrought alloy in the as-worked condition except 
for the yield strength of one structure that was un­
usually low. Heat treatment of this alloy produced 
properties that were unpredictable. Indications are, 
however, that optimization of heat treatment param­
eters for each cast structure could produce strength 
properties equal to that of wrought materials. 

RI 7950. Preliminary Investigation of Desilication of Minerals 
With Sulfur and Carbon, by H. O. Poppleton 

and T. T. Campbell. 1974. 8 pp. 8 figs. This 
Bureau of Mines study was made to investigate a 
possible method for selectively removing the S~02 
component of silicate minerals and ores. Of speCific 
interest were aluminum ores and zircon. Methods are 
described for removing Si02 from these ores as 
volatile silicon sulfides by treating the ore with sul­
fur and carbon; with sulfur, carbon, and a reducing 
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gas; or with sulfur compounds and carbon. Com­
parative results are also given for the desilication 
of some of the ores with carbon alone to form vola­
tile silicon monoxide. The silica component can be 
removed partially from bauxites at temperatures 
above the sublimation temperature of SiS (940° C) 
by treatment with carbon, sulfur, and methane; how­
ever, it is more difficult to remove the silicon from 
kyanite, manganese silicate, red muds from alumi­
num processing, kaolinite, lateritic nickel ores, and 
zircon. Complete desilication requires temperatures 
ranging from 1,100° C for bauxite to 1,450° C _for 
zircon. Although the high temperatures required and 
the undesirable metal sulfides produced eliminate 
practical application of this method using present 
technology, the Bureau is reporting this data so that 
they will be available to future investigators. 

RI 7951. A Continuous-Recording Methanometer for Ex-
haust Fan Monitoring, by M. C. Irani, A. Tall, 

B. M. Bench, and P. W. Jeran. 1974. 18 pp. 10 
figs. The Bureau of Mines, in cooperation with the 
Mine Safety Appliances Co., has developed a con­
tinuous-recording methanometer utilizing a catalytic 
combustion detector. The methanometer, which is 
presently operating at 22 E!xhau~t fans at ~4 mines 
in the Eastern coalfields, IS rel1able and simple to 
install, operate, and maintain. The instrument and 
the details of its installation and calibration are 
described. Analytical data obtained by infrared spec­
trophotometer and gas chromatograph are presented 
to substantiate its reliability. 

RI 7952. Relationships of Earth Fracture Systems to Produc-
tivity of a Gas Storage Reservoir, by W. K. 

Overbey, Jr., W. K. Sawyer, and B. R. Henniger. 
1974. 133 pp. 102 figs. The Bureau of Mines con­
ducted surface joint and stress measurements, air­
borne remote sensing imagery studies, compass­
oriented borehole televiewer surveys, numerical simu­
lation of fractur.ed wells, and well productivity 
studies in a four-quadrangle study area of Ohio. to 
determine the effects of earth fracture systems on 
the deliverability of gas storage fields. T~e results. of 
these studies indicate that much useful mformatIOn 
about a gas storage reservoir can be obtained and 
put to practical use by studying (1). ?riented c<?res 
for fractures and directional permeablhty, (2) orien­
tation of induced hydraulic fractures for almeme~t 
of well patterns, and (3) aerial photos and multi­
spectral scanner imagery fo,r ge~eral surface geology 
comparison and to determme If some development 
patterns can be generated by such rE!sults. ~he ab­
sence of known tectonic elements associated With flat­
lying sediments such as faults or fracture zones that 
can be seen on the surface, indicates that the use of 
remote sensors such as radar or aerial photography 
is not likely to be useful in picking weI! locations for 
drilling. Studies similar to those discussed here 
should be conducted in gently folded and str~mg~y 
folded sedimentary formation areas to determme If 
the increased knowledge of earth fra~tu~e systems 
under these conditions might be beneficial m gasfie~d 
and gas storage reservoir development. W?r~ done m 
cooperation with the American Gas ASSOCiatIOn. 

RI 7953. Aqueous Reduction of Chalcopyrite Concentrate 
With Metals, by M. B. Shirts, J. K. Winter, 

P. A. Bloom, and G. M. Potter. 1974. 18 pp. 16 
figs. Bench-scale studies were made on a reduc­
tive hydrometallurgical procedure to convert chal­
copyrite flotation concentrate to copper metal or a 

readily leachable sulfide. Reductive conversion of 
chalcopyrite and dissolution of iron and sulfur were 
accomplished in hydrochloric or sulfuric acid solu­
tion by the addition of metallic copper, iron, or lead. 
Use of metallic copper as the reductant enabled ex­
traction of 95 and 46 percent of the iron and sulfur, 
respectively. The products were ferrous iron, hydro­
gen sulfide, and a copper sulfide. Use of metallic iron 
or lead as the reductant enabled extraction of 95 
percent of both the iron and sulfur. The products 
obtained with metallic iron or lead were ferrous 
iron, hydrogen sulfide, and metallic copper. 

RI 7954. Thermal Diffusivity of Six Igneous Rocks at Ele-
vated Temperatures and Reduced Pressures, by 

D. P. Lindroth. 1974. 33 pp. 12 figs. The ther­
mal diffusivity above 298 K, up to 400 K and at 
pressures from ambient down to 10-10 torr was meas­
ured for the following six igneous rock types: tho­
leiitic basalt, obsidian, rhyolite, granodiorite, gabbro, 
and dunite. The thermal diffusivity data were ob­
tained by the laser flash method. Extreme values 
range from a low of 5.3X 10-3 cm2/sec for rhyolite 
at 383 K and 2 X 10-7 torr to a high of 13.4 X 10-3 
cmz/sec for dunite at 298 K and 760 torr. Data are 
also included on a commercial fused silica, which 
was used as a standard. 

RI 7955. Recycling of Plastics From Urban and Industrial Ref-
use, by J. L. Holman, J. B. Stephenson, and 

}1. J. Adam. 1974. 44 pp. 26 figs. The Bureau of, 
Mines at its Rolla Metallurgy Research Center, has 
devised methods for separating and reusing the ma­
jor portion of waste plastics discarded in urban and 
industrial refuse. Waste plastic concentrates from a 
local collection drive, recycling center collections, 1:11'­
ban refuse pilot plants, and the secondary metals m­
dustry were separated into three major thermoplastic 
families-polyolefins, styrenes, and vinyls:-base~ on 
differences in density using a Bureau-deSigned smk­
float-elutriation hydraulic separator .. Other. sep~ra­
tion methods and systems such as all' claSSificatIOn, 
jigging, liquid media, screening, and electrostatics 
were studied. Vinyl plastics contain up to 50 percent 
HCI. It was found that over 90 percent of the HCI 
in vinyls can be recovered as usable h¥d!ochloric aci.d 
by pyrolysis at 350° C. The remammg pyrolYSIS 
products, which had heats of combustion in excess 
of 12,000 Btu/lb, could become valuable as a future 
source of energy. A characterization study conducted 
on eight chopped wire insulation wastes from second­
ary copper and aluminum processors s~owed that 
most wastes contained 2 to 7 percent reSidual metal 
and large percentages of vinyl. The residual metal 
content of some of these wastes was lowered to 0.1 
percent and the vinyl portion segregated using vari­
ous separation techniques. The research also suggests 
ways in which reclaimed thermoplastics may be fab­
ricated into useful products. 

RI 7956. Ultraviolet-Visible and Infrared Emission Spectra of 
Propagating Methane-Cool-Dust Inhibitor Flames, 

by Z. J. Fink, L. E. Dalverny, and J. Grumer. 1974. 
56 pp. 29 figs. Ultraviolet-visible and infrared 
emission spectra from propagating I?eth~ne-coal-dust 
inhibitor mixtures have been obtamed m a 0.2- by 
0.2- by 5.3-m vertical duct over a range of flaII!e 
speeds from 2 to 100 m/sec. Results serve as a baSIS 
for the design and evaluation of thermal radiation 
detectors for triggered barriers that suppress on­
going mine explosions. Of particular significance is 
the large continua superimposed on the methane-atr 
spectra when small amounts of coal dust are present 
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and the var~ation of emissivity with infrared (IR) 
wavelength In dust flames. In conjunction with the 
spectr~l measuremen~s, studies of flame speed, par­
ticle Size, ~as sampling plus thermodynamics, and 
dust samplmg are presented and discussed to gain 
insight into the more fundamental aspects of propa­
gating explosions. Sampling results have shown that 
only a near-stoichiometric amount of dust is con­
sumed in the flames studied even though initial con­
centrations are five times stoichiometric. Difficulty in 
propagating coal-dust inhibitor flames of realistic 
mine characteristics in a cold-walled laboratory duct 
has been encountered. A simplified analysis of the 
flame zone utilizing spectral and sampling results 
indicates that the stability of slowly propagating 

.flames is more dependent upon thermal radiation 
than upon convection losses to the walls. It is pre­
dicted that thermal radiation losses will make any 
measurements of coal dust burning velocities, 
"quenching diameters," or flammability limits more 
apparatus dependent than those corresponding to 
gaseous fuels. 

RI 7957. Cost of Producing Copper From Chalcopyrite Con-
centrate as Related to S02 Emission Abatement­

An Evaluation of Five Smelting Procedures, by Masami 
Hayashi, Henry Dolezal, and J. H. Bilbrey, Jr. 1974. 
87 pp. 10 figs. Cost evaluations were made for five 
processes for producing 100,000 tons of electrorefined 
copper per year from a chalcopyrite concentrate. The 
processes were (1) conventional smelting with all 
furnace gases vented to the atmosphere; (2) conven­
tional smelting with converter gases routed to an 
acid plant and reverberatory gases vented to the at­
mosphere; (3) conventional smelting with converter 
gases routed to an acid plant and reverberatory 
gases to a citrate system plant; (4) conventional 
smelting with all furnace gases routed to a citrate 
system plant; and (5) a modified smelting process 
in which the concentrate is roasted before being 
charged to the reverberatory furnace, with roaster 
and converter gases routed to an acid plant. The 
total fixed capital costs of the plants were estimated 
as (1) $56.7 million, (2) $77.4 million, (3) $87.2 mil­
lion, (4) $73.9 million, and (5) $77.0 million, respec­
tively. Total S02 removal from stack gases as sul­
furic acid or sulfur for each process was (1) none, 
(2) 66 percent, (3) 99 percent, (4) 98 percent, ane! 
(5) 78 percent. Assuming no credit for byproduct 
sulfur or sulfuric acid, total operating costs per 
pound of electrorefined copper produced were esti­
mated as (1) $0.081, (2) $0.103, (3) $0.119, (4) 
$0.111, and (5) $0.103, respectively. 

RI 7958. Strengthening Molybdenum by Powder Metallurgical 
Internal Oxidation of ZrM02, by W. L. O'Brien 

and R. Blickensderfer. 1974. 14 pp. 7 figs. 
Molybdenum alloys with good strength properties at 
elevated temperatures were produced by the powder 
metallurgical internal oxidation method previously 
applied to tungsten and known as oxyreaction 
strengthening. Commercial molybdenum powders 
were blended with 0 to 10 pct of a reactive powder, 
ZrM02. The effects of composition, blending proce­
dure, and sintering conditions on strength properties 
at elevated temperatures were studied. Strengthening 
was attributed to zirconium. in solid solution with 
molybdenum and to the presence of submicrometer 
particles of Zr02. Several alloys had tensile strength 
and stress-rupture properties comparable with those 
of the best commercial alloys. The maximum tensile 
strengths obtained were 92 kpsi at 1,200° C and 53 
kpsi at 1,316° C. The maximum stress-rupture life 
at 30 kpsi and 1,200° C was 145 hours. 
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RI 7959. Waterflooding of Oilfields in Colorado, by Paul 
Biggs and Charles A. Koch. 1974. 92 pp. 

16 figs. This Bureau of Mines report contains in­
formation on 63 waterflood projects in Colorado. 
Water was injected in 10 formations located in 58 oil­
fields. Specific field data presented include location, 
discovery, development, water supply, fluid injection, 
oil and water production, oil reserves, and oil recov­
eries by primary and secondary methods. An esti­
mated 3.5 billion barrels of water has been injected 
to recover approximately 533 million barrels of oil, 
a ratio of 6.57 to 1. Most of the injection water is 
from alluvial deposits, although produced water is 
used in many fields. Injection water treatment is 
not a major problem. Appraisal of project success 
or failure in this report is based on technical, rather 
than economic, information. 

RI 7960. Evaluation of a Novel Electrophoretic Separation 
Method To Remove Pyritic Sulfur From Coal, by 

K. J. Miller and A. F. Baker. 1974. 14 pp. 6 figs. 
Electrophoretic mobility measurements of coal and 
pyrite particles in distilled water revealed a differ­
ence between the migration speeds of the two ma­
terials toward the anode in a dc electric field. This 
information led to the development of a laboratory 
electrophoresis column for separating fine pyrite 
from coal by utilizing the electrokinetic and the spe­
cific gravity differences between coal and pyrite. The 
study demonstrated on a laboratory scale that pyrite 
and other impurities can be separated from fine coal 
by electrophoresis using a stage separation tech­
nique. In a cost analysis, electrical power for electro­
phoresis was extrapolated to about $1 per ton of 
clean coal product. But, since the only successful 
tests ever made were in the laboratory with pre­
washed samples of minus 100- plus 325-mesh coal in 
distilled water, the cost figure derived is not rep­
resentative of conditions prevalent in commercial 
coal cleaning operations. True conditions would re­
flect costs many times as great. In the course of the 
work, several scale-up techniques were considered, 
but their feasibility became academic in view of the 
physical and economic problems associated with 
electrophoretic separation of pyrite from coal. Al­
though the process and apparatus were finally 
deemed impractical for commercial coal preparation, 
the electrophoresis column may have some applica­
tion as a laboratory device. Work upon \vhich this 
report is based was funded by the Office of Air Pro­
grams of the Environmental Protection Agency. 

RI 7961. Tunnel Boring Technology: Disk Cutter Experiments 
in Metamorphic and Igneous Rocks, by Roger J. 

Morrell and David A. Larson. 1974. 50 pp. 25 
figs. Bureau of Mines laboratory experiments with 
reduced scale cutter and cutter forces were per­
formed to (1) define the fundamental relationships 
governing disk cutter performance and (2) to de­
velop a method of predicting disk cutter performance 
in soft, medium, and hard rocks. The rock cutting 
experiments were performed in four igneous and 
metamorphic rocks that ranged in compressive 
stren!?th from 38,000 to 67,000 psi. A special testing 
machme called a linear cutter apparatus (LCA) was 
used to load and traverse a free rolling disk cutter 
across a smooth rock surface. Each pass of the disk 
produced a single crater, and runs were spaced to 
avoid breakage between craters. During each run the 
normal and tangential cutter forces were measured 
and recorded. The soft and medium rock data were 
obtained from previous Bureau experiments with disk 
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cutters. Crater depth, tangential cutter force, crater 
volume, specific energy versus normal cutter force, 
and crater width versus depth are defined within this 
study. With the use of standard physical properties, 
performance prediction equations were developed 
using stepwise linear regression analysis techniques. 
A method of using these prediction equations to cal­
culate the boring rate, the cutter spacing, and the 
torque and energy requirements of a full-scale boring 
machine was also developed. 

RI 7962. In Situ Determination of Rock Behavior by Over-
core Stress Relief Method, Physical Property 

Measurements, and Initial Deformation Method, by Eugene 
H. Skinner, Galen G. Waddell, and John P. 
Conway. 1974. 87 pp. 41 figs. This Bureau of 
Mines report describes the fieldwork and subse­
quent analysis to determine physical properties, 
stress distribution, and several aspects of rock be­
havior as a necessary evaluation for a typical mine 
opening. All work was done at a test site on the 
3300 level, Crescent mine, Coeur d'Alene mining 
district, Idaho. Free field stress beyond the influ­
ence of the opening was also determined. Conven­
tional overcore technique with the three-component 
borehole deformation gage developed by the Bureau 
of Mines was used in three drill holes. Three field 
verification tests were performed using a gage 
newly developed by- the Spokane Mining Research 
Center in an approach herein termed "initial defor­
mation method." Use of this method validated that 
aspect of overcore theory which predicts that sim­
ilar deformation effect occurs in the wall rock 
around the perimeter of an opening in rock under 
stress. Also described are all drilling procedures 
and performances. Physical property determina­
tions were made on rock samples obtained from 
the three overcore drill holes. Twelve physical prop­
erties with a total of 532 values were obtained at 
various drill hole orientations and depths. Exhaus­
tive statistical tests were utilized in the analysis of 
these physical properties. Further elaborated are 
statistical inferences based on these analyses. Ex­
tensive analysis and interpretation of Crescent mine 
geology are also described. 

RI 7963. Infrared Spectra of Compounds of Importance in 
Lead Sulfide Flotation, by Roy L. Wilfong and 

Edwin E. Maust, Jr. 1974. 65 pp. 24 figs. In­
frared reference spectra are presented of compounds 
of importance in lead sulfide flotation research. In­
cluded are the spectra of several short chain alkyl 
xanthates of lead and zinc, the corresponding di­
xanthogen compounds, and the common oxidation 
products of lead sulfide and their sodium analogs. 
The spectra of several frequently used industrial 
flotation reagent xanthates are also presented. A 
thorough, well-documented discussion is given of the 
various corrections made to correct the as recorded 
absorption band data to near absolute values. 

RI 7964. Physical Property Data on Coal Waste Embank-
ment Materials, by Richard A. Busch, Ronald 

R. Backer, and Lynn A. Atkins. 1974. 142 pp. 22 
figs. Inadequate engineering design criteria for coal 
refuse embankments has allowed hazardous impound­
ment structures in coal mining areas to be created. 
A necessary first step to develop adequate design 
criteria is the determination of basic, representative 
physical property data on the materials that consti­
tute typical refuse embankments. An extensive field 
and laboratory program was undertaken by the Fed-

eral Bureau of Mines. Much physical property data 
was generated. Additional petrographic analysis and 
large-scale triaxial compression testing was per­
formed by others. The data presented here should 
aid in establishing design parameters for coal refuse 
embankments. 

RI 7965. Low-Temperature Evolution of Hydrocarbon Gases 
From Coal, by Ann G. Kim. 1974. 23 pp. 7 

figs. Hydrocarbon gases, primarily methane but also 
the 9. through C. paraffins, the C2 and Ca olefins, and 
posslbl~ the C. and C • .ole~ns, are byproducts of coal 
formatIOn. :Although It IS generally believed that 
coal formatIOn occurred at temperatures below 200 0 

C, most experimental work on gas formation from 
coal has been performed at temperatures between 
20.0' and 1,090' C. The objective of this Bureau of 
MInes experIment was to determine if observable 
changes in the gases from coal could be produced 
at .temperat~res below 200~ C in relatively short 
perIOds of tIme. The experIment involved heating 
coal samples frol!l six coalbeds at constant tempera­
tures and analYZIng evolved gases. The composition 
of th~ gases at three temperatures was compared. 
At 35 C, over 99 pct of the gas is methane' at 125

0 

and 150
0 C, methane constitutes approximately half 

of the hydrocarbon gas. Isobutane and pentane are 
the predominant higher hydrocarbons at tempera­
tures between 100' and 150

0 C. 

RI 7966. The Effect of Impurities and Additives on the 
Electrowinning of Zinc, by Harold H. Fuku­

bayashi, Thomas J. O'Keefe, and William C. Clin­
ton. 1974. 26 pp. 18 figs. The effect of various 
zinc electrowinning solution impurities on the sur­
face morphology of deposited zinc was investigated. 
Impurities studied included AI, Ag, Cd, Co Cr Cu 
Ge, Mn, Ni, Sb, Sn, Ti, PbO., PbS041 ~nd 'HCl: 
Also,. the eff.e~t of animal glue, gum arabic, and 
Na.SI03 addItIves on the deposited zinc surface 
struc~ure was studied. Results were compared with 
depOSIts .from a pure electrolyte consisting of H 2SO. 
and ~n+-, 200 and 65 gpl, respectively. Zinc was 
depOSIted ~m an Al cathode, 99.9 pct pure, using Pt 
!lnode~. TIme, teml?erature, current density, and 
Impul'lty concentratIOns were controlled. The bulk 
of the tests were conducted at 40° C and 75 A/ft2 
(82 mA/cm2). A scanning electron microscope 
(SEM) was used to examine the surface morphol­
ogy .. X-ray diffraction techniques were used to de­
termIne crystal orientation, and non dispersive X­
ray spectrometer analyses were employed in an 
attempt to locate impurity concentrations on the 
zinc ~eposi.t. when pitting or re-solution occurred. 
The Imp untIes were categorized by their effect on 
current efficiency, morphology and apparent mech­
anism of H, evolution from the cathode. 

R: 7967. A New Method of Analysis To Obtain Exact 
Solutions for Stresses and Strains in Circular 

Inclusions, by Clarence O. Babcock. 1974. 40 pp. 
6 fig~ .. :rhis Bureau of Mines report presents 
the InItIal development of a two-dimensional 
method of analysis for inclusions in plates in which 
the deformed shape of an open hole and the separate 
structural behavior of inclusion and plate with hole 
are used to obtain the stresses and strains in the 
inclusion only. In this report, the solution for a cir­
cul~r inclusion is presented because a direct verifi­
catIOn of the results with previous solutions was 
possible .. The numerical results were in exact agree­
ment WIth those obtained with the equations of 
Sezawa and Donnell. The equations developed are 
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less complex than those of Sezawa and more gen­
eral, for a circular inclusion, than those of Donnell. 
Stresses and strains in the inclusion are in terms 
of the elastic constants of the inclusion and the 
plate and. the biaxial stress field applied far away. 
The elastic constants can be all different. An im­
portant conclusion from this work is that a differ­
ence in Poisson's ratios between inclusion and plate 
may be as important as a difference in Young's 
modl;Ili between inclusion and plate in producing 
the Inclusion effect. Many problems in mining and 
rock mechanics can be treated as inclusion prob­
lems. The understanding of inclusion behavior on 
a physical basis should provide the solutions to 
some of these problems. 

RI 7968. Degasification of the Mary Lee Coalbed Near Oak 
Grove, Jefferson County, Ala., by Vertical Bore­

hole in Advance of Mining, by C. H. Elder and Maurice 
Deul. 1974. 21 pp. 9 figs. A 5-hole pattern was 
drilled from the surface at a site' near Oak Grove, 
Jefferson County, Ala., to degasify the gassy Mary 
Lee coal bed in advance of mining. Gas and water 
production was monitored for 1 year, 4 months to 
allow gas flow to stabilize fully. A thickened water 
stimulation treatment was designed and applied in 
1 hole of the pattern to evaluate this degasifica­
tion technique for the Mary Lee coalbed. A gas pro­
duction rate of 70,000· ft3/day after stimulation 
treatment indicates that the use of vertical bore­
holes coupled with hydraulic fracturing in advance 
of mimng the Mary Lee coalbed would provide for 
more rapid degasification and could provide a pos­
sible source of natural gas. 

RI 7969. Methane in the Pittsburgh Coal bed, Washington 
County, Pa., by Ann G. Kim. 1974. 16 pp. 

3 figs. Methane in coal constitutes a serious hazard 
during mining. Draining the methane from large 
blocks of coal in advance of mining is an effective 
method of improving the safety and efficiency of coal 
mining. Because of the similarity of the two gases, 
drained methane can be recovered and added to pipe­
line supplies of natural gas. To effectively apply ad­
vance drainage techniques and recover drained gas, 
a gross estimate of the methane content of coal is 
necessary. Using data from previous investigations, 
the virgin reserves of the Pittsburgh coal in the cen­
tral and southwestern parts of Washington County, 
Pa., are estimated at over 1.5 billion tons, with a 
methane content of 50 to 100 fta/ton. The Pittsburgh 
bed in this area of approximately 265 mi2 contains 
over 130 billion ft3 of methane. 

RI 7970. Oxidation of Mixed Iron and Copper Chlorides, 
by G. L. Hundley, R. S. Olsen, and T. T. 

Campbell. 1974. 16 pp. 4 figs. An anhydrous 
chlorination process has been developed by the 
I1ureau of Mines for the production of copper, ferric 
oxide, and sulfur from chalcopyrite. The first part of 
the process is a chlorination step in which elemental 
sulfur and a mixture of iron-copper chlorides are 
produced. This paper describes the second step of 
the process in which the copper and iron chlorides 
are reacted with oxygen to selectively convert the 
iron chloride to ferric oxide and chlorine leaving the 
copper in the chloride form. The chlorides are pul­
verized and dropped countercurrent to a flow of 
oxygen in a vertical 20-cm-diam reactor. at 800 0 C. 
By leaching with brine, the copper chlorIde may be 
separated from the insoluble iron oxide and reduced 
to copp~r powder by electrowinning. It has been 
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demonstrated that 70 to SO pct of the iron can be 
converted to oxide in a single-stage operation \\'ith a 
chlorine content ilJ the offgas of 80 pct. After re­
moval of the oxygen, this chlorine could be recycled 
to the chlorination step. A two-stage operation will 
convert 98 to 99 pct of the iron in the mixture to 
insoluble oxides. The offgas from the second stage 
contains 70 pct chlorine. 

RI 7971. Mine Roof Simulator: Definition and Discussion of 
Parameters, by Lewis V. Wade. 1974. 18 pp. 

13 figs. This report provides background information 
concerning a mine roof simulator currently being 
considered by the Bureau of Mines. The simulator is 
a mechanical device with the ability to simulate the 
forces and displacements associated with mine roof 
over an area 20 by 20 feet. The topics covered in the 
report include a conceptual description of the system, 
definition of system capabilities, discussion of how 
such capabilities were decided upon, description of 
available control modes, and a comparison between 
the mine roof simulator facility and similar facilities 
existing elsewhere. 

RI 7972. Development of Titanium Load Cells for Support 
Load Determination, by Michael J. Beus and 

Earl L. Phillips. 1974. 35 pp. 25 figs. This Bureau of 
Mines report describes the development of load cells 
for measuring compressive loads in timber and rock­
boIt support systems commonly used in coal, metal, 
and nonmetal mines. Design and evaluation is 
covered in detail to insure a reliable, accurate, and 
practical instrumentation scheme. The load cells are 
relatively inexpensive and adaptable to various size 
support systems. User-oriented procedures are em­
phasized, and design equations were reduced to a 
series of nomographs. Laboratory evaluation, de­
structive testing, environmental testing, and tes,ts 
to determine the effect of extraneous loads were con­
ducted. Field performance was evaluated in conjunc­
tion with ongoing Bureau projects at a metal mine 
in North Idaho and a coal mine in Utah. Load cells 
utilizing a titanium alloy as the cell body and weld­
able strain gages as the strain-sensing components 
satisfied the basic design and performance criteria, 
and with minor design modifications, the load cells 
can be adapted to many mining applications. 

RI 7973. Waste Lubricating Oil Research: A Comparison of 
Bench-Test Properties of Re-refined and Virgin Lu­

bricating Oils, by M. L. Whisman, J. W. Goetzinger, 
and F. O. Cotton. 1974. 18 pp. Three samples of 
waste lubricating oil were re-refined by processes de­
veloped by the Bureau of Mines and reformulated 
with additives to meet designated requirements for 
viscosity and service. Quality-defining bench-scale 
tests were used to compare and evaluate the quality 
of these three motor oils, eight commercially re­
refined lubricating oils, and three new lubricating 
oils. Most of the re-refined oils studied could not be 
distinguished from new oils by the bench tests used 
to define quality. There was some evidence, however, 
that one and perhaps more of the re-refined products 
investigated might not meet all of the quality stand­
ards of new lubricating oil, suggesting the need for 
better quality controls by re-refiners. 

R1 7974. Qualitative Characterization of 370 0 to 535 0 C 
Aromatic Concentrates of Crude Oils From GPC 

Analyses, by D. E. Hirsch, J. E. Dooley, H. J. Cole­
man, and C. J. Thompson. 1974. 26 pp. The 
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types of compounds present in aromatic concen­
h'ates derived from high-boiling petroleum distil­
lates can be estimated from a gel permeation 

.chromatographic (GPC) analysis by the use of 
tables developed from extensive GPC and mass­
spectral analyses on fractions from four crude oils. 
For a fraction from the GPC analysis, the reten­
tion volume and the molecular weights (from mass 
.spectrometer) suffice to indicate the types of com­
pounds that predominate. The tables that show these 
qualitative analyses were developed through the 
use of pure compounds as well as the extensive 
analyses on Prudhoe Bay (Alaska), Gach Saran 
(Iran), Swan Hills (Canada) , and Wilmington 
(California) crude oils. These tables provide a 
rapid method for determining which types of com­
pounds are present in a GPC fraction before at­
tempting to develop quantitative data. 

RI 7975. Detection and Delineation of Faults by Surface 
Resistivity Measurements. Schwart.walder Mine, 

Jefferson County, Colo., by Robert Lee Stahl. 1974. 
27 pp. 15 figs. Comprehensive field tests were 
made by the Bureau of Mines at the Schwartz­
walder mine near Golden, Colo., to determine 
whether surface geophysical techniques could be 
used to detect and delineate faults in uranium de­
posits. The tests included seismic refraction, mag­
netometer, electrical resistivity, airborne infrared 
thermal scanning, and airborne photography. Of 
the several geophysical techniques tested in the field, 
horizontal resistivity profiling with electrode spac­
ings in the range of 10 to 15 feet was most diag­
nostic of faults. The method is quick, inexpensive, 
and accurate and can be easily used by mining com­
pany personnel to detect and delineate faults. 

RI 7976. Mine Pager to Public Telephone Interconnect 
System, by Howard E. Parkinson. 1974. 

14 pp. 6 figs. The mine pager phone to public 
telephone interconnect system permits mine paging 
telephones to be interconnected with the public 
phone system, thereby providing emergency and off­
hours communications. The system, a push-to-talk, 
push-to-listen system, is compatible with any mine 
paging system utilizing dc voltage on the line to 
enable paging. A tone generator of the proper fre­
quency enables an outside caller to page over mine 
pager system loudspeakers. A caller inside the mine 
can make an outgoing call to a preselected, pre­
programed number with the use of a proper fre­
quency tone generator. The system includes an au­
tomatic hangup timer that restricts the time off-line 
due to a wrong number or incorrect hangup to 20 
seconds and 6 minutes, respectively. 

RI 7977. Coal Mine Combustion Products: Neoprenes, Poly-
vinyl Chloride Compositions, Urethane Foam, and 

Wood, by Arthur M. Hartstein and David R. 
Forshey. 1974. 25 pp. 13 figs. The Bureau of 
Mines, through contract with Ultrasystems, Inc., 
obtained gram per gram data of products formed 
on thermal oxidative degradation of selected com­
positions, both under dynamic and static conditions. 
Four broad classes of materials were studied: 
Polyvinyl chloride compositions, neoprene compo­
sitions, rig-id urethane foams, and variously treated 
woods. Whenever possible, comparisons between 
pure components and composites were attempted. 
Thermogravimetric and differential thermal anal­
yses were performed to gain understanding of the 
processes occurring and to explore the feasibility 
of using these analyses as a method of material 

identification. The· toxic products detected and quan­
titated included HCI, H"S, CO, S02, CS2, COS, 
HCOOH, CH,COOH, formaldehyde, acrolein,C"Ho, 
chloroprene, chloroethanol, benzyl chloride, aniline, 
and furfural. 

RI 7978. Solvent Stimulation in Two California Oilflelds, by 
H. J. Lechtenberg, G. L. Gates, W. H. Car­

away, and O. C. Baptist. 1974. 23 pp. 12 figs. 
This Bureau of Mines report investigates solvent in­
jection as a means of increasing oil production from: 
low-gravity oilfields; thus, wells in two California 
oilfields that produce from reservoirs having low­
gravity oil were injected with highly aromatic sol­
vents to increase their oil recovery. The wells were 
either allowed to soak or the solvent was circulated 
for a period of time. In some of the wells, the solvent 
was followed by a slug of water. The post-stimUlation 
production rate was considerably higher than the 
prestimulation rate of the wells. Wells in which the 
solvent was not followed by water showed an imme­
diate increase in oil production, and essentially all of 
the solvent was recovered. The wells in which solvent 
was followed by water essentially showed a delay in 
the increase in oil production, thus indicating a tem­
porary water block. The results show that the pro­
duction rate is usually increased by the ~njection of 
solvent, and the method may prevent early aban­
donment of marginal producers. Cumulative post­
stimulation oil production indicates that cyclic solvent 
injection treatment can be an economic success. 

RI 7979. Microdetermination of Volatile Matter and Rock 
Dust Concentration of Airborne Coal Mine Dust, 

by C. Edward Chamberlain and Robert W. Freed­
man. 1974. 8 pp. 4 figs. A Bureau of Mines pro­
cedure was developed for the analysis of volatile 
matter in airborne coal dust-rock dust mixtures 
prior to, and reSUlting from, coal mine fires and 
explosions. Dust in the 10- to 20-mg weight range 
can be analyzed. Volatile matter is determined by 
a greatly scaled-down version of the empirical 
macro scale method used by the Burpau. The al­
kaline earth carbonates in the rock dust are dis­
solved in acid prior to the volatile matter determina­
tion of the residue, and the rock dust content is cal­
culated from the analysis of calcium and magnesium 
by atomic absorption. 

RI 7980. Increasing Fluosilicic Acid Evolution From Phosphate 
Rock by Digestion With Phosphoric Acid, by 

Henry E. Blake, Jr., and Boyd D. Nash. 1974. 16 
pp. 1 fig. The Bureau of Mines has been engaged 
in a continuing research effort to develop processes 
for increasing the recovery and utilization of fluo­
rine from low-grade resources. This current re­
search has shown that over 98 percent of the ·fluo­
rine in phosphate rock is extracted when the ore is 
treated with excess phosphoric acid in the presence 
of water vapor at 150 0 to 180 0 C. More tha~. ~O 
percent of the fluorine can be recovered as fluos1.hc1c 
acid, which can then be converted to commerclally 
useful hydrogen fluoride or fluorspar by previously 
developed Bureau processes. Extraction of P20, 
from the ore was about 98 percent in batch tests 
and 90 percent in semicyclic tests. 

RI 7981. Carbon Steel From Prereduced Pellets-Acid Prac-
tice, by W. L. Hunter, J. E. Tress, and W. 

A. Stickney. 1974. 7 pp. 2 figs. Eleven s~eel­
making heats are described in this Bureau of Mmes 
report in which acid practice was used to produce 
carbon steel from prereduced iron ore pellets. Fur-
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nace slags obtained with no flux addition to the 
charge became quite viscous as they cooled, which 
precluded pressure casting from a ladle. Lime was 
added to the furnace charge at two levels to eight 
of the heats to modify slag characteristics in the 
fUl'nace, ancl to the laclle in two heats. to further 
modify the ladle slag cover. Selected lI1gots fr~m 
nine heats were successfully rolled on a commercIal 
mill to .produce No. 10 reinforcing bar. 

RI 7982. Washing Fine-Size Coal in a Dense-Medium Cy-
clone, by Albert W. Deurbrouck. 1974. 6 

pp. Dense-medium cyclone tests in 4- and 8-inch­
diameter units have shown the ability of cyclones to 
make sharp separations down to 100 mesh when 
washing coals of a finer top size than normally fed 
to dense-medium cyclones. The reduced top size of the 
feed apparently allows the finer size particles to re­
port to the proper product by reducing the effect of 
very coarse particles in the congested separation zone 
of the dense-medium cyclone. 

RI 7983. Compression Testinq of Rock in Simulated Lunar 
Environment, by John O. Atkins. and Syd S., 

Pengo 1974. 21 pp. 14 fig'S. Expel'lments were 
conducted by the Bureau of Mines on five types of 
simulated lunar rock (dflcite. tholeiiti~ basalt, vesic­
ular basalt, pumice, and Duluth Gabbro) to study 
the effects of various simulated lunar environments 
on their strength and deformational nroperties. 
Specimens were tested in an ultrahigh vacuum 
(UHV) system at preSSUl'es ranging from atmos­
pheric down to 10-11 torr and at temperatures of 
-130' 20', and 135' C. All tests were conduoted 
with ;, servo controlled testing machine. Rock speci­
mens tested at 20' C in UHV exhibited significantly 
higher compressive strength and Young"s modulus 
than those tested at 20' C in atmospheric pressure. 
The magnitudes of increase are related to the poro­
sities and permeabilities of the rock slJecimens; high 
porosity and permeability allow better oubrassing 
and thus improve surface cleanliness in UHV. The 
compressive strength generally increases but 
Young's modulus decreases as test environments 
change from 20' C in UHV to 135' C in UHV. No 
significant difference was observed in the physical 
properties measured at 20' C in UHV and -130' C 
in UHV. Anisotropy in strength and Young's mod­
ulus exist both in UHV and at atmospheric con­
ditions with the same symmetry pattern. The orien­
tations of the princinal axps may. howevpr, change 
from the atmospheric to UHV condition. The results 
indicate that rock fragmentation in lunar environ­
ment will require more energy than that at 20' C 
in atmospheric pressure. Work done under an agree­
ment with the Office of Advanced Research and 
Technology. National Aeronautics and Space Ad­
ministration. 

RI 7984. Pulsed Nuclear Magnetic Resonance Studies of Oil 
Shales-Estimation of Potential Oil Yields 

by F. P. Miknis, A. W. Decora, and G. L. Cook. 1974: 
47 pp. 12 figs. Previous studies at the Bureau of 
Mines have shown that broad-line nuclear magnetic 
resonance (NMR) techniques have potential applica­
tions for rapid evaluation of oil-shale deposits. In a 
continuation of this study, the techniques of pulsed 
NMR have been applied in a similar manner. The 
?asis for the pulsed NMR oil-shale assay method lies 
111 the assumption that the free induction decay 
'(FID) amplitude following a 90' pulse is proportion­
al to the potential oil yield. This assumption was 
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tested on two grOUlJS of oil-shale samnles, numbering 
141 and 263 samples, from two different oil-shale 
cores. For both groups of samples, a small number 
were selected as calibration samples. Free induction 
decay amplitude measurements were made on the 
141 and 263 samples. The best least-squares regres­
sion line was obtained for the calibration samples, 
and the oil yields of the remaining samples were 
calculated using the slopes and intercepts obtained 
in the regression analyses. The agreement between 
measured and calculated oil yields was good; the 
indexes of determination were 0.93 and 0.89 for the 
groups of 141 and 263 samples, respecti\'ely. Work 
done in cooperation with the University of Wyoming. 

RI 7985. Synthesis of Rutile From Domestic IImenites, 
by G. W. Elger, D. E. Kirby, S. C. Rhoads, 

and W. A. Stickney. 1974. 19 pp .. 7 fig.s. Bureau 
of Mines laboratory te,ts show that Ilmemte concen­
tl'ates with titanium dioxide contents as low as .33 
wt-pct can be beneficiated t? pro~uce a crysta~l.lI1e 
substitute fOI' natural rutile SUItable for duect 
chlorination. The synthesized product prepared by a 
three-step procedure was comparab.le with ~atural 
rutile in titanium content. ReductIOn smeltll1g of 
ilmenite removes iron as a pig iron byprod.uct, a~d 
the remaining slag phase is greatly enl'lched 111 

titanium. Oxidation of the slag in the presence of 
phosphorus-bearing slag a~ditive co~verts the 
titanium-bearing phases to dIscrete rutile cry.stals 
and a glass phase containing most of the assocla~ed 
impurities. Rutile is separated from the gl::ssy. Im­
purities by attrition scrubbing gnund slag Il1 dilute 
phosphoric or sulfuric acid solutions. Tests ma~e 
in a laboratory fluid-bed reactor show that synthetIC 
rutile responds to chlorination at the same rate as 
natural rutile and that more than 95 pct of the 
titanium contained in the feedstock was extracted as 
titanium tetrachloride. 

RI 7986. Electrochemical Anodic Reaction Rale of Vanadium 
Metal With Molten VCI ,-VCI ,,-NcCI Mixtures, 

by A. E. Raddatz and D. J. MacDonald. 197.1. 9 
pp. 1 fig. The Bureau of Mines. has. detel:mined 
the electrochemical rate of anodIc dIssolutlOn of 
vanadium metal in a VCL-VCL-NaCl electrolyte at 
860' C for the purpose of elucidating the reaction 
mechanism. Rate measurements were carried out 
with the help of specially designed equipment capa­
ble of continuously recording the weight loss ex­
perienced by a cylindrical vanadium anode immersed 
in the molten salt electrolyte while a constant cur­
rent is maintained through it. The rate is expressed 
as a function of current density and VCL concen­
tration, and the reaction is interpreted in terms of 
an adsorption mechanism. Multip~e regression a!lal­
ysis of the data gave the followll1g rate equation: 
Rate X 104 (g. cm-:l· sec-I) = -0.38 + 2.6.1 current 
density (amp-cm'::!) + 0.69 log. (mole-percent VCL). 

RI 7987. Statistical Analysis of Methane Concentration Fluc-
tuations Produced by Incomplete Mixing of 

Methane end Air at a Model Coal Mine Working Face, 
by Richard J. Bielicki and Fred N. Kissell. 1974. 
21 pp. 10 figs. Poor mixing of methane and air 
at coal mine working faces causes fluctuating 
methane concentrations. If these fluctuations are 
large enough, methane levels can periodically exceed 
safe limits, even though the time average methane 
concentration may be satisfactory. Concentration 
fluctuations measured underground can result both 
from variations in methane emission rate and poor 
mixing. The present paper reports on a statistical 
analysis of fluctuations at a constant methane emis-
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sion rate, that is, on fluctuations due only to poor 
mixing. A full-scale model of a working face was 
used. Both peak heights and elapsed times between 
peaks were evaluated. Good mixing was indicated 
by normal, Poisson, and exponential distributions, 
and pOOl' or incomplete mixing was indicated by 
log-normal or gamma distributions. 

RI 7988. Emission Characterist;cs of a Prime Mover for Hybrid 
Vehicle Use, by J. R. Allsup and R. D. Flem­

ing. 1974. 32 pp. 13 figs. The Bureau of Mines 
studied a conventional spark-ignition engine as a 
prime mover for use in a hybrid system. The study 
involved both steady-state and transient engine op­
eration witl). ignition timing, air-fuel ratio, exhaust 
gas recirculation, oxidizing-type catalytic converters, 
engine speed, and power output as variables. Data 
were obtained from' two 1971 model 350-cubic-inch­
displacement engines mounted on engine dynamom­
eter stands. When the hybrid engine was operated 
with an oxidizing catalyst at power output levels 
required for a 4,000-lb curb weight hybrid vehicle, 
carbon monoxide and hydrocarbon emissions could 
be reduced to approximately 2.0 grams and 0.3 
gram pel' brake horsepower-hour, respectively. With 
exhaust gas recirculation, oxides of nitrogen emis­
sion_levels. could be reduced to approximately 1.2 
grams pel' brake horsepower-hour. 

RI 7989. A Mathematical Model To Guide the Discovery of 
Ore Bodies in a Coeur D'Alene Lead-Silver Mine, 

by George S. Koch, Jr., John H. Schuenemeyer, and 
Richard F. Link. 1974. 43 pp. 26 figs. A mathe­
matical simulation model has been devised to guide 
the layout of underground mine workings, drill 
stations, and drill holes that are established in 
order to search for tabular ore bodies. Developed 
and tested for elliptical ore shoots in fissure veins 
in the Galena mine, Coeur d'Alene district, Idaho, 
the model can also be applied to ore bodies con­
tained within 'sedimentary beds (for instance, many 
types of uranium, copper, and gold ore bodies) or 
other tabular structures. Programed for a time­
shared digital computer, the model contains both 
stochastic and deterministic variables. Stochastic 
or natural variables include the number of ore 
shoots and their sizes, orientations, locations, and 
values. Deterministic or controllable variables in­
clllde (1) locations and costs of workings; (2) drill­
station locations and costs; and (3) drill hole azi­
muths, inclinations, lengths, and deflections, if any. 
For various assumptions about the stochastic vari­
ables, the model is run while the controllable vari­
ables are changed deliberately. Thus, layouts are 
devised to determine the percentages of the total 
number of assumed ore shoots found at different 
costs. -

RI 7990. Recovery and Separation of Rare-Earth Elements, 
Barium, and Strontium From Bastnasite With Sul­

furic Acid, by J. A. Eisele and D. J. Bauer. 1974. 
10 pp. 1 fig. The Bureau of Mines conducted a 
bench-scale investigation of a concentrated H,SO. 
reaction for recovering and separating rare-earth 
elemen:s, bm'ium, and strontium from a bastnasite 
ore and byproduct. Barium and strontium were dis­
solved in the concentrated acid and precipitated as 
a mixed product by water dilution. Separation of 
strontium from barium was effected by reaction with 
N a,CO, solution, followed by a dilute acid leach 
of the SrCO" formed. After removing the barium 
and stront'um from b:lstnasite ore, the rare-earth 
clements were roasted to water-soluble sulfates. 

The rare-earth sulfate solution was subsequently 
processed by solvent extraction to produce rare­
earth oxides low in lead and magnesium. 

RI 7991. Ventilation Eddy Zones at a Model Coal Mine 
Working Face, by Fred N. Kissell and Rich­

ard J. Bielicki. 1974. 14 pp. 8 figs. Tracer gas 
decay curves were experimentally obtained in a full­
scale model coal mine working face area. The con­
centration of tracer gas was found to decay in ex­
ponential fashion but with a change in slope. This 
change in slope is attributed to eddy zones in the 
face area. A simple theory was developed that al­
lows one to calculate the approximate amount of 
gas in the eddy zones and thus estimate the size 
of the eddy zones. 

RI 7992. Elemental Composition of Coal Mine Dust, 
by T. C. Wess'on and F. E. Armstrong. 

1974. 25 pp. 3 figs. The need for elemental­
a'nalysis information on coal mine dust for use in 
health and safety research prompted this study 
by the Bureau of Mines. Neutron-activation and X­
ray fluorescent techniques were used to obtain five­
element analysis (silicon, aluminum, iron, calcium, 
and magnesium) on 444 samples from 68 coal mines 
in 10 States. From these analyses, the average com­
position of the dust in coal mines was determined. 

RI 7995. Oil Shale Retorting in a l50-Ton Batch-Type Pilot 
Plant, by A. E. Harak, L. Dockter, A. Long, 

and W. H. Sohns. 1974. 31 pp. 26 figs. To de­
termine the retorting characteristics of a column 
of mine-run, ungraded oil shale ranging in size 
from fines to 5-ton pieces, a 150-ton batch-type re­
tort was designed and constructed at the Bureau of 
Mines Laramie Energy Research Center, Laramie, 
Wyo. The retort vessel is 45 feet high by 11% feet 
inside diameter and is supported in a 95-foot-high 
steel superstructure. Mine-run shale from the Bu­
reau of Mines facility near Rifle, Colo., assaying 
about 25 gallons of oil per ton, was used as the test 
shale. To date, 11 runs have been completed, and 
the results of the last 10 of these are reported. The 
effects of oxygen content of the retorting gas and 
the superficial gas velocity of the retorting gas on 
oil recovery from a column of mine-run oil shale 
were studied. In one run, the average particle size 
of the shale was substantially increased to deter­
mine its effect on oil yield. Oil recoveries ranged 
from a low of 39.3 to a high of· 65.8 volume-percent 
of Fischer assay. 

RI 7998. Noise Abatement of Pneumatic Rock Drill, 
by C. R. Summers and J. N. Murphy. 

1974. 45 pp. 45 figs. In response to the Coal 
Mine Health and Safety Act of 1969, mandatory 
noise standards have been developed that specify 
time-noise limits of mine personnel exposure. Most 
affected by elevated noise levels is the pneumatic 
roof bolter operator, both in terms of levels near 
or in excess of 115 dbA and in terms of lengtl). of 
exposure. Therefore, the principal emphasis of this 
Bureau of Mines report is on pneumatic drill noise 
control. It is not the intent of this report to suggest 
any drill redesign; instead, methods are suggested 
to reduce the noise level by complementing existing 
machines. An integral muffler system and a separate 
muffler system were tested in an attempt to lower 
pneumatic drill noise levels. Pneumatic drills, when 
new, operate at about 115 dbA when drilling in 
sandstone. Using the drill muffler systems, it was 
possible to decrease the noise level of a 115-dbA 
stope drill to approximately 100 dbA. 
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IC 8434. Supply and Deman~ for Energy in the United 
States by States and Regions, 1960 and 1965. 

Integrated Energy Balances and Energy Flows (Prepared From 
Four Parts), by R. F. Zaffarano, P. N. Yasnowsky, L. H. 
Crump, and W. Y. Mo. 1970. 546 pp. 13 figs. Integrated 
energy balances and energy flows were constructed and 
quantified for State, regional, and national levels from four 
separate supply and demand commodity balances for 
coal, dry natural gas, petroleum and natural gas liquids, 
and utility electricity. These commodity balances were 
integrated by source and sectors through cOIl\'ercion and 
aggregation of their components to energy equiY'alents 
expressed in British thermal units (Btu). A summariza· 
tion of the total gross energy components of supply and 
demand for commercial energy deri\'ed from direct fuels, 
hydropower, and nuclear power based on indi\'idual 
States and regions, is tabulated for 1960 and 1965. Per· 
tinent computerization details and more than 500 incli· 
yidual State and regional printout tables, in both original 
commodity units and Btu's, are shown. Using these data, 
energy flows between States and regions were calculated 
to identify surplus and deficit energy areas. Report em­
phasis is on the conceptual aspects of integrated energy 
balances, rather than on the deY'elopment of missing 
State energy data. (Out of print.) 

IC 8439. Bismuth in the United States, by Franklin H. 
Persse, 1970. 26 pp. 7 figs. Domestic bis· 

muth supply was projected from production figures for 
the ores in which it occurs~opper, lead, zinc, and tung· 
sten. Published and unpublished data concerning host 
ores were examined to determine bismuth resen'es and 
resources, and mine production. Potential recO\'erable 
bismuth occurring with resen'es and resources of cop· 
per, lead, and zinc was estimated to be 36,3 million 
pounds. A bismuth availability diagram was de\'eloped 
from quantity estimates and ratios of production cost to 
\'alue for these host ores. Additional reco\'erable bismuth 
occurring with domestic tungsten resen'es was estimated 
to be 1.5 million pounds. Domestic byproduct production 
of bismuth will approximate 1.3 million pounds annually 
by 1980. This quantity will provide about 37 percent of 
the 3.5·million.pound estimated requirement for that 
year. Known world supply of bismuth appears to be 
sufficient for world demand to the end of this century. 
The study indicates that bismuth resen'es and potential 
resources in the rest of the world have not been ade· 
quately reported. (Out of print.) 

IC 8440. Estimated Cost of Steel Slag Disposal, by E. C. 
Baker. 1970. 18 pp. 5 figs. Costs of dispos· 

ing of steel slag are estimated based on the present 
method and a proposed alternate method for a steel mill 
in the Pittsburgh area. Estimated cost data were calcu­
lated by the Bureau of Mines and do not reflect the 
investment and operating costs and credits of a specific 
steel mill and processing plant. The alternate method of 
steel slag disposal would result in an appreciable cost 
sa\'ing to the mill and concurrently supply the industrial 
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and commercial markets with low·cost, high.quality con· 
struction materials. (Out of print.) 

IC 8441. Natural Gas Liquids, A Review of Their Role in 
the Petroleum Industry, by Richard F. Zaffarano. 

1970. 22 pp. 5 figs. The Bureau of ~Iines compiled 
information for the nonspecialist about natural gas 
liquids reco\'ery from hydrocarbon streams ill natural 
gas processing plants. Attention is directed to the impact 
of the technology of processing and the quality of gas 
processed in view of the increased availability of natural 
gas for processing. Significant changes in product and 
market trends within the natural gas processing industry 
are highlighted. Fixed capital·plant costs for grassroots, 
refrigerated·oil absorption and conventional adsorption 
schemes, adapted from published studies, are presented 
giving ranges of cost estimates for medium·sized plants. 
Marketed products of the natural gas processing industry 
are briefly discussed in relation to automotiye air pollu­
tion problems and approaches to their control. (Out of 
prillt.) 

IC 8442. Research and Technologic Work on Explosives, 
Explosions, and Flames. Fiscal Year 1968, by 

Staff, Safety Research Center. January 1970. 33 pp. 
6 figs. The principal acti\'ities of the Bureau of ~Iines 

Explosive Research Center (now Safetv Research Center) 
during fiscal year 1968 (July I, 1967. to June 30, 1968) 
are reY'iwed in part l. Pan 2 presents short abstracts of 
the publications issued during this period in the Bureau 
series and in other media. Part 3 describes a short studv 
on the thermal decomposition of RDX and HMX no't 
destined for publication elsewhere. 

IC 8443. Analyses of Natural Gases, 1968, bv L. E. Card· 
well and L. F. Benton. 1970. 169 pp. This 

Bureau of Mines publication contains routine analyses 
and related source data for 495 natural gas samples f~om 
21 States and three foreign countries. Of this total, 376 
samples were collected during calendar year 1968. The 
remaining 119 analyses are of samples collected during 
predous years, but releases granting permission to pub· 
lish the results were not receiY'ed until 1968. All samples 
were collected as a part of a continuous SUtTer of the free 
world for occurrences of helium in naturai gas, This 
sun'ey has been conducted in the United States by the 
Bureau of Mines since 1917 and in late 1965 was ex· 
~anded to include foreign gasfields. The analyses pub· 
hshed herein were made by mass spectrometer and a 
special helium analysis apparatus which are described in 
Bureau of Mines Bulletins 486 and 576. Ten preY'ious 
publications haY'e presented results of 8.165 gas analyses 
made by the Bureau of Mines Helium Actidty prior t~ 
1968. The first three, Bulletins 486, 576, and 617, con· 
tain analyses and related source data on 5,218 gas samples 
collected from 1917 through 1960. The other se\'en pub· 
lications, which were published as Information Circulars, 
supplement the three Bulletins and contain 2,947 analyses 
of samples collected since 1960. This publication is 'the 



INFORMATION CIRCULARS 

eighth publication supplementing the three Bulletins. 
(Out of print.) 

IC 8444. Unit Train Transportation of Coal, Technology and 
Description of Nine Representative Operations, by 

T. O. Glover, M. E. Hinkle, and H. L. Riley. 1970. 
109 pp. 60 figs. The Bureau of Mines sun'eyed unit 
train loading and storage installations in the midwestern, 
eastern, and southeastern coalfields. I\'ine individual op­
erations were studied in detail as a representative cross 
section of unit train operations in these areas. Of the 
nine operations studied, three were in Illinois, two in 
Kentucky, and one each in West Virginia, Tennessee, 
Ohio, and Pennsy"'ani'a_ Information was obtained from 
coal producers, coal sale agencies, railroads, construction 
and equipment companies, and power companies. (Out 
of print.) 

IC 8445. Impact of Technology on the Commercial Sec-
ondary Aluminum Industry, by Donald L. Siebert. 

1970. 76 pp. 18 figs. This profile study of the com­
mercial secondary aluminum industry examines not only 
the elements that form the industry but also the tech­
nological contributions of each toward industrial growth. 
Concise descriptions of processing methods trace alumi­
num scrap from generating sources to marketable indus­
trial and consumer goods. Economic and marketing ap­
praisals are used to illustrate the impact that recent tech­
nology has had upon the secondary aluminum industry. 
Price, supply, demand, competition, and substitutes are 
selected as components of an economic model of the 
secondary industry and are used to illustrate the aggre­
gate effects of technological changes. The final section is 
a conceptual look at the future in which sensith'e eco­
nomic indicators (such as die casting in the automotive 
and appliance industries) are examined as \"ell as the 
problems of conserving mineral resources by retrieving 
secondary aluminum from solid waste_ (Out of print.) 

IC 8446. Demand and Supply of Molybdenum in the United 
States, by Carl L. Bieniewski. 1970. 61 pp. 

24 figs. U.S. molybdenum production increased from 18.2 
million pounds in 1946 to 90.5 million pounds in 1966 
and constituted 87.3 percent of the total free world sup­
ply in the 1946-66 period. Mining development in other 
free world countries in the next few years may reduce 
the magnitude of the U.S. position, although similar de­
\'elopment planned for the United States may counteract 
some of the relative gains by those countries. In 1966 
two-thirds of the reported molybdenum consumption in 
the United States by end uses was an alloying element 
in steel. Molybdenum also has important use as an alloy­
ing element in iron and high-temperature alloys. Con­
sumption of molybdenum metal for making fabricated 
parts has increased in the past few years, especially in the 
space and nuclear industries. Molybdenum compounds 
are used mainly for making pigment, catalysts, and lubri­
cants. Based on producer reports of shipments of primary 
products to domestic customers, U.S. consumption of 
mo.ls.b.denum increased from 16.5 million pounds of 
mOl)'bdenum in 1946 to 65.6 million pounds in 1966. 
Molvbdenum resen'es are now estimated to be 5.9 billion 
pou~ds of recO\'erable mOlybdenum, an increase of 2.1 
billion pounds above previous estimates. I\Iolybdenum 
ores account for 71.4 percent of the reserves, copper ores 
for 22.3 percent, and copper-molybdenum, tungsten, and 
uranium ores for 6.3 percent. 

Several methods for predicting future demand are illus­
trated and estimates of demand using these methods were 
made for 1975. Estimates of annual production were 
made for 1967 through 1975 for the United States, Can­
ada, Chile, Peru, and the free world. These data indi­
cate that molybdenum production in 1975 for the free 
world is expected to be 246 million pounds with the 
United States producing 68.2 percent and Canada, Chile, 
and Peru 30.3 percent. (Out Of print.) 

IC 8447. Secondary Gold in the United States, by Staff, 
Bureau of Mines. 1970. 30 pp. 7 figs. The 

Bureau of Mines analyzed the cycle of secondary gold to 
determine the quantity of gold not being recovered from 
scrap, and to identify areas for research to increase the 
supply of gold from scrap. Secondary gold in 1967 was 
estimated to be 2.4 million troy ounces; this excludes 
secondary gold which is recycled within consuming plants. 
Firms contacted included consumers using about 41 per­
cent of the gold in 1967, and refiners that recovered about 
90 percent of the secondary gold. Results of the study 
indicate that loss of gold is small, and refiners and con­
sumers are accelerating programs designed to reduce re­
covery costs. With the increasing generation of low-grade 
industrial scrap, research is needed to improve present 
recoYery techniques and to develop methods to accelerate 
the flow of secondary gold back to supply. (Out of 
print.) 

IC 8448. Petroleum and Oil-Shale Research of the Bureau of 
Mines, Fiscal Years 1967-68, by Bill Linville 

and Staff, Bureau of Mines-Petroleum Research. Feb­
ruary 1970. 162 pp. 61 figs. During fiscal years 1967-
68, the Bureau of Mines produced 185 technical papers 
and reports about petroleum and oil-shale research, which 
were published either by the Bureau or by others as 
referable scientific literature. I\'umerous other reports 
were prepared for Government agencies, State agencies, 
and organizations of the petroleum and natural gas in­
dustry engaged in cooperative research programs with the 
Bureau. Research performed during the reporting period 
by the Bureau on petroleum, natural gas, and oil shale 
was classified by 71 active projects. A basic appropriation 
of $3,575,000 was supplemented by $1,300,000 in fiscal 
year 1967, and that of $4,043,000 by $1,402,000 in fiscal 
year 1968, making the appropriated-to-supplemental fund 
ratios about 2.8 to I for fiscal year 1967 and 2.9 to I for 
fiscal year 1968. In fulfillment of the mission of the Bu­
reau, through planned research programs, methods for 
producing and utilizing petroleum were improved. The 
continued conserYation of this natural resource of pe­
troleum, including crude oil, natural gas, and oil shale, 
was pursued through research performed by some 350 
personnel at two petroleum research centers and two 
petroleum research laboratories supervised and supported 
by administrative personnel of the Bureau and the De­
partmen t of the In terior. 

IC 8449. A Review of the Curve-Fitting Method of Least 
Squares as Applied to Petroleum Engineering, by 

R. E. Cerullo and M. K. Romeo. 1970_ 27 pp. 4 figs. 
Many computer programs have been written which are 
capable of performing a least squares fit, both linear and 
nonlinear, to data gathered by the petroleum researcher. 
HowC\'er, when the petroleum engineer tries to program 
methods of analysis he has used manually in the past, 
such as forecasting production by decline-curve analysis, 
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more than a knowledge of the use of existing least 
squares programs becomes necessary. It is the intent of 
the authors to report the techniques used in the develop­
ment of such a decline-curve program. (Out of print.) 

IC 8450. A Review of Proposed Processes For Making Rutile 
Substitutes, by John J. Henn and James A. 

Barclay. 1970. 27 pp. As part of U.S. Department of 
the Interior programs on rutile, authorized by the Office 
of Emergency Preparedness in June 1967 under provi­
sions of the Defense Production Act, the Bureau of Mines 
reviewed a\'ailable literature on major proposed processes 
for producing rutile substitutes. The processes are 
grouped according to the major processing step, and im­
portant operating features are described. Sixty-one refer­
ences are cited. (Out of print.) 

IC 8451. A Quantitative Economic Analysis and Long-Run 
Projections of the Demand for Steel Mill Products, 

by William Y. Mo and Kung-Lee Wang. 1970. 54 pp. 
14 figs. This study presents the preliminary results of 
an investigation of the quantitative characteristics of U.S. 
demand for steel mill products and major end-use com­
ponents. The end uses studied were construction, auto­
mobiles, producer durables, and consumer durables. The 
main objectives of the research underlying this study are 
(I) to formulate and estimate the empirical demand re­
lations for steel and the four major end uses, (2) to 
measure and calculate the responsi\'eness of per capita 
steel consumption with respect to the changes in steel and 
nonferrous metals prices, (3) to determine and quantify 
the relative importance of the demand explanatory fac­
tors which contribute to the a\'erage year-to-year changes 
in per capita steel consumption, (4) to adapt and use 
the estimated demand relations in projecting future de­
mand for steel and the major end-use components. Three 
versions of simple linear demand relations were selected 
and estimated using data for the period 1947-65 by means 
of ordinary least squares method. Direct and cross price 
elasticities of demand are computed for each major end 
use. The relath'e importance of demand explanatory fac­
tors in contributing to the average year-to-year changes 
in per capita steel consumption are also calculated. (Out 
of print.) 

IC 8452. Physical, and Explosion Characteristics of Hydra-
zine Nitrate, by Harry K. James, Yael Miron, 

and Henry E. Perlee. March 1970. 22 pp. 13 figs. 
Experimental studies of the physical and explosion char­
acteristics of pure hydrazine nitrate and multicomponent 
systems containing hydrazine nitrate, supplemented with 
an extensive literature survey, are presented. Such prop­
erties as melting point, heat of fusion, density. viscosity, 
surface tension, thermal stability. decomposition process, 
detonation velocity, impact sensitivity, and TNT equiva­
lence are included. 

IC 8453. Microfilming Maps of Abandoned Anthracite Mines, 
Mines in the Lackawanna Basin, Northern Anthra­

cite Field, by G. B. Gait. March 1970. II pp. 4 figs. 
This report is the third in a series concerning the Bureau 
of Mines program for microfilming maps of abandoned 
mines in the Pennsylvania anthracite region; a catalog of 
the microfilmed maps of mines in the Lackawanna basin 
of the :'IIorthern anthracite field is presented. Previous 
reports in the series IC 8274 and IC 8379 were catalogs of 
microfilmed maps of mines in the Eastern Middle anthra-
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cite field and 'Wyoming basin, :\orthern anthracite field. 
respecth'ely. Additional catalogs will be published as the 
microfilming of significant mining areas is completed. 

IC 8454. A Computer Program for the Stereographic Analy-
sis of Coal Fractures and Cleats, by P. W. Jera11 

and J. R. Mashey. :\larch 1970. 34 pp. 7 figs. The 
Stereonet Analysis Program (SNAP) is a mathematics tool 
which, by means of a computer, reproduces mathemat­
ically the manual techniques of preparing stereograms. 
This computer program was developed to pro\'ide a fast, 
accurate, and economical means of analyzing fracture ori­
entation data. It is written in FORTRA:\ 1\' for use on 
a UNIVAC ll08 operating under an Exec II system, but 
can be adapted to other systems. S:\AP is curre~1tly being 
used to aid in the analysis of cleats and other geolog­
ically induced fractures associated with coalbeds that are 
being mined underground. ~[ethane flows through the 
coalbed and into these mine workings predominantly 
through the fracture system. Therefore, knowledge of 
fracture orientation is an iIll'aluable aid in the de\'eiop­
ment of methane control technology. 

IC 8455. Potential Oil Recovery by Waterflooding Reservoirs 
Being Produced by Primary Methods, by Staff. 

Offices of Mineral Resources. 1970. 53 pp. 3~ flgs. As 
part of a continuing program of e\'aluating the :\ation's 
crude-oil resource. this report presents information per­
taining to resource, primary resen'e, and potential \\'ater­
flood resen'e for 3.209 selected resermirs con tained in 24 
oil-producing States. as of January I. 1968. To that date 
the selected resen'oirs had not been subjected to pressure­
maintenance or secondary-recovery operations. These res­
ermirs also met the following parameters: (I) A mini­
mum of five oil-producing wells on January I, 1968. (2) 
a minimum of 50 acres areal extent. (3) a minimum of 
50.000 bbl of oil ultimate primary recovery. and (4) the 
principal resen'oir energy was other than active water 
encroachment. The selected 3.209 resermirs produced 527 
million bbl of oil in 1967. about Ii pct of U,S. total pro­
duction. Primary oil reserve was 4,983 million stb; in 
addition, there was 6,043 million stb of potential water­
flood oil resen'e. Oil resource in the selected resen'oirs 
\\'as 59.547 million stb. A brief history and outlook of 
waterflooding are presented for each State, Depth and 
producing rate statistics and geologic distributions of pro­
duction, resource, reserve, and potential waterflood re­
sen'e for the selected resen'oirs are presented bv States in 
the appendix. Also included in the appendix are descrip­
tion, history, and technique modifications of waterflood, 
and a preliminary cost estimate of a closed-system water­
injection project. (Out of print.) 

IC 8456. Surface Mine Reclamation, Moraine State Park, 
Pennsylvania, by Lewis M. McNay. 1970. 28 

pp. 23 figs. Description of methods employed and cost 
data are gh'en for surface-mined land reclamation in 
Moraine State Park, Butler County, Pa. This project was 
conducted under the authority of the Appalachian Re­
gional Development Act; a total of 177 acres of land was 
rehabilitated for specific land use purposes. The use' of 
large equipment expedited the project work. and similar 
results could be anticipated on similar reclamation pro­
grams. (Out Of print.) 

IC 8457. Mineral Materials for Chemical Manufacturing_ A 
Survey of Supply and Demand by the Chemical In­

dustry in the Ohio River Basin of Ohio, Pennsylvania, and 
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West Virginia, by M. C. Irani and J. W. Hartwell. 1970. 
86 pp. 6 figs. This study is a suney of supply and de­
mand for minerals, metals, alloys, and compounds used 
by the chemical industries in the Ohio Rh"er basin area 
of Ohio, Pennsyh'ania, and West \'irginia during 1967_ 
Data for the study were obtained hom completed ques­
tionnaires recei\'ed hom chemical manufacturers and 
from inten'iews with officials of chemical companies and 
mineral producers and distributors, The information in­
cludes, kind, quality, quantity, I'alues, sources, specifi­
cations, uses, and methods of transportation. Results of 
the study show that of the total nlue of mineral mate­
rials consumed by the chemical industry, manufacture of 
inorganic chemicals consumed 46 percent; fertilizers, 22 
percent; and soaps and detergents, 19 percent. Fifteen 
commodities accounted for 91 percent of the total nlue 
of mineral materials consumed. Fi\'e of these-phosphates, 
potash, salt, sulfur, and titanium dioxide-accounted for 
59 percent of the total. (Out of prillt.) 

IC 8458_ Proceedings of the Symposium on Respirable Coal 
Mine Dust, Washington, D_C_, November 3-4, 
1969, compiled by Richard M. Gooding, 1970. 

297 pp. As a part of its continuing program in protect­
ing the health and safety of U.S. coal miners, the Bureau 
of Mines presented on l'\O\'ember 3-4, 1969, a Symposium 
on Respirable Coal Mine Dust. Cosponsored by the 
American Mining Congress, the l'\ational Coal Associa­
tion, and the l'\ational Independent Coal Operator's As­
sociation, this symposium dealt with the I'arious engi­
neering methods of con trolling dust in underground coal 
mines including I'entilation, water suppression, machine 
design, and dust collection, and a discussion of respirators 
and life support systems. The merits of these I'arious 
procedures and their potential application to under­
ground coal mining were examined. (Ollt of prillt.) 

IC 8459. The Phosphate Industry in the Southeastern United 
States and Its Relationship to World Mineral Fer­
tilizer Demand, b\' John "'. Sweeney and Rob­

ert :-.:. Hasslacher. 1970. 76 pp. 25 figs. The south-
eastern phosphate industry is illl'estigated to determine 
its role in supplYing the L'nited States and Il'orld phos­
pha tc demand. The report shows tha t the sou theastern 
(Florida, Tenncssee. and :-':orth Carolina) phosphate in­

dustry is the leading domestic and world producer of 
phosphate rock. The report emphasizes size and organiza­
tion. production capacity. transportation. and marketing 
of the southeastern phosphate product. Factors affecting 
the supply-demand relationship of the southeastern phos­
phate industry and world phosphate production-con­
sumption relationships are analyzed and related to the 
southeastern phosphate industry. 

Past trends are projected and the fu ture role of the 
southeastern phosphate industry is analyzed to determine 
ih ability to supplY the L'nited States and rest-of-the­
world phosphate requirements in 1985 and,2000. The pro­
jections sh(m' that southeastern resources are ample to 
supply domestic and export requirements at the projected 
rates of consumption \\'ell beyond the year 2000. (Ollt 

of jJl'il1 t.) 

IC 8460. Bureau of Mines Research and Accomplishments in 
Utilization of Solid Wastes, hI' F. J. Csen'envak 

all,l C. B. henahan, March 1970. :29 pp. 12 figs. The 
Bureau of :\Iillcs Solid "'aste Program is directed to\\'ard 
three main areas of research: (I) extraction of mineral, 

metal, and energy values from urban refuse; (2) recovery 
of mineral and metal values from wastes generated in the 
industrial extraction, processing, and utilization of raw 
materials and mineral-base products; and (3) upgrading 
and utilization of automotive scrap. The Bureau also has 
a contract and grant program which supplements the in­
house research and aids in the training of personnel in 
the proper management of mineral- and metal-based solid 
wastes. (Out of print.) 

IC 8461. Transportation of Iron Ore, Limestone, and Bitu-
minous Coal on the Great Lakes Waterway System, 

With Projections to 1995, by James H. Aase. 1970. 61 pp. 
19 figs. This study provides data on the physical and 
hydrological makeup of the Great Lakes waterway system 
and forecasts quantities, traffic patterns, and shipping cost 
of prospective bulk mineral commerce projected to be 
transported upon it. Factors affecting the shipping cost 
of iron ore, bituminous coal, and limestone were quan­
tified and integrated into a computer program that can 
be used to estimate costs under varying sets of condi­
tions. Combined shipments of iron ore, bituminous coal, 
and limestone in 1995 were estimated at 276.5 million 
tons. The cost of operating the U.S. vessel fleet for trans­
porting an indicated 80 percent of this traffic tonnage was 
projected to be S163.5 million. (Out of print.) 

IC 8462. Gold Placer Mining. Placer Evaluation and Dredge 
Selection, by C. M. Romanowitz, H. J. Bennett, 

and W. L. Dare. 19iO. 56 pp. 7 figs. This report 
deals with the factors which should be considered in el'al­
uating a placer deposit and selecting a dredging system 
for mineral recovery. Ol'erall dredging feasibility and the 
design of dredging systems are reviwed. Excal'ation 
methods, each with its advantages and disadvantages, are 
compared. Direct operating costs, both original and up­
dated, of gold dredges with bucket capacities of 6 to 18 
cubic feet are included. Costs Yary with digging depth, 
changes in enyironmental conditions, and physical charac­
teristics of the placer, all of which affect excal'ation rate 
and reco\'ery. The costs, updated with appropriate in­
dexes, should be used only as guidelines to evaluate po­
tential dredging projects with similar characteristics. The 
relation of direct dredging costs to annual production is 
graphically illustrated by' a family of cur\'ed enl'elopes 
that span dredge sizes from 2Y2 to 18 cubic feet. A cun'e 
fitted to the data expresses the relation of direct costs to 
annual production. (Out of print.) 

IC 8463. Permissible Mine Equipment Approved by the Bu­
reau of Mines During 1967-68. A Supplement to 
Bulletin 543 and Information Circulars 8220, 

8299, and 8372, by F. R. Lee. May 1970. 25 pp. This 
publication lists permissible equipment approved by the 
Bureau of Mines during 1967 and 1968 (calendar years) , 
except breathing apparatus and explosil'es. The purpose 
of this publication is to inform the public about ap­
pro\'ed equipment for use in underground mines. 

IC 8464. Silver Potential and Economic Aspects of the Lead-
ville District, Lake County, Colo., by Henry C. 

Meel'es and Richard P. Darnell. 1970. 105 pp. 16 figs. 
The Bureau of Mines in\'estigated the sill'er production 
potential of the Leadville (California) mining district, 
Lake County. Colo., in 1966-67. The mining history of 
the district, the ground conditions encountered in mining, 
and the mine-support methods used are reviewed. The 
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drainage problem is discussed in detail. An initial objec­
ti'·e was to establish the existence of potential silrer re­
sources minable by low-cost open pit methods, partiCl!­
larly in the sih·er-bearing manganese halos surrounding 
the major deposits. The report concludes that undel 
present conditions, development of the deposits in the 
area is not economically feasible; howe,·er, a pioneer ro­
tary noncore drilling program demonstrated that this 
type of exploration is technically feasible. Potential re­
sen·es of sih·er and associated mctals are estimated. Pos­
sible mining methods for reco,·ery of the resen·cs are 
discussed. Future production possibilities from the ,·ari­
ous subareas of the district are analyzed, considering 
optimum operating size. Consolidation of small indi­
ddual holdings for unit operation is recommended. Type 
of operation, amount of rehabilitation, size and type ot 
concentrating plants required, drainage and other mining 
problems, and metal priee trends are discussed as they 
bear on economic feasibility of de'·elopmenl. (Ollt of 
prillL) 

IC 8465_ Availability of U.S. Chromium Resources, by Gary 
A. Kingston, Robert A. Miller, and Fred Y. 

Carrillo. 1970. 23 pp. 2 figs. Chromium resources in 
the United States are estimated at 1.8 million tons of 
recO\·erable chromium contained in 22.5 million tons of 
chromite-bearing material. Additional resource is pre­
sumed existent in large, but as yet undetermined, quan­
tities of material containing less than 10 percent Cr,n,. 
:\"0 domestic resources are being mined presently (1969). 

Excluding transportation charges to domestic consum­
ing areas, the total 1.8 million tons of chromium is esti­
mated to be a,·ailable, in ore or concentrate. at costs up 
to 50.64 per pound; 63 percent of the total is a,·ailable 
under 50.11 per pound; and 38 percent under 50.08 per 
pound. It is judged that transportation from the resource 
areas to the existing market centers would add nearly 
SO.05 to the cost of a pound of chromium contained in 
ore or concentrate. 

Technically effectil·e beneficiation methods hal·e becn 
del· eloped for much .of the knOll"n domestic resource. an(1 
further del·e!opment might reduce costs of processing 
these materials. Howel·er, at present, domestic chromium 
resources are noncompetiti,·e with foreign sources. (Ollt 
at prillt.) 

IC 8466_ Economic Potential of Mineral-Based Insulating 
Materials in Combating the Noise Problem in Resi­

dences, by Franklin D_ Cooper and Lucille ;\I. Langlois. 
1970_ 24 pp. Three model dll·elling units were re­
designed to achieve specific lel'els of noise reduction above 
that provided by conventional construction. Lsing 1968 
prices, the added costs of materials and installation were 
found to range from S500 to S5,000 depending upon the 
size of the dwelling unit and the degree of insulation. 
The potential aggregate expenditures for sound insula­
tion materials are projected to reach S617 million in 
1975, including about S408 million for the mineral-based 
materials, in 1968 constant dollars. The report includes 
a brief re,'iew of the mechanics and effect of sound. (Ollt 
ot Prillt.) 

IC 8467. 

Particles, 
Dowdy. 
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Helium: 8ibliography of Technical and Scientific 
Literature, 1963, Including Papers on Alpha­

by Philip C. Tully. Billy Joe King. and Emily 
1970. 831 pp_ This bibliography contains 

3,062 different citations to technical and scientific litera­
ture about helium and alpha-particles abstracted by 1:1 
abstract selTice publications during IUG3. 'Iultiple sub­
ject classification has increased the total number of CIl­

tries to almost 5.000. Helium citations are listed by 2:1 
major classifications. The number of subclassifications has 
been greatly increased to minimize the time required for 
literature search. The use of automatic data processing 
has been extended in compiling the bibliography. (Ollt 
of prillt.) 

IC 8468_ Methods for Studying, Improving and Optimizing 
Electric-Furnace Smelting Processes, by Yietor R. 

Spironello. 1!.I70_ 27 pp. 7 figs. Applications of three 
experimental design techniques to smelting operations arc 
explained. The report describes a factorial design using 
three variables at tIm ·ICI·els, a fractional factorial design 
which illlTstigates selell I·ariables, and response-surface 
methodology for optimization of electric-furnace smelt­
ing processes. These methods may be applied lI'ith a 
minimum of trials and at little expcllse. Further, the 
writer knoll's of no reasons IdlY the same methods could 
not be applied to other operations as lI·ell. such as steel­
making. (Ollt of tHill!.) 

IC 8469. Availability of U.S. Primary Nickel Resources, by 
Gan A. Kingston, Fred Y. Carrillo, Jern J. 

GraY. and Paul ;\IcIlroy. 1!.I70. 57 pp. 6 figs. Domes­
tic nickel resources arc costed to del·elop a contingency 
supply CUlTe of L.S. nickel al·ailability at various costs. 
It is estimated that 4.3 billion pounds of nickel is po­
tentially recOlerable from 698 million tons of ore at 
prices ranging up to SG.36 per pound of nickel. Ol·er 95 
percent of the total is estimated to be alai/able at a price 
of less than S4.00 per pound. (Oil! of j)rint.) 

IC 8470. Computer Program for Plotting Data Points From 
a Multichannel Analyzer Via a Remote Teletype, 

by Bruce D. Sartwell. Paul B. :\"eedham. Jr.. and Richard 
S. Graham. May 1970. 14 pp. 6 figs. A program was 
IITitten Idlich utilizes a remote teletYpe input to a time­
sharing computer to plot charged particle or X-ray energy 
spectra Idlich are stored in the memory of multichannel 
analyzers. The program, written in F·ORTR.-\:\ \', ac­
cepts the data printed out by the pulse height analvzer 
on paper tape and then, after reading these data tapes 
into the computer, plots on the teletYpe the desired en­
ergv spectra on a scale automatically adjusted for the 
maximum number occurring in the data. The program 
is flexible enough so that the researcher can subsequently 
expand or contract the I·ertical (intensitv) or horizontal 
(energ~) scales. "'ith a slight modification. the program 
will accept data. printouts from scalers or analog to 
digital com·erters. The program also includes a feature 
for integrating the energy peaks obtained by pulse height 
analysis. 

IC 8471. Technology and Use of Lignite. Proceedings: Bu-
reau of Mines-University of North Dakota Sym­

posium, Grand Forks, N. Oak., May 1-2, 1969, by James L. 
Elder and Wayne R_ Kube. 1970. 174 pp. 79 figs. The 
19G9 Lignite Symposium was held at Grand Forks, 
1'\. Oak., on May 1-2, 1969. Cosponsored by the Lniversity 
of :\"orth Dakota and the Department of the Interim:, 
Bureau of Mines, the meeting \\·as the fifth in this series. 
Registrants from manv States and Canadian Prodnces 
attended the meeting ~epresenting many energy-oriented 
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companies, State and Federal Gm'ernments, and uni\'ersi­
ties, At 2-year intenals, these symposia prO\ide a com­
mon meeting place where recent research and de\'elop­
ments in technology and utilization of energy resources 
with emphasis on solid fuels (lignite) are presented, 
Proceedings of the preyious symposia including a forum 
held in 1958 haye been published, Fifteen technical 
presentations were made including papers on electrical 
power generation, combustion, lignite ash deposition, 
handling, utilization and analysis, mining, spoil bank 
rehabilitation, carbonization, oil shale, and relationship 
of coal, gas, and oil to the total energy concept. (Out of 
print.) 

IC 8472. Changing Investment Patterns of the U.S, Petro-
leum Industry, 1950-68, by Harry R. Johnson. 

1970. 23 pp. 8 figs. Domestic expenditures by the 
U.S. petroleum industry ha\e exhibited distinctiye shifts 
in emphasis oyer the past 20 years. From the end of 
World War II to 1955, expenditures for all phases of the 
industry expanded. Although over one-half of all expendi­
tures was for production, the relati\'e emphasis was 
changed after 1956-58 from production to\\'ard processing 
and marketing. The period 1967-69 marked the begin­
ning of a return to emphasis on exploration and pro­
duction. These trends in ex pendi ture pa tterns are logical 
and rational when related to domestic and international 
economic conditions and to the widespread application of 
imprm'ed production technology. As the immense job of 
dc\eloping the oil resources of Alaska and other regions 
begins. the petroleum industry will continue to turn to 
external sources for working capital. Long-term debt will 
probably be the principal method of external financing 
through 19iO, but a definite shift toward new common 
and preferred stocks will be made. Higher product prices 
may be sought by the petroleum industry, but the eco­
nomics of crude-oil production, changes in the tax struc­
ture, and possible changes in the oil imports control 
program make the price structure of crude oil and 
crude-oil products unpredictable at the present time. 
(Out of print.) 

IC 8473. Lithologic Descriptions of Appalachian Area Oil-
Producing Formations, by R. L. Rough and 

W. K. O\erbey, Jr. June 1970. 133 pp. 24 figs. The 
Bureau of Mines obtained samples of oil-resen'oir rock 
from wells in Ohio. Pennsyhania, and ,rest Yirginia as 
part of an ilwestigation of the susceptibility of petroleum 
resen-oirs to secondary-recO\'ery techniques. Illustrations 
and tables sh()\\'ing the geographic and stratigraphic 
sequence of the cored resen'oirs and 40 tables of detailed 
lithologic descriptions of the reserYoirs are presented. 
Information rele\-ant to geologic surroundings, oilfield 
history. coring and well logging operations. and resernJir 
core analvses are referenced throughout the report. 

Ie 8474. Calculation Procedure for Heat Transfer to a Gas-
Solid Suspension From an Externally Heated Tube, 

bv :\1. B. Bransford and J. H. Holden. August 1970. 29 
pp. 1 I figs. A calculation procedure was cvo!\'ed by the 
Burcau of :\Iines for determining the heat-transfer char­
acteristics of dilute gas-solid mixture in an externally 
heated tube. The procedure accounts for differences in 
gas and particle \'clocities and covers a range of particle 
sizes. Heat transfer coefficients obtained by the calcula­
lion procedure are compared with \'alues reported in the 
Ii tera ture. 

IC 8475. Analyses of Natural Gases, 1969, by L. E. Card-
well and L. F. Benton. 1970. 134 pp. This 

publication contains routine analyses and related source 
data for 390 natural gas samples from 22 States and five 
foreign countries. Of this total, 385 samples were col­
lected during calendar year 1969. The remaining five 
analyses are of samples collected during previous years, 
but releases granting permission to publish the results 
were not received until 1969. All samples were collected 
as part of a continuous sun'ey of the free world for occur­
rences of helium in natural gas. This suryey has been 
conducted in the United States by the Bureau of Mines 
since 1917. In late 1965, the survey was expanded to in­
clude foreign gasfields. The analyses published in this 
report were made by mass spectrometer and a special 
helium analysis apparatus which are described in Bureau 
of Mines Bulletins 486 and 576. Eleven previous publi­
cations ha\'e presented the results of 8,660 gas analyses 
made by the Bureau of Mines Helium Activity prior to 
1969. (Out of prillt.) 

IC 8476. The Rare-Earth Elements, Yttrium, and Thorium. A 
Materials Survey, by John G. Parker and 

Charles T. Baroch, with a chapter on resources by John 
W. Adams. 1971. 92 pp. 9 figs. This materials survey 
on the rare-earth elemen ts, yttrium, and thorium is part 
of a series prepared by the Bureau of :\Iines, under the 
sponsorship of the Office of Emergency Preparedness, to 
ghe comprehensive information on metals and minerals 
that are essential to national security. This publication 
summarizes the supply-demand position in the United 
States for the rare-earth elements, yttrium, and thorium 
and includes information on their properties, resources, 
industry structure, production. consumption, trade, strate­
gic factors, and pertinent history. (Out of print.) 

IC 8477. Socioeconomic Aspects of Mining in Selected 
Cities. Urbanization and Surface Mining, Atlanta, 

Ga., by R. R. French, A. V\'. Stuart, and D. H. White. 
1970. 50 pp. 18 figs. The industrial minerals industry 
in the Atlanta, Ga., area was studied in order to better 
understand problems associated with exploiting mineral 
resources in and near metropolitan areas. A method for 
delineating the .-\tlanta urban area and its component 
parts was developed so that the factors affecting the lo­
cation of the minerals industry could be viewed more 
objectively in the urban context. :\Iajor attention is 
focused on the area's dominant crushed stone subindustry. 
Demographic and socioeconomic analysis of the Atlanta, 
Ga., area shows that expansion of the metropolis and its 
em'irons will probably eliminate potential mineral re­
sources from the mineral resource base in the area, and 
that the expanding metropolis will be the primary de­
terminant of future mining sites. Competition for land 
is accentuated to varying degrees by the incompatibility 
of mining operations with residential and other environ­
mental requirements. Areas of consideration are sug­
gested to provide maximum development of land and 
resources for greatest economic benefits at minimum 
social cost. Further research is recommended to deter­
mine market locations in urban areas, optimum operating 
levels for industrial minerals plants, and alternatives to 
surface mining. (Out of print.) 

IC 8478. Bibliography of Investment and Operating Costs 
for Chemical and Petroleum Plants, January­

December 1969, by Sidney Katell and John R. Duda. 1970. 
162 pp. This report, covering the period January 1969 
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through Decemher 1969. is the II th in a series of reports 
prepared in cooperation with the .\merican .·\ssociation 
of Cost Engineers. The abstracted articles are concerned 
with all phases of cost engineering in the field of chem· 
ical and petroleum plants and related subjects. (Out of 
prill!') 

IC 8479. Review of Bureau of Mines Coal Program, 1969, 
by John D. Spencer. July 19iO. 106 pp. 50 

figs. Projects aimed at achieving the least disturbance 
to the i\ation's air, water, and land resources in the 
mining and utilization of coal continued to be a feature 
of the Bureau of :\fines coal program. This reflects the 
current concern about damage inflicted on the em'iron­
ment by our growing and increasingly affluent society. 
:\fine health and safety research, along with investigations 
related to all other aspects of coal extraction and use, also 
continued to be implemented and expanded. The overall 
research efforts seek the dual objective of increasing coal 
tonnage yet facilitating pollution abatement, and control 
in achiedng maximum public benefit from our coal re­
sources .. \ppendix .-\ lists the Bureau of ;\fines research 
centers and laboratories. Publications issued during 1969 
are cited with the projects and in appendix C. Organiza­
tions that cooperated with the Bureau in the work de­
scribed in this report are cited in appendix B. 

/C 8480. Evaluating the Economic Availability of Mesabi 
Range Taconite Iron Ores With Computerized 

Models, by R. \V. :\Iichelson. H. J. Polta. and Orin Peter­
son. 19iO. 99 pp. 32 figs. The Bureau of :\lines de­
veloped computerized mathematical models to estimate 
the economic a\'ailability of :\fesabi Range taconite con­
centrates; these are a quality model. a cost model. and 
an economic a\'aHability model. The quality model e\'al­
uates metallurgical test data; the cost model determines 
iron unit cost from mining and processing cost data; and 
the economic availability model determines quantity from 
from geologic and ore quality data. By correlating all of 
the physical resource quality factors and dimensional 
characteristics with the economic cost factors associated 
with producing iron ore pellets. these three models com­
bine to establish a final relation between iron ore reserve 
quantities and iron unit cost. (Ollt of jJlillt.) 

IC 8481. Injury Experience in the Nonmetallic Mineral In-
dustries (Except Stone and Coall, 1964-65, by 

Forrest T. :\foyer and :\lary B. :\fci\air. .-\ugust 19iO. 
131 pp. The safety record of the nonmetal mining in­
dustry during 196:3 was worse than that of 1964 in all 
general measures of in jury experience except for a slight 
imprO\'ement in the number and frequency rate of non­
fatal injuries. \\'ork fatalities in 1965 totaled 31 and 
occurred at a frequency rate of I.ill per million man­
hours of work time. The fatality total was se\'en higher 
than in 1964 and the injury rates increased 32 and 28 
percent. respectively. The total of 2.4i2 nonfatal injuries 
in 1965 was 14 less than in 1964 and the freq uency ra te 
per million man-hours worked declined 2 percent to 
22.i3 from 23.14 in 1964. Howe\'er, the 1965 nonfatal 
severity rate of 1.339 per million man-hours worked was 
15 percent over the 1964 rate of 1.160. This increase was 
largely attributable to two more permanent total and 
nine more permanent partial injuries in 1965 than in 
the preceding year. The average severity of all injuries 
in 1965 was 132 days lost or charged per injury or 2:3 
days more than in 1964. Injury experience in the non­
metal mining industry. including and excluding office 
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workers, for the 5-year period 1961-6'5 is shown in a table. 
The a\'erage number of men working on acti\e clays in 
1965 \\'as 48.429. or 62;; fe\\'er than in 1964. H()\\·ner. 
mines and mills wcre active an a\crage of j days more 
for a total of 2ii in 19G:). and each worker ;l\cragct! 
2.245 hours compared to 2,190 hours in 1964 .. \s a result. 
aggregate worktimc of 108.i million man-hours increased 
I percent O\'er the 1964 total of lOi.4 million hours. 

IC 8482. Summary of Mining and Petroleum Laws of the 
World lin Five Parts!. 1. Western Hemisphere. hv 

Xorthcutl Ely. 19iO. 159 Pl'. This \,olume SlImmarizes 
mining and petroleum legislation in 30 jurisdictions of 
the "'estern Hemisphere. '\'ithin these jurisdictiollS. pri­
mary attention is given to requirements that must be met 
in each country for acquisition of rights to permit de­
\elopment of mineral resources. Cmerage includes: First. 
identification of the controlling laws or statutes gO\erning 
minerals acquisition and refcrence to the administrati\ e 
authority; second. analysis of the la\\'s gmerning mines 
and quarries and their products; and third. anah'sis of 
la\l's applicable to natural gas. petroleum. and l:elated 
materials. '\'here pertinent. sections dealing with his­
tOl'ical background or administration ha \e been allded. 
In countries where minerals arc subject to control of 
states or pro\·inces. those areas arc considered separately 
from the central go\'ernment. (Ollt of prillt.) 

IC 8483. Fly Ash Utilization. A Summary of Applications 
and Technology, by John P. Capp and John D. 

Spencer. 19iO. 2i Pl'. 23 figs. Information is sUm­
mariled on the major uscs of fly ash and prospects for 
utilization in agriculture and in brick and mineral-\l'(Jol 
manufacture. Technological aspects of utilization are 
discussed and references are given to the \\'ork of man\' 
of the leaders in the fields of lIy ash production. process'­
ing. and utilization. (Out of prillt.) 

IC 8484. Respirable Dust Sampling Requirements Under the 
Federal Coal Mine Health and Safety Act of 1969. 

by Donald P. Schlick and Robert C. Peluso. Julv 1970. 
3.'5 Pl'. 2 figs. Respirable dust prOl'isions of the Federal 
Coal :'Ifine Health and Safety .\ct of 1969 arc designed to 
protect the most important resource of the coal mining 
industry-its workers. The .\ct imposes two respirable 
dust standards of 3.0 milligrams per cubic meter of air 
after June 30. 1970, and 2.4 milligrams per cubic meter 
of air after December 30. 19i2. 

Dnder Federal regulations. each operator is required 
to carry out a dust sampling program established by the 
Secretary of the Interior and the Secretan' of Health, 
Education, and '\'elfare. This program . features the 
sampling of "high risk" face workers to establish that the 
exposure of each miner is below the dust standard. :\fin­
ing sections. continuollsly in compliance with the regu­
lations. may sample at less frequent inten·als. In addition 
to requiring the mining company to take respirable dust 
samples, the Bureau of :\fines will perform in-depth dust 
inspections twice a year, as well as frequent "spot inspec­
tions." The Bureau has established a semiautomatic com­
puterized operation capable of processing over I million 
samples per year. This facility \I'ill be linked to \arious 
Bureau offices by a telecommunications system to prodde 
automatic data printouts within hours after samples have 
been weighed. 

IC 8485. A Method for Extinguishing and Removing Burn­
ing Coal Refuse Banks, by Frank C. Andreuzzi. 

19iO. 29 pp. 21 figs. The Division of Emironmental 
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Actiyities, conducted a solid waste demonstration project 
011 a burning coal refuse bank. The primary objectiye of 
this project was to de\'e!op and eyaluate an efficient 
method of extinguishing burning coal refuse and moying 
it. A series of tests were performed using water monitors 
and related apparatus to quench the burning material 
and, at the same time, using earth-moYing equipment to 
transport. spread, and compact the extinguished material. 

The method found to be most efIecti\'e consisted of 
water-quenching the surface material to a workable 
depth. ripping. and remo\'ing the quenched material with 
a bulldozer and tractor-scraper. The total cost was esti­
mated to be SO.44 per cubic yard. (Out of prillt.) 

IC 8486. Two-Phase Equilibria of Analytical Binary Solu-
tions Near the Critical Point, by B. J. Dalton. 

September 1970. Il pp. Se\eral relationships between 
coexisting phases for analytical binary solutions near the 
critical point are giyen. These relationships were de­
yeloped from a consideration of a (G, 11, P) surface at 
constant temperature and a (G, 11 .. T) surface at constant 
pressure, where G is the molal Gibbs free energy. u is the 
concentration of component I expressed as a mole frac­
tion, P is the pressure. and T is the temperature. These 
formulas should facilitate the calculation of some of the 
quantities useful in making thermodynamic consistency 
checks on phase equilibria data about the critical point. 

IC 8487. The United States Position and Outlook in Potash, 
by Staff, Bureau of ~lines. 1970. 47 pp. Il 

figs. This Bureau of ~lines report reyiews the deyelop­
ment of the \I'orld potash industry. The trends leading to 
the present market situation of o\'ersupply and low prices. 
\I'hich threaten the domestic potash industry, are pre­
sented and analYzed. Because the major threat to the 
domestic industr~' comes from Canadian imports. the re­
port focuses on' the comparatiY'e economics of Cnit~d 
States and Canadian production. The study resulted 111 

these major conclusions: (I) Balance of world supply and 
demand is foreseeable in 1975. but it could be delayed hy 
planned expansion. 12) Balance of C.S. supply and 
dcmand could occur as early as EJ7-i-i5 or as late as 1981. 
(3) :\carly all C.5. production capacity yis-a-yis Canadian 

competition is no\\' uneconomic. Prices coyer out-of­
pocket costs for onlY' 30 percent of t- .S. prod.uctio~l. 
(-i) u.S. producers will be undersold by Canadians 111 

GO to 90 percent of the L'.S. market. Cana(lians also \nll 
haye the ed<Tc O\er l-nited States and European producers 
in export I~arkets. (i) C.S. firms ha\'e im'ested in 60 
percell t of the planned 19i I Canadian production, and 
they haw large holdings in Saskatchewan. (6) The de­
clil;" in the C.S. potash industry probably reduced per­
sonal income in Carlsbad, Eddy County, X. ~lex., the chief 
potash-producing area in the Cnited States,. about 521.5 
million between 1966 and 1969. (Ollt of jJrlllt.) 

IC 8488. Ash Utilization. Proceedings: Secon'd Ash Utiliza-
tion Symposium_ Sponsored by National Coal As­

sociation, Edison Electric Institute, American Public Power 
Association, National Ash Association, and Bureau of Mines, 
Pittsburgh, Pa., March 10-11, 1970, compiled by John H. 
Faber, Xeil H_ Coates, and John D. Spencer. 1970_ 
351 pp. ~Iore than 400 academic, government. ~nd in­
dustry rcpreselltatiY'es attended the second s:.mpOSlllll1 on 
ash utilization and technology. The S\'lnpOSlllm featured 
:!.f formal presentations by le;Jding expcrts from Europe 
and the United States on all major phases of ash pro-

duction, utilization, and research. Abstracts of all the 
papers and the full symposium proceedings are presented. 
Biographical sketches of the representatives are given in 
an appendix. (Out of print.) 

IC 8489. Helium: Bibliography of Technical and Scientific 
Literature, 1964_ Including Papers on Alpha-

Particles, by Philip C. Tully, Emily Dowdy, and Betty G. 
Xoe. 1970. 946 pp_ This bibliography contains 3,655 
difIerent citations to technical and scientific literature on 
helium and alpha particles, abstracted by 13 abstract 
sen'ice publications during 1964_ Multiple subject classi­
fication increases the total number of entries to more 
than 5,800. Helium citations are listed by 23 major 
classifications, alpha particles by 12. (Out of print.) 

IC 8490_ Respirable Dust Control in the Mines of West Ger-
many, by D. P. Schlick. September 1970. 16 

pp. 5 figs. The German experience in dealing with the 
health hazard of respirable dust in underground mines 
is reported from first-hand obsenation in this Bureau of 
~1ines paper. The report coyers- (I) The control of dust 
by water infusion, water spraying, and ventilation. (2) The 
sampling deyices (tyndaUoscope, konimeter, and BAT-I) 
and methods used to determine the dust concentrations 
in mines. (3) The systems of classifying hazardous and 
safe dust leyels in mines. (4) The research facilities de­
\'Oted to theoretical and applied work on mine dust and 
pneumoconiotic disease. The major research projects on 
dust and disease no\\' underway in "'est Germany are 
outlined in an appendix. 

IC 8491_ A General Computer Program for Use in the Re-
duction of Burnett Compressibility Data, by B. J. 

Dalton, R. Leroy ~Ioffitt, Robert E. Barieau, and D. R_ 
Smith. 1970. 278 pp. The Bureau of Mines Helium 
Actiyitv has de\'eloped a computer program for use in 
the reduction of pressure-yolume-temperature (PT'T) 
data obtained \dth a Burnett compressibility apparatus. 
This program includes important modifications and ex­
tensions of some of the methods currently used for treat­
ing these types of data and yields statistical information 
that cannot be obtained from any other published work. 

The methods of calculation make use of a general 
nonlinear least-squares technique developed at the He­
lium Research Center. Because of a need to investigate 
difIerent functional forms of representing the compressi­
bility factor isotherm, Z. the computer program has been 
written in such a way that the only additional coding 
required is the so-called compressibility function sub­
routine. The suhroutine defines the analytical form of Z 
and certain of its partial derivati\'es. The program de­
scribed herein is belie\'ed to be the most ad\'antageous 
for use in treating isothermal Burnett compressibility 
data. (Out of prill!') 

IC 8492_ Research and Technologic Work on Explosives, Ex-
plosions, and Flames: Fiscal Year 1969, by Staff, 

Safety Research Center. October 1970. 28 pp. I fig. 
The principal activities of the Bureau of Mines Explo­
si\'es Research Center during fiscal year 1969 (July I, 
1968, to June 30, 1969) are re\'iewed in part I of this 
report. Part 2 presents short abstracts of the publications 
issued during this period in the Bureall series and in the 
outside press. These publications are referenced in part I 
by underlined numhers in parentheses. Other publi­
cations, which are not abstracted, are cited in footnotes 
throughout the paper. 
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IC 8493. Active List of Permissible Explosives and Blasting 
Devices Approved Before July 1, 1970, by P. A. 

Richardson and C. :\1. Mason. October 19iO. 8 pp. The 
current Bureau of :\[ines active list of permissible explo­
si\'es includes 76 brands. Eleven are gelatinous and the 
rest are the granular type. The list of permissible blast­
ing devices comprises five Cardox models. 

IC 8494. Impact of Changing Technology on Refractories 
Consumption, by David J. Kusler and Robert G. 

Clarke. 1970. 68 pp. 4 figs. The Bureau of :\fines 
reviewed current technology in the refractories consuming 
industries and e\'aluated the impact of changes in tech­
nology on the su ppl y and demand of refractories. Li tera­
ture was searched and contacts were made with leading 
consumers and producers of refractories. The distribution 
of refractories by value of shipments to users was sUr­
veved. 

The report shows that the percentage distribution of 
refractories sales to the consuming industries has re­
mained essentially constant during the last decade but 
that substantial changes ha\'e occurred in the relati\'e 
distribution of types of refractories. The trend in pyro­
processing technology in recent years has been toward 
higher temperatures, which require more costly refracto­
ries. This fact is reflected in the impressive gain in the 
dollar value of refractories sales, which in 19G8 was about 
one-third greater than in 1960, and the rapid growth of 
refractories based on high-alumina, magnesia, zirconia, 
carbon, and other materials, at the expense of fire clay, 
silica, and chrome-based refractories. 

An appendix to the report contains refractories value 
and shipment data tabulated in a manner by "'hich 
trends in the distribu tion of refracto[\' types can be ob­
sened from 1955 to 1968. In addition. unit \~tlues are 
presented on a per-ton basis for comparison. (Out of 
prillt.) 

IC 8495. Financial Evaluation of Mineral Deposits Using 
Sensitivity and Probabilistic Analysis Methods, bv 

Harold J. Bennett, Jerrold G. Thompson. Herbert J. 
Quiring, and Joseph E. Toland. 19iO. 82 pp. 2i figs. 
This study was undertaken to de\'Clop a computer pro­
gram for use in e\'aluating an investment in a mineral 
deposit when uncertainty may exist in the input data. 
The program developed can be used to perform sensiti\'­
it I' and/or probabilistic financial analyses. Included in 
the report are techniques that may be used to select the 
best alternative investment opportunity. mining and 
processing methods, and production rate. The criterion 
used to measure the re!ath-e ad\'antages of these invest­
ment and operating alternati\'es is the discounted-cash­
flow rate of return. The theon' and methods used in the 
probabilistic analysis approacl~. which is based on the 
premise that the expression of a range of \'alues is more 
realistic than the choice of a single value, are described. 
The sensitivity analysis method is also described; it is 
combined with the probabilistic analysis to interrelate 
mineral reserves, capital ill\'estments, operating costs, and 
production rates. The computer program was written in 
FORTRA:X II and should run without modification on 
most computers having 8K (8,000-word) core memory, a 
card reader, and printer (120 characters per line). (Ollt 
of prillt.) 

IC 8496. The Implications of Urban Growth and the Min­
erals Industry in the Huntsville, Ala., Area, by 
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Donald E. Ralston and Ronald P. Hollenbeck. 1970. 2-1 
pp. 10 figs, The Hunts\'i!le study area in northeastern 
.\labama consists of Jackson, Limestone, :\fadison. and 
:\[arshall Counties. :\fajor emphasis was placed 011 the 
Hunts\ille urban area in :\fadison County to anal)le the 
relationship of urban growth and the minerals industr\'. 
Huntslille was delineated into its component urban. sub­
urban, and rural parts for 1961. and the primarY area of 
growth was predicted for 1990. Population estimates 
were made for the four-county area as a unit and :\fadi­
son County separate! y. and I;rojected to 1990. Dem.lI1d 
estimates for crushed stone and sand and gr~lI el were 
made for the same area units and projected to 1990. 
,\nalysis of quarry sites in the Hunts\ille area was made 
for the present and for the fu ture. The mineral oper­
ations of the study area are all located in rural areas; in 
the case of Hunt~\'ille, the mineral sites arc located in 
areas defined as "rural" in the component urban-sub­
urban-rural system. 

IC 8497. Coal Production From the Uinta Region, Colorado 
and Utah. Cost Analysis for Proposed Under­

ground Mining Operations, by D. H. Hileman. Bruce .\. 
Collins. and S. R. \\·ilson. 1970. II ligs. Economic 
im'estigations indicate that bituminous coal can be mined 
underground in the Uinta region and marketed at a 
cost competitive with that of other energy sources in the 
\\'est. ,-\ selling price of ,'<1.90 per ton of coal ,,'as cal­
culated from a cost analysis of a projected coal mine in 
the Emery coalfield of Crah. Although some mitH,s in 
some of the coalfields have extremely difficult mining 
conditions and cannot compete in the energy market at 
this price level, at least two other coalfields in the Cinta 
region contain coal resen es that could be mined and sold 
at a price of approximately 53.90 per ton. Projections 
by power companies and'other coal-consuming industries 
indicate a strong fu ture market for the large coal reserves 
in the Cinta region. (Out of print.) 

IC 8498. Case Studies of Municipal Waste Disposal Systems, 
by H. W. Sheffer, E. C. Baker. and C. C. 

EYans. 19i1. 36 pp. J.± figs. Technical and economic 
aspects of community refuse disposal systems and their 
effects on the en\'ironment are identified and described. 
Se\'en landfills and two incineration sYstems, located 
throughout the United States, are reviewed. -15 cents. 

IC 8499. A Simplified Oil and Gas Well Information System, 
by Jerry G. Craig. 1~)71. 22 pp. 2 ligs. The 

Bureau of :\Iines has developed a computerized oil and 
gas well data retrie\'al system from studies of the water­
flood potential of a l)l:oducing resenoir. This system 
stores pertinent information about each well completed 
in a resern)ir and facilitates selection and manipulation 
of large volumes of data. Csc of the system enables reser­
\'oir information to be supplied rapi~IlY, accurately, and 
at less expense. (Ollt Of print.) 

IC 8500. Availability of Tungsten at Various Prices From Re-
sources in the United States, by L. P. Larson, 

R. L. Lowrie. and C. R. Leland. 19i1. 65 pp. J.± figs. 
In this Bureau of :\fines e\'aluation of the dOilies tic sup­
ply position of tungsten. certain tungsten resources in the 
United States are estimated as to quantity and grade and 
then are systematically costed in detail (excluding ex­
ploration costs). ..\ supply cun'e is developed which de­
picts the quantity of tungsten (W03) up to about 15.5 
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million short ton units that is producible at calculated 
price lcycls ranging from about SI3 to SI2:; per short ton 
unit. :\iJout lOA million short ton units are ayailablp at 
a calculated price that is less than the present market 
price (S-IO) _ Total known resources amount to about 
--10.2 million short ton units. ,\ I ery largc portion of that 
quantity was not cos ted due to inadequate information on 
either resources or processing methods. Further explora­
tion and research \I'ould ha\c a significant eirect on the 
al'ailability of tungsten in the Cnited States_ (Out of 
prillt.) 

IC 8501. Availability of Uranium at Various Prices From 
Resources in the United States, by Carl L. 

Bieniewski. Franklin H. Pcrsse. and Earl F_ Brauch. 
19i1. 92 pp. Hi figs. In a Bureau of :\Iines supply 
elaluation, the known uranium resources in the Cnited 
States are estimated to hal'c a total recO\'Crable uranium 
oxide (CoO,) content of 3,132,400 tons at prices up to 
S1i9.32 per pound. Onl\ those resources \I'ere el'aluated 
for Il"hich sufficient quantity data arc a\ailable and 
proccss technolog\ exists for rcc()\'ering uranium. _\ total 
of IGO.SOO tons of C 30, is al'ailable at S8 per pound from 
ore dcposits prescntl\ mined and an additional 2-H,iOO 
tons is a\ailalJle at prices up to S30 per pound from 
similar but usualll' IOIlTr grade deposts. :\ total of 
2,i26,900 tons of C 30, is a\ailable from four other re­
sources: copper leach solutions. wet-process phosphoric 
add. Florida phosphate rock leached lOne. and Chatta­
nooga Shale. These resolll"Cl'S contain from :10.000 lollS of 
recoI'Crahlc C:10, at a price of Si.52 per pound as a by­
product of copper leach solutions to 2_.;:ii.30() tOilS at a 
price of 569.32 per pound from Chattanooga Shale. (Out 
of print.) 

Ie 8502. Metallurgical Application of Solvent Extraction (In 
Two Parts!. 2. Practice and Trends, by joe B. 

Rosenhaum. n. R. George. and joan T. :'>lay. january 
1~lil. 19 pp. -{ figs. :\e,,' applications and concepts of 
sohent extraction as a unit operation in cxtractile metal­
Ittrgy hale hcen dl'lcloped in the last decade. "'ider USl' 
is heing made of established whent extraction techniqul's 
in procc"ing spent nuclear fuel clcml'nts and in ,,-innillg 
columbium-tantalum. hafnium-zirconium, thorium, tung­
sten. urallium. alld I anadittm. Commenial application 
has hecn extended to rec()\ en of henllium. boron. bro­
mine. copper. mohiJdenum'. phosllhorus. rarl'-earth 
metals. alld rhcnium. Systems in use and proposed 
typically extract metals ;n salts as anion. cation. or 
neutral spccies from aqueous ml'dia hy reaction with a 
recycll'able organic reagent. 

Ie 8503. Sampling and Evaluating Respirable Coal Mine 
Dust: A Training Manual, by Staff. Pittsburgh 

Field Health Group. February 1971. --!7 Pl'· 12 figs. 
The federal Coal \line Health and Saletl _\ct of 191i9 
requires that each opnator of a coal mi'ne shall take 
accurate samples of the amount of respirahle dust in the 
mine atmosphere to which each mincr is exposed, a 
measure dcsigned to l)]'clellt the dClelopment of coal 
"'orkers pncumoconiosis. This tcxtiJook manual is de­
signed to Ill' used in the training of personnel to operate 
rcspirahle dust sampling deyitl's and to conduct sampling 
programs. It contains the portions of the act applicahle 
to respirable dust standards. the procedures to he fol­
IO\\'ed to insure compli,tIlce with Fl'deral rcgulations. and 
descriptions of sampling del ices. 

IC 8504. Computerized Programming of Respirable Dust 
Sampling Data, by Donald P. Schlick and Ken­

neth R. Werner. ~larch 19i1. 28 pp. 1 fig. The Fed­
eral Coal :\line Health and Safety Act of 1969 requires 
each mine operator to implement the respirable dust 
sampling program established by the Secretary of the 
Interior and the Secretar\' of Health. Education, and 
\\-elbre. This program r~quires frequent sampling of 
"high-risk" face workers and periodic sampling of other 
underground workers. Dust samples are collected by the 
coal mine operator and weighed at the Bureau's Pitts­
burgh Field Health Group, and the results are processed 
by the Bureau's A.utomatic Data Processing Section lo­
cated in Denl'er, Colo. 'fhis paper presents the system 
employed by the Bureau to weigh the dust samples and 
to process and store the data. 

IC 8505. Materials Substitution Study. General Methodology 
and Review of U.S. Zinc Die-Casting Markets, by 

:\_ S. Peterson. F. \\-. Carrillo. and R. Charles Vars. 19i1. 
--12 Pl" I fig. _\s part of the Demand Elaluation Pro­
gram of the Bureau of :\fines to determine future needs 
for minerals_ a study was institmed to deyelop and de­
scribe a methodology for approaching the problem of 
substitution between mineral commodities and between 
mineral commodities and other materials. The report 
comprises three sections: .. \ reliew of general factors rei­
atile to substitution. a case stud I' of the effect of substi­
tution on zinc die-casting markets in recent years. and a 
general methodology for rel'iewing materials substitution 
l,-jth specific emphasis deril ed from rel'iewing substi­
ttl tion in the domestic zinc die-casting markets. (Out of 
jJrillt.) 

IC 8506. Causes and Prevention of Transportation Accidents 
in Bituminous Coal Mines, by Ernest A. Curth. 

19i1. 10i Pl" H figs. Statistics for 1956-66 show that 
mine transportation accidents accounted for 19 percent 
of fatalities in bituminous coal mines. second only to roof 
deficiencies as a cause of death. Productil'ity per man­
shift increased from 10.2 tons in 1936 to 18'--! tons in 1966, 
but thc fatalities per million man-hours of exposure also 
increased from O.l~) to 0.21 during that same period, indi­
cating that transportation hazards still persist. The data 
"'ere processed by computer to find what constitute haz­
ardou, conditions and unsafe actions as well as to cor­
relatl' occupation and age of \'ictims. transportation type, 
and mine production. Findings sholl' that unsafe actions 
of personnel and hazards created hy enl'ironmental de­
ficiencies or equipment malfunction ~ontribute equally in 
causing transportation accidents. Accordingly efforts 
should be directed [(m-anl improl'ing working conditions, 
equipment maintenance, and education and training of 
employees. The trend is toward using safer modes of 
transportation. notabh COlli el'ors. :\Iore attention should 
be gilen to track hal;lage 0l;eration. railroad yards, and 
nondestructil e field testing of materials. SI. 

IC 8507. Mine Subsidence-Extent and Cost of Control in 
a Selected Area, by "-iIIiam Cochran. 1971. 

32 Pl'. (j figs. The Bureau of :\fines inl'estigated mine 
subsidence caused hy recent underground mining. esti­
mated the extent of damages. and formulated a procedure 
for cyaluatillg- subsidence costs. On the basis of the quan­
tity of material remoyed from heneath the surface, 
bituminous coal mining currenth' causes more extensil'e 
subsidence problems than mining' of other minerals; costs 
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are highest in areas such as western PennsylYania where 
urban and suburban de\"e!opment and related types of 
land use conflict with mineral recovery. 

The Bureau of ~lines estimated subsidence costs. in­
cluding surface damages and control costs. for a 12-county 
area in western Pennsyhania for 1968. Total surface 
damages attributable to the underground production of 
bituminous coal in the I-year period were .';295.000; in 
addition, 12.4 million tons of coal, \"alued at 54.3 million, 
was left in place to minimize potential surface damage. 
Of the total subsidence cost (S4.6 million) , 52.7 million 
was classified as external or social costs, not reflected in 
the market \"alue of bituminous coal; this averaged SO.05 
per ton of production, or slightly less than I percent of 
the market value. (Out of prillt.) 

IC 8508. Gulf Coast Export-Import of Mineral Commodit:es, 
by Frank B. Fulkerson. 1971. 90 pp. II figs. 

The Bureau of ~lines gathered data on origin-destination 
patterns by mineral commodity. quantity and value 
mm"ed, method of transportation, and methods of han­
dling. The largest areas for export were found to be 
"-estern Europe, Latin America, and Asia, other than 
Japan. The importance of our Latin American neighbors 
was emphasized by the fact that they supply o\"er 80 per­
cent of gulf coast imports of ores and raw materials. Gulf 
coast export of mineral commodities is projected to in­
crease from 22.9 million tons in 1968 to 40.0 million tons 
in 1980. Larger tonnages are forecast mainly for phos­
phate rock with lesser gains for fertilizers, sulfur. and 
petroleum coke. Tonnage of gulf coast imports of min­
eral commodities is projected to increase from 26.6 mil­
lion tons in 1968 to 33.7 million in 1980. Tonnage gains 
are forecast for alumina, bauxite, fluorspar, iron ore. and 
residual fuel oil. ~letals will probably continue to dom­
inate the imports. (Out of print.) 

IC 8509. Approved Dust Respirators for Coal Mines, by 
Robert H. Schutz. May 1971. 7 pp. This 

publication lists and describes devices approved jointly 
by the Secretary of the Interior and the Secrctary of 
Health, Education, and Wclfare. under the proyisions of 
§ 70.300-1, Part 70, Subchapter 0 of Chapter I, Title 30, 
Code of Federal Regulations (35 F.R. 5548, .-\pril 3, 
1970) , for use as respiratory protection against respirable 
pneumoconiosis-producing dusts. Included are type C 
supplied-air respirators approyed under Bureau of .\lines 
Schedule 19B and dust, fume, and mist respirators ap­
proyed under Bureau of .\lines Schedule 21B. 

IC 8510. A Computer Program for Generating Finite Ele-
ment Models of Mine Structures, by F. D. \Vang, 

.\1. C. Sun, and J. Wolgamott. ~lay 1971. 56 Pl" 6 figs. 
This report presents a structural-mesh-generating pro­
gram for the two-dimensional finite-element meLhod of 
mine structural analysis of single and multiple openings 
in nonhomogeneous rock mass. This program greatly 
reduces the amount of input data required and the 
chances of error which otherwise are large owing to the 
large amounts of data and the complex mesh invol\"ed. 
The program description, a user's guide, example prob­
lems, and program listing are included. 

IC 8511. Economic Evaluation of California-Nevada Iron Re-
sources and Iron Ore Markets, by Lyman 'loore. 

1971. 207 pp. 50 figs. This Bureau of ;\fines report 
describes and evaluates iron ore resources in California 
and Xevada and analyzes the California and Japanese 
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iron ore markets in which Lhese resources will be used. 
The competiti\"c position of California·:\e\ada ores. in 
these markets, was estimated bv comparing regional iron 
ore prices, production costs. and transportation costs with 
those of foreign suppliers. Resources were dctermined to 
be sufficient to produce the equivalent of 585 million tons 
of 64-percent iron pellets at a price of less than SLi per 
ton deli\'ered at California ports . .\Iuch higher tonnage 
could be produced at higher prices. Iron ore requirement 
of the California irotl and steel industry will increase to 
an estimated 15.9 million tons by the \"~ar 2000. "-\ stud, 
of the iron ore production poten'tial of California-:\C\"ad~ 
deposits and of out-of-State sources indicated that this 
ore requirement can he supplied most economically b~' 

California-:\e\"ada ores. Iron ore import requirements of 
the Japanese iron and steel industry will increase to an 
estimated 150.0 million tons b\ the year 2000. "-\ study of 
price trends in this market' indic~ted that very little 
California-:\eYada iron ore will be sold in Japan after 
1973 when existing sales contracts expire. Iron ore ex­
ports might be economically possible if ore could be 
transported from California to Japan at ballast rates as 
backhaul on existing petroleum shipping. S2. 

IC 8512. Mesabi Range Iron Ore Transportation: Feasibility 
and Estimated Cost of Pipelining, b\" Harold J. 

Polta. 1971. 46 pp. 19 figs. This Bureau of '\fines 
publication considers thc feasibilit~" of augmenting the 
present transportation system by pipelining taconite con­
centrates from the '.fesabi Range to the Chicago area. 
The cost of pipelining in the )l\-pothetical system using 
water as the carrier is estimated to he hetween ',3.66 and 
.';3.97 per long ton. This appears competiti\e with the 
19iO rail-vessel transportation rate of .'>4.08 e\"en after 
allowing a fe\\' cents per ton for barging' from the ter­
minal to existing furnaces. Political obstacles requiring 
solution before such a pipeline could be built and the 
feasibility of using crude oil as the carrier fluid are also 
discussed. 

FORTR.-\:\' routines used to calculate unit transpor­
tation cost for specific estimated \"alucs of cost items and 
for a range of values are presented. The effect of de\"i­
ations from estimated values of cost items on the total 
unit transportation cost are ,ho\\'n graphicallY. (Out of 
print.) 

IC 8513. Computer Program for Economic Evaluations of 
Underground Bituminous Coal Mines, bv Robert 

.-\. '\filler. 1971. 42 pp. This computcr program de­
termines the price per ton of coal needed to obtain a 
profit of 12 percent discounted cash flm\'. 

From a predetermined equipment and manning list. the 
program calculates all costs and prints seven tables. 
including the equipment and manning tables and the 
discount cash-flow table. Forty-four of the input vari­
ables may be readily changed to stud) their effects upon 
the final price per ton of coal or upon indi\'idual cost 
items. 

The method is adaptable for any type of mining and, 
with additions, for beneficiation processes. 

This program was written in FORTR.-\:\ 1\' for use 
on the IB'\1 1130 and with few modifications can be used 
on other computers. 85 cents. 

IC 8514. Summary of Mining and Petroleum Laws of the 
World (in Five Parts!. 2. East Asia and the Pa-

cific, by Xorthcutt Ely. 19i1. 104 pp. This \'Olume 
summarizes mining and petroleum legislation in 25 juris-
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dictions of East ;\sia and the Pacific. "'ithin these 
jurisdictions. primary attention is giyen to requirements 
that must be met in each country for acquisition of 
rights to permit deyelopment of mineral resources. Coyer­
age includes the following: First. identification of the 
controlling laws or statutes goyerning minerals acquisi­
tion and reference to the administratiye authority; sec­
ond, analvsis of the laws goyerning mines and quarries 
and their products; and third, analysis of laws applicable 
to natural gas, petroleum. and related materials. "'here 
pertinent, sections dealing with historical background or 
administration haye been added. In countries where 
minerals are subject to control of states or pro\'inces, 
those areas aTe considered separately from the central 
goyernment. SI. 

IC 8515. Coal Refuse Fires, an Environm.ntal Hazard, by 
Lewis M. Mc:\ay. 1971. 50 pp. 10 figs. 

The Bureau of :'.1ines located and examined 292 burning 
coal refuse banks throughout the :'\ation's coal-producing 
regions in 1968. These coal waste fires. extending oyer 
3.200 acres, produce poisonous. acrid gases and particulate 
matter that pose a threat to health and safety in the 
surrounding areas. damage yegetation. and cause the de­
terioration of nearby structures and buildings. :'.lethods of 
extinguishing coal fires are discussed, and an approach to 
eliminating future occurrences of these fires is presented. 
(Out of print.) 

IC 8516. A Practical Approach to Cutoff Sampling for Re-
petitive Surveys, by Katherine Harding and 

.-\rthur Berger. June 19i1. Ii pp. i figs. This Bureau 
of :'.Iines publication describes a practical approach to 
sampling that docs not require elaborate statistical tech­
niques. Simple steps are giyen for finding a cutoff point 
in the response from a repetiti\'e suney. This procedure 
can be used to estimate the aggregate yalue of the char­
acteristic being measured \\'ithout waiting for a complete 
count from the surycy. This is a useful technique when 
the reference periods' are repeated at freljuent interyals, 
such as monthly and quarterly. and when the statistical 
collecting agency is engaged in publishing timely data 
which must be accurate economic indicators. 

IC 8517. How To Mine and Prospect for Placer Gold, by 
J. ~1. \\' cst. Eli I. 43 pp. (i figs. Increased 

leisure time and increased interest in the out-of-doors is 
leading more and more families to experiment with 
placer mining of gold. and sometimes ncn to going on 
into small-scale production. This Bureau of :'.Iines report 
supplies basic information on areas of occurrence. equip' 
ment needed, prospecting. sampling. mining. and regu­
lations concerning the possession and sale of gold. Se-
lected references are given for further study. 51.05. 

IC 8518. Analyses of Natural Gases, 1970, by L. E. Canl-
well and L. F. Benton. 19i1. 130 PI" This 

puhlication contains routine analyses and relate,1 source 
data for 3ii natural gas samples from 19 States and two 
foreign countries. Of this total. 3i3 samples were col­
lected during calendar year 19iO. The remaining four 
samples were collected during previous years. but releases 
granting permission to publish the analyses were not 
receil ed until 19iO . . \11 samples were collected as part of 
a continuous suney of the free world for occurrences of 
helium in natural gas. This sUrYey has been conducted in 
the united States by the Bureau of :'.Iines since 191i. In 

late 1965, the survey was expanded to include foreign gas­
fields. The analyses published herein were made by mass 
spectrometer and a special helium analysis apparatus, 
which are described in Bureau of Mines Bulletins 486 
and 576. 

Twel\"e previous publications have presented the results 
of 9.050 gas analyses prior to 19iO. The first three, Bulle­
tins 486, 5i6, and 617, contain analyses and related source 
data on 5.218 gas samples collected from 19li through 
1960. l'I:ine other publications, which were issued as In­
formation Circulars, supplement the three Bulletins and 
contain 3,832 analyses of samples collected since 1960. 
This publication is the 10th publication supplementing 
the three bulletins. (Out of print.) 

IC 8519. Microfilming Maps of Abandoned Anthracite 
Mines. Mines in the Western Middle Anthracite 

Field, by G. B. Gait. August 19iJ. 11 Pl" 4 figs. This 
report is the fourth in a series concerning the Bureau of 
:'.Iines program for microfilming maps of abandoned 
mines in the PennsylYania anthracite region; a catalog of 
the microfilmed maps of 76 mines in the Western Middle 
field is presented. Previous reports were catalogs of 
microfilmed maps of mines in the Eastern :'.Iiddle field 
and in the \\'yoming and Lackawanna Basins of the 
:'\orthern anthracite field. .\dditional catalogs will be 
published as the microfilming of significant mining areas 
is completed. 

IC 8520. Respirable Mine Dust Sample Processing Labora-
tory, by Murray Jacobson and Paul S. Paro­

beck. _\ugust 19i1. 13 pp. 10 figs. The Federal Coal 
:\Iine Health and Safety Act of 1969 established manda­
tory dust sampling of coal mines according to procedures 
prescribed in the :'.randaton Health Standards. Title 30, 
Code of Federal RegulatiOl~s, Part iO, published in the 
Federal Register on .\pril 3. 19iO. A laboratory was 
established in the Pittsburgh Field Health Group of the 
Bureau of :'.Iines to process the coal mine dust samples 
collected by the mine operators. This paper describes the 
laboratorv and presents the equipment and procedures 
used in processing these sam pies. 

IC 8521. Analysis of Free Silica in Respirable Dust, by Rob-
ert W. Freedman. August 19i1. 8 pp. The 

Bureau of :'.Iines im'estigated methods of analysis of free 
silica in respirable dust, including both work done at the 
Bureau of :\fines and work done elsclI·here. The review 
coyers both coal dust and noncoal dust, taking into ac­
count both existing and proposed chemical and spectro­
scopic procedures. 

IC 8522. Reuse and Subsurface Injection of Municipal Sew-
age Effluent. Two Case Histories, by ErIe C. 

Donaldson and A.bdo F. Bayazeed. 19i1. 20 pp. 8 figs. 
Bureau of :'.fines engineers examined the chemical and 
biological treatment of sewage water designed in one 
case for reuse and in another for subsurface injection. In 
the first case discussed. approximately 6 million gallons 
per day of sewage are treated by the activated sludge 
process followed bv tertian treatment that includes ion 
exchange. The rel;ovated ';'ater is used in the industrial 
complex. Li(IUid industrial waste is sent to a lI'aste dis­
posal facility where it is treated for injection into a deep 
subsurface formation. In the second case. a community 
of 3.000 people is using a lagoon sewage treatment sy;­
telll. followed by subsurface injection of the treated 
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effluent. Subsurface disposal is used to avoid growth of 
algae and weeds in a nearby lake to which the treated 
effluent was originally discharged. 

The renovation of municipal water for reuse prol'ides 
a source of water for industries in a semi -arid region and 
may also provide a source for domestic use in densely 
populated regions where domestic water requirements 
have priority over industry needs, In addition, both 
waste treatment systems provide examples of the use of 
subsurface waste disposal to avoid pollution of surface 
streams. (Out of print.) 

Ie 8523. Helium: Bibliography of Technical and Scientific 
Literature, 1965. Including Papers on Alpha­

Particles, by Phillip C. Tully, Emily Dowdy, and Betty G. 
:\'oe. 1971. 760 pp. This bibliography contains 3,990 
different citations to technical and scientific literature 
about helium and alpha particles, abstracted by 12 ab­
stract senice publications during 1965. :-'fultiple classi­
fication increases the total numher of entries to more 
than 6,300. Helium citations are listed by 23 major 
classifications, alpha particles by 13. (Out of prillt.) 

IC 8524. Three Mine Fire Control Projects in Northeastern 
Pennsylvania, by H. A. Dierks, R. H. Whaite, 

and A. H. Harvey. With .\ppendix, "Helium Tracer 
Study," by B. J. :-'foore. 1971. 53 pp. 36 figs. The 
work and costs involved in controlling three large fires 
in abandoned mines in the anthracite region of Pennsyl­
vania are presented in detail. The work was done under 
authority of Public Law 89-4. Three basic control tech­
niques were successfully employed by the Bureau of 
:-'fines: (I) Forming underground fire-containing barriers 
by systematically flushing incombustible material into 
mine voids, (2) excavating an isolation trench around 
the fire area, and (3) complete excavation of hot and 
burning material in the fire area. When methods 2 and 
3 were used, the excavations were subsequently backfilled 
with incombustible material. Preliminary location of fire 
perimeters by the standard use of patterned 6- and 8-
inch-diameter boreholes is discussed. Investigations into 
airborne infrared scanning. shallow subsurface thermal 
anomalies, and the use of helium to trace the movement 
of mine air currents are covered. Although they are 
costly and time consuming, boreholes ha\'e proven to be 
the most efficient means to date of obtaining necessary 
subsurface fire data. Infrared scanning was ineffective in 
delineating fires under more than 30 feet of cover. He­
lium tracing was shown to have a good potential for 
determining possible hazards to adjacent residential areas 
from traveling mine fire gases. (Out of prillt.) 

IC 8525. Petroleum and Oil-Shale Research of the Bureau 
of Mines, Fiscal Year 1969, by Bill Linville. 

1971. ll7 pp. 35 figs. During fiscal year 1969, the Bu­
reau of Mines was engaged in 66 projects to improve 
methods for producing and utilizing petroleum. Pro­
grams directed toward the continued conservation of this 
natural resource, including crude oil, natural gas, and oil 
shale, were carried out through research performed at 
four laboratories supervised and supported by adminis­
trative personnel of this Bureau of the Department of the 
Interior. Over 100 technical papers and reports were 
published by the Bureau or others based on this research, 
and numerous other reports were prepared for U.S. Gov­
ernment agencies, State agencies, and organizations of the 
petroleum and natural gas industry engaged in cooper­
ative research programs with the Bureau. 
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IC 8526. Review of Bureau of Mines Energy Program, 1970, 
by Bill Lilllille and John D. Spencer. 197 I. 

III pp. 44 figs. Producing oil. gas. and coal in suf· 
ficient amounts to satisfy U.S. demands for fuels, elec­
trical power, and chemicals promises to be one of the 
country's major challenges during the 1970·s. .\dding 
signifIcantly to this challenge is the urgent task of satis­
fying soaring fuel and power demands without destroving 
the natural environmcnt or jeopardizing long-range re­
quirements for resources. 

The Bureau of :-'fines is engaged in a comprehensive 
program of research to help industrY meet this challenge. 
This report rel'iews the aims of the research program and 
accomplishments in 1970; the first II sections co\'er coal 
programs. nine sections are then de\'oted to petroleum, 
and the concluding til'e sections deal with oil shale re­
search. Figure 1 shows the natioml'ide distribution of 
Bureau of ~fines energy research installations; full ad­
dresses are gi\'en in appendix ,\. "fany of the publications 
resulting from the Bureau's energy research efforts are 
discussed throughout the report; others arc listed in 
appendix B. (Out of prill!') 

IC 8527. Control of Sulfur Oxide Emissions in Copper, Lead, 
and Zinc Smelting, by Staff, Bureau of :-'Iines. 

1971. 62 pp. 21 figs. .\ir pollution control regulations 
already implemented or being considered for implementa­
tion require substantial inl'estment of capital to remOl'e 
the sulfur oxides from copper, lead. and zinc smelter 
gases, .\s a result, there "'ill be an attendant increase in 
production costs and possibly an associated increase in 
the price of these metals to the consumer. The total 
im'estment and any resulting metal price increase ,,-ill 
depend upon the control regulations that ultimately will 
be adopted by the indi\'idual States. 

Contro\'ersy has arisen between the metals industry and 
governmental control agencies regarding the status of 
stack gas desulfurization technologv and the ability of 
industry to control sulfur oxide emissions to the degree 
proposed by some of the more stringent regulations cur­
rently under consideration. This paper e\'aluates the 
problems invoh'ed in achiel'ing I'arious degrees of control 
over smelter sulfur oxide emissions and the technology 
al'ailable to accomplish the task of assuring clean air. 
The estimated cost of compliance is reviewed for the 
copper, zinc, and lead industries. but principal attention 
is given to the copper situation. 

IC 8528. Coal Mine Dust Standards of the United States 
and Other Countries, by Donald P. Schlick, 

G. G. Morgis, and David B. Booker. 1971. 25 pp. 4 figs. 
This Information Circular presents a brief historical di­
gest of the early attempts of the Bureau of :-'fines and the 
U.S. Public Health Service to establish coal mine dust 
exposure standards. It reviews current, accepted standards 
of the United States as well as available standards of 
other countries. (Out of print.) 

IC 8529. Bureau of Mines Research Programs on Recycling 
and Disposal of Mineral-, Metal-, and Energy­

Based Solid Wastes, by Charles B. Kenahan and Einar P. 
Flint. 1971. 53 pp. 24 figs. .-\ summary of Bureau of 
:-'fines research on the utilization and disposal of solid 
wastes is presented, accompanied by an extensive bibli­
ography of related publications. The Bureau's Solid 
Waste and :-'faterials Recycling Program is directed to­
ward the four following areas of research, development, 
and demonstration: (I) Extraction of mineral, metal, and 
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energy Yalues from urban refuse; (2) upgrading and re­
cycling of automotive and related ferrous and nonferrous 
scrap; (3) utilization and stabilization of mine, mill, and 
smelter wastes; and (4) recovery and reuse of values from 
industrial waste products. A contract and grant program 
that supplements the in-house research and aids in the 
training of manpower in management of mineral-, metal-, 
and energy-based solid wastes is also discussed. 

This publication updates Bureau of Mines Information 
Circular 8460 issued March 1970. 

IC 8530. Satellite Monitoring of Open Pit Mining Opera-
tions, by William C. Henkes. 1971. 28 pp. 

15 figs. Anticipating the availability of space-altitude 
imagery from the Earth Resource Technology Satellites 
(ERTS), the Bureau of ~Iines investigated the possi­
bilities of using such imagery in its acti\'ities in solid 
waste disposal, reclamation of mine workings, and mineral 
resource inventory. The study indicates that monitoring 
open pit and strip-mining operations can be done using 
conventional techniques if the sharpness of the imagery 
is sufficiently high. Possibilities also exist for semi­
automated processes for change detection. Additional ex­
perimentation is needed for multispectral discrimination 
and identification of mine-related phenomena. 35 cents. 

IC 8531. Strippable Reserves of Bituminous Coal and Lignite 
in the United States, by Staff, Bureau of Mines. 

1971. 148 pp. 6 figs. The strippable reserves of bi­
tuminous coal and lignite in the Cnited States were cal­
culated in accordance with the pre\'ailing conditions of 
seam thickness and depth of o\'erburden in each of the 
several coal-producing areas of the :\"ation. \fithin de­
fined limits of seam thickness and depth of overburden, 
it is estimated that there was a remaining strippable' 
resource of 118 billion tons of raw bituminous coal and 
lignite as of Januarv I, 1968, Because of topography, 
natural and manmade features. and other limitations. 
only 45 billion tons of the resource are strippable re­
serves. Of this, 32 billion tons is considered low-sulfur 
(less than I percent), -1 billion tons is medium-sulfur (I 
to 2 percent), and 9 billion tons is high·sulfur (over 2 
percent) coal. Owing to a cleaning loss affecting that 
portion of strip coal that is mechanically cleaned, the 45 
billion tons of strippable reserves are reduced to 39.6 
billion tons of marketable coal. 

A brief discussion is given for each coal-producing 
State, summarizing past and present production, historical 
background, and outlook. Appendix .-\. contains reserve 
data by State, county, seam, and sulfur content. Ap­
pendix B contains the general information and require­
ments n,ecessary to comply with the current strip mining 
laws covering 20 States. S2.05. 

IC 8532. A Survey of the Secondary Titanium Market, by 
Jerry J. Gray and Paul McIlrov. 1971. 17 pp. 

I fig. The utilization of secondary titanium was de-_ 
termined in a study by the Bureau of 'fines. .-\. lO-year 
statistical table showing supply and distribution patterns 
is presented in this J·eport. Over the total lO-year period, 
estimated scrap consumption is larger than estimated 
scrap supply. Trends from the estimated data indicate 
that titanium is in short supply and probablY will ('on­
tinue to be in the future. Because of higher processing 
costs for recycled scrap, scrap will tend to nr'igrate to the 

steel and aluminum industries and to ferrotitanium pro­
duction and exports. Nonrecoverable losses of titanium 
metal during processing was determined to be a potential 
area for research. (Out of print.) 

IC 8S33. Cost Evaluation of a Metal and Mineral Recovery 
Process for Treating Municipal Incinerator Residues, 

by John J. Henn and Frank A. Peters. 1971. 41 pp_ 
9 figs. An evaluation is presented of the Bureau of 
Mines process for the recovery of metal and mineral 
values from municipal incinerator residues. This process 
employs standard mineral beneficiation techniques and is 
operating on a pilot-plant scale of 1,000 pounds of in­
cinerator residue feed per hour. Products from this 
separation process include ferrous, aluminum, and 
copper-zinc scrap and colorless and colored glass. 

Cost estimates were prepared for four plant sizes. It is 
assumed that the separation plant is located adjacent to 
a municipal incinerator. Provision is made, however, for 
part of the residue feed to be delivered by truck so that 
one large separation plant can be used for residue from 
more than one incinerator. 50 cents. 

IC 8534_ Selected List of Bureau of Mines Publications on 
Petroleum and Natural Gas, 1961-70, by V. 

Vern Hutchison. 1972. 139 pp. This selected list 
contains 829 entries with citations to Bureau of 
Mines publications related to petroleum and' natural 
gas, which were released during the 1961-71 period_ 
Some entries are multiple ·in nature, resulting in a 
total of 881 citations. Work done in cooperation with 
the State of Oklahoma. GPO Stock No. 2404-1050. 
$1.75. 

IC 8535. Cost Analysis of Model Mines for Strip Mining of. 
Coal in the United States, by Staff, Bureau of 

Mines. 1972. 116 pp. 1 fig. This study estimates 
costs of producing bituminous coal and lignite by 
stripmining methods in 12 hypothetical mines. Basic 
costs are developed by geographic area, rank of 
coal, and output capacity. Seam thickness and depth 
and type of overburden are considered typical for the 
area in' which the hypothetical mine would be lo­
cated. The cost analyses are based on the use of new 
equipment, the prevailing union wage scales,.and the 
payment of all miscellaneous costs including royal­
ties contributions to the miners' welfare fund, and 
lice~se and permit fees_ All model mines are con­
sidered to have a life span of 20 years. GPO Stock 
No. 2404-1048. $1.25. 

IC 8536. Effect of Coal Mine Health and Safety Act of 1969 
on Respirable Dust Concentrations in Selected 

Undergrownd Coal Mines, by Murray Jacobson, Paul S. 
Parobeck, and Mona E. Hughes. 1971. 9 pp. 5' figs. 
The respirable dust standard in the Federal Coal l\fine 
Health and Safety Act of 1969 is designed to prevent 
disability and death from coal workers' pneumoconiosis: 
Beginning June 30, 1970, the operators of coal mines were 
required to maintain the average concentration of respir­
able dust in the actiYe workings at or below 3.0 milli­
grams of dust per cubic meter of air. The standard is 
reduced to 2.0 milligrams per cubic meter after Dec. 30, 
1972. 

This paper presents the equipment and procedures 
used by the coal mine operators in implementing the 
respirahle dust sampling program .established by the Sec­
retary of the Interior and the Secretary of Health. Edu­
cation, and Welfare and shows the ~ffect of the law, 
during the first year, on the reductio)1 of dust lev,tls in 
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selected mines, The system employed by the Bureau of 
~Iines for analyzing and processing the dust samples is 
aJso presented, 

IC 8537. Strippable Lignite Reserves of North Dakota. Lo-
cation, Tonnage, and Characteristics of Lignite and 

Overburden, by Benjamin C. Pollard, Joseph Blake 
Smith, and Clinton C. Knox. 1972. 37 pp. 19 figs. 
The location and production potential of a large 
block of strippable reserves in North Dakota were 
determined by using published data as a base and 
,adding new drill hole data or other data contributed 
by companies that presently own or lease coal lands. 
Only beds exceeding 5 feet in thickness, under less 
than 120 feet of overburden, and in large blocks of 
5 million tons or more were included in the esti­
,mates. All such reserves are in the Fort Union For­
mation of western North Dakota and are lignite in 
rank. Sixteen large blocks of reserves evaluated in 
this study are estimated to contain a total of 4.1 
billion tons of strippable lignite. GPO StocK No. 
2404-1063. 65 cents. 

IC 8538, Strippable Coal Reserves of Wyoming. Location, 
Tonnage, and Characteristics of Coal and Over­

burden, by Joseph Blake Smith, Maynard F. Ayler, 
Clinton C. Knox, and Benjamin C. Pollard. 1972. 
51 pp. 14 figs. Coal resource data from published 
sources and company files were used by the Bureau 
of :'trines to determine the location and extent of 
strippable coal reserves in Wyoming. Total strip­
pable reserves of 23 billion tons were estimated in 
seven major coal areas, Seven large strip mining 
operations were active in 1969. and their production 
totaled 4% million tons of coal. Cutoffs used to de­
fine strippable reserves were (1) minimum coalbed 
thicknesses of 5 feet; (2) overburden-to-coal ratios 
of less than 10 cubic yards of overburden per ton of 
coal, and (3) total overburden thicknesses of less 
than 120 feet, except where reserves occur in multi­
ple beds or a single thick bed. Tertiary rocks along 
margins of the Powder River basin contain most of 
the strippable coal reserves in Wyoming. The Wyo­
dak beds ranging in combined thickness from 30 to 
130 feet, crop out on the east flank of the basin and 
contain an estimated 19 billion tons of strippable 
subbituminous C-rank coals under less than 200 feet 
of overburden. Partings between these beds total 
less than 60 feet. The 100- to 200-foot-thick Healy 
bed on the western flank of the basin and the "35-
foot-thick School and 20-foot-thick Badger beds on 
the south also contain large strippabIt reserves. 
Elsewhere in Wyoming, strippable deposits 'are sub­
bituminous coal of Late Cretaceous and Tertiary 
ages, mostly in the Hanna and Great Divide basins 
in the south-central portion of the State and in the 

. Kremmerer-Hamms Fork region in the southwestern 
, corner. GPO Stock No. 2404-1066. $1. 

IC 8539. Bureau of Mines Safety Research Center, Research 
, and Development Activities: Fiscal Year 1970, by 

'Staff, Safety Research Center. 1972. 38 pp. 2 figs. 
On' July I, 1969, the Explosives 'Re'search Center 
merged with the Health and Safety Research and 
Testing Center to form the Safety Research Center, 
with facilities at Pittsburgh and Bruceton, Pa. Sub­
sequently, passage in December of the Federal Coal 
:\Iine Health and Safety Act of 1969 had a major 
influence on the activities of the new center. These 
activities, which were conducted under two main 
programs, Coal Mine I Safety Research and Explo­
sives Research, are described in this publication. 
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IC 8540. Availability of Rutile as a Byproduct From Sand-
Washing Plonts in the Southeastern United States, 

by William Cochran and Robert L. Smith. 1972. 
27 pp. 6 figs. Data on the cost and quantity avail­
able were developed for rutile (Ti02 ), which is po­
tentially recoverable as a byproduct at sand-washing 
plants in the Southeastern States of Alabama, Geor­
gia, North Carolina, and South Carolina. Based on 
1969 production data, an estimated 4,300 tons of 
rutile could be recovered annually from plants that 
process more than 25,000 tons of sand per year. 
Rutile prices at which this resource would be avail­
able ranged upward from $262 per ton, compared' 
with the curent market value of $185 per ton. 
GPO Stock No. 2404-1077. 35 cents. 

IC 8541. Methods for Evaluating Explosives and Hazardous 
Materials, by C. 1\1. Mason and E. G. Aiken. 

1972. 48 pp. 25 figs. The methods currentl?" .u~ed 
by the Bureau of Mines to evaluate the sensltlv:ty, 
strength, incendivity, gaseous products, and phYSIcal 
properties of explosives and hazardous chemIcals are 
described. Included are the tests used to evaluate 
explosives which are certified as permissible for use 
in underground coal mines. GPO Stock Xo. 2404-
1085. 55 cents. 

IC 8542. Analyses of 169 Crude Oils From 122 Foreign 
Oilfields, by E. P. Ferrero and Dorothy T. 

Nichols. 1972. 113 pp. Crude oils from fields through­
out the world are analyzed by the Bureau of Mines to 
determine the characteristics of the oils and their con­
tribution to the petroleum resources of the world. 
Analyses are reported for 169 foreign crude oil samples 
from 122 oilfields in Africa. Asia, Australia, the Carib­
bean, Europe, North AmerICa, and South America. 
Tables show the geographic and geologic origin of the 
samples, names. of companies that supplied the samples, 
annual productIOn for, the fields, general characteristics 
and analytical and computed data, hydrocarbon-type 
data, cumulative production of the larger fields, and 
references to sources of geological and field develop­
ment information. The analyses were made by the 
Bureau of .Mines routine method and comparisons may 
be made WIth more than 8,000 other such analyses. 

IC 8543. Technology and Use of Lignite. Proceedings: Bu-
reau of Mines-University of North Dakota Sym­

posium, Bismarck, N. Oak., May 12-13, 1971, compiled by 
Wayne R. Kube and James L. Elder. 1972. 14;) pp. 
52 figs. This Bureau of Mines report contains the 
proceedings of a symposium cosponsored bv the Bu­
reau of Mines and the University of North Dakota 
concerning utilization and technology of ,"Vest ern 
coals and lignites. The symposium, the sixth in a 
series, comprised 12 papers. GPO Stock No. 2404"':' 
1101. $1.50. 

IC 8544. Summary of Mining and Petroleum Laws of the 
World lin Five Partsl. Part 3, Near East and 

South Asia, by .North~u,tt Ely. 1972. 82 pp. This \'01-
um~ sl.!ml!1a~Izes mInIng and petroleum legislation in 
22 JUrIsdICtIOns of the Near East and South Asia. 
~ithin these. jurisdictions, primary attention is 
gIven to reqUIrements that must be met in each 
country fo~ acquisition of rights to permit develop­
,~ent, of m.meral resources. Coverage includes: First, 
Ide~tlficatIOn of the controlling laws or statutes gov­
ernmg minerals acquisition and reference to the ad­
ministrative authority; second, analysis of the laws 
governing mines and quarries and their products; 
and third, analysis of laws applicable to natural gas, 
petroleum, and related materials. Where pertinent, 
sections dealing with historical background or ad­
ministration have been added. In countries where 
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minerals are subject to control of states or prov­
inces, those areas are considered separately from the 
central government. GPO Stock No. 2404-1114. 75 
cents. 

IC 8545. Bureau of Mines Procedure for Evaluating Quartz 
Content of Respirable Coal Mine Dust, by Samuel 

A. Goldberg and Murray Jacobson. 1972. 10 pp. 5 
figs. The Federal Coal Mine Health and Safety Act of 
~969 delegated to the Bureau of Mines a yearly program 
of health inspections. Respirable coal mine dust con­
centrations are measured by Bureau inspectors. Sam­
ples of respirable coal mine dust are weighed to deter­
mine dust concentration and then analyzed for ash and 
quartz content. This paper describes the laboratory pro­
cedure for determining the percent quartz in the respir­
able coal mine dust samples. 

IC 8546. A Computer Program for the Structural Analysis 
of Space Frame Type Protective Canopies, 

by Stephen Gerard Sawyer. 1972. 53 pp. 3 figs. 
This report presents a Fortran IV computer program 
for the structural analysis of space-frame protective 
.canopies used in underground mines to protect equip­
ment operators from falls of roof, face, or rib. This pro­
gran: entitled CANOPY permits rapid calculation of the 
elastic strength of a canopy for a variety of static load­
ing conditions. Stresses in, and displacements of, each 
structural member are computed and printed out. Addi-. 
tionally, identification of all members that have com­
menced yielding, weight of the canopy, total loads on 
.the c.anopy, and maximum loads that the canopy can 
sus tam elastically are output. Program description, input 
instructions, program listing, and two example problems 
are included. 

IC 8547.' Trends in the Minerals Industry, 1970, by Staff', 
Bureau of Mines. 1972. 89 pp. 19 figs. The 

Burea~ of ~lines annually publishes statistical data 
reflectmg technological trends in the minerals indus­
try (metals and nonmetals except fuels). This re­
port outlines recent developments and trends and the 
tech:lOlogy outlook for mining practices and metal­
lurgical processing based on a review of the minerals 
industry during the past 2 years. A historical sta­
tistical series which indicates trends in the minerals 
industry has been extended with 1970 data In addi­
tion! data are given from a 5-year Bureau' of Mines 
cychc canvass of froth flotation plants. Data for 
1970 are compared with those of 1960 and 1965. 
GPO Stock No. 2404-1146. $1.00. 

IC 8548. Instruments for Detecting Gas in Underground 
Mines and Tunnels, by B. I. Ferber and 

A. H. Wieser. 1972. 16 pp. 2 figs. Toxic and 
explosive atmospheres are discussed, along with 
some of the instruments commercially available for 
their detection. No attempt has been made to evalu­
ate the accuracy of anyone device. This circular has 
been prepared primarily to aid mine inspectors in 
selecting suitable instruments for underground gas 
detection. 

IC 8549. Energy Potential From Organic Wastes: A Review 
of the Quantities and Sources, by Larry i. An­

.derson. 1972. 16 pp. 3 figs. Enormous quantities of 
organic wastes are produced each year in the United 
States. The total amount is in excess of 2 billion tons 
and at least 880 million tons of this is moisture- and 
ash-free organic material (dry organic solids) , represent­
ing a potential energy source of significant magnitude 
that is not being utilized. Bureau of :\lines scientists 
ha\'c d!-,\'eloped methods for converting these wastes to 

convenient energy forms. This report itemizes and evalu­
ates for the first time in detail the quantities and sources 
of moisture- and ash-free organic material contained in 
manure, urban refuse, industrial wastes, sewage solids, 
and agricultural wastes in the United States. Further­
more, estimates are presented for amounts of organic 
wastes collected or concentrated. The potential for fuel, 
either oil or gas, from both the total organic wastes gen­
erated and those collected or concentrated is also esti­
mated. GOP Stock No. 2404-1112. 55 cents. 

IC 8550. Designing Blast PaHerns Using Empirical Formulas. 
A Comparison of Calculated PaHerns With Plans 

Used in Quarrying Limestone and Dolomite, With Geologie 
Considerations, by Joseph M. Pugliese. 1972. 33 pp. 
2 figs. This work was done by the Bureau of Mines to 
provide quarry operators with an uncomplicated, first­
approximation method for' designing blast patterns, 
considering geologic structure, and to show the valid 
use of the technique by comparing drill and blast 
pattern dimensions used in the quarry with those 
determined by the presented method. The author 
visited 12 limestone and dolomite quarries in Ohio 
(Adams, Crawford, and Highland Counties), Wis­
consin (Milwaukee, Racine. and Waukesha Coun­
ties) , and Minnesota (Fillmore, Olmsted, and 
Wabasha Counties) ; observed the blasting practices; 
studied the major geologic features; and after dis­
cussion with the quarry managers, foremen, and 
blasters, compared the quarry blasting patterns 
with those as calculated by the empirical formulas 
(after R. L. Ash), with geologic structural con­
siderations. When geologic structure such as bed­
ding, jointing, folding, and caves, as well as explo­
sive properties and field performance characteristics 
are accounted for in a' manner suggested by the 
research, the presented empirical formulas may be 
used as a good first approximation. The included 
steps in planning a blast design and generalized 
blast patterns should be of help to the quarry opera­
tor. Design changes are recommended for those 
quarries where problems are occurring. GPO Stock 
.No. 2404-1145. 45 cents. 

IC 8551. Review of Bureau of Mines Energy Program, 1971 
by John D. Spencer and Bill Linville. 1972: 

192 pp. 44 figs. Clean energy production from coal, 
OIl, and gas, and the. development of these and other 
energy sources contmued to be a major objective 
of. the energy r~search program of the Bureau of 
Mmes. In 1.971 mcre~sed emphasis was placed on 
the productlOn of flUId fuels and chemicals from 
coal. Advances were achieved in the development 
of the Syn~hane. an~ Hydrane gasification processes 
for producl~g plpelme gas fro.m coal, and progress 
was ma~e !n research on sohd wastes utilization, 
and on hq~ld fuels production from coal. Coal mine 
safety, ~ohd waste disposal and utilization, coal 
preparatlOn and transport, and fundamental re­
search. on coal and related products also continued 
to be the subject of extensive research. 

This report. is th~ second in a series; the first re­
port, pubhshed m 1971, was Information Circular 
8526. 

IC 8552. Bin Hopper Engineering and Bulk Materials Flow: 
A State-of-the-Art Report on Empirical and Theo­

retical Analyses, by W. G. Pariseau and R. S. Fowkes. 
1972. 36 pp. 16 figs. This Bureau of Mines report is 
an evaluation of the state of knowledge about 
gravity flow from bin hoppers, the most commonly 
used method of handling bulk materials where the 
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force of gravity is 'used~ The requirements for flow 
to be initiated and to continlfe, formulas developed 
experimentally or I?athematically. from various as­
sumptions to descrIbe the materla~s flo.w, and the 
question of whether or not a materIal wIll. flow over 
'the entire cross sectIOnal area of the bm hoppe.r 
according to the flow regime developed are the PrI-
mary areas discussed. .. . 

The work of A. W. Jenike, whose pIOneenng ~n­
vestigations raised bin hopper design froll'l: th~ t:Ial 
and error state is examined m depth and Its lImIta­
tions and assm'nptions are pointed out. Bin hopper 
design depends heavily upon. prior e.xperience, an~ 
suggestions for further studIes of bm hopper flo¥; 
to inclu-:le the effects of feeders are, made. GPO 
Stock No. 2404-01167. 45 cents. 

IC 8553. Mathematical Smoothing of Digitized X-Ray 
Spectra, by Harold E. Marr, III. 1972. 15 

'pp. 2 figs. A simple algorithm is presented for 
processing digitized X-ray spectra obtained with a 
Si (~i) or Ge (Li) semiconductor detector coupled 
to a multichannel analyzer. The simplified least­
sSluares procedure is used to smooth out the statis­
tical fluctuations in the spectrum by repeatedly fit­
ting a quadratic equation to a predetermined number 
of channels and performing a traveling smooth 
across the spectrum. A logarithmic transform is 
applied to the raw data to minimize the distortion 
of. the gaussian-shaped peak profiles. The efficacy of 
the technique is eval?ated by observin_g the distor­
tion of several gaussian-shaped peaks that have 
been subjected to the smoothing operation. The loca­
tions of maximums and minimums in the spectrum 
are predicted in the process as well as the values of 
the peak heights. The convolution integers from a 
least-squares fit of a quadratic equation are calcu­
lated as part of a FORTRAN subroutine. The build­
ing-block approach to computer programing in a 
small laboratory is discussed. 

IC 8554. Analyses of Natural Gases, 1971, by L. E. 
Cardwell and L. F. Benton. 1972. 163 pp. 

This publication contains routine analyses and re­
lated source data for 475 natural gas samples 
from 17 States and two foreign countries. Of 
this total, 454 samples were collected during cal-' 
endar year 1971. The remaining 21 samples were' 
collected during previous years, but releases 
granting permission to publish the analyses were 
not received until 1971. All samples were col-' 
lected as part of a continuous survey of the free 
world for occurrences of helium in natural gas. This 
survey has been conducted in the United States by 
the Bureau of Mines since 1917. In late 1965, the 
survey was expanded to include foreign gasfields. 
The analyses published here were made by mass. 
spectrometer and a special helium analysis appara­
tus, which are described in Bureau of Mines Bulle­
tins 486 and 576. Thirteen previous publications· 
have presented the results of 9,427 gas analyses 
prior to 1971. The first three, Bulletins 486, 576, and 
617, contain analyses and related source data on, 
5,218 gas samples collected from 1917 through 
,1960. The other 10 publications, which were issued 
tiS information circulars, supplement the three bulle­
tins and contain 4,209 analyses of samples collected 
,since 1960. This publication is the 11th publication 
supplementing the three bulletins. GPO Stock No. 
.:2404-1147. $1.75. 

JC 8555. Injury Experience in Caal Mining, 1967, .by F~r­
" est T. Moyer and Mary B. McNaIr. 1912. 
112 pp. 1 fig. Injury experience ll;t coal mines and 
mechanical-cleaning plants (excludmg officeworkers) 
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in 1967 was 222 fatal and 10,115 nonfatal disa!jli~g 
work injuries during an exposure time of 241.8 mIl­
lion man-hours. These injuries occurred at a fre­
quency rate of 42.75 per million man-hours worked; 
the severity rate was 7,699 days lost or charged per 
million man-hours. Each of these general measures 
of injury experience was lower than similar data 
recorded for 1966. 

Employment at 6,885 coal !llines and ,369 
mechanical-cleaning plants, excludmg officeworkers, 
averaged 139,312 men in 1967. The average number 
-of days worked was 220. Coal production totaled 
560.8 million short tons, at rates of 2.32 tons per 
man-hour and 18.32 tons per man-day. 

A total of 2,779 onsite officeworkers at ~oal ~i~es 
and mechanical-cleaning plant~ worked 0.2 !llI.HiOn 
man-hours in 1967 without a dlsablmg work lllJury. 

IC 8556. Injury Experience in Coal Mining, 1968, by For-
rest T. Moyer and l\Iary B. l\IcNair. 1972. 

107 pp. 1 fig. The safety record of the coal mining 
industry in 1968 worsened appreciably in fatality 
experience but was slightly better in nonfatal injury 
experience. Work fatalities in 1968 totaled 311 and 
occurred at a frequency rate of 1.33 per million 
man-hours or worktime. The fatality total was 89 
higher,. and the rate of occurrence was 45 percent 
higher than the corresponding figures of 222 fatal 
injuries with a fre,juency rate of 0.92 in 1967. The 
worsened fatality record in 1968 resulted primarily 
from two major disasters (a single accident which 
results in the death of five men or more) which 
killed 87 men, nine in one and 78 in the second. The 
total of 9,639 nonfatal injuries was the lowest an­
nual figure in complete records since 1930. The 
frequency rate of 41.12 nonfatal injuries per mil­
lion man-hours of worktime for 1968 was the second 
lowest annual rate of occurrence. The severity rate 
of all injuries, 10,513 days lost or charged per mil­
lion man-hours, and the average severity. 248 days 
lost per injury, in 1968 were the worst annual data 
in the series started in 1944. Total worktime of 
234.4 million man-hours and coal output of 3,33.3 
million tons in 1968 were, respectively, 3 and 1 per­
cent lower than in 1967. 

Ie 8557. Offshore Petroleum Studies, Composition of the 
Offshore U.S. Petroleum Industry and Estimated 

Costs of Producing Petroleum in the Gulf of Mexico, by 
L. K. Weaver. H. F. Pierce, and C. J. Jirik. 1972. 
168 pp. The objective of this study is twofold. The 
first is to present the composition of the offshore 
petroleum industry in terms of lease bonuses and 
the value of hydrocarbons produced from Federal 
offshore tracts. The second is to present costs of 
producing petroleum (oil and condensate) in the 
Gulf of Mexico with a financial analysis of an off­
shore operation. To prepare a fil1ancial analysis of 
an offshore operation, a model \vas derived to show 
the costs necessary to explore, acquire, develop, 
produce, and abandon a 5,000-acre block and the 
estimated income from the sale of the hydrocarbons 
produced. To establish cost and income guidelines 
for the model, a group' of seven oilfields in the 
Gulf of Mexico ranging from 7 to 75 miles from 
shore and in water 20 to 130 feet deep was selected 
fpr study. A net profit or loss statement was pre­
pared for each field and a discounted cash flow rate 
of return was calculated. Discounted cash flow rates 
of return for the seven fields range from 1.1 to 
19.5 percent. Under the two specified conditions set 
up for the model (a 20-year and a 30-year oil de-



INFORMATION CIRCULARS 

pletion model), the rates of return are 17.2 and 
13.7 percent, respe~tively. To January 1, 1969, the 
tOl! four operators m the Federal offshore areas had 
paId approxImately 40 percent of the amount spent 
on all lease bonuses and produced about 56 percent 
of the total hydrocarbons. GPO Catalogue No I 
~.27 :8557. GPO Stock No. 2404-01205. $1.75 .. 

JC 8558. Methane Emission From U.S. Coal Mines. A Sur-
. vey, .by M. C. Irani, E. D. Thimons, T. G. 

BobIck, MaurIce Duel, and M. G. Zabetakis. 1972. 
5~ pp. 12 figs. ,!his survey was conducted to deter­
mme the magnItude of the methane emission and 
control problem. in. U.S. bituminous coal mines. The 
result~nt data mdlcate that the emission rate for 
any .glven coal bed depends primarily on the coal pro­
ductIon rate and on mine depth, as well as on the' 
nature of the coalbe~ and the surrounding strata. 
An excellent correlatIOn· was found between (1) the 
methan~ emission rate. and (2) the product of coal 
,p~oductlOn rate and mme depth for the mines in the 
Pltts~urgh, Pocahontas Nos. 3 and 4, and the Illinois 
Nos. :.J and 6 coalbeds. 
. The. highest tot::l emission rates found in U.S. 

bltll:mmo~s coal nunes were as follows, in· million 
cubl~ feet per day: Monongalia County, W. Va., 39: 
M,arlOn County ~ W; Va., 30.4; McDowell County, 
". Va., 13.1; "ashmgton County, Pa., 11.9; Greene 
County, Pa., 11.4; Buchanan County, Va., 21.6; 
Jefferson County, Ala., 10.3; and Franklin County, 
Ill., 6.6. . 

IC 8559. Respirators Approved by the Bureau of Mines as 
of May 24, 1972. A Revision of Information Cir­

cular 8436, by E. J. Kloos and Robert H. Schutz. 
~9"2. 12 pp. This publication lists devices approved 
Jomtly by the Secretary of Interior and the Secre­
tary of Health, Education, and Welfare, as of May 
24, 1972, under provisions of Section 11.2, 'Part 11, 
Subchapter B of Chapter 1, Title 30, Code of Federal 
Regulations (37 F.R. 6244, Mar. 25, 1972), for use 
in mines as respiratory protection in oxygen-defi­
cient atmospheres, and in gases, vapors, dusts, 
fumes, and mists. Included are self-contained breath­
ing apparatus, gas mask, and supplied-air, dust, 
fume, mist, and chemical-cartridge respirators. 
Names and addresses of manufacturers appear in 
the appendix. 

IC 8560. The Impact of Blasting Agents and Slurries on 
Explosives Technology, by Richard A. Dick. 

1972. 44 pp. 15 figs. This Bureau of Mines report 
describes the evolution of modern-day blasting-agent 
and slurry products and the state of the art of the 

'usage of these products as it exists today. The stead­
ily increasing consumption of blasting agents and 
slurries at the expense of cartridged high-explosive 
usage is related. Although safety is not covered in 
depth, reference is made to pertinent safety litera­
ture available. Product formulations, detonation re­
actions, and detonation products are discussed. Prod­
uct terminology is defined and the significant differ­
ences between the relatively insensitive modern-day 
dry blasting agents and slurries and cap-sensitive 
high explosives are described. Blasting agent and 
slurry properties are discussed, as well as methods 
of determining and describing these properties, and 
specific types of products are also discussed with 
reference to their ingredients, properties, and field 
applications. Increasing consumption of slurries, par­
ticularly in small-diameter boreholes, and the devel­
opment of more cap-sensitive varieties of slurries are 

forecast although dry blasting agents should con­
tinue to dominate the market. The consumption of 
cartridged high explosives will level off or gradually 
decrease. 50 cents. GPO Stock No. 2404-01218. 

.lC 8561. An Engineering Cost Study of Development Wells 
and Profitability Analysis of Crude Oil Produc­

tion, by T. M. Garland and W. D. Dietzman. 1972. 
134 pp. 11 figs. This report presents a more ex­
tensive perspective of the calculated profitability 
of developing and producing crude oil and associated 
natural gas by primary methods from selected on­
shore areas of the United States. Estimates were 
made for cost of drilling, completing, equipping, and 
producing oil wells at four depths in seven onshore 
producing areas. A computer program was developed 
for calculating the discounted cash flow rate of 
return for the 64 different models in each area 
resulting from varying the oil-producing rate and 
production decline rate. The results of these cal­
culations provide data that vividly illustrate the 
change in rate of return to changes in well depth, 
initial producing rate, and production decline rate, 
as well as to variations in development cost and 
operating expense. Cost per barrel of oil produced 
in terms of annual cost and total cost is also dis­
cussed. Included in the report are explanations of 
the methods of determining costs and the procedure 
used for profitability analysis. Summaries of all cost 
estimates and results of profitability analyses are 
presented in the appendix in tabular form for each 
of the seven producing areas. GPO Stock No. 2404-
01248. $2. 

IC 8562. Injury Experienc~ in Quarrying, 1961-63, by 
Forrest T. Moyer, George E. Fish, Jr., and 

Mary B. McNair. 1972. 184 pp. Quarry accidents in 
1963 caused 61 fatai and 3,468 nonfatal injuries 
which occurred at respective frequency rates of 0.31 
and 17.91 per million man-hours of worktime. The 
fatality record in 1963 was better than in 1962 but 
was appreciably worse than in 1961. For nonfatal 
injuries, the 1963 record was slightly worse than in 
1962 but was better than in 1961. The injury-sever­
ity rate of 2,913 days lost or charged per million 
man-hours in 1963 was better than that of 3,046 in 
1962, the first year for which such data became 
available. The average severity of all injuries in 
1963 was 160 days lost or charged per injury, 15 less 
than in 1962. An average of 91,960 men were at 
work on active days in 1963 and these men had an 
aggregate worktime of 193.7 million man-hours dur­
ing the year. 

IC 8563. WAVE-A Computer Program for One-Dimensional 
Stress Wave Analvsis in a Time-Dependent In­

elastic Rock Using a Generali~ed Voigt Model, 'by Stephen 
Gen .. rd Sawyer. 1972. 31 pp. 6 figs. A Fortran 
IV computer program entitled WAVE which em­
ploys an e.xplicit finite difference schem~ for solving 
the one-dImensIOnal wave equation for a time­
d~penden~ inelastic rock has been developed. The 
YlscoelastIc properties of the rock are represented 
m ten~s of a generalized Voigt model. The theory 
o!,! whIch the computer program is based is rede­
r~ved and a short description of the program is 
gIven. The computer program input instructions a 
listing C!f the co~put~r program, and example pr~b­
lems WIth reqUIred mput and subsequent printed 
output are presented in appendixes. In the example 
problems, calculated results are free of spurious 
oscillations which occur in certain other methods of 
numerical calculation, notably the extended Ritz 
method. 
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IC 8564. Hearing Conservation for the Mineral Industry, 
by Raymond Derzay. 1972. 42 pp. 9 figs. 

This pUblication is int~nded to be of value to the 
mineral industry in establishing and maintaining 
'eifective programs for preventing noise-induced hear­
ing loss. Factors involved in this loss and the need 
for and the, requirements of an effective hearing 
conservation program are discussed. The legal and 
legislative history of compensation for hearing loss 
is briefly reviewed. A review of statutes is not at­
temptetl since several States have recently modified, 
or are in tl:;le process of modifying their laws re­
garding permissible noise exposures, required hear­
ing protection, and/or compensation for hearing loss. 
A review of other aspects of the problem of indus­
'trial noise in terms of medical, physiological, and 
psychological frames of reference is included. A 
hearing conservation program is described in detail. 
Appendixes detailing the names and addresses of a 
few equipment suppliers are included. References 
are'provided for those who may wish to delve more 
deeply into the medical, technical, and scientific 
considerations of noise and its effect on man. 

IC 8565. Demand for Platinum To Reduce Pollution From. 
Automobile Exhausts, by David J. Kusler. 1973. 

32 pp. 10 figs. This Bureau of Mines study is an 
appraisal of the demand for platinum, should this 
strategic metal be used as a catalyst in the National 
abatement of automobile exhaust· pollution. The 
Clean Air Act of 1970, as amended, requires that 
automobiles produced in 1975 and thereafter be pro­
vided with antipollutive measures to control auto­
motive exhaust emissions. The study considers the 
n~ed for automobile pollution control, the meth­
odology for such control, the annual primary (new). 
platinum demand for automobiles produced from, 
1975 to 1990, primary platinum availability, and 
.supply-demand forecasts and outlook. The correla­
tive demand for 1'Jlatinum for the production of the 
required unleaded gasoline is also considered. Meth­
. odology for the study included a forecast of new 
automobile production from 1975 to 1990, develop­
ment of automobile survival and retirement data, 
.estimates of new platinum demand under various 
c..onditions of salvage, and data on recycling the 
precious metal from the catalytic converters of 
scrapped vehicles and existing vehicles when their 
spent converters are exchanged for replacement 
units. The new platinum demand for automobile 
exhaust converters, based on a converter service life 
of 50,000 miles, is estimated to be 1.41 million troy 
ounces initially in 1975, rising to 1.68 million in 
1980, and declining curvilinearly to 0.94 million in 
1990. The platinum demand for converter longevities 
other than 50,000 miles can be derived from the 
tabular data presented. An appendix to the report 
presents a, compltris'on between longevities. of 50,00,0 
miles and 25,000 miles. The petroleum mdustry s 
demand for new platinum for the production of 
lead-free gasoline could total as high as 1 million 
troy ounces between 1972 and 1981, just for expan­
sion of isomerization and reforming capacity, and 
.is in addition to normal operating demand for this 
metal. GPO Stock No. 2404-01212, Catalogue No. 
128.27 :8565. 65 cents. 

IC 8566. Economic Availability of Byproduct Fluorine in 
the United States lin Two Sections) I. Utilization' 

of Byproduct Fluosilicic Acid in the Manufacture of Aluminum 
Fluoride. 2. Utilization of Byproduct Fluosilicic Acid' in the 
~anufacture of Calcium Fluoride, by Robert C. Johnson, 
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John W. S\\'eeney, and \Valter C. Lorenz. 1970. 
97 pp. 5 figs. Domestic bvproduct fluorine (in fluo­
silici<: acid) availability a't various price le\'els of 
alummum fluoride were determined and a contin­
gency availability cun'e developed. The supply of 
byproduct fluosilicic acid is restricted in amount to 
certain geographic regions, where plants processing 
phosphate rock are located, and the byproduct can 
be collected. The maximum possible U.S. annual 
supply, based on potential plant capacities, is 373,400 
tons of fluosilicic acid containing 29;'5,400 tons of 
fluorine. Based on inputs of 5, 10, 25, 50, and 100, 
thousand tons per year, five levels of producing 
aluminum fluoride from fluosilicic acid (100 per­
cent) were costed. Based on a 12-percent discounted 
cash flow rate, including the cost of salvaging the 
fluosilicic acid, the calculated selling pJ:ice of alumi­
num fluoride ranged from $233 per ton to $448 
p.er ton. At the higher price, 98 percent of the poten­
tial supply of byproduct fluosilicic acid could be used 
profitably; at the lower price only 46 percent could 
be used profitably. GPO Catalogue No. 128.27 :8566. 
Stock No. 2404-01293. $1.25. 

IC 8567. Economic Studies of Uses of the Glass Fractions 
From Municipal-Incinerator Resid"es, by Paul 

W. Johnson and James' A. Barclay. 1973. 44 pp. 
10 figs. Economic studies of four processes for 
using the glass fractions obtained from processing 
municipal incinerator residues are presented. Three 
processes~brick production, floor tile production, 
and glass wool production-use the colored glass: 
fraction from an incinerator residue separation 
plant, and the fourth process, glass spheres produc-
tion, uses the colorless glass fraction. .' 

The value of the product obtained from each of 
the plants was calculated on the basis of the interest 
rate of return method-. Each of the processes ap­
pears economically attractive when comparing the 
product values with estimated selling prices. How: 
ever, the effect of the products,on market size and 
price must be determined. GPO Catalogue No . 
128.27 :8567. Stock No. 2404-01294. 75 cents. 

IC 8568.. Coal Mine Health Seminar. A Joint Staff Confer-
ence of the Bureau of Mines and the National 

Institute for Occupational Safety and Health, compiled by 
Marilyn K. Hutchison, 1\'I. D. 1972. 44 pp. 7 ~gs. 
Senior staff representatives of the Bure.au of :\hnes 
and th~ National Institute for OccupatIOnal Safety 
and Health (NIOSH) met in Washington ~n Sep­
tember 6 1972 to review and evaluate theIr coop­
erative a~compiishments to date and t~ consider ~h.e 
planning and conduct ?f fut:ll'ecoordI~lat.ecl actIVI­
ties. The six presentatIons gIven at thIS JOl!1t staff 
seminar are published here for the benef!.t of those 
concerned with the problems of coal ml!1e health, 
and especially those with responsibilities in adminis­
tering the Coal Mine Health and Safety Act of 1969. 

Ie 8569. The Economics of Byproduct Metals. (In Two Parts'. 
I. Copper System, by Alfred Petrick, Jr., 

Harold J. Bennett, Karl E. Starch, and Robert C" 
Weisner. 1973. 105 pp. 44 figs. This study gives 
an analysis of the copper system byproducts and 
discusses the identification and classification of by­
product metals and their supply systems. Arsenic, 
platinum-group metals, silver, gold, selenium, tellu­
riUll}, molybdenum, rhenium, uranium, aluminum. 
magnesium, and byproduct copper, lead, and zinc 
from complex ores are co,yered. The report describes 
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several metallurgical systems, the marginal and 
incremental products costs of byproduct subsystems, 
industry structure and organization, and the histori­
cal data on price, consumption, and supply. Supply 
curves are presented for about one-half of the by­
product metals studied. 

The study develops a conceptual framework for 
analysis by reviewing the present concepts of by­
product supply and the related price theory. It gives 
the sources of supply of the individual byproduct 
metals to indicate the importance of the byproduct 
supply to the total supply. Mills, smelters, and re­
fineries processing byproduct materials for their 
metal content are identified by geographic location 
and company ownership. The study also includes 
information on the reserves-resource base support­
ing byproduct output, reserve estimates, and the 
demand aspects of each byproduct metal. GPO 
Catalogue No. 128.27 :8569. Stock No. 2404-01341. 
$1.50. 

Ie 8570. The Economics of Byproduct Metals lin Two Parts!. 
2. Lead, Zinc, Uranium, Rare-Earth, Iron, Alu­

minum, Titanium, and Lithium Systems), by Alfred Petrick, 
Jr., Harold J. Bennett, Karl E. Starch, and Robert 
C. Weisner. 1973. 99 pp. 41 figs. This report 
analyzes the byproducts systems of lead, zinc, 
uranium, rare earths, iron, aluminum, titanium, and 
lithium. Specific byproduct metals covered are cad­
mium, germanium, indium, and thallium from the 
zinc system; antimony and bismuth from the lead 
system; vanadium, radium, and scandium from the 
uranium system; rare-earth oxides from the rare­
earth system; and cobalt, gallium, ha~nium, and 
rubidium from other systems. The report discusses 
various metallurgical systems, marginal and in­
cremental production costs of byproduct subsystems, 
industry structure and organization, and historical 
data on price, consumption, and supply. GPO Cata­
logue No. 128.27:8570. Stock No. 2404-01342. $1.50. 

Ie 8571. Subsidence Due to Underground Mining (In Two 
Parts I. 1. Theory and Practices in Predicting Sur­

face Deformation, by Gerhard Braeuner. 1973. 56 pp. 
36 figs. The report gives a review of the methods 
of predicting mine subsidence; these methods are 
used particularly in European coalfields. The meth­
ods are subdivided into two groups, based on mathe­
matical expressions either for the trough profile or 
for the influence of infinitesimal extraction elements. 
The fundamental relationships common to all meth­
ods described herein are the principles of super­
position and of equivalent extraction areas. The 
iJrI'oh'ed parameters are derived from field obser­
vations. For calculating horizontal displacements, 
their relation to the slope of the subsidence profile is 
applied. The time-dependent development of the 
subsidence process is characterized by the empirieal 
"time factor." ::\Iodifications for the case of inclined 
strata are considered. A brief review of experi­
mental and theoretical model investigations is given. 
GPO Catalogue No. 128.27 :8571. Stock No. 2404-
01329. 8.5 cents. 

Ie 8572. Subsidence Due to. Uuderground Mining (in Two 
Partsl. 2.' Ground Movements and Mining Dam­

age, by Gerhard Brauner. 1973. 53 pp. 29 figs. 
The present knowledge on ground movements and 
mining damage is mainly based on observations 
made when mining seamlike deposits. The studies, 
rules, and regulations in different countries agree 
in that the differential ground movements, especially 
th~ strain, account for the damage to structures. 
Accordingly, large buildings are particularly sus-

ceptible. The opmlOns on what amount of ground 
deformation induces what degree of structural dam­
age are not quite uniform. 

Mining damage can be reduced or prevented by 
structural and/or underground precautions. The 
latter comprise measures for generally reducing 
the ground movements (leaving pillars, filling, partial 
extraction) and for reducing temporary movements 
(rapid extraction, specially arranged workings). 
Because the differential movements decrease with. 
increasing depth of mining, safety pillars are largely 
dispensable at greater depths. Shafts are mainly 
affected by the vertical derivatives of rock dis-, 
placements, but extraction in the vicinity of shafts. 
is feasible even under difficult conditions. The theo-, 
retical concept of the ground movement process 
established in part 1 of this work is in qualitative 
agreement with the facts herein observed. As a 
quantitative approach, it should be applied to calcu­
lating ground surface movements rather than rock 
movements about underground openings. It can· be 
extended by introducing more detailed strata char­
acteristics. GPO Catalogue No. 128.27 :8572. Stock 
No. 2404-01338. 85 cents. 

IC 8573. Availability of Rhenium in the United States, by 
K. Shimamoto. 1973. 35 pp. 1 fig. This 

study has been prompted by the anticipated demand 
for rhenium by the petroleum industry and the con­
cern for an adequate supply of rhenium to meet the 
demand. The present and projected outlook for rhe­
nium relative to its distribution and occurrences, the 
recovery factors involved in ore beneficiation, capital 
and operating costs, changing technology, and the 
projected uses and market growth of rhenium are 
presented in this report as part of the Bureau of 
Mines program to determine the availability of 
recov~rable rhenium in a developing market. GPO 
Catalogue No. 128.27: 8573. Stock No. 2404-01299. 

·55 cents. 

Ie 8574. Iron: A Materials Survey, by Horace T. Reno 
and Francis E. Brantley. 1973. 117 pp. 

16 figs. This information circular surveys the iron 
ore industry of the world. It presents a comprehen­
sive statistical record through 1970 of the U.S. iron 
ore industry and world trade patterns. The supply 
position of the United States and the other principal 
industrial countries of the world is summarized; 
detailed information is given on iron ore production, 
consumption, imports, exports, mine capacities, sub­
stitutes, properties, and uses. There is a generalized 
discussion of the technology of mining and smelting 
iron ore, with a selected bibliography on the current 
state of these arts. The circular contains a summary 
economic account of world iron ore resources, and 
discussions of the structure of the domestic and 
'Principal foreign mining industries, iron ore mine 
employment and labor productivity, research and de­
velopment, legislation, government programs, and 
strategic factors. GPO Catalog No. 128.27:8574 
Stock No. 2404-01339. $2.10. 

Ie 8575. Offshore Petroleum Studies. Historical and Esti-
mated Future Hydrocarbon Production From U.S. 

Offshore Areas and the Impact on the Onshore Segment 
of the Petroleum Industry, by L. K. Weaver, C. J. Jirik, 
and H. F. Pierce. 1973. 30 pp. 10 figs. The'pur­
poses of this Bureau of Mines report are to review 
the history of the domestic offshore hydrocarbon 
production; to project offshore oil and lease con­
densate production from 1971 through 1985; and 
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to show the impact of offshore development on the 
onshore segment of the petroleum industry. 

Since 1954, offshore production has provided an 
increasingly larger portion of the domestic oil pro­
duction. Domestic offshore oil and lease condensate 
production has increased from about 2.0 pct of the 
U.S. total in 1954 to 16.7 pct in 1970. Likewise, 
marketed gas production has increased from 1.0 pct 
of the U.S. total in 1954 to 15.0 pct in 1970. The 
past performance of exploration, leasing, develop­
ment, and production of the offshore petroleum in­
dustry was used to make projections of offshore 
oil production. A comparison between onshore and 
offshore operations was also made. Assuming a ten­
tative Department of the Interior offshore leasing 
schedule is completed by 1980, the authors estimate 
that by 1985, about 30 pct of domestic crude oil 
and lease condensate production from the lower 48 
States will come from offshore areas. Currently, 
leasing of Federal offshore areas has been delayed. 
owing to environmental considerations. The rate at 
which offshore hydrocarbons will enter the energy 
market will depend, to a large extent, on how soon 
environmental considerations are resolved. Assum­
ing that offshore leasing will resume in the near 
future, U.S. offshore production of crude oil and 
lease condensate should be about 934 million barrels 
in 1985. GPO Catalogue No. 128.27 :8575. Stock No. 
2404-01300. 65 cents. 

IC 8576. Methods and Costs of Coal Refuse Disposal and 
Rec!amation, by Staff, Bureau of Mines. 

1973. 36 pp. 22 figs. The Bureau of Mines is 
active in programs pertaining to solid waste dis­
posal and land reclamation. Nine reclamation proj­
ects of mining companies and six projects of the 
Commonwealth of Pennsylvania were investigated 
to provide information on the procedures, costs, and 
results obtained from reclamation projects of bitu­
minous coal-waste disposal areas. Refuse disposal 
costs of mining companies ranged from 9 to 28 cents 
per ton-mile, and quantities disposed of ranged from 
600 to 4,500 tons p~r day. Spreading and compacting 
the 'refuse at the dump site ranged from 3 to 20 
cents per ton. Cost of covering with soil and planting 
ranged from $750' to $1,646 per acre. Total costs of 
reclamation for the Pennsylvania projects ranged 
from about $1,800 to more than $15,000 per acre. 
Refuse preparation costs ranged from $772 to $5,550 
per acre. Soil covering and planting costs ranged 
from $1,083 to $5,086 per acre. The best results were 
obtained by soil preparation and conditioning prior 
to planting. The type and depth of soil and effect of 
climate were also factors. GPO Catalogue No. 
128.27 :8576. Stock No. 2404-01289. 70 cents. 

IC 8577. lhe Application of Remote Sensing to Air Pollu-
tion Detection and Measurement, by Brian M. 

Harney, Donald H. McCrea, and A. J. Forney. 1973. 
21 pp. 7 figs. The technique of remote sensing, 
used for many years by earth scientists, is being 
applied to the detection and monitoring of air pollu­
tion. Instrumentation being developed is of a very 
diverse nature and is effective, in varying degrees, 
at ranges from 1,000 meters to the altitude of a 
space satellite. This paper describes a number of 
the recent developments in this new field. Instru­
ments based on spectroscopic, laser, and photo­
graphic systems are discussed. Sensors are being 
developed which utilize correlation spectrometry, 
interferometry, Raman scattering, Mie scattering, 
laser line absorption, and simple photographic de­
tection. GPO Catalogue No. 128.27 :8577. Stock No. 
2404-01308 .. 60 cents. 
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IC 8578. How To Find Abandoned Wells: A Manual, by 
Kenneth H. Johnston, Herbert B. Carroll. 

R. J. Heemstra, and F. E. Armstrong. 1973. ;)1 pp. 
25 figs. This guide was written to furnish tl:e coal 
industry "'ith a description of techniques. Instru· 
ments, and clues on how to find abandoned oil and 
gas wells that have penetrated coal seams. The 
report includes specific information on sear~h~ng 
techniques currently in use by several coal mining 
companies, gas-transmission companie~, and water­
flood operator3, as well as informatlOn on State 
agencies responsible for the enforcement of laws 
and the preservation and distribution of data per~ 
taining to the drilling, development, and abandon­
ment of oil and gas wells. Comparative tests \\"ere 
performed with several commel:ci.a~ electro folic metal 
detectors to determine the feaslblhty of usmg them 
to aid in the search for abandoned "'ells and to 
determine the instrument most suited for that par­
ticular use. The role of methane detectors to locate 
abandoned wells is described, including a case his­
tory. Tests were made to develop an efficient pro­
cedure to follow in systematically searching an area 
for metallic clues or hydrocarbon evidence to aban­
doned wells. The guide describes, in detail, a search 
sequence, including the collection of basic data, prep­
aration of the selected area, and the physical search. 
:'vIethods are given for e\'aluating the results. GPO 
Catalogue No. 128.27: 8578. Stock No. 2404-01;314. 
7.) cents. 

IC 8579. Radiation Halos and Hydrocarbon Reservoirs: A 
Review, by F. E. Armstrong and R. J. 

Heemstra. 1973. 52 pp. 8 figs. This Bureau of 
Mines publication reviews 237 papers on radiometric 
prospecting, which is the measurement of naturally 
occurring radioactidty in the earth's surface and 
its application to petroleum and natural gas explora­
tion. ;\Iany theories and documented surnys are 
'listed in both support and refutation of this reported 
phenomenon, and the Bureau of :'.Iines is conducting 
research to obtain direct field information in' order 
to determine the statistical credibility of a radio­
metric method of predicting petroleum ·accumulation. 
GPO Catalogue No. 128.27 :8579. Stock :t\ o. 2404-
0134!1. 80 cents. 
IC 8580. Materials Handling Research: The Bucket-Wheel 

Excavator, by G. C. Price, C. B. Manula, and 
Rajaraman Venkataramani. 1973. 79 pp. 15 figs. 
This study traces the development of the bucket­
wheel excavator, points out the difference~ in the 
German- and American-type wheels, and gives the 
major design criteria and the advantages and dis­
advantages of bucket-wheel operations. A compu~er 
program, written in FORTRAN IV for .use \nth 
an IBM 360 computer, simulates the operation of the 
digging components of a bucket-wheel ex~avatol'. 
By supplying certain mining dimensions, ~oli cha:-­
acteristics; and machine design specificatIOns, ~hls 
program will print out a time study of the. varIOus 
components of an operation, power calc~latlOns for 
the operation, and production data. Thl~ program, 
when combined with a truck, belt, 01' rail program, 
should be helpful in planning a complete mining 
system in material suitable for a bucket-wheel ex­
cavator operation. GPO Catalogue No. 128.27 :8580. 
Stock No. 2404-01355. $1.00. 

IC 8581. Technologic Trends in the Minerals Industry, 1971, 
by Staff, Bureau of Mines. 1973. 61 pp. 

8 figs. This report, ~he second in an annual. senes, 
summarizes informatIOn on latest technological de-
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velopments and advances, and identifies trends in 
mining and metallurgy based on a review of activ­
ities in the minerals industry in 1971. Exploration 
and mining data obtained from an annual canvass 
are presented for 1971 and are compared with 
similar data obtained over the past decade. GPO 
Catalogue No. 128.27:8581. Stock No. 2404-01328. 
90 cents. 

IC 8582. Procedures for Evaluating Hazards to Cool Min-
ing Operations From Hydrocarbon Reservoirs, by 

James A. Wasson and Charles E. Whieldon, Jr. 
1973. 42 Pi>. 13 figs. Because of the darrger to 
life and property in a coal mine if an oil or natural 
gas well should be accidentally intersected during 
mining operations, certain precautionary measures 
should be carried out prior to entering prev:iously 
unmined areas. The locations of all wells both at the 
surface and at the depth of the coalOed should be 
accurately determined. The condition of the well 
should be learned from surface observations, and 
more importantly, from subsurface examination by 
geophysical logging devices where possible. It is 
also desirable to learn the physical properties of the 
hydrocarbon-bearing rock formation and the hydro­
carbon fluids. The major hazard presented by oil 
or natural gas wells to mining operations is that 
of explosion and fire owing to the rapid release of 
gas into the mine atmosphere. Wellbore pressure, 
the principal index of danger, should be determined 
by one or more of the methods described and by a 
sen'ice company such as those listed in the appendix. 
Because of high pressures involved and the conse­
quent hazard, much emphasis has been placed on 
underground storage of natural gas in areas con­
taining minable coalbeds. Maps of the principal coal 
producing areas and the locations of currently active 
gas storage reservoirs are shown. A checklist has 
been included of factors to be considered when 
mining coal in an area where oil or gas wells exist. 
GPO Catalogue No. 128.27 :8582. Stock No: 2404-
0135(;. 75 cents. 

IC 8583. Effects of Direct Reduction Upon Mineral Supply 
Requirements for Iron and Steel Production, by 

Richard J. Leary and Gary M. Larwood. 1973. 
94 pp. 13 figs. The technologies of contemporary 
iron and steel production and of direct re'duction 
processes have been studied to identify and estimate' 
.the potential effects 'of direct reduction on mineral 
consumption and the problems raised thereby for the 
Nation's mineral supply to the iron and steel indus­
try. Contemporary patterns of mineral raw material 
and energy consumption were determined from a 
,study of the 1964-70 period. Major changes were. 
observed in requirements for 14 of 20 principal 
commodities. Average practice in 1970 was compared 
to best practice to estimate the potential effects of 
implementing existing technology without recourse 
to direct reduction. Potential effects of direct reduc­
tion were estimate.d by comparing the mineral re­
quirements for 95 percent reduced pellets with 1970 
best practice technology for two cases of use: (1) 
Complete substitution for hematite pellets in blast 
furnace bui'~ens and (2) partial substitution (40 
percent) for scrap in electric furnace steel charges. 
Effects upon mineral supplies are described; im­
portant collateral' faCtors are analyzed, and the 
principal metallurgical, industrial, and environmen­
tal consequences of implementing direct reduction 
are discussed. Major effects of direct reduction on 
the domestic steel industry and its mineral supply 
systen! are foreseeable. Direct reduction will (1) cre-

ll;te a large demand for low-gan~e iron ore, (2) re­
lieve the dependence of the steel mdustry on coking 
coal, and (3) permit great increases in furnace' 
productivity, both in blast furnace ironmaking and 
electric arc furnace steelmaking. GPO Catalogue 
No. 128.27:8583. Stock No. 2404-01383. $1.25. 

IC 8584. Mechanical Properties and Cutting Characteristics 
of Cool, by Parviz F. Rad. 1973. 46' pp. 

47 figs. This Bureau of Mines report reviews labo­
ratory and in-mine techniques for determining 
mechanical properties of coals, with special emphasis 
on the relationship between these properties and the 
min ability of coal. An extensive bibliography is in­
cluded. GPO Catalogue No. 128.27 :8584. Stock No., 
2404-01369. 75 cents. 

IC 8585. Rock Mechanics Instrumentation for 'Mine Design. 
Proceedings: Bureau of Mines Technology Trans­

fer Seminar, Denver, Colo., July 25, 1972, compiled by 
the Technology Transfer Group, Office of the Assist­
ant Director-Mining. 1973. 76 pp. 49 figs. This 
report contains the papers presented at the Tech­
nology Transfer Seminar on Rock Mechanics 
Instrumentation for Mine Design held by the Bureau 
of Mines on July 25, 1972, in Denver, Colo. Seminar 
attendance consisted of representatives from coal, 
metal and nonmetal mining industries, universities, 
minin'g consultants, instrument manufacturers, and 
other Government agencies. The purpose of this 
meeting, the first in a series of seminars, '~'as to 
present the philosophy and mode of ~peratJon of 
the Technology Transfer Program, to glVe an over­
view of the Bureau's progress in mine structural, 
design methods, and to describe their }ate~t ins!ru­
mentation developed for rock mechamcs mvestJga­
tions in coal and metal mines. The report includes 
the opening remarks by the Bureau of Mifoles Deputy 
Director-Mineral Resources and EnVironmental 
Development, who discussed the new Technology 
Transfer efforts; three papers on mine design; four 
papers on instrumentation; and a summary. 

IC 8586. Historical Injury Experience in Quarrying (in Three 
Parts). 1. 1964-65, by Donald E. Redmon 

and Leonard P. Larson. 1973. 164 pp. 1 fig. 
This Bureau of Mines report examines the injury 
experience in the quarrying industry for the years 
1964-65. Twenty-eight tables for each year are 
presented in which disabling work injuries are sum­
marized by department, source of injury, extent of 
disability, part of body injured, and nature of 
injury. Correlative information on employment, 
worktime, and operating activity is also presented. 

IC 8587. Historical Injury Experience in Quorrying (in Three 
Partsl. 2. 1966-67, by Donald E. Redmon 

and Leonard P. Larson. 1973. 174 pp. 1 fig. 
This Bureau of Mines report examines the injury 
experience in the quarrying industry for the years 
1966-67. Twenty-eight tables for each year are 
presented in which disabling work injuries are 
summarized by department, source of injury, extent 
or disability, part of body injured, and nature of 
injury. Correlative information on employment, 
worktime, and operating activity is also presented. 

IC 8588. Historical Injury Experience in Quarrying (in Three 
ParIsI. 3. 1968-69, by Donald E. Redmon 

and Leonard P. Larson. 1973. 174 pp. 1 fig. 
This Bureau of Mines report examines the injury 
experience in the quarrying industry for the years 
1968-69. Twenty-eight tables for each year are· 
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presented in which disabling work injuries are 
summarized by department, source of injury, extent 
of disability, part of body injured, and nature of 
injury. Correlative information on employment, 
worktime, and operating activity is also presented. 

IC 8589. Historical Injury Experience in the Metallic Mineral 
Industries lin Two Parisi 1. 1966-67, by Donald 

E. Redmon and Leonard P. Larson. 1973. 122 pp. 
1 fig. This Bureau of Mines report reviews injury 
experience in the metallic mineral industries for 
1966-67. For each of the years, 27 tables summarize 
disabling work injuries by department, source of 
injury, extent of disability, part of body injured, and 
nature of injury. Correlative information on employ­
ment, worktime, and operating activity is also pre­
sented. 

IC 8590. Historical Injury Experience in the Metallic Mineral 
Industries lin Two Partsl 2. 1968-69, by Donald 

E. Redmon and Leonard P. Larson. 1973. 120 pp. 
1 fig. This Bureau of Mines report reviews injury 
experience in the metaIlic mineral industries for 
1968-69. For each of the years, 27 tables summarize 
disabling work injuries by department, source of 
injury, extent of disability, part of body injured, and 
nature of injury. Correlative information on em­
ployment, worktime, and operating activity is also 
presented. 

IC 8591. Historical Injury Experience in the Nonmetallic 
Mineral Industries (Except Stone and Coall lin' 

Two Parts' 1. 1966-67, by Donald E. Redmon and 
Leonard P. Larson. 1973. 128 pp. 1 fig. This 
Bureau of Mines report reviews injury experience 
in the nonmetalic mineral industries (except stone 
and coal) for 1966-67. For each of the years, 23 
tables summarize disabling work injuries by depart­
ment, source of injury, extent of disability, part of 
body injured, and nature of injury. Correlative 
information on employment, worktime, and operating 
actiyity is also presented. 

IC 8592. Historical Injury Experience in the Nonmetallic 
Mineral Industries (Except Stone and Coall (in 

Two Parts' 2. 1968-69, by Donald E. Redmon and 
Leonard P. Larson. 1973. 122 pp. 1 fig. This 
Bureau of Mines report reviews injury experience 
in the nonmetallic mineral industries (except stone 
and coal) for 1968-69. For each of the years, 23 
tables summarize disabling work injuries by depart­
ment,. source of injury, extent of disability, part of 
body Injured, and nature of injury. Correlative in­
formation on employment, worktime, and operating 
activity is also presented. 

IC 8593. Determining Discounted Cash Flow Rate of Return 
and Payout Time for Onshore Development Wells. 

A Graphical Method, by T. M. Garland, W. D. Dietz­
man, and J. G. Thompson. 1973. 8 pp. 2 figs. A 
nomographical approach is proposed as a fast, easy-' 
to-use, and reasonably accurate method for estimat­
ing expected discounted cash flow rate of return 
and payout time for onshore development driIIing 
and oil production. AlI costs pertaining to drilling, 
completing, and equipping development welIs, annual 
expenses of operation, maintenance, and taxes in­
curred in producing properties, and crude oil prices 
were considered in developing the nomographs. This 
report briefly outlines the origin, derivation, and 
use of the nomographs. 
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IC 8594. A Method for Calculating Mine Ventilation Pressure 
Losses Using Computers and Desk-Top Calculators. 

A Supplement to Information Circular 7809, bj' E. J. Harris, 
R. W. Dalzell, R. J. Kline, and E. J. Miller. 197.'3. 
22 pp. 6 figs. Data obtained from mine yentilation 
pressure and quantity surveys are required to accu­
rately diagnose ventilation problems, project future 
air quantity needs, and locate conditions acl\'ersely 
affecting the efficiency of a mine yentilation system. 
A method for making mine ventilation pressure sur­
veys with aneroid altimeters was presented in Bu­
reau of Mines Information Circular 7809, and a de­
scription of field calculation technique is presented. 
This report supplements Information Circular ,809 
by developing the information obtained during a 
mine ventilation pressure survey into a single equa­
tion suitable, with appropriate modification, for use 
with desk-top calculators and digital computers. The 
equation can be used to calculate the yentilation 
pressure from the base station to any underground 
station, or between any two underground stations, 
and can be programed for semiautomatic sequential 
calculation using a desk-top calculator. An example 
of application to a programed desk-top calculator is 
providp.d in the appendix. 

IC 8595. Bureau of Mines Research Programs on Recycling 
and Disposal of Mineral-, Metal,- and Energy­

Based Wastes, by C. B. H;enahan, R. S. Kaplan, J. T. 
Dunham, and D. G. Linnehan. 1973. 54 pp. 27 
figs. A summary of Bureau of Mines research on 
recycling, reuse, and disposal of mineral-, metal-, 
and energy-based wastes is presented, accompanied 
by an extensive bibliography of related publications, 
The Bureau's waste recycling and disposal program 
is directed toward the following four main areas of 
research and development: (1) extraction of min­
~ral, metal, and energy values from urban refuse; 
(2) upgrading and recycling of automotiye and re­
lated ferrous and nonferrous scrap; (3) recovery, 
utilization, and stabilization of mine and mill process­
ing wastes; and (4) recovery and reuse of yalues 
from industrial waste products. 

This publication updates Bureau of Mines In­
formation Circular 8529, which was issued August 
1971. 

IC 8596. An Economic Analysis of the Junk Automobile 
Problem, by Robert Louis Adams. 197.'3. 

168 pp . .'38 figs. A general discuss,ion of the struc­
ture of the junk automobile recycling system sho\\'s 
that the generation of stripped automobile hulks and 
scrapped automobiles is price inela.stic. As a ~'esult, 
it is extremely difficult for the pnce mechamsm to 
automaticaIly achieve an equilibrium that will pl:e­
vent the accumulation of excessiye automobile 
wrecker inventories and vehicle abandonment by the 
last owners .of scrapped cars. The new shredder 
:processirg technology and the new portable flatt~ner 
technology have altered the structure of the Junk 
automobile recycling system. The shredder tech­
nology has increased the demand for processed aut?­
mobile scrap. This increased demand is reflected In 
higher prices paid for hulks by scrap processors. ~he 
portable flattener has reduced the transportatIOn 
cost of shipping hulks to processors. The ~wo new 
technologies have eliminated, at least potentially, the 
net cost of shipping stripped hulks so frequently in­
curred by wreckers in the past. The elimination of 
this cost eliminates the. economic incentive for ex­
cessive wrecker inventories. Unfortunately, the in­
centive for last owners to abandon their cars does 
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not appear to have been eliminated by the new tech­
nologIes. The last owner of an automobile with no 
sp~re parts .value is st.ill likely to incur a cost by 
dellvermg hIs ~utomoblle to the recycling system. 
Although a subs~dy payment is probably unnecessary 
to redu~e excessIve wrecker inventories, such a pay­
men~ mIght be one solution to the problem of auto­
mO~lle abando!1ment. However, there are a wide 
Yarlety of subsIdy programs that could be introduced. 
Before any Federal subsidy program is introduced 
to reduce automobile abandonment, .it is recom­
me~de.d that th.e program be tested on a limited 
basIs m many dIfferent parts of the country. Cata­
~02~~~. No. 128.27: 8596. Stock No. 2404-01405. 

IC 8597. Active List of Permissible Explosives and Blasting 
Devices Approved Before December 31, 1972. 

Supersedes Information Circular 8493, by J. Ribovich and 
R. W. Watson. 1973. 10 pp. The current Bureau 
of Mines active list of permissible explosives in­
cludes 71 brands. Eleven are gelatinous, 56 are the 
granul~r type, and four are water-gel explosives, 
an entirely new type of ammonium nitrate-based 
explosiye for use in coal mines. The list of permis­
sible blasting comprises five Cardox models. 

IC 8598. An Economic Appraisal of the Supply of Copper 
From Primary Domestic Sources, by Harold J. 

Bennett, Lyman Moore, Lawrence E. Welborn, and 
Joseph E. Toland. 1973. 156 pp. 35 figs. This 
study was performed by the Bureau of Mines to 
eyaluate the. potential supply of primary copper 
fr<?m ~lomestJc reso~rc~s. !> tonnage-price relation­
shIp \\ as developed mdlcatmg the quantity of copper 
that .could be. produced economically from known 
depOSIts at various copper prices and at various rates 
of return <?n the required capital investment. Costs 
of pro.ductlOn are ba?e~ on estimated capital and 
operatmg. costs for mmmg, concentrating, smelting, 
and refinmg the copper. Total known recoverable 
coppe.r resources are 189 million short tons of which 
83 f!1111lOn t<?ns could be economically recovered as­
sUl:lIng a pl'lce of $0.50 per pound of copper, credit 
fOI the recovery of byproducts and a 12-percent rate 
of return on capital investm~nt. The quantities of 
recoverable byproducts associated with the 83 mil-' 
lJ<?n . tons of recoverable. c?pper are molybdenum, 1.8 
~1I11J0r: ~ons, gold, 43 mIllion troy ounces, and silver, 
140 mIllIOn troy ounces. GPO Stock No. 2404-01416' 
Catalog No. 128.27 :8598. $2.10. ' 

IC 8599. Injury Experience in Coal Mining, 1969, by 
Forrest T. Moyer and Mary B. McNair. 

1973. 113 pp. 3 figs. In 1969, the number of fatal 
injuries in the coal mining industry was lower than 
in any previous year and the number of nonfatal 
injuries was lower than in any preceding year ex­
cept 1968. Fatal injuries in 1969 totaled 203 with 
frequency rates of 0.85 per million man-hours of 
worktime and 0.36 per million tons of coal. These 
rates were new annual lows. Nonfatal injuries 
totaled 9,917 with frequency rates of 41.76 per 
million man-hours and 17.42 per million tons. The 
severity rate for fatal and nonfatal injuries com­
bined was 7,359 days lost or charged per million 
man-hours. The average severity was 173 days lost 
or charged lIer injury. These statistics represent the 
injury experience of an average of 133,302 em­
ployees per day, working an average of 225 days 
in 5,955 coal mines f01 a total of 237.5 million man­
hours worked and a cn'll output of 569.2 million tons. 

IC 8600. Methane Control in United States Coal Mines-
1972, by 1\1. G. Zabetakis, Maurice Deul, 

and M. L. Skow. 1973. 23 pp. 16 figs. This 
Bureau of Mines report presents a brief summary 
of the explosion trends in United States coal mines 
for the past 160 years. These trends show that in 
spite of the overall. i.mprovem:nt~ .in mine safety, 
the number of fatahtIes from IgmtIOns of methane 
has actually increased in recent years. Suggestions 
are ma~e of procedures that can be utilized to re­
verse this trend. 

IC 8601. Corrosion Resistance of Metals in Hot Brines:- It. 
Literature Review, by Lloyd H. Banning and 

~auran~e L. Oden. 1973. 39 pp. With the ever­
mcreasmg demand for energy in all forms, electrical 
energy gen~rated from geothermal resources could 
become an Important energy source in the next few 
decades. G~~therma~ fluids, which contain appreci­
ahle quantltJ~s of (lIssolve? salts and gases, are gen­
erally corroslv~ to materIals of construction. Since 
?at~ <?n corrosIOn of materials in geothermal brines 
IS lI~lted~ the litera.ture was ~un:eyed through Feb­
rualY 19~2 to o,btam a compIlatIOn of information 
on corrOSIOn resistance of aluminum and its alloys 
~opper a~d copper-base alloys, carbon steel and cast 
Iron, stamless steels, chromium-iron alloys nickel­
~nd c~balt-base alloys, and titanium in heat~d brines 
mcludmg sea water. GPO Stock No. 2404-01435; 
Catalog No. 128.2.7 :8(i01. 70 cents. 

IC 8602. Estimated Costs To Produce Copper at Kennicotl, 
Alaska, by R. P. Maloney and R. G. Bottge. 

1973. 35 pp. 3 figs. The economic viability of 
four depleted mines near Kennicott, Alaska, was de­
termined by the Bureau of Mines to assess their 
profitability if they were developed today and thus 
estimate cost data for a medium-sized mine, mill, 
and town complex. This information should help the­
State and Federal Governments appraise the poten-: 
tial development of similar-sized mining operations 
in Alaska. Modern conventional mining and milling 
techniques were assumed, and capital and operating 
costs were derived using flowsheets and standard 
costing methods. A total capital investment of $37.6 
million was necessa:r:y to install a 1,000-ton-per-day 
shrinkage stope mine, flotation-type mill, and sup­
port facilities; capital requirements were divided 
.about evenly among the three components. Operat­
ing costs, including labor, supplies, power, water, 
and indirect and fixed costs, totaled $42.79 per ton 
of ore; the mining accounted for nearly one-half the 
cost. To obtain a 12-percent discounted cash flow 
rate of return on investment, the analysis showed 
that the ore could be mined and milled, and the con­
centrate could be trucked via public roads to a dock 
facility in Valdez, Alaska, barged to Tacoma, Wash., 
and smelted and refined for 34.7 cents per pound for 
copper and 104.0 cents per ounce for silver. The 
average May 1972 price was 52.6 cents for copper 
and 158.3 cents for silver. The same set of data was 
used to examine the economic viability of the mine 
with the cost of constructing a private road from 
McCarthy, Alaska, to Valdez, Alaska. The 148-mile 
road added $53.3 million to the original capital costs 
and raised the required price of copper to 57.4 cents 
per pound and the required price of silver to 172.0 
cents per ounce. The additional cost of building, 
maintaining, and paying taxes on a private road 
from McCarthy, Alaska, to Valdez would make this 
venture uneconomical. GPO Catalog No. 128.27:8602. 
Stock No. 2404-01431. 45 cents. 

IC 8603. Technologic and Related Trends in the Mineral 
Industries, 1972, by Staff, Bureau of Mines. 
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1973. 44 pp. 19 figs. This report, the third in an 
annual series, outlines recent trends and develop­
ments in the minerals industry. Discussed are new 
methods, equipment, techniques, and systems used to 
more effectively extract and process minerals and 
fuels. Environmental considerations, reduced ore 
grades, and the rE;lated increased quantities 9f ma­
terial handled were the dominant concerns of the 
minerals industry in 1972. Productivity increased in 
most mineral commodities .as equipment becam~ 
more' mobile, versatile', and sophisticated. Increas­
ingly, equipment designs incorporated health and 
safety features. There was considerable interest in 
the field of energy and in pollution-free metallurgy 
processes. GPO Catalogue No. 128.27 :8603. Stock 
No. 2404-01388. 75 cents. 

IC 8604. Gold-Lode Deposits, Fairbanks Mining District, 
Central Alaska, by Bruce 1. Thomas. 1973. 

16 pp. 4 figs. The Fairbanks mining district forms 
an arc 40 miles long and 8 miles wide on the north 
side of the Tanana Valley in central Alaska. This 
is a region of broad valleys and rounded hills that 
·range in elevation from 600 to 2,600 feet. Lode-gold 
production started in 1910 and has continued spo­
.radically to the present, but the largest single mine 
produced only 40 tons per 24-hour day. Total 
recorded lode-gold production of the district is 
241,000 fine troy ounces of gold from ore that aver­
aged 1.32 fine ounces per ton. The ore was mined 
chiefly from narrow veins and veinlets alined along 
anticlinal folds at Ester Dom~ and the Pedro Dome­
Cleary area. The' only proven reserves are reported 
to be at the Ryan Lode at Ester Dome and at the 
Keystone Mines, Inc., holdings in the Pedro Dome­
Cleary area. An inferred lode-gold resource for the 
district of approximately 4 million ounces is con­
sidered to indicate only the order of magnitude of 
the lode-gold potential because of the absence of de­
tailed data needed to evaluate the numerous deposits. 

IC 8605. Card-Gap and Projectile Impact Sensitivity Meas-
urements, A Compilation. by Richard W. Wat­

son., .1~73. 12 pp. Card-gap and projectile impact 
llensltl,vlty data ~~e presented for a wide variety of 
~xploslve composItions tested at the Bureau of Mines 
m more or less standard test geometries. The results 
of b?th tests are in good agreement in that they 
prOVide the same s~nsitivity ordering for different 
subclasses, of, explOSives. Least sensitive were homo­
geneous liqUids t~at did not exhibit a tendency to 
undergo low-velOCity detonation, ammonium nitrate­
fuel. oil, and .11!-0~t cast military explosives. Of inter­
mediate sen.sltlvlty were pressed and powdered mili­
tary .exploslves, cast pentolite, permissible and non­
perm.lsslble water-based explosives, and one com­
merCial two-component explosive. The most sensitive 
,were ~ermissible ::nd non permissible dynamites and 
explOSives susceptible to low-velocity detonation. 

IC 8606. Computer Program for Calculating Equilibrium 
Composition of High-Temperature Combustion 

,Products, by Michael W. Redifer and John S. Wilson.' 
'1973. 42 pp. 10 figs. A Fortran' IV computer 
program was developed to calculate the composition 
at equilibrium of products from a set of high­
temperature gas combustion reactions. The program 
was used to develop high-temperature equilibrium 
concentration profiles for various constituents as a 
function of temperature and oxygen concentration. 
The computer program was specifically applied to 
reactions pertaining to the corrosion of superheater 
'tubes in pulverized coal-fired boilers; howeve,r, it is 
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useful for any multicomponent, multireaction sch.eme 
in which equilibrium constant data can be obtained 
and is comprised of gaseous reactants along with 
finely dispersed solids or liquids. General applica­
bility of the computer program, including its limita­
tiens, are discussed along with detailed instructions 
for using the program. GPO Catalogue No. 
128.27 :8606. Stock No. 2404-01441. 80 cents. 

IC 8608. Sulfur Dioxide: Its Chemistry as Related to 
Methods for Removing It From Waste Gases, 

by Larry A. Haas. 1973 .. 19 pp. 1 fig. The chem­
istry of current or potential SO? removal processes 
can be placed into f<;mr cat~gories.: (1) reduction, .(2) 
liquefaction, (3) direct dissolutIOn, and (4) OXida­
tion. Methods that involve reducing SO" to elemental 
sulfur appear promising since this product can be 
easily handled shipped, and stockpiled. Unfortunate­
ly, S02 cannot' always be reduced directly when other 
oxidizing agents are present. Thermodynamic data 
indicate that some oxidizing reagents will also con­
sume reductant at the reduction temperature. A t\VO­
stage process can be applied to waste gases that 
contain excessive quantities of oxygen, nitrogen 
oxides and water vapor. The best sorbent for the 
first stage appears to be a nonalkali or non alkaline 
earth medium since this medium more readily re­
leases the S02 for reduction in the second stage. 

IC 8607. Analyses of Natural Gases, 1972, by L. E. 
Cardwell and L. F. Benton. 1973. 104 pp. 

This publication contains routine analyses and re­
lated source data for 299 natural gas samples from 
22 States and three foreign countries. All of the 
samples were collected during calendar year 1972 as 
part of a continuous survey of the free :vorld for 
occurrences of helium in natural gas. ThiS SUl'Yey 
has been conducted in the United States by the 
Bureau of Mines since 1917. In late 1965, the survey 
was expanded to include foreign gasfields. The anal­
yses published herein were made. by mass spectro.m­
eter and a special helium analYSIS appar.atus, which 
are described in Bureau of }Iines BulletinS 486 and 
576. GPO Catalogue No. 128.27:8607. Stock No. 
2404-01433. $1.25. 

IC 8609. Offshore Petroleum Studies: Nomograph for Esti-
mating Hydrocarbon Lease Bonus Bids in the Gu~f 

of Mexico. Supplement to Bureau of Mines IC 8557, by L. K. 
Weaver H. F. Pierce, C. J. Jirik, and J. G. Thomp­
son. 1973. 12 pp. 2 figs. The objective of this, 
Bureau of Mines publication is to present a nomo­
graph that provides a fast, convenient method for 
estimating hydrocarbon leas.e bon';1s bids for offshore' 
acreage in the Gulf of MeXICO. Discounted cash flow 
analyses were computed from a model. derived to 
show the costs necessary to explore, acqUire, develop, 
produce, and aband0!l a 5,OQO-acre block of offshore 
acreage, and the estimated Income froI? the sale of 
,the hydrocarbons produced from the. block. The 
range of the variables in the finanCial analyses 
used to construct the nomograph are prices of oil, 
$2.50 to $5.00; recoverable J;tydrocarbon reserves, 
44651476 to 127,575,645 barrels; and discounted 
ca~h flow (DCF) rates of return, 5.0 to 57.2 percent. 
A total of 1,234 sets of DCF data were used to c?n­
struct the nomograph. The range of bonus bids 
shown on the nomograph is from 2 to 90 million 
dollars ($400 to $18,000 per acre). GPO Catalogue 
No. I28.27 :8609. Stock No. 2404-01467. 40 cents. 
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IC 8610. Summary af Mining and Petroleum Laws of the 
World lin Five Partsl. 4. Africa, by Northcutt 

Ely. 1974. 205 pp. This volume summarizes mining 
and petroleum legislation in 45 African jurisdictions. 
Within these jurisdictions, primary attention is given 
to requirements that must be met in each country 
for acquisition of rights to permit development of 
mineral resources. Coverage includes: First, identi­
fication of the controlling laws or statutes governing 
minerals acquisition and reference to the adminis­
trative authority; second, analysis of the laws gov­
erning mines and quarries and their products; third, 
analysis of laws applicable to natural gas, petro­
leum, and related materials; and fourth, mention of 
laws regulating offshore operations. Where pertinent, 
sections dealing with historical background or ad­
ministration have been added. In countries where 
minerals are subject to control of states or provin­
ces, those areas are considered separately from the 
central government. GPO Catalog No. 128.27 :8610. 
Stock No. 2404-01528. $2.55. 

IC 8611. Thermodynamic Data for Air Preheaters hi Direct 
Coal-Fired Magnetohydrodynamic Power Genera­

tion Systems, by F. E. Spencer, Jr., and J. C. Hendrie, 
Jr. 197~. 53 pp. Calculated equili~rium data are 
presented for three phases in the flue gas stream 
from a hypothetical open-cycle magnetohydrodynamic 
(MHD) generator. A typical coal is "burned" with 
1.0 gram-mole K20 seed per kilogram coal and with 
101 percent of stoichiometric air. Tables of composi­
tion and the overt thermodynamic properties, en­
thalpy and entropy, are given for the temperatures 
2,200 down to 1,100 K in decrements of 100 K, at 
pressures of 1.0 and 1.5 atmospheres, and slag re­
jection figures of 90 and 75 percent. GPO Catalog 
No.128.27:8611. Stock No. 2404-01490. 85 cents. 

IC 8612. Bureau of Mines Energy Program, 1972, by Bill 
Linyille and John D. Spencer. 1973. 107 

pp. 53 figs. During calendar year 1972, the 
Bureau of Mines was engaged in some 20 majol; 
areas of research for the development of new and 
improved efficient methods of conservati.on and uti­
lization for petroleum and natural gas, 011 shale, and 
coal. Made up of numerous projects described in this 
report, the program was carried out through re­
search performed at research centers and labora­
tories in the field supervised and supported by ad­
ministrative personnel of this Bureau of the Depart­
ment of the Interior. Based on this research, 186 
technical reports were published by the Bureau or 
others and numerous other reports were prepared 
-for F~deral agencies, State agencies, and organi~a­
tions engaged in cooperative research programs WIth 
the Bureau. 

IC 86 d. Injury Experience in Coal Mining, 1970, by For-
rest T. Moyer and Mary B. McNair. 1973. 

135 pp. 8 figs. All general measures of the safety 
record of the coal mining industry worsened appre­
ciably in 1970. Injury experience for the year was 
260 fatal and 11,55:2 nonfatal injuries at respective 
frequency rates of 1.00 and 44.40 per million man­
hours of worktime. The fatality total was 57 higher 
and the rate of occurrence was 18 percent higher 
than the corresponding figures of 203 fatal injuries 
with a frequency rate of 0.85 in 1969. The worsened 
fatality record in 1970 resulted primarily from a 
major disaster (a single accident which results in 
the death of fiye men or more) on December 30, 
1970, that killed 38 men. There were no major 
disasters in 1969. The total of 11,552 nonfatal in-
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juries in 1970 was the highest annual total since 
1960. It was 1,635 higher and the frequency rate was 
6 percent higher than the corresponding totals for 
1969 of 9,917 nonfatal injuries occurring at a rate 
of 41.76. The injury severity rate of 8,308 days lost 
or charged per million man-hours was 13 percent 
worse than that of 7,359 in 1969. Similarly, the 
average severity of 183 days lost or charged per 
injury in 1970 was 10 days or 6 percent higher than 
in 1969. Aggregate worktime of 260.2 million man­
hours and production of 609.8 million tons in 1970 
were, respectively, 10 and 7 percent higher than in 
1969. 

IC 8614. Comparative Transportation Costs of Supplying 
Low-Sulfur Fuels to Midwestern and Eastern Domes­

tic Energy Markets, by P. H. Mutschler, R. J. Evans, 
and G. M. Larwood. 1973. 54 pp. 16 figs. The 
Bureau of Mines studied the costs of transportlng 
fossil fuels, coal, and residual fuel oil from areas of 
production to consumer regions. Transportation data 
were stratified by type of carrier, size of shipment, 
and distance to determine what general effects these 
'variables have upon transportation costs. Economies 
of haul for coal exist for longer versus shorter dis­
tances, and for larger versus smaller trainload sizes. 
Tanker and barge transportation of residual fuel 
oil does not show economies of haUl for longer dis­
tances. It i.J shown that tanker size and seasonal 
variation are primary factors influencing the cost of 
shipping. Railroad transportation data show that 
coal from western coalfields could be' competitive 
with foreign residual fuel oil in selected midwestern 
fossil fuel markets. However. the western coal would 
not be competitive in the New England and the 
eastern seaboard energy markets. GPO Catalog No. 
128.27:8614. Stock No. 2404-01502. 85 cents. 

IC 8615. Determination of Attitudes of Joints Surveyed 
With a Borescope in Inclined Boreholes, by M. A. 

Mahtab, D. D. Bolstad, and R. R. Pulse. 1973. 12 
pp. 5 figs. This report describes the procedures 
used by the Bureau of Mines for obtaining attitudes 
of joints surveyed with a borescope in inclined bore­
holes. An algorithm for computing the dips and 
azimuths of the observed joints is presented. The 
algorithm is used to solve an example problem. A 
computer program based on the algo~thm is liste?' 
It is hoped that the procedures descnbed here WIll 
be useful in treating large quantities of data ob­
tained from comprehensive borehole surveys. 

IC 8616. Recent Developments in Coal Mine Fire and Explo-
sion Prevention Research, by Joseph Grumf'r. 

1973. 21 pp. 22 figs. Reported fiscal year 1973 
studies of fires and explosions seek to develop capa­
bilities during mining operations to detect and quench 
.ignitions of gas in the face area, to detect and 
quench by means of passive or triggered barriers. ex­
'plosions propagating in rock-dusted coal dust, and.to 
detect incipient fires early enough for easy extm­
guishment. Research discussed includes minimum air 
velocities to lift coal or rock dusts, surveys to deter­
mine adequacy of rock dusting, chemical agents to 
quench gas or coal dust explosions and their relative 
efficacies, spectra radiated by explosions, and nozzle 
sprays of extinguishants. 

IC 8617. A Bureau of Mines Direct-Reading Azimuth Pro­
tractor, by D. D. Bolstad and M. A. Mahtab. 

1974. 7 pp. 4 figs. This report describes the con­
struction and use of a direct-reading azimuth pro-
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tractor (DRAP) by the Bureau .of Mines far mea­
suring fracture arientatians in mines, tunnels, .or 
ather excavatians having a magnetic enviranment. 
The DRAP allaws a rapid and simultaneaus mea­
surement .of dip and azimuth of dip of a fracture 
plap.e. The inst,rument is rugged, lightweight, and 
easIly constructIble from standard hardware items. 
The DRAP can measure dip to within ±0.5° and 
azimuth of dip to within ±5° of corresponding 
values obtained with a Brunton compass. 

IC 8618. Overcoring Equipment and Techniques Used In 
Rock Stress Determination, by Verne E. Hooker 

and David L. Bickel. 1974. 32 pp. 29 figs. 
Stress-relief techniques and instrumentation have­
been developed through many years of research in 
the Federal Bureau of Mines and successfully used 
to determine the in situ state of stress in rock. This 
paper describes the drilling equipment and acces­
sories for use with the Federal Bureau of Mines­
t~ree-compo~ent ~eformation borehole gage. Opera­
tIon and calIbratIOn procedures for the deformation 
gage are discussed in detail. Site selection and over­
coring procedures are included to provide a complete 
working knowledge for surface or underground ap­
plications. 

IC 8619. Technique To Improve Fuel Extraction For Coal 
Seams Intersected by Oil and Gas Wells, by Rich­

ard David Haynes. 1973. 19 pp. 7 figs. Caal, 
gas, and oil in many geological formations of the 
Eastern United States are intimately associated but 
have traditionally been recovered independently of 
each other. Oil and gas wells, however, are often 
spaced sufficiently close to cause the subsequent loss 
of up to 50 percent of the recoverable coal in the 
form of pillars or barriers left for mine safety pur­
poses. A long-range planning technique was devised 
for exploiting oil and gas wells simultaneously with 
the mining of coal to recover the maximum fuel p.o­
tential of the formations. Planned plugging of .oil 
and gas wells, determined partly from production 
predictions' via decline curve analysis, is coordinated 
with a mine development plan to achieve maximum 
coal recovery and reduce overall production losses of 
gas and oil due to plugging of the wells. Catalog 
No. 128.27:8619. Stock No. 2404-01498. 50 cents. 

IC 8620. Control of Fires in Abandoned Mines in the East-
ern Bituminous Region of the United States. A 

Supplement to Bulletin 590, by M. O. Magnuson. 1974. 
.53 pp. 45 figs. This publication describes abandoned­
mine fire-control work administered by the Bureau 
of Mines under cooperative agreements with State 
and local governments. The work was done by pri­
vate contractors under the supervision of Bureau 
engineers. The work is authorized by Public Law 
738, approved August 31, 1954, and Public Law 
89-4, approved March 9, 1965. Earlier work was 
authorized by Interior Department Appropriations 
Acts for fiscal years 1949-55. A total of 70 fires 
have been controlled under this program in the 
eastern bituminous region. The nature and extent of 
the abandoned-mine fire' problem in the bituminous 
region is discussed, and the methods used for con­
trolling these fires are described. The methods that 
have been used, either singly or in combination, 
include loading out and cooling the burning material, 
installing fire barriers, surface sealing, and '\vater 
and pneumatic flushing. GPO Catalog No. 128.27: 
8620. Stock No. 2404-01546. 90 cents. 
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IC 8621. Methane Control in Eastern U.S. Coal Mines. Pro-
ceedings of the Symposium of the 8ureau of 

Mines/Industry Technology Transfer Seminar, Morgantown, 
W. Va., May 30-31, 1973, by Staff-Mining Research. 
1973. 96 pp. Research workers from the Bureau 
of Mines and industry met with other government 
and industry representatives at the Mont Chateau 
Lodge, Morgantown, W. Va., on May 30-31, 1973, to 
discuss the curr€TIt status of methane control in 
eastern U.S. coal mines. The opening remarks, the 
eight technical presentations, and the discussions of 
the members of a government-industry panel are 
published here for the benefit of those concerned 
with the contral of methane in coal mines. 

IC 8622. Recovery of Secondary Copper and Zinc in the 
United States, by Fred V. Carrillo, ~Iark H. 

Hibpshman, and Rodney D. Rosenkranz. 1974. 58 
pp. 8 figs. Of the total quantity of secondary copper 
Ilnd zinc that became obsolete in the enited States 
from 1961 through 1970, more than 11 million tons 
of copper and 10 million tons of zinc were not re­
covered. These estimates are based on a study of 
the flow and recovery of old copper and zinc scrap 
by consumption end-use. This report describes (1) 
where copper and zinc are being used; (2) when 
they become obsolete and available as secondary 
metal; (3) how they are being collected for recy­
cling; and (4) how much might be recovered from 
scrap that presently is not being recycled. GPO 
Catalog No. I28.27:8622. Stock No. 2404-0155.3. $1. 

IC 8623. Theoretical and Experimental Studies on the Pock-
ing of Solid Particles: A Survey, by R. S. Fowkes 

and J. F. Fritz. 1974. 30 pp. The degree and 
manner of packing of bulk materials influences all 
phases of their loading, such as by a front-end 
loader or a dragline, and their mechanics of flow, 
such as through a binhopper or an ore pass. The 
most important quantity in analyzing the handling 
of a bulk material is its shear strength, 'which de­
pends primarily on the same parameters as those 
that determine the packing state. Some of these are 
size, size distribution, moisture content, particle 
shape, particle orientation, and cohesion. The vari­
ables that affect the packing state are vibration, 
pressure, intensity of deposition, velocity of deposi­
tion, and, when the material is confined, container 
used. The analysis of packing by a number of in­
vestigators has been done almost entirely with 
spherical particles. Most of these studies have dealt 
with monosized spheres. There is scant information 
on particles with angular shapes. Since most of the 
investigations by far have been concerned with ce­
ramics and powder metallurgy, the particle sizes 
and ranges of size distribution have been small com­
pared with those generally found in mining after 
fragmentation. 

IC 8624. A Computer Program for Clustering Data Points 
on the Sphere, by Robert J. Shanley and M. 

Ashraf Mahtab. 1974. 58 pp. 3 figs. The com­
puter program, HYBMODE, has been developed to 
meet the need for a fast and economical method for 
clustering data points on the sphere. The algorithm 
used in this development is an extension of D. Wis­
hart's one-level mode analysis. The program can be 
used to cluster either vectorial or axial data; it is 
currently being used by the Bureau of Mines to 
cluster fracture orientations. 

IC 8625. Rapid Wet Chemical Methods for the Analysis of 
Blast. Furnace Slags, by R. H. Jefferson and 
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E. A. Hattman. 1974. 15 pp. 2 figs. This Bu­
reau of Mines report describes a series of rapid wet 
chemical methods for the analysis of blast furnace 
slags. A "complete" analysis for total iron, manga­
nese, silica, lime (calcium oxide), magnesia (mag­
nesium oxide), sulfur, and mixed oxides (R20s) can 
be routinely perfonned in less than 3 hours. These 
methods were employed as the analytical control 
procedures for the Bureau's experimental blast fur­
nace operations and have been satisfactorily applied 
to the analysis of other slags and calcareous ma­
terials. 

IC 8626. Mineral Resources of the Trans-Alaska Pipeline 
Corridor, by John J. Mulligan. 1974. 24 pp. 

9 figs. The Bureau of Mines investigated reports of 
mineral deposits within 10 miles of the route of the 
proposed pipeline fr?m Prudhoe Bay to Valdez .. No 
producing lode depOSits or lode prospects of possible 
national economic significance were found. Meas­
ured placer deposits in the route are of slight value 
except possibly some deeply buried gold placer de­
posits in the Fairbanks and Livengood Quadr~ngles.· 
The pipeline corridor crosses five belts of mll1erals, 
having potential economic value: (1) The north 
slope of the Brooks Range (oil, gas, oil shale, coal, 
phosphate); (2) the south slope of the Brooks 
Range (copper, gold); (3) the Livengood .area 
(gold); (4) the Fairbanks area (gold, l~ad-sllver! 
antimony) ; and (5) the Wrangell Mountall1s-Denah 
copper belt (copper-gold). The Jarvis Creek coal­
field an eastern extension of the Nenana coalfield, 
is o~ the north side of this belt. Scattered along the 
corridor across the Chugach Mountain and in the 
yicinitv of Valdez are a wide variety of metallic de­
Jlosits 'that make up the eastern margin. of the Chu­
gach gold belt but do not seem to constitute a well­
defined zone. GPO Catalog !\o. 128.27 :8626. Stock 
X o. 2404-01338. $3.10 

IC 8627. Well-Logging Techniques for Mineral Deposit Evalu-
ation: A Review, by James H. Scott and 

Benton L. Tibbetts. 1974. 45 pp. Well-logging 
techniques that have been used to evaluate various 
types of mineral deposits are di~cussed briefly., an.d 
many pertinent references are Cited. 1nformatlOn IS 
categorized by mineral commodity to make it easy to 
determine what logging techniques have been used 
for evaluating specific metals and nonrhetals. ~art 1 
discusses logging technique!l applied to depOSits of 
the following metals: Aluminum, antimony, beryl­
lium, boron, copper, iron, lead and zinc, manganese, 
mercury nickel, Ililver and gold, tin, tungsten, and 
uraniurn'. Part 2 covers the following nonmetals: 
Coal, evaporites, fluorspar, oil .;hale, rock salt, a.nd 
sulfur. Separate bibliographies are given for Engllsh 
and foreign language references. GPO Catalog No. 
128.27 :8627. Stock No. 2404-01;)89. 90 cents. 

IC 8628. Bureau of Mines Test Procedures for Rocks, ed. by 
W. E. Lewis and S. Tandanand. 1974. 

223 pp. 101 figs. This Bureau of Mines report is a 
reference manual of procedures used by the Bur~ap's 
Twin Cities Mining Research Center for obta.mmg 
rock properties. Included in the report a~e ~l!scus­
sions on the usage of each property, descnphons of 
the general test methods for obtaining the properties, 
and instructions for performing the tests. The in­
structions embrace details of the specimen configura­
tion, test apparatus, test proce~ure, te~t conditions, 
and calculations needed to achieve satisfactory re­
sults. Although the procedures presented in this 
reference manl1al gen,;rally ~nform to recommenda-

tions of the ASTM Administrative Committee on 
Standards, they are not purported to be standards. 
GPO Catalog No. 128.27.:8628. Stock No. 2404-
01681. $2.95. 

IC 8629. The U.S. Zinc Industry: A Historical Perspective, 
by A. D. McMahon, C. H. Cotterill, J. T. 

Dunham, and W. L. Rice. 1974. 76 pp. 9 figs. 
Changes in world mine and .sme.lter supply sources 
of zinc have led to changes 111 Zll1C supply patterns 
in the United States during the past 3 years, 1970-
72. The result has been a growing reliance ~m fore!gn 
sources of zinc metal to furnish an ever-ll1creaSll1g 
portion of expanding domesti.c re9uirements. This 
review of fundamentals and hlstoncal developments 
is intended to provide background in order to pl!3-ce 
the future of the U.S. zinc industry in perspective. 
The properties and uses of zinc are de~cribed. ~ n~w 
study on U.S. reserves is presented With descnptlOn 
by geographical region and comparison~ wi.th older 
reserve data. The technology of the Zll1C mdustry 
from prospecting through refining is ?escribed \~'ith 
emphasis on the metallurgy involved m the val'lOUS 
methods of smelting. Production, consumption, and 
imports are discussed and illustrated with graphs 
and tables to review the past and present patterns. 
Government actions affecting the industry are shown. 
Catalog No. 128.27:8629. Stock No. 2404-01527. 
$1.10. 

Ie 8630. Ground Control Aspects of Coal Mine Design. Pro-
ceedings: Bureau of Mines Technology Tr!2n~fer 

Seminar, Lexington, Ky., March 6, 1973, by Staf!-Mmmg 
Research. 1974. 138 pp. 71 figs. ThiS report 
contains the papers presented at the Technology 
Transfer Seminar on Ground Control Asp~ts of 
Coal Mine Design held by the Bureau of Mmes on 
'March 6, 1973, in Lexington, Ky. Seminar atten4a~ce 
consisted of representatives from the coal ~mmg 
industry, universities, mining consultants, mstru­
ment manufacturers, and local, State, and Federal 
Governments. The purpose of this m-:eting, one of 
a series of Technology Transfer semmars, .was . to 
provide the coal mining industry with ~etalled ~n­
formation about recently developed techniques, eqUlp­
ment and instruments that can be used in the solu­
tion ~f coal mine design proble~s, !ind to. discuss 
results and direction of research m mme deSign. The 
report includes opening remarks ~y: Joseph J. 
Yancik Acting Assistant Director---,Mmmg; an over­
view of the Federal Bureau of Mines approa<;h to 
mine design; three papers on problems assocla!ed 
with the design of panels; five papers on coal mme 
roof problems; three papers on 10ng:'\'!3-11 problems; 
and the comments madefby the participants on the 
Bureau-industry panel discussion. 

IC 8631. Summary of Mining and Petroleum Laws of the 
World. lin Five Paris). 5. Europe, by Northcutt 

Ely. 1974. 86 pp. This volume summarizes .mining 
and petroleum legislation in 18 European jurisdic­
tions. Within these jurisdictions, primary attention 
is given to requirements that must be met in each 
country for acquisition of rights to permit develop­
ment of mineral resources. Coverage includes (1) 
identification of the controlling laws or statutes 
governing minerals acquisition and reference to the 
administrative authority; (2) analysis of the laws 
governing mines and quarries and their products; 
(3) analysis of laws applicable to. natural gll;s, pe­
troleum, and related materials; and (4) mention of 
laws regulating offshore operations. Where perti­
nent, sections dealing with historical background or 
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administration have been added. In countries where 
winerals are subject to control of States or Prov­
inces, those areas are considered separately from 
the central go\"ernment. GPO Catalog No. 128.27: 
8631. Stock No. 2404-01559. $1.25. 

IC 8632. Basic Estimated Capitol Investment and Operating 
Costs for Underground Bituminous Cool Mines. 

Mines With Annual Production of '1.06 to 4.99 Million Tons 
From a 72-lnch Coalbed, by Sidney Katell and E. L. 
Hemingway. 1974. 41 pp. 1 fig. This study esti­
mates capital investment, operating costs, and selling 
prices for four underground bituminous mines pro­
ducing coal with annual production ranging from 
1.06 to 4.99 million tons. It is assumed that the mines 
have a 20-year life. Wages and union welfare pay­
ments are considered as of November 12, 1973, un­
der the Bituminous Wage Agreement of i971, and 
costs for material and equipment are based on 1973 
indexes. Initial capital investment ranges from 
$12,540~700 for the 1.06-million-ton-per-year (MM 
tpy) mme to $44,720,500 for the 4.99 MM tpy mine. 
Total capital investment ranges from $21,850,700 to 
$75,693,500 for the same mines. Corresponding sell­
ing prices for the coal range from $8.76 to $7.53 per 
ton, assuming a 12-percent discounted cash flow rate 
of return after Federal income taxes. GPO Catalog 
No. 128.27: 8632. Stock No. 2404-01514. 85 cents. 

IC 8633. Potential Solid Waste Generution and Disposal 
From Lime and Limestone Desulfurization Processes" 

~y R. J. E-yans. 1974. 22 pp. 5 figs. The genera­
tion and ~hsposa~ of soli? waste from electric utility 
plants usmg a lime or limestone wet-scrubbing sys­
tem and the potential effects on the environment 
were estimated for 1975 and 1980. The study indi­
cated that in 1975 approximately 5.8 million tons 
of. desulfur.ization solid waste (50 percent solids) 
WIll be generated. In 1980, when it is estimated that 
desulfu,rization will I?ecome commercially accepted, 
approXImately 17.4 mIllion tons of this material will 
be generated for disposal and/or utilization. The 
desulfurization waste material, when combined with 
lime, fly ash, and water, may have potential for use 
as a roadbase material, in landfill reclmation, and 
as synthetic aggregate. GPO Catalog No. 128.27:8633. 
Stock No. 2404-01578. 65 cents. 

IC 8634. Assessment of U.S. Petroleum Supply With Varying 
Drilling Efforts, by T. M. Garland, M. 

Carrales, Jr., and J. S. Conway. 1974. 36 pp. 
12 figs. This report presents a Bureau of Mines 
assessment of crude oil and associated gas produc­
tion and reserves that would result from different 
drilling efforts in the contiguous 48 States during 
the 1972-85 period. The drilling effort was based 
upon five growth rate assumptions from the 1971 
level. Additions to crude oil reserves were computed 
for nine cases resulting from the use of three equa­
tions for findings per foot drilled and three constant 
revision factors. The results indicate that the United 
States will not become self-sufficient in crude oil 
production by 1985 and also il,lustrate the lead time 
required to reverse the decline in oil production. 
Discussion is limited to three of the nine cases to 
provide high, intermediate, and low results. More 
emphasis is on the intermediate case because it is 
indicative of the most probable trends. The method­
ology and statistical data are included in the ap­
pendixes. GPO Catalog No. 128.27 :8634. Stock No. 
2404-01537. 75 ce~ts. 

160 

IC 8635. Mine Communications. Proceedings: Bureau of 
Mines Technology Transfer Seminar, Bruceton, Po., 

March 21-22,1973, by Staff-Mining Research. 1974. 
86 pp. 71 figs. The Technology Transfer Seminar 
on Mine Communications held on March 21-22. 1973, 
at the Pittsburgh Mining and Safety Research Cen­
ter, Bruceton, Pa., presented information about re­
cently developed equipment, instruments, and tech­
niques for use in mine communications ~ystems. All 
of the basic ideas presented in the semmar are op­
erational in the Bureau of Mines Safety Research 
Mine in Bruceton, Pa. 

IC 8636. Subsurface Waste Injection in the United Stotes: 
Fifteen Case Histories, by ErIe C. Donalds'?,n, 

Rex D. Thomas, and Kenneth H.. J ohnst(;lTI.. 19 14. 
72 pp. 27 figs. Sub.surface inj.ectlO~ of hqmd and 
slurry-type industrIal wast~ IS bemg used ~s a 
means of waste disposal. ThIS sun'ey conducted by 
the Bureau of Mines shows that the method can be 
economically and environmentally attractive if the 
proper precautions are taken, especi.ally when the 
alternative is cursory treatment and dIscharge at the 
surface. Attentiorr is called to petroleum technology 
and experience that can be applied to subsurface 
waste injection. Part 1 of this report is a discussion 
of the general aspects of subsurface waste-injection 
systems. Part 2 is a general discussion and review 
of the literature concerning the geologic formations 
available for injection in the United States. Part 3 
is a discussion of 15 case histories including infor­
mation on the source and nature of the waste and 
the geology, surface equipment, well completion, and 
operation of the systems. GPO Catalog No. 128.27: 
8636. Stock No. 2404-01581. $1.15. 

Ie 8637. Evaluation of Woteriloodability of Oilfields by 
Pilot Flooding, by James A. Wasson. 1974. 

21 pp. 11 figs. This Bureau of Mines report sum­
marizes the application of pilot flooding in the 
evaluation of a potential waterfiood project. Aspects 
of pilot flooding discussed include choice of pilot 
location, confined and unconfined waterfloods, opera­
tional precautions, and comparison of predicted with 
observed performance. Summaries of published 
methods of pilot flood data analysis for determina­
tion of full-scale waterfiood feasibility are presented 
and their use illustrated for example pilot flood data. 
GPO catalog No. 128.27 :8637. Stock No. 2404-
01580. 65 cents, 

IC 8638. Extracting Minerals From Geothermal 8rines: A 
Literature Study, by Rolland L. Blake. 1974. 

25- pp. The Bureau of :l.lines is concerned with extract­
ing minerals from residual geothermal brines after their 
heat content and some demineralized water ha\'e heen 
recovered. This literature study is based on a survey of 
the literature and discussions with indiYiduals knowledge­
able on various aspects of the subject. This report ex­
~ines the potential of the domestic geothermal minera\ 
resources, considers the technical problems involved, and 
qutlines possible effects on the environment frdm reser­
voir fluid withdrawal and reinjection. Geothermal re­
sources in the 'Vestern United States were extensiYely 
explored during the 1960·s. Limited detelopment oper­
ations included exploratory drilling and operating wells 
producing hot brine, separating steam for experimental 
electric power generation, and reco\'ering minerals in 
solar evaporation ponds or in extraction plants. Interest 
in the recovery of minerals and salts from geothermal 
fluids waned because of corrosion and scaling problems 
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and low or no market yalue of the mineral products. 
Most of these problems can be controlled with existing 
technology and careful planning of processes and equip­
ment. Extracting geothermal minerals is technically 
feasible, but the problem of low or no market value for 
major mineral products, and insufficient amounts of 
more yaluable minor products, make mineral recovery 
uneconomical at present. 

Ie 8639. Proceedings of the Symposium on Talc, Washing-
. ton, D.C., May 8, 1973, compiled by Aurel 

Goodwin. 1974. 102 pp. 55 figs. A symposium 
~m the hea~t~ hazards of respirable dust in the min­
mg a~d mlllmg of talc was held on May 8, 1973, in 
Washmgton, D.C. The results of medical effects on 
both human .and .anim.al subjects were presented. 
M~thods for IdentificatIOn and classification of talc 
~merals '~'ere also presented. Analytical techniques 
dlscusse? mcluded X-ray diffraction scanning elec­
tro~ mlc!oscope observation, elect~on probe and 
optIcal mIcroscopy. ' 

IC 8640. Ash Utilization-Proceedings: Third International 
Ash Utilization Symposium, compile<l. by John 

H. Fabel', William E. Eckard, and John D. Spencer. 
1974. 317 pp. 89 figs. lHore than 400 academic, Gov­
ernment, and industry representatives attended the 
third symposium 011 ash utilization and technology;, 
held in Pittsburgh, Pa., March 13-14, 1973. Spon­
sored by the American Public Power Association, 
Edison Electric Institute, National Coal Association, 
Xational Ash Association, and Bureau of Mines, the' 
s~-mposiu!1l featured 26 formal presen~ations by 
leading experts from Europe and the Umted States 
on all major phases of ash production, utilization, 
and research. 

IC 8641. ·Basic Estimated Capital Investment and Operating 
Costs for Underground Bituminous Coal Mines: 

Mines With Annual Production of 1.03 to 3.09 Million Tons 
From a' 48-inch Coalbed, by Sidney Katell and E. L. 
Hemin~\\'ay. 1974. 31 pp. 1 fig. This Bureau of 
Mines study estimates capital investment, operating 
costs, and selling prices for three underground bitu­
minous mines producing coal with annual produc­
tion ranging from 1.03 to 3.09 million tons. It is as­
sumed that the mines have a 20-year life. Wages 
and union welfare payments are considered as of 
'No\'ember 12, 1973, under the Bituminous Wage 
Agreement of 1911, and costs for material and 
equi]Jment are based on 1973 indexe·s. Initial capital 
in\-estment ranges from $12,938,200 for the 1.03-
million-ton-per-year (MM tpy) mine to .$31,~35,500 
for the 3.09 1\1:\1 tpy mine. Total capItal mvest­
ment ranges from $21,607,200 to .$51,98?,000 for the 
same mines. Correspondmg sellmg pnces fo~ the. 
coal range from $9.11 to $8.06 per ton, assummg a 
12-percent discounted cash flow rate of return after 
Federal income taxes. GPO Catalog No. 128.27 :8641. 
Stock No. 2404-0~579. 70 cents. 

IC 8642. land Utilization and Reclamation in the Mining 
'ndustry, 1930-71, by James Paone, John L. 

:Ylorning, and Leo Giorgetti. 1974. 61 pp. 51 figs. 
Land utilized by the mining industry from 1930 
through 1971 amounted to 3.65 million acres, or 0.16 
percent of the land mass in the United States. Land 
reclaimed during the same period was 1.46 million 
acres, or 40 percent of the land utilized. This report 
includes data on land use for wastes from under­
ground and surface mining, for wastes from mill 

operations, and on subsidence. Data on land use and 
reclamation were obtained from operating com­
panies, mining organizations, appropriate State 
agencies, and others concerned with such activities. 
The 10 leading States in land used for mining in 
1971 were, in decreasing order, Kentucky, Pennsyl­
vania, Arizona, Ohio, California, Florida, West Vir­
ginia, Illinois, Minnesota, and Indiana. Mineral com­
modities accounting for a major portion of land use 
are, in decreasing order, bituminous coal, sand and 
gravel, stone, copper, phosphate rock, iron ore, and 
clay; for coal, these commodities are produced prin­
cipally by surface mining operations. Reclamation 
over the 42-year period was largely on lands utilized 
for surface mining of bituminous coal. New surface 
mining methods, particularly for coal, incorporate 
some form of land restoration. GPO Catalog No. 
I28.27 :8642. Stock No. 2404-01601. $1.05. 

IC 8643. Technologic and Related Trends in the Mineral 
Industries, 1973, by Staff, Bureau of Mines. 

1974. 52 pp. 27 figs. This report, the fourth in 
an annual series, outlines recent trends and develop­
ments in the minerals industry. Discussed are new 
methods, equipment, techniques, and systems used to 
more effectively extract and process mineral prod­
ucts. Environmental considerations, health and 
safety standards, price controls, inflation, material 
shortages, and more dependence on foreign imports 
were problems faced by the minerals industry. Al­
though productivity increased for most mineral com­
modities, the annual rate of increase has slowed in 
recent years, indicating a maturing technological 
situation. Growing concern for energy resulted in 
increased interest and research in alternative fuel 
sources. The primary concerns of metallurgists were 
pollution control and improved efficiency and per­
formance of metallurgical processes, especially for 
reduction of energy consumption. GPO Catalog No. 
128.27 :8643 .. Stock No. 2404-01609. 95 cents. 

IC 8644. Bureau of Mines Pittsburgh Mining and Safety 
Research Center Research and Development Activ~ 

ities: Fi~cal Year 1971, by Staff, Pittsburgh Mining a.nd 
Safety Research Center. 1974. 25 pp. The prm­
cipal activities of the Bureau of Mines P.ittsburgh 
Mining and Safety Research Center durmg fiscal 
year 1971 (July 1, 1970, to June 30, 1971) are .re­
viewed in part 1 of this paper. Part 2 summanzes 
publications during fiscal year 1971. 

IC 8645. Coal Mining Techniques in the Federal RepUblic of 
Germany-1971, by Ernest A. Curth. 1974. 

54 pp. 31 figs. A 3-month study in 1971 of the 
Essen Roof Support and Rock Mechanics Research 
Center's program of roof and support evaluation 
included 25 mine trips. German miners must adopt 
mining methods and environmental control measures 
involving methane drainage and water infusion to 
improve productivity under severe natural condi­
tions. Pressing problems in ground control must be 
solved, such as cavities in front and above the sup­
ports at longwall faces and excessive convergence in 
gate roads. The Center developed automatic data 
processing methods to quantify the results of roof 
and support surveys and to establish criteria. An­
other approach to ground control is the study of 
mine models .. The Center's laboratory has the facili­
ties to test elements of powered roof support and 
whole assembled units. Face automation and roof 
control by powered shields are novel developments 
that are under close scrutiny in the field as well as 
in the laboratory. Though' the Essen Center's roof 
and sUPl?ort evaluation techniques are tailored to 
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the needs of the coal mining industry of the Federal 
Republic of Germany under conditions vastly differ­
ent from those in the United States, some application 
may be found here, for instance, monitoring faces 
and roadways and preventive maintenance of hy­
draulic systems. GPO Catalog No. 128 :27 :8645. 
Stock No. 2404-01642. $1.35. 

Ie 8646. Availability of' U.S. Primary Lead Resources, by 
Paul McIlroy, J. S. Coffman, W. L. Rice, 

and M. H. Hibpshman. 1974. 60 pp. 11 figs 
Costs of producing lead from various known re~ 
sources in t~e United States are developed by the 
Burea~ of Mmes to ?efine ~he future availability of 
domestIc lead at varIOUS prIce levels. It is estimated 
that 60 million tons of primary lead (75 percent of 
the total res?u~ce) is available at $0.20 or less per 
pou!1d; 72 mIllion tons (90 percent of the total) is 
ll;vallable at $0.5~ or less per pound; and the 79-mil-
11On-~on total estImated resource can be obtained at 
a prIce of $1.82 or less per pound. The supply avail­
able at $0.20 per pound or less will meet demand for 
over 78 years at the 1970 annual consumption rate of 
763,000 tons. GPO Catalog No. 128.27 :8646. Stock 
No. 2404-01689. $1.00. 

IC 8647. Fuel and Energy Data: United States by States and 
Regions, 1972, by Lulie H. Crump and 

Charles L. Readling. 1974. 82 pp. 8 figs. Salient 
information on reserves, production, and consump­
tion of fuels and energy, by State, are summarized in 
this Bureau of Mines publication. The data are broken 
down by fossil fuels (coal, petroleum, and natural 
gas) and hydropower and nuclear for the major con­
suming sectors: Household-Commercial, Industrial, 
Transportation, Electric Power, and Miscellaneous. 
In addition, total energy consumption in the Nation 
in 1972 is compared with consumption in 1971 and 
1973 (preliminary data). GPO Catalog No. 128.27: 
8647. Stock No. 2404-01635. $1.25. 

IC 8648. Revised and Updated Cost Estimates for Producing 
Alumina From Domestic Raw Materials, by Frank 

A. Peters and Paul W. Johnson. 1974. 51 pp. 5 
figs. With the current renewed interest in advanc­
ing the technology for producing alumina from 
domestic raw materials, revisions of previous cost 
estimates to provide planning data are urgently 
needed. Completed new cost estimates on a 1973 
basis are included for four alumina-from-clay proc­
esses and one alumina-from-anorthosite process. 
These estimates are based on new or previously cal­
culated material balances, recalculated heat require­
ments, and new equipment designs. The use of larger 
a!1d more mod.ern. equipment has permitted a sig­
n.lfi~ant reductIOn m labor requirements as well as 
eq~~pment costs .. Chemical prices, labor rates, and 
utIlity rates tYPIcal of late 1973 are used in these 
cost estimates. In addition to the revised cost esti­
n:ates, all .21 previously published alumina evalua­
tIons complIed by the Bureau of Mines were updated 
to show the effect of inflation using an inflation index 
and late 1973 chemical prices, labor rates, and utility 
rat~s. 

IC 8649. Computer Program for Nonlinear Regression Using 
Least Squares, by Robert T. Langland and 

Norman N. Yabe. 1974. 50 pp. 4 figs. The Bu­
reau of Mines, at its Denver, Colo., research center, 
.has developed a computer program to solve non­
linear regression problems. The program is written 
in a general form so that regardless of the func­
tional relationship assumed, the unknown param-
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eters may be evaluated by the Newton-Raphson 
method of iteration. Variances and covariances of 
the parameters are derived, based on the propaga­
tion of errors. A creep function is established from 
shale test data as an example of program utility. 
Program accuracy is compared with the accuracies 
of other programs in present-day use. 

Ie 8650. Technology and Use of Lignite. Proceedings: Bureau 
of Mines-University of North Dakota Symposium, 

Grand Forks, N. Oak., May 9-10, 1973, compiled by Gor­
don H. Gronhovd and Wayne R. Kube. 197.4. 262 
pp. 139 figs. Sixteen papers concerned w.lth the 
technology and utilization of low-rank fossll fuels 
are presented as the proceedings of the 1~73 lign!te 
symposium. This symposium, the seventh In a serIes 
of biennial meetings, was cosponsored by the Bureau 
of Mines and the University of North Dakota. GPO 
Catalog No. 128.27 :8650.· Stock. No. 2404-01684. 
$3.30. 

IC 8651. Bur,au of Mines Energy Program, 1973, by John 
D. Spencer and Bill Linville. 1974. 73 pp. 

47 figs. Research on the development of new and' 
improved methods for the discovery and production 
of oil and gas and production of fluid fuels from coal 
continued to be the major thrust of the Bureau or' 
N!ines energy research program during 1973. Crude 
011 recovery from tar sands and oil shale also retained 
a high priority in this work. Complementing this pro­
gram were numerous studies aimed at accomplishing 
the objective of increased energy output with greater 
safety and minimum harm to the natural environ­
ment. This report summarizes research objectives 
and results and itemizes formal publications of the 
Bureau of Mines on energy and related subjects. 

Ie 8652. Profitability Analysis of Producing Crude Oil by 
Waterflooding Using a Simulation Technique, by 

W. D. Dietzman and J. H. Martin. 1974. 78 pp. 
7 figs. This Bureau of Mines report presents a prof­
itability analysis of producing crude oil by water­
flooding. Included are the estimated costs of installa­
tion of water injection and producing equipment for 
waterfloods at 2,000 and 4,000 feet and the estimated 
annual operational expenses for each in west Texas. 
Using these cost estimates as a base for selecting a 
range of costs that are indicative of producing crude 
oil by waterflooding, a simulation technique was de­
rive~ ~or determining the profitability under various 
condItIOns. Because of the large number of combina­
tions . of variables used in this study, a high-speed 
digital computer was utilized for the calculations. 
The variables include operational expenses, capital­
ized costs, price of the oil, annual production and 
leasehold acquisition cost. The results obtained 'from 
the simulations are presented in the appendix. In ad­
dition, a nomographical approach was chosen for 
presentation of the profitability. Five nomographs 
are presented that can be used for fast estimation of 

.the discounted cash flow (DCF) rate of return that 
might be expected from a prospective or active op­
eration under various sets of assumed conditions. 

IC 8653. Economic Significance of the Florida Phosphate 
Industry, by Kung-Lee Wang, Barry W. 

Klein, and Andrew F. Powell. 1974. 51 pp. 7 
figs. This Bureau of Mines study illustrates the 
economic significance of the Florida phosphate indus­
try to the State and to the Nation. Environmental 
considerations related to phosphate industry activity 
are discussed briefly. Based on forecasts of Florida 
phosphate production in 1975 and using 1972 dollars, 
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regional and national output value, income, and 
employment created by the phosphate industry were 
estimated for 1975. State and Federal Government 
tax revenues' generated by the phosphate industry 
are also measured. Further, the concentrated impact 
of the phosphate industry on certain Florida areas 
and on regional industries is examined. Finally, the 
phosphate industry's importance to the U.S. balance 
of payments, U.S. agricultural production, and the 
Frasch sulfur industry is considered in addition to 
byproduct fluorine and potential byproduct uranium 
from fertilizer manufacturing. GPO Catalog No. 
128.27:8653. Stock No. 2404-01692. $1.10. 

IC 8654. The Bureau of Mines Minerals Availability Sys-
tem and Resource Classification Manual, by Staff, 

Bureau of Mines-Mineral Supply. 1974. 199 pp. 
This Information Circular describes the Bureau of 
Mines Minerals Availability System (MAS), pre­
sents the Resource Classification Manual used for in­
formation input to a computer file, and discusses the 
methods of collecting and assembling background 
material basic to coding the data. GPO Catalog No. 
128.27 :8654. Stock No. 2404-01687. $2.50. 

IC 8655. The Reserve Base of Bituminous Coal and Anthracite 
for Underground Mining in the Eastern United 

States, by Staff, Bureau of Mines. 1974. 428 pp. 
2 figs. The coal reserve base is defined for coalbeds 
having sufficient thickness for underground mining 
within a depth range compatible with economic re­
covery. The reserve data are compiled by the Federal 
Bureau of Mines by updating and reevaluating pre­
vious estimates of the U.S. Geological Survey, State 
geological surveys, and others. Through the applica­
tion of computer techniques, the tonnages are com­
piled by State, county, coalbed, and rank. Coal re­
serve base is allotted to sulfur categories by a statis­
tical apportionment of data from available Bureau of 
}lines reports and records. The coal reserve base in 
those States east of the Mississippi River, minable 
by underground methods, is estimated to be 169 billion 
tons in coalbeds greater than 28 inches in thickness 
to a maximum depth of 1,000 feet. Excluding those 
coals in reliability categories other than measured 
and indicated, the underground reserve base includes 
162 billion tons of bituminous coal and 7 billion tons 
of anthracite. Of the total, 27 billion tons contains 
1.0 percent or less sulfur. Most of this low-sulfur 
coal is in the southern Appalachian area. Approxi­
mately 16 percent of the underground reserve base is. 
without available analyses. Included in this report is 
'a glossary of terms applicable to a classification sys­
tem for coal resources and reserves. The purpose of 
this system is to provide a common yardstick for de­
termining coal resources and reserves. GPO Catalog 
No. 128.27:8655. Stock No. 2404-01691. $4.80. 

IC 8656. Comparative Porphyry Copper Mining and PrOceSS-
ing Costs-Alaska and Arizona, by R. G. Bottge. 

1974. 55 pp. 10 figs. To better understand those 
factors which increase mining costs in Alaska, a 
Bureau of Mines study was conducted to compare 
the estimated costs of operating a 100,000-tpd open 
pit copper mine located on a hypothetical ore body 
in the Lake Clark area, Alaska, with the costs of 
mining a similarly sized hypothetical copper ore 
body near Tucson, Ariz. The information derived 
should be beneficial to the State and Federal gov­
ernments in appraising the potential for develop­
ment of large, low-grade porphyry copper deposits 
in south-central Alaska. Conventional mining and 
concentrating methods were assumed, and capiJal 

and operating costs were derived using flowslieets 
and standard costing methods. The total price re­
quired for copper mined in Alaska and Arizona was 
$1.12 and $0.63 per pound, respectively, plus or 
minus 20 percent. These values were obtained as­
suming no leaching of low-grade copper, recovery 
of gold, silver, and molybdenum as byproducts, 100-
percent equity financing, and a, 12 percent dis­
counted cash flow rate of return. The average do­
mestic and international prices for copper in July 
1973 were $0.60 and $0.916 per pound, respectively. 
The existence of a developed transportation and 
power system in Alaska would have reduced capital 
and operating costs substantially. The required 
price for copper would have declined from $1.12 to 
$1.05 per pound, plus or minus 20 percent. GPO 
Catalog No. 128.27:8656. Stock No. 2404-01703. 
$1.20. 

IC 8657. The Mine Map Repository-A Source of t. ine Map 
Data, by Curtis D. Edgerton. 1974. 9 pp. 

2 figs. The Pittsburgh Mine Map Repository of the 
Bureau of Mines serves as a basic reference file for 
the archival preservation of mine map data of mines 
east of the Mississippi River. About 22,000 of an 
estimated 500,000 available mine maps have been 
microfilmed. A computerized index serves as the 
mechanism for retrieval of any microfilmed mine 
map. The operation, equipment, and index are de­
scribed in the report. 

IC 8658. Analyses of Natural Gases, 1973,by B. J. Moore. 
1974. 96 pp. This publication contains roU­

tine analyses and related source data for 278 natural 
gas samples from 14 States. All of the samples were 
collected during calendar year 1973 as part of a 
continuous survey of the free world for occurrences 
of helium in natural gas. This survey has been 
conducted in the United States by the Bureau of 

.Mines since 1917. In late 1965, the survey was ex .. 
panded to inclu'de foreign gasfields. The analyses 
were made by mass spectrometer and a special 
helium analysis apparatus. GPO Catalog No.­
J28.27.:8658. Stock No. 2404-01695. $1.65. 

'IC 8659. Methane Emission From U.S. Coal Mines in 1973, 
A Survey. A Supplement to IC 8558, by M. C. 

Irani, P. W. Jeran, and Maurice DeuI. 1974. ~7 
pp .• This Bureau of Mines s'-!rvey 0'£ J?1ethane emls-, 
sions indicates that total dally emISSIons have d~­
clined from 227 MM ft' in 1971 to 214.7 MM ft' m 
1973. The highest average daily emissions !n m!1lion 
cubic feet per day observed in U.S. bltummo1;ls 
coal mines were, in decreasing order, Monongaha 
County, W, Va., 40.7; Marion County, W. Va., 23.1; 
Buchanan County, Va., 22.1; Washington County, 
Pa., 12.4; Greene County, Pa., 11.7; McDowell 
County, W. Va. 11.4; Cambria County, Pa., 9.8; 
Jefferson County, Ala., 9.5; Wyoming County, W. 
Va., 6.0; Marshall County, W. Va., 4.8; and Indiana 
County, Pa" 4.8. 

IC 8660. Mineral Resources of the Black Hills Area, South 
Dakota and Wyoming, by John Paul Gries. 

1974. 61 pp. 7 figs. This Bureau of Mines report 
reviews the mineral industry of the Black Hills 
area, including Butte, Custer, Fall River, Lawrence, 
Meade, and Pennington Counties, S. Dak.; and 
Crook, Niobrara, and Weston Counties, Wyo. It 
includes discussion of geological occurrence, proc­
essing, and potential of 27 commodities that have 
been produced from the nine-county area. The 
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value of mineral production exceeds $70 million 
annually. Gold and petroleum account for two­
thirds of the total, followed by clays, cement, sand 
and gravel, and rock. The combined mineral indus­
tries annually consume 268 million kilowatts of 
electrical energy, 933 million cubic feet of gas, and 2 
million barrels of fuel oil. Water consumption is 
about 10,000 gallons per minute. About 2,700 persons 
are employed on a year-round or significant part­
time basis. GPO Catalog No. 128.27:8660. Stock No. 
2404-01713. $1.30. 

IC 8661. Basic Estimated Capital Investment and Operating 
Costs for Coal Strip Mines, by Sidney Katell 

and E. L. Hemingway. 1974. 31 pp. This Bureau 
'of Mines study estimates typical capital investments, 
operating costs, and seIling prices for two bituminous 
coal strip mines in the Eastern and Interior prov­
inces and a subbituminous coal operation in the 
Northern Great Plains province. The annual produc­
tions were based on tonnage required to fuel. a 
250-MM-scfd, high-Btu gas plant. The annual ton­
nage for the Eastern province mine is 4.8 million 
tons; for the Interior province mine, 6.72 million 
"tons; and for the Northern Great Plains province 
mine, 9.2 million tons. It is assumed that the mines 
have a 20-year life. Wages and union welfare pay­
ments are considered as of May 12, 1974, under the 
terms of the Bituminous Wage Agreement of 1971, 
and costs for material and equipment are based on 
1973 and early 1974 indexes. Initial capital invest­
ment varies: $45,358,600 for the 4.8-million-ton-per­
year (MM tpy) mine in the Eastern province, 
$54,603,000 for the 6.72-MM-tpy mine in the Interior 
province, and $29,871,000 for the 9.2-MM-tpy mine 
in the Northern Great Plains province. Total capital 
investments for the Eastern province mine, the Inte­
rior province mine, and the Northern Great Plains 
province mine are $61,070,000, $76,753,000, and 
$56,286,000, respectively. Corresponding selling prices 
for the coal, per ton, are $4.79, $4.23, and $2.66, as­
suming a 12-percent discounted cash flow rate of 
return after Federal income taxes. These studies are 
considered typical for the areas involved. Costs will 
vary depending on specific locations in these areas. 
G PO Catalog No. 128.27 :8661. Stock No. 2404-
'01694. 85 cents. 

Ie "8662. The Flathead Tunnel. A Geologic, Operations, a~d 
Ground Support Study, Burlington Norther~ Rail­

road, Salish Mountains, Montana, by Eugep.e H. Skmner. 
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1974. 98 pp. 41 figs. The 7-m.ile Flathea~ Tun­
nel, located in the central SalIsh MountaIns of 
northwestern Montana, was constructed betwee? 
1966 and 1969. With the contract awar~ed Apnl 
19 1966 drill and blast tunnel excavatIon began 
Se'ptemb~r 30, 1!f66, and was completed June 21, 
1968, in 488 tunnel-driving days. Peak advance was 
66 feet per day. On June 27, 1969, all tunnel con~ 
crete lining was completed. Average wall 3;nd arch 
concrete placing rates exceeded 1,700 cubiC yards 
daily, with nearly half of the c?ncrete plac~d du,r­
ing a severe winter season. MaJor cost savmgs ln 
concrete tunnel lining were achieved thro~gh. a 
value engineering clause in the contract. AchlevlIW 
consistent results and high rates of placement ~n 
concrete lining ranked equal to ground control m 
overall tunnel problems. Ground control. problems 
exceeded expectations and were of contmual con­
cern throughout excavation. One support collapse 
in the tunnel and one portal slide condition deve!­
oped during construction. Critical surface geologic 
exposures were largely obscured; on ly ~ port!on 
could be accurately nroiected under~rol,ma. An In­
strumentation program to gather baSIC data on rock 
defor:nation near the heading face for support' 
purposes was a pioneering effort. The Flathead 
Tunnel was placed in service on November 7, 1970. 
GPO Catalog No. 128.27:8662. Stock No. 2404-
01719. $2.55. 

IC 8664. Effects of Urbanization Upon the Availability of 
Construction Minerals in Southeastern Florida, 

by ell·tis D. Edgerton. 1974. 20. p~. 10 figs. 
Miami Oiilite limestone is the only Significant con­
struction mineral in southeastern Florida. Its source 
area coincides with that of rapid urban expansion. 
Two-thirds of the existing resource is already un­
available because of development. Land-use con­
flicts place future availability of limestone in jeop­
ardy. However, a sufficient limestone resource to 
meet demand for many years is present if its ex­
traction is not restricted. Adverse environmental 
effects of quarrying Miami Oiilite 3;re not sev~re; 
land values often increase follOWIng quarryIng. 
Future availability depends upon- (1) achieving 
uniformity of Federal, State, county, and municipal­
ity statutory requirements governing quarry opera­
tions, (2) setting aside specific land areas for fu­
ture quarrying and (3) cooperative planning to 
provide for laild utilization upon completion of 
quarrying. 
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TPR 21. Construction and Testing of a Junk Aulo Incinerator, 
by C. J. Chindgren, K. C. Dean, and J. W. 

Sterner. February 1970. 8 pp. 3 figs. A refractory­
lined, garage-type automobile incinerator with a natural 
gas afterburner for air pollution control was cooperatively 
Lllllstructed and tested by the Bureau of Mines amI the 
Wasatch Metal & Salvage Co. in Salt Lake City, Utah. 
The incinerator is capable of relatively smokeless burning 
of 32 to 60 cars per day, depending upon the degree to 
which the cars are stripped prior to incineration. Pre­
liminary burning campaigns indicate the cost of incin­
eration to hc appl'l>ximatelv S2.i!i pcr car. 

TPR 22. Recovery of Heavy Minerals From Alabama Sand and 
Gravel Operalions, by G. B. Sullivan and James 

~. Broll·lling. April 19i0. I4 Pl" 3 figs. The Bureau 
of :'IIines studied 25 samples from 15 A.labam<l sand and 
gra\'el operations to determine their heavy mineral con­
tent. All of the samples contained some heavy minerals 
14 to 188 pounds per ton) , and 80 percent contained 20 
or more pounds of heavy minerals per ton of sand and 
graycl. Valuable heavy minerals, in order of decreasing 
amounts. were ilmenite, kyanite, zircon. rutile, and 
monazite. Large-scale concentration tests were made on 
samples from three of the State's major producers. 

TPR 23. Gas Flood Efficiency Improvement by Polymer In-
jection, hy Edward L. Burwell and _-\r1en E. 

Hunt. :\Iarch 19iO_ 8 pp. 3 figs. The Bureau of :\Iines 
imestigated the usc of dilute polymer in brine solutions 
to increase the efficiency of air in gas flooding model oil 
I~ser\'{)irs. Slugs (0_23 port· mlume) of 500 ppm poly­
acrylamide were injected into a model, consisting of a 
high- and a low-permeability corc. that had been pre­
\ioush gas flooded in resi,lual oil. Gas flooding \I'as 
then resumed. Of the total gas volume injccted. the per­
centage entering the high-permeability zone was greatly 
In!uccd aftcr polnlll'l' injcction hut remailled ullchallged 
when slugs of water without polymer were used. 

TPR 24. A Process To Make High-BTU Gas From Coal, by 
Albcrt J. FOllley. Stanley J. Gasiol, \\'illiam p, 

Haynes, and Sidney Katell. .-\pril 1970. 6 pp. 3 figs. 
_\ process for the manufacture of high-Btu gas from coal 
has been de\-eIoped by the Bureau of :\Iines. The process 
consists of fluid-bed gasification of the coal. followed by 
the gas treatment steps of gas purification and methana­
tion. Adyantages of the system are that caking coals can 
he used directly. and more than half of the ultimate 
methane is made in the gasifier. (0111 of tHint.) 

TPR 25. Conversion of Urban Refuse to Oil, by HtTbtTt R. 
Appell. IrYing "'ender, and Ronald D. Miller. 

.\fay 1970. 5 pp_ Urban refuse, cellulosic wastes, and 
sewage sludge ha\'e been converted to hea\')' oil by 
heating under pressure with carbon monoxide and steam. 
ConH'l'sions of the organic matter to oil. water. and gas 
ha\'e averaged near 90 percent at temperatures of 250 0 

to 400 0 C and pressures of 1.500 to :;.000 psi. The yield 
of oil. based on the dry organic matter of the waste 

materials. is usually near 40 percent. This is the equiv­
alent of more than 2 barrels of oil per ton of dry, ash­
free waste material. The oil from urban refuse and 
Lcllulosic wastes has a sulfur content near 0.1 percent. 
This low sulfur content makes the oil from refuse a 
desirable source of fuel oil. (Out at pTint.) 

TPR 26. ElectrolYlic Oxidation of Cinnabar Ores for Mercury 
Recovery, by B. J. Scheiner, R. E. Lindstrom, 

D. E. Shanks. and T. A. Henrie. June 1970. II pp 
9 figs. Electrooxidation of cinnabar mercury ores (HgS) 
was imestigated as a means of providing an effective 
and economical hydrometallurgical technique for ex­
tractioll of mClcury from its ores, particularly those too 
low ill grade to allow economical metal recoyery by 
retorting or furnacing techniques. Oxidation was ac­
complished by electrolysis of ore slurried with brine. 
Cinnabar was dissolved by oxidation of the insoluble 
sullidc to soluble mercuric salts. The mercury ion in a 
brine solution forms a stable tetrachloro complex. Typical 
laboratory experiments required I to 7 hours of elec­
trolysis at 35-percent pulp density in a brine solution 
that colltailled -1 to 20 weight-percent sodium chloride 
(:'\aCl). Power collsumption ranged from 10 to 50 

kwhr / ton of dry ore. Mercury extraction values between 
90 and 99 percent were obtained with all of the ores 
investigated. Suhsequent mercury recovery from leach 
solutions was readily accomplished by precipitation on 
zinc. Pilot mill experiments in a ]QO- to 200-lb/hr ex­
traction plant are in progress to quantify power and 
l'eageilt requirements, and extraction and recO\'ery data 
obtained to date closely parallel those obtained in the 
I a bora tory. 

TPR 27. Recovery of Metals From Electroplating Wastes by 
the Waste-Plus-Waste Method, bv L. C. (;eorge 

and _\ndrew _\. Cochran. August 1970. 9 pp. :> figs. 
,\ddition of an acid waste to an alkaline cyanide waste 
was investigated for five different combinations of electro­
plating wastes. At the optimum final pH values of the 
mixtures. metals and cyanides were almost quantitatively 
precipitated. :'\0 e\'l)lution of hydrogcn cyanide \\'as 
detected. By a few additional processing steps, significant 
amounts of valuable mctals were recovered for recycling. 
The waste-plus-waste step is attractive, because no re­
agents arc required; metals are concentrated. and a rel­
ati\'e!y harmless effluent that mcets most water quality 
standards for cyanide content is produced. 

TPR 28. Methane Emission Rate Studies in a Northern Wesl 
Virginia Mine, hy Stephen Krickovic. Charles 

Findlay. and W. M. Merritts, August 1970. 11 pp. 8 
figs. Methane emission rates were stu(Jied in a Pittsburgh 
coal bed mine in northern 'Vest ,·jrginia. A fullface 
boring-type continuous miner, equipped with a methane 
monitor. was used in the development of a set of eight 
main headings. one side of which was ncar old workings; 
the other side abutted \'irgin coal. Two air splits ven­
tilate,! the section. Air volumes and methane percentages 
were recorded. and time studies of the miner were made 
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during five consecuth e operating days. during which a 
complete cycle of mining the headings and one line of 
related breakthroughs was accomplished. Methane emis· 
sian rates increased significantly as mining progressed 
from the side near old mine workings toward the virgin 
arca. and generally increased with coal extraction. ~lin­

ing in the heading immediately adjacent to virgin coal 
W~\S interrupted quite frequently, owing to excessive 
methane concentrations at the face, despite adequate air 
\'olumes and acceptable methane concentrations in the 
immediate return airway. 

TPR 29_ A New High-Temperature Soft Solder System, by 
Alfred E. Schwan eke, Wilbert L. Falke, and Orrin 

K. Crosser. December 1970. 18 pp. II figs .. \ new high­
tetnperature soft soldering system has been developed by 
the Bureau of Mines for use on coppcr. copper alloys. and 
lll\\'-carbon steel; the method is applicable to automobile 
radiators and home appliances. The system uses a 
unique sacrificial metal coating method to promote spon­
taneous wetting and spreading of zinc and linc alloy 
solders on metallic substratcs, The 10-', to 1O-ILcm-thick. 
electroplated or sputtered. sacrificial nickel coating is 
absorbed by the molten filler allov dUling soldering 
and produces a direct solder-substrate metallic bond. 
Preliminary measurements on butt joints with copper 
members give tensile strengths up to 22,000 psi at room 
temperature using 95 Zn-5 .-\1 alloy as solder. Spon­
taneous wetting. spreading, and capillary penetration are 
extremely rapid and produce joints as easily as ,iO-50 
tin-lead solders. Recrystallization or annealing of the 
wrought-copper joint members is negligible at the solder­
ing temperatures of 450 0 to 490 0 C ilnd lower. _-\ list 
of fluxes and solder alloys is included in the report. 
(Out of print.) 

TPR 30. Some Results From the Operation of a 150-Ton Oil 
Shale Retort, by A. E. Harak, I.. Dockter. and 

H. C. Carpenter. January 1971. 14 pp. 8 figs. To 
determine the retorting characteristics of a column of 
mine-run, ungraded oil shale ranging in sile from fines 
to pieces weighing as much as 5 tons. a l'iO-ton batch 
retort was designed and constructed at tile Laramic En­
ergv Research Center. Laramie. \\')0. The retort vessel 
is 45 feet high by II Y2 feet in inside diameter and is 
supported in a 92-foot-high steel superstructure. ~Iine­

nln shale froltt tilt' Bnrl'au of Milles fadlitv Ileal' Riflc. 
Colo., assaying about 25 gallons of oil per ton'. is currently 
being used as the test shale. To date. three runs have 
been completed. Results of the second and third runs 
are reported in this paper. Tile two runs considered 
in this report are the first of a series of nine to determine 
operating' cOIHlitions that will yield maximum oil rec()\'­
cry from a columll of mille-run shale. "adables studied 
are the oxygcn (ontcltt of the retorting gas and the 
space \'elocity of the retorting gas expressed as ff3gas/ft" 
bed/min. Oil recoveries for the two runs reported are 
62,2 volume-percent of Fischer assay for the run using 
higher oxygen and space velocity, compared with the 
39,3 volume-percent when less oxygen and a lower space 
velocity were used. Work done in cooperation with the 
Univcrsity of Wyoming. 

TPR 31, Recovery of the Nonferrous Metals From Auto 
Shredder Rejects by Air Classification, by C. J. 

Chindgren, K. C. Dean, and LeRoy Peterson. April 1971. 
II pp. 3 figs. Two air classification systems were built 
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and tested as separator), devices for recovering the non­
ferrous metal \ allies from shrulded automoti\e non­
tltagnetic reject scrap, ,-\ hori70ntal ~lir ,,'stem with a 
capacit\' lip to J(i tOllS pCI' hour \\as used to ohtain 
preliminary separations. ami a smaller capacity vcrtical 
system was used as a cleaning device. 

Shredded automobile reject materials containing alumi­
num. copper, and zinc \'alues of about S55 per ton were 
air-classified in the horizontal elutriator. :'-:inety-six 
percent of the metal was recovered in a 74-percent metal 
concentrate. Tandem operation of both classifiers re­
cO\'ered 9~ percent of the metal in all 80-percent con­
centrate while rejecting 87 percent of the nonmetallics. 
Hea\'y media separation of the air-classified concentrate 
produced all o\'(,rall le(O\,(,r\' of 'II percent of the metal 
in the form of a 99-percent metal concentrate. 

TPR 32. An Evaluation of the Respirable Dust Sampling Pro-
gram in United States Underground Coal Mines, by 

D. P. Schlick. R. G. Peluso. and W. E. Byers. .\pril 
19i1. 20 pp. 10 figs .. -\s of June 30. 19iO. Federal 
regulations rcquired the operator of each underground 
coal mine to maintain the average concentration of 
respirable dust below legislative standards .. -\s of 'larch 
I, 19i1, over 152,000 respirable dust samples ha\'e been 
processed by the Bureau of ~lines. .\pproximately 75 
percent of underground working sections arc being 
sampled in accordance with federal regulations, Results 
indicate that 72 percent of the sections which hate com­
pleted at least onc basic samplillg- cycle arc belo,,' 3.0 
mg/m 3 , the standard in effect under the Federal Coal 
'line Health and Safety .\ct of 1969 (Public Law 91-173). 
:'-:otices of "iolation ,;'ere issued on 1.670 underground 
mines for failure to begin a sampling program; \\'ith­
drawal Orders were issued in 64 of these instances. 
:\'otices of \'iolation were issued on 1.121 sections where 
applicable dust le'els were exceeded; \\'ithdrawal Orders 
were issued in sevcn of these instances. There are 381 
mining sections currently operating on permits from the 
Inlerim Compliallce Panel. 

TPIt 33. Economics of Recycling Metals and Minerals From 
Urban Refuse, by P. ~1. Sullivan. and :\1. H_ 

Stancyzk. .-\pril 1971. 19 pp. 7 figs. A physical bene­
liciatioll Howsiteet was designed I" tite BlIreau of 'filles 
for reclaiming alld recycling metal alld milleral values 
contained in municipal incillcrator residues. and a con­
tinuous processing plant was installed, Residue samples 
collected from incinerators located in various parts of the 
country were processed at a rate of one-half toll per hour. 
Continuous screening. shredding. grinding, magnetic sep­
aration, and gravity concentration techniques were applied 
to procluce metallic iron concentrates. clean nonferrous 
metal composites, clean fine glass fractions. and fine car­
honaceous ash tailings. 

Research to de\'elop systems for refining and upgrad­
ing the reclaimed metals and glass into marketable prod­
ucts is also underway. From the engineering data devel­
oped in the continuous processing plant. evaluations of 
the capital and operating costs for plants with capacities 
"I' ~:")(), 400, 670. and 1.000 tOilS of dry incillcrator residues 
per day were made. Research on a parallel system to sep­
arate and recover the metals. minerals. glass, paper, and 
plastics from raw, unburned refuse is currently underway, 
as are studies on the use of air classification to separate 
the refuse into organic and inorganic fractions. 
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TPR 34. Preliminary Separation of Metals and Nonmetals 
From Urban Refuse, by K. C. Dean. C. J. 

Chindgren, and LeRoy Peterson. June 1971. 10 pp. 4 
figs. Horizontal and \'ertical air classification systems were 
treated indil'idually and in simulated tandem for the 
recOl'ery of ferrous and nonferrous metals. and of other 
noncombustible and combustible products from shredded 
urban refuse. The horizontal air system with a larger ton­
nage throughput was used to obtain preliminary separa­
tions. and a smaller capacity \ertical system was used as a 
cleaning device. 

Air elutriation, magnetic separation, and screening of 
shredded minus 6-inch municipal refuse reco\'ered 92 per­
cent of the metal in a relatively clean iron product con­
taminated only by adhering coatings or entrapped ma­
terials, recovered 97 percent of the combustibles in a 
9i-percent combustible product. and rejected 88 percent 
of the nonmetal noncombustibles. Cleaning of the pre­
liminary combustible fraction produced a 98-percent 
paper product while rejecting other combustibles (plastics, 
rubber, textiles, etc.) into a 94-percent combustible prod­
uct. Retreatment of the preliminary noncombustible 
fraction produced a relatively clean glass product. 

TPR 35. Low-Sulfur Fuel Oil From Coal, by Sayeed ;\klnar, 
Sam Friedman. and Paul i\I. Yamrsky. July 

19i1. II pp. I fig .. \ high-sulfur bituminous coal sus­
pended in coal tar was hydrosulfurized by continuous 
processing through a fixed bed of pelletized cobalt molyb­
date on alumina catalyst. under conditions of a highly 
tlIrbulent flow of hydrogen to pre\'ent obstruction of the 
flo\\' fluids and to promote catalnic contact. High yields 
of low-sulfur oil were obtained. The feed contained 
30 percent coal of 3.4 percent sulfur suspended in tar of 
0.6 percent sulfur. For process conditions of 4.000 psig 
and 4500 C, the yield of whole liquefied product was 94 
percent of the \dlOle feed. The product had 9 percent 
IJeJlZcne-insolubk residues amI only 0.3 percent sulfur. 
:\1ost of the sulfur was in the insoluble residues and was 
organic. By separating the insoluble residues. the whole 
product gave a 91-percent yield of benzene-soluble fuel 
oil having only 0.09 percent sulfur. For the milder condi­
tions of 2.000 psig and 4:)00 C. the whole liquefied product 
was 93 percent of the feed and had l!l percent insoluble 
residues and 0.4 percent sulfur. By separating the residues 
this product ga,'e an 8i-percent yield of fuel oil having 
onlv 0.14 percent sulfur. Commercially. part of the sepa­
rate oil would be recycled to suspend the feed coal instead 
of using the tar. Thus. tIle net product for fuel use would 
derive entirely from coal and is expected to have sulfur at 
least as low as reported above. This work presents a 
method for providing large ;llllOunts of low-sulfu), fuel. 

TPR 36. Recovery of Chromite and Silica From Steel Industry 
Waste Molding Sands, by P. G. Barnard. R. A. 

Ritdll'v. and H. Kenworthy . .Julv l'lil. 21 pp. 4 figs. 
:\1ost foundry molding sands are recycled within their 
plants until they become unusable through agglomera­
tion or because of excessi,'c coating with deleterious ma­
terials. This portion of the sand is then discarded since 
it no longer has the required properties. To eliminate 
this waste, a method was developed to clean the sand par­
ticles and reco\'t~r the valuable components by using 
phYsical separation techniques .. \ simple scrubbing fol-
10\\'cd by an oxidation roast is used to produce a quality 
sand which can be reuscd. If thc waste sands contain 
chromite. a magnetic separation will separate this rela-

tively expensive component after the cleaning treatment. 
A large steel foundry that has recently adopted the process 
for recovering chromite and silica from its waste molding 
sand is presently recovering for reuse about 20 tOilS of 
chromite and 80 tons of silica sand per day. (Out of print.) 

TPR 37. Production of High-Purity Synthetic Rutile From a 
Domestic Ilmenite Concentrate, by Gerald W. 

Elgcr and W. A. Stickney. August 1971. 10 pp. 3 figs. 
A new process under development by the Bureau of Mines 
for producing synthetic rutile from ilmenite is described. 
Rutile formation is based on oxidation and fluxing of 
titania slag produced by electric furnacing of ilmenite. 
Laboratory tests show that phosphorus pentoxide flux 
additions to oxidized slag enhance cOIll'ersion to rutile by 
forming a phosphate-based glass matrix. This matrix con­
tains most of the major impurities, induding the oxides 
of iron, aluminum, magnesium. manganese, and silicon. 
Rutile crystals of 5 to 150 microns in size were formed in 
slags heated to temperatures of 800 0 to 1,5500 C. The syn­
thetic rutile crystals \\'cre liberated from ground slag by 
treating with phosphoric acid to weaken the glass matrix, 
followed by attrition scrubbing. Rutile fractions analyzed 
as high as 94 percent titania content. In several instances, 
more than 90 percent of the titanium in the slag was re­
covered to yield combined rutile fractions containing 90.2 
to 92.6 percent titania. 

TPR 38. Natural Gas Storage With Zeolites, by Ronald A. 
Munson and Robert A. Clinton. JI'. August 

1971. 9 pp. 5 figs. Adsorption of methane on high­
surface-area materials, especially zeolites, is a potential 
means for increasing the on-"ehicle fuel storage capacity 
of vehicles using natural gas. Gravimetric methods have 
been employed to determine the room temperature ad­
sorption capacities of a number of high-surfacE-area ma­
terials at up to 1,000 psig. On all zeolites tested, except 
one. the initial rates of adsorption, representing better 
than 80 percent of the total adsorption, are fast. Two 
techniques for correcting crude high-pressure adsorption 
isotherms for nonadsorbed gas ha,'e been inn~stigated. ami 
it appears preferable to estimate the free volume using a 
fluid which cannot penetrate the pores of the zeolite. The 
potential of zeolites for gas storage is discussed. 

TPR 39. Rock Burst Research at the Galena Mine, Wallace, 
Idaho, by Wilson Blake. August 1971. 22 

pp. I i figs. A minewide, automatic rock-burst monitor­
ing system has been developed and field tested. Use of 
this system by mine personnel should allow rock-burst­
prone mine structures to be detected. recognized. and 
evaluated on a routine basis. 

In relat"d research. a burst·prone stop" pillar at the 
Galena mine was successfully destressed by blasting a 
single line of long holes in the footwall of the vein. As a 
result of "estressing. the pillar was fractured and softened: 
hence it yielded. releasing a large amount of stored elastic 
strain energy nonviolently. In addition, the high stress in 
the pillar was shifted ou t around the stope walls and in 
the sandfill. Both broad-band microseismic monitoring 
and seismic \·e!ocit\· sUITeys \\'('I'e used to e\'aluate th" 
destressing test. The mechanics of destressing were de­
termined by finite element computer model studies of 
dcstressing. Results of the held destressing test agreed 
remarkably with the predicted results from the computer 
model. 
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TPR 40. Fuel Additives and Automobile Exhaust Emissions, 
by R. D. Fleming, W. F. :-orarshall, and J. R. 

.\llsup. .~\ugust 19i1. 12 pp. 1 fig. The influence of 
fuel additives on automobile exhaust emissions was studied 
using engines currently found in the L.S. vehicle popu­
lation. The fud additives used in the experiment were 
four multifunctional additil'es and one lead antiknock 
additile. Experimental work was done to determine both 
the direct effect of the additive pn se 011 exhaust emis­
siolls and the influence of long~term additil'e effects on 
l'missions with mileage acculllulatioll. Results showed 110 

significant direct or intermediate eff{'ct on exhaust emis· 
sicHls for any additil'es tested. 

In subsequent experimental work concerned with the 
long-term or indirect effects of additil'es, the detergent­
dispersant additives were found to hal'e little influence 
on emissions when used in conjunction with high-quality 
oil and motor fuel. The lead (tetraethyl) antiknock ad­
ditile increased exhaust hydrocarbons 'approximately 12 
to i percent during a 4.000~mile accumulation periOlI 
using a base fuel containing 2 ml of tetraethyllead per 
galloll, ,\11 unleaded fuel lIas used during a similar ac~ 

cumulation period with no significant iner{'ase in exhaust 
hydrocarhons with mileag'e. 

TPR 41. Beneficiation of High-Clay Potash Ores by Flotation, 
bv Anhm B. Johllson, Jerollle 0, Crabtree. 

Thomas L. :-orc\'av. and Paul E. Bennett. September 
19i1. 12 pp, 2 figs. The Bureau of :-orines il1\estigated 
the concelltratioll characteristics of high~c1al' sv/l'anite 
ores from four potash companies operating in the Permiall 
Basin ncar Carlsbad. X. :-Okx. These ores. containing 13 
to 22 percent K~O and 3 to 7 percent clav slimes. cannot 
be effccti\ely proccssed by current commercial flotation 
methods because of their high slime contcnt. ,\ solution 
to this problem was shown to he the use of t\l'o-stage 
moderate scrubhing conditions and washing of thc ore as 
opl''''''d to strt.'uuous attritioning. 

Bench~scale physical beneficiation techniques for recov~ 
ering potash minerals and the del elopulent of ore·dressing' 
systems by flotation resulted in obtainiug acceptahle prod­
uct grades and recO\'eries. By usiug a coarse grind. em­
phasis was placed on the productiou of premium granular 
aud coarse products. Flotatiou results sh()\l'ed that con~ 

ceutrates of 58.i to 60.4 percelll K~O with recoI'cries of 
i 1.0 to 83,4 perrent of the K~O I ~dues can he ohtained. 

TPR 42. Spark-Source Mass Spectrometer Investigation of 
Coal Particles and Coal Ash, by T. Kessler. ,\. G. 

Sharkey, Jr.. and R .. ~\. Friedel. Septemher 1971. 15 pp, 
Spark·source mass spectrometry has been used to deter­
mine the amounts of minor and trace elemcuts in coal 
particles of various sizes, inc1udiug the respirable range 
« 5 mircons). Fifty-six elements ranging in concentra­
tion from 0.1 ppm wt to 5,000 ppm wt have been deter· 
mined. The i11\'estigation of coal and coal ash has ShO\\'ll 

that the organic material in coal does not interfere with 
the spark-source determination of the I'arious elements. 

TPR 43. Analysis for Mercury in Coal, b\' :-or. D. Schlesin~ 
ger and Hyman Schultz. September 1971. 

4 pp. :-orercury exists in coal at very low Iel'cls; the struc­
ture of coal. the vapor pressure of mercury. and its almost 
unil'ersal occurrence introduce unusual problems into the 

analytical methods. Round-robin analyses by sel'eral laho­
ratories, each using its own techniques. indicate that the 
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'[I'erage mercury content of coal is ahout 0,2 ppm. Some 
western coals are as low as 0,05 ppm, 

TPR 44. Mining and Conversion of Oil Shale in a Gas Com-
bustion Retort bv Siclne\' Katell and Paul \\'c1I~ 

mau. Octoher IV'I. 1'1 1;1" 2 figs. ,\n economic anahsis 
of one proposed system for the prodUction of sl'llthetic 
crude oil from oil shale is presented. ~\n oil shale complex 
for producing 100.000 barrels of sellliretined oil per calen­
dar day \vitI lTcluire a capital i11\ (stmcnt of S42(i,216.400, 
a total that includes mining. retorting. intermediate pipe~ 
lining. and partial refining. A selling price of ,'';:l.i4 per 
harrel of product will be rC'Iuired to maintain a dis~ 
counted cash~flow rate of 12 percent. 

TPR 45. Electronic Color Sorting of Glass From Urban 
Waste, by F, J. Palumbo, :-or. H. Stanc/lk, 

and 1'. :'II. Sullhan. Octo her Eli 1. 9 pp. ,\ figs, ,\n 
electronic color-sorting machine Il'as tested for rccOlning 
colorless glass concentrates from mixed glass products. 
·rhe tests Were tnadc lIsing golass rccovcred frOtH unin­
cineratcd (raw) urhan refuse and residues rc:sulting from 
the incineration of refuse. The results of the stlllh re­
I'caled that concentrates anah/ing' about S(i percent color­
less glass could be reu)\cred from mixcd unincinerated 
glass containing' ,;.f percent colorless glass material. RecoI­
erv of the colorless glass \I'as about (i~ percent. Color sort­
ing the incinl'l'all'd glass was someldlat more difficult. 
:'I[ultiple~stag'e processing was rl'quired to rec()\ er ,i9 per­
cent of the colorless glass material in a product anallzing 
89 percent colorles glass. The feed material anah/cd 41 
percen t culm'less glass. 

TPR 46. Combustion Disposal of Manure Wastes and 
Utilization of Byproducls, hy E. G. Davis. I. L. 

Feld, and .1. H. Brown, Januar~ 197:Z. 9 pp. I fig. 
,\gricultural manur{' wastes were combustcd in a ftuidi/ed~ 
bed reactor and a small rotaI'\' kiln as a method for dis~ 
posal c'Ombined with utili/ation. ,\s much as ~() percent 
weight reduction and 8,; percent I'ollilne reduction was 
obtained by iJurning' the 11l'II11trCS. Dry In;Jlllire burning 
ill lhl' fiuid·iJl'd reacto}' was "Il'If-~t1Sl;Jillill~, \\'!J{"reas \\ct 
manure rel!uired drying before it was hurned in a rotary 
kiln using additional heat. Heat halance estimations in~ 

dicated that preheating would bl' required to lJurn \I'et 
manure fed directly into the f1uid~bcd reactor. !Io\\'eler. 
lhl' estimation indicated that no (·"tra heat "'as needed 
in the process if the wet manItre was predricd with ex­
hausted comhustion gases bdore feeding to the fluid heel. 
The burned residues were pelletized and found suitable 
for usc both as a potassium and phophorus fertilizer and 
as a lime soil conditioner. 

TPR 47. Extraction of Molybdenum From Ores by Elec-
trooxidation, by B, J. Scheiner and R. E. 

Lilldstrom. January I Vi2. 9 PI>. ;) figs. Extraction of 
molybdenum from mO!lbdenite ore bv an electrohtic 
oxidation procedure was illl'estigated hv the Burcau of 
:-orines, Various parameters affecting molybdenum cxtrac~ 

tion. such as salt concentration, temperaturc. treatment 
rate, current density, and particle size. were studied. 

:'I[olyhdenllm extraction of 9,;.2 percent was achieved 
on a laboratory scale from an ore containing 0.3,; percent 
moh bdenite. Corresponding power consumption was 24 
kilowatt hours per pound of mol) bdennm extracted with 
a base consumption of 4.5 pounds of sodium carbonate. 
Laboratory and pilot plant experiments arc in progress 
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on low-grade mohbdellum COllcelltrates containing rhen­
ium anel copper. Preliminary results indicate that molyb­
denum extractions in the 90 to 99 percent range and 
rhenium extractions of ~I,-> to 99 percent can be ob­
tained witllOut appreciable oxidation of associated copper 
minerals, 

TPR 48. Clean Automotive Fuel. Engine Emissions Using 
Natural Gas, Hydrogen-Enriched Natural Gas, and 

Gas Manufactured From Coal ISynthane), bv D. B. Eccles­
ton and R, D. Fleming, February 19i2. 13 PI" 3 
figs. :'\alllral gas and mixtures of natural gas anel 
hydrogen were used as fuels in a laboratory engine 
to determine the relationship of emissions to air-fuel 
ratio anel to establish practical lean limits for air-fuel 
ratio. Synthetic gas manufactured from coal (Synthane) 
and natural gas wcre used as fuels in a vehicle to ohtain 
comparath'e data on emissions anel performance. Results 
showed that the lean limits for air-fuel ratio when 
using hnlrogen-enriched natural gas were extended sig­
nificant!>· beyond that of natural g'as. Synthane pro­
duced exhaust that was significantly less reactive than 
exhaust from 1I;ltural gas, \\'ith leall air-fuel ratios. the 
acceleration performance of a vehicle fueled with Syn­
thallC" "'as i1l1pr()\ed c()lll!,ared with ih !,"Ilormance "'hen 
fueled with nalllral gas. 

TPR 49. Clean Automotive Fuel. Laboratory-Scale Operation 
of the Synthan Process, by A. l hJllIl'Y. \\'. p, 

Haynes. J. J Elliott, and R. F. Kellny. l'ebruary 19i2. 
(i PI'. 4 ligs. .\ high-Btu gas was made at the Bruceton 
laboratories uf the Bureau of .\lines to demonstrate the 
feasibility of using the gas as a nonpolluting fuel for auto­
lJ1ohiks. The pilot plants at Bruceton had to he IT\ised 
to combine the processes of coal gasification. gas purifica­
tion, and catahtic mcthanation in one ()\'erall system. The 
gas product was tested at Bartlesville. Okla .. in their test 
autolllohiit:s, The results sho"'ed that the Synthane gas 
Was less polluting than natur;" gas, 

TPR 50, Processing the Plastics From Urban Refuse, by J. L. 
Holman. J. 13, Stephensou. and J. \\'. Jensen. 

February 19i2. ~O PI'. 9 figs, In conjunction with its 
reSl'al'Ch progralll on the .separation, rec()\ en. and re­
nding of metal. lllinlTal, and ellelg" -I>ased materials in 
urban refuse, the J3ureau of .\Iincs is developiug means 
I,) rellse and rende pLlStics discarded in raw municipal 
waste. Ex j>erilllen Lll "'ork on plastic waste from a com­
munity collection has produced some guidelines for sys­
tematic methods of processing. including air cJassilication, 
cleaning, separation, ancl use or disposal. Sink-fioat meth­
ods arc a practical me;Jl1S of separation into types, '\leth­
otis for lina I disposition of the plastic waste include 
rda brica tioll. thermal decomposition, and IIIcineration. 

TPR 51. Flotation of Pyrite From Coal, by K. J. .\Iiller 
and _,\, F. Baker. February 19i2. i pp. 

,\ t\\'()-stage froth flotation technique was de\eloped in the 
Iahoraton' to separate line-size pyrite from coal. The 
proccss consists of the initial flotation of a IS-percent 
solids coal slurry \\'ith a minim 11m of frothel'; the coarse. 
frec pyrite and other refuse are remo\'ed in the tailings. 
The froth product from this first stage is then rcpulped 
and treated with a coal depressant. a pyrite promoter, 
and a frother to float the I'cmaining fine-size pyrite or 

pnitc attached to coal particles, 
With the two-stage process, the pyrite sulfur content of 

a Lower Freeport bed coal sample was reduced from 1.78 
percent to 0.75 percent in the first stage, and from 0.75 
percent to 0.27 percent in the second stage with good 
clean coal recovery. 

TPR 52. Recycling of Steelmaking Dusts, by P. G. Barnard. 
A. G. Starliper. W. M. Dressel, and M, M. 

Fine. Febl'\l:Jry 1972. 10 pp. Methods are described for 
Ilp~radin~ steel furnace dusts to produce high-iron pellets 
for recyclin~. These dusts contain impurities, such as zinc. 
lead. and mpper. which reflect the character of the feed 
to the fUl'llace and the operation of the furnaces. 

Treanll'nt pl'Ocedures described include (I) pelletiza­
lion and reduction roastin~ to remO\'e lead and zinc. 
(2) suifation \\'ith sulfuric acid or SO." followed by 
leachin~ to rem()\T mpper amI zinc and pelletization and 
reduction to l'CmOYe lead and to metallize iron, (3) pel­
lc-tization of mixtures of dllsts containing carbon, zinc. 
and lead. followed by \'Oastin~ to eliminate these ele­
ments. and (4) pelletization and roasting of mixtures of 
blast furnace dusts. hasic-oxy~en-furnace dusts, and mill 
sca Ie, 

TPR 53. Upgrading Junk Auto Shredder Rejects, by L. J. 
Froisland. K. C. Dean, and C. J. Chindgren. 

.\larch 19i~. II Pl" '2 figs. Watl'r classification an,l 
hl'a\ v-media sink-float methods were inYestigated for con­
centrating metallic junk automobile shredder rejects, 
initially up~rarll'd to about i'>-percelll metal content in 
an air elmriation system. An 8-inch-diameter water 
elutrialion colulllu with a feed capacity of '2.7 tons per 
hour was constructed an,l operated. The I'esllits obtained 
were- COlli pared l\'ith those produced by sink-float methods. 
Tests made on duplicate samples of an intermediate-grade 
metal product \\'tTe successful in upgrading the metal con­
tent from i:; perccllt to 98.7 and 99.1 percent with respec­
till' recO\l'l'ics of 9;;.5 and 98.9 percent fm the water 
ciassiliea tioll alld sink-float procedures. Tentati\'e flow­
sheets f()r trcating junk auto shrcdder rejccts are outlined. 

TPR 54. Fate of Trace Mercury in the Combustion of Coal, 
I" R. C. Diehl, E. A, Hallman. H. Schull!. 

;llid ]{, J. lIaren. :-'Iay I 9i~. 9 PI'. 4 figs. Coal, flv ash, 
alld /lue gas samples Wl'J'e ;lllalHed for mercury by double 
g()ld ;IIJl;IIga ilia t iOll-fiamelc-ss atomic a bsorptioll spectro­
pIJOI(Jllll'tn. Thl' purpose ()f the slUd\' was to elucidatl' 
the fall' of the trace ml'lUU'\' in the coal "'hcll the coal is 
burned. Samples werc collect~d from a bellch-scale JOO-g,lhr 
c()mIJustor. a :;OO-Ib!hr combustor, alld three coal-buruillg 
p(}Werplallts. In all cases mercury was foull,l ill the fly 
ash. The amounts ranged from about !I to about 70 per­
Cl'llt of the llIercury in the coal that was burned. 

TPR 55. Deoxidation of Steel Using Waste Aluminizing Dross 
(A Feasibility Studyl, In Harry \'. Makar and 

Patrick J. Gallaghcr. July 19i~, 9 PI" 3 figs. An 
alulllilliling dross which is acnlInulatin~ as a waste ma­
terial in substantial quantities was tested for possible use 
as a stl'''' dc()xidizer, This material. consisting mainly 
of aluminullI. silicon, and iron, was use,l to dcoxidile 
lallDraton-seale IlIl'lts ranging from 7 to 100 pounds. 
()x~gen ana",is showed that the aluminizillg dross was 
dkcti\'l' in reducing oXYgen leyels ill stccl. A direct com­
parison with alumillum wire showed the dross material to 
be at least as l'fI'ecti\e. l'nder similar test conditions with 
I-pound melts. 3 grams of aluminum reduced the oxygen 
conccntratiou from ~10 to 17;; ppm, "'hile 4 grams of 
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"Iu,nini/ing dr"" (l'quivalent to approximately 2 grams 
aluminum) rl'duced the oxygen concentration from 2:;0 
to I iO ppm, .\n additional 4 grams of aluminizing dross 
produccd a final oxygen concentration of 140 ppm. 

TPR 56. Demonstration of Safety Plugging of Oil Wells 
Penetrating Appalachian Coal Mines, by C;. E. 

Rl'nnick. J, Pasini 111, F, E. Armstrong, and J. R., Abrams. 
lull' 19i2, 23 pp, II figs. An oil well penetrating the 
Pittsburgh bituminous coalbed in northern "'est Yirginia 
II"" plugged and safely mined through 3 months later. A 
,emitil" chemical tracer. introduced into the oil resern)ir 
before the test. was not ddected in the mine air follow­
ing the plugging and during mining of the pillar and 
penetration of the well. Effecti\'eness of the p'lugging in 
pre\'Cnting resern)ir gas from entering the mine through 
the lI'ell hole was I'erified by continuous monitoring of 
the mine air for indications of sulfur hexafluoride, an 
inert gas detectable in amounts as minute as 0.:) part pCI' 
billion, Expandable cement ami fl\' ash-gel·water s!tlrr\' 
were utili/cd to seal the well abOl'e and below the coal 
seam. Three other \\Tlls were also plugge(1 using larious 
techniques. 

TPR 57. Improving Nickel Extraction From Oxide Nickel Ores, 
bv Parkman T. Brooks and George M, Pot­

t<T, ~eptember !'li:!, -1 pp. .\ simple and low-wst 
roasting modification for imprOling nickel ('x traction 
from relatil'e!\' rdracton' and low-grade niLke!- and 
(,obalt-bearing lI'eathered serpentine lI'as demonstrated Oil 
a laboratol'l' scale using the reductile roast-amlllollia 
It",ch process, Reductile roastillg at iPiOo C of Il'eathered 
'l'l'pentille mixed with on Iv -1 pounds of pITite per toll 
of orC' enabled extracting 83 percent of the nickel. 
lI'hereas only 61l percent of the nickel was extractcd when 
pHite was not used, ImprO\cd nickel extraction was 
achieled with Philippine and Caribbean orcs, Little. if 
aliI'. improlement in cobalt extraction was gained using 
1)\ rite, 

TPR 58. A Hazard Evasion Program for Mine Planning, by 
Frank Ruskev and Richard C, Burdick, 

~c'l'tember 19i!.!. IH PI" III figs, This rq)()l't describes 
a (omputer program dClised b~ tire BlllC~1ll of ;\\ines to 
!Ilotkl C()~d·flljllillg- :-.ituatiolls where OUL' or Illure pallt'i:"l 
l'IIt"OUlIlt:l' oil or gas \VeIls. rrlie prugrall1 ~l'l'ks ill Sl'\ eral 
Irlll,drell trials to l'''lde tire wells if possibk or to Illilli­
mill' their intluelln' bv slrifting or skclI ing tire mine plan 
alldor adjusting tire centerlillc' dimensions of the l'II11'V­
,,,lIS. CPOII completion of computations, the pl'Ogra;n 
,orh tire hundred of models wlrich hal'C' been tested, 
and lists the 10 best with their associated parameters. It 
alSl' draws a mine plan of the best configuration shmdng 
the elltn ways alld crosscuts alollg "'ith the "lost" coal 
remaillillginlheharrierpillarsslllTolllHlillgthe\.arious 
wells. 

TPR 59. Preparing Magnetic Fluids by a Peptizing Method, 
hI' George W, Reimers alld Sanaa E. Khala­

f"lIa, September 1!li2. 1:1 pp. (; figs. Agglollll'l'atioll 

from matter in the nlOlecular state, rather than long­

term grinding and dispersion techlliques, was used to 

prepare magnetic colloids. Under optimum conditions, 

freshly prccipitated iron (II and Ill) hydrous oxides in 

all aqueous phase call be extracted illto an immiscible 

Ir~drocarboll phase by means of a trallsfer agent. Steric 

stabilization of the colloidal magnetic particles was 
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aCLomplislred by a suitable pcptlLlllg agellt which also 
acted as a dispersing agent. Rapid prcparation of large 
mlumes of magnetic fluids at a substantial sa\'ing in cost 
was accomplished at the Bureau of :\[illcs bv the pep­
ti/ation techllique. 

TPR 60, Solvents and Explosives To Recover Heavy Oif, Bart-
fett, Kansas, b\' Lannan J. Heath. F. Sam 

Johnson. and J, S. MilleI'. Scptembcr 19i2, 11 pp. 4 
ligs. Prelimillarv results of an explosil'e fracturing­
soln'llt injection healv oil recOl'cry experiment conducted 
bv the Bureau of :\[ines at a shallow oil resenoir ncar 
Bartlett, Kans" arc gil'l'n. Three lI'clls ~:; to ,,0 feet apart 
were drilled to a depth of 360 feet. and an open hole 
illtelTal from 300 to 3:;0 feet ill the Bartlesdlle Sandstonc 
Formation was explosilelv fractured with 3,000 pounds 
of pelletizc(1 T~T ill each "'ell. Laboratorv tests \\'l're 
made on cores obtained from these wells to contiI'm the 
suitabilitv of using an aromatic-tvpe so"'en!. Injection of 
a i-1 percent aromatic sohent was hegull illto one I,-ell 
alld cOlltillued intermittently for approximatelI' !.! months, 
Crude oil productioll amoullted to :!!I.(i han-els. or 11.7 
percellt of the total oil contailled "'ithill the three-well 
illterwdl Will'. 

TPR 61. Detection of Organic Compounds in Respiratory 
Coal Dust by High-Resolution Mass Spectrometry, 

In .J. L.~llultz, R. A. Friedel. alld ,-\, G. Sharkev . .II'. 
October 1!li2, Ii pp. 9 figs. The inl'estigatioll of 
orgallic LOIllPOlllllh in respiratory coal dl"t bv high­
rl'solutioll lIlass spectrometry has shown that till' orgallic 
compollll"S difIer (I) Idth particle sill'. (~) lI'iLl, rallk 
or coal. el) ill coals of same rallk from difIetTllt coal 
seams, allli (-t) ill respirable mine dust alld l'('spirabk 
coal dust (prepared) frOIll the saIlle mine. The eight 
respirable mille dusts studied arc from coal scams ill 
the ,\ppalachiall regioll where the illcidellce of coal 
I\lJlkers' p"eullloulIliosis is rdatilelv high. The Illolecu­
lar weights of till' major orgallic COIllP'lIlCllts \'an greatlv 
alll<1I1g' thest.' respirable Illille dust.;.: threl' sh{)\\' strollg 

COIILell na tiollS or pol I lIuclear a rOllla tic h\'(I roc a rholls, 

TPR 62. Field Study of Viscous Oil Production by Solvent 
Stimulation, Wilmington, California, bv II. .J. 

I.nlrll'lIberg. (;, L Catl's. "', II, Cll'aWay, alit! 0, C. 
Baptist. :'\o,,'mbl'l' 1!li2. I:! PI" ·1 figs. Pn'limillan 
r('~uILs ~H(' ght.'l1 of sohl'llt :-.lililuLitioll of l\\() \\('1I" 

I'WdllCillg lisLou, oil (Ho-17° API) hum the Tar IOlll' 
ill the Wilmillgtoll field, Califol'llia. The s()I\'(~nt (coker 
oil. all illtermediate refillery product) was injected illto 
the formatioll, alld after a soak pl'l'iod, the \\TII wa,s 
rl'llll'lll'd to plUdllCtioll. Data arc gil en Oil crude oil 
pwperties, SOhUlt properties, ,leterminatioll of \oluml' or 
soh'ellt ill the produced oil. rate of oil procluction hefore 
and after stimulation. \'OIUIlle or additional oil produced. 
alld loluIlle of soh'ellt recol'ned. Although further study 

all(l imprOlcmellt of the method are Ilcetled. cyclic 

SOIH'llt stimulation appears to be all ullqualified success 
in Olle 1\'(,11 alld a moderate success ill one other. 

TPR 63. Recovering Plastics From Urban Refuse by Electro-
dynamic Techniques, hy :\[ichael R, Crubbs alld 

Kellneth H, lieI'. December 19i2. 6 PI'. !.! figs. The 
Bureau of ;\li II eS is currently de"doping Illethods fo, 

reclaimillg the metal alld milleral \'alues contailled ill 

ullhurned urhall refuse. One important phase of the 
research deals with recO\'ering plastics from shredded 
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rduse using an l'kctl'O,hnamic process. The results of 
this sllldy han' indicated that mix(',1 plastic concentrates 
alJaluing 9!lA percent plastic Gill be consistently rl'COI­
ered from the light material fraction of shredded refuse. 
Ie~l\ ing a mixed paper fraLlion analyzing 99.9 percent 
pa per. Recm l'ry of the plastics ,'xcce,ls 99 percent. 

TPR 64. Tests for Analyzing the Incombustible Content of 
Coal Mine Dust Using Instruments Employing a 

Gamma-Ray Backscatter Technique, bv F. E. Armstrong 
0111(1 .J. R. Abrams. January I!li11. 9 pp. 4 figs. A pro­
gram with the objectil'c of dl'n'loping a fast. accurate 
instrumental method of analYZing mine dust for incom­
bustible content has beell unden,aY in the Bureau of 
;\linl's for seleral years. SCleral prototypc instruments 
making use of a gamma-ray backscatter technique han' 
resulted. Although extensil'e laboratory testing has shown 
that these instruments al'l' accurate under laboratory con­
ditiolJs. onlY extensile field testing l\'ill pl'O\,l' their ulti­
mate practicality and usdulness. This report shows that 
under most cOllditiollS these del ices arc at least as accu­
rate as the lolumetric ml'thod and much faster in use. 
Other data obtain('d during the same study concerning 
mine dust are presentl'd: these concern moisture content. 
sample hulk density distribution. and some particle size 
distribution information. 

TPR 65. Locating Uncharted Oil and Gas Wells: State-of-
the-Art, by I-'. E. .-\rmstl'<lIIg. January 19i!1. 

!l pp. () figs. Thl' BlIl'eau of Milles has conducted a re­
s<'arch p}'()~ram to s\'stl'matize the art of locating 1111-
lhartell and I<"t oil and gas wells that penetrate coal 
"'~llll'; this publication presl'nts a prcliminal'l' summan 
of its findings. Although no method or combination of 
methods l\'ill guarantee finding all uncharted and ahan­
donrll wells in a particular arl'a. at least 75 percent of 
such wells can be locatl'd by compiling and applying all 
information and using 1ll')(il'1'Il metal dell'ctors. 

TPR 66. Toxic Products From Burning of Fire-Resistant Ma-
terials, hI' .-\lIau F. Smith and Joseph M. Kuchta. 

Felll'uan 1!17:1. I!l PI" I~ ligs. The Burl'au of Milll's 
,,,((Iil'd to,ic pwdul'ls pmducl'd hI' burlling l'ig'ht lirl'­
resistallt mille COIIIl",)}' helts. a hrattiLe cloth. and all 
electrical cahlt- illsulatioll obtained fl'om laboratory-seait' 
hurnillg- L'Xpl'riUll'lllS ullder Yariolls air-How conditiulls. 
(,elll'l'alh. CO produl'l l'oIlLt'ntratiolls for most materials 
\\<'Ie notin:ahl\' hi~hl'l' thall the :"0" alld Hel kn'b 
Ihat \I'ere measured; abo. 110 phosgene I;'a, detected. How­
<,ll'I'. seHTal of the fire resistant helt samples yielllell 
lIel cOllcelltrations that Wl'l'l' abOle the reported lethal 
kl'l:1 lor \ ~- to I-hour exposures. although these data 
Werl' limtl'<1 10 fto\l' conllitiolls where air dilution effects 
Ill'}'!' small; the hl'lt materials that showed this behal"ior 
illcluded samples of poln'inyl chloride. styrene butadicne. 
'tl'}'cne hutadi,'nl' hlClllls. and a British ncoprl'ne which 
I'ielded the ~reatcst amount of toxic I'apor. In additioll. 
SOil'" results are presl'nted on thl' phosphoric acid COII­

"'lItlatiolls that mal' he produced from the decOlnposi­
tioll 01 ammollium dih\'(lrogcn phosphate whell dispersl'd 
Oil a hUl'lIing coalbed. 

TPR 67. Copper Recovery From Chalcopyrite 
Leach Procedure, bl' P. R. Haskett. 

;"1(1 R. E. Lindstrom. \larch I'l73. 1!2 pp. 

by a Roast­
D . ./. Bauer. 
4 figs. Sul-

latioll wasting of chalcoplTite concentrates. follo\l'ed by 
I"atl'r or dilutc acid leach, \I'as in\'(:stigatc,1 as an alterlla-

th'e to c'"ll'entional smelting. Copper sulfation was found 
to he effectil'ely promoted by the addition of materials 
such as Fe"O" to the furnace charge. COl1l'ersion of the 
copper to a soluble form was esscntially complete after 
roasting the mixed charge at 4000 to 600 0 C, using an 
Fe}),,-to-chalcopyrite concentrate weight ratio of 1:2. 

TPR 68, Detecting Hot Areas in Dumps With Handheld, In-
frared Scanners, by Raymond M. Stateham, 

April 197:1. 12 pp. R figs. A portable, handheld in­
frared scanller has been used to detect abnormal surface 
temperature on dumps of flood-generated U'ash near 
Wilkes-Barre, Pa. Three of eight dumps examined had 
thermal anomalies on the surface. indicating temperature 
buildup at depth. The anomalies found with the scanner 
"'ere I'eritied by measurements with a themocouple probe 
or a carbon monoxide detector. One week after the inyes­
lig'ation was completed, open fire broke out at the site of 
one of these thermal anomalies: about 6 weeks after the 
ill\ estigation. a thermal anomaly in another dump was 
I'erified when a trench was excal'ated in the dump. 

TPR 69. Simulated In Situ Leaching of Copper From a Por-
phyry Ore, by T. G. Carnahan and H. J. Heinen. 

;\Ial' l!l7:1. II pp. i fig-so Extraction of copper from a 
porphHy ore by sinlltlated in situ leaching techniques 
was ill\esti~atell by the Bureau of ~lines as a means of 
n'cOIcrillg copper from deeply buried sulfide deposits. 
EI\'ects of adding' sodium chloride antl nitric acid sepa­
ratch to sulfuric acid leaching systems under oxygen 
pressure \\'ere studied on a bendl scale to define cOIJ(Ii­
tions undl'r which copper could be extracted more eft'ec­
thell' from porphyry orcs. Charges of ore, crushed to YH 
inch. were leached under static conditions in the range 
of !25° to :WO o C and in the range of 14 to 400 psig 
oxygcn. Additions of sodium chloride or nitric acid to 
dilute sulfuric Ieachants were foullll to enhance dissolu­
tion of chalcopnite markedlY. Addition of I weight­
percellt sodium chloride or O.~5 perccnt nitric acid 
incrl'ased copper extractions obtained at ROO C with sul­
furic acid alone hy twofold and eightfold. respectin·ll'. 
IIlllkr thc test conditions. In addition, the ;'I; a" ion. 
"lolI~ l\'ith the fe':] and SO ,-" ions, forms a crystalline 
lIatrojarositl'. Precipitation of the codissoh-ed iroll as 
lTystallille lIatrojarosite, or millerals closely related to 

jarosite. )llTllIits cOlltinuous "'"l1al'! of the leach solution 
"'itll the particles of ore. purilies the pregnant solution 
with rl'spect to iron, anll redeposits the felTic iron con­
tellts as all inllocuolls nlillcral. 

TPR 70. Predicting Probable Roof Fall Areas in Advance of 
Mining by Geological Analysis, by'''. K. (her­

hey . .Jr.. C. A. Komar. and .J. Pasini Ill. Mal' 1973. Ii 
pp. II ligs. Surface fracture trace density. changes in 
roof rock tl'pe. and topographic unloading due to drain­
age were mapped for the mining areas located in the 
Black,,'illc-Osage. \\'. \'a .. quadrangles to il1\"Cstigate their 
illlllll'llCe on mine roof falls. l'sing these factors. a tech­
n i'lue was del'e1oped to predict pl'Obable roof fall areas 
ahead of projel'!ed mining operations. As a feasibilill 
t,'st of this proposed technique. areas were delin(,ated 
where one, two, and all' three of these factors were 
opl'rating to formulatc a "potential hazard map" for 
comparison with roof fall obsen'ation, that were made. 
The limited elidence sug~ests that in combination these 
factors are reliable predictors of where roof falls arc likely 
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to occur. This technique promises to he a useful tool in 
planning mining operations. 

TPR 71. Computerized System for Quantitative X-Ray Dif-
fraction Analysis of Pyrite in Coal, R. R. Schehl 

and R. A. Friedel. June 1973. !J pp. 7 figs. The 
Bureau of ~Iines has del"eloped a quantitati\'e analysis for 
p\Tite in coal by X.ray diffraction that can be accom· 
plished in little more than I hour. To minimize the 
,ample analysis lime. data processing has been completely 
computerized with pertinent output information displayed 
on a YRI2 cathode·ray tuhe display. l'se of this com· 
puterized system is not only a(h'antagcous during the 
experimental stages of the pyrite analysis project. but 
\\'Ollld also be essential if the X·ray diffraction procedure 
is accepted as a standard method of analysis. 

TPR 72. Airborne Asbestos Fiber Concentrotions in Asbestos 
Mines and Mills in the United States. hy Leonard 

Schutz. Walter Bank. and George "'eems. June 197:\. 
15 pp. 12 figs. Personnel of the Bureau of Mines haH' 
conducted ill\'estigations in the principal ashestos mines 
and mills in the United States to determine the concen' 
tration of airborne asbestos fibers in the workplace. and 
to establish the exposure of \I'orkers to such fibers. The 
sun'eYS were conducted using the samplillg- and e\·alua· 
tion method recommended by the :'\ational ]",titute for 
Occupational Safety and Health. The method cOllsists of 
u>llecting the airborne sample on filters and. after appro· 
priate sample preparation. countillg- the fihers utililing 
phase contrast microscopy. The results of the ill\"(·stiga· 
tion show that fiber concentrations are low in the asbest'" 
mines but hig-h in the asbestos mills. ranging \I'ell aho\"(' 
,j fibcrsiml of air hased on a count of tibers greater than 
,j ,um in length. 

TPR 73. Directional Properties of Coal and Their Utilization 
in Underground Gasification Experiments, by C. A. 

KOlllar. \\'. K. O\·erbey . .II' .. and J. Pasini III. :'\()\'ember 
1!1i3. II pp. !J figs. Rene\l'ed interest in the umler­
ground gasification of coal e\'olyes from cOll1prehensin' 
studies of earth fracture ,,'stems that indicate that the 
lIl()\'eml'nt of fluids can be' controlled in the coalbed. In 
particular. directional property studies of natural mino­
lissure oCCUlTence. permcability. ultrasonic \c\ocity. tensile 
strength and orientation of intclTals of inherent rock 
\ll'akness. to~l'lher with geologic ,tructu"e setting' awl 
fracture trace anahsis. can predict the gaseons AmI' paths 
in the coalbed. Ha\'ing this infonnatioll. the dominalll 
direction in which gases generated alld'or liberated b\' 
heat would mm'e call be determined so that approprial,· 
I"ell patterns can be de\·e!oped. Together \\'ith a(l\"ances 
made in drilling technology that penuit long horizontal 
holes to be drilled through the coal seams. tests can be 
conducted to determine whether directional control \I'ill 
permit de\'(.latilization of the coalbed and gasification of 
the remaining hot coke in a systematic manner to pro­
duce a low· Btu gas suited for the generation of electricity. 

TPR 74. Nuclear Meter for Monitoring the Sulfur Content of 
Coal Streams, by R. F. Stewart. A. \\'. Hal!. 

.I. \\'. Martin. W. L. Farrior. and A. 1\1. Poston. 1974. 
I I pp. !I figs. A nuclear meter based on measurement 
of prompt capture gamma rays is being ([e\'eloped for 
monitoring the sulfur content of coal streams. Equipment 
has been built to measure sulfur rapidly. and methods 
ha\'e hel'n de\'ised to compensate for changes in moisture. 
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ash. and hulk density of coal Aowing through a bill. Pilot 
plallt tests of the ,,"stem with \ario,,, additi\es to differ· 
l'nt coals show a precision and aCCllracy of O.O~ pncellt 
sulfllr and (UH percent sulfur. \'l·'pl'ctilely. Basl'd on 
these results. a hanll\'ired ml'ter has hl'en fabricated for 
testing in a commercial coal preparation plant. 

TPR 75. The Dustiness of Different Coal Seams, 1)\' R . .I. 
Sl'ibel an,1 F. E. 'IcCal!. 1974. !I pp. -l figs. 

.. \ statistical comparison of the dllst l'XPO'lIlTS of coal 
minl'rs with identical occupations in Pillsllllrgh. PoCt­
hontas. Freeport. and Killanning scams was conducted. 
Results indicated that. in some casl's. identical occupa­
tions hale difFl'rl'nt dust l'''p,,,ures in different seams. 
For example. the continllOns miller operator in the Pitts­
burgh alld Pocahontas scams is exposed to more dllst 
than the same in the Kittanning seam. hut the Kittannillg 
seam Itas more dllst along tlte I,aulage roads thall the 
othn seams. Also. a\'erage dust exposures for similar 
occupatiolls in ('ontillu()us alld COll\"l'lltiollal I11ining oper­

ations are silllilar. 

TPR 76. Analysis of Tars. Chars, Gases, and Water Found 
in Effluents From the Synthane Process, In' .. \Ibe't 

.f. (-'o .... l'\·. \\'illiam P. HaY,,,.:s. Stanle\' .I. Casior. (;!cnll E. 
JolnlSoll. alld .l0seph 1'. Strakl'Y . .II'. I!)i~. 9 Pl'. ~ figs. 
E\.ll"II"ii\l' sLLI<iit's Iia\"l' hel'll llladL' of the \"ariolls clllul'llt'" 
found ill lhl' SYlllilalic c()al-to-ga"i prnct'''i''i .. .\tlal~"'t's ha\(' 
beL'JI Blade of thL' \\'atl'r~. g-asl's. and trace elenll'nl'-i pre ... -
l'llt in some of th(' streams. R('sults of all"l\v's show thl' 
wall'r dflul'llts are the area wherl' eXll'nsi\e r",l''' I'd , is 
nl'edl'd. 

TPR 77. Noncaking Coal Gasified in a Stirred-Bed Producer, 
by R. Y. Rahfuse. C. B. (;off. and A .. .J. Libera­

tOle. ~Iar(h 1')74. 8 pp. 3 fi~s. :'\ollcaking- 0- b\' 
:2-inch suhbitumillous A coal from :'\l'W ~Iexi(o lI'as gasi­
lied \I'ith air ",,,I steam at ~O:-; psig lhing a stirred-bed 
producer to dL'll'rminl' coal losses b\' l'ntrainml'nt in thl' 
gas for this Iml'-su]fur. hig·h·ash coal which c,,"lainl'd 
:!() percent partides smaller than I; lIi·inch sil'\<' sill'. TIlt' 
usc' or linl' sited c"al has partilular importallce becausl' 
(lloSl productioll fl'OIIl rllL'cllalli/L'd nlincs i..; ~[naiIcr thall 
:2·illcl, ,ill'. This illitial attl'mpt sll(JI\'l·t\ ted,"ical rcasi­
iJilily for gasif~ ing- :\'e,\· ~ll'xi("() ~lIbbilllIlljll()US c()al LOII­

tainill~ small-si/l'd partidl's ill lis-ed-bed producers \lith· 
out L'~cL's .... i\L' coal loss hy elllrailllllL'lIl. DU'oil loss a\L'raged 
about ~ pl'rtl'lIt of IlloislUrl'-frl'l' Loal. Ill()~l of which was 

rl'un'ned from the gas. Ash clinkeriug- was controlll'd b\' 
addillg I.OIU IIl'hr steam to reduce tl'mperatures ill the 
combustioll Will'. Yield of low·Btu fuel gas. 1"'0 Btu pl'r 
scr. dry. alllouuted to li9.H()O sdh from 1.·l')O Ib 'hr coal 
(as ,wei\l'd) ami :I,-t,-;() lb'hr air (dr\'). 

TPR 78. Blast Noise Standards and Instrumentation, In 
Da\'id E. siskilld and Char\('s R. Summers. 

~lay 1!17-l. 18 pp. Ii ligs. .-\ Bur('au of ~Iilles Sln\e\, 
of lloise from quarry productioll blastillg was cOllducte;1 
at sel'l'n crushed-stone quarries. pnn'iding information Oil 
close·in lIoise generation. comparatiyl' instrumentation. 
alld el'aluatioll of the sound le\'els as related to hlasting 
parameters and existillg' State and local noise standards. 
The results from this preliminary snn'eY l\'ill be useful 

ill the design of a complete in""stigation of the problem 
of noise from blasting. There exists an immediate need 
for technical guidelines for noise pollution control agl'lI­

cies presently working on the regulation of impulsil e 
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III.ise soUrces. This SIllTe\' and results from pre\'ious work 
by othcr rcscarchers arc used to derive interim recommen­
dations on weighting scalcs. generated sound levels, and 
instrumentation. These recommendations arc based on 
the limited data prescntly a\'ailablc and may be modified 
"'ith subsequent invcstigation of noise generation, propa­
gation, structural damage, and human tolerance. 

TPR 79, Effect of Increasing Plastics Content on Recycling of 
Automobiles, by K. C. Dean, J. \V. Sterner, and 

E. G. \'aldez. May 1974. 14 pp. :; figs. Changes in 
the types of materials lIsed for the constrllction of ]'eccnt 
automobile models have occasioned a re\'iew of the con­
tinued applicability of CUlTcnt recycling techniques. Plas­
tics arc being used incrcasingly in late model cars. To 
e\'aluate the changes occulTing, a 1972 Mercury Montego, 
fUl'llished by the Ford ;o.[otor Co., was completely dis­
mantled and analned, and the composition "'as compared 
"'ith that of a composite automobile from 15 yehicles 
rallging in date of manufacture from 1954 to 1965 and 
dcsignated as a circa 1960 model. The composite vehicle 
containpci about 26 poullds of plastics, while the 1972 
model cOlltained over four times that quantity. Thc in­
creasillg use of plastics in automobiles suggcsts that 
research to imprm'c thc economic potentiality of plastics 
recYcling is warranted. ',"ork dOlle ill cooperation with 
the Ford :'I[O!OI' Co. 

TPR 80. Remote Sensing of Potential Spontaneous Combus-
tion in Coal Mines, by Raymolld :'II. Stateham. 

:'Iray 1974. 9 pp. 5 figs. The Bureau of Mines used 
portable infrared scallners to examinc the surface of 
pillars and faces ill the Somerset mille Ileal' Somerset. 
Colo. Zones of temperature llllildup, indicati\'e of poten· 
tial combustion. '\'('re detected "'ith the scanllers: their 
existcnce was verified by temperature measurements with 
conH'lltioual inqnnnelltatioll. Temperatures of 3~o to 

(i:'O C were measured on surfaces ,dth normal tempera· 
tUlt,·s of :'6° to :1,;° C. The infrared instruments and 
techniques appeared to offer a rapid and efficicnt method 
for locating potellti:ll trouble spots in mines susccptible 
to fin's caused by "P()lIt~IIlC()US conlhu"lioll. 

TPR 81. An Economic Analysis of Oil Shale Operations Fea-
turing Gas Combustion Retorting, by Sidney Katell 

and Paul "-ellman. September Eli4. Itl pp. I fig. 
This report is primarily inl'ol\'ed \I'ith the economics 01 
producing a high-quality, semirefincd shale oil (Syn­
crude) from oil shale. The study emisions t\l'O options 

5t;:;-3j[, [) - .5 - 12 

for Svncrllde production. !i0,000 and 100,000 barrels peT 
calendar day. with an integrated system of underground 
mining. abO\'cground processing, and waste handling. The 
50,000-barrel-per-day complex will require a capital in­
\'estment of .";279.450,100 (excluding land cost) and will 
proyide a discounted cash flow (DCF) rate of 12 percent 
at a Syncrude selling price of $5.66 per barrel. The 
larger complex will require a capital im'estment of 
~522,375,400. but the Syncrude selling price declines to 
<::5.15 per barrel to yield the 12 percent DCF. 

TPR 82. Preliminary Evaluation of Underground Coal Gasi-
fication at Hanna, Wyo., by G. G. Campbell, C. 

F. Bran,lenburg, and R. M, Boyd, October 1947. 14 
pp. 9 figs. The Bureau of Mines initiated a field test 
of underground coal gasification to inyestigate the tech­
nologic feasibility of gasifying a subbituminous coal. 
The tcst site is ncar the !Own of Hanna, \\7yO .. about 
70 miles nonhwest of Laramie. Preliminary results of the 
expcriment arc described. The coal was ignited in the 
central well of a 16-well pattern. Both forward and 
re'erse combustion techniques wcre attempted to prepare 
a path of sufficicnt permeability to pcrmit the high air 
injectioll rates Ilecessary for gasification. Gasification be­
twecn linked well bores was sustained for periods as long 
as 3 months. Hy,lrogen-rich gas haying a heating' yalue 
of 100 to 150 Btu/scf was produced. 'Vork done in coop­
eratioll with the Uni\'ersity of "·yoming. 

TRP 83, Cable Whip in Shuttle Car Trailing Cables, by 
G . .J. COIll'OY and D. Giroux. October 1974. 

(i pp. !i figs. Cable whip occurrillg during normal 
1lI0\'elllent of a shuttle cal' can result in a personnel 
hazard and excessi\'c tensiolls in the cable. This Bureau 
of Mines report discusses prefcITed payout and reel-in 
torque settillg's to ]'educe cable whip. A simplified adjust­
lIIent procedure is deSlTibed. 

TPR 84. In Situ Combustion of Coal for Energy, hy Robcrt 
F. Chaikell. :-;()\ellllJl'r 1974. 12 pp. 3 figs. 

.\ cOlln']>t of dfidl'1Il lhermal enngy generation through 
the ill sitLl combustion of coal alld the onsite cOIl\'ersioll 
of that ellergy to electricity is discussc,\ and shown to 
offer ,\istinct a(h-anlages in the utilization of U.S. coal 
resel'\es. Analysis of data from prc\'ious underground coal 
ga,ilication projects suggests that coal can be efficiently 
hurned UlH\erground and that the burning process should 
be maintainable for time periods sufficient to power a 
commncial electricity generation plant. 
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IG 1. Coal Mine Ventilation, by Division of Education 
and Training Services, Bureau of ~fines. April 

1972. 85 pp. 32 visuals. This course has been de· 
\'eloped to increase the miners' knowledge of good ven­
tilation practices in e\'eryday work situations and to 
instruct them in maintaining adequate face \'entilation in 
accordance with their ventilation plan and the provisions 
of the Federal Coal Mine Health and Safety .-\ct of 1969. 

IG 2. MSA W-65 Self Rescuer, by Division of Education 
and Training Services, Bureau of Mines. :-'[arch 

1972. 23 pp. 12 visuals. The self rescuer is a device to 
be used in case of emergency for escape through at­
mosphere containing carbon monoxide present in the air 
following a fire or explosion, .-\ll personnel in under­
ground mines need to know how to use a self·rescuing 
device and to be aware of its limitations. 

IG 3. Drager 810 Respirator for Self Rescue, by Division 
of Education and Training Services, Bureau of 

:\fines, :-'[arch 1972. 20 pp. 10 visuals. The self res· 
cuer is a small gas respirator designed to protect the 
wearer from carbon monoxide present in the air follow­
ing a fire or explosion. It is small enough to be carried 
on one's belt or machine and thus be readily available in 
case of an emergency. 

IG 4. The MSA Hydrogen Sulfide Detector, by Division of 
Education and Training Services, Bureau of 

~[ines. April 1972. 34 pp. 16 visuals. The purpose of 
this course is to enable a person who is unfamiliar with 
the MS.-\ hydrogen sulfide detector to learn the proper 
operation and care of the instrument. The hazards of 
hydrogen sulfide are discussed. 

IG 5. MSA Nitrogen Dioxide Detector, by Dh'ision of Ed· 
ucation and Training Services, Bureau of :\fines. 

April 1972. 34 pp. 18 visuals. The purpose of this 
course is to instruct personnel in the proper use and care 
of the :\ISA :\,itrogen Dioxide Detector and to acquire a 
knowledge of nitrogen dioxide and its hazards. 

IG 6. G-70 Permissible Methanometer, by Division of 
Education and Training Services, Bureau of 

~1ines. :-'[ay 1972. 34 pp. 16 visuals. The purpose ot 
this course is to instruct underground mining personnel 
in the proper use and care of the G-70 methanometer. 

IG 7. Permissible Methanometer M-402, by Didsion of 
Education and Training Services, Bureau of 

:\[ines. April 1972. 31 pp. 10 visuals. The purpose 
of this course is to instruct underground mining person· 
nel in the proper use and care of the ~[S.-\ :\1-402 
methanometer. 

IG 8. Hand-Held Permissible Methane Indicating Detector, 
by Division of Education and Training Sen-ices, 

Bureau of Mines. June 1972. 33 pp. 14 visuals. The 
purpose of this course is to instruct underground mining 
personnel in the proper use and care of the Bacharach 
Permissible Methane Indicating Detector. The guide 
offers a well·delineated course outline, visual material, 
and suggestions to the field instructors on methods for an 
effective course presentation. The use of a training model 
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of the instrument as well as additional audiovisual rna· 
terials available from the Bureau of ~[ines is en­
couraged. 

IG 9. MSA Permissible Methane Spotter, by Division of 
Education and Training Sen'ices, Bureau of 

:\1ines. :\[ay 1972. 38 pp. 16 visuals. The purpose of 
this course is to instruct underground mining personnel 
in the proper use and care of the methane spotter. 

IG 10. Fundamentals of Noise Measurement, by Didsion 
of Education and Training Services. .-\pril 1973. 

/ / pp. 31 visuals. The purpose of this course is to in­
struct all mining personnel in the requirements and 
methods set forth in the Federal Coal :\[ine Health and 
Safety Act of 1969 with regard to periodic noise surveys 
and methods used to combat undesirable environmental 
noise conditions. 

IG 11. Introduction to Courses in Oxygen Deficiency and 
Methane Detecting Devices, by Didsion of Educa­

tion and Training Sen'ices. Bureau of :\[ines. September 
1972. 8 pp. The purpose of this course is to train per· 
sons invoh'ed in testing mine atmospheres in the proper 
use of oxygen deficiency and methane detecting dedces 
approved by the Bureau of :\1ines. .-\ goal of the course 
is to aid miners in developing a basic knowledge of the 
Federal Coal :\[ine Health and Safety .-\ct of 1969 regard­
ing oxygen deficiency and methane detection. 

IG 12. Riken Gas Indicator (Type 17, 18, and 21 I, by 
Division of Education and Training Services, 

Bureau of :\[ines. October 1972. 36 pp. 14 visuals. 
The purpose of this guide is to aid field instructors in 
training underground mining personnel in the use and 
care of the Riken Gas Indicator. The course materials 
are amply supplemented with visual materials. 

IG 13. Bacharach Monoxor Carbon Monoxide Indicator, by 
Dh'ision of Education and Training SC1Tices. 

:\'O\'ember 1972. 46 pp. 17 visuals. The purpose of 
this guide is to aid field instructors in the teaching of 
the proper operation and care of the :\[onoxor Carbon 
:\fonoxide Indicator to underground mining personnel. 
Included is a course outline and ample visual materials. 

IG 14. MSA Explosimeter, Model 2A, by Di\'ision of Edu-
cation and Training Senices. October 1972. 27 

pp. 9 visuals. The purpose of this instruction guide is 
to instruct underground mining personnel in the proper 
use and care of the :\[SA Explosimeter. A course outline 
and visuals are included. 

IG 15. Koehler and Wolf Permissible Flame Safety Lamps, 
by Division of Education and Training Services, 

Bureau of Mines. 52 pp. 24 visuals. The purpose of 
this training guide is to aid field instructors in their 
presentation to underground mining personnel the use 
and care of the flame safety lamp. The lecture materials 
are amply supplemented with visuals. 

• In 1973 responsibility for the Instruction Guides was trans­
ferred to the ~lining Enforcement and Safety Administration, G .S. 
Department of the Interior. 
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IG 16. Principles of Mine Rescue, by Division of Edu-
cation and Training Services. November 19i2. 

104 pp. 34 dsuals. The purpose of this guide is to 
aid field instructors in the presentation of the principles 
involved in mine rescue operations to underground 
mining personnel. The course is well outlined and 
amply illustrated. 

IG 17. Roof and Rib Control, by Division of Education 
and Training Services. February 19i3. 85 pp. 

22 visuals. The purpose of this instruction guide is to 
de\'elop in mining personnel a total awareness to the 
danger of injuries and fatalities sustained from falls of 
roof, face, and ribs, and to acquaint these personnel with 
methods for preventing such falls. 

IG 18. MSA Carbon Monoxide Tester, by Division of Edu-
cation and Training Services. Xovember 19i2. 

38 pp. 20 visuals. The purpose of this guide is to aid 
field instructors in the presentation of the proper use 
and care of the ~IS"\. Carbon ~lonoxide Tester to under­
ground mining personnel. The course is outlined and 
ample visual materials are included. 

IG 19. Mine Emergency Training, by Division of Edu-
cation and Training Sen ices, Bureau of ~lines. 

September 19i2. 47 pp. 15 dsuals. This course was 
devised to instruct miners on how to handle themselves 
if an emergency occurs in their particular mine. The 
guide offers a well-delineated course outline, visual ma­
terial, and suggestions to the field instructors on methods 
for an effective course presentation. 

IG 20. Audiovisual Guide, by Division of Education and 
Training Sen'ices, Bureau of ~Iines. September 

19i2. 70 pp. This manual was developed to aid field 
instructors in the use of audiovisual materials and equip­
ment. It is amply illustrated in addition to being clearly 
and concisely written. 

IG 21. Scolt/Draeger BG 174 Mine Rescue Apparatus, by 
Division of Training and Education Operations, 

Bureau of ~1ines. October 1972. 47 pp. 64 visuals. 

This Instruction Guide was developed to provide a 
source of basic information and visual material to assist 
mining personnel in the training of mine rescue. 

IG 22. Auxiliary Rescue Apparatus, MSA Chemox, by Divi-
sion of Education and Training Services. Octo­

ber 1972. 30 pp. 36 visuals. This instruction guide 
was developed to provide a source of basic information 
and visual material to assist mining personnel in the 
training of mine rescue using the Chemox mine rescue 
apparatus. The goal is to have adequate personnel in 
the mining industry capable of conducting rescue and 
recovery operations following mine fires and explosions. 

IG 23. MSA McCaa Mine Rescue Apparatus, by Division 
of Education and Training Operations. October 

19i2. 45 pp. 62 visuals. This instruction guide has 
been developed to provide a source of basic information 
and \'isual material to assist mining personnel in the 
training of mine rescue. The goal is to have adequate 
personnel in the mining industry capable of conducting 
rescue and recovery operations following mine fires and 
explosions using the ~fcCaa mine rescue apparatus. 

IG 24. Instructor Training Guide, by Division of Education 
and Training Sen·ices. April 19i3. 50 pp. 8 

visuals. This is one of a series of instruction guides 
developed to help health and safety instru((ors in the 
presentation of safety training courses to the people of 
the mineral industry. The purpose of this course is to 
provide the fundamentals of instruction for potential 
instructors and to serve as a refresher for experienced 
instructors. 

IG 25. Job Safety Guide. Continuous Miner Operation, by 
Division of Education and Training Services. 

.-\pril 1973. 34 pp. This job safety course has been de­
veloped to provide mining personnel with the necessary 
knowledge that will enable them to eliminate or control 
unsafe conditions or acts which contribute to accidents 
and injuries relative to the operation of a continuous 
mining machine. 
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MINERAL INDUSTRY SURVEYS 

Mineral Industry Surveys are processed reports 
that contain statistical and economic data on 
various mineral commodities. These reports are 
issued at regular intervals so that information 
on mineral commodities may be made available 
quickly and in a convenient form. Most of the 
data contained in these reports appear in perma­
nent form in the Minerals Yearbook. These 
reports may be obtained from the Publications 
Distribution Branch, Bureau of Mines, 4800 
Forbes Avenue, Pittsburgh, Pa. 15213. The list 
of Mineral Industry Surveys being published In 

1974 follows: 

WEEKLY 

Bituminous Coal and Lignite. 
Pennsylvania Anthracite. 

Aluminum Industry. 
Cement. 
Chromium. 
Cobalt. 

MONTHLY 

Coke and Coal Chemicals. 
Copper Industry. 
District V Petroleum Statement. 
Fuel Oils by Sulfur Content. 
Gold and Silver. 
Iron and Steel Scrap. 
Iron Ore. 
Lead Industry. 
Lime. 
Manganese. 
Molybdenum. 
Natural Gas. 
Natural Gas Liquids. 
Nickel. 
Petroleum Statement. 
Sulfur. 
Tin. 
Tungsten. 
Vanadium. 
Zinc Industry. 
Zinc Oxide. 

Antimony. 
Bauxite. 
Bismuth. 

QUARTERLY 

Bituminous Coal and Lignite Distribution. 
Cadmium. 
Carbon Black. 
Cobalt Refiners. 
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Copper Sulfate. 
Ferrosilicon. 
Fluorspar. 
Gypsum. 

QUARTERLY 

~[agnesium, Primary. 
:\fercury. 
Platinum·Group :\fetals. 
Selenium. 
Titanium. 

ANNUALLY 

Abrasive :\faterials. 
Aluminum and Bauxite. 
Antimony. 
Asbestos. 
Asphalt Sales. 
Aviation Turbine Fuels (Petroleum Products Sun'ey 8-1) . 

Prepared in cooperation with the .-\merican Petroleum 
Institute. 

Barite. 
Beryllium. 
Bismuth. 
Boron. 
Bromine. 
Burner Fuel Oils (Petroleum Products Surwy 86). 

Prepared in cooperation with the American Petroleum 
Institute. 

Cadmium. 
Calcium·:\fagnesium Chloride. 
Carbon Black. 
Cement. 
Cesium and Rubidium. 
Chromium. 
Clays. 
Cobalt. 
Coke and Coal Chemicals. 
Coke Distribution. 
Coke Producers. 
Columbium and Tantalum. 
Commodity Data Summaries. Preliminary data, in sum-

mary form, for most metals, nonmetals, and fuels. 
Copper. 
Diatomite. 
Diesel Fuel Oils (Petroleum Products SurYey 87) . 

Prepared in cooperation with the American Petroleum 
Institute. 

District V Petroleum Statement. 
Explosives. 
Feldspar. 
Fluorspar. 
Fuel Oil Sales. 
Gem Stones. 
Gold and Silver. 
Graphite. 
Gypsum. 
Iodine. 



Iron and Steel. 
Iron and Steel Scrap. 
Iron Ore. 
Kyanite. 
Lead. 
Lime. 

ANNUALLY 

Liquified Petroleum Gas Sales. 
Lithium. 
I\Iagnesium and ~fagnesium Compounds. 
Manganese. 
~Iercury. 

Mica. 
Minor :-':onmetals. 
Molybdenum. 
Motor Gasolines, Summer (Petroleum Products Suney 83) . 

Prepared in cooperation with the American Petroleum 
Institute. 

~Iotor Gasolines, "'inter (Petroleum Products Survey 85) . 
Prepared in cooperation with the American Petroleum 
Institute. 

:'I.·atura! Gas. 
:\ickel. 
Kitrogen. 
Peat Producers. 
Pennsylvania A.nthracite Distribution. 
Perlite. 
Petroleum Refineries in the United States and Puerto 

Rico. 
Petroleum Statement. 
Phosphate Rock. 
Platium-Group ~fetals. 
Potash. 

ANNUALLY 

Pumice. 
Rare-Earth Elements and Thorium. 
Rhenium. 
Salt. 
Sand and Gravel. 
Slag-Iron and Steel. 
Selenium and Tellurium. 
Sodium Compounds. 
Stone. 
Sulfur. 
Talc, Soapstone, and Prophyllite. 
Tin. 
Titanium. 
Tungsten. 
Uranium. 
Vanadium. 
Vermiculite. 
World Crude Oil Production. 
World Mineral Production. 
World Natural Gas. 
Zinc. 
Zirconium and Hafnium. 

BIENNIALLY 

Natural Gas Processing Plants. 

TRIENNIALLY 

Crude Oil and Product Pipeline Mileage in the United 
States. 

FOREIGN MINERAL REPORTS 

Foreign mineral reports are issued to assist 
domestic producers and consumers of mineral 
commodities to keep abreast of developments in 
the minerals industries and markets abroad and 
provide a brief summary of significant informa­
tion from U.S. Foreign Sen-ice offices and other 
sources, which may otherwise not be made avail­
able to the general public. These publications 
may be obtained from the Publications Distribu­
tion Branch, Bureau of l\lines, 4800 Forbes Ave., 
Pittsburgh, Pa. 15213. 

International Coal Trade. Issued monthly. Summarizes 
the latest salient statistical and economic data on world­
wide coal trade. 

~fineral Trade :-':otes. Issued monthly. Provides selected 
news notes and brief economic information on a variety 
of mineral commodities (except fuels) throughout the 
world. 

International Petroleum Annual. Provides data for nearly 
all countries outside the Soviet bloc on production; 
imports and exports, showing countries of origin and 
destination; refinery runs of crude oil; calculated de­
mand for major refined products; and world retail 
prices and taxes for refined petroleum products. 
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COOPERA liVE PUBLICA liONS 

WITH THE STATE OF FLORIDA 
DEPARTMENT OF NATURAL RESOURCES, 

DIVISION OF INTERIOR RESOURCES, 
BUREAU OF GEOLOGY 

FNR 1-71. Land Use Conflicts and Phosphate Mining in 
Florida, by John W. Sweeney. 1971. 42 pp. 

6 figs. Florida Bureau of Geo!. Inf. Circ. 72. 

WITH THE GEOLOGICAL SURVEY, 
U.S. DEPARTMENT OF THE INTERIOR 

The \\Tilderness Act (Public Law 88-577, Sept. 
3, 1964) and the Conference Report on Senate 
Bill 4, 88th Congress, direct the Geological Sur­
vey and the Bureau of :\Iines to make mineral 
surwys of wilderness and primitive areas. Areas 
officially designated as "wilderness," "wild," or 
"canoe" when the act was passed were incorpo­
rated into the i\ational \Vilderness Presen'ation 
System. Areas classified as "primitive" were not 
included in the \Vilderness System, but the act 
provided that each area should be studied for its 
suitability for incorporation into the \Vilderness 
System. The act also directs the Secretary of the 
Interior to review roaclless areas of 5,000 contig­
uous acres or more and every roaclless island 
within the national wildlife refuges and game 
ranges uncler his jurisdiction, and to report the 
suitability or nonsuitability of each area or 
island for preservation as a wilderness. The 
mineral surveys of the primitive areas, wildlife 
refuges, and game ranges are one aspect of the 
suitability studies. 

GS 1-70. Mineral Resources of the Emigrant Basin Primitive 
Area, California, by E. '\'. Tooker, H. T. ~[or­

ris. and Paul V. Fillo, with a section on geophvsical 
studies by H. W. Oliver. 19iO. Geo!. Suney Bul!. 1261-
G. iO pp. 19 figs. I p!. SI. 

GS 2-70. Mineral Resources of the Ague Tibia Primitive 
Area, California, by William P. Irwin, Robert 

C. Greene, and Horace K. Thurber. 19iO. Geo!. Survey 
Bull. 1319-.\. 19 pp. 3 figs. I pI. 65 cents. 

GS 3-70. Mineral Resources of the Jack Creek Basin, Madi-
son County, Montana, by George E. Becraft, 

Thor H. Kilsgaard, and Ronald ~I. Van :\'oy. 19iO. 
Geo!. Survey Bul!. 1319·B. 24 pp. 3 figs. 2 p!. 65 
cents. 

GS 4-70. Mineral Resources of the Gore Range-Eagles Nest 
Primitive Area and Vicinity, Summit and Eagle 

Counties, Colorado, by Ogden Tweto, Bruce Bryant, and 
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Frank E. "·illiams. 19iO. Geol. Survey Bul!. 1319·C. 
12i pp. 23 figs. 2 p!. 51.50. 

GS 5-70. Mineral Resources of the Sawtooth Primitive Area, 
Idaho, by Thor H. Killsgaard, Val L. Free­

man, ancl Joseph S. Coffman. 19iO. Geo!. Survey Bul!. 
1319·D. lie! pp. 29 figs. 2 p!. Sl.i5. 

GS 6-70. Mineral Resources of the Black Range Primitive 
Area, Grant, Sierra, and Catron Counties, New 

Mexico, by George E. Ericksen. Helmuth '\'eclow, Jr., 
Gonion P. Eaton, and George R. Leland. 19iO. Geo!. 
Suney Bul!. 1319-E. 162 pp. 16 figs. 2 pI. <;2.25. 

GS 1-71. Mineral Resources of the Glacier Primitive Area, 
Wyoming, bv H. C. Granger. E. J. ~[cKav, 

R. E. :\fattick, Lowell L. Patten, and Paul :\fcIlrov. 19i1. 
113 pp. Ii figs. 2 p!. Geo!. Suney BllI!. 1319·F. Sl.i5. 

GS 1-72. Mineral Resources of the Pasayten Wilderness 
Area, Washington, bv ~fortimer H. Staatz. Paul 

L. Weis, Rml'iand '\'. Tabor. Jacques F. Robertson, 
Ronald ~r. Van :-':oy. Eldon C. Pattee, and Dean C. Holt. 
with a section on aeromagnetic interpretation hy Gordon 
P. Eaton and :\[ortimer H. Staatz. 19i1. 255 pp. 66 
figs. 3 p!. Geo!. Sllney Bul!. 1325. 52.25. 

GS 2-72. Mineral Resources of the Wilson Mountains Primi-
tive Area, Colorado, bv Cahin S. Bromfield and 

Frank E. \\·illiams. "'ith a section on geophvsical inter­
pretation by Peter Popenoe. 19i2. 79 pp. II figs. 2 pI. 
Geo!. Suney Bul!. 1353-.\. 51.25. 

GS 3-72. Mineral Resources of the Popo Agie Primitive 
Area, Fremont and Sublette Counties, Wyoming, 

bv Robert C. Pearson, Thor H. Kiilsgaanl. and Lowell L. 
Patten. 19i1. 55 pp. 10 figs. 2 pI. Geol. Sun'ey Bul!. 
1353-B. 51.25. 

GS 4-72. Mineral Resources of the Salmon River Breaks 
Primitive Area, Idaho, by Paul L. '\-eis. Leoll­

ani J. Schmitt. Jr .. and Ernest T. Tuchek. with a section 
on acromagnetic sun'ey hy \\'. E. Dads. 19i2. 91 PI" 
33 figs. 2 p!. Geo!. Slln'ey Bull. 1353-C. 51.50. 

GS 1-73. Mineral Resources of the Idaho Primitive Area 
and Vicinity, Idaho, by F. W. Cater. D. ~r. 

Pinckney, W. B. Hamilton. R. L. Parker, R. D. Weldin, 
T. J. Close, and ~. T. Zilka. 'rith a section on the 
Thunder :\!ountain district by B. F. Leonard, and a sec­
tion on acromagnetic interpretation by '\'. E. Davis. 
1973. 431 pp. 126 figs. 2 pI. Geol. Survey Bull. 130{, 
GPO Catalog :\'0. Il9.3:1304. Stock :-':0.2401-02434. S4.65. 

GS 2-73. Geology and Mineral Resources of the Northern 
Part of the North Cascades National Park, Wash­

ington, by ~fortimer H. Staatz, Rowland W. Tabor, Paul 
L. Weis, Jacques F. Robertson, Ronald ~r. Van :-':oy, and 
Eldon C. Pattee. 19i2. 132 pp. 20 figs. 2 pI. Geol. 
Sun'ey Bul!. 1359. GPO Catalog :-':0. Il9.3:1359, Stock 
~o. 2401-2135. 52.00. 

GS 3-73. Mineral Resources of High Sierra rrimitive Area, 
California, by James G. ~Ioore and Lawrence 



COOPERATIVE PUBLICATIONS 

Y. ~rarks, with a section on aeromagnetic interpretation 
by H. W. Olher. 1972. 40 pp. II figs. 1 pI. Geol. 
Survey Bull. 13il-A. GPO Catalog 1\0. 119.3:1371-A. 
Stock :\'0. 2401-2132. SI.OO. 

GS 4-73. Mineral Resources of the Salmon-Trinity Alps 
Primitive Area, California, by Preston E. Hotz, 

Horace K. Thurber, Lawrence Y. Marks, and Robert K. 
Evans, with a section on aeromagnetic survey and inter­
pretation bv .-\ndrew Griscom. 1972. 267 pp. 56 figs. 
2 pI. Ceol. Suney Bull. 13il-B. GPO Catalog :\'0. 119:3: 
13il-B. Stock No. 2401-2199. S3.75. 

GS 5-73. Mineral Resources of the Cloud Park Primitive 
Area, Wyoming, by Thor H. Kiilsgaard, George 

E. Ericksen, Lowell L. Patten, and Carl L. Bieniewski. 

1972. 60 pp. 10 figs. 2 pI. Geol. Survey Bull. I 37I-C. 
GPO Catalog 1\0. 119.3: 1371-C. Stock No. 2401-00219. 
S1.75. 

GS 6-73. Mineral Resources of an Area Near the Popo Asie 
Primitive Area, Fremont County, Wyoming, by 

Robert C. Pearson, Lowell L. Patten, and David L. Gas­
kill. 1973. 18 pp. 1 fig. 1 pI. Geol. Survey Bull. 
1391-A. GPO Catalog No. 119.3:1391-A. Stock No. 2401-
02403. S1.30. 

GS 1-74. Mineral Resources of the Chiricahua Wilderness 
Area, Cochise County, Arizona, by Harald 

Drewes and Frank E. Williams, with a section on aero­
magnetic interpretation by Gordon P. Eaton. 1973. 53 
pp. 13 figs. 1 pI. Geol. Survey Bull. 1385-A. GPO 
Catalog No. 119.3:1385-A. Stock 1\0. 2401-02425. 
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OPEN FILE REPORTS 

OfR 1 -70. Stability of Nitroparaftins. Progress Reports 1 -16, 
March 1955 to February 1959, by J. A. 

Herickes and J. Ribovich. 1959. The primary objecth'e 
of this program was to determine the possibility of desen­
sitizing commercial nitroparaffins to such stimuli as high 
velocity impact, high temperature, and adiabatic compres­
sion of gases. The program inml\'ed two main areas of 
research: (1) the study of the shock sensitidty of nitro­
methane and nitromethane plus addith'es including 
higher nitroparaffins and (2) the study of the thermal 
stability of nitromethane and nitromethane plus additives. 
In the shock sensiti\'ity study 62 additives were e\'aluated; 
35 additi\'es were selected for detailed study to determine 
the effect of concentration, and in some cases, the effect of 
temperature and confinement of the system. The best 
desensitizers and most effective sensitizers of those tested 
were determined. Suitable equipment and instrumentation 
were developed for the thermal stability study. Both puri­
fied 99-percent grade and commercial 96-percent grade 
nitromethane were used in decomposition studies made 
at temperatures from 3000 to 600 0 F. The effects of 
selected additi\'es were determined. The direction of 
further research is briefly considered. Available for in­
spection at the Central Library, U.S. Department of the 
Interior, Washington, D.C. 

OFR 2-70. The Price Behavior of Nonfuel Mineral Com-
modities, by C. McCuistion, E. Battison, and 

A. M. Lago. Prepared for the Bureau of Mines by 
Resource Management Corporation. Jan. 15, 19iO. 146 
pp. The report initiates and de\'elops statistical meth­
odology for studying the price behador of non fuel 
minerals, conducts an empirical analysis of price \'ariation 
within and between mineral commodity groups. and 
presents the results of case studies showing the effects of 
price \'ariation on selected economic indicators in the 
mining industry. Available for i,nspection at the Bureau 
of Mines libraries at Bartlesville, Okla., Dem'er, Colo., 
Minneapolis, Minn., Pittsburgh, Pa., and San Francisco, 
Calif.; and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 3-70. Testing for Downward Vein Extensions of Gold-
Silver Mineralization in the Wolf Creek-Fairbanks 

Creek Divide Area, Fairbanks, Alaska, by Robert S. \\'arfield. 
1970. 20 pp. 4 figs. During the summer field season 
of 196i, the Bureau of Mines core drilled two holes on 
the Keystone properties near the Fairbanks Creek-Wolf 
Creek di\'ide in the Pedro Dome-Cleary Summit area; 
this location is about 20 miles northeast of Fairbanks. 
The purpose of the drilling was to test at depth the 
continuity of gold, sil\'er, and base metal (mainly lead 
and antimony) mineralization that has recently been 
mined by open cut and relath'ely shallow underground 
methods. The two holes were drilled vertically to depths 
of 716.6 and 690 feet. Assays of samples from each hole 
established that gold, silver, and base metal mineraliza­
tion is present at depth, although grade was fairly low. 
Available for inspection at the State Historical Library, 
Juneau, Alaska; at the Didsion of Mines and Geology, 
Alaska Department of Natural Resources, College and 
Juneau, Alaska; at the Unh'ersity of Alaska, College, 
Alaska; at the Public Inquiries Office, Geological Survey, 
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U.S. Department of the Interior, Anchorage, Alaska; at 
the Geological Sun'ey offices in Juneau and Fairbanks. 
Alaska, and Menlo Park Calif.; at the Bureau of Mines 
Offices Mineral Resources in Anchorage and Fairbanks, 
Alaska; and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 4-70. Mine Rescue and Survival. Final Report, pre-
pared for the Bureau of ~Iincs by the Com­

mittee 011 Mine Rescue and Su\'\'i\'al Techniques, :'\ational 
Academy of Engineering. "-ashington, D.C. ~Iarch 1970. 
81 pp. The :'\ational Academy of Engineering Com­
mittee on ~[ine Rescue and Sun'h'al Techniques \\'as 
established in \[arch 1969 at the request of the Bureau 
of Mines to "conduct a study program to assess the tech­
nological capabilities that can be applied to 5un'i\'al and 
rescue techniques following mining disasters." The Com­
mittee agreed with the Bureau of Mines (I) to define a 
mine rescue and sun'h'al system that could be deyc\oped 
in approximately 1 year from existing technology, (2) to 

plan a more acl\'anced system that could be realized with 
a 5- to i-year research and de\'elopment program. and 
(3) to plan the research and de\'elopment program that 
would implement the acl\-anced system. The first part of 
the report describes the interim system of mine rescue 
that uses the existing technology including emergency 
breathing de\'ices. refuge chambers, telephone and electro­
magnetic communications, seismic communications, and 
drilling and rescue-team techniques. The second part 
of the report giyes recommendations for a research and 
de\'c1opment program that \\'ill pTOyide the needed data 
for planning an ach'anced sYstem of 5un'i\'al and rescue 
techniques in mine disasters. Ayailable for reference 
at the Bureau of Mines libraries at Denyer, Colo., 
;VIinneapo\is. Minn., and Pittsburgh. Pa.; at Coal ~Iine 

Safety District A Office anel Subdistrict Offices, Pitts­
burgh, Wilkes-Barre, and Johnstown, Pa., amI St. Clairs­
\'ille, Ohio; at Coal Mine Safety District B Office ancl 
Subdistrict Office, Mount Hope and Morgantown. \\'. \'a.; 
at Coal Mine Safety District C Office. Xorton, \'a.; at the 
Alaska Field Operation Center. Juneau, Alaska, the 
Eastern Field Operation Center, Pittsburgh. Pa., the Inter­
mountain Field Operation Center, Den\'er, Colo., and the 
Western FicIci Operation Center, Spokane, \\'ash.: at the 
Mines Systems Engineering Group. Dem'er. Colo.; ancl 
at the Central Library, U.S. Department of the Interior, 
\,vashington, D.C. 

OFR 5-70. Changing Patterns in Expenditures for Supplies in 
the U.S. Bituminous Coal and lignite Industry-

1958 and 1963. Preparation and Cleaning, by Franklin D. 
Cooper. 1969. This report relates to the actual costs 
of 78 classes of purchases made by the U.S. bituminous 
coal and lignite industry for its processing actidties dur­
ing 1958 and 1963. These purchases, or inputs, are 
separated into two broad classes comprising operating 
supplies excluding fuels and electricity and those parts 
and materials, haYing a sen'ice life less than 3 years, 
which were used for repair and maintenance acth'ities. 
Also included in this report are descriptions of the 
major processes and methods employed in the 1958-63 
period, trends in operating practices, the shift in the 
mix of processes employed, and the actual costs of inputs 
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for specific acti\ lues and processes. Inputs for which no 
detailed cost data are available are listed as areas for 
future research. This study prm'ides a better understand­
ing of the impact on the supplying industries by the 
changing demands for inputs and their intelTelationship 
to other sectors of the national economy. A\'ailable for 
reference at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 6-70. Changing Palterns of Expenditures for Supplies in 
the U.S. Copper Industry-1958 and 1963. 

Min:ng, Beneficiation, and Hydrometallurgy, by Franklin D. 
Cooper. 1969. This report compares the cost of oper­
ating supplies and parts and materials for repair and 
maintenance used by the U.S. copper industry in 1958 
and 1963, Mining. beneficiation, and hydrometallurgical 
activities only arc included. This eYaluation brings to­
gether for the first time detailed cost data for different 
years. It provides a better understanding of the impact 
on the supplying industries of the changing demands for 
inputs and the interrelationship of other sectors of the 
national economy. It also permits discussion of the 
changing pattern in the demand for inputs as a result 
of the gradual adoption of new technology and its effects 
on operating practices. It allows broader implications to 

be drawn about rates of technologic progress in mining 
acthities. Ayailable for reference at the Central Library, 
t: .S. Department of the Interior, Washington, D.C. 

OFR 7-70. Physical Properties of Sulfur Compounds. Litera-
ture Review Through 1955 IC] to C]OI, by ,V. E. 

Haines. R. Y. Helm. and Janice L. Stephens. October 
1969. These tables of physical properties are the result 
of an extensive literature search that has been continued 
as part of the Bureau of Mines study of sulfm' com­
pounds in petroleum. This study, carried on cooperatively 
with American Petroleum Institute Research Project 48, 
\\'as concerned with the types of sulfur compounds that 
have been found in petroleum. namely the thiols, sulfides, 
disulfides. and thiophenes. The tables include all of these 
compounds from C] through C", except those compounds 
that ha\'e atoms other than carbon. hydrogen, and sulfur. 
The literature from 1840 through 1955 was searched for 
phYSical property data. Some preyiously unpublished data 
obtained by the Bureau of :\[ines are included. Ayailable 
for reference at the Petroleum Research Centers at 
Laramie. \\'yo .. and Bartles\'ilk. Okla., and the Morgan­
town Petroleum Research Laboratory. Morgantown, 
,,'. \'a. 

OFR 8-70. Physical Properfes of Sulfur Compounds. A Liter-

ature Review Through 1955 of the Higher Molec­
ular Weight Compounds IC

14 
and upl, by R. V. Helm. 

October 1969. The tables of physical properties are 
the result of an extensi\'e literature search that has 
becn continued as part of the Bureau of Mines study 
of sulfur compounds in petroleum. This study, carried 
on cooperati\'ely with American Petroleum Institute Re­
searcfi Projcct 4R. is concerned \\'ith the types of sulfur 
compounds that have been found in petroleum. namely 
the thiols (mercaptans). sulfides (thioethers), disulfides. 
all'! thiophenes. The tahles in this paper include all of 
these compounds from C

14 
to C n which arc composed 

only of carbon. hydrogen. and sulfur atoms. The values 
in these tables are from the literature through 1955. Two 

other papers include the literature through 1955 for the 
compounds from Cl through C]3 and the literature from 
1956 through 1960 for the compounds from Cl to Cn ' 

Available for reference at the Petroleum Research Centers 
at Laramie, Wyo., and Bartlesville, Okla., and the 
Morgantown Petroleum Research Laboratory, Morgan­
town, W. Va. 

OFR 9-70. Physical Properties of Sulfur Compounds. A Liter-
ature Review IC] to Cnl, by R. V. Helm. 1969. 

This \'olume updates OFR 7-70 and 8-70 by tabulating 
the values for physical properties of sulfur compounds 
found in petroleum as published in the literature from 
1956 through 1960. The tables in this paper include all 
of the compounds from Cl to en which are composed 
only of carbon, hydrogen, and sulfur atoms. A\'ailable for 
reference at the Petroleum Research Centers at Laramie, 
Wyo., and Bartlesdlle, Okla., and the Morgantown 
Petroleum Research Laboratory, Morgantown, W. Va. 

OFR 10-70. Underground Coal Mining in the United States-
Research and Development Programs, prepared 

for the Office of Science and Technology by TRW Sys­
tems Group. June 1970. In this study the problems 
of llllderground coal mining in the United States were 
examined. and recommendations were developed for a 
5-year integrated research and de\'elopment program to 
resohe the problems by imprm'ed technology. The specific 
objecth'es of the study were (I) to identify the existing 
inadequacies that aCh'ersely affect the health, safety, ex­
ternal em'ironment and productivity of underground coal 
mining; (2) to identify opportunities for technological 
ach'ances to COlTect these inadequacies; and (3) to de­
velop an integrated research and development program 
designed to accomplish the advances identified. Many 
clearly long-range projects are recommended. A\'ailable 
for l'eference at the Bureau of Mines libraries at Dem'er, 
Colo .. Minneapolis. Minn., and Pittsburgh, Pa.; at the 
Spokane Mining Research Laboratory, Spokane, 'Vash.; 
and at the Central Library, U.S. Department of the In­
terior. '''ashington, D.C. 

OFR 11-70. The Impact of Corporate Diversification on the 

Mineral Industry, by D. F. Klyce and R. SuI­
lentrop. 1970. 45 pp. 9 figs. In this report the Bureau 
of Mines studies the structure of the mineral industry; 
reasons. history. and legal aspects of mergers; merger activ­
ity in the mining industry; and the effects of mergers on 
industry structure, profits, and production. Most mineral 
mergers OCCUlTed in the crude petroleum, natural gas, 
and petroleum refining sectors. Before 1967 horizontal 
mergers were predominant in the mineral industry. Since 
that time, the conglomerate merger has been most popu­
lar. This study indicated that mineral-oriented companies 
that merged frequently did no better in areas such as 
stock prices and earnings per share than did those which 
relied on internal growth. Available for reference at the 
Bureau of Mines libraries at Albany, Oreg., Bartlesville, 
Okla .. DelH'er, Colo., Minneapolis, Minn., and Pittsburgh, 
Pa.; at the '''estern Field Operation Center, Spokane, 
'rash., and Alaska }-ield Operation Center, Juneau, 
Alaska; at the Mineral Supply Field Offices at Knonille, 
Tenn., Dallas, Tex., Socorro, ).;. Mex .. Tucson, Ariz., 
Laramie, Wyo., Salt Lake City, Utah, San Francisco, Calif., 
Reno, {\'e\'., and Anchorage and Fairbanks, Alaska; and 
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at the Central Library, L'.S. Department of the Interior, 
'Washington, D.C. 

OFR 12-70. Working Documents Prepared for the Advisory 
Conference on Tunnelling of the Organization 

for Economic Co-operation and Development, "'ashington, 
D.C., June 22·26, 1970. The result~ of a questionnaire 
on tunnelling distributed by the Organization for Eco· 
nomic Co.operation and DeH'lopment to its member 
nations in April 1969 along with findings and conclusions 
were compiled in six reports for use at the OECD Ad· 
\'isory Conference on Tunnelling. The reports were en· 
titled (I) Demand for Tunnelling, 1960·1980; (2) Inad­
equacies and "'eeded Impro\ements in Technology for 
Rock Tunnelling, rapporteur: T. E. Howard; (3) Pres­
ent·Day Inadequacies and "'ceded Impro\'ements in the 
Technology of Cut·and·Co\er Construction, rapporteur: 
Prof. Dr.-Ing. Schnidbauer; (4) Inadequacies and "'ceded 
Impro\'ements in the Technology of Immersed Tunnels, 
rapporteur: H. C. Wentink; (3) Present·Day Inadequacies 
and "'eeded Impro\'ements in the Technology of Soft 
Ground Tunnelling, rapporteur: Jacques Deschamps; and 
(6) Research and De\'elopment in the Field of Tun­
nelling. 

OFR 13-70, Advisory Conference on Tunnelling of the Orga-
nization for Economic Co-operation and Devel­

opment Proceedings, June 22·26, 1970, Washington, D.C., 
.\ugust 1970. 203 pp. This \"Olume contains a preliminary 
text of the proceedings of the Conference. Included are 
all addresses, statements and reports presented at the 
plenary sessions, together with the recommendations of 
the conference. The appendix contains the prepared com­
ments of certain national delegations and official ob· 
sen'ers, as well as other items of general interest. The 
\\'orking documents contained in OFR 12·70 are not 
included; howe\'er, highlights of those documents and of 
the technical sessions are summarized in \'arious presen· 
tations. 

NOTE: OFR 12·70 and OFR 13·70 are a\'ailable for reference 
at the Dell\'er Mining Research Center. Den\er, Colo., 
the Spokane Mining Research Center. Spokane, 'Vash., 
the Twin Cities Mining Research Center, Fort Snelling. 
~rinn .. and the Pittsburgh Mining Research Center aml 
the Safety Research Center, Pittsburgh, Pa.; and at the 
Central Library, U.S. Department of the Interior, 'Vash· 
ington, D.C. 

OFR 14-70. Reconnaissance of the Gold-Bearing Quartz 
Veins in the Tibbs Creek Area, Goodpaster 

River, Big Delta Quadrangle, Central Alaska, by Bruce I. 
Thomas. 1970. 12 pp. 5 figs. Gold·bearing quartz 
\'eins at Tibbs Creek, GOOdpaster Rh'er, about 54 miles 
:-.I 60° E of Delta Junction, Central Alaska, were ex­
amined by the Bureau of Mines to determine the pro­
duction potential and extent of the metalliferous lode 
area. The reconnaissance work was only 50 percent com· 
pleted and an appraisal of the area on the basis of 
accumulated data would be misleading. 'Vork was con­
fined to sampling of pits and trenches. Underground 
workings at the Blue Lead, Blue Lead Extension, Grizzly 
Bear, and Grey Lead are iced but cursory inspection 
re\'eals they would be safe for entry after remO\'al of ice 
barriers. 

Bureau of Mines records show a scant 150 tons of ore, 
a\'eraging 0.88 ounce of gold per ton, was produced from 
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the Blue Lead. Blue Lead Extension, and Grizzly Bear. 
The amount of subsurface mining in this remote area 
is not explained by the surficial sampling and related 
\\'ork that was completed during the reconnaissance, Con­
tinuance of surface sampling and remoyal of icc barriers 
for entry underground to permit mapping and sampling 
is recommended. Ayailable for inspection at the Bureau 
of ~rines offices in Anchorage and Fairbanks. Alaska, and 
at the Central Library, L'.S. Department of the Interior, 
Washington, D.C. 

OFR 1-71. Impact of Environmental Controls on the South-
eastern Ohio Coal Industry, bv Patricia A. 

~ralin and Annette P. Graham. April 1970. 102 pp. 
This study. done under contract for the :\ational Air 
Pollution . Control Administration, is one of a series 
of im'estigations conducted by the Bureau of ~rines in 
order to de\'e!op a statistical mode! which \rill measure 
the cost of air pollution regulation in terms of income 
and employment in regions that produce high·sulfur coal. 
Possible regulations arc not discussed. The study is based 
on the assumption that SO" emission regulation results in 
a drop in high·sulfur coa( production. The Southeastern 
Ohio region was selected for analysis because most of its 
coal resen'es arc high in sulfuL The mode! examined is 
a simple application of regression analysis using county 
income data a\'ailable from the Department of Commerce. 
The model deYeiops a general regional picture. Also dis· 
cussed arc the composition of the regional industry. and 
the \'arious sectors of the regional economy ami emplo\'­
ment in them. Two sets of conclusions are drawn. The 
first concerns the reliability and limitations of the regres· 
sion model. (Its major shortcoming is the short time 
span co\'ered by the data a\'ailab1c from the Department 
of Commerce.) The second has to do with the impact 
of a reduced coal output on the Southeastern Ohio region 
and the implications for other high·sulfur coal regions. 
(The impact on Southeastern Ohio will be great in terms 

of employment and income due to the lack of industrial 
diyersification in the region where most employment is 
in manufacturing. which is a sector of the economy \\'ith 
slug-g-ish growth and which is probabl\' indirectly de· 
pendent upon coal for poweL) Ayailable for reference 
at the Bureau of Mines libraries at Dem'er, Colo., Pitts· 
burgh, Pa., and Morgantown. "'. \'a,; and at the Central 
Library, U.S. Department of the Interior, '\'ashington, 
D.C. 

OFR 2-71. A Seventy-Eight Sector Interindustry Model of the 
Pacific and Mountain States for 1963, by ~L 

Zaki Yakouk and Jona S. BarguL Prepared by the Sani· 
tary Engineering Research Laboratory, l'nh'ersity of 
California, Berkeley, Calif" for the Bureau of Mines. 
June 1970. 34 pp. The regional input-output model 
reported was de\'eloped as part of the Bureau's resource 
allocation in\'cstigations. The economies of the 11 Pacific 
and Mountain States are highly interrelated, and in 
periods of growth they tend to become increasingly de­
pendent on regional resources and less dependent on the 
more industrialized East. This study attempted to quan­
tify these Hows as precisely as possible and to analyze the 
producti\'e potential of the region as a \\'hole in the I igh t 
of its known resources and possible comparati\'e trade 
ad\'antages. Major difficulties encountered were a lack of 
standardized accounting procedures, a lack of implicit 
agreement on economic sectoral units of disaggregation, 
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problems of secondary transfers. and the absence of gross 
trade flow data from primary sources. The study can be 
considered to ha\'e concentrated on the problems of 
standardization in sectoring and of disaggregating at the 
regional level. The 1963 78-sector input-output model 
for the Pacific Mountain States is based on the 1958 U.S. 
national coefficients. A\'ailable for reference at the 
Bureau of Mines library. Denwr. Colo .. and at the Cen­
tral Library. U.S. Department of the Interior. Washing­
ton. D.C. 

OFR 3-71. Comprehensive Analysis and Action Alternatives 
for Northeastern Pennsylvania, 3 Volumes, by 

R. J. Buck. L. Radner. M. Rifkin. and R. B. Shaller. 
Prepared by The MITRE Corporation for the Bureau 
of Mines. October 1970. This report briefly summarizes 
the 6-month first phase of a comprehensi"e study of 
the anthracite region of Pennsylvania. Purpose of the 
study is to develop a comprehensi\'e view of the critical 
factors that influence economic growth in mining com­
munities there. with special emphasis on the total quality 
(If the community environment. This first phase report 
defines and describes the area and analyzes its infra­
structure (land. transportation. and public utilities), 
economy. gO\'ernment, development plans. and certain 
specific community characteristics. Yolume I, ExecutiYe 
Summary. presents the principal obsenations, insights, 
and recommendations dcyeloped by the study. Yolume II, 
The Current Situation. contains a geographical definition 
of the area, a description of the general physical en\'iron­
ment. an analysis of the effects of the decline of the 
anthracite indt;stry in terms of the community charac­
teristics of Scranton. Carbondale. and five other metro­
politan areas. a discussion of the economy of the area, 
a discussion of the role of gO\'ernment in improving 
enYironmental quality and sustaining economic growth 
in the area, an identification and summary of the roles 
of the key organizations influencing development planning 
in the area. and identification and summary of the roles 
tains alternative strategies. candidate programs. and plan­
ning suggestions for the area. Available for reference at 
the Bureau of Mines Emironmental Affairs Field Office, 
Wilkes-Barre, Pa., and Division of Em'ironment, Wash­
ington. D.C .. and at the Central Library, U.S. Department 
of the Interior. '\'ashington, D.C. 

OfR 4-71. A Comprehensive State-of-the-Art Evaluation for 
All Types of Dust Collection Equipment That May 

Be Applicable in Underground Coal Mines, prepared by Gar­
rett Research and De,'elopment Company, Inc., for the 
Bureau of Mines. Dec. I, 1970. 43 pp. Pilot-plant 
tests were conducted on a ,'ariety of dust collectors in 
order to demonstrate that dust collection technology is 
sufficiently advanced that the performance of various 
collcction mechanisms on coal dust can be explained. 
The merits of the individual collectors were not deter­
mined. The procedures for determining results and the 
test J'estllts are set forth in this report. The collectors, 
sefected to provide a \'ariety of collection mechanisms, 
were operated acccording to manufacturers' recommenda­
tions. The report sho\\'s that, although dust collection 
mechanisms arc available to clean the coal-laden air of a 
coal mine to 2 milligrams per cubic meter, no commer­
cial dust collector is a\'ailable which can meet the air 
quality specifications under the phYSical constraints of 
the mine enyironment. ihailable for reference at the 

Bureau of Mines libraries, Pittsburgh, Pa., Denver, Colo., 
Minneapolis, Minn., and Spokane, Wash., at the office 
of the Assistant Director-Mining, Washington, D.C., and 
at the Central Library, u.s. Department of the Interior, 
Washington, D.C. 

OFR 5-71. Preliminary Investigation of a Low-Grade Gold 
Deposit in Custer County, Idaho, by D. W. 

Lockard and W. L. Rice. 1970. 58 pp. 36 figs. The 
Bureau of Mines conducted a research program on the 
feasibility of recO\'ering gold from the Golden Sunbeam 
mine, Custer County, Idaho. This mine produced sig­
nificant quantities of gold prior to 1920. The research 
program consisted of diamond drilling, geological map­
ping, assaying, computer analysis of assay data, metallurgi­
cal research, and ore testing. Preliminary evaluation of 
the deposit infers about 82 million tons of submarginal 
gold and silYer resources with an a\'erage nlue of 
51.07 ±50.11 per ton. This report presents the physical 
and historical aspects of the deposit as well as a detailed 
analysis of the Bureau's work, including the design of a 
hypothetical open pit. Available for reference at the 
Western Field Operation Center, Spokane, 'Vash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 6-71, Strippable Reserves of BituminOUs Coal and 
Lignite in the United States, by Staff, Bureau of 

Mines. June 1971. 229 pp. 6 figs. The strippable 
resen'cs of bituminous coal and lignite in the United 
States were calculated in accordance with the pre\'ailing 
conditiollS of scam thickness and depth of o\'crburden in 
each of the sen'ral coal-producing areas of the l':ation. A 
brief discussion is gh'en for each coal-producing State, sum­
marizing past and present production. historical back­
ground. and outlook. Appendix A contains reserve data 
by State, county, seam, and sulfur content. Appendix B 
contains the general information and requirement neces­
sary to comply with the current strip mining laws cover­
ing 20 States. Anilable for reference at the Eastern Field 
Operation Center, Pittsburgh, Pa., and at the Central 
Library, U. S. Department of the Interior, "'ashington, 
D.C. 

OFR 7-71. An Attitudinal Survey of Area Residents Toward 
Indiscriminate Trash Dumping and Possible 

Causes of Anthracite Mine Fires, Pennsylvania Anthracite 
Region. In Two Volumes, prepared by Resource Manage­
ment Corporation for the Bureau of Mines. Dec. 18, 
]970. Yolume I: Analysis, 59 pp. Yolume 2: Appen­
dices. A study was performed to determine the attitudes 
of residents of the anthracite coal region of northeastern 
Pennsyl\'ania toward mine-related fire and attendant 
cnYironmental problems and to re\'iew current solid­
waste-disposal practices. Particular attention was given to 
the indiscriminate disposal of solid wastes in abandoned 
strip mines, a known contributor to mine-fire ignition. 
Community leaders, 500 residents, and representathc 
waste collectors were interviewed. It was concluded that 
means should be deycloped to prcwnt access to aban­
doned stripping areas and that an enYironmental aware­
ness educational program among both adults and school­
aged youth should be developed using television, news­
papers, ami school curricula adaptations. Available for 
inspection at the Bureau of Mines Diyision of Environ­
ment Field Office, Wilkes-Barre, Pa.; at the Bureau of 
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Mines library at Pittsburgh. Pa.; and at the Central Li­
brary. U.S. Department of the Interior. '\'ashington. D.C. 

OFR 8-71. Investigations of Gossans of Hot Springs Dome, 
Near Manley Hot Springs, Alaska, by Raymond 

P. Maloney. May 1971. 28 pp. Prominent gossans on 
the summit of Hot Springs Dome were im'estigated dur­
ing 1953·54 to determine whether commercially valuable 
metal sulfides were below the zone of oxidation. The 
gossan-capped zones are 100 to 500 feet long and 20 to 
50 feet wide in metamorphosed sedimentary rocks near 
their cOntact with a large body of granitic intrusi\·es. The 
gossans had been explored superficially and two claims on 
the strongest gossans had been patented. Yarious Gm'ern­
ment geologists and engineers reported the presence of 
small amounts of lead. zinc, copper, and cobalt sulfides 
or oxides, but in general the pits and adits had disclosed 
iron and manganese oxides only. 

The Bureau of Mines drilled eight diamond drill holes 
in 1954 that \'aried in length from 243 to 515 feet. The ob· 
jecti\'e was to penetrate to the zone of primary sulfides 
but oxidation was practically complete to a \'ertical depth 
of slightly more than 400 feet, which was the limit of the 
equipment; howe\'er, a small amount of galena in rela· 
ti\'ely unfractured rock was intersected by One hole. Most 
of the drill hole intersections were in strongly brecciated 
rock that was tra\'ersed by numerous seams of limonite, 
goethite, or siderite; some of these seams were se\'eral feet 
wide. A\'ailable for reference at Bureau of Mines offices 
in Juneau, Anchorage. and Fairbanks. Alaska. and at the 
Central Library. V.S. Department of the Interior, Wash­
ington, D.C. 

OFR 9-71. Wire Rope Applications and Practices Associated 
With Underground Coal Mining in the United 

States, by C. H. Larsen. R. A. Egen. R. D. Jones. and 
H. A. Cress. September 1971. 261 pp. A 9-month study 
of the uses of wire rope associated with V.S. under­
ground coal mining is reported. Rope applications are 
broken down into hoisting and nonhoisting applications 
where "hoisting" refers to transport in \'ertical and in­
clined shafts. The former receh'es the greatest emphasis 
since it represents the most critical rope application from 
the standpoint of production and safety. The discussion 
of hoisting practice includes aspects related to the mine 
operators as well as those related to the equipment build­
ers and wire rope manufacturers. V. S. State and Federal 
laws regulating hoisting and wire rope use are also 
presented and discussed. Canadian and other foreign 
hoisting practice and laws are included. Available for 
reference at Bureau of Mines libraries in Den\'er. Colo .• 
Twin Cities, Minn .. Pittsburgh. Pa .. and Spokane. Wash .. 
and at the Central Library. V. S. Department of the 
Interior, 'Vashington, D.C. 

OFR 10-71. Foam Suppression of Respirable Coal Dust, by 
I. O. Salyer. S. M. Sun. J. L. Schwende­

man, and A. L. 'Vurstner. December 1970. 55 pp. 
14 figs. With the objecti\'e of suppressing the respirable 
dust in coal mines by foam application. a formulation 
was de\'Cloped for making a water· based, high-expansion, 
and limited stability foam. A horizontal boring machine 
was used as a laboratory coal mining model for generating 
coal dust. A modified laboratory foam generator was built. 
Foam was applied directly to the point at which dust 
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was being formed by the cutter of the boring machine 
working against a block of coal. Coal dust was sampled 
with an impinger and analyzed for the particle count and 
particle size distribution. Coal dust suppression test 
results on freshly generated dust ha\'e demonstrated \'ery 
clearly that, in laboratory scale experiments. o\'er 90 
percent of the respirable coal dust can be suppressed by 
foam. These tests were run when initial coal dust con­
centrations were 10 and 70 million particles per cubic 
foot. A\'ailable for reference at the Intermountain Field 
Operation Center, Den\'er, Colo" at the Spokane Mining 
Research Center, Spokane. '\'ash .. at Bureau of )'Iines 
libraries in Twin Cities, Minn .. and Pittsburgh, Pa., and 
at the Central Library, U. S. Department of the Interior, 
Washington, D.C. 

OFR 11-71. Designing and Planning Open Pit Mining Oper-
ations With Computer Simulation Solutions, by 

Y. L. Su, Charles B. Manula, and Thomas ". Falkie. 
Mar. 15, 19i1. 227 pp. Deterministic and stochastic 
simulation were combined to de\'elop a computer model 
of an open pit mining system using bucket wheel exca\'a­
tors and related materials·handling equipment. The 
model is closed and dynamic in the sense that information 
is fed back to control actiYities at \'arious le\'els and reser­
\'oirs. The results of interaction between unit operations 
in one time internl determine O\'erall sYstem behador 
for the next inten·a!. Equipment.performa·nce CUf\'es and 
system· profile characteristics rather than time studies are 
applied to determine the operation of each actidty at any 
time period. For that part of the system where per­
formance is dictated by a random \·ariable. subjecti\'e 
probabilities are employed. Anilable for reference at 
Bureau of Mines Mining Research Centers in Pittsburgh, 
Pa.. Dem'er, Colo .. Twin Cities, Minn., and Spokane, 
Wash" and at the Central Library. U. S. Departmcnt 
of the Interior, 'Vashington. D.C. 

OFR 1-72. Methane Control Program Study. Prepared by 
The Sen' ice Bureau Corporation for the 

Bureau of Mines. Dec. 30. 1970. 43 pp. E\'aluations 
reRected in this paper are the result of an independent 
im'estigation, by The Sen' ice Bureau Corporation, of 
methane considerations during coal mining. The study 
is oriented toward a sYstematic analysis of methane­
control problcms during coal mining.' An attempt has 
been made to ensure considerations consistent with the 
recently enacted Federal Coal ~Iinc Health and Safety 
Act of 1969. A\'ailable for inspection at Bureau of ~Iines 
libraries in Pittsburgh, Pa .. Dem'er, Colo .. Twin Cities, 
Minn .. and Spokane, 'Vash., and at the Central Library, 
U. S. Department of the Interior, 'Vashington, D. C. 

OFR 2-72. Program of Acoustic Research for Underground 

Coal Mining Operations. Prepared by Damon 
C. Gray. Donald L. Hathway, and John F. Snuggs for the 
Bureau of Mines. Hydrospace Research Corp. Tech. Rept. 
319. June IS. 1971, 78 pp. This report contains a recom­
mended program of acoustic research to be conducted by 
the Bureau of Mines. The program is directed toward the 
abatement and control of machinery noise in under­
ground coal mining operations. The study conclusions 
and specific problem areas which led to the definition of 
the recommended program are also brieRy described. 
A\'ailable for inspection at Bureau of Mines libraries in 
Pittsburgh, Pa., Dem'er, Colo., Twin Cities, Minn., and 
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Spokane, 'Vash., and at the Central Library, U. S. Depart­
ment of the Interior, ',"'ashington, D. C. 

OFR 3-72. Development of Improved Ventilation for Non-
Coal Mines and Other Underground Excavations, 

prepared by J. R. Haskins and C. E. Gregory for the 
Bureau of Mines. University of Idaho Bureau of Mining 
Research, Oct. 30, 1970, 67 pp. This report details the 
present conditions of vein-type multilevel mine ventila­
tion technology, with respect to practices, equipment, 
planning, and needs. Included are conditions and recom­
mendations to guide future programs of research in order 
to ultimately upgr;)de operational technology. The main 
long-term objecth'e was to improve the utilization of air 
in these particular metal-mining excavations as a means 
of maintaining a safe and healthful atmosphere, con­
duch'e to efficient work output, within an economic;)1 
framework of mining operations, both present and future. 
AYailable for reference at Bureau of Mines libraries in 
Pittsbmgh, Pa .. Denver, Colo .. Twin Cities. Minn., and 
Spokane. Wash .• and at the Central Library, U. S. Depart­
ment of the Interior, \\'ashington, D.C. 

OFR 411 '-72. Industrial Engineering Study of Hazards Asso-
ciated With Underground Coal Mine Produc­

tion. Volume 1, Analysis of Underground Hazards and Fatal 
Accidents, prepared by Theodore Barry and Associates 
for the Bureau of Mines. Dec. 10, 1971. 298 pp. This re­
port covers a I-year industrial engineering study of work­
ing-face hazards in underground bituminous coal mines. 
The field data were accumulated from obsenations in 50 
underground mines in all parts of the United States. Sup­
porting data fm the analysis was derived primarily from 
Bureau of Mines fatal accident 1'eports from 1966 through 
1970. A strong relationship was found to exist between 
fatal accident occurrences and low task experience. This 
led to a recommendation for formalized training. certifi­
ca tion. and su perYision programs for miners. Analysis of 
roof fall variables revealed a fatal propensity on the part 
of the miners to work under unsupported roof or under 
support conditions that are marginal. The report also 
co"crs 12 fatality reduction projects that focus on highly 
hazardous areas identified through fatal accident report 
analyses and underground industrial engineering obser­
vations. Recommendations are e,'aluated in terms of 
estimated annual cost to the industry and estimated 
potential liyes sayed. The 1'eport discusses temporary and 
permanent support installations. maintenance and repair 
accidents. operator protection on face equipment, shuttle 
haulage. machine loading roof fall accidents, and auger­
type continuous mining accidents. 

OFR 4(21-72. Industrial Engineering Study of Hazards Asso-

ciated With Underground Coal Mine Produc­

tion. Volume 2, Data and Charts, prepared by Theodore 
Barry and Associates for the Bureau of Mines. Dec. 10, 
1971. 241 pp. "olume 2 describes basic mining techniques 
and production operations associated with underground 
bituminous coal mining. The report coYers conyentional 
mining. including undercutting the face, drilling. shooting 
the face. loading and hauling the coal. and supporting 
the roof; continuous mining. including use of the con­
tinuous mining machine. hauling the coal. and supporting 
the roof; and auger mining. Charts and illustrations 
depict the style of mining employed and its basic opera­
tions, the mining cycle itlYolyed. and the equipment and 

crew work cycles and their work elements. The report 
coyers work element times for the various categories of 
seam height, production tonnage, and mining style. Work 
elements commonly subject to hazardous exposure are 
noted for each cycle along with a percentage estimate of 
the total cycle time subject to such exposure. Both parts 
of OFR 4-72 are a\'ailable for reference at Bureau of 
Mines libraries in Pittsburgh, Pa., Dem'er, Colo., Twin 
Cities, Minn., and Spokane, Wash., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 5-72. A Study of Radar Exploration of Coalbeds, pre-
pared by John C. Cook for the Bureau of 

Mines. Teledyne Geotech, Dallas, Tex., Tech. Rept. 71-8, 
June 1971, 83 pp. This report describes a I-year program 
of exploratory research to determine the feasibility of 
radar exploration in adyance of coal mining. Ad,'ance 
detection of obstructions including faults, clay veins, 
abandoned wells, and pyrite concretions would improye 
the safety and efficiency of mining. Using a proprietary, 
experimental. VHF short-pulse "mining radar" system, 
t1l'0 cycles of field testing and equipment improvement 
were completed. Measurements were made in three bitu­
minous coal mines, a quarry, and a salt mine. Compari­
sons were made with ground-penetrating radar equipment 
preYiously deyeloped for salt dome exploration and for 
military tunnel detection. The proprietary mining radar 
equipment and techniques used were found to be the 
most effecti"e known for coal exploration. However, 
further improyements were needed. The results and ex­
perience gained during the p1'Oject affirmed the feasibility 
of the method. A,'ailable for reference at Bureau of 
Mines libraries in Pittsburgh. Pa., Denver. Colo., Twin 
Cities, Minn., and Spokane, 'Vasil., and at the Central 
Library. U.S. Department of the Interior, Washington, 
D.C. 

OFR 6-72. Design and Development of Horizontal Borehole 
Packers for Use in Coal Beds, prepared by 

James H. Cobbs Engineering for the Bureau of Mines. 
Tulsa, Okla .. February 1972. 26 pp. This report describes 
the development and testing of a new horizontal borehole 
packer for use in coal beds and evaluates commercially 
available packers. Gas pressure measurements and other 
testing procedures in horizontal holes may require as 
many as 30 packers in a 300-foot hole. These packers 
must be set simultaneoltsly. The cost of the only com­
mercially available packer suitable for this sen'ice is 
<Juite high, and the repair and replacement of expend­
able parts are quite expensive. A new hydraulic packer, 
which was deyeloped, manufactured. and tested, demon­
strate<:1 superiority O\'er previously existing packers. This 
superiority was achieyed while reducing cost about 
60 percent o,'er the best of the other packers and re­
ducing weight almost as much. Because of a unique piston 
design, this new packer cannot suffer a sealing element 
rupture. It can be easily disassembled for maintenance in 
the field using inexpensi,'e expendable parts. It is now on 
the commercial market, and other applications. variations, 
and improvements can be expected with increased usage. 
A,'aiJable for reference at Bureau of Mines libraries in 
Pittsburgh. Pa., Dem'er, Colo., Twin Cities, Minn., and 
Spokane, Wash .• and at the Central Library, U.S. Depart­
ment of the Interior, 'Vashington. D.C. 
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OFR 7-72. Economic Aspects of Surface Subsidence Result-
ing From Underground Mineral Exploitation, by 

Jan Zwartendyk. Ph.D. Thesis. Pennsylvania State Uni"., 
University Park, Pa., March 1971, 412 pp. This study is 
directed toward providing an understanding of the eco· 
nomic complexities associated with subsidence damage to 
the surface resulting from underground mining. Some of 
the pertinent theories on the physical stresses in wived 
are redewed. and both remedial measures and relevant 
laws in "arious countries are discussed. Part I (Chapters 
1-3) is an historical oven'iew of various aspects of sub­
sidence problems (theoretical. remedial. and legal) during 
pre-World War I. between World Wars, and post-World 
War II. respecth·ely. Part II (Chapters 4-9) presents a 
comprehensh'e analysis of the economic aspects of subsi­
dence in relation to (I) carrying out the lowest cost 
mining method without regard for any surface subsidence, 
(2) special mining techniques, (3) partial mining, (4) 
full recm'ery with stowing, and (5) sterilization or leadng 
the mineral unmined beneath selected areas. These alter­
nati,'es are evaluated in terms of their measurable ex­
penses. AYailable for reference at the Bureau of Mines 
Office of Mineral Supply and at the Central Library, U.S. 
Department of the Interior. \Yashington, D.C. 

OFR 8-72. Investigation of the Adsorption Process in Coal 
Using X-Ray Diffraction, prepared by Shih-Chi 

Chang and Peter F. Brown for the Bureau of Mines. 
Duquesne Unhersity. Pittsburgh, Pa .. March 1972. 14 pp. 
An exploratory research was done on untreated coal using 
X-ray diffraction techniques. A comparison was made of 
diffraction data before and after pressurized methane was 
added to the coal samples. Although only qualitati"e data 
were obtained, the following statements about untreated 
coal seem plausible: There are other materials in coal 
that are accumulated in layers causing the macroscopic 
layered structure of coal; the partial graphitization of the 
fixed carbon in coal assumes random orientations; the 
methane adsorbed in coal is held in its micros pore system, 
and there is no evidence of bonding to carbon by X-ray 
diffraction measurements; the methane in coal micro­
spores assumes no structure itself at room temperature; 
and, finally, some of the other materials in coal are 
present in the form of hydrated crystallites which have 
anisotropic growth habits in the layers. AYailable for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Dem·er. Colo .. Twin Cities, Minn .. and Spokane, Wash., 
and at the Central Library, U.S. Department of the In­
terior. \\'ashington, D. C. 

OFR 9(11-72. Coal Mine Rescue and Survival. Volume 1. 

Survival Subsystem, by \Yestinghouse Elec· 
tric Corporation. September 1971. 113 pp. 36 figs. The 
basic objectives of this program were to dnelop and test 
hard ware to determine the efficacy of ,'arious coal mine 
rescue and sun'h'al techniques and concepts based on the 
proposal of the Bureau of Mines and a study conducted 
by the ~ational Academy of Engineering. This wlume 
covers three parts of the survi"al subsystem from the 
point of "iew' of design, manufacture, test, and e,'alua­
tion. They are (I) the personal breathing apparatus 
(PBA) , an emergency unit designed to prod de a breath­
able atmosphere in a contaminated gaseous environment; 
(2) the auxiliary survival chamber, a portable self· 

contained 15-man refuge for trapped miners located near 
the working face; and (3) the large central chamber, a 
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design for a permanent fixed installation to provide life 
support for as many as 50 men indefinitely. 

OFR 9(21-72. Coal Mine Rescue and Survival, Volume 2 
Communications/Location Subsystem, by "'est· 

inghouse Electric Corporation. September 1971. 258 pp. 
92 figs. This "olume cm'ers electromagnetic and seismic 
equipment for locating and communicating with workers 
trapped underground either behind barricades, in refuge 
chambers. or attempting to escape. The electromagnetic 
(EM) mice downlink and coded beacon uplink were 
tested and qualitatively and quantitath'ely e"aluatecl at 
fi,'e different coal mines. In the ,'oice downlink test, in­
telligible "oice transmission was recei,'ed using a hori­
zontal wire transmitting antenna terminated in the 
ground at each end. Coded beacon transmissions were 
also detectable on the surface. Studies indicate that the 
EM system could be effecti"ely used in rescue operation 
in most coal mines. provided that the mines were 
equipped with subsurface E:'1 transmitters and receivers. 
Further testing. howe,·er. was recommended including 
operation of the communications/location subsystem in a 
continuing training program. 

OFR 9(31-72. Coal Mine Rescue Survival System. Volume 3. 
Rescue Subsystem, by \Yestinghouse Electric 

Corporation. September 1971. 62 pp. 23 figs. This mlume 
describes the method by which trapped miners, located 
by the communications !location subsystem or other 
means, can be rescued. It is the purpose of the rescue 
subsystem to complete a probe hole as soon as possible 
from the surface to the miners' location through which 
their sun'i"al needs can be met until a rescue hole 
reaches them in the minimum of additional time. The 
entire operation must be carried out without creating 
additional hazards for the men trapped underground. 
Two separate rotary-type drilling rigs. along with their 
associated drilling equipment, ha,'e been assembled to 
carry out the probe and rescue operations. Drilling in­
dustry experience has been applied to the design of 
equipment and drilling pro,edures for the small diameter 
holes of the probe rig and the large diameter holes of 
the rescue rig. 

OfR 9(41-72. Coal Mine Rescue and Survival. Volume 4. 
Program Evolution and Management, by \\'est­

inghouse Electric Corporation. September 1971. 50 pp. 
2 figs. This "olume summarizes the de"e!opment program 
undertaken by \Yestinghouse for the Bureau of Mines. 
Although the contract did 1I0t require final design hard· 
ware ready for introduction to the coal mining commu­
nity. components of the coal mine rescue and suryi\'al 
program ha\'e some value in disaster situations and are to 
be kept on standby alert. A test demonstration exercise 
is described using the equipment and procedures deYel­
oped during this program. 

OFR 9(51-72. Coal Mine Rescue and Survival. Volume S. 
Executive Summary, by \Yestinghouse Elec­

tric Corporation. September 19i1. 14 pp. 5 figs. This 
volume summarizes the contract work performed O\'er a 
9-month period by Westinghouse Electric Corp. for the 
Bureau of Mines. The work. of the basic contract was to 
design, produce, and test hardware which was basecl tech­
nically on recommendations of a study performed by the 
i>:ational Academy of Engineering. This summary volume 
completes the final report documentation. 
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All fi,'e yolumes of this report are ayailable for inspec­
tion at the Bureau of Mines libraries at Pittsburgh, Pa" 
Denyer, Colo" Twin Cities, Minn" and Spokane, \\'ash., 
at the office of the Assistant Director-Mining, and at the 
Central Library, U.S. Department of the Interior, Wash­
ington, D.C. 

OFR 10-72. A Mathematical Model Simulating Flow of 
Methane and Water in Coal, by H. S. Price 

and A. A. Abdalla. Prepared for the Bureau of Mines by 
Intercomp. Apr. 7, 1972. 39 pp. 3 figs. This report coyers 
the deyelopment of a mathematical model that describes 
the flow of methane only and methane and water in a 
coalbed during mining operations. The flow of methane 
gas from a coal bed that is being actiYely mined cannot 
be measured accurately and must be predicted from the 
known properties of the bed. In general most under­
ground structures haye water associated with them; the 
system to be studied may be single phase (methane gas) 
or t\\'o phase (methane and water) . Because the geometry 
is complex and the fluids hayc nriable properties as 
functions of pressure and concentration, the differential 
equations describing the system are not amenable to 
analytic solutions but must be sohed numerically using 
high-speed computers. The model discussed in this report 
soh"es the flo\\' equations for one- or two-phase flow in a 
heterogeneous anisotropic coalbed. AYailable for inspection 
at the Bureau of Mines libraries at Pittsburgh, Pa., Den­
yer. Colo., Twin Cities, Minn .. and Spokane, ,~rash., at 
the Office of the Assistant Director-Mining, and at the 
Central Library, l'.S. Department of the Interior, Wash­
ington. D.C. 

OFR 11-72. A Current Appraisal of Underground Coal 
Gasiflcation, prepared by Arthur D. Little, 

Inc .. for the Bureau of Mines. December 1971. 2R5 pp. 
33 figs, This report describes a study made for the Bmeau 
of :-'Iines to rec\'aluate underground coal gasification tech­
nology. The technology was appraised to determine (1) 
whether the cmrent (1971) state of the technology offers 
a technically feasible method for gasifying coal under­
ground that is applicable to resen'es of bituminous and 
lower rank coals in the United States; (2) whether a 
program of research and further de\'elopment of the 
technology could ultimately make it a technically feasible 
altern3tiyc to current open pit and underground coal 
mining operations; (3) what the nature and cost of 
further research and de\'clopment work in the technology 
should he. The stud\' showed that underground coal gasi­
fIcation in the Lnited States is technically feasi61e, but 
economic feasibility is Yet to be determine~l; new activity 
should obtain reliable production-oriented cost estimates 
for large-scale use of the product gas; technical objectiH's 
should include prnention of roof collapse and knowledge 
of burning face position and temperature. Cost of further 
work is estimated at S2.5 to 53.5 million. 

Ayailable for inspection at the Albany Metallurgy 
Research Center, Albany. Oreg .. Bartlesville Energy Re­
search Center, Bartles\'iIIe. Okla., Boulder City Metal­
lurgy Research Center, Boulder City, :'\'ev., Dem'er 
Mining Research Center, Den\'er, Colo., Grand Forks 
Energy Research Laboratory, Grand Forks, 1\'. Dak., Lara­
mie Energy Research Center, Laramie, "'yo., Morgantown 
Energy Research Center, Morgantown. \\'. \'a., Pittsburgh 
Energy Research Center, Pittsburgh, Pa., Rolla Metal­
lurgy Research Center, Rolla, Mo., Salt Lake City 

Metallurgy Research Center, Salt Lake City, Utah, Spo­
kane Mining Research Center, Spokane, Wash., Tuscaloosa 
Metallurgy Research Laboratory, Tuscaloosa, Ala., Twin 
Cities Mining Research Center, Twin Cities, Minn., and 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 12-72, Development of a Borehole Device To Determine 
the Modulus of Rigidity of Coal Measure Rocks, 

by William Hustrulid. December 1971. 119 pp. 54 figs. 
This report describes a simple borehole de"ice to deter­
mine the modulus of rigidity (G) of rock, which was 
de\'e1oped and successfully tested in the laboratory and 
in the field. The mathematical analysis required to inter­
pret the results was also deye!oped. In the laboratory 
tests very good agreement was obseT\'ed between the 
known values of G and those determined experimentally 
for both metal and rock cylinders. Field testing was done 
at the Colorado School of Mines Experimental Mine at 
Idaho Springs, Colo., and at the 1\'0. 4 coal mine of the 
Mid-Continent Coal and Coke Corp. near Carbondale, 
Colo. Available for inspection at the Bureau of Mines 
libraries at Pittsburgh, Pa., Den"er, Colo., Twin Cities, 
Minn., and Spokane, Wash., and the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 13-72. Grouting of Horizontal Holes in Coalbeds, by 
Halliburton Senices. March 1972. 35 pp. 

21 figs. This report describes research to eyaluate mate­
rials and de\'e!op a new technique for packing holes in 
which a semiliquid and/or rigid type grout could be 
placed in the hole to pro"ide satisfactory sealing. Hori­
zontal holes are drilled underground into coalbeds to 
control methane flow from the ribs and active face areas 
and to make gas pressure measurements in coal beds. The 
study recommended that (1) packers set nearest the rib 
wall should be at least three times the drift width or fi"e 
times coal thickness from the rib wall, whichever is 
greater; (2) grouting pressure should not exceed 0.4 
psi,lft times feet of overburden; (3) mine water and 
actual grouting materials to be used should always be 
checked for setting times before the grout job; (4) the 
packer system as designed should be used in 3-inch hori­
zontal holes with either the semiliquid or rigid grout 
materials; and (5) the rigid grout tested using salt­
saturated portland-gvpsum-cement blend was satisfactory 
for use in boreholes of coalbeds. A,'ailable for inspection 
at the Bureau of Mines libraries at Pittsburgh, Pa., Den­
ver, Colo" Twin Cities, Minn., and the Spokane, Wash., 
at the Office of the Assistant Director-Mining, and at the 
Central Library, U.S. Department of the Interior, 'Wash­
ington, D.C. 

OFR 14-72. Investigation of the Use of Shaped Explosive 
Charges for Increasing the Permeability of Coal, 

by Ronald R. Rollins, George B. Clark, and Calvin J. 
Konya. December 1971. 97 pp. 46 figs. The report was 
prepared under a Bureau of Mines grant to determine 
the feasibility of using shaped charges in horizontal bore­
holes to fracture and increase the in situ permeability of 
coal. The work was exploratory and a redew of results 
after the first phase was completed indicated that in­
creasing the permeability by the use of shaped explosive 
charges was neither technically feasible nor practically 
acceptable. AYailable for inspection at the Bureau of 
Mines libraries at Pittsburgh, Pa., Dem'er, Colo., Twin 
Cities, Minn., and Spokane, Wash., at the Office of the 
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Assistant Director-Mining. and at the Central Library, 
U.S. Department of the Interior, 'Washington, D.C. 

OFR 15-72. Solid Sap: A Static Analysis Program for Three 
Dimensional Solid Structures, by Edward L. 

Wilson. Structural Engineering Laboratory. Uniyersity of 
California. Berkeley. Calif .• March 1972. 162 pp. A gen­
eral computer program is gil'en for the linear elastic 
static analysis of complex structural systems. These ele­
ments haye special ach'antages for the analysis of massiye 
underground structures. such as mine structures. and 
abo\'eground structures. such as arch dams_ I\'ew finite 
elements which are useful in the analysis of two and 
three dimensional solids are deyeloped. Examples that 
illustrate the accuracy of the elements are gh·en. A de­
scription on the use of the program and a FORTRA:\' IV 
listing are giyen in the appendixes. Ayailable for refer­
ence at Bureau of Mines libraries in Pittsburgh. Pa .. 
Denyer. Colo .. Twin Cities. Minn .. and Spokane. \\'ash .• 
and at the Central Lihrary. U.S. Department of the In­
terior, Washington, D.C. 

OFR 16-72. Laboratory Coal-Mine-Dust Incombustibles Meter, 
Prepared for the Bureau of Mines by 

Harold A. Kurstedt and Ralph S. Lorenz. Industrial 
:\'ucleonics Corporation. Columbus. Ohio. Sept. 17. 1971. 
82 pp. This report describes work done under contract 
for the Bureau of Mines on the incombustibles meter-a 
portable gage that measures the percent of incombustible 
content in a coal mine dust sample. The gage uses a low­
energy gamma-ray backscatter technique that indicates the 
a\'erage atomic number of the sample. and hence. the 
percent of the incombustible content. For the most part. 
the results from this instrument checked within plus or 
minus 3 percent of the laboratory results. \\'hen exten­
si\'ely tested with samples prepared by Industrial :\'u­
cleonics and when briefly tested with samples constructed 
of graphite and incombustibles by the Bureau of Mines. 
the gage measured all samples \\'ithin the required plus 
or minus 3 percent. More work on this instrument will be 
required before it can actually be taken into mines. The 
weight must be reduced to one-half or less that of the 
model described in this report. A\'ailable for reference at 
the Bureau of Mines library in Pittsburgh. Pa .. and at 
the Central Library. V.S. Department of the Interior. 
Washington. D.C. 

OFR 17-72. Measurement of Temperature Profiles Around 
Coal Mine Openings, by William F. Martin. 

Jl'.. and William A. Hustrulid. Department of Mining, 
Colorado School of Mines. Golden. Colo., March 1972. 
139 pp .. 46 figs. This report presents the results of an 
extensh'e program of temperature measurement around 
openings at the No.4 mine of the Mid-Continent Coal 
and Coke Co. near Redstone, Colo. Temperature profiles 
are giyen for 20 locations in the coal mine. Virgin rock 
temperatures were determined from measurements made 
in five long holes. Thermal properties of the coal and 
shale roof rock were determined. The experimental results 
were compared to those predicted using steady-state heat 
flow models. A\'ailable for reference at Bureau of Mines 
libraries in Pittsburgh. Pa., Denver. Colo .. Twin Cities. 
Minn .. and Spokane. Wash., and at the Central Library. 
V.S. Department of the Interior. \Vashington. D.C. 

OFR 18-72. Effective Systems of Scrap Utilization: Copper, 
Aluminum, and Nickel, by Richard L. Gc.rdon, 
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\\'ilfrid A. Lambo. and George H. K. Schenck. Pennsvl­
\'ania State University, College of Earth and :\fineral 
Economics. l..'niversitv' Park. Pa .. 1972, 220 pp,. 29 figs, 
This study examines' the supplY relationships for non­
ferrous scrap and secondary metal. The analysis is con­
centrated on the response of supply to price changes. 
but the relationship of supply to other economic and 
technical variables is also examined. The basic hypothesis 
is that in the United States the supply of nonferrous 
metal reco\'ered from scrap responds to changes in price 
and other economic stimuli. In the first part of the 
analYSis. economic and technical factors underlying the 
supply of nonferrous scrap and secondary metal a~e 
examined in general. and a conceptual model of supply IS 

de\'eloped. In the second part of the analysis. quantitative 
analysis is applied to three specific scrap metals to 
examine and measure relationships discussed in the a 
priori economic analysis. The three metals-copper:. alu­
minium and nickel-furnish a reasonable cross sectIon of 
conditiollS in the secondary metal market. Available for 
reference at the Central Library. V,S. Department of the 
Interior. Washington. D,C, 

OFR 19-72, The Collection of Nonferrous Scrap-A Literature 
Review of the Copper and Aluminum Sectors. 

bv Richard L Gonion. George H, K. Schenck. and \fil­
fl:id A, Lambo, Pennsvl\'ania State Cni\'ersity. College of 
Earth and ~fineral Ec;momics. Cnh'ersity Park. Pa,. 19i2. 
83 pp .. 8 figs, This study seeks to acl\'ance understanding 
of the problem of \I'aste disposal by re\'iewing one cle­
ment of the problem. the reuse of nonferrous scrap, The 
a\'ailable literature was revic\l'ed anti analyzed. The re­
port co\'ers t\\'O major nonferrous metals-copper and 
aluminum. Although they compete in many markets, 
these two nonferrous metals prO\'e quite different whcn 
\'iewed in the perspecth'e of this studv. Aluminum has 
shown rapid growth and steadilv expanded uses in \\'hich 
it could compete, Copper in contrast has shown much 
less change. The difference in growth is necessarih' a 
major factor in effecting the role of scrap in the total 
a\'ailability of a metaL At Ica~t some portion of the scrap 
consists of material from products that were made many 
\'Cars ago. A rapid growth rate for primary products im­
plies that this scrap will be a much smaller fraction of 
total availabilitv than a product with lesser gro\I' th, In 
practice. the relationship also depends upon the rate of 
recO\'ery of this materiaL Copper recO\'ery proH's con­
siderably easier than that of aluminum, A\'ailable for 
reference at the Central Library. C.S, Department of the 
Interior. \\'ashington. D,C, 

OFR 20-72. Water Pollution Potential of Snowfall on Spent 
Oil Shale Residues, by J. C. \\'al'(l and S, E. 

Reinecke, Environmental Engineering Program. Depart­
ment of Ci\'il Engineering, Colorado State Cni\'(~rsity. Fort 
Collins. Colo .. June 1972.53 pp,. 8 figs. The concentration 
and composition of totally dissoh'ed solids were deter­
mined both in surface runoff water and in water which 
had percolated through a bed of the residue, An em­
pirical equation was developed to predict the concentra­
tion of the runoff water as a function of independent 
parameters. A tendency for saturation of the residue to 
occur during a period of snO\\'mel t was re\·ealecl. The 
effects of this saturation on the residue were also con­
sidered, An Q\'erland-flow water quality model was de\'el­
oped and successfully applied to runoff resulting from 
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rainfall and snml"fall on oil shale retorting residue. The 
surface water runoII from snowfall on oil shale residue 
has less water pollution potential than the runoff from 
rainfall. The concentration of dissolYed solids in the 1'1111-

off was a function of the cumulath'e yolume of runoff 
per unit width, the porosity of the oil shale retorting 
residue, the soil moisture content, the snowmelt rate, and 
the fraction of the snowmelt water that is runoff. A\'ail­
able for reference at Bureau of Mines libraries in Dem'er, 
Colo., Laramie, "'),0., Bartlesyille, Okla .. and San Fran­
cisco. Calif., and at th(' Central Library, U.S. Department 
of the Interior, \\'ashington, D.C. Companion report 
"Water Pollution Potential of Rainfall on Spent Oil 
Shale Residues" is available for 51.25 from the Super­
intendent of Documents. U.S. Gm'ernment Printing Office. 
Washington. D.C. 20402. (Catalogue ;\0. EPI.l6:14030EDB-
121il; Stock :\'0. 55010197.) 

OFR 21-72. Reconnaissance of Ugashik Beach Sands, Bristol 
Bay, Alaska, by Arthur L. Kimball, 19n. 

28 pp. 4 figs, This report describes a Bureau of ~lines 

examination of beach deposits on the east shore of Bristol 
Ba\' in Alaska. The anah-tical results obtained on 125 
samples from the deposits arc presented. These results 
indicate that gold is associated with the black sands in 
local conccntr:ltions. \I'hich occasionallY coyer areas as 
large as I acre in si7e. The deposits were seldom more 
than (j inches in thickness amI the samples ne'er exceeded 
O.OOi ounce per ton in gohl content. A\ailable for refer­
ence at the Bureau of ~Iines Alaska Field Operation 
Center. Juncall .. -\Jaska. and at the Central Library', l'.S. 
Departn;cnt of the Interior. \rashington. D.C. . 

OFR 22-72. Evaluation of Anemometers for Use in Coal 
Mines, bv l F. l\fcCm'. June 6, Eli2. 63 pp. 

23 figs. The purposc of the research described in this re­
port \I'as to c,aluate existing instrumentation for measur­
ing air 'l'locities ill the speed rangc under 2.000 feet per 
mill ute: to ('\aluate the method for determining total air 
yolume flm" from the \'elocity measurements; to eyaluate 
n('\I' techniques that may be applied to measuring air 
\'clncitics: and to design a prototype instrument that 
reprcsents the best technique based on the eyaluation. 
Hnt film anemometry \I'as the technique selected for the 
prototype design, Portable and self-contained. the proto­
type instrument deyeloped is expected to be approyable 
for usC' in ga"y mines, The three-phase research program 
in\()l\ed (I) a literature and information search. (2) 
laboratory teqing, and (3) instrument design. AYailable 
for reference at Bureau of ~lines lihraries in Pittsburgh. 
Pa,. Dell\'Cr. Colo .. T\I'in Cities. ~linn .. and Spokane, 
\\'ash .. and at the Central Library, C,S, Department of 
the Interior. \\·ashington. D,C, 

OFR 23-72. Rotary Drilling Exploration of the Ryan Lode 
Properties, Fairbanks Mining District, Alaska, bv 

Rohert S. \\';lrfiehl and Bruce r. Thomas. June 19i2. 21 
pp. " figs. A rotary-drilling exploration system "'as tested 
at the RYan Lock. Fairhanks mining district, Alaska, to 
determine its applicatioIl for surface trenching and to 

e\'aluate the open-pit mining potential of a wide shear 
70ne that contains gold-bearing gold-quartz Yeins, The 
drilling sampling system ,,'as yerified as a practical sub­
stitllte for surface trcnching that minimized endron­
mental damage: but ,,'hcre tested. the shear zone material 
clocs not cont~lin sufficient \'~dlles. together with indiY'ic\ual 
\ein \'~!lues. for opcn-pit mining. Ayailable for reference 

.,':: ,- ~ ~" () - ~., - !' 

at the Bureau of Mines Alaska Field Operation Centers 
in Juneau, Fairbanks, and Anchorage, Alaska, and at the 
Central Library, U.S. Department of the Interior, Wash­
ington, D.C. 

OFR 24-72. Equipment Operation Safety Study, prepared 
by Theodore Barry and Associates for the 

Bureau of Mines. July 18, 1972. 134 pp. 38 figs. This 
report pro\'ides the results of a comprehensh'e investiga­
tion of underground coal mine fatal and nonfatal acci­
dents for the years 1966 through 1970. In terms of de­
fining specific relationships between accidents and 64 
equipment models, this report represents a major con­
tribution to imprm'ement in the safe operation of the 
identified equipment types. Specific hazards associated 
with each type of equipment ha\'e been identified and 
inyestigated throughout their unit operations in the min­
ing cycle. Recommendations for impro\'ing the safety of 
these operations are pro\'ided in the report. This report 
supplements Bureau of Mines OFR 4 (I) -72 and OFR 
4 (2) -n. A\'ailable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Demer, Colo., Twin Cities, 
Minn., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 25-72. Standardization of Continuous Miner Control 
Configurations, by William G. Hedling and 

John D. Folley, Jr. June 28, 19i2. 24 pp. 5 figs. Con­
tinuous miners are operated in an em'ironment that is 
extremely hazardous to mining personnel working in the 
\'icinity, including the operator. Eyery effort should be 
made to apply modern technology to reduce human 
error and accidents. Controls for operating continuous 
miners do not conform to modern principles of human 
engineering. Although the functions performed by most 
continuous miners are Yery similar. the control configura­
tions associated with operator control of these functions 
differ significantlY. Applied Science Associate, Inc., as­
sisted the Bureau of Mines in in\'estigating control con­
figurations of se\'eral types of commercially a\'ailable con­
tinuous miners. Problems associated with the lack of 
standardization of controls on continuous miners were 
identified and described. From the data compiled, a tenta­
ti\'c, standardized continuous miner control configuration 
was designed \dth applicable principles and guidelines of 
human engineering factors. The model was compared to 
a\'ailable equipment. Ayailable for reference at Bureau 
of Mines libraries in Pittsburgh, Pa., Dem'er, Colo., Twin 
Cities. ~linn., and Spokane, '''''ash., and at the Central 
Library, l'.S. Department of the Interior, -Washington, 
D.C. 

OFR 26-72. Rutile and Associated Heavy Minerals in Florida 
Phosphate Flotation Plants, by W. E., Lamont, 

D. R, Brooks, I. L. Feld, and T. N. Mc\'ay. December 
1968, 35 pp. 6 figs. The Bureau of Mines investigated the 
potential for recoyering rutile and associated valuable 
heay)' minerals from the central Florida pebble phos­
phate district flotation circuits. Studies were made to 
determine (I) the type and quantity of nluable heavy 
minerals present at Yarious points in the flotation circ~its 
and (2) the technical feasibility of producing marketable 
grade concentrates of the yaluable hea\'y minerals. Results 
of these studies indicated that the feed to the fine fatty 
acid flotation circuits contained an a\'erage of 0.39 per­
cent heaY'y minerals. Based on aYailable tonnage estimates 
the following a\'erage quantities of nluable heavy min-
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erals should be passing through the district flotation 
plants annually: rutile. 4.5 thousand short tons; zircon, 
14 thousand short tons; opaque (ilmenite), 41.5 thousand 
short tons; and monazite, 6 hundred short tons. Howeyer, 
hea\")' mineral recoyery was extremely low, ranging from 
18 to 23 percent of the rutile, 52 to 63 percent of the 
zircon, 17 to 29 percent of the ilmenite, and 50 to 56 
percent of the monazite. The principal difficulty in 
achieying high recovery of the \'aluable hea\'y minerals 
was determined to be the fineness of size, which affected 
both the wet and dry separation techniques used for 
reco\'ery. A\'ailable for reference during working hours 
at the Tuscaloosa Metallurgy Research Laboratory, Tusca­
loosa, Ala., and at the Central Library, U.S. Department 
of the Interior, \\'ashington, D.C. This report was done 
under a cooperati\'e agreement between the Bureau of 
Mines and the Uni\'ersity of Alabama. 

OFR 27-72. The Miner, His Job and His Environment: A 
Review and Bibliography of Selected Recent Re­

search on Human Performance, by' Charles Fried and others. 
April 1972. 192 pp. 10 figs. As one of the early steps in 
carrying out the proYisions of the Coal Mine Health and 
Safety Act passed by Congress in 1969, the Bureau of 
~Iines commissioned the Behayioral Sciences Group at the 
:---ational Bureau of Standards to conduct a sun'ey of the 
state of the art in ergonomics (human factors) as it has 
been applied to mining. The group carried out an exten­
sive search of both foreign and domestic published litera­
ture in ergonomics. About 1,200 references were located 
and 49 were abstracted on the foJIO\\'ing topics: Effects 
of en\ironmental stress on health and productivity; acci­
dent pre\'ention measures that ha\'e been shown to be 
effecti\'e; protective clothing and equipment; the man­
machine relationship in the mining situation; effecth'e 
training programs for safety and work; effect of informal 
social organization in underground operations; all aspects 
of the effect of the physical environment upon the miner; 
and psychological principles that may have been applied 
to mine problems. The report concludes that little work 
has been done on the human factors of mining in the 
L'nited States. A,'ailable for reference at the Bureau of 
~Iines libraries in Pittsburgh, Pa., Twin Cities, Minn., 
Dem'er, Colo., and Spokane, \\'ash., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 28-72. Systems Analysis of an Inherently Explosion-
Proof Coal Mining Operation, by \\' esting­

house Defense and Space Center. 1972. 350 pp, 59 figs. 
The inherently explosion-proof mine (EPM) concept is 
based upon the non-flammability of certain combustible­
oxidant-inert gas mixtures, and the effect of partial pres­
sure of gases on physiological reactions. In a properly 
controlled underground environment, gas explosions are 
impossible, men can do work, and relatiyely high con­
centrations of methane would be permitted. A systems 
analysis was 'performed to examinel the physiological, 
engineering, and economic feasibility of such a concept, 
and methods and equipment are recommended for main­
taining an EPM atmosphere in a bituminous coal mine 
producing a nominal 2 million tons of clean coal per 
year. A\'ailable for reference at Bureau of Mines libraries 
in Pittsburgh, Pa., Twin Cities, Minn., Demu, Colo., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, \Vashington, D.C. 
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OFR 29-72. Exploration of Illumination Concepts for Un-
derground Coal Mines, by Rupert O. Yantz. 

May 26, 1972. 313 pp. 123 figs. The lack of adequate 
area lighting in the working places of underground coal 
mines has been a contributing factor to mine accidents 
inmlYing damage to equipment and serious injury to 
personnel. This report describes two prototype lighting 
systems to demonstrate the feasibility of interim lighting 
equipment and recommends long-term solutions for work­
ing place lighting in underground coal mines, Lighting 
requirements for high and low coal seams were e\'aluated 
and found to be similar, eliminating the necessity for 
unique lighting systems based on coal seam height. A 
protoype man-portable area lighting system was de\eloped 
to meet the operational requirements of conventional 
mining. A prototype machine-mounted lighting system 
was de\'eloped to meet the operational requirements of 
mechanized mining. An illumination system concept using 
portable area lights for entry lighting and roof-support 
mounted lights for face lighting was recommended to 
meet the operational requirements of longwall mining. 
Unusual operational conditions would require both 
machine-mounted and portable luminaries. A\'ailable for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities, Minn., Dem'er, Colo" and Spokane, \\'ash., 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 

OFR 30-72. Evaluation of Mine Electrical Systems With 
Respect to Safety, Technology, Economics and 

Legal Considerations, by Robert Stefanko and A. K. Sinha. 
The Pennsyhania State l.'niv., Dept. of Min. Eng. 
August 1971. 56 pp. 14 figs. Field research "'as di­
rected toward e\'aluating the effecti\eness of existing 
grounding systems used in U.S. coal mines, and a litera­
ture search was carried out to determine the effecti\cness 
of ,'arious grounding systems employed in major coal 
producing countries of the world. :---eccssary instrumenta­
tion has been de\'e!oped to analyze mine electrical power 
systcms on a dynamic basis. Plans ha\'e already been made 
to develop a simulated mine electrical power system on 
which studies will be conducted to confirm and further 
analyze the findings from field research. Some protectiye 
de\'ices ha\'e been acquired and more will be procured 
in the near future. Their performance characteristics and 
effectheness will be determined in the laboratory with 
respect to the characteristics of existing mine power 
systems. The progress made in the \'arious areas of re­
search is presented in this report. A\'ailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Twin 
Cities. Minn., Dem'er, Colo., and Spokane, \Vash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 31-72. An Economic Analysis of a White Nahcolite 

Installation in Colorado, Option I, Circa 1971, 
by Staff, Bureau of Mines. July 1972. 69 pp. 15 figs. 
Option I is concerned only with material from a "white 
nahcolite bed" in the Piceance Creek basin, Colorado, 
containing a high concentration of sodium bicarbonate 
at a nominal depth of 1,900 feet. 

A nahcolite mine and processing plant is designed 
to mine 8,000 tons of nahcolite ore per calendar day 

yielding 4,071 tons per calendar day of soda ash product. 
This will require a total capital investment of $80,213,200 
based on 1971 conditions. 
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The soda ash will yield an annual income of $52,-
749.400. Annual operating expenses including labor, 
materials, maintenance, taxes, insurance, payroll O\'el'­
head, and depreciation will be $18,821,900 in 1971 dollars. 
The discounted cash flow rate of return is equal to 30.74 
percent based on a weighted average depreciation life of 
12.88 years. Available for reference at Bureau of Mines 
libraries in Denver, Colo., Laramie, Wyo., San Francisco, 
Calif., Bartlesville, Okla., and Morgantown, W. Va., and 
at the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 32-72. An Economic Analysis of an Oil Shale, Nahco· 
lite, Dawsonite Complex in Colorado, Option 

II, Circa 1971, by Staff, Bureau of Mines. July 1972. 175 
pp. 38 figs. Option II concerns mining and processing 
a nahcolite deposit in the Piceance Creek basin, Colorado, 
plus an underlying measure of oil shale containing about 
25 percent nahcolite and 9 percent dawsonite to yield 
soda ash, alumina, and shale oil as principal products. 
Coke, sulfur, and ammonia are also byproducts. 

A two-lewl shaft mining operation, retorting, partial 
refining, and a minerals processing plant requires a 
capital investment of S605,947,700 in 197I dollars to 
process 8,000 tons per calendar day of nahcolite ore and 
60,000 tons of the mineral containing oil shale. An 
income of S268,283,000 requires SI43,188,700 in annual 
expenditures including labor, materials, maintenance, 
taxes, insurance. overhead, and depreciation. The dis­
counted cash flow rate of return is 17.20 percent based 
on a weigh ted awrage depreciation life of 13.99 years. 
The option differs from Option III in depth of the shale 
bed mined and analysis of the deposit. Available for ref· 
erence at Bureau of l\lines libraries in Dem'er, Colo., 
Laramie, Wyo., San Francisco, Calif., Bartlesville, Okla., 
and Morgantown, W. Va., and at the Central Library, U.S. 
Department of the Interior, 'Vashington, D.C. 

OFR 33·72. An Economic Analysis of an Oil Shale, Nah· 
colite, Dawsonite Complex in Colorado, Op· 

tion III, Circa 1971, by Staff. Bureau of Mines. July 1972. 
176 pp. 39 figs. Option III concerns mining and process­
ing a nahcolite deposit in the Piceance Creek basin, 
Colorado, plus an underlying measure of oil shale con­
taining 14.8 percent nahcolite and 11.6 percent dawsonite 
by weight, yielding 37 gallons of shale oil per ton. 
Principal products arc soda ash, alumina, and shale oil. 
Coke, sulfur. and ammonia are evaluated as byproducts. 

A two·level shaft mining operation, retorting, partial 
refining, and a minerals processing plant requires a 
capital investment of 5636.973,000 in 1971 dollars to 
process 8.000 tons per calendar day of white nahcolite 
ore and 60.000 tons per calendar day of mineral· bearing 
oil shale. An income of S257.599,600 based on 1971 prices 
requires SI51,373,400 annual operating expenditures in­
cluding labor. materials, maintenance, taxes, insurance, 
O\'erhead, and depreciation. The discounted cash flow 
rate of return is 14.45 percent based on a weighted aver­
age depreciation life of 14.155 years. This option differs 
from Option II in depth of the shale bed mined and 
analysis of the deposit. Available for reference at Bureau 
of l\lines libraries in Dell\'er, Colo., Laramie, Wyo .. San 
Francisco. Calif., Bartlesdlle, Okla., and Morgantown, 
W. Va., and at the Central Library, U.S. Department of 
the Interior, \\'ashington, D.C. 

OFR 34·72. Evaluation of Horizontal 'Drilling Techniques 
in Coalbeds, prepared by T. N. Williamson 

of Jacobs Associates, for the Bureau of Mines. Oct. 25, 
1970. 131 pp. 57 figs. The purpose of this study was 
to pro\'ide guidelines for meaningful research leading 
toward imprO\'ed drilling de\'ices and techniques, The 
evaluation of the technology indicates clearly that those 
techniques now in use by the Bureau of Mines represent 
the most ad\'anced state of the art currently available 
for the Bureau's purposes and conditions. It also shows 
that much of the ad\'ance in the current state of the art 
in technology has been the result of the Bureau's acti\'i­
ties. It indicates that further advances can and should 
be reached through research by the Bureau and pro\'ides 
guidance for such activity. The first section describes the 
conditions under which a drill must work. The second 
section discusses the state of the art of drilling as it 
relates to the problem. The third section describes the 
problem. A\'ailable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Den\'er, Colo., Twin Cities, 
Minn., and Spokane, Wash., and at the Central Library. 
U.S. Department of the Interior, Washington, D.C. 

OFR 35·72. Determination of the Electromagnetic Environ· 
ment in Coal Mines, by J. H. Crary. Nov. 

3, 1972. 139 pp. 37 figs. This report concerns the need 
for improved communication during and following mine 
disasters, especially when miners are trapped. A reliable 
and versatile communication system throughout an entire 
mine could be adapted to automatic monitoring at a cen­
tral location of important environmental parameters, such 
as air temperature, composition, pressure, seismic acti\'ity 
and so forth, throughout the mine. The use of long-wave 
electromagnetic methods appears to solve the problems. 
Basic information required consists of (I) a knowledge 
of the magnitude of frequency both abo\'e and below 
the surface, (2) information on the attenuation of EM 
signals propagating from surface to subsurface points, and 
\'ice \'ersa, and the antenna coupling characteristics which 
would be invol\'ed, and (3) a knowledge of the accuracy 
with which an underground signal source can be located 
from the surface and \'ice versa. The report CO\'ers noise 
em'ironment, attenuation and antenna coupling, deter­
mination of optimum frequencies, electromagnetic loca­
tion. and properties of tunnels as high frequency wave­
guides. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Denver, Colo., Twin Cities, 
Minn .. and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 36·72. Model Studies To Determine the Optimum 
Practical Rearrangement of Timberwork to En· 

sure Minimum Resistance Values for Rectangular Shafts, by 
J. R. Hoskins and C. E. Gregory. University of Idaho 
Bureau of Mining Research. Apr. 15, 1972. 26 pp. 
12 figs. This research was conducted to determine op­
timum configurations of rectangular shaft supports, lin­
ing, and fixtures to reduce head losses. Model studies in 
a specially designed wind tunnel provided information 
useful as a guide to remedial measures on old shafts or 
to design new ones. The research disclosed that airway 
resistance could readily be reduced 25 percent by rela­
tively minor modifications in the timber or steel support­
ing sets. Potential annual sayings in power costs are 
given. The methods described can be applied to reduce 
airway resistance in mines with se\'ere ventilation prob-
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Jems. A\'ailable for reference at Bureau of Mines libraries 
in Pittsburgh, Pa., Denyer, Colo., Twin Cities, Minn., 
and Spokane, "'ash., and at the Central Library, U.S. 
Department of the Interior, Washington, D.C. 

OFR 37-72. Development of an Air Quality Simulator for 
Coal Mines, by G. E. Geiger. Sept. I. 

1972. 299 pp. 47 figs. The purpose of this research 
was to de\'elop a computer simulator for predicting the 
air quality in existing coal mines as well as a design aid 
for de\'eloping new mines. In addition to the air quantity 
flow, other yariables or temperature, moisture, methane, 
and respirable dust are necessary to determine air quality. 
An additional feature of this simulator allows parametric 
studies of these "ariables to explore the effect that these 
yariables ha\'e on the air quality of an operating mine 
system. The report points out areas where more research 
is needed. It coyers the temperature moisture simulator, 
\\'hich giyes the temperature and moisture content at any 
point in a mine; the methane simulator, which gh'es the 
methane concentration; and the dust simulator, which 
gi\'es the dust concentration at any location in a mine. 
Ayailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Dem'er, Colo .. Twin Cities, ~Iinn., and 
Spokane, Wasil., and at the Central Library, C.S. Depart· 
ment of the Interior, Washington, D.C. 

OFR 38-72. Development of a Porosimeter for Coal Mines, 
by The l:ni\'ersity of Tulsa. June 30, 19i2. 

72 pp. 40 figs. This research concerned choosing fluids 
and de\'eloping techniques for measuring coal porosity. 
Helium was adopted as the standard text fluid, and 
measurements made with it taken as the "true \'alues." 
The Boyle's Law technique was adopted as the standard 
for measuring total (micro plus macro) porosity. Mercury­
injection tests were found to proyide significant informa­
tion on pore-size distribution. Interest in coal porosity 
stems from its role in methane control in coal mines. 
An adequate definition of coal porosity and an ac­
ceptable method of measurement must proYide links 
with this function. For this purpose, additional mercury­
injection tests, studies of continuity of pore structures, 
coal microscopy, and stress tests were undertaken. Numer­
ous specimens were examined. Porosity was found to be 
comprised largely of fractures, some undoubtedly caused 
by mining. Porosities ranged mostly between 2 and 5 
percent. The findings prm'ided a more realistic and 
substantial basis than existed before for inm!\'ing 
porosity as a factor in methane control. A\'ailable for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Dem'er, Colo., Twin Cities, Minn" and Spokane, Wasil., 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 

OFR 39-72_ Evaluation and Feasibility Study of Isolated 
Electrical Distribution Systems in Underground 

Coal Mines, by General Electric Co. Apr. 17, 1972. 218 
pp. 84 figs. The objecti\'es of the contract were to 
e\'aluate the feasibility of isolated electrical distribution 
systems in underground coal mines and to design, specify, 
and enluate such a distribution system. This final report 
presents a state-of-the-art literature sun'ey on ungrounded 
and grounded power systems, a report on literature per­
taining to human threshold limits of electric shock, an 
analysis of the performance requirements of isolated 
systems, and a section on the design and performance 
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specifications for an isolated system. It was established 
that there is no ideal underground system due to the effect 
of inherent distributed capacitance to ground which is 
present in all components of the system, The conclusion 
is that a completely ungrounded power system of 480 \' 
or more is no safer than any other system from a human 
shock standpoint; also, the ungrounded system has no 
ach'antage with respect to gas ignition hazards. The con­
tractor indicates that the high resistance grounded power 
system has personnel safety ach'antages for underground 
mining application. Anilable for reference at Bureau of 
Mines libraries in Dem'er, Colo" Pittsburgh, Pa., Spokane, 
"'ash., and Twin Cities, ~Iinn" and at the Central 
Library, U,S. Department of the Interior, '\'ashington, 
D.C. 

OFR 40-72. Research in Advanced Power Systems for Min-
ing Health and Safety, by E. S. Chaplin, 

R. E. Anderson, J. J. Shore, J. L. Smith, D. ~r. Jassowski, 
and R. A. He\\'itt. Aerojet Liquid Rocket Company, 
July 20, 1972, 243 pp. 70 figs. Systems analytical tech­
niques ha\'e been formulated and applied to quantita­
ti\'ely assess the relatiye safety merits of four shuttle car 
power systems for use in underground coal mines, Results 
from two techniques-forced decision analysis and fault 
tree analysis-suggest the open-cycle diesel to be the 
most desirable of the power systems studied, with the 
closed-cycle diesel being next, followed by the battery­
motor and the electric cable-reel. Two basic mine shuttle­
car configurations were considered for incorporation of a 
closed diesel powerplant. Engineering designs, perform­
ance parameters, and the logistics of sen' icing the power 
systems were formulated. The utilization of the closed 
diesel shuttle car as an emergency rescue yehicle was 
discussed, An extensi\'e eyaluation was made of the com­
patibility, sensiti\'ity, and hazards of closed-cycle diesel 
consumables with materials normally found in a mine 
em'ironment. The consumables considered were diesel 
fuel, KOH, and liquid and gaseous 0". _-\n extensi\'e 
bibliography of reports on these topics was prepared. 
Experiments were also carried out to e,'aluate the time 
and concentration of gaseous oxygen in a simulated mine 
entry following a liquid oxygen spill. A\'ailable for 
reference at Bureau of Mines libraries in Dem'er, Colo., 
Pittsburgh, Pa., Spokane, Wash., and Twin Cities, Minn., 
and at the Central Library, V.S. Department of the 
Interior, 'Vashington, D.C. 

OFR 1-73, Coal Mine Combustion Products, Identification 
and Analysis, by K. L. Paciorek, R. H. 

Kratzer, and J. Kaufman. December 1972. 158 pp. 27 
figs, Little data is ayailable on oxiclatiye degratiye be­
hador of materials used in coal mines under truly dy­
namic conditions approximating the mine em'ironment. 
Accordingly, tests were performed on: (a) pol)"'inyl 
chloride-containing materials; (b) neoprene compositions; 
(c) rigid foams (urethanes, isocyanates); (d) miscellane­

ous materials (including jute, fiber glass and poly­
ethylene) using a stagnation burner arrangement. It was 
found that the chlorine-containing materials e\'olyed 
hydrogen chloride yery readily, its rate of e\'olution being 
strongly temperature dependent. E\'en at the high air flow 
rates employed, significant quantities of hydrogen chloride 
were detected. The fluorocarbon propellant and COo 
were the main products found on decomposition of th~ 
foams, whereas among other products jute compositions 
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liberated methyl chloride. The analyses were performed 
using mass spectrometry and infrared spectroscopy. Avail­
able for reference at Bureau of Mines libraries in Den­
ver, Colo., Pittsburgh, Pa., Spokane, Wash., and Twin 
Cities, Minn., and at the Central Library, U.S. Depart­
ment of the Interior, ,rashington, D.C. 

OFR 2( 1)-73. A Mineral Slurry Data Bank. Part 1. Report, 
by R. R. Faddick. Dec. 2, 19i2. 115 

pp. 66 figs. This study contains slurry pipelining data 
on 16 materials including coal, coal refuse, ores, concen­
trates, and tailings. This report comprises the data hank 
in the form of a computer printout listing system con­
stants and headlnss data for each material. These data 
are useful for designing hydraulic pipeline transportation 
systems for mined materials. The computer cards are on file 
with the Bureau of Mines at Pittsburgh, Pa., and with 
the Basic Engineering Department of the Colorado School 
of Mines at Golden, Colo. The purpose of the data bank 
is to assist in the de\'e!opment of a uni\'ersal headloss 
correlation for mineral slurries. Present headloss correla­
tions were tested and found to be inconsistent for the 
yarious mineral slurries. Thus, a different approach was 
taken. that of compiling a library of Stanton diagrams 
relating friction factor and Remolds numbers for a 
gh'Cn slurry in a gi\'en pipe diameter. The advantages of 
the diagrams arc demonstrated and discussed. Available 
for reference at Bureau of Mines libraries in Denver, 
Colo., Pittsburgh, Pa., Spokane, Wash .. and Twin Cities, 
~Iinn,. and at the Central Library, C.S. Department of 
the Interior, "'ashington, D.C. 

OFR 2121-73. A Mineral Slurry Data Bank. Part 2. Ap-
pendages-Computer Output, bv R. R. 

Fa,ldick. Dec. 2, 1972. 239 pp, Contained in this part 
of the report is the computer output of the data bank 
dcscril)('d in OFR 2 (1) -73. Available for reference at 
Bureau o[ ~lines libraries in Dem'er, Colo., Pittsburgh, 
Pa .. Spokane. 'rash .. and Twin Cities, Minn .. and at the 
Central Library, C.S. Department of the Interior, Wash­
ington, D.C. 

OFR 3-73. Environmental Action Programs for Northeastern 
Pennsylvania Refuse Bank Removal/Subsidence 

Monitoring, by The ~Iitre Corporation. ::\'oyember 1972. 
',:2',1 pp. 2-1(1 figs, This project. sponsored bv the V,S. 
Hureau of ~fincs. Di\'ision of En\'ironment. addresses two 
major subjects: refuse relll'" al and subsidence monitoring. 
The refmc rcmmal task consisted of deycloping a 
lllethodology for selecting the most economical combi­
nations of coal mine breaker refuse and rock banks, 
disposal sites, and material mo\'ing systems (trucks, trains, 
belt ConH'\'Crs, and pipelines) . To prepare plans for mO\'­
ing refuse in the Lacka\\'anna \'alley of :\'ortheastern 
Pennsyh'ania. refuse banks were inH'ntoried, underground 
dispos~d sites identified. and unit cost data prepared for 
the \'arious material moYing systems. The subsidence 
monitoring task consisted of defining the phenomenon 
of coal mine induced surface subsidence, establishing 
operational requirements. cataloging sensors. and tech­
ni'lues to detect and measure subsidence and testing of 
the most promising techniques (photoelastic patch, tilt­
meter. strain gage. microseismic. and precise sun'eying). 
A prcliminarv ,,'stem for a 700-acre area in Scranton 
utilizing 267 grid sellSors, se\'en microscismic sensors and 
precise sun'eying techniques was designed with initial and 
annual operating costs determined. Two minor tasks sup-

ported both main subjects: zoning in the Northern 
Anthracite Field of Pennsylvania and Technology Trans­
fer of subsidence yulnerability prediction techniques. 
Anilable for reference at Bureau of Mines libraries in 
Denyer, Colo., Pittsburgh, Pa., Spokane, Wash., and Twin 
Cities, Minn., at the Enyironmental Affairs Field Office 
in Wilkes-Barre, Pa., and at the Central Library, U.S. 
Department of the Interior, 'Vashington, D.C. 

OFR 4-73. Determination and Description of Characteristics 
Affecting Performance of the Laading Function 

in Underground Coal Mining, by Thomas V. Falkie and 
R. \'enkataramani. The Pennsylvania State Unh-ersity, 
Uni\'ersity Park, Pa., September 1972, 102 pp. 22 figs. 
The purpose of this work was to investigate the rate at 
which coal is delivered from the underground working 
face by gathering arm type loaders as employed on con­
tinuous mining machines, to identify the factors­
geometrical, geological, mechanical, or procedural-which 
affect the delivery rate, and to develop quantitative rate· 
descriptiYe equations for the loading function. The mathe· 
matical techniques employed were factor analysis and 
multiple linear regression. It was determined that the 
coal-cutting function of the continuous mining machine 
is the factor tha t primarily influences the loading func­
tion. The geometrical factors-the dimensions of the work 
area in relation to the dimensions of the mining machine 
-were the factors of secondary influence. Fifty-five per­
cent of the experimental variation in the loading function 
was explained in terms of the six most prominent inde­
pendent yariables. It is expected that this work will be 
useful in operations. research studies as applied to under­
ground coal mining, and with refinement will enable 
mine planners to select equipment based on the operating 
characteristics of the equipment and the mining concli­
tions. Ayailable for reference at Bureau of Mines libraries 
in Pittsburgh, Pa., Twin Cities, Minn., Denyer, Colo., and 
Spokane, WasiL, and at the Central Library, V.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 5-73. A Numerical Model for the Study' of Particle 
Interactions in Relation to Hydraulic Tran$port, 

by Andrew K. C. Wong and T. S. Liu. Carnegie· Mellon 
Vnhersity, Pittsburgh, Pa., June 30, 1972, 57 pp. This 
research is an attempt to deYelop a numerical method 
for studying some of the basic relations that govern 
particle in teraction in laminar flow field so as to (I) ac­
quire better understanding of the flow phenomena and 
(2) extend the knowledge of the deri\'ed analytical results 
for the modification of the existing formulas. The study 
model consists of two parts. The first part is to inyesti­
gate the effect of particle spacings (or concentration) 
and specific graYity on the particle drag coefficients when 
particles settle in groups in a given fluid. The study is 
to establish a relation between drag coefficient and con­
ccntration in Durand's formula, which at present implies 
that the former is independent of the latter. The second 
part attempts to analyze, by solYing the non-linear dif· 
ferential equation, the translation, rolling, lifting of 
circular particles flowing in long horizontal channel in 
the laminar regime, so as to correlate the geometric 
parameters with the hydraulic parameters. AYailable for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities, Minn., Dem'er, Colo., and Spokane, 'Vash., 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 
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OFR 6-73. Portable Mine Dust Concentration, by C. E. 
Lapple and C. F. Schadt. June 27, 1972. 

203 pp. 39 figs. To imprO\'e mine health and safety 
conditions, there is need for a portable instrument that 
mine inspectors can use routinely for rapidly checking 
concentrations of dust in mine atmospheres. The prime 
objecth'e of this study was to build, calibrate, and de­
lil'er to the Bureau of Mines two prototype instruments 
based on a design prel'iously de,'eloped. The emphasis 
was to be on providing instruments which would meet 
certain minimum standards of size, weight, response time, 
sensitiyity, ruggedness, reproducibility, permissibility, and 
cost (ultimate) ; optimization of the design was to be consid­
ered only insofar as it would not significantly delay the 
dewlopment. One instrument was to be delivered after 
initial calibration of both instruments with Coal Dust 
PGH, The second instrument was to be used for further 
calibration with a number of other coal and rock dusts 
and for assessing other relel'an t performance characteris­
tics, This report summarizes the results of this study. 
AI'ailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Dem'er, Colo., and 
Spokane, Wash" and at the Central Library, V,S. Depart­
ment of the Interior, 'Vashington, D,C. 

OFR 7-73. Rotary Drilling for Strippable Coal in the Jarvis 
Creek Coalfield, Alaska, by Robert S. 'Var­

field, Feb. 13, 1973. 32 pp. 4 figs. Tweh'e relatiyely 
short holes were drilled using a CSR (center sample 
return) drilling system to test the applicability of the 
drilling system and to test coal continuity in the yicinity 
of the present mine workings of the Jan'is Creek coal­
field, Coal intersections plus geologic el'idence indicate 
depositional continuity O\'er fairly large distances. The 
CSR drilling system offers an excellent method for deter­
mining coal continuity and a system in which a fair 
(but not quite as good as core) sample may be obtained. 
Anilable for reference at the Office of the Assistant 
Director-Mineral Supply and the Field Operations 
Centers in Alaska, Colorado, and Pennsyil'ania, and at 
the Central Library, V.S. Department of the Interior, 
Washington, D.C. 

OFR 8-73. Evaluation of Methanometry in Coal Mines, by 
Atlantic Research Corporation. July 1972. 

106 pp. 30 figs. This report describes a program of 
research to el'aluate methanometry in coal mines. The 
program commenced by conducting an extensiye state-of­
the-art sun'ey. Details of the sun'ey which are presented 
include a rating of nrious types of instruments that 
can be used to detect and record methane gas. Labora­
tory test data on mine instruments tested are presented 
together with results from a computerized statistical analy­
pis. AI'ailable for reference at Bureau of Mines libraries 
in Pittsburgh, Pa., Twin Cities, Minn., Denyer, Colo., and 
Spokane, Wash., and at the Central Library, V.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 9-73. Accident Analysis by Functional Classification 
For Bituminous Coal Mines In 4-Foot to 8-Foot 

Seam Heights, by R. J. Traube and J. E. Hopper. 
Sept. 11, 1972. 48 pp. 5 figs. This report presents an 
abbreyiated summary of the accident information de­
yeloped for the Inherently Safe Mining System (ISMS) 
project. The objective of the report is to provide informa­
tion on accidents to indh'iduals in the bituminous coal 
mining industry in a form it is beliel'ed is not currently 
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a\'ailable from other sources. The hope is that presenta­
tion of the information in this manner will enable indus­
try members to focus their accident prel'ention and safety 
education efforts on the paramount problems by ex­
plicitly and qualitath'ely defining the problems relatiye 
to each other. 

The primary objectiye of the ISMS program is to 
reduce the occurrence of fatal accidents. A secondary 
objecth'e is to reduce the frequency of nonfatal accidents. 
Progress toward one objectil'e !cads to programs in the 
other, which is compatible with the oyerall objecti"e of 
increasing safety in underground coal mines. Ayailable 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa., Twin Cities, Minn., Dem'er, Colo., and Spokane, 
Wash., and at the Central Library, V.S. Department of 
the Interior, Washington, D.C. 

OFR 10(11-73. Analysis of Coal Refuse Dam Failure. Middle 
Fork Buffalo Creek, Saunders, West Virginia. 

Volume 1. Text, by 'V. A. 'Vahler & Associates. Feb­
ruary 1973. On February 26, 1972, a coal refuse 
dam, owned and operated by the Buffalo Mining Com­
pany, failed near Saunders, W. Va. The resulting flood­
ing of the Buffalo Creek Valley had natior.al ramifica­
tions. The immediate consequences of the flooding were 
the deaths of 118 persons and 7 reported missing, the loss 
of O\'er 500 homes, and extensive flood damage to other 
property in Buffalo Creek Valley. Se\'eral imestigations 
were started immediately after the disaster; some were 
under GO\'ernment auspices, while others were initiated 
by groups of concerned citizens. These investigations re­
lied primarily on personal observations, and eyewitness 
reports, although the V.S. Army Corps of Engineers 
and the V.S. Geological Survey undertook limited field 
and laboratory testing. These original inl'estigations con­
tributed to an understanding of the Buffalo Creek flood. 
The principal contributions of this report are the presen­
tation of a comprehensil'e I'iew of the failure with essen­
tial data integrated from many sources, and an analysis 
of the failure based on a thorough program of subsurface 
exploration and sampling, field and laboratory testing. 
and engineering analyses. Al'aiJable for reference at all 
Coal Mine Health and Safety District Offices, at the 
Pittsburgh, Pa., and Denver, Colo., Technical Support 
Centers, the Health and Safety Analysis Center in Denl'er, 
Colo, and in the Office of Mineral Information and the 
Department of the Interior Library, both in Washington, 
D.C. 

OFR 10(2).73. Analysis of Coal Refuse Dam Failure. Middle 
Fork Buffalo Creek, Saunders, West Virginia. 

Volume 2. Appendices, by 'V. A. '\'ahler & Associates. 
February 1973. On' February 26, 1972, a coal refuse dam, 
owned and operated by the Buffalo Mining Company, 
failed near Saunders, W. Va. The resulting flooding of 
the Buffalo Creek Valley had national ramifications. The 
immediate consequences of the flooding were the deaths 
of II 8 persons and 7 reported missing, the loss of over 
500 homes, and extensil'e flood damage to other property 
in Buffalo Creek Valley. Basic data were gathered during 
the illl'estigation of the Middle Fork Valley dams and 
refuse bank abol'e Saunders during field investigations of 
the site conducted from the end of March through mid­
September 1972. This information consisted of field 
mapping, subsurface exploration and sampling by means 
of auger drill holes, field density tests, field permeability 
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tests, aerial photography, nne shear tests, and cone pene­
tration tests. Yolume 2, the appendices, covers these de­
tails. Anilable for reference at all Coal Mine Health and 
Safety District Offices, at the Pittsburgh, Pa., and Denver, 
Colo., Technical Support Centers, the Health and Safety 
Analysis Center in Denver, Colo., and in the Office of 
Mineral information and the Department of the Interior 
Libral'y, both in Washington, D. C. 

OFR 11-73. Acoustic Travel Times for the Madison Lime-
stone in the Williston Basin, by L. C. Mar­

chant and E. J. White. February 1973. 15 pp. An at­
tempt was made to de\'ise a simple method for accurately 
estimating rock matrix acoustic tra\'el time for heterogene­
ous carbonate samples. Compressional wave travel time 
was measured for each of several hundred Madison 
carbonate samples from the Williston Basin and is re­
lated to the conesponding sample porosity and bulk 
density. Least-squares equations for the linear plots of 
compressional wave tr2vel time versus porosity and bulk 
density yield rock matrix travel times at zero porosity 
and bulk density equal to rock matrix density. HO\\'e\'er, 
the data are scattered enough for the authors to con­
clude that these relationships do not provide a reliable 
method for estimating rock matrix acoustic travel times. 
Available for reference at Bureau of Mines libraries in 
Bartlesville, Okla., and Laramie, Wyo., at Energy Re­
search Centers in Morgantown, 'V. Ya., and San Fran­
cisco, Calif., and at the Central Library, U.S. Department 
of the Interior, "'ashington, D.C. 

OFR 12-73. Electromagnetic and Seismic Noise and Propaga-
tion. A Bibliography for U.S. Bureau of Mines, 

by Arthur D. Little. Inc. March 1972. 62 pp. This report 
cO\'ers a partial bibliography of the literature concerning 
electromagnetic and seismic noise and propagation as a 
result of an abhre\'iated literature search. The reference 
~ources include the open literature, in-house reference 
files, and Bureau of Mines contractor reports. The refer­
ences are organized by major subject categories and ar­
ranged alphabetically by author within each subject cate­
gory. Where multiple references by the same author 
apt'~ar, the references are arranged chronologically. Unau­
thored papers (Anon.) are listed at the end of each sub­
ject category. An asterisk (0) is used to indicate incom­
plete citation where information was not immediately 
a\'ailable at the time th'e bibliography was assembled. 
Available for reference at Bureau of Mines libraries in 
Pittsburgh, Pa" T\dn Cities, Minn., Denver, Colo., and 
Spokane. Wash., and at the Cenral Library, U.S. Depart­
ment of the Interior, "'ashington, D.C. 

OFR 13-73. Mine Dust Surveys for Incombustible Content, 
by Felix duBreuil, Da\'id Hauck, and Rob­

ert Saltsman. October 1972. 278 pp. 95 figs. The present 
sampling procedure for evaluating the rock dusting concli­
tions in a coal mine is time consuming. This study 
comiders means by which this procedure could be simpli­
fied. Surveys were conducted in six coal mines in Pennsyl­
vania to determine the incombustible content of the 
deposited dust. Some 2,000 samples were analyzed and 
statistically e\'aluated. It is suggested that the mean in­
combustible content could be obtained with fewer samples 
and smaller samples without greatly increasing the sam­
pling error. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Denver, 

Colo., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 14-73. A Field Program and Instrumentation System 
for Electromagnetic Noise Measurements, by 

Arthur D. Little, Inc. April 1972. 29 pp. 3 figs. Five con­
clusions reached by, this study were: (1) A limited 
amount of good data has been obtained for character­
izing the noise environment for electromagnetic (EM) 
coal mine operational/emergency communications systems; 
(2) significant noise data gaps still exist; (3) suitable in­

strumentation and data analysis methods are available 
for filling these data gaps; (4) the immediate and most 
important data gaps should be filled by means of a 
timely field measurement effort that is purposely limited 
in scope and duration; and (5) this field measurement 
effort should preferably be carried out by a team knowl­
edgeable and experienced in coal mine EM noise meas­
urements. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Denver, 
Colo., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 1 S-73. Quick Opening Permissible Electrical Enclosures, 
by Jack Kadlecik and William Hardy. June 

2, 1972. 68 pp. 18 figs. The objectives of this research 
were to develop, design, fabricate, and demonstrate two 
permissible prototype quick-entry explosion-proof elec­
trical enclosures, one large and one small, for use in coal 
mines. The decision was made to proceed with a conven­
tional enclosure using a ground explosion-proof joint 
between cover and body, but with a circular access em­
ploying a threaded joint installed in the cover. Using 
this concept, the circular access would be used for routine 
maintenance, whereas the entire cover would be separated 
at the ground joint for initial installation or major 
equipment replacement. Several different threads were 
investigated for the circular access. A multiple start 
thread was the one selected to best suit the mining en­
vironment. This thread had the advantage of being com­
parati\'ely easy to machine, inherently safe as any thread, 
and self cleaning. This design permitted the elimination 
of a special inspection de\'ice since the locking de\'ice 
designed for the installation would not operate unless the 
circular co\'er was properly installed. Available for refer­
ence at Bureau of Mines libraries in Pittsbugh, Pa., Twin 
Cities, Minn., Denver, Colo., and Spokane, Wash_, and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 16-73. Preliminary Performance Predictions for Electro-
magnetic Through-the-Earth Mine Communica­

tions, by Arthur D. Little, Inc. March 1972. 58 pp. 35 figs. 
This report comprises three working memoranda that 
present preliminary performance estimates for baseband 
voice and narrowband through-the-earth electromagnetic 
communications systems of principal interest to the Bu­
reau of Mines for operational/emergency mine communi­
cations. The calculations were prepared to obtain early 
indications of the feasibility and governing parameters 
of such communications systems. They are based on 
limited but pertinent coal mine electromagnetic noise 
data acquired to date by Bureau contractors and on 
theoretical signal-attenuation characteristics for t\\'o trans­
mitter antenna types of interest to the Bureau. Available 
for reference at Bureau of Mines libraries in Pittsburgh, 
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Pa .• Twin Cities. Minn .. Dem'er. Colo .. and Spokane. 
\\'ash .. and at the Central Library, U.S. Department of 
the Interior, '\'ashington. D.C. 

OFR 17-73. Assessment of Electromagnetic Noise Measure-
ments Taken by Bureau of Mines Contractors, 

by Arthur D. Little, Inc. January 1972. 51 pp. As part of 
its research and de\'elopment activities concerning coal 
mine operational/emergency communications systems, the 
Bureau of Mines commissioned se\'eral contractors to con­
duct electromagnetic noise studies and measurements that 
would aid the de\'elopment of improved coal mine opera· 
tional/emergency communications systems. The bulk of 
the noise studies and measurements were conducted in 
1971. The Pittsburgh Mining and Safety Research Center 
inherited the responsibility for monitoring the electro­
magnetic noise activities by mid-to-Iate 1971, and initiated 
a re\'iew and e\'aluation of the current and planned 
electromagnetic noise work. This technical memorandum 
report presents the findings. conclusions, and recommen­
dations of that review and evaluation of the electro­
magnetic noise measurements of the fi\'e contractors. 
,.hailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa .. Twin Cities. Minn .. Denver. Colo,. and 
Spokane. Wash .• and at the Central Library. U.S. Depart­
ment of the Interior. '\'ashington, D.C. 

OFR 18-73. Investigation of Requirements and Performance 
of Safety Catches on Wire-Rope-Suspended 

Man-Carrying Conveyances in United States Coal Mines, by 
C. H. Larsen. R. A. Egen. and H. A. Cress. Sept. 27. 1972. 
160 pp, 36 figs. This report presents the results of a com­
prehensi\'e investigation of com'eyance arrestment devices 
(safety catches) in U.S. coal mines. Availability and use. 
performance. inspection. maintenance. testing. procedures. 
and regulatory requirements were im'estigated. Informa­
tion was obtained from equipment manufacturers. mine 
operators. and regulatory-agency personnel. as well as 
from studies of domestic and foreign mining safety regu­
lations. Traditional mine hoists and commercial ele\'ators 
for mine use were im'estigated. Results of this and an 
earlier study of wire-rope practice in U.S. coal mines show 
a continued need for conveyance arrestment de\'ices. Only 
two types ha\'e been pro\'ed reliable for stopping a con­
veyance without injuring passengers or equipment. These 
are ele\'ator overs peed-actuated wedge-clamp safeties and 
broken-rope-actuated devices for wooden guides using a 
single-tooth-dog de\'eloped in Ontario as a braking ele­
ment. Elevators are widelv used in U.S. coal mines. and 
appear to present no m~jor arrestment problems when 
using A:'\SI specifications. A\ailable for reference at Bu­
reau of Mines libraries in Pittsburgh. Pa .• Twin Cities, 
Minn .. Denver. Colo .• and Spokane. Wash .. and at the 
Central Library. U.S. Department of the Interior, 'Vash­
ington. D.C. 

OFR 19-73. Aspects of Noise Generation and Hearing Pro-

tection in Underground Coal Mines, by the 
Pennsyh'ania State University. :'\0\'. 20, 1972. 158 pp. 40 
figs. Roof warning signals from 11 underground coal 
mines (principally in the Pittsb'tIrgh seam) were studied 
and analyzed. The character of individual acoustic warn­
ing signals is shown to be dependent on spectral distribu­
tion of energy. Re\'erberation times (pulse decay rates) 
were found to be usually between 0.1 and 0.5 seconds. 
Listening tests were conducted to assess the miner's abil­
ity to discriminate speech and roof talk signals in noise 
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and in quiet, with and without ear protectors. and with 
\'arious levels of hearing loss. The ability to detect roof 
talk is shown to be generally degraded while wearing ear 
protection in quiet. although, if ear protectors are worn 
only when required by high noise le\'els. the abilitv to 
detect roof talk will be preserved at its maximum. A\'ail­
able for reference at Bureau of ~Iines libraries in Pitts­
burgh, Pa .. Twin Cities. Minn .. Demer. Colo., and Spo­
kane. Wash .. and at the Central Library. U.S. Department 
of the Interior. Washington. D_C. 

OFR 20-73. Alaska 1/250,000 Scale Quadrangle Map 
Overlays Showing Mineral Deposit Locations, 

Principal Minerals, and Number and Type of Claims, by Staff, 
Bureau of Mines. ~[arch 1973. 153 overlays, Subject over­
lays for the 153 quadrangles of Alaska are clear pbstic 
sheets with numbered circles showing the locations of all 
mineral deposits recorded in the State of Alaska Kardex 
files of mineral claim data. Identically numbered tables 
on the right margin show number ~f claims. lode or 
placer. patented or unpatented. and principal minerals. 
These o\'eriays ha\'e been prepared for the Resource Plan­
ning Team of the Joint Federal-State Land Use Planning 
Commission. They are also basic data for the Bureau of 
Mines Minerals A\'ailabilitv System. Available for refer­
ence at the Alaska Field' Operation Center office in 
Anchorage. Alaska. 

OFR 21-73. Coal Manpower Projections, 1970-80, by Leo 
Kramer. Inc. December 1972. 70 pp. This 

final report gi\'es projections based on a series of as­
sumptions concerning past trends. current developments, 
and future possibilities, One such trend is that the de­
mand for energy in the U.S. economy wiII continue to 
increase each year at a rate sufficient to put a strain on 
current sources of energy. of which coal is one .. \ currc-nt 
dcyelopment is the impact upon the coal industry of the 
higher health and safet~· standards which ha\'e been re­
quired by the Federal Coal Mine Health and Safety Act 
of 1969. This legislation is significantlv increasing the 
manpower requirements for coal production in under­
ground mines. A future possibility which could drastically 
alter the manpower requirements in coal is the enactment 
of Federal legislation regulating or eliminating strip min­
ing. On the manpower side, one trend is practically 
inedtable. namely. the phasing out of the older workers 
who ha\'e reached or are approaching retirement age and 
recruitment and training of new workers. A\'ailable for 
reference at Bureau of Mines installations in Pittsburgh, 
Pa., Mount Hope, W. \'a., and Dem'er, Colo., and at the 
Central Library, U.S. Department of the Interior, '\'ash­
ington, D.C. 

OFR 22-73. Fatality Analys!s Data Base Development, by 
Theodore Barry and Associates. June 30, 

1972. 253 pp. 71 figs. Except for discussion of beha\'ioral 
problems, the various fatal accident problem areas were 
analyzed both in terms of the potential reduction in fatal­
ities and in relation to the implementation cost of the 
recommendations. The original computerized fatal acci­
dent data base helped determine the reIati\'e importance 
of hazardous work elements and hazardous conditions, 
and thus substantially assisted the fatality reduction esti­
mates in the problem areas listed. The ability to tabulate 
fatal accident frequencies for literally any desired combi­
nation of factors was the key to comprehensi\'e analysis. 
The staff reviewed all the face mining equipment, made 
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field obserYations of human factors problems, consulted 
with equipment manufacturers and analyzed in depth 
all recorded equipment accident reports. This report 
supplements Bureau of Mines Open File Reports 4 (I) -72 
with equipment manufacturers, and analyzed in depth 
and 4 (2) -72. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Dem-er, 
Colo., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, \\'ashington, D.C_ 

OFR 23-73. A Comprehensive Study of Intrinsic Safety Cri-
teria, by Zsuzsanna Zboro\"Szky and Louise 

A. Cotugno. March 1972. 113 pp. 9 figs. Present status of 
standardization in "intrinsic safety" approvals is examined 
and the supporting data are evaluated. It is concluded 
that present standards differ widely between countries 
and organizations. These considerations comprise the sig­
nificant body of the report. l\lodification of the Electrical 
Circuit Analysis Program (ECAP) to prodde guidance in 
approval testing is also described. Available for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Twin 
Cities. ~Iinn., Denycr, Colo .. and Spokane, "'ash .. and at 
the Central Library, U.S. Department of the Interior, 
"'ashington, D.C. 

OFR 24-73. Dust Suppression in Coal Mines, by DeTer 
Company. Inc. July 18. 19i2. 44 pp. 20 figs. 

The results of these dust suppression tests showed con­
clusivelv that the modified DeTer equipment effecti\-ely 
reduced the 1e\-c1 of respirable dust in a working coal 
mine \\-ell below the present and future acceptable 1e\-e1s 
set bv the Mine Health and Safety Act of 1969. }'ire tests, 
carri~d out in a simulated mine ~ntrywar erected on the 
surface. demonstrated the ability of the DeTer equipment 
in suppressing fires of nrying degrees of severity within 
an acceptably short time. Available for reference at Bu­
reau of Mines libraries in Del1\-er. Colo_, Pittsburgh, Pa., 
Spokane, \\'ash .. and Twin Cities. Minn., and at the 
Central Library. U.S. Department of the Interior, \\'ash­
ington, D.C. 

OFR 25111-73. Experience Survey of Engineering Methods 
Used to Control Dust in Underground Coal 

Mines. Volume 1. Report of Contract Performance, by Apt, 
Bramer, Conrad, and Associates, Inc. August 1972. 142 pp. 
7 figs. This manual was prepared to help and guide un­
derground coal mine operators. It details both common 
and unique engineering methods by which respirable 
dust. ,,-hich is generated in coal mines, can be controlled. 
There arc fi\'e basic principles that 31-e used to control 
or re(luce respirable coal mine dust: (I) Pre\-ent or limit 
dispersion: (2) dilute with ai -; (3) yentilate correctly; 
(4) preH'nt generation; and (5) proyide seal protection. 
This manual and the control methods described are con­
cerned with the first three items only. A\-ailabIc for refer­
ence at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities. Minn., Denyer, Colo., and Spokane, "'ash., 
and at the Central Libran, U.S. Department of the In­
terior, Washington, D.C. 

OFR 25f21-73. Respirable Dust Control Manual for Under-

ground Coal Mines, Volume 2, by Jerome 
Apt and Floyd G. Anderson. Apt, Bramer, Conrad, and 
Associates, Inc. August 1972. 77 pp. 29 figs. The Federal 
Coal ~[inc Health and Safety Act of 1969 required each 
mine operator to continuously maintain the a\'erage con­
centration of dust in the mine atmosphere during each 

shift to which e\-ery miner is exposed at or below 3.0 mg 
of dust per cubic meter of air and thereafter at 2 mg/m3 

from June 30, 1970, through December 31, 1972. The 
application of the most successful engineering methods 
for respirable dust control deyeloped in this country 
must be utilized by mine operators to maintain dust con­
centrations within the limits required by law. Work in 
the past has cm-ered (I) "entilation; (2) water and wet­
ting agents; (3) dust collectors, both dry and wet; and 
(4) mining equipment design. With the desired goal of 
reducing respirable dust in all coal operations, it became 
mandatory that as much information as possible be as­
sembled, e\-aluated, and consolidated into a format that 
could be utilized by all coal operators. The scope of the 
sun-ey includes identifying, defining, evaluating, and as­
sembling in meaningful form, all engineedu5 methods 
de\-eloped to control respirable dust in coal mine~ in the 
past 20 years. Anilable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Denver, 
Colo .. and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 26-73. Computational Aspects of Input-Output Analysis 
Applied to Resources Management With Special 

Reference to the U.S. Mineral Industry, by Jona S. Bargur. 
College of Engineering and School of Public Health, 
L'nh-ersity of California, Berkeley, Calif. September 1970. 
104 pp. This study reviews briefly the computational as­
pects required for the application of input-output analy­
sis to resources management, with special emphasis on 
the adoption of a national input-output model for struc­
tural analysis of specific industries and specIfic regions. 
Programs for handling input-output models of the size 
of the current 1963 U.S. model were formulated, and 
their empirical application for a detailed analysis of the 
U.S. mineral industry was tested. The se\'en mining sec­
tors presented in the i\ational Input-Output Table for 
1963 are disaggregated into 44 subsectors, based on data 
proYided by the Bureau of Mines. The input-output 
information for these subsectors was then incorporated 
into the national model to constitute a 399-order table. 
A corresponding "direct requirements" table and a "direct 
and indirect requirements" table were then computed, 
applying the computer programs deyeloped for those pur­
poses. The resulting transactions, relations, and the co­
efficients for the 44 mineral subsectors are presented. 
A.Yaiiable for reference at Bureau of Mines Field Offices 
in Pittsburgh, Pa., Dem-er, Colo., and Spokane, \\'ash., 
and at the Central Library, U.S. Department of the In­
terior, \\'ashington, D.C. 

OFR 27-73. Finite Element Analysis of Mine Structures, by 
Department of Chil Engineering, Uniyer­

sity of California. September 1972. 195 pp. 3 figs. This 
report presents a computer program for the static load 
analysis of linear elastic structures. It is the product of a 
2-year project to de\-elop an efficient program for the 
analysis of mine-type structures. The first part of the 
report explains the general method of analysis, the com­
puter program organization, and the most significant 
numerical techniques used. The second part is a user 
manual for the computer program. The program is 
machine independent and is coded in standard FOR­
TRA:\, IV. Ayailable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Denyer, 
Colo., and Spokane, WasIl., and at the Central Library, 
U.S. Department of the Interior. Washington, D.C. 
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OFR 28-73. Mufller for Pneumatic Drill, by Robert E. Man-
ning. Jan. 24, 1973. 81 pp. 47 figs. A need 

currcntly exists for more effecti\'e noise control in the 
coal mining industry. In particular, new mumer designs 
with the required acoustic performance are needed for 
percussh'e pneumatic drills. The specific objective of this 
rcsearch was to design and deliver a prototype muffler 
that would attenuate the air·exhaust noise to 90 decibels 
on the A scale (90 dbA) . The test drill used in this study 
was one used for roof· bolting purposes in coal mines. 
Using the combined approach analysis by digital.com­
puter program and experiment by simulated·noise tests, 
three prototype mufflers were designed and constructed at 
U.S. Steel Research. The mufflers consisted of a variety 
of resonator chambers and expansion·contraction cham­
bers, and were of the following sizes: 3- by 5·inch ellip­
tical cross section and about 8 inches in length, 5 inches 
in diameter and about 5\12 inches in length, and 5 inches 
in diameter and about IOYz inches in length. All mufflers 
in laboratory tests reduced the exhaust-noise le\'el by 
about 25 dbA-from about 115 dbA without a muffler to 
below 90 dbA with a mufller. A\'ailable for reference at 
Burcau of Mines libraries in Pittsburgh, Pa., Denyer, 
Colo,. Twin Cities, Minn., and Spokane, Wash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR.29-73. Shaft Drilling: State of the Art, by James H. 
Cobbs and Louis R. Reeder. March 1973. 

169 pp, 45 figs. This report covers bored shaft up to 25 
feet in diameter by both blind drilling and raise drilling. 
Included are discussions on site selection and preparation, 
drilling equipment and operations. grouting methods, 
hole lining techniques, and problems unique to shaft 
boring in coal pro\'inces. The appendix contains a section 
on nm'el drilling techniques, a tabulation of mine shafts 
drilled to date, and a comprehensi\'e bibliography. A\'ail· 
able for reference at Bureau of l\Iines libraries in Pitts· 
burgh, Pa., Demer, Colo., Twin Cities, Minn., and Spo­
kane, Wash., and at the Central Library, U.S. Department 
of the Interior, Washington, D.C. 

OFR 30-73. Extraction of Energy Fuels, by Extraction of 
Energy Fuels Panel for The Committee on 

Energy Research and Deyelopment Goals. September 1972. 
252 pp. 15 figs. This report of the Extraction of Energy 
Fuels Panel has been prepared for the Office of Science 
and Technology which has been engaged in directing an 
extensh'e assessment of new energy technologies. That 
assessment is being carried out in response to a request 
from the President in his Clean Energy Message to Con­
gress of June 4, 1971. and involves the participation of 
major Federal agencies concerned with energy research. 
The purpose is to identify and implement the most 
promising set of research programs in the energy field. 
The technical assessment contained in this report is an 
initial appraisal of the following functional areas: (I) 
Stimulation of petroleum and natural gas production, 
(2) production of oil from tar sands, (3) de\'elopment 

of oil shale, (4) underground gasification of coal, (5) oil 
and gas production from organic wastes, and (6) primary 
extraction of coal. The report covers short· term needs 
(1972·80), intermediate·term needs (1975.85), and long­
term needs (1980·2000). Anilable for reference during 
working hours only at the following Bureau locations: 
Pittsburgh, Pa., Denver, Colo., Spokane, 'Vash., Fort 
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Snelling. Minn., BartlesYille, Okla .. Grand Forks. N. Dak .. 
Laramie, Wyo., Morgantown, 'V. \'a. San Francisco, Calif.. 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 

OFR 31-73. Sulfur Coatings for Mine Support, by John ~L 
Dale and Allen G. Ludwig. :\o\'ember 1972. 

46 pp. 12 figs. Sulfur is a plentiful. low·cost, unique 
material whose physical properties can be altered and em­
ployed in structural applications. This program was un­
dcrtaken to de\'elop an optimum sulfur· based formulation 
for use as a coating to both seal and support mine walls. 
The initial effort in this research was devoted to a labora­
tory study of the physical and mechanical properties of a 
variety of sulfur-base coatings that were specifically for­
mulated for this application. Concurrent with formulation 
de\·e!opment. laboratory equipment and techniques were 
de\'eloped for spray application of the sulfur·based coat­
ings to the ceiling and walls of a structure that simulated 
the interior of a mine. One hundred parts of sulfur modi­
fied with IO parts of talc. 3 parts of milled glass fiber, 
and 2 parts of dicyclopentadiene was found to be a fire· 
retarded, low odor. low eye irritation. sprayable formula­
tion for sealing and strcngthening mine walls. A\'ailable 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa., Dem'er, Colo .. Twin Cities, Minn .. and Spokane. 
Wash., and at the Central Library, U.S. Department of 
the Interior, \\'ashington, D.C. 

OFR 32-73. 50-Cap Blasting Machine Development Program, 
by Magnavox Company. ~[ar. 29, 1973. 11 

pp. 2 figs. Owing to the demands of industry for a per­
missible 50·cap blasting machine, the Bureau of Mines 
contracted with Magnaw)x Company to design such 
equipment. From the preliminary analysis of the tech­
nical requirements of the blasting machine, a new elec­
trical design, which would eliminate the need for 
mechanical switches to switch high voltage, was conceh'ed. 
This new design utilized simple, straightforward tech· 
niques to O\'ercome se\'eral problems identified in the 
original design and. at the same time, increase inherent 
reliability of the equipment. The central feature of the 
new circuit was a transistorized timing generator capable 
of driving the output silicon controlled rectifiers (SCR's) 
directly. Approval and testing of this equipment hy the 
Bureau of Mines has not been completed. A\'ailable for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Denyer, Colo., Twin Cities, Minn., and Spokane, "'ash., 
and at the Central Library, U.S. Department of the In­
terior, \Vashington, D.C. 

OFR 33-73. A Seismic Communications Investigation Employ-
ing a Piezoelectric Transducer, by Craig C. 

Johnson. 1973. 47 pp. 30 figs. The purpose of this effort 
\\ as to inyestigate the feasibility of employing a 
piezoelectric transducer for seismic communications ap­
plications in mine en\'ironments. The transducer, a 
gO\'ernment furnished device, incorporated a high Q, 
spring· mass resonator to load the air side of the piezo­
electric crystal. The resonant frequency was seismic load 
dependent and fell in the range of 300 to 340 Hz. The 
effort included a mathematical analysis of the transducer, 
with corrobbrati\'e laboratory tests, together with actual 
communications experiments performed first in an open­
formation limestone quarry and finally in an operating 
iron mine. This work showed that the transducer could 
be coupled efficiently to hard, competent rock media with 
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power conyersion efficiencies of 70 to 80 percent ( electrical 
to mechanical) in typical installations. In the iron mine, 
when radiating peak power was about 30 W (acoustical) 
in a gated pulse mode, signals were receiyed at a distance 
of 760 feet through a massiye rhyolite porphyry forma­
tion. Th is represen ts a 15 percen t radia tion efficiency 
with an input of 200 watts. Despite the high ambient 
noise leyel due to operating mine machinery, a signal­
to-noise ratio of about 20 dB was achieYed using a yery 
narrow band filter to process the receiyed signal, and a 
data rate of about two pulses per second was demon­
strated. Anilable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., DenYer, Colo., Twin Cities, 
Minn., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 34(11-73. Standardization of Controls on Front-End 
Loaders. Volume 1. Data Analyses and Con­

clusions, by L. D. Marrus. January 1973. 215 pp. 26 figs. 
Yolume I includes an introduction to the SUbject of 
front-end loader usage in the mining industry and dis­
cusses the associated safety problems that led to this 
study being performed. Also included in this yolume 
are a task analysis; a control criticality analysis; a safety 
analysis; commonality analyses for control occurrencc, 
location, direction of motion and type of control; and 
a trade-off study analysis. This mlume concludes with 
an analysis of the yarious human factors, safety, mining 
industry, and front-end loader manufacturing industry 
factors, influencing the standardization of front-end 
loader controls; recommendations and rationales for 
front-end loader controls standardization; and a descrip­
tion of the front-end loader mockup. Ayailable for ref­
erence at Bureau of Mines libraries in Pittsburgh, Pa., 
Denver, Colo., Twin Cities, Minn., and Spokane, \\'ash., 
and at the Central Library, U.S. Department of the In­
terior, 'Vashington, D.C. 

OFR 34(2)-73, Standardization of Controls on Front-End 
Loaders. Volume 2. Summaries of Mining In­

dustry and Manufacturers Data, by L. D. Manus. 277 pp. 
45 figs. Yolume 2 includes a summary of the data ob­
tained from the mining industry regarding their com­
mentary on the present design of front-end loader con­
trols, the em'ironmental conditions encountered in the 
use of front-end loaders, the numbers of different makes 
and models being used and their functional usage, the 
personnel policies with respect to front-end loader opera­
tors, and yarious comments on the subjects of standardiza­
tion, safety, and the costs associated with standardization. 
The report includes summaries of other makes and 
models of front-end loaders studied, and of the type of 
cOlltrol, direction of motion, axial relationship, location, 
size, displacement, and resistance (force) for each of the 
separa te COil troIs. The report also includes a listing of 
the human factors and safety principles, requirements 
and design criteria that were cO\'ered in the study, 
reference sources, and a description of the tradeoff study. 
AyailabJe for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., DCIl\'er, Colo" Twin Cities, Minn., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 35-73. Evaluation of Mine Electrical Systems With Re­

spect to Safety, Technology, Economics, and Le­
gal Considerations, by Robert Stefanko, A. 1\.. Sinha, and 

L. A. Morley. June 28, 1972. 103 pp. 35 figs. Pennsyl­
vania State University scientists ha\'e developed special 
analyzers and made measurements at various coal mines 
to acquire basic data regarding mine electrical power 
distribution. The report covers power analyses for work­
ing sections, ground-bed and mine-floor resistance data, 
and a description of a power-system computer simulation 
that is being developed. This research was devoted pri­
marily to the acquisition of field data by utilizing a 
recently designed three-phase ac continuous-power anal­
yzer. Determination of the electrical performance charac­
teristics and development of instrumentation proceeded 
concurrently. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Dem'er, Colo., Twin Cities, 
Minn., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 36-73. Safety Analysis System Study, by Theodore 
Barry and Associates. Aug. 31, 1972. 122 

pp. The purpose of this study was to develop a plan 
for the organization and operation of a Bureau of Mines 
safety analysis center, Before the completion of the study, 
the Bureau established such a center, the Health and 
Safety Analysis Center (HSAC) , under the direction of 
the Assistant Director of Health and Safety for Technical 
Support. This report recommends that this center be 
organized under four branches: Accident information, 
special studies, systems evaluation, and programs assur­
ance. For HSAC to fulfill its role, it must provide cur­
rent, relevant outputs in each of its four output cate­
gories, as follows: (I) As rapidly as possible, establish 
its role within the Bureau and obtain recognition of that 
role at all management levels, (2) streamline its data 
collection and publication processes, and (3) maintain 
continuous contact with users of HSAC outputs to insure 
the relenncy of those outputs. A\'ailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Denver, 
Colo., Twin Cities, Minn., and Spokane, Wash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 37-73. State-of-the-Art of Down-the-Hole-Tools, by 
Wendell L. Reich. REICO Industries. Nm'em­

ber 1972. II pp. plus appendixes. This report provides 
the state-of-the-art of down-the-hole percussi\'e drilling 
del'ices and recommendations as follows for research and 
development: 

1. Rather than spend monies on research and de\'elop­
ment of new equipment, pursue actual drilling programs 
designed to test the latest equipment and techniques. 

2. Allow actual testing programs in themselves to 
develOp new methods and techniques as they progress 
toward the ultimate program goals. 

3. Bring all factors on drilling techniques together in 
a test program to develop the proper balance, sequence, 
and procedure to accomplish the desired results. Avail­
able for reference at Bureau of Mines libraries in Pitts­
burgh, Pa., Demer, Colo., Twin Cities, Minn., and Spo­
kane, Wash., and at the Central Library, U.S. Department 
of the Interior Washington, D.C. 

OFR 38-73. Accident Prediction Investigation Study, by 
Theodore Barry and Associates, Sept. 30, 

19i2. 174 pp. 43 figs. The objective of this study was 
to investigate promising accident factors that historically 
have not been reported to the Bureau of Mines on non-
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fatal injury accidents. The contractor analyzed existing 
accident report data for a specific mining area. Each 
factor was evaluated in terms of its data availability for 
analysis, its importauce, and potential accident predicth'e 
nlue. The contractor de\'eloped some significant infor­
mation concerning accident occurrence, particularly re­
garding the factors of task experience and job mobility 
of workers. The study determined that there is a lack 
of reliable accident prediction potential for all factors 
tested and an extremely high variance in accident rates 
both in type and characteristic in the mines studied. The 
study indicated a considerable amount of randomness in 
accident occurrence. It also confirmed that much of the 
basic accident data required for a predictive model is not 
presently available. Strategic gathering of detailed acci­
dent data should be de\·eloped. Available for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Denver, 
Colo., Twin Cities, Minn., and Spokane, Wash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 39-73. Research and Development on Lithium-Nickel 
Fluoride Batteries for Mine Life Support Equip­

ment, by C. Lurie and S. Lerner. Gulton Battery Cor­
poration. February 1973. 94 pp. 9 figs. This final report 
describes the work performed by Gulton Battery Corpora· 
tion on lithium-nickel fluoride batteries for mine life 
support equipment. The lithium-nickel fluoride couple 
was chosen for this investigation because of its high 
theoretical energy density, its ability to operate at ambi­
ent temperature, and the fact that it showed promise as a 
secondary system. The theoretical energy density of the 
lithium-nickel fluoride couple is ten times greater than 
that of the widely used lead-acid battery and three times 
greater than the sih'er-zinc battery which has the highest 
theoretical energy density of the commercially available 
secondary systems. Anilable for reference at Bureau of 
Mines libraries in Pittsburgh, Pa., Denver, Colo., Twin 
Cities, Minn., and Spokane, '\'ash., and at the Central 
Library, U.S. Department of the Interior, 'Washington, 
D.C. 

OFR 40-73. Investigation of Flexible Materials for Per-
sonnel Shield, by General Technologies Cor­

poration. Apr. 25, 1972. 30 pp. 4 figs. Since roof falls 
in the dcinity of the working face in underground coal 
mines are a major source of fatalities and injuries in the 
r\ation's coal mines, it is e\'ident that the present systems 
of temporary support for use in this working area are 
inelfecth·e. This seems to be chiefly due to the incon­
venience of setting up heavy and awkward de\'ices such 
as jacks and posts, which also interfere with the mo\·e· 
ment of men and machines in this critical working area. 
This program was concerned with defining and testing 
commercially available materials that could be used as 
support elements in a more convenient flexible personnel 
shield. Five specific materials were tested. It was recom­
mended that a heavy denier nylon fabric coated with a 
polyester resin be considered for use as a flexible person­
nel protective shield in coal mines. A\'ailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Dem'er, 
Colo., Twin Cities, Minn., and Spokane, Wash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 41-73. The Development of a System To Suppress and 
Extinguish Fully Developed Coal Dust Explo­

sions. Progress Report, by U.S. N"a\'al "'eapons Laboratory. 
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September 1972. 129 pp. On a project to develop a sys­
tem to suppress coal dust explosions. a facility has been 
built and se\'eral de\'ices tested. The facilitv is a 317-foot, 
4.5-foot-diameter shock tube. To date 53 tests ha\'e been 
carried out with methane-air and methane-coal dust-air 
as the explosh'e mixtures. The suppression of slowlv 
propagating (up to 300 ft/sec) flame fronts has been 
successfully carried out on two tests using the dry chemi­
cal extinguishing agent Purple K. Delivery of the material 
directly into the flame front seems to be required if 
elfecti\'e suppression is to be accomplished. Available for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Demer, Colo., Twin Cities, :\Iinn., and Spokane, Wash., 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 

OFR 42-73. Laser Irradiation as a Rapid Screening Process 
for the Evaluation of Flame Inhibitors, bv Pitts­

burgh Energy Research Center. Jan. 3, 1973. 7 pp. 3 figs. 
Inhibitors are used in coal mines as a precaution against 
accidental dust explosions. Although rock dust is the 
usual inhibitor many others ha\'e been tested. To facili­
tate testing. a screening process using lased irradiation 
was proposed. The procedure includes irradiation of a 
coal-dust mixture followed by mass· spectrometric analvsis 
of the emh'ed gases and an e\'aluation of the flammability 
characteristics of the gases. Carbonate-type inhibitors de· 
creased the percentage of combustibles in the gases 
generated. and inhibitors like NaCI (thermally stable 
salts) decreased the total gas generated. A suitable test 
procedure did not result from the im'estigation, demon­
sU'ating the inadequacy of fast heating. nonwmhustive 
techniques in rating inhibitors of coal dust explosions. 
Available for reference at Bureau of ;\Iines libraries in 
Pittsburgh, Pa., Denver, Colo., Twin Cities, Minn., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, \\'ashington, D.C. 

OFR 43-73. Portable Bore-Hole Shear Strength Tester for 
Coal, by R. L. Handy, D. E. Klockow, and 

E. G. Ferguson. February 1973. 82 pp. 25 figs. The 
objecti\'e of this research was to de\'ise and test an 
apparatus to rapidly evaluate the cohesive and frictional 
strength of coal in situ, in order to increase the safety 
and percentage of coal recO\'ery from underground coal 
mines. Since it is extremely difficult to obtain large 
samples of coal for laboratory testing. the borehole shear 
tester promises to be of significant value to mining engi­
neers and researchers in determining the physical prop­
erties of coal and related strata. Such physical properties 
are essential to the use of finite-element analvses or other 
techniques of mine design. During the first year, a 
de\'ice was designed utilizing the borehole shear test 
principle from soil shear strength testing. The opposing 
corrugated plates were forced outward to exert a can· 
trolled contact pressure against the sides of a pre\'iously 
bored hole, and then the plates were slowly pulled along 
the axis of the hole to cause shearing of coal in contact 
with the plates. A\'ailable for reference at Bureau of 
Mines libraries in Pittsburgh, Pa., Dem'er, Colo., Spokane, 
Wash., and Twin Cities, Minn., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 44-73. A Case Study of In-Situ Rock Deformation 

Behavior for the Design of Ground Support 

System, by Samuel S. M. Chan. Jan. 31, 19i2. 130 pp. 
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~o figs. The method of in situ deformation measurement 
used in this research proyed to be satisfactory for obtain­
ing initial elastic deformation and long· term deformation 
of rock masses immediately surrounding underground 
openings such as a drift. Technical difficulties were en­
countered during oyercoring operation for ground stress 
determination, and imprO\'cments are needed for future 
application of the technique. The particular unidirec­
tional borehole jacking technique used to determine in 
situ modulus of deformation was tentatil'ely shown to 
be unsatisfactory. Laboratory testing data in rock strength 
and elastic parameters obtained were justified and may 
sen'e as close approximation to the actual I'alues when 
suitable simulations of the actual conditions are met. The 
finite clement methods used in this research proyed use­
ful in predicting and confirming field and laboratory data 
in all phases of this project el'en through a lot of estima­
tion and personal judgment were still inyolYed. Ayailable 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa., Denyer, Colo" Spokane. Wash .. and Twin Cities, 
Minn .. and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 45·73. Development of a Boring Machine Cutter In· 
strumentation Program, by F. \\'. Gobetz. 

June 19i3. 149 pp, 53 figs. An experimental study was 
performed in which three disk cutters of a tunnel boring 
machine were instrumented to measure dynamic forces 
and moments experienced by the CUllers during full-scale 
boring operations. The boring machine used was an 
I8-ft-diameter Robbins mole. Strain gages were installed 
within the fixed shafts about which the cutters rotate, 
and dynamic force data were recorded as the machine 
bored a 12-ft length of tunnel in shale, Geological cores 
were taken in the belTed section, tested for strength and 
hardness, and compared with similar data from other 
areas of thc tunnel. Cutter force measurements were 
taken in analog form and recorded on magnetic tape. 
Represcntati\'e samples of the analog data were subse· 
quentIY digitized and reduced to statistics that summarize 
the four channels of dynamic data recorded for each 
cutter. A rc\'iell' of the conduct of the technical program 
h pnJ1ided, The instrumentation approach is described 
and details of the system components arc presented. All 
rC'lIits are documented in tabubr and/or graphical form. 
A\'ailable for refl'l'encc at Bureau of Mines libraries in 
Pittsbur~h. Pa .. DeJ1l'er, Colo .. Spokane, "'ash., and Twin 
Cities. ~!inn .. and at the Central Library, L'.S. Depart­
ment of the Interior, \\'ashington, D.C. 

OFR 46·73. Test Data on Exhaust Emissions From a Proposed 

Commercial Catalytic Converter, by Staff, 
Bartlcsdlk Encrgv Research Center, Bartles\'i!le, Okla. 
1973. !2 pp, 1 fig. These test data were obtained in the 
BllrCJU of :\Iines program "I'uels and Engine Systems 
To Enhance I'uel Economy in Clean Air Cars." The 
equipment used was a 1973 CheHolet 350-CID engine 
modified to 10.25:1 compression ratio and was equipped 
with a single-bed catalytic conYerter (sometimes referred 
to as three-component control catalyst) for control of 
carbon monoxide. hydrocarbons. and oxides of nitrogen. 
The catalytic C0I1I'ertcr used on the engine was furnished 
b\' the l'nilersal Oil Products (l'OP) Company. Anil­
ahle for reference at Bureau of ;'\!ines libraries in Bartles­
\'ilk. Okla .. Laramie. \\'yo .. Morgantown, "'. Ya., and 
San hanci,co, Calif. 

OFR 47-73. A Study of the Rope.Haulage Systems, by Louis 
R. Reeder and James H. Cobbs. June 1973. 

77 pp. 40 figs. This inyestigation was conducted to deter­
mine whether the installation of rope-hauled Coolie Car 
systems were likely to improve upon the present methods 
of moving men, materials, and supplies in underground 
bituminous coal mines in the United States. The rope­
hauled Coolie Car and related rope-hauled systems 
generally are not adaptable to most bituminous coal 
mines in the United States that have room-and-piIlar 
operations, the report states. The rope-hauled systems can 
be integrated into the haulage scheme of longwall and 
shortwall operations, but the systems are not being 
applied effecti\'e!y until seam pitch or roadway gradients 
are steep enough to limit the use of other methods of 
traction. Fi\'e rope-hauled monorail systems are integrated 
into the transport systems of three Pennsyh'ania anthra­
cite mines. Accident frequency rates for the rope-hauled 
man and material subsidiary systems in British coal 
mines show them to be 28.9 and 23.9 percent higher 
than the frequency rates for all underground haulage in 
the United States during 1966 and 1967, respectil'ely. 
Al'ailable for reference at Bureau of Mines libraries in 
Pittsburgh. Pa., Dem'er, Colo., Spokane, Wash., and Twin 
Cities, Minn., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 48·73. An Experimental Investigation of Acoustic Pre-
cipitation of Aerosols at Moderate Sound In· 

tensity, by Paul S. Schopf. l\'ol'ember 1972. 33 pp. 
16 figs_ Results of an experimental inl'estigation into 
the possible use medium energy acoustic fields (130 
to 140 db) to precipate I- to la-micrometer particles are 
presented. Tbe aerosol was produced with a commercial 
generator using oleic acid and nitrogen. The sound field 
was a sinusoidal standing waye field in an acrylic tube, 
with light transmission data used for concentration deter­
mination. The results showed collection efficiencies of 
up to 80 percent on 2-micrometer particles with a resi­
dence time of 11.8 seconds at a sound pressure lel'el of 
139 db Te 2 X 10-5 ;\'/m~. A discussion of the possible 
turbulent mechanism is made, as well as rel'iew and 
comparison with others' work. Ayailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Dem'er, 
Colo., Spokane. ''''ash., and Twin Cities, Minn., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 49.73. Rapid Major Element Mine Dust Analyzer, by 
John R. Rhodes and Morris C. Taylor. 

Sept. 5, 1972. 52 pp. 11 figs. The objectil'e of this 
project was to imestigate the feasibility of analytical 
techniques potentially capable of determining Mg, AI, 
Si, S. Ca. and Fe in 1- to 2-mg samples of respirable coal 
mine dust is that fraction of airborne dust in coal mines 
minutes per sample, using equipment capable of being 
truck mounted for field-laboratory operation. Respirable 
mine dust is that fraction of airborne dust in coal mines 
that is breathed in and retained in miners' lungs. The 
particle size distribution so retained is in the range of 
0.1 to 5 micrometers, peaking at about 1 micrometer. The 
techniques inyestigated were a-particle scattering, neutron 
acti\'ation,. electron excitation of characteristic X-rays 
(using either an electron gun or a radioisotope source), 
a-particle excitation of characteristic X-rays, and X-ray 
fluorescence with both radioisotopic and X-ray tube exci-
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tations. Anilable for reference during working hours 
only at Bureau of Mines libraries in Pittsbugh, Pa., 
Denyer, Colo., Spokane, 'Vash., and Twin Cities, Minn., 
and at the Central Library, U.S. Department of the 
Interior, Washington, D.C. 

OFR 50-73. Physical and Chemical Properties of Respirable 
Coal Mine Dust, by Morton Corn, Felix Stein, 

Yehia Hammad, Sarosh Manekshaw, and William Bell. 
July 31, 1972. 140 pp. 5 figs. The purpose of this imesti­
gation was to deyelop and demonstrate the feasibility 
of techniques to determine selected properties of respira­
ble coal mine dust. An apprm'ed underground horizontal 
elutriator that samples air at 36 cfm was designed, fabri­
cate<1, and utilized in this study to collect respirable 
coal mine dust in three mines representing the Pittsburgh, 
Lower Freeport, and Lower Kittanning coal seams. 
Analytical procedures for measurement of respirable dust 
sample particle size, density, random projected area, total 
surface area, and chemical composition are presented. 
Results of analyses of three samples collected in each 
mine are presented. No improyement in mining tech­
nology was expected or achie\·ed. The methods that were 
de\'eloped for the characterization of particles are of 
doubtful nlue because of the large mass of dust required 
for the analyses. The preliminary results for dust 
from the three mines are useful in that they show the 
variation that can be expected in the properties of coal 
dust from different mines and in particle size fractions. 
Ayailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Dem'er, Colo., Spokane. 'Vash .. and Twin 
Cities, Minn., and at the Central Library, U.S. Depart­
ment of the Interior, "'ashington, D.C. 

OFR 51-73. Survey of Dust Control Research, by R. D. 
Saltsman, R. D. Harris, and K. M. Morse. 

May 1973. 209 pp. This report re\'iews, from the point 
of yiew of selected coal producers, the contributions made 
by in· house and contract research by the Bureau of 
Mines and other go\'ernmental agencies in meeting the 
needs of the industry for accurate dust sampling instru­
mentation and for impro\'ed dust control technology. 
This re\'iew, combined with an eyaluation of coal indus­
try research, has been utilized to make recommendations 
for future research to o\'ercome remaining technologic 
difficulties. The sun'ey includes a re\'iew of 17 research 
projects conducte<l in-house by the Bureau of Mines in­
voh'ing a 1972 cost of SI,762,650; 23 contract research 
projects funded by the Bureau at a 1972-73 cost of 
52,928,000; 17 projects funded by the National Institute 
for Occupational Safety and Health and other go\'ern­
mental organizations at a cost of S538,000; and 89 com­
pany.funded projects conductd by coal producers. The 
sUr\'ey recommends that the Bureau establish an industry 
ad\'isory group experienced in coal mine health and 
safety to aid the Bureau in establishing priority research 
projects. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Denver, Colo., Spokane, 
Wash., and Twin Cities, Minn., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 52-73. Measurement of Temperature Profiles Around 
Coal Mine Openings, by Fun-Den Wang, 

William Hustrulid, William F. Martin, and Manuel 
Reyes. Dec. 30, 1972. 187 pp. 55 figs. This report 
presents theoretical studies and experimental work deal-
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ing with the detection of dangerous roof and pillar COll­

ditions in underground mines through measurement of 
temperature differences on the surface of the mine 0pcn­
ing. The theoretical work is directed at modeling the 
circumstances where a loose slab of rock might be 
dctected. The experimental work proYides input data 
for the theoretical models. The study produced mathe· 
matical models of heat flow in rock around coal mine 
openings. These models were yerfied by measurements in 
coal mines. The study provided data to support the 
Bureau's research in infrared detection of potential roof 
falls. The report substantiates that thermal difference 
techniques can be used clfectiyely in well \'entilated 
underground openings where there is a temperature 
difference between rock and the mine atmosphere. ;hail­
able for reference at Bureau of Mines libraries in Pitts­
burgh, Pa., Dem'er, Colo., Spokane, Wash., and Twin 
Cities, Minn., and at the Central Library, U.S. Depart­
ment of the Interior ,rashington, D.C. 

OFR 53-73. The Mechanics of Coal Mine Bumps and the 
Interaction Between Coal Pillars, Mine Roof, 

and Floor, by S. L. Grouch and C. Fairhurst. Feb. 22, 
1973. 88 pp. 26 figs. This report describes research 
on the mechanics of coal mine bumps done oyer a 
26-month period. The general term "coal mine bump" 
refers to the sudden and dolent failure of in situ coal. 
The objectiye of this research was to de\"e\op computa­
tional procedures for predicting coal mine bumps in 
particular mining situations. Such procedures would 
prm'e beneficial for planning extraction sequences-and 
perhaps e\'en mining methods-in bump.prone coal de· 
posits. Although no single set of circumstances is solely 

.responsible for causing coal mine bumps, it is gcnerally 
agreed that at least one of fiye conditions is necessary in 
order for them to occur: (1) The depth of coYer exceeds 
500 feet, (2) the ovcrlying strata are rclath'ely strong 
and stiff, (3) the coal is structurally strong, (4) the floor 
does not heaye readily, and (5) the mining method pro­
duces high stresses m'er a large area of the scam. Except 
for the last, these conditions are relatcd to geological 
factors that are difficult to control. Ayailablc for refcrence 
at Bureau of Mines libraries in Pittsburgh, Pa., Denycr, 
Colo., Spokane, Wash., and Twin Cities, Minn .. and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 54-73. Evaluation of Present Shotcrete Technology For 
Improved Coal Mine Ground Control, by S. A. 

Bortz, E. Aleshin, T. B. Wade, and Y. P. Chugh. May 21, 
1973. 205 pp. 75 figs. This rcport presents the results 
of an extensh'e laboratory testing program to determine 
the physical properties of shotcrete including the use of 
fast·set agents, cOhtrolled set cements, and both wet and 
dry shotcreting equipment. Shotcrete was placed under 
simulatcd field conditions using the dry and wet processes. 
Mechanical properties obtained for accelerated and non­
accelerated shotcretes include compressi\'e, flexural, and 
shear strength; elastic modulus and Poisson's ratio; and 
shear and tensile properties of shortcrete bonded to 
coal, sandstone, and shale. Physical properties measured 
were unit weight and permeability to methane gas. The 
data show that rapid setting shotcrete has the potential 
for impro\'ed coal mine ground control. There is no clear 
evidence that either wet or dry process shotcrete is 
superior to the other; however, indications are that 
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regulated set cement is preferred to cement containing 
fast-setting admixtures_ AYailable for reference at Bureau 
of Mines libraries in Pittsburgh, Pa_, Dem'er, Colo., Twin 
Cities, Minn., and Spokane, Wash., and at the Central 
Library, U.S. Department of the Interior, 'Washington, 
D.C. 

OFR S5-73. Spontaneous Electrostatic Precipitation of Dust, 
by Frederick M. Fowkes and Frank H_ 

Hielscher. May 15, 1973. 48 pp_ 7 figs. This report 
pro\'ides fundamental research information on the elec­
trostatic beha\'ior of coal mine dust. The results will 
be used to help determine whether a precipitator should 
be dcsigned that would function by the spontaneous 
exchangc of electric charge between coal mine dust and 
polymer surfaces. The following conclusions were reached: 
(1) Electrification occurs upon contact of materials and 
rubbing is not required; (2) electrification occurs by 
electron injection and not by polarization of dipoles; 
(3) the direction of electron transfer depends on the 

electron-donor or electron-acceptor character of the outer­
most surfaces of the materials in contact; (4) some pairs 
of materials transfcrrcd as many as 4 X 1012 e1ec­
trons/cm; (5) strong electrification of dusts took place 
in a fraction of a second, but weaker charge transfer took 
longcr; (6) thc transfcr of charge between an insulated 
polymcr surface and impinging dust particles diminishes 
as the surfacc charge builds up on the polymer; and 
(7) the charge transfcr characteristics of polymers were 
modificd by incorporating acidic or basic additiYCs. A\'ail­
able for reference at Bureau of Mines libraries, in 
Pittsburgh, Pa., DCI1\'er, Colo" T"'in Cities, Minn., and 
Spokane, Wash., annd at the Central Library, U.S. De­
partmcnt of the Interior, 'Vashington, D.C. 

OFR 56-73. Air-Inflatable Temporary Supports for Coal Mine 
Roofs, by Hauser Laboratories. June 12, 

1973, 73 pp. 27 figs, This report cm'ers development of 
a temporary support system for coal mine roofs in­
\"oldng the use of overhcad rigid spanners supported by 
pneumatically operated telescoping columns. Test data 
for indiddual components as well as for the entire system 
are reported, Data reported show that the system supports 
80-100 pounds of thrust against the mine roof per pound 
of support as contrasted to a system of conventional mine 
jacks that support 50 pounds of thrust per pound of 
jack. As individual componcnts, two of the pneumatically 
actuated tclebcams supported a spanner load of 3 psi 
m'cr an area of 2 by 18 inches. A\'ailable for referrencc 
at Burcau of Mines libraries in Pittsburgh, Pa" Denver, 
Colo" Twin Cities, Minn., and Spokanc, WasIl., and at 
the Ccntral Library, U.S. Department of the Interior, 
Washington, D,C, 

OF~ 57-73_ Development of Multiplexed Borehole Inclinom-
eter Probe, Data Acquisition and Calculation 

System, by Earth Scicnces Rcsearch, Inc. Aug. 24, 1973. 
22 pp. The purpose of this work was to de\'elop a bore­
hole inclinometcr for use in steeply inclined and hori­
zontal boreholes in order to mcasure lateral displacements 
of ground. The objcctive was not achie\'cd. Positive re­
sults of the work includcd a computer and on-line data 
acquisition and calculation program. The work did not 
result in any significant imprO\'ement in mining tech­
nology. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Denver, Colo" Twin Cities, 
Minn" and Spokane, WasIl.. and at the Central Library, 
U,S, Department of the Interior, Washington, D,C. 

OFR 58-73_ Constitutive Relations of Coal, Annual Reports 
1972, by Hon-Yim Ko and Kurt H_ Gerstle_ 

Sept. 12, 1973_ 213 pp. 132 figs_ Most of the studies 
performed during 1972 were done on coal from two 
sources: the Old Ben Mine #22 in Illinois, and the 
Bruceton Experimental Mine of the Bureau of Mines 
in the Pittsburgh seam of Pennsylvania, which may be 
considered typical of coal sources of economic importance 
in the midwestern and eastern parts of the United States. 
While the researchers were restricted to grab sampling 
within the Old Ben Mine to minimize interference with 
commercial operations, they received active help in secur­
ing material from the Bruceton mine under controlled 
conditions of location and orientation, which permitted 
them to attempt a study of the Yariation of coal proper­
ties over the depth of the Pittsburgh seam. The study 
in\'Olved Hoek cell tests of the Old Ben and Pittsburgh 
coal, cubical tests, zonal testing of the Pittsburgh coal, 
tests for compressh'e strength, tests for tensile strength 
behavior of coal under sustained loads, and petrographic 
im'estigation_ Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Denver, 
Colo., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D_C. 

OFR 59(1)-73_ Feasibility Study of Surface Impregnation 
Equipment for Chemical Stabilization of Coal­

Mine Structures. Final Report, Summary (Phases I and Ill. 
Volume 1 of 4, by Eimco Tunneling and Mining Ma­
chinery Didsion of El1\'irotech Corporation_ July 1972. 
25 pp. 4 figs. The results of a feasibility and design 
study of surface impregnation equipment to be used for 
chemical stabilization of coal mine structures are de­
scribed in this report. By establishing that production 
rate polymer impregnation is feasible for underground 
coal mines and by prm'iding a practical tool for this 
process, an important step has been taken toward the 
demonstration and realization of the chemical stabiliza­
tion concept as a practical method to achieve improve­
ments in mine safety and production. \Vith complete 
specifications and drawings at hand. the steps from con­
cepts to actual hardware can be taken. With the proto­
type machine documented in this report, it will be 
possible for investigators to study chemical stabilization 
of mine structures under actual mining conditions. In 
this way, the uncertainties associated with laboratory or 
small-scale testing of mine structme problems are largely 
eliminated. A\'ailable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa_, Twin Cities, Minn., Dem'er, 
Colo., and Spokane, "'ash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C_ 

OFR 59(2)-73. Feasibility Study of Surface Impregnation 
Equipment for Chemical Stabilization of Coal­

Mine Structures. Final Report, Phase I. Volume 2 of 4, by 
Eimco Tunneling and Mining Machinery Dh'ision of 
El1\'irotech Corporation. July 1972. 94 pp. 51 figs. 
Phase I of this study was concerned with the following 
objecth'es: (1) Il1\'estigate, through industry and litera­
tme searches and conceptual design studies, the feasibility 
of techniques for impregnating the roof and ribs of a 
coal mine for structmal stabilization; (2) seiect con­
cept (s) and prepare preliminary designs for cost and 
compatibility analysis leading to selection of concept (s) 
for feasibility demonstration and detailed design_ The 
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criteria under which Phase I in\'estigation was conducted 
included em-ironmental. geometric. physical. chemical. 
and operational limits. Phase I of the program clearly 
indicated that a machine for stabilization of coal mine 
structures through surface impregnation with polymer 
was completely feasible. AI'ailable for reference at Bureau 
of Mines libraries in Pittsburgh. Pa., Twin Cities, Minn .. 
Denl'Cr. Colo .. and Spokane, \Vash., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 59(31-73. Feasibility Study of Surface Impregnation 
Equipment for Chemical Stabilization of Coal­

Mine Structures, Final Report, Phase II, Volume 3 of 4, by 
Eimco Tunneling and Mining Machinery Dil'ision of 
Enl'irotech Corporation. July 1972. 166 pp. 69 figs. This 
report discusses the establishment of a complete design 
for impregnation equipment for chemical stabilization of 
coal mine structures and determination of the economics 
of constructing, using, and maintaining the impregnation 
equipment designed. It coI'ers a general description of the 
polymer impregnation machine. the meter and feed sys­
tem. followed by a detailed account of the design selec­
tion process for each major subassembly. Most of the 
design was conducted without benefit of any testing of 
hardware. Items designed without testing include the 
drill and nozzle installer mechanism. boom and linkages. 
roof support system, and yehicle and controls. The report 
states that these designs are based on similar equipment 
currently in use and should. therefore. incur minimal 
problems when fabricated and assembled into a prototype. 
AI'ailable for reference at Bureau of :\lines libraries in 
Pittsburgh, Pa .. Twin Cities. Minn .. Denyer. Colo., and 
Spokane. Wash .• and at the Central Library. U.S. Depart­
ment of the Interior. \\'ashington. D.C. 

OFR 59(41-73. Feasibility Study of Surface Impregnation 
Equipment for Chemicol Stabilization of Coal­

Mine Structures, Assist Technique, Phase III. Volume 4 of 4, 
by Eimco Tunneling and Mining Machinery Diyision of 
Em'irotech Corporation. December 1972. 94 pp. 9 figs. 
This report summarizes the results of this inyestigation. 
and concludes that (I) ultrasonic energy is potentially 
capable of increasing polymer uptake into shale (aboye 
that experienced under static pressure); (2) adaptation to 
the impregnation machine design presented under the 
earlier contract is practical with minor modifIcation; and 
(3) equipment and hardware to characterize and demon­

strate the mechamsm is commercially al'ailable. AI'ailable 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa.. Twin Cities. Minn.. Denyer. Colo.. and Spokane. 
'VasIl.. and at the Central Library. U.S. Department of 
the Interior, \Vashington. D.C. 

OFR 60-73. Plastic Liners Extended With Sand and Other 
Fillers for Use in Coal Mines, by J. L. 

Schwendeman. S. M. Sun. and I. O. Salyer. October 1972. 
115 pp. 22 figs. This research explored the feasibility of 
using liners containing sand and other fillers as a means 
of roof support in coal and other mines. Phase I, directed 
toward determining which state·of-the-art resin systems 
might hal'e utility as a means of roof support in a coal 
mine. consisted of a canYass of resin manufacturers to 
learn which resins were al'ailable commercially that might 
hal'e utility for this application. The resins submitted by 
the manufactuerers were evaluated in a number of simple 
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tests to define which of them would be most suitable for 
roof support tlse_ Phases II included experimental work 
directed toward better defining the utility of selected 
resins and. finally. extensil'e el'aluation of two resins for 
usefulness as co'mponents of a mine support system. 
During Phase I. a number of fillers (fibrous ane! the 
particulate) were eYaluated. In Phase II. all work was 
done using concrete sand as the major filler along with 
a minor amount of chopped glass moYing as a fibrous 
filler. ihailable for reference at Bureau of :\Iines libraries 
in Pittsburgh. Pa .• Twin Cities, Minn .. Dcnver. Colo .. and 
Spokane. Wash .. and at the Ccntral Library. L'.S_ Depart­
ment of the Interior. \"'ashington, D.C. 

OFR 61<11-73_ The Role of Mine Tailings Ponds in Reduc-
ing the Discharge of Heavy Metal Ions to the 

Environment- 1_ Text, by Roy E. 'Villiams and Alfred T. 
'''-allace, Aug. 9. 1973. 110 pp. This study prol'ides an 
el'aluation of the effectil'eness of mine tailings ponds as 
a means of minimizing or rcducing the flow of acids. dis­
soh'ed solids. tailings. and heal'y metal ions into the 
surrounding enl'ironment. It also suggests several types of 
treatments or mcthods that would reduce the discharge 
of undesirable matcrials from the tailings ponds. Samples 
of tailings pond inflows. ou tflo\\'s. seepages. and stream 
water abol'e and below the tailings ponds were collected 
from seYen major operating mines in the Coeur d',-\lcnc 
district. They were analyzed for 13 clemcnts. along with 
chlorides. fluorides. electrical conductiyity. pH, and tem­
pcrature. Mineral extraction ill\'oh-ed a process of selec­
th'e flotation to concentrate the ore. Tailings ponds for 
mines 1. 4. 5. 6. and 7 were found to be effectil'e in re­
ducing suspended solids to acceptable limits. The out­
flows of these ponds did not contain toxic elements aboye 
acceptable limits. Tailings ponds for mines 2 and 3 were 
not effectil'e in reducing concentration of cadmium. iron. 
manganese. lead. zinc. and fluoride. Ayailable for refer­
ence at Bureau of Mines libraries in Pittsburgh. Pa .• 
Twin Cities. Minn .. DCI1\'er. Colo .. and Spokane. '\'ash., 
and at the Central Library. U.S. Department of the 
Interior. Washington. D.C. 

OFR 61 (21-73. The Role of Mine Tailings Ponds in Reducing 
the Discharge of Heavy Metal Ions to the 

Environment. 2. Appendix, by Roy E. Williams and Alfred 
T. Wallace. Aug. 9. 19i3_ 184 pp. 7i figs. This stud\' 
prOl'ides an e\'aluation of the effectil'eness of mine tail­
ings ponds as a means of minimizing or reducing the flow 
of acids. dissoh'ed solids. tailings. and heal'y metal ions 
into the surrounding cndronment. It also suggests sel'eral 
types of treatments or methods that would reduce the 
discharge of undesirable materials from the tailings ponds. 
The appendix includes illustrations. tabular material. and 
computer printouts. Samples of tailings pond inflows, out­
flows. seepages. and stream water aboye and below the 
tailings ponds were collected from seven major operati~g 
mines in the Coeur d'Alene district. Ayailable for refer­
ence at Bureau of Mines libraries in Pittsburgh. Pa .. 
Twin Cities. Minn .• Dem'er, Colo .. and Spokane. '\'ash., 
and at the Central Library, U.S_ Department of the 
Interior. Washington. D.C. 

OFR 62(11-73. Feasibility of Remote Control and Develop-
ment of Remote Control Devices and Sensors_ 

1_ Shuttle Car Sensor System, Introduction and Text, by 
Richard L. Fowler. Gary I. Robin. and William C Troll. 
March 1973_ 61 pp_ 20 figs. Study and deyelopment of 
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sensing techniques and sensors were performed to aid 
shuttle car driYers in detecting obstacles and in guiding 
a car along a face haulage route. Microwaye, acoustic, 
and optical sensing techniques were considered as part of 
the feasibility study for obstacle detection. "arious guid­
ance techniques, including wire-following and rib-ranging, 
were ilJ\·estigated. Acth'e optical sensing was selected for 
obstacle detection to obtain the beam coyerage and sharp 
angular cutoff characteristics required within the packag­
ing limitations defined by the shuttle car configuration. 
Rib·ranging guidance was selected to achieyc a com­
pletely self·contained shuttle car system that responds to 
the existing mine geometry without need for wires, 
stripes, or other path defining de\·ices. The obstacle de­
tection and guidance system was designed, fabricated, and 
installed on a standard shuttle car, satisfying all permis· 
sibility requirements. All sensors successfully demonstrated 
the predicted performance capability during underground 
face haulage tests. Ayailable for reference at Bureau of 
l\Iines libraries in Pittsburgh, Pa., Twin Cities, Minn., 
Demel', Colo., and Spokane, Wash., and at the Central 
Library. V.S. Department of the Interior, "'ashington, 
D.C. 

OFR 62(21-73. Feasibility of Remote Control and Develop-
ment of Remote Control Devices and Sensors. 

2. Shuttle Car Sensor System. Appendix A-Technical Descrip­
tion, by Richard L. Fowler. Gary 1. Robin. and William 
C. Troll. March 1973. 182 pp. 67 figs. This appendix 
COH'rs lateral guidance subsystem sensors. obstacle detector 
sensors. and processing. displays. and control. Micro\\·aye. 
acoustic. and optical sensing techniques were consid­
ered as part of the feasibility study for obstacle detec­
tion. Yarious guidance techniques. including wire·follow­
ing and rib-ranging were iIwestigated. Actil"e optical 
sensing wa, selected for obstacle detection to obtain the 
heam coyerage and sharp angular cutoff characteristics 
required within the packaging limitations defined by the 
shuttle car configuration. Rib-ranging guidance was se­
lected to achiel"c a completely self-contained shuttle car 
s\'stem which responds to the existing mine geometry 
without need for wires. stripes. or other path-defining 
del·ices. ExtensiYe hybrid computer simulation runs were 
performed to eyaluate yarious guidance techniques during 
the feasibility study. Subsequent simulation runs were 
performed to establish parameter values for the rib­
ranging guidance system. The obstacle detection and 
guidance system was designed. fabricated. and installed 
on a standard shuttle car. The system satisfied all ap­
plicable permisibility requirements of Schedule 2G. An 
experimental permit was issued to Bendix for operation 
in an uIldergrouIIcI coal mine. A\'ailable for consultation 
at Bureau of Mines libraries in Pittsburgh. Pa .. Twin 
Cities. :\Iinn .. Denver. Colo., and Spokane. "'ash .. and at 
the Central Library. V.S. Department of the Interior, 
Washington. D.C. 

OFR 62(31-73. Feasibility of Remote Control and Develop-
ment of Remote Control Devices and Sensors. 

3. Shullie Car Sensor System. Appendix B-System Tests, by 
Richard L. Fowler. Gary I. Robin. and \VilIiam C. Troll. 
:\Iarch 1973. 67 pp. 2R figs. This appendix covers aboye­
groun(1 tests and field demonstrations. System el'aluation 
tests were performed first aboveground at the Bendix 
Research Labora tories. The simulation model was val­
idated by these runs. I'inal testing was performed under-

ground in an operating mine with an experienced shuttle 
car dril·cr. All sensors successfully demonstrated the pre­
dicted performance capability during underground face 
haulage tests. Dust did not impair system performance, 
and lens cleaning was not required during working shifts. 
Further development is required to achieve the desired 
obstacle detection performance. Closed loop steering con­
trol with manual oyerride is recommended for the lateral 
guidance system. The guidance system should be an in­
\'aluable aid to low-coal shuttle car drivers where con­
tinuous mining machines are utilized. Available for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities. Minn .. Demer. Colo., and Spokane, 'Vash., 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 

OFR 62(4)-73. Feasibility of Remote Control and Develop-
ment of Remote Control Devices and Sensors. 

4. Continuous Mining Machine Seam Interface Sensors, by 
Ronald F. Steinberg. John T. Ioannou, and Sarkis Bark­
houdarian. August 1972. 102 pp. 36 figs. This report 
presents the results of the study and experimentation on 
coal-seam interface sensing using the acoustic pulse-echo 
technique. The design and construction of acoustic trans­
ducers and coupling techniques are discussed and the 
electronic equipment used in conjunction with the trans­
ducers is described. Laboratory coal simulation experi­
ments are described. and the results of acoustic trans­
mission and reflection laboratory experiments, using coal 
samples from various sources. are presented. Because of 
difficulties encountered in laboratory experiments, an 
underground field test was performed for the purpose of 
evaluating the effectiveness of the technique for measur­
ing coal thickness in situ prior to final hardware design 
and construction. The results of the field test. which 
showed tha t detection of the coal seam in terface was 
difficult using state-of-the-art techniques because of com­
peting signal returns. are discussed. Recommendations 
are made that further de\'elopment of the acoustic pulse­
reflection technique be sheh'ed and that detailed infor­
mation be obtained from the British Coal Board regard­
ing the nucleonic (gamma-ray) backscattering probe for 
measuring coal thickness. Available for reference at Bu­
reau of Mines libraries in Pittsburgh, Pa., Twin Cities, 
Minn .. Dem·er. Colo., and Spokane, 'Vash .• and at the 
Central Library, U. S. Department of the Interior, \\'ash­
ington, D.C. 

OFR 62(5)-73. Feasibility of Remote Control and Develop-

ment of Remote Control Devices and Sensors. 
5. Continuous Mining Machine Laser Entry Alignment Sensor, 
by Cli\'(' E. Catchpole, Ronald F. Steinberg, and William 
R. Wyess. February 1973. 21 pp. 10 figs. This report 
describes the development of a laser entry alinement 
sensor for guiding a continuous-mining machine. The 
history of the design from one using two four-quadrant 
photodetectors with a ser\'o system to one with an array 
of optical lens elements and sensors is detailed. Principal 
design features and the design philosophy are also dis­
cussed. The components of the final package (slave laser, 
master transit, sensor unit, display unit) are described 
in detail. The results of performance tests on the accuracy 
of the heading and tracking indications are also pre­
sented. Finally. recommendations are made for future 
work. Available for reference at Bureau of Mines libraries 
in Pittsburgh, Pa., Twin Cities, Minn., Dem"er, Colo., 
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and Spokane. "'ash .. and at the Central Library, U.S. 
Department of the Interior. \Vashington, D.C. 

OFR 62(61-73. Feasibility of Remote Control and Develop-
ment of Remote Control Devices and Sensors. 

6. Feasibility Study of the Application of Solid State Displays 
for Undergound Mining Machines, by The Bendix Corpo­
ration. Aug. 8, 1972. 125 pp. 44 figs. This report discusses 
an investigation of the application of solid state dedces 
to information displays on underground coal mining ma­
chines. The specific purpose of the feasibility study was 
to consider solid-state devices as replacements for con­
"entional electrical or electromechanical devices, to in­
crease the reliability of the machinery. to increase safety 
in the explosive mine atmosphere. to decrease mainte­
nance requirements, and to increase adaptability of the 
machinery to automatic and remote control techniques. 
Solid-state displays meet the functional, operational, and 
environmental requirements for us on underground mine 
equipment, the report states. It is recommended that the 
light emitting diode (OED) .be used as the basic solid­
state de' ice for display design. Replacement of com'en­
tional displays with solid-state displays is technically 
feasible, but because of the "ery limited usage and sim­
plicity of the comentional displays now in use on under­
ground coal mining equipment, the practicality of re­
placing them with solid-state displays is doubtful. Available 
for reference at Bureau of Mines librarieS in Pitts­
burgh, Pa .. Twin Cities, Minn., Denver, Colo .. and Spo­
kane. Wash., and at the Central Library, U.S. Department 
of the Interior Washington, D.C. 

OFR 62171-73. Feasibility of Remote Control and Develop-
ment of Remote Control Devices and Sensors. 

7. Feasibility Study of the Application of Solid State Motor 
Controllers to Underground Mining Machines, by The Bendix 
Corporation. October 1972. 72 pp. 15 figs. This work was 
directed toward a general study of solid-state control 
devices available, their potential use on electrical ma­
chinery used in underground mines, and the general effect 
that the use of solid-state dcdces might ha,'e on the safe 
operation of machines. The underground mine en"iron­
ment presents rather severe physical and electrical 
stresses to machinery. Silicon-controlled rectifiers (SCR) 
that meet mine requirements are a,·ailable. Although SCR 
initial costs appear to be higher than costs for electro­
mechanical contractors, sa'"ings should result from re­
duced maintenance requirements. safer operation, higher 
reliability, elimination of mechanical transmissions, elim­
ination of rectifier centers, and standardization on ac 
power. A ,"ailable for reference at Bureau of Mines li­
braries in Pittsburgh, Pa., Twin Cities, Minn., Denver, 
Colo .. and Spokane, "'ash., and at the Central Library, 
U.S. Department of the Interior, 'Washington, D.C. 

OFR 62IS1-73. Feasibility of Remote Control and Develop-

ment of Remote Control Devices and Sensors. 

S. Feasibility Study of Remote/Automatic Controls for Contin­
uous Miners, by The Bendix Corporation. October 1972. 
54 pp. 7 figs. The objective of this study was to investi­
gate the feasibility of using remote and/or automatic 
controls for operation of a drum-type continuous-mining 
machine. Based upon the study, it was concluded that 
on-site automatic or semiautomatic controls are not feasi­
ble for this type of machine since it requires man to be 
in a high-accident zone (within 2.~ feet of the face) . In 
addition, such control modes are economically unattrac-
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tive, yielding only marginal gains in production efficiency. 
On-site control for the continuous-miner operations that 
are associated with shuttle car docking and loading is 
ruled out for the same reasons. A key conclusion of the 
study identified ,"isual information as being essential for 
the mining and dock/load functions. Two system concepts 
are possible: Director line-of-sight feedback to an opera­
tor in an enclosed remote-control station near the face, 
or a closed-circuit teledsion system with cameras mounted 
on the continuous miner with the operator located in a 
distant remote-control station. The latter system was 
selected for operator safety. A,"ailable for reference at 
Bureau of Mines libraries in Pittsburgh, Pa., Twin Cities, 
Minn., Dem"er, Colo .. Spokane, Wash., and at the Central 
Library, U.S. Department of the Interior, "'ashington, 
D.C. 

OFR 63-73. Time-of-Flight Mass Spectrometry Studies of 
Flame Inhibitors, by Pittsburgh Energy Re­

search Center. Bureau of Mines. Apr. 19, 1973. 19 pp. 
Gaseous products resulting from rapid pyrolysis of coal 
and coal/inhibitor mixtures by a ruby laser and a flash­
tube "'ere monitored on-line by time-of-flight mass spec­
trometry. The distribution of stable gases from the coal 
is not greatly influenced by the addition of small quanti­
ties of powdered flame inhibitors. Preliminary studies of 
the reaction of elementary radicals with coal and coal/ 
inhibitor mixtures are described. The different types of 
experiments are discussed with regard to possible modifi­
cation and application to studies of flame inhibitor ac­
tion. A"ailable for reference at Bureau of Mines libraries 
in Pittsburgh, Pa., Twin Cities, Minn .. Dem'er Colo .. and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 64-73. The Commercial Demand for Gold in the United 
States, by Roger C. Yan Tassel and Con­

stantine Michalopoulos. August 1973. 63 pp. Part I of this 
report analyzes the redew and rnision of the 1969 projec­
tion! of the commercial de mane! for gold by I end 
use in the United States with additional data for 1969-72. 
The report presents the summary of the end use projec­
tion of gold use for 1978 for the assumed gold prices of 
552 per troy ounce and 570 per troy ounce. Part II 
analyzes the commercial demand for gold in the rest of 
the world. The report also discusses the role of the price 
of gold and the existing projections for gold use in the 
rest of the world. Available for reference at Bureau of 
Mines libraries in Pittsburgh, Pa., Del1\"er, Colo., Spokane, 
\\'ash., and Juneau. Alaska, and at the Central Library, 
U.S. Department of the Interior, 'Vashington, D. C. 

OFR 65-73. Microminer-Research Dust Generator, by"'. D. 
Kaiser, W. C. Bruce, G. H. White, and H. C. 

Meacham. Feb. 21, 1973. 17 pp. IO figs. A small-size 
continuous-mining machine was designed and constructed. 
The machine will be used to im"estigate the effect of 
assorted cutting parameters on the formation of dust in 
coal mines. Results will be used in the design of new 
continuous-mining machines. Coal operators and equip­
ment manufacturers have shown great interest in the 
preliminary reports of this work. This machine has a wide 
range of Yariable cutting parameters such as sump speed, 
vertical and lateral rates, cutting speed, and pick con­
figuration. Instrumentation is provided to monitor angu­
lar "eloeity of the cutting wheel, sump, vertical and 
lateral rates, force required to sump, and the force re-
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quired to rotate the cutting wheel. A service manual 
accompanies the final report. Ayailable for reference at 
Bureau of Mines libraries in Pittsburgh, Pa., Twin Cities, 
Minn., Dem'er, Colo., and Spokane, \\'ash., and at the 
Central Libary, U.S. Department of the Interior, Wash­
ington, D.C. 

OfR 66-73. Analysis of Williams Brothers Engineering Com-
pany Coal Slurry Pipeline Tests, by Joanne S. 

Gerg. Pittsburgh Mining and Safety Research Center. 
July 5, 1972. 38 pp. This report includes the data and 
analysis of data prodded by the Williams Brothers En­
gineering Company resulting from hydraulic transporta­
tion tests using minus l-inch coal in a 4-inch-diameter 
pipeline. The head loss data for coal slurries oyer a range 
of concentrations and yelocities and the laboratory screen 
analysis were selected as areas for im'estigation in the 
data analysis performed. This information is useful for 
designing hydraulic transportation systems. Ayailable for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities, Minn., Demer, Colo., and Spokane, Wash., 
and at the Central Library, U.S. Department of the 
Interior, 'Washington, D.C. 

OFR 67-73. Permissible Automatic Data Acquisition System, 
by EnYironmental Science Di\'ision, The 

Bendix Corporation. March 1973. 25 pp. 5 figs. The ob­
jecth"e of this research was to de\"Clop a permissible data 
acquisition system for recording readings of pressure 
transducers, borehole deformation gages, and other in­
strumentation installed in coal mines to monitor rock 
behador. The research was successful, and the de\'ice 
obtained enables the collection of large amounts of instru· 
ment data oyer a long period of time, using \"Cry little 
manpower. Basically, the system is a portable, battery­
powered, 24-channel data acquisition system designed for 
safe unattended operation of up to 30 days' duration in 
explosiye enyironments. Ayailable for reference at Bureau 
of ~lines libraries in Pittsburgh, Pa., Twin Cities, Minn., 
Del1\'er, Colo., and Spokane, \\'ash., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 68-73. EM Location System Prototype and Communica-
tion Station Modification, by A. J. Farstad, 

C. Fisher, R. F. Linfield, and J. W. Allen. July 1973. 107 
pp. 44 figs. A prototype electromagnetic (EM) location 
system consisting of six miniature transmitters, six minia­
ture receiYers, and one multichannel receiYer was deyel­
oped by \\'estillgho\lse Georesearch Laboratory and is 
described in this report. The equipment was designed to 
operate ill a deep coal mine of relatiwly high oyerburden 
conductiYity. One mine haYing these characteristics is the 
Geneyea Coal mine operated by the U.S. Steel Corp. near 
Dragerton, Ctah. The equipment was tested there. The 
system consisted of six manpack transmitters and six 
man pack recei,'crs coycring the frequency band from 900 
Hz to 2,900 Hz as well as a six-channel receiYer designed 
for use in a helicopter. Tests showed that EM signals 
from lightweight (% Ib) transmitters could be detected 
both on the surface and from a helicopter through as 
much as 1,650 feet of relatiyely high conducti'"ity (2 X 
10~ mhos/m) overburden. Furthermore, the resulting field 
strength profiles could be used to determine source loca· 
tion to within 150 feet of the actual sun'eyed location in 
the mine. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, l\Iinn., Dem'er, 

Colo., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 69-73. Alaska 1/250,000 Scale Quadrangle Map Over-
lays ShOWing Exploratory Oil and Gas Well 

Drilling Locations and Productive Oil- and Gasfleld Locations, 
by Staff, Bureau of Mines. November 1973. 87 over­
lays. Included on open file are subject overlays for oil 
and gas welJ drilling and field locations of producth'e 
wells in Alaska, with an additional set of overlays show­
ing areas of leasing interest. Thirty.three m'erlays of 
Alaskan quadrangles contain the wells drilled and the 
productive fields. Fifty·four overlays contain quadranges 
of leasing interest. Sets were made for the Resource 
Planning Team of the joint Federal-State Land Use 
Planning Commission for Alaska. Available for reference 
at Bureau of Mines offices in Juneau and Anchorage, 
Alaska, and at the Office of \\'ilderness and River Basins, 
\\'ashington, D.C. 

OFR 70(1 }-73. Evaluation of Mine Electrical Systems With 
Respect to Safety, Technology, Economics, and 

Legal Considerations, Volume 1. Text, Tables, and Analyses, 
by Robert Stefanko, Lloyd A. Morley, and Atmesh K. 
Sinha. July 18, 1973. 171 pp. 82 figs. Volume 1 of this 
study includes tabular results and analyses. Electrical 
parameters of underground coal mine power systems 
were measured. The aim of the original proposal was to 
de"elop instruments and techniques and then make 
measurements of suitable power parameters, ground. fault 
currents, and ground resistance beds. Thus, it was possi­
ble to de"elop a meaningful simulator that would permit 
investigating electrical systems and components on paper 
without costly trial-and-error procedures. In the third 
year, a cable splice testing program was added to the 
project. Evaluation of seyeral mine electrical systems and 
components are presented. It is hoped that increased 
electrical knowledge resulting from this investigation will 
imprm'e electrical safety and efficiency. The analysis is 
based on power-parameter and ground-fault studies of 
18 continuous·miner sections using strip chart recorder 
and transducer circuitry. Cable splice test measuring 
techniques are also presented. Available for reference at 
Bureau of Mines libraries in Pittsburgh, Pa., Twin Cities, 
Minn., Dem'er, Colo., and Spokane, \\'ash., and at the 
Central Library, U.S. Department of the Interior, Wash­
ington, D.C. 

OFR 70(2}-73. Evaluation of Mine Electrical Syst!,ms With 
Respect to Safety. Technology, Economics, and 

Legal Considerations, Volume 2. Appendixes, by Robert 
Stefanko, Lloyd A. Morley, and Atmesh K. Sinha. 
July 18, 1973. 269 pp. 62 figs. Volume 2 consists of 
J 1 appendixes covering detailed information resulting 
from the study. In this research, electrical parameters 
of underground coal mine power systems were measured 
and summarized. Measurement eqUipment assemblies are 
described. A computer model of a mine power system 
is gi\·en. Trailing cable splice evaluation techniques that 
were deyeloped are reported, together with test data on 
nrious splices. The 11 appendixes coYer expected power 
parameters, power parameter dynamic curves, cable sam· 
pie description, cable splice data, mine electrical system 
simulator user's handbook, mine electrical system simu­
lator software, strip chart software, digital recorder 
analysis program, digital recorder analysis program job 
control, and data input parameters, glossary of digital 
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recorder analysis. and digital recorder program output 
examples. Available for reference at Bureau of Mines 
libraries in Pittsburgh. Pa .• Twin Cities. Minn .• Denver, 
Colo .. and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interior, Washington, D.C. 

OFR 71-73. The State-of-the-Art in Continuous Mining Ma-
chine Bit Technology, by Kenneth L. White­

head and Robert D. Saltsman. June 1973. 211 pp. 67 
figs. After many years of research, the occurrence of 
pneumoconiosis, black lung disease, among miners has 
been related to the mass of respirable coal dust to which 
mining personnel have been exposed. As a result of the 
restrictions imposed by Public Law 91-173 in 1969, much 
work has been done in determining methods of either 
eliminating or suppressing respirable dust. The purpose 
of this project was to determine the state-of-the-art in 
continuous-mining machine bit technology, particularly 
with regard to dust production. The scope of the sun'ey 
included visits to bit manufacturers, mining companies, 
mining machine manufacturers, and consultants in order 
to determine what bits are the best available, why they 
are the best, and the level of acceptance of past and 
present bits by the mining industry. Available for refer­
ence at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities, Minn., Denver, Colo., and Spokane, ·Wash., 
and at the Central Library, U.S. Department of the In­
terior, Washington, D.C. 

OFR 72-73. Analysis of Communication Systems in Coal 
Mines, by M. D. Aldridge, West Virginia 

University. May 1, 1973. 127 pp. 52 figs. This paper 
reports the results of a 2-year research effort aimed at im­
prodng communication systems used in coal mines. This 
work was conducted under a program, the original goal 
of which, not only inmh'ed the development of practical 
and effective electronic systems for operational com­
munications, but also for monitoring, at a central loca­
tion. remote instruments at key positions in a mine. 
About half way through the originally proposed 3-year 
effort, the program was redirected to phase out the 
communication effort at the end of 2 years and to con­
centrate the program's resources on the investigation of 
new monitoring system concepts developed by this re­
search. The latter was carried to the point of providing 
sufficient evidence to aid in the comparison of certain 
new communication concepts. For the concepts chosen 
for this study, the work was stopped short of hardware 
de\'e!opment and field testing. A\'ailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Denver, 
Colo., Spokane, Wash., and Twin Cities, Minn., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 73-73. Extinguishment of Rock-Covered Mine Fires, by 
Edward T. McHale. Sept. 30, 1973. 61 pp. 

9 figs. This research demonstrated that water, because 
of its high heat extraction capability, was superior to 
other agents for extinguishing covered coal fires. The 
water must be delh'ered directly to the site of the burn­
ing. and the sparger technique prm'ed to have limitations 
for this purpose. A single sparger tube can extinguish a 
swath of burning coal about 20 inches in width. There­
fore, in a real fire situation one sparger tube would have 
to be inserted into a covered fire for every 20 inches of 
entry width. This restriction on the sparger method 
might be eliminated by the use of high-pressure water 
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jets. It has been demonstrated that jets of water that are 
delh'ered at pressures of about 4.000 psi can penetrate 
coal to a depth of several feet. Accordingly. further re­
search to e\'aluate the feasibility of high-pressure spargers 
for quenching cO\'ered coal fires should be considered. 
This recommendation, howe\'er, must be considered in 
light of other practical conditions that exist in entries, 
such as unavailability of high-pressure water supply. 
A\'ailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities. Minn., Demer, Colo., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 74-73. Influence of Mine Fires on the Ventilation of 
Underground Mines, by Rudolf E. Greuer. 

July 6, 1973. 173 pp. 70 figs. A comprehensi\'e report 
was prepared dealing with the influence of accidental 
fires in underground mines on the ventilation of under­
ground mines. The primary objective of the study was 
to obtain and e\'aluate all anilable information (mostly 
from foreign sources) dealing with methods of predic­
tion of disturbances in a ventilation system by a mine 
fire. Particular aspects considered are as follows: Prop­
erties of mine fires, temperatures of fumes behind the 
fire zone, forces de\'eloped by fumes. and qualitative and 
quantitath'e prediction of disturbances caused by fires. 
The compilation of results indicates that the interaction 
of ventilation flows and fires can be predicted with more 
accuracy than was previously assumed. The organized 
study and theoretical review contained in the report 
should be of great interest to mining engineers. A.\'ailablc 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa., Twin Cities, Minn., Dem'er, Colo., and Spokane. 
Wash., and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 1-74. Development of High Strength Titanium Diboride 
Composites for Non-Sparking Tool Applications, 

by L. Kaufman and R. L. Pober. Sept. I, 1973. 30 pp. 
15 figs. Fifteen boride composites were synthesized by 
hot pressing and enluated by physical and incendivity 
testing as nonsparking tool materials. The incendi\'ity 
tests. conducted by the Albany (Oreg.) Metallurgy Re­
search Center of the Bureau of Mines. compared the 
boride composites with standard cobalt-bonded tungsten 
carbide material used for coal cutter bits. Two titanium 
diboride composites and two zirconium diboride com­
posites out-performed cobalt-bonded tungsten carbide in 
wear resistance and reduced tendency to cause ignitions. 
However, three of these candidates exhibited undesirable 
chipping. The remaining candidates, a TiBo - (Ni.Cu) 
composite, did not chip, nor did it cause ig;;'itions at 
levels where cobalt-bonded tungsten carbide tools caused 
ignitions in the incendivity tests. The Bureau has for 
many years sought to improve safety in coal mining by 
developing methods for reducing the number and fre­
quency of ignitions during cutting operations. Available 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa., Twin Cities, Minn., Denver, Colo., and Spokane, 
Wash., and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 2-74. Survey Report of the U.S. Bureau of Mines Elec­
tr.omagnetic Noise Measurement Program, by 

J. W. Adams, H. E. Taggart, and A. D. Spaulding. 
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Nov. 30. 1971. 32 pp. 1 fig. This report describes the 
state-of-the-art of electromagnetic noise and the addi­
tional noise measurements required relatiYC to coal mine 
communications. It surveys the efforts of six contractors 
to the Bureau of Mines "'ith regard to their electro­
magnetic noise-measurement program. What has been 
done. what is planned. and evaluations and recommen­
dations are given for each contractor. The main obserya­
tion is that at the time of this report there was insufficient 
knowledge of electromagnetic interference in mine en­
vironments to design a reliable communication system. 
A major effort of the report. which is described in 
appendix A. was to establish parameters to be measured. 
units to be used. and workable formats for data presenta­
tion. Some details concerning equipment. procedures. 
locations. and sample data are included in appendix B. 
:hailable for reference at Bureau of Mines libraries in 
Pittsburgh. Pa., Twin Cities, Minn., Denyer, Colo .• and 
Spokane. Wash., and at the Central Library. U.S. Depart­
ment of the Interior. '\'ashington. D.C. 

OFR 3-74. Automated Breathing Metabolic Simulator (ABMS)' 
Final Report, by Federal Systems Diyision, In­

ternational Business :\Iachines Corporation. January 1973. 
53 pp. I:! figs. Through a contract, the Bureau of Mines 
has funded the deyelopment of an Automated Breathing 
:\Ietabolic Simulator (AB:\IS). The ABMS simulates man 
in all of the breathing and metabolic parameters for 
monitoring support and resuscitation equipment. I:or 
the first time. complete breathing and metabolic sim­
Illation arc incorporated in the same de\'ice. Breathing 
rate, 'breathing depth, breath velocity contour, oxygen 
uptake. and carbon dioxide release are all yariable oYcr 
"'ide ranges. simulating conditions from sleep to hard 
work "'ith respiratory exchange ratios cO\'ering the 
range of hypm'entilation to hypen'entilation. In addition. 
all of these parameters are remotely controlled to 
facilitate the usc of the device in hostile test em'iron­
ments, The exhaled breath is also at body temperature 
and completelY saturated. The simulation is faithful to 
the extent of ha\'ing a variable functional residual capac­
ity and an anatomical dead space equivalent to that of 
humans. The AB:\IS will be used as a stand-in for 
humans in test and validation of respiratory equipment, 
permitting more extensi\'e and safer evaluation in 
hazanlolls enl'ironments wherr human testing must be 
limited, Ayailable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa .. Twin Cities. Minn., Denyer, 
Colo .. and Spokane. Wash.. and at the Central Library, 
C.S. Department of the Interior. "'ashington. D.C. 

OFR 4-74. Mine Syslems Analysis-Tertiary Channel De-
posits. The Badger Hill Pit, San Juan Ridge, 

Nevada County. Calif., by Thys B, Johnson, ,rilliam R. 
Sharp. and John :-.:, Williams, 1973. 77 pp. 21 figs. 
The objecti\'es of this study were (1) to determine 
potential alternative mining systems for some of the 
large tertiary channel gold-bearing gravel deposits. and 
(:!) to identify areas of technology where further inves­
tigation ,,'olild be merited because of its potential in­
clusion in a mining system for such deposits. The study 
in\'Ohed the de\'elopment of a mineralized block itwen­
tory. an economic block inventory, determinatifln of 
optimum ultimate mining limits, and a preliminary 
economic mining sYstem c\ aluation, Computer programs 

were de\'eloped and utilized for each of the study phases 
stated. Sampling conducted at Badger Hill by the Bureau. 
together with confidential drill hole data provided by 
the San Juan Gold Co., formed the basic gold values and 
distribution information from which a deposit model 
was developed. The analysis showed that underground 
mining of the Six-Mile Deposit was uneconomical. but 
that potential for an economic mining operation existed 
when the gravel resources of the channel were considered 
together with the gold. Available for reference at Bureau 
of Mines libraries in Pittsburgh. Pa .• Twin Cities. Minn .• 
Dell\'er, Colo .• and Spokane. 'Vash .• and at the Central 
Library, U.S. Department of the Interior. Washington, 
D.C. 

OFR 5-74. Summary of Heavy Metals Studies at San Juan 
Ridge, Nevada County, Calif., by Russell R. 

McLellan. 1973. 87 pp. 18 figs. The Tertiary channel 
gravel deposits in northern California were selected for 
detailed imestigation by the Federal Bureau of Mines as 
part of a national program to locate potential sources 
of gold that might be developed rapidly by large-scale 
mining operations. This report summarizes the indiddual 
investigations by five Bureau research centers representing 
mining and metallurgy subsystems for possible solutions 
to the problem areas that long ha\'e discouraged resump­
tion of large-scale mining in the deposits, and gives 
conclusions and recommendations after 2 years of field 
work at the deposits on San Juan Ridge. The studies 
indicate that modern mining technology can cope with 
the ell\'ironmental problems that closed the immense 
hydraulic mines in 1884. Howc\'er. they also indicate 
that mining can be conducted with only marginal profits 
unless the price of gold remains substantially above S70 
per ounce or unless sufficient byproducts can be recovered 
and sold to place the average value per cubic yard of 
gravel into a positive commercial range. Available for 
reference at Bureau of Mines libraries in Pittsburgh, Pa .• 
Twin Cities, Minn., Demer, Colo., and Spokane. Wash .• 
and at the Central Library, U.S. Department of the In­
terior, Washington. D.C. 

OFR 6-74. Drilling and Sampling Tertiary Gold-Bearing 
Gravels at Badger Hill, Nevada County, Calif., 

by Russell R. McLellan, Richard D. Berkenkotter. Rich­
anI C. Wilmot, and Robert L. Stahl. 1973. 80 pp. Under 
the Heavy Metals Program. the Bureau of Mines con­
ducted investigations at the old Badger Hill placer mine 
in :-':evada County, Calif., to c.lIect data regarding drill­
ing and sampling methods and deposit characteristics. A 
team of fi\'e Bureau )'escarch groups studied ways to 
de\'elop new or imprm'ed placer mining technology in 
the Tertiary gold-bearing channel gravel of northern 
California. This report describes the techniques used and 
the results obtained in the sampling and drilling stage 
of deposit delineation studies that were conducted. Sam­
pling included the collection and processing of 400 tons 
of large- and small-mlume samples from drill holes, 
underground workings, surface pits, and blast hole 
roun"ds. A total of 355 samples averaging 2,296 pounds 
per sample prodded reasonably accurate data for analysis 
of the gold distribution. These studies indicate that the 
bulk of the gold is within 40 feet of bedrock in stacked. 
lenticular zones of cemented gra\'el largely confirmed to 
the relatiyely narrow, meandering course of the deepest 
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portion of the bedrock channel. Ayailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Twin 
Cities, Minn., Spokane, 'Wash., and Delll'er, Colo .. and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 7-74. Applicability of Speech Bandwidth Compression 
Techniques in Mine Electromagnetic Communica­

tions, by C. H. Manney. Feb. 2, 1972. 21 pp. 3 figs. This 
report deals with the feasibility of the use of ,"ocoders 
as an integral part of a mine electromagnetic YO ice 
communication system., Limitations imposed by the nature 
of the transmission path, background noise, and equip­
ment are examined. Some properties of yocoders and 
apparent a(!\'antages of the use of yocoders in a mine 
communications arc discussed. The conclusion is reached 
that the manmade noise leyel will ultimately determine 
the workability of such a system. A\'ailable for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Twin 
Cities, :\1inn., Denver, Colo., and Spokane, Wash., and at 
the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 8-74. Coal Mine Combustion Products: Identification 
and Analysis, by K. L. Paciorek, R. H. 

Kratzer, J. Kaufman, and J. H. Nakahara. August 1973. 
158 pp. 48 figs. The toxic products formed during 
thermal oxidati\'e degradation of neoprene and poly­
Yinyl chloride compositions, urethane foams, and yarious 
untreated and treated woods were determined quantita­
ti\'ely on a gram-per-gram basis. Quiescent and dynamic 
decomposition conditions were employed. Analyses were 
performed using high-Yacuum separations, gas chroma­
tography, mass spectrometry, infrared spectroscopy, and 
wet chemical methods. The main toxic species found 
included CO, HCI, HCN, S02' anhydride, aniline, and 
furfural. Thermograyimetric analyses were performed on 
all the compositions, and the data were correlated to 
a\'ailable formulating information and product formation. 
A\'ailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Denyer, Colo., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, W'ashington, D.C. 

OFR 9-74. Potential Mineral Resources in Selected 0.2 
Lands, by Robert G. Bottge. Oct. 10, 1973. 

55 pp. 19 figs. This report discusses the need for Alaska's 
minerals, the need for surface transportation corridors, 
and their relationship to planned D.2 withdrawals. On 
May 4, 1973, 31 tracts within the planned D.2 withdrawals 
were jointly recommended for multiple use including 
mining by the Geological Sun'ey and the Bureau of 
:\fines. Twenty-one of these tracts of land are analyzed, 
and known mineral deposits and metallogenic proYinces 
are shown. The potential economic value of each tract, 
its impact upon the State and Nation, and the salient 
mineral and transportation data for it are summarized. 
In December 1971, the U.S. Congress passed the Alaska 
1':ati\'e Claims Settlement Act. Section 17 (d) (2) of that 
act directs the Secretary of the Interior to. withdraw 
up to 80 million acres of unresen'ed public lands which 
the Secretary deems suitable for inclusion in national 
parks, forests, wildlife refuges, and wild and scenic river 
systems. This report shows why the 31 tracts mentioned 
should be left open to mining. A\'ailable for reference 
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at Bureau of Mines facilities in Juneau, Anchorage, and 
Fairbanks, Alaska, and at the Central Library, V.S. 
Department of the Interior, Washington, D.C. 

OFR 10-74. The Demand for and Supply of Manpower in 
the Bituminous Coal Industry for the Years 

, 985 and 2000, by the Institute for Research on Human 
Resources, Pennsyh'ania State Vnh·ersity. September 1973. 
420 pp. 23 figs. Concern for assuring adequate supplies 
of energy in the ncar and distant future has been accom­
panied by many studies that have examined one or 
more of the many interrelated facets that affect supply 
and demand patterns for energy. Among the finds of the 
past studies has been a recognition that the existence 
of adequate resources or resen'es will not automatically 
guarantee sufficient supplies of energy. This study did 
not attempt to forecast the demand for coal in the target 
years. Instead, emphasis was placed on developing a 
methodology for forecasting manpower supply and de­
mand gh'cn alternath'e le\'Cls of output of bituminous 
coal. Forecasts of coal output were prm'ided bv the 
Bureau of Mines. Forecasts were made for low, probable, 
and high leyels of total product. HO\\'e\'er, the majority 
of the discussion in this summary concerns those foreca,ts 
pertaining to the probable \evel of total product. In 
addition to the aggregate manpm\'er forecasts that were 
developed. the illl'estiga tors also de\'eloped forecasts of 
demand for and supply of manpower for nine Eastern 
States and a selected grouping of Western States ... hail­
able for reference at Bureau of Mines libraries in Pitts­
bmgh, Pa .. Morgantown, 'V. \"a., Denver, Colo., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 11-74. Process Optimization Study of Non-Sp<lrking 
Titanium Diboride Tool M<lterials, by L. Kauf­

man and R. L. Pober. Manlahs. Inc. Oct. 20. 19i3. 
15 pp. 3 figs. A range of processing conditions and 
compositions have been naluated in order to optimize 
the properties of TiB .. - (:-:i, Cu) composites for applica­
tion as a nonsparkillg tool material for use in coal 
mining operations. Fifty billets containing from 70 to 
95 weight-percent titanium diboride were hot pressed 
at 3,000 psi between 2,400 0 and 2,6500 F. Samples which 
were cut from these billets were used to measure hard­
ness, bend strength, and impact strength so that composi­
tion processing optimization could be effected. Eight 
compositions selected on this basis were evaluated by 
incendi\'ity tests in order to choose the best composition. 
The best results were obtained for an 85-weight-percent 
TiB'2-12-weight-percent Cu-3-weight-percent Ni composite 
hot pressed at 2,650 0 F and' 3,000 psi. This material 
appears to be the best choice for fabrication of coal 
cutter bits to be evaluated in field tests. Ayailablc for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Twin Cities, Minn., Delll'er, Colo., and Spokane, "'ash., 
and at the Central Library, U.S. Department of the 
Interior, 'Vashington, D.C. 

OFR 12-74. Development of Minimum Luminance Require-

ments for Underground Coal Mining Tasks, by 
Lyman C. Hitchcock. Jan. 31, 1973. 275 pp. 24 figs. 
The objective of this program was to determine the 

minimum luminance requirements for underground coal 
mining work from the working face to the first transfer 
point. The measurements necessary to produce usable 
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data im'olved two distinct phases, the first being in-mine 
measurements. The second phase of measurements were 
made in a full-scale simulated mine work space with 
full-scale machinery models. The threshold visibility 
luminances were re\'ised upward to encompass a 99-
percent probability of detecting a dynamic visual task of 
\"arying location and further upward to encompass 95 per­
cent of a 55- to 65-year-old population. Extensi\-e re­
flectance measurements were made of coal surfaces, roof 
shales, and floor materials. The results will be useful in 
designing future luminaries and illumination systems. 
Available for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Dem'er, Colo., and 
Spokane, Wash., and at the Central Library, U.S. De­
partment of the Interior, \\'ashington, D.C. 

OFR 13-47. Solution to Problems of Pollution Associated 
With Mining in Northern Idaho, by Dale R. 

Ralston, Bryson D. Trexler, Jr., Chien J. "'ai, William 
T. ROlison, and Francis E. Rickman, Jr. Dec. I, 1973. 
99 pp, 29 figs, This report (Contract 1\'0. H0122070) 
describes the results of a two-phase im'estigation to iden­
tify sources and causes of mine water pollution in 
northern Idaho. The first phase effort examined the occur­
rence and production of acid water at the Bunker Hill 
mine, utilizing a water-monitoring network that extended 
throughout the mine. The report shows that low pH 
water was formed in those mine areas containing lead­
zinc ore rich in pyrite and that water mm'ement in the 
mine was important both in the production of acid and 
also in trallSportation of heavy metals. The second phase 
e\'aluated water mm'ement characteristics in an aban­
doned tailings pile and the resultant impact on the 
hydrologic environment. Initial data indicated (I) the 
existence of a ground-water mound uncler the pond 
and (2) the transfer of ions from the tailings pile to the 
surrounding ground-water system, The repol't is of 
special interest to the mining industry of the Coeur 
d'Alene district of Idaho and of general interest to 
persons concerned about pollution associated with mining. 
Available for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Spokane, 'Vash., and 
Demer, Colo., and at the Central Library, U.S. Depart­
ment of the Interior. \\'ashington, D.C. 

OFR 14-74. Statistical Evaluation of Inductive Effects in Mine 
Cables, by West Yirginia University. June 29, 

1973. 235 pp. 130 figs. This report (Contract 1\'0. 
(0122088) prmides an analysis of Bureau of Mines 
data on induced Hlltages and currents in portable trail­
iug cables and their influence on ignition hazard. The 
effects of cable configuration and length are considered 
under worst-case electrical load conditions. The ad­
vantage to be gained by the installation of diode bridges 
is quantitath'c1y described, and a guide that eliminates 
the need for some physical measurement is included. 
AYailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Spokane, Wash., and 
Ikmer. Colo., and at the Central Library, U.S. Depart­
ment of the Interior, \\'ashington, D.C. 

OFR 15-74. Standardization of Controls for Underground 
Electric Face Equipment-Phase I, by Applied 

Science Associates, Inc., October 31, 1973. 105 pp. The 

primary purpose of this final report (Contr~ct :r:'o, 
H0230021) is to apply modern human engmeenng 
technology to reduce human error and accidents associ­
ated with the on-site operation of electric face equipment. 
The main body of the report, entitled Phase I Actidties, 
provides an in-depth accounting of the study activities to 
date. Other major sections of the report are concerned 
with specific problems of Phase I and plans for Phase II 
acth-ities. Appendixes to the report contain reference 
lists and complete data on recommended control require­
ments and the level of acceptance of these requirements. 
A\'ailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Denver, Colo., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 16-17. Thru-the-Earth Electromagnetics Workshop, ed. 
by Richard G. Geyer. Dec. 31, 1973. 217 

pp. 105 figs. This report (Contract No. G0133023) in­
cludes papers on current research in thru-the-earth 
communications. The papers presented herein summarize 
a workshop sponsored by the Bureau of Mines at the 
Colorado School of Mines, which was concerned with the 
problem of how information may be conveyed by electro­
magnetic wa\'es propagating through rock media without 
the benefit of lines and cables. Some of the limitations 
and scope of such schemes are identified. Available for 
reference at Bureau of Mines libraries in Pittsburgh, Pa., 
Del1\'er, Colo., Spokane, Wash., Twin Cities, Minn., and 
Morgantown, W. \'a., and at the Central Library, U.S. 
Department of the Interior, Washington, D.C. 

OFR 17(1)-74. Develop, Assemble and Install a Permissible 
Surveillance and Communication System in 

the Bureau of Mines Mining and Safety Research Center Coal 
Mine at Bruceton, Pa. Volume 1. System Description, by Mine 
Safety Appliances Company. May 31, 1973. 35 pp. 16 
figs. The system installed at the Bureau of Mines Bruce­
ton Research Center comprised an abm'eground central 
computer control facility (or surface monitor station) and 
10 mine monitor stations at selected locations within the 
mine. Each station provided local measurement and dis­
play of several environmental parameters that were 
judged critical to safety in mining operations. These 
included smoke, noise, carbon monoxide, methane, hydro­
gen, temperature, rate of temperature rise, and ventila­
tion rate. The system was designed to demonstrate that 
continuous monitoring of these parameters could provide 
early recognition of a potentially dangerous condition so 
that corrective action could be taken before a disaster 
occurs. One of the primary objectives of this contract 
effort was to provide a highly productive tool for mine 
safety research. For this reason, the surface monitor 
station included not only parameter display and alarm 
systems but a very flexible and functional data handling 
and storage system. This is a report on Contract No. 
H01J0845. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Demer, 
Colo., and Spokane, Wash., and at the Central Library, 
U.S. Department of the Interi'or, Washington, D.C. 

OFR 17(21-74. Develop, Assemble and ,Install a Permissible 
Surveillance and Communication System in 

the Bureau of Mines Mining and Safety Research Center Coal 
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Mine at Bruceton, Po. Volume 2. Circuits and Installation, by 
Mine Safety Appliances Company. May 31, 1973. 141 
pp. 73 figs. This report (Contract No. HOII0845) de­
scribes a computer-controlled communication and moni­
toring system for monitoring the em'ironment in under­
ground coal mines. Ten underground stations transmit 
alarm information and values of air velocity; methane, 
carbon monoxide, and hydrogen concentration; tempera­
ture and rate of changes of temperature; noise; and 
smoke. The central processor controls polling of under­
ground stations and records data on magnetic tape. A 
lamp console displays the status of the system. A com­
plete description of the sensors, electronics, power sup­
plies, and communications channel is gh'en in this report. 
Axailable for reference at Bureau of Mines libraries in 
Pittsburgh. Pa., Twin Cities, Minn., Dem'er, Colo., and 
Spokane. Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 18-74. Development of a Personal Dust Sampler, by 
C. Froger and P. Courbon. May 1973. 

17 pp. 12 figs. This report (Contract ?\o, H0122032) 
gives results of a laboratory study and development of 
a modified approach to personal respirable dust sampling. 
Three prototype units of each of two designs. cap lamp 
and self· powered \'ersions, of a personal dust sampler 
were designed and constructed. The samplers are based 
upon the use of polyurethane foam filters rotating at 
high speed to provide the air-mo\'ing pump. The units 
were designed to be intrinsically safe for use at the mine 
face and will be tested underground to determine applica­
bility for use in the operator sampling program. The 
units will also be e\'aluated for use in noncoal mines. 
Available for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Twin Cities, Minn., Dem'er, Colo" and 
Spokane, Wash., and at the Central Library, U,S. Depart­
ment of the Interior, 'Washington, D.C. 

OFR 19(11-74. A Study of Underground Mine Heat Sources. 
1. Survey of Underground Mine Heat Sources, 

by James L. Fenton, June 30, 1973. 131 pp. 21 figs. In 
this study (Contract No. GOI22137), the sources of heat 
flow into a mine along with the \'arious effects that this 
heat has on mine personnel were im'estigated. The object 
of this study was to compile all a\'ailable published infor­
mation pertaining to these underground heat sources and 
their effects in to one report. This will pro \'ide the mining 
industry with an available, easy-to-use reference to aid in 
the determination of mine wntilation requirements as 
the mines are in the phases of original planning or being 
extended to depth. Areas of significant deficiencies in 
knowledge were disclosed during this m'erall appraisal. 
Recommendations on important basic research needs were 
outlined for future consideration by Federal or industrial 
sponsorship. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Denver, 
Colo .. and Spokane, Wash., and the Central Library, 
V.S. Department of the Interior, Washington, D.C. 

OFR 19121-74. A Study of Underground Mine Heat Sources. 
2. Evaluating Underground Heat Sources in 

Deep Mines, by Walter I. Enderlin. June 30, 1973. 134 pp. 
18 figs. This thesis (report of Contract ?\o. G0122137) sets 
forth a practical method for evaluating underground 
sources of heat in deep mines and pro \'ides an improved 
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information base, Seven topics for further research are 
recommended. The heat sources considered are wall-rock. 
ground water. adiabatic compression, equipment. sen' ice 
lines, blasting. metabolism. curing of cement. and oxida­
tion of sulfides and timber. Se\'en deep metal mines with 
high production rates and high heat loads were visited 
to obtain data necessary to assess their thermal enYiron­
ments. Mines records were examined, wall-rock tempera­
tures were measured. and a survey of the mine ventilating 
and mine drainage was performed. Also, the thermal 
conducti\'ity of wet and dry specimens of the host rock 
was measured in the laboratory. Data analYSis disclosed 
that rock heat and adiabatic' compression' account for 
about 60 percent of the mine heat load at depth. Avail­
able for reference at Bureau of Mines libraries in Pitts­
burgh, Pa., Twin Cities, ~[inn., Dem'er, Colo" and Spo­
kane, 'Vash .. and at the Central Library, U.S. Department 
of the Interior, Washington, D.C. 

OFR 19(31-74. A Study of Underground Mine Heat Sources. 
3. Underground Mine Air-Cooling Practices, 

by Floyd C. Bossard and Koehler S. Stout. June 30. 1973. 
73 pp. 16 figs. This report (Contract ?\o. G0122137) sum­
marizes current practices of cooling and hehumidifying 
mine air. The principal objecti\'es of underground mine 
air cooling systems are as follows: (I) Extract heat and 
water \'apor from mine air and provide for their remm'al 
from the mine via water pumped to the surface or dis­
charged mine exhaust air; (2) pro\'ide acceptable artifi­
cial ambient conditions for efficient working mine de\'el­
opment and production areas; and (3) recondition the 
used air, thus supplementing the limited mine ventilation 
balance. Current mine air cooling and dehumidifYing 
practices are described. Available for reference at Bureau 
of Mines libraries in Pittsburgh, Pa., Twin Cities, ~[inn., 
DC\l\'er, Colo" and Spokane, \\'ash., and at the Central 
Library, U.S. Department of the Interior, ,rashington, 
D.C. 

OFR 20-74. The Role of Mineral 1 ndustrie. in Six South-
eastern States, by John E. Husted, ?\m'ember 

1973, 125 pp. Alabama, Florida, Georgia, ?\orth Carolina. 
South Carolina. and Tennessee were sun-eyed concerning 
economic factors pertaining to mined products and min­
erai-related industries for the years 1967, 1971, and 1972. 
using the Standard Industrial Classification system (SIC) 
of the United States Bureau of thc Budget for 1967. In 
general. mineral-related industries were considered to be 
those which utilized mineral products for manufacture or 
production of their commodity. The information sought 
included product values and amounts, either mined or 
produced from mined materials; ingredients used for 
production; of of state purchase and/or shipments of 
mineral materials; and cmployment for the SIC numbers 
in the sun'cy which ranged from lOll to 3399. Data tabu­
lations were made by SIC numbers for each State. In 
turn, these data were used to assist with obtaining esti­
mates of total product amounts and total product values. 
Total dollar values of mineral-related goods were com­
pared with total values of goods for each State. Georgia 
ranked highest. This report is Bureau of Mines Contract 
No. S80122112. A\'ailable for reference at Bureau of Mines 
libraries at Field Operation Centers in Pittsburgh, Pa., 
Dem'er, Colo., Spokane, Wash., and Juneau, Alaska; at 
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Bureau of Mines State Liaison Offices in University, 
Ala., Tallahassee, Fla., Atlanta, Ga., Raleigh, N.C., Colum­
bia, S.C., Kashville. Tenn.; and at the Central Library, 
U.S. Department of the Interior, \\'ashington, D.C. 

OFR 21-74. Exploratory Studies of Flame and Explosion 
Quenching: First Annual Technical Progress Re­

port, June 30, 1972-June 30, 1973, by Thomas A. Milne, 
Jacob Beache)" and Frank T. Greene. Dec. 7, 1973. 61 pp. 
34 figs. These studies (Contract ;-\0. H0122127) were 
aimed at the development of improved ~gents to suppress 
coal dust-air explosions. The approach employed was to 
sample both gaseous species and particles from uninhibited 
and inhibited flames. to obtain basic information about the 
mechanism of coal dust burning itself and the mode of 
action of dry-po\l'der fire extinguishing agents. Attempts 
to stabilize flat, laminar, premixed coal dust-air flames, 
without any augmentation, are described, culminating in 
the successful stabilization of flat flames on both 6_3-cm­
and 12.6-cm-diameter Meeker-type burners. The combina­
tion of a fluidized-bed coal dust feeder, a turbulent 
mixing region for the coal dust-air at the bottom of a 
short burner. a corrugated matrix burner, and vibration 
of the burner matrix, has produced a flame with sufficient 
stability to warrant direct interfacing \I'ith a molecular 
beam. mass spectrometer sampling system. Dry powder 
extinguishing agent beha\'ior is being studied by directly 
sampling particles from various regiollS of a premixed, 
CHI-air ,conical flame. ihailable for reference at Bureau 
of :\lincs libraries in Pittsburgh, Pa., Twin Cities, Minn., 
Denver. Colo .. and Spokane, 'rash .. and at the Central 
Library. C.S. Department of the Interior, \\'ashington, 
D.C. 

OFR 22-74. Development of Techniques and the Measure-
ment of Relative Permeability and Capillary 

Pressure Relationships in Cool, by J. J. Taber, P. F. Fulton, 
:\1. K. Dabbous. and A. A. Reznik. Jan. 24. 1974. 80 pp. 
~O figs. In this study (Contract Ko. GOI2200G), gas and 
"'ater permeabilities of a large number of samples from 
the Pittsburgh and Pocahontas coals were measured at 
various overburden and mean flo\\' pressures. A wide 
variation in the air ami water permeabilities was obtained 
for each type of coal. O\·erbunlen pressure has the most 
significant effect on the single-phase permeability. Con­
si<iera ble hYSteretic effect was obsen'C(l for both air and 
water permeabilities. Gas permeabilitics are affected to a 
lesser degree by mean flo\\' pressures abm·e atmospheric. 
Ho\,-e\Tr. at subatmospheric mean pressures, appreciable 
increase in penneahilitv occurs for 10\,' permeability sam­
ples. Air and water relati\e pcrmeabilities were also 
measured for numerous samples of Pittsburgh and Poca­
hontas coals. Tests were performed under steady-state con­
ditions for both drainage and inbibition cycles. Results 
indicate that the flow of gas is greatly reduced during the 
latter process. whereas it is largely undiminished over a 
wide water-saturation range during draining. Available 
for reference at Bureau of Mines libraries in Pittsburgh, 
Pa .. Morgantown, \\'. \'a., Twin Cities, Minn., Dem'er, 
Colo .. and Spokane, Wash., and at the Central Library, 
LS. Department of the Interior, Washington, D.C. 

OFR 23-74. Emission Controls and Fuel Economy of Seven 
1973 Vehicles, by B. H. Eccleston. February 

19i.J. 12 pp. This report is a summary of emissions and 

fuel economy attainable by simple disconnection of the 
exhaust gas recirculation system and other very minor 
ignition system modifications on seven 1973 automobiles. 
The vehicles are considered standard to hea,'y cars. The 
average fuel economy change on modification was an in­
crease in miles per gallon of 9 percent with a range of 
4 to 14 percent. The CO emissions decreased about 2 
percent, the hydrocarbon emissions were up 30 percent, 
and the NOr emissions up 96 percent. An Environmental 
Protection Agency study released in January 1974 gave 
similar results for 10 cars covering a much wider range 
of whicle sizes. Available for reference at Bureau of 
Mines libraries in Bartlesdlle, Okla., Laramie, Wyo., 
Morgantown, \\'. \'a., Pittsburgh, Pa., San Francisco, 
Calif., and Grand Forks, N. Dak., at the Intermountain 
Field Operation Center in Denver, Colo_, at the Mineral 
Supply Field Office in Dallas, Tex., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 24-74. Ventilation Studies and Escape Plans for Un-
derground Hardrock Mines, by C. J. Hall, 

Terry Morris, and Jan Patricio. October 1973. 234 pp. 
51 figs. This report (Contract No. S0230037) was prepared 
by the University of Idaho for the Bureau of Mines to 
provide a survey and analysis of noncoal mine ventilation 
and emergency escape plans with recommendations for 
improving existing systems. The "entilation systems and 
emergency escape plans for 16 underground noncoal 
mines were determined, evaluated, and analyzed. Possible 
hazards related to the "entilation system were identified 
for each mine and means to o\'ercome them were recom­
mended. The report includes a summary, which briefly 
describes the ventilation system for each mine and dis­
cusses problems that are common to a number of them. 
Available for reference at Bureau of Mines libraries in 
Pittsburgh. Pa., Twin Cities, Minn., Denver, Colo., and 
Spokane, Wash., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 25(1 )-74. Improved Sensors and Fire Control Systems 
for Mining Equipment, by FMC Corpora­

tion. Advanced Products Didsion. December 1972. 252 pp. 
83 figs. This report (Contract Ko. HOI22053) concludes 
that trucks of capacity in excess of 50 tons represent the 
greatest potential for fire and that efforts to prm'ide fire 
protection system against B class (flaming liquid) and 
C class (electrical) fires in trucks will have maximum im­
pact in operator safety and equipment protection. It is 
of utmost importance to detect and extinguish Band C 
class fires in equipment before they can e\'ol\'e into major 
conflagrations inmh'ing the entire unit of equipment and 
endangering the operator. Because of his remote position 
of 10 feet or more abo\'e the ground, the operator must 
be made aware of a fire as I'apidly as possible so that he 
may take whate\,er action is required to either extinguish 
the fire or remO\'e himself hom the danger area. A fast­
l"esponding. reliable fire-sensing and extinguishing system 
must be prO\·ided. The system would be semiautomatic 
and prodde for the immediate detection of a fire and 
instant warning to the driver that a fire exists, allowing 
him to take corrective action. Available for reference 
at Bureau of Mines libraries in Pittsburgh, Pa., Twin 
Cities, Minn., Denver, Colo., and Spokane, \\'ash., and 
at the Central Library, U.S. Department of the Interior, 
Washington, D.C. 
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OFR 25(2)-74. Improved Sensors and Fire Control Systems 
for Mining Equipment, by FMC Corpora· 

tion, Adyanced Products Dh'ision. May 1973. 178 pp. 51 
figs. Effecth'e fire protection can be obtained with current 
technology for mining equipment at moderate cost under 
a system de\'eloped under Contract :\'0. HOl22053, This 
report presents the study conducted by the FMC Corp., 
highlighting those features found to be effective in warn­
ing truck operators in mines of the danger of a con­
flagration in their piece of equipment. The equipment 
was tested on site in a mine and results of the im'estiga­
tion are gi\'en. Available for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Twin Cities, Minn., Spokane, 
Wash., and Dem'er, Colo., and at the Central Library, 
U.S. Department of the Interior, \Vashington, D.C. 

OFR 26-74. Pilot Study of the Feasibility of Subsurface 
Injection of Industrial Liquid Wastes in West 

Virginia, by Robert Hidalgo, Mary Behling. and Richard 
Drabish. March 1974. 106 pp. 49 figs. Subsurface injection 
of industrial liquid wastes is a widely expanding waste­
management practice. Increased enyironmental awareness 
and the resulting more stringent legislation regarding dis­
charge of wastes into surface waters ha\'e sen'ed to spur 
the expansion of this practice. Also the economics of sub­
surface waste injection are often more fayorable, at least 
in a short-term sense, than ad\'anced secondary or tertiary 
surface-treatment facilities. Therefore, it seems likely that 
industrial interest in subsurface injection of liquid wastes 
will remain high, and that Goyernment should eliminate 
as much of the uncertainty inyoh'ed in the practice as it 
can. ~luch of the present uncertainty arises from less 
than complete knowledge and understanding of the total 
subsurface geology and hydrology in most areas and the 
lack of a method to quickly assess total data base in a 
gi\'en area within the time-frame required for decision­
making in specific cases. This study (Contract Ko. 
G0122075) was undertaken as a first step in solYing the 
problems. A\'ailable for reference at Bureau of Mines 
libraries in Pittsburgh, Pa., Morgantown, \V. \'a., Bartles­
"ilIe, Okla., Laramie, Wyo., Grand Forks, N. Dak., San 
Francisco, Calif., and Dem'er, Colo.; at the Dallas, Tex., 
Field Office; and at the Central Library, U.S. Department 
of the Interior, Washington, D.C. 

OFR 27-74. Mathemat:cal Model for Predicting Migration 

Patterns of Aqueous Waste Solutions, by Gor­
don W. Thomas. August 1973. 63 pp. I fig. Industrial 
waste products, in aqueous solutions, are frequently in­
jected into disposal wells. Where injection occurs oYer 
long periods of time, it is important to predict the migra­
tion patterns of the waste solutions, the reserYoir pressures 
created, and the extent to which adsorption strips the 
waste solution of toxic materials. This report (Contract 
]'\0. HOI22118) treats the deyelopment and application 
of a mathematical model of the aqueous waste injection 
problem. The model is a generalized reservoir simulator. 
It can handle reser\'Oirs of arbitrary heterogeneity and 
geometry penetrated by an arbitrary number of wells on 
any desired areal pattern. Options are prm'ided to per­
form calculations using either two-dimensional cartesian 
or cylindrical coordinates. Available for reference at the 
Bureau of Mines libraries in Bartlesville, Okla., Laramie, 
Wyo., Morgantown, W. \'a., and Pittsburgh, Pa., at the 
Intermountain Field Operation Center, Denver, Colo., and 
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the Dallas Mineral Supply Field Office, Dallas, Tex., and 
at the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 28-74. Electromagnetic location Experiments in a Deep 
Hardrock Mine, by A. J. Farstad. September 

1973. 54 pp. 33 figs. The report (Contract :\'0. 
H0242006) gh'es the results of experiments in a north­
west Idaho mine evaluating the performance of an elec­
tromagnetic system for detecting and locating trapped 
miners. The results show that lightweight portable trans­
mitters can be effectiyely used to prodde uplink commu­
nications and location information in deep hardrock 
mines. Tests were performed in the Galena mine using 
long wire transmitting antennas as well as horizontal and 
\'ertical transmitting loops at depths from 3.000 feet to 
4,300 feet. Surface measurements were made of magnetic 
field strengths, field strength patterns, and background 
noise. These measurements were compared with theo­
retical predictions for a homogeneous ground conductiYity 
consistent with the geologic region. Results also show that 
horizontal wire configuration can sene as an effecth'e 
alternati\'e to the magnetic dipole antenna in rescue work. 
A\'ailable for reference at Bureau of Mines libraries in 
Pittsburgh, Pa., Dem'cr. Colo., Spokane, \Vash., and Twin 
Cities, Minn., and at the Central Library, U.S. Depart­
ment of the Interior, \Vashington, D.C. 

OFR 29(1)-74. Effects of Alteration and Joint Fillings on the 
Mechanical Behavior of Rocks. 1.' Annual 

Report, by Howard J. Pincus and Robert A. Wipf. 
May 31, 19i3. 206 pp. 77 figs. The purpose of this 
study (Contract :\'0. G0122066) was to im'estigate the 
effects of fracture filling and associated alteration on the 
mechanical behavior of rocks. Results are presented for 
specimens from the Climax and Henderson mines in 
Colorado and from the San Manuel mine in Arizona. 
The description of the rocks includes color, texture, 
mineral composition, composition and fabric of fracture 
fillings, density, and porosity. Unconfined and triaxial 
compression tests were run on the Climax and San 
Manuel specimens. Sonic velocities were measured during 
the compression tests. Tentath'e conclusions were that 
some relation appears to exist between compressi\'e 
strength and the following features for all specimens: 
Dynamic Young's modulus, sonic velocity, density, rock 
composition, and veinlets. Available for consultation at 
Bureau of Mines libraries in Pittsburgh, Pa .. Morgantown, 
W. \'a., Twin Cities, Minn., Denver, Colo., and Spokane, 
Wash., and at the Central Library, U.S. Department of 
the Interior, \Vashington, D.C. 

OFR 29(2)-74. Effects of Alteration and Joint Fillings on the 

Mechanical Behavior of Rocks. 2. Final Re­
port, by Howard J. Pincus and Robert A. Wipf. Jan. 
31, 1974. 89 pp. 35 figs. In this final report (Contract 
:\'0. G0122066) experimental results are presented for 
specimens from the Climax and Henderson mines in 
Colorado and from the San Manuel mine in Arizona. 
Conclusions are that some relation appears to exist 
between compressh'e strength and the following proper­
ties and features for all specimens: Dynamic Young's 
modulus, sonic velocity, density, rock composition, slope 
of \<elocity cun'e, composition and fabric of fracture 
fillings, \'einlets, and apparent porosity. There appears to 
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be some relation between compress;ye strength and Shore 
scleroscope hardness for the quartz monzonite (San 
Manuel) . A relation appears to exist between texture and 
compressi\'e strength and the extent of failure on fracture 
fillings for schists, gneiss, and fine-grained granite (Cli­
max). The amount of swelling clays (montmorillonite, 
hydromicas, etc.) present in the rock and the relatiye 
number of fractures, in which they constitute a major 
portion of the fracture fillings, are related to the strength 
of the rocks. Possible tests for checking the amount of 
these clays present are presented including saturation 
dyes and X·rays. A useful index relating to rock strength, 
as reyealed in this study, is the presence of swelling clays 
in detectable abundances. These clays can be detected in 
the field with a simple wetting and striking test; in the 
laboratory they can be detected by X-ray and dye meth­
ods. Ayailable for consultation at Bureau of Mines library 
ies in Pittsburgh, Pa., Morgantown, \V. \'a., Twin Cities, 
Minn., Denyer, Colo., and Spokane, ""ash., and at the 
Central Library, U.S. Department of the Interior, Wash­
ington, D.C. 

OFR 30-74. Seismic Miner Detection and Location System. 
Phase I, Final Report, by J. C. Fowler. Sep­

tember 1973. 110 pp. 109 figs. The design and field 
testing of a seismic miner detection and location system 
(Contract 1'\0. HOI33112-1) are described. This work 
was carried out m'er a period of 3 years. The first 212 
years were sponsored by Continental Oil Co., although 
the last period of tests was done as the first part of a 
I-year contract with the Bureau of Mines. Laboratory 
and field experimentation in three different mines under 
simulated emergency conditions haye led to three im­
portant results: (I) Taps on roof bolts with normally 
ayailable objects can usually be detected up to horizontal 
distances of 1,000 ft, (2) the origin of the taps can be 
located by on-site processing with a small computer, and 
(3) some predetermination of the approximate location 

is necessary for a quick and successful rescue. This report 
also includes preliminary specifications and cost guidelines 
for construction of a transportable field system capable of 
matching the performance characteristics of the one used 
during the field tests. Ayaiiable for consultation at Bu­
reau of Mines libraries in Pittsburgh, Pa., Morgantown, 
W. "a., T\\'in Cities, Minn., Demer, Colo., and Spokane, 
WasiL, and at the Central Library, U.S. Department of 
the Interior, "'ashington, D.C. 

OFR 31-74. Couse and Prevention of Failure of Freshly Ex-
posed Shale and Shale Materials in Mine 

Openings, by G. E. Bobeck and D, F. Clifton. June 1973. 
116 pp. 30 figs. This research (Contract 1':0. G011l809) 
was performed to determine the mechanism by which 
coal mine roof rocks interact with the mine atmosphere 
and weaken and. coupled with the mechanical stresses, 
ultimately fail. The scope of the study was limited to 
the effects of endronmental factors on the deterioration 
of rocks, Samples were obtained from se\'eral coal mines 
in the Western States. The rocks forming the roofs of 
most of the mines yisited were shales of nrying com­
position. These shales were subjected to tests to deter­
mine how the rocks changed with time after exposure. 
In addition, the identity of the minerals present in the 
shales was determined by X-ray diffraction and thermal 
analyses as well as by optical microscopy. The results of 

the survey show that there is little known on the exact 
causes of coal mine roof rock failure. For this reason, 
only those references that pertain directly to a specific 
topic are cited in the text; the remainder are in the 
bibliography. Available for consultation at Bureau of 
Mines libraries in Pittsburgh, Pa., Morgantown, W. Va., 
Twin Cities, Minn., Demer, Colo., and Spokane, Wash., 
and at the Central Library, U.S. Department of the 
Interior, WaShington, D.C. 

OFR 32-74. Disposal and Uses of Oil Shale Ash, by 
Thomas D. Nevens, William J. Culbert­

son, Jr., and Robert Hollingshead. April 1970. 90 pp. 
45 figs. This study was initiated to determine some of 
the properties of waste shale ash. General studies deal­
ing with a variety of Piceance Creek shales retorted and 
burned for various times and temperatures were made. 
One objective of this approach was to define as nearly as 
possible the best conditions for processing shale ash 
before it is dumped in order to obtain a well-stabilized 
dump least subject to wind and water erosion and land­
slides. In the studies two approaches were followed: 
(I) physical strength studies of shale ash as a function 

of a number of variables and (2) chemical studies as 
a function of these variables in order to define the 
cementing components in the. hydration products of 
shale ash. The variables studied included (a) composition 
of shale ash, (b) burning temperature, (c) burning 
time, (d) moisture content, (e) degree of compaction, 
(f) storage time, and (g) storage temperature. Available 
for consultation at Bureau of Mines libraries in Denver, 
Colo., and Salt Lake City, Utah, and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFF! 33-74. System Modification and Validation Testing of 
Fire Protection Systems for Mine Haulage Trucks_ 

Final Report, by FMC Corporation. April 1974. 170 
pp. 28 figs. The \'alidation testing of the automatic 
fire protection system, de\'eloped under Contract No. 
H0122053, and of the system as modified under Contract 
No. H0232059 proved that effective fire protection can 
be obtained within current technology at an installed 
cost (per system) of about $3,000 to $5,000. Available 
for reference at Bureau of Mines libraries in Denver, 
Colo., Pittsburgh, Pa., Spokane, Wash., Morgantown, 
W. Va., and Twin Cities, Minn., and at the Central 
Library, U.S. Department of the Interior, Washington, 
D.C. 

OFR 34-74. A Guide to the Selection of Automatic Fire 
Protection Systems for Mine Haulage Equip­

ment, by FMC Corporation. April 1974. 8 pp. 2 figs. This 
manual, compiled from information developed under Con­
tracts 1':os. HOl22053 and H0232059, familiarizes mining 
equipment owners and mine safety personnel with fire 
hazards and their prevention on large mobile machinery. 
As mine haulage vehicles become larger, the danger to a 
drher during a fire emergency is increased by the greater 
height of the cab above ground. This manual presents 
selection criteria to guide in tailoring an automatic fire 
sensing and suppression system for large, mobile, open pit 
mining equipment and mining situations. The systems 
described have been designed with this "flexibility of 
usc" in mind. Cost and maintenance factors were taken 
into account during the design phases of the automatic 
truck fire protection work. It is estimated that the in-
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stalled cost of the sYstems described in this manual will 
be from S3.000 to '55.000 for production run systems. 
;\Iaintenance requirements are minimal. Ayailable for 
reference at Bureau of Mines libraries in Denycr, Colo" 
Pittsburgh, Pa" Spokane, Wash., ~Iorgantown, W. \'a., and 
Twin Cities, Minn., and at the Central Library, U.S. De­
partment of the Interior, Washington, D.C. 

OFR 35-74. Natural Gas Fields-Cook Inlet Basin, Alaska, 
by Donald P. Blasko. April 19i4. 24 pp. 

2 figs. Oil and gas production, and production poten­
tial. in the Cook Inlet Basin area of Alaska extends 
essentially from Kachemak Bay north to the mouth of 
the Susitna RiYer. Sixteen dry natural gas fields ha:\'c 
been discO\'ered in that area, but only fiye fields are 
being acti\'ely produced. Total combined remaining 
resen'es of all natural gas fields in the Cook Inlet Basin 
are estimated to be nearly 6.7 trillion cubic feet of gas. 
Included in this figure are the resen'es of those fields 
that ha\'e not been dc\'eloped for production, which 
total nearly 2 trillion cubic feet of gas, Dry natural gases 
in the Cook Inlet area consistently exhibit low sulfur 
content and high Btu characteristics, making the gas ideal 
as a fuel for power generation as well as domestic heat· 
ing and cooking. All production is from Tertiary forma­
tions. A\'ailable for reference at the Alaska Field Opera­
tion Center offices in Juneau and Anchorage, Alaska, and 
in the office of thc Assistant Director-Mineral Supply, 
and the Central Library, U.S. Department of the Interior, 
Washington, D.C. 

OFR 36-74. Analysis of Large-Scale Non-Coal Underground 
Mining Methods, by Dra\'o Corporation. 

January 1974. 605 pp, 120 figs. The results of this study. 
conducted under Contract :\'0. S0122059, proyide a com­
prehensiYe up-to·date summary of the large·scale non· 
coal mining industry. The report identifies problem areas 
requiring research, identifies potential innO\'ations to im· 
prO\'e technology, and proYides a basis for anticipating 
future needs of the industry. It contains statistics on 
underground mining methods and includes information 
on the equipment and systems used and on costs and 
productiyity, The report represents the \'iews of nearly 
one·half of the large underground mine operators in the 
Cnited States regarding the technology and research needs 
of their industry. Paticular emphasis is placed on current 
practices and problems. needed technological impro\'e· 
ments, existing or potential enYironmental conflicts. and 
possible modifications that will assist in meeting projected 
national mineral needs. The report describes current prac· 
tices for \'arious mining methods, including block caying, 
room and pillar mining, in situ mining, and variations of 
these methods. Available for reference at Bureau of Mines 
libraries at Pittsburgh, Pa., DenYer, Colo., Twin Cities, 
;\[inn., and Spokane, Wash., and at the Central Library, 
C.S. Department of the Interior, Washington, D.C. 

OFR 37-74. The Development of Health and Safety Indices 
for the Evaluation of Underground Coal Mining 

Systems, by E. P. Pfleider and A. D. Krug. :\'O\'ember 
19i3, 200 pp. II figs. The primary objecti\es of this 
study (Contract :\'0. H0122028) were to (I) determine 
the relationships in underground coal mining systems 
that affect the health and safety of mine personnel, 
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(2) cle\'elop these relationships into quantitatiye health 
and safety indices. (3) de\'elop a computer-based model 
for projecting and e\'aluating health and safety profIlcs 
for specific mining systems, and (4) establish thc ground­
\l'Ork for a further study that would incorporate these 
data into an o\'crall underground systems optimization 
procedure. A 3-year data bank was established containing 
employment, injury, geologY, and mine characteristics 
information on 203 mines in Illinois. Kentuch, Pennsyl· 
Yania, and "'est \'irginia. Three tYpes of indices II-ere 
dCI'eloped for USe in e\'aluating health and safety aspects 
of underground coal mining sYstems. i\Yailable for refer· 
ence at Bureau of Mines libraries in Pittsburgh. Pa., 
Den\'er, Colo., Spokane. \\'ash" and Twin Cities, ~[inn" 
and at the Central Library, U,S. Department of the 
Interior, \Vashington, D.C. 

OFR 38(11-74. Survey of Electromagnetic and Seismic Noise 
Related to Mine Rescue Communications. 

Volume L Emergency and Operational Mine Communications, 
by Robert 1. Lagace. Alfred C. Emslie. ~[artm F, 
ROelter. Richard H. Spencer. and Consultants, Arthur 
D. Little, Inc. January 1974. 512 pp. 143 figs. \'olume I 
of this report (Contract :\'0. H0122026) deals., with 
theoretical. experimental, and practical implementation 
,aspects of the Federal Bureau of ;\[ines programs related 
to present and planned, emergency and operational, mine 
communications and miner location systems for under· 
ground coal mines. Investigations. e\'aluations. experi· 
ments, and analyses for these programs were made: 
breadboard and prototype hard II-are was deYeloped; and 
assistance was gi\'en in the formulation and presentation 
of technology transfer seminars on mine communications. 
The report prO\'ides preliminarY performance predictions 
related to through·the·earth electromagnetic communica· 
tions systems and results of im'estigations related to wire, 
guided·wireless. and wireless communications systems for 
communicating with ro\'ing vehicles and personnel under· 
ground, Available for reference at the Bureau of ~[ines 
libraries in Pittsburgh. Pa.. DenYer, Colo_. Spokane. 
\\·ash., Twin Cities. Minn., and Morgantown. \\T. \'a .. and 
at the Central Library, 1I.S. Department of the Interior, 
Washington, D.C. 

OFR 38121-74. Survey of Electromagnetic and Seismic Noise 
Related to Mine Rescue Communications. 

Volume II. Seismic Detection and Location of Isolated Miners, 
by Rohert 1. Lagace. John J. Ginty, ;\[artyn F. ROE'tter. 
Richard H. Spencer, and Consultants. Arthur D. Little, 
Inc. January 1974, 364 pp. 89 figs, \'olume II of this 
report (Contract :\'0. H0122026) presents the findings 
of a short intensh'e assessment performed during the falI 
of 1972. This assessment provided the Federal Bureau of 
Mines with independent technical judgments regarding 
the potentials and limitations of seismic methods and 
systems for (I) detecting the presence of isolated signal· 
ing coal miners, (2) locating such miners to within the 
confines of a 600- by 600·foot mine section, and (3) fur­
ther locating these miners to within a 15-foot entry width, 
Experimental seismic data pre\'iously gathered by others 
during a series of mine field tests, and other releyant 
seismic data were fully utilized for the assessment reo 
ported in this volume. Ayailable for reference at the 
Bureau of Mines libraries in Pittsburgh, Pa., Denver, 
Colo., Spokane, Wash" TI\'in Cities, Minn., and Morgan· 
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town, \\'. "a .. and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 39-74. Development of a Mobile Shield for Under-
ground Mining, by Urbdata Associates, Inc., 

:-'fine Research Didsion. Apr. 27, 1973. 146 pp. 35 figs. 
This rcport (Contract ]\;0. HOll0688) describes the de­
yelopmcnt of a prototype mobile shield to protcct 
mine personnel from roof falls in the area within 25 
feet of the working face. A discussion of the support 
requirements and mine endronment pal'ameters that 
dictate the physical dimensions and performance specifica­
tions of the shield is presented. Results obtained from 
limited testing of the prototype are presented, with em­
phasis on those features that worked satisfactorily and on 
suggcsted modifications for those portions of the model 
that performed below cxpectations. The report is of use 
to other inyestigators engaged in studying the present 
state-of-the-art of mobile shields. AI'ailable for reference 
at the Bureau of Mines libraries in Pittsburgh, Pa., Den­
WI'. Colo .. Spokane. 'rash., T,l'in Cities, Minn., and Mor­
gantOll'n. '''' \'a .. and at the Central Library, U.S. Depart­
ment of the Interior. \\'ashington, D.C. 

OFR 40-74. Helix Pressure Gauge Ta Indicate Roaf Bolt 
Loads, by \,irginia Polytechnic Institute and 

State CnilC1'sitl'. Sept. 24. 1973. 58 pp. 25 figs. This 
report (Contract ]\;0. H011l556) presents the results of a 
study to design, construct, and test a IOIl'-cost pressure 
gage to be used to monitor the change in load on indi­
yidual roof bolts. The purpose of the gage is to offer 
a conl'enient means of estimating the stability of roof 
fall areas ba,ed on the premise that the load on incli­
yidnal roof holts changes prior to failure. The gage 
indicated loads belll'cen 3.000 and 15.000 pounds with 
a ± 10 perccnt errol'. The unit can be read on a bolt 
to \l'ithin ± I ,000 pounds load from a distance of 20 
feet. Ayailable for reference at the Bureau of Mines li­
braries in Pittsburgh. Pa .. Denl'er, Colo., Spokane, \\'ash., 
Twin Cities. :-'linn .. and :-'lorgantOlm. 'V. \'a., and at the 
Central Library, C.S. Department of the Interior, \\'ash­
ington. D.C. 

OFR 41 (1 )-74. Trapped Miner Location and Communication 
System Development Program. Volume 1. 

Development and Testing of an Electromagnetic Location Sys­
tem, by ,-'l.. J. Farstad. C. Fisher. Jr., R, F. Linfield, R. O. 
\bes. and B. Lin(kl11an. :-'1ay 1973. 181 pp. 85 figs. This 
report (Contract :\0. H0220073) describes \l'ork done on 
electromagnetic direction finding sYStems between July 
()f 1(}7~ and April of 1973. Tll'O design approaches wer(' 
included in this efTon: (I) A prototype pulse system 
\l'as fabricated 31HI subjected to limited testing, and 
(l) a continuous wal'(' system was fabricated and tested 
at three operating mine sites, In late E172. the pulse 
sl'skm effort was discontinued in fan)}' of the continuous 
\1';1\(' systcm approach. After modifications, the con­
tinuous wayc system \l'as subjected to limited testing, 
"'hicl! I\'as completed in :-'1av of 1973. A\ailable for 
refercnce at the Bureau of :\fines libraries in Pittsburgh, 
Pa .. DCllIer. Colo., Spokane, Wasil., Twin Cities. :-.rinn., 
and :-'!organto\\'II. \\', Ya., and at the Central Library, 
L.S. Department of the Interior, "'ashington, D.C. 

OFR 41 (2)-74. Trapped Miner Location and Communication 
System Development Program. Volume II. 

Detection and Lacation of Entrapped Miners by Seismic Means: 
Methods and Computer Programs, by Dr. S. J. Duda. May 
19i3. 64 pp. 28 figs. This report (Contract No. H0220073) 
presents the adaptation of procedures for detecting and 
locating seismic sources to the case of entrapped miners. 
During an emergency, the entrapped miner is likely to 
generate seismic signals by knocking against the walls of 
the shaft. With a seismic array station deployed near the 
disaster area, the seismic signals can be recorded. Two 
algorithms are presented for the location of the source 
from the arril'al time of a seismic phase. The first 
algorithm produces one most probable location under 
the assumption of constant yelocity of propagation of 
seismic wayes in the medium. The second algorithm is 
similarly applicable, howel'er, without any restriction 
on the seismic yelocities in the medium between the 
source and the array. The first algorithm uses an analytic 
approach; the second one is based on a trial and error 
procedure. The second algorithm gi\'es locations with 
arbitrarily high accuracies, depending only on the accu­
racy of arri\'al time measurements and on the com­
patibility of the true I'elocity distribution and the 
assumed \'elocity model. Ayailable for reference at the 
Bureau of Mines libraries in Pittsburgh, Pa., Dem'er, 
Colo;, Spokane, Wash., Twin Cities, Minn., and Morgan­
town, W. \'a., and at the Central Library, U.S. Depart­
ment of the Interior, \\'ashington, D.C. 

OFR 41 (3)-74. Trapped Miner Location and Communication 
System Development Program. Volume III. 

Monitoring, Locating and Communication System for Normal 
Mine Operation and Post-Disaster Rescue Operations, by J. ,\V. 
Allen and R. F. Linfield. May 1973. 89 pp. 23 figs. 
This report (Contract ]\;0. H0220073) describes the 
result of cfforts to dCl'elop and test a prototype model 
of a quasi-hardened subsurface communication system. 
Conceptually. the system pro\'ides a one-way digital in­
formation link interface between multiple subsurface 
terminals and a single surface station. Two·way yoice 
communication is also prOl'ided. The system is capable 
of both a direct through-the-earth mode of operation or 
alternate linking through existing mine telephone hard­
ware circuits. Ayailable for reference at the Bureau of 
Mines libraries in Pittsburgh, Pa .. Denyer, Colo., Spokane, 
Wash., Twin Cities, Minn., and Morgantown, 'V. "a., and 
at the Central Library, U.S. Department of the Interior, 
Washington. D.C. 

OFR 41 (4)-74. Trapped Miner Location and Communication 
System Development Program. Volume IV. 

Performance Test and Evaluation of a Full Wave Location 
Transmitter, by R. F. Linfield, A. J. Farstar, and C. Fisher, 
Jr. :\fay 1973. 52 pp. 19 figs. This report (Contract ]\;0. 

H0220073) describes the de\'elopment, laboratory test­
ing, and intrinsic safety testing of a full-waye location 
transmitter. The primary objecti\'e was to obtain as 
rapidly as possible an electromagnetic transmitter and 
recei\'er system for use in locating trapped miners. Since 
the transmitter would be used in coal mines, intrinsic 
safety was an important consideration. Other factors con­
sidered in the design included size, weight, cost, operating 
life, and ease of deployment. A miner's lamp battery was 
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to be used as the source of prime power. Two basic 
location systems, a continuous wa\'e system and a pulse­
type system, were designed, fabricated, and field tested. 
Subsequently, a new design concept, using four switching 
transistors to obtain fUII-wa\"e dri\"e to a resonated loop 
antenna, was de\'eloped. A\'ailable for reference at the 
Bureau of Mines libraries in Pittsburgh, Pa., Dem'er, 
Colo., Spokane, Wash., Twin Cities, Minn., and Morgan­
town, W. Va., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 42{1'-74. Protection and Troubleshooting of Coal Mine 
Electrical Cables. 1. Shuttle Car Reel Test 

Unit, by FMC Corporation. October 1972. 102 pp. 49 
figs. Se\'ere whipping of shuttle car trailing cables occurs 
when the car stops suddenly or re\'erses direction. This 
causes cable damage and can seriously injure personnel 
near the cable. This report (Contract H012201l) de­
scribes work to de\"elop a reel control system that will 
reduce or eliminate whipping. Results of engineering 
effort show that the following conditions are primarily 
responsible for the whipping problem: Poor quality hy­
draulic components, improper adjustment of the hydraulic 
system, and hydraulic circuit design inappropriate to the 
components selected. The reel test unit de\"eloped dem­
onstrated two different types of hydraulic systems that do 
not cause whip. Either of the two systems will prodde 
shuttle car reel operation (I) that is essentially whipfree 
and (2) with maximum cable forces much lower than 
those common with existing systems. A\"ailable for refer­
ence at the Bureau of Mines libraries in Dem"er, Colo., 
Pittsburgh, Pa .. Spokane, Wash., Twin Cities, Minn", and 
Morgantown. W. Va., and at the Central Library, U.S. 
Department of the Interior, 'Washington, D.C. 

OFR 42(2'-74. Protection and Troubleshooting of Coal Mine 
Electrical Cables. 2. Continuous Miner Cable 

Reel System Design, by FMC Corporation. December 1972. 
99 pp. 34 figs. Electrical cables are frequently damaged 
while in use, especially on continuous miners, and be­
cause of their weight and damaged condition present a 
safety hazard to personnel required to handle them. 
This report (Contract 1\0. HOl220l I) presents the results 
of a feasibility study on techniques to impro\'e trailing 
cable support and handling of power cables, describes 
the design for a proposed cable handling deyice, and 
concludes with a recommendation for future action to 
construct a test rig to e\"aluate the cable reel system. 
Anilable for reference at the Bureau of Mines libraries 
in Denyer, Colo., Pittsburgh, Pa .. Spokane, Wash., Twin 
Cities, Minn .. and Morgantown, \V. Va., and at the Cen­
tral Library, U.S. Department of the Interior, \Vashing­
ton, D.C. 

OFR 4213'-74. Protection and Troubleshooting of Coal Mine 
Electrical Cables. 3. Summary Report. Cable 

Fault Locator Instrument for Period August 1971 to Novem­
ber 1972, by FMC Corporation. Feb. 20, 1973. 133 pp. 
34 figs. This report (Contract No. H012201l) coYers 
the deyelopment of cable fault locator instruments that 
can be used to find faults in electrical cables in the face 
area of coal mines. Elet:trical trailing cable used to power 
coal mining machinery is frequently damaged while in 
use by the tensile strain or crushing effect of mining 
machines running oyer the cable. One of the repair 
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problems is finding the exact location of a short or 
open in the cable so that it may be spliced or repaired. 
This report describes the performance of se\'eral existing 
instruments as trailing cable fault locators and also 
describes construction details and performance records of 
seyeral cable fault location instruments designed. built, 
and tested as part of this project. Anilable for reference 
at the Bureau of Mines libraries in Dem"er, Colo., Pitts­
burgh, Pa., Spokane, "Wash., Twin Cities, Minn., and 
Morgantown, W. Va., and at the Central Library, U.S. 
Department of the Interior, 'Vashington, D.C. 

OFR 4214'-74. Protection and Troubleshooting of Coal Mine 
Electrical Cables. 4. Final Report, by F~[C 

Corporation. September 1973. 113 pp. 24 figs. This 
report (Contract No. HOl2201 I) summarizes the work 
completed during the period August 1971 to September 
1973. The objecti\'es were to study the feasibility of im­
pro\'ed cable handling methods and to design a cable 
handling dedce for a continuous miner, to design and 
construct a cable reel control system to significantly 
reduce cable whip, and to design and construct prototype 
cable fault locators. The continuous miner cable handling 
de\"ice de\"eloped is a separate, independently powered 
tender. Cable whip was eliminated or reduced by study­
ing a relati\'ely large payout torque. Fault locating de\'ices 
were de\"eloped. The demonstrated performance of the 
fault locating dedces led to a I -year extension of the 
contract for fabrication of 12 sample kits for extensi\"e 
testing in mines. A\'ailable for reference at the Bureau 
of Mines libraries in Den\'er, Colo., Pittsburgh, Pa., Spo­
kane, "'ash., Twin Cities. Minn.. and Morgantown, 
W. Va., and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 43-74. Coal Mining Using High Pressure Water Jets, 
by Madan M. Singh, Thomas J. Labus, 

and Lawrence A. Finlayson. October 1973. 88 pp. 36 
figs. The objecti\"e of this research (Contract No. HOI I 1789) 
was to determine the engineering feasibility of high­
pressure water-jet coal mining and the degree of dust 
and noise health hazard associated with this mining 
technique. A portable water-jet de\"ice suitable for field 
use was designed, fabricated. and tested. The results 
indicated that with a hydraulic jet operating at 50,000 
and 100,000 psi, the amount of dust produced per ton 
of coal is less than with conyentional miners. The 
noise le\"els produced are comparable with the noise 
le\'els of com"entional miners and were not optimized. 
A\'ailable for reference at the Bureau of Mines libraries 
in Pittsburgh, Pa., Twin Cities, Minn., Den\'er, Colo .. 
Morgantown, W. Va., and Spokane, \Vash., and at the 
Central Library, U.S. Department of the Interior, Wash­
ington, D.C. 

OFR 44-74. Coal Cleaning Plant Noise and Its Control, by 
E. E. Ungar, G. E. Fax, W. N. Patterson, 

and H. L. Fox. May 1974. 99 pp. 18 figs. This report 
(Contract No. H0133027) presents criteria applicable to 
noise in coal cleaning plants and discusses generally 
applicable noise control principles and approaches. The 
operating characteristics and equipment of coal cleaning 
plants are described. Considerations entering in the 
selection and design of noise control means are delineated, 
and specific means for equipment noise reduction are 
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described. The limited utility of acoustically absorpth'e 
materials in plant space is indicated, administrati\'e 
means for reducing worker noise exposure are pointed 
out, and ear-protecti\'e de\'ices are described briefly. The 
reduction of plant noise reaching nearby communities 
is discussed. Programs leading to quieter machines and 
coal cleaning plants are suggested. A\'ailable for reference 
at the Bureau of Mines libraries in Pittsburgh, Pa., Den­
\'er, Colo., Twin Cities, Minn., Spokane, "'ash., and Mor­
gantml'l1, W. \'a., and at the Central Library, U.S. Depart­
ment of the Interior, Washington, D.C. 

OFR 45-74. Effect of Stress on Permeability of Coal, by 
,V. H. Somerton, I. M. Soylemezoglu, and 

R. C. Dudley. April 19i4. 56 pp. 23 figs. This report 
(Contract No. H012202i) discusses the effect of stress 

on the permeability of three bituminous coals to nitrogen 
and methane. Test stress conditions simulated stresses 
possible in underground em'ironments to depths of 2,000 
feet. The nudy found that the permeabilities of different 
samples of the same coal \'ariee! o\'er a wide range, that 
permeabilities decreased by one or two orders of magni­
tude with increasing stress, and that the permeability of 
coal is wry dependent on prC\'ious loading and unloading 
of the sample. A\'ailable for reference at the Bureau 
of Mines libraries in Pittsburgh. Pa., Demer, Colo., Twin 
Cities. l\Iinn .. Spokane. Wash., and Morgantown, 'V. \'a., 
and at the Central Library, U.S. Department of the 
Interior, Washington, D.C. 

OFR 46-74. A Study of Roof Warning Signals and the Use 
of Personal Hearing Protection in Underground 

Coal Mines, by James H. Prout, Paul L. Michael, and 
Less "-. Saperstein. Dec. 15, 19i3. 238 pp. 76 figs. 
Roof warning signals were studied in 18 mines cOYer­
ing 5 coal seams. The results of this study (Contract 
;\;0. G0133026) confirmed that roof talk must be inter­
preted for each indi\'idual mine after all other conditions 
are present that indicate danger of roof fall. Roof talk 
and machinery noise records obtained during this study 
were used for subjecti\'e tests of ear protectors in a 
simulated coal mine noise em·ironment. Results of these 
r.ests sho\l'ed that the usc of personal ear protectors in 
high noise Ieyels docs not degrade a miner's ability to 
discriminate speech and roof talk. A training course was 
de\'e1oped to encourage coal miners to protect their hear­
ing by proper usc of personal hearing protectors. A\'ail­
able for reference at the Bureau of Mines libraries in 
Pittsburgh. Pa., Denyer. Colo., Twin Cities. Minn., Spo­
kane. '''asll.. and Morgantown, "'. \'a., and at the Cen­
tral Library. U.S. Department of the Interior, Washing­
ton. D.C. 

OFR 47-74. Study of Water-Mineral Interface With Inter-

nal Reflection Spectroscopy, by Salim Akh taL 
Sept. 14, 19i3. 31 pp. 13 figs. This report (Contract No. 
GOl10303) gh'es the results of a study of the surface OH 
groups on oxide surfaces using in ternal reflection spec­
trosCOPY. MgO-H.,O interface was studied with internal 
reflection spectr<;scopy. Both ATR and transmISSIOn 
techniques \"ere employed. The chemisorption of oleic 
acid. octylamine. and deriphat 151 on hematite was 
studied, and the amount of chemisorbed species on the 
surface \I'as compared with the reco\'ery in flotation of 
hematite using the chemisorbing species as collectors. 
From the internal reflection spectra, it was not possible to 

determine whether the carboxyl groups of oleic acid are 
directly bonded to the surface metal ions or through the 
surface OH groups. A theoretical approach was ae\'e!oped 
whereby the chemisorption on different surface sites could 
be inferred from the measurements of the pH of zero 
electrophoretic mobility. Available for reference at the 
Central Library, U.S. Department of the Interior, Wash­
ington, D.C. 

OFR 48-74. Industrial Engineering Study of Hazards Asso-
ciated With Surface Coal Mines_ Final Report, 

by Theodore Barry and Associates. June 24, 1974. 270 
pp. 169 figs. This report (Contract No. H0230004) iden­
tfies the type of mining accidents that occur in strip 
mines, auger mines, mechanical preparation plants, and 
at the surface of underground mines. The hazards present 
and the direct causes of the accidents were identified, and 
practical solu tions were recommended to reduce their 
occurrence. Available for reference at the Bureau of 
Mines libraries in Demer, Colo., Pittsburgh, Pa., Spo­
kane, Wash., Twin Cities, Minn., and Morgantown, 
W. Ya., and at the Central Library, U.S. Department of 
the Interior, Washington, D.C. 

OFR 49-74. Evaluation and Determination of Sensitivity and 
Electromagnetic Interactions of Commercial Blast­

ing Caps, by R. H. Thompson. August 1973. 210 pp. 27 
figs. In this study (Contract No. H0210068) , six different 
types of blasting caps, mainly of the type used in coal 
mines, were e\'aluated to determine both their radio fre­
quency and direct current characteristics. Two of the caps 
were of foreign manufacture. All of the American made 
caps had "no-fire" (0.1 pct firing probability with 95 pet 
confidence, as determined by the Bruceton test) le\'els 
abo\'e 0.04 watts. One of the caps of foreign manufacture 
had a "no-fire" le\'el of 0.023 watts. A worst case analysis 
of blasting cap pickup of radio frequency power in coal 
mines was performed, and safe distance cunes were gen­
erated. A\'ailable for reference at the Bureau of Mines 
libraries in Denver, Colo., Pittsburgh, Pa., Spokane, 
Wash., and Twin Cities, Minn., and at the Central Li­
brary, U.S. Department of the Interior, 'Vashington, D.C. 

OFR 50-74. Air Curtain Respiratory Protection Device. Final 
Report, by T. G. Donnelly and W. J. Krisko. 

Sept. 28, 1973. 116 pp. 21 figs. This final report sum­
marizes the prototype de\'elopment and testing of an air 
curtain respira tory protective device under Contract No. 
H01220R7. The air curtain respiratory protecti\,e device, 
as part of a miner's hat, proyides protection for the 
underground mining machine operator against inhalation 
of dangerous amounts of respirable coal dust. Available 
for reference at the Bureau of Mines libraries in Pitts­
burgs, Pa., Twin Cities, Minn., Dem'er, Colo., Morgan­
town, 'V. Ya., and Spokane, 'Vash., and at the Central 
Library, U .S.Department of the Interior, Washington, 
D.C. 

OFR 51-74. Penetration Characteristics of the 10 mm Nylon 
Cyclone, by Erick B. Sansone, William Bell, 

and Judith Buchino. Oct. 31, 1973. 92 pp. 33 figs. The 
objecti\'e of this work (Contract No. GOIIOI24) 1Vas to 
determine the flow rate at which the 10-mm nylon cy­
clone samples coal dust in accordance with the Atomic 
Energy Commission (AEC) definition of respirable dust. 
Penetration of coal dust through the nylon cyclone was 
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measured at flow rates of 1.8 and 2.0 liters per minute 
over a wide range of humidities. The penetration data 
was found to more closely match the AEC standard at a 
cyclone flow rate of 2.0 liters per minute rather than 
1.8 liters per minute. Relati\'e humidity was not found to. 
ha\'e a significant effect on the results. Available for refer­
ence at the Bureau of Mines libraries in Pittsburgh, Pa., 
Dem'er, Colo., Twin Cities, Minn., Spokane, Wash., and 
~lorgantown, W. \'a., and at the Central Library, U.S. 
Department of the Interior, Washington, D.C. 

OFR 52-74. Fire Suppression of Mining Equipment, by R. H. 
Hiltz and F. Roehlich. Dec. 15, 1973. 161 

pp. 14 figs. This program (Contract :-':0. HOII1386) 
studies the adequacy of existing regulations as they rclate 
to the hazards of fires on mining machinery. The report 
includes conclusions and recommendations relath'e to 
specific sections of the Coal Mine Health and Safety Act 
of 1969. Also included in the report are a review of prior 
fire experience since 1952. a survey of machine and in­
mine influences. a re\'iew of fire detection and suppression 
sYStems. the results of extinguishment testing of typical 
fires in mine machinery. and a special study of the flam­
mabilities of electric cable. AYailable for reference at the 
Bureau of Mines libraries in Dem"er, Colo., Pittsburgh, 
Pa .. Spokane. Wash., and Twin Cities, ;\linn., and at the 
Central Library, U.S. Department of the Interior, "'ash­
ington, D.C. 

OFR 53-74. Water Through the Drum, 120 M Jeffrey HELI-
MINER, by Ste\'en C. Goddard and John C. 

O':-':eil. Aug. 19, 1974. 126 pp. 21 figs. This research (Con­
tract :-':0. H0232060) compared the dust suppression of a 
120 :\1 Jeffrey continuous mining machine using (I) 
water through the drum (wet head) or (2) conventional 
sprays. This objecti\'e was accomplished by collecting 
respirable dust samples at various locations of an operat­
ing mine production section. Twenty-eight valid samples 
were collected; eight used the com'entional spray system 
and twenty used the wet-head technique. Statistical analy­
sis of the data indicates that the wet-head technique re­
duces dust by about 10 percent O\'er the conventional 
water sprays on the continuous miner. A\'ailable for ref­
erence at the Bureau of Mines libraries in Pittsburgh, 
Pa., Dem'er, Colo., Twin Cities, Minn., Spokane, \\'ash., 
and :\lorgantown. W. \·a., and at the Central Library, 
L.S. Department of the Interior, Washington, D.C. 

OFR 54-74. Effectiveness of Respirable Dust Control by Wa-

ter Through the Drum on an 11 CM Joy Con­
tinuous Miner, by Gerald P. Scanlan. Felix du Breuil, and 
Robert D. Saltsman. :\lay 1974. II5 pp. 13 figs. Control 
of the dust produced by con tinuous mining machines in 
coal mines is generally obtained by water sprays from 
fixed nozzles mounted on the frame of the machine in 
back of the cutting head. Mounting the nozzles on the 
rotating head of the machine closer to the coal cutting 
bits may imprm'e the efficiency of dust suppression. In 
this study (Contract :-':0. 0232061) to test the concept, 
respirable dust measurements were made during 39 regu­
lar production shifts in an underground mine using a 
Joy II CM continuous miner. The equipment used, diffi­
culties encountered, and measurements obtained are de­
scribed. Available for reference at the Bureau of Mines 
libraries in Pittsburgh, Pa., Dem'er, Colo., Twin Cities, 
;\[inn., Spokane, \Vash., and :\Iorgantown, \\'. \'a., and at 
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the Central Library, 1'.S. Department of the Interior, 
Washington, D.C. 

OFR 55-74. Rock Breakage Performance Characteristics of 
(1) Small Diameter Confined Explosive Column 

Charges, and (2) Water Jets, bv Richard L. :\.sh and Da\'id 
A. Summers. Feb. 28, 19i3. 101 pp. 38 figs. Thi, report 
(Grant :\0. G012211 i) was written in £\\'0 sections ane! de· 
scribes the results of experimental work (I) using am­
monium nitrate-fuel oil (A:\-FO) in explosi\'e charge 
columns with diameters of 2 inches or less and (2) on 
rock breakage by water jets on oriented cores of Barre 
granite. The explosiws research sho\\'s that .\.\"-FO can 
be successfully detonated in holes as small as \I~ inch in 
diameter. The water jet research indicates that three to 
four times more rock can be remm'ed by using the most 
preferred orientation of the traversing fet in relation to 
microfissures in Barre granite compared with the volume 
of rock remm'ed using the least preferred rock orienta­
tion. Available for reference at the Bureau of :\Iines 
libraries in Pittsburgh, Pa.. Dem'er, Colo., Spokane, 
Wash .. Twin Cities. Minn .. and ~Iorgantown, ,,'. \"a., 
and at the Central Library, U.S. Department of the 
Interior, Washington, D.C. 

OFR 56-74. System Study of Coal Mine Communications, 
by Collins Radio Company. July 2i, 19i3. 

30 pp. 3 figs. This research (Contract .\"0. S(l12~Oi6) in­
\"()l\'ed a three-phase program to establish a data base, 
perform communication sYstem analYSis and optimization. 
and prepare equipment specifications to be included in 
this report. Communication sYstem requirements and 
constraints were determined along with a survey of cur­
rent and potential mine communication equipment. An 
investigation was completed concerning theoretical low 
frequency and \'ery low frequency propagation character­
istics, and ultra-high frequency propagation tests \\'ere 
conducted in a working coal mine. A\'ailable for reference 
at the Bureau of :\Iines libraries in Pittsburgh, Pa .. Den­
ver, Colo .. Spokane, \\'ash., Twin Cities, Minn., alHi :\[or­
gantO\\"ll, \\'. \"a., and at the Central Librarv, V.S. De­
partment of the Interior, Washington, D.C. 

OFR 57-74. Characteristics of Attached Radon-222 Daughters 
Under Both Laboratory and Field Conditions 

With Particular Emphasis Upon Underground Uranium Mine 
Environments, by J. A. Cooper, P. O. Jackson. J. C. Lang­
forel. M. R. Peterson. and B. O. Stuart. :\fay 14, 19i4. 288 
pp. 10~ figs. The objecti\'e of this research' (Contract .\"0. 
H02200~9) was to study the characteristics of radon 
daughter products attached to aerosols under laboratory 
and underground mine conditions. This objecth'e was 
achie\'ed through identification of tYpical aerosols and 
their chemical composition. The presence or absence of 
carcoinogens other than alpha emitters was determined. 
A\'ailable for reference at the Bureau of Mines libraries 
in Pittsburgh, Pa.. Twin Cities. Minn.. Denver, Colo., 
~forgantown. "V. \"a., and Spokane. \\'ash., and at the 
Central Library, V.S. Department of the Interior, \Vash­
ington, D.C. 

OFR 58-74. Development of a Portable Task Luminaire for 
Underground Coal Mines, by Ocean Energy 

Inc. Aug. 21, 1974. 236 pp. 43 figs. This report (Contract 
No. H0220055) covers (I) the development of a light­
weight, battery-powered portable luminaire for use by 
miners and other underground personnel for close tasks 
in the mine and (2) the de\'clopment of fluorescent 
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machine-mounted and portable area systems supplied by 
mine power. The report describes the design, develop­
ment, and performance testing of the hardware required 
under the contract. Electrical and mechanical design 
drawings arc included for all hardware and components. 
A\'ailable for reference at the Bureau of Mines libraries 
in Pittsburgh, Pa., Denver, Colo., Twin Cities, Minn., 
Spokane, Wash., and Morgantown, 'V. Va., and at the 
Central Library, U.S. Department of the Interior, '-\'ash­
ington, D.C. 

OFR 59-74. Surface Mined Land in the Midwest: A Regional 
Perspective for Reclamation Planning, by Ralph 

P. Carter, James R. LaFc\'ers, Edward J. Croke, Allen S. 
Kennedy, and Stanley D. Zellmer. June 1974. 680 pp. 96 
figs. This report (Contract ~o. S01233127) is a redew and 
field obsenation study of coal surface mining and recla­
mation problems, policies. and practices in the Midwest 
coal producing region. A wide variety of subjects is 
covered including problems associated with surface min­
ing reclamation technologv and costs, environmental 
assessments of surface mined land, reclamation planning 
and policy. and a review of State reclamation laws and 
enforcement procedures. A,'ailable for reference at the 
Bureau of Mines libraries in Demel'. Colo., Pittsburgh. 
Pa" Spokane. Wash .. Twin Cities. Minn .. Morgantown. 
W. "a .. and at the Central Library, U.S. Department of 
the Interior. Washington. D.C. 

OFR 60-74. Evaluation of Thermal Methods for Recovery of 
Viscous Oils in Missouri and Kansas, by M. D. 

Arnold and A, Herbert Haney. June 1974. 110 pp. 10 
figs. This report (Grant :\'0. G0133100) presents an eco­
nomic analvsis of four hypothetical heavy oil deposits 
that were considered to be representati,'e of those found 
in the ~!issouri-Kansas bonier area, Oil production ob­
tainable bv various thermal recoY('ry methods was com­
puted for 'each of the four cases. D~velopment and pro­
duction costs \\'ere estimated, and the oil prices that 
would yield specified discounted cash flow rates of return 
on investment were computed. It was concluded that the 
best deposits are probably economically recm'erable at 
current ne\\' oil prices, provided there is no major ad­
verse re\'ision in tax regulations. Available for reference 
at the Bureau of ;"Iines libraries in San Francisco. Calif., 
BartlesYille, Okla .. Morgantown, ,r. Ya .. Laramie. Wyo., 
and Dallas, Tex .. and at the Central Library, U.S. De­
partment of the Interior. "'ashington. D.C. 

OFR 61-74, Research an the Transmission of Electromagnetic 
Signals Between Mine Workings and the Sur­

face, bv Richard G. Gevcr, George Y. Keller. and Takashi 
Ohva, Jan. 10. 19i4, 124 pp. 4R figs. Field studies (Con­
tract :'\0. HOIOIG91) of ambient electromagnetic noise 
and electrical transmission properties of coal mine over­
burdens in Colorado, Illinois, Pcnnsvl\'ania, and 'Vest 
Yirg-inia wcrc conducted. Field tests of 'the transmission of 
lo\\'-freljuencv (20 Hz to 20.000 Hz) signals by vertical 
axis loops and horizontal wire antenna were ma(le and 
compared with theoretical prcductions. Implications of 
the field tests for the design of an electromagnetic system 
to locate trapped miners are discussed. Available for refer­
ence at the Bureau of ~!ines libraries in Pittsburgh. Pa., 
DCll\'er. Colo .. Spokane. "'ash., Twin Cities. Minn., and 
~lorg-antO\m. W. Ya,. and at the Central Library. U.S. 
Department of the Interior, Washington, D.C. 

OFR 62(1 )-74. Analysis of Ore Handling Systems in Under-
ground Metal Mines for Improved Safety and 

Efficiency. Phase I Report. Present Systems Study, by Theodore 
Barry and Associates. June 1974. 133 pp. 18 figs. This re­
port (Contract r\'o. H0230004) provides the results of an 
industrial engineering study that assessed the safety and 
efficiency of underground ore handling in U.S. metal 
mines. The specific objectives of the present systems study 
were to determine and e\'aluate the productivity of exist­
ing ore handling systems in a representath'e group of 
underground metal mines. to relate the available his­
torical accident record statistics of these specific mines to 
the specific operations in the O\'erall ore handling opera­
tions, and to highlight the potential areas of improve­
ment for each mine on the basis of productidty and 
associated hazardous index for each operation. Available 
for reference at the Bureau of Mines libraries in Pitts­
burgh, Pa., Denver, Colo., Spokane, Wash., Twin Cities, 
Minn., and Morgantown, W. Va., and at the Central 
Library, U ,So Department of the Interior, Washington, 
D.C. 

OFR 62(21-74. Analysis of Ore Handling Systems in Under-
ground Metal Mines for Improved Safety and 

Efficiency. Phase I Appendices. Present Systems Study, by 
Theodore Barry and Associates. June 1974. 145 pp. 46 figs. 
This report proddes the results of an industrial engineer­
ing study that assessed the safety and efficiency of under­
ground ore handling in U.S. metal mines. One of the 
primary findings of this study (Contract No. H0230004) 
was the improvement needed in controlling muck size in 
the ore handling stream. O,'ersize ore causes much addi­
tional labor. creates work stoppages. and is a principal 
cause of accidents in metal mines. The report includes 
data on block caving, back cut and fill, room and pillar, 
shrinkage stoping. and sublevel stoping methods. Avail­
able for reference at the Bureau of Mines libraries in 
Pittsburgh, Pa., Denver, Colo., Spokane, Wash., Twin 
Cities. Minn., and Morgantown, W. Va., and at the Cen­
tral Library. U.S. Department of the Interior, Washing­
ton, D.C. 

OFR 62(3)-74. Analysis of Ore Handling Systems in Under-
ground Metal Mines for Improved Safety 

and Efficiency. Phase II and Final Report. System Improve­
ments and Research Recommendations, by Theodore Barry 
and Associates. June 1974. 167 pp. 63 figs. This report 
(Contract :\'0. H0230004) covers the results of an indus­
trial engineering study that assessed the safety and effi­
ciency of underground ore handling in U,S. metal mines. 
It appears from the study that the producth'ity of the 
slushing equipment itself cannot be substantially in­
creased using the existing technology. The unsafe situa­
tiollS associated with slushers can be impro\'ed by better 
anchoring practices, by providing better work station lay­
out that incorporates improycd clearances and protected 
walkways over the ore pocket, by lighting the slusher 
drift, and by impro\'ed operator training, Improved tech. 
nology needs to be applied to the mo\'ement of broken 
ore in the stopes. Slushers will continue to be used in 
the mining industry in certain special and unique situa­
tions outlined in the report. Anilable for reference at 
the Bureau of Mines libraries in Pittsburgh, Pa., Denver, 
Colo., Spokane, "rash., Twin Cities, Minn., and Morgan­
town, "r. Ya., and at the Central Library, U.S. 'Depart­
ment of the Interior, 'Vashington, D.C. 
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The following patents were granted to the 
Bureau of Mines during the period January 1, 
1970, to December 31, 1974. These processes, 
which can be used by any U.S. citizen or 
organization without royalty payment upon 
authorization by the Department of the In­
terior, were developed by Bureau scientists. 
Application for the use of any of the patents 
should be made to the Office of the Solicitor, 
U.S. Department of the Interior, Washington, 
D.C. 20240. 

P 1-70. Fly Ash Injection Method and Apparatus. M. O. 
Magnuson. U.S. Pat. 3,500,934, Mar. 17, 

1970. 

P 2-70. The Reaction of Coal Plus Ammonia To Make Hy­
drogen Cyanide. G. E. Johnson, A. J. Forney, 

and W. A. Decker. U.S. Pat. 3,501.267, Mar. 17, 1970. 

P 3-70. Mine Dust Meter Using Backscatter of Low-Energy 
Gamma Rays. R. F. Stewart and J. W. Martin. 

U.S. Pat. 3,505,520, Apr. 7, 1970. 

P 4-70. Extraction of Aluminum From Silicate Rocks and 
Minerals Containing Aluminum. H. G. Iverson 

and Harold Leitch. U.S. Pat. 3,507,629, Apr. 21, 1970. 

P 5-70. System for Calibration of a Differential Pressure 
Transducer. H. P. Richardson and J. L. Gordon. 

U.S. Pat. 3.508.431, Apr. 28, 1970. 

P 6-70. Chemical Disaggregation of Rock Containing Clay 
Minerals. R. V. Huff and L. J. Heath. U.S. 

Pat. 3,508,613, Apr. 28, 1970. 

P 7-70. Separation of Aluminum, Calcium, and Magnesium 
From the Alkali Metals by Solvent Extraction. 

K. C. Dean and I. L. Nichols. U.S. Pat. 3,514,266, May 
26, 1970. 

P 8-70. Glass-Bonded Crystalline Minerals and a Method 
of Production. K. H. {vey, S. J. Chastain, and 

H. R. Shell. U.S. Pat. 3.516,810, May 30, 1970. 

P 9-70. Method and Apparatus for Separating Neon From 
a Mixture of Gases. D. E. Emerson. U.S. Pat. 

3,517,521, May 30,1970. 

P 10-70. Method for Production of High-Purity Samarium 
Metal. T. A. Henrie, E. Morrice, Jr., and 

W. E. Murphy. U.S. Pat. 3,524,800, Aug. 18, 1970. 

P 11-70. Seal and Trommel for Rotary Kiln. W. S. Swan­
son. U.S. Pat. 3,532,330, Oct. 6, 1970. 

P 12-70 .. Method for Smelting Low-Sulfur Copper Ores. 
M. M. Fine and J. L. Reuss. U.S. Pat. 

3,533,779, Oct. 13, 1970. 
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P 13-70. Dry Process for Removal of Pyrite From Coal. 
W. T. ,-\'hel and J. W. Eckerd. U.S. Pat. 

3,540,662, Nov. 17, 1970. 

P 14-70. Method for Producing Protein by Growth of Micro­
organism on a Water-Extracted Coal. :\f. J. Rose, 

J. M. Carosella, J. D. Corrick, and J. D. Sutton. U.S. 
Pat. 3,540,983, Xov. 17, 1970. 

P 15-70. Carbanion Leaching of Heavy Metal Ores. H. J. 
Heinen, J. Eisele, D. H. Baker, Jr., and B. J. 

Scheiner. U.S. Pat. 3,542,540, Xov. 24, 1970. 

P 16-70. Process for Extracting Aluminum From Solutions_ 
D. R. George and S. R. Borrowman. U.S. 

Pat. 3,545,920, Dec. 8, 1970. 

P 17-70. Process for Obtaining Thick Coatings of Platinum, 
Palladium, and Their Alloys With Other Platinum­

Group Metals. G. R. Smith, R. L. .-\.ndrews, D. Schlain, 
and C. B. Kenahan. U.S. Pat. 3,547,789, Dec. 15, 1970. 

P 1-71 Ultrasonic Piezoelectric Transducer Cartridge. Rich­
ard E. Thill. U.S. Pat. 3,553,501, Jan. 5, 1971. 

P 2-71, Hydrogasification of Carbonaceous Material. R. 'V. 
Hiteshue and Walter Kawa, U.S. Pat. 3,556,978, 

Jan, 19, 1971. 

P 3-71, Converging-Diverging Type Gas-Solids Fluidizer. ,-\.. 
S, -'foore, Jr. U.S. Pat. 3,565,593, Feb. 23, 1971. 

P 4-71. Chemical Disaggregation of Rock. R. V. Huff and 
L. J. Heath. U.S. Pat. 3,567,427, :\fay 2, 1971. 

P 5-71. Process for Separating Zinc and Copper. S. R. 
Borrowman and P. E. Churchward. U.S. Pat. 

3,573,182, :\fay 30, 1971. 

P 6-71. Method for Producing Pre reduced Iron Ore Pellets. 
M. M. Fine and R. B. Schluter. U.S. Pat. 

3,574,595, Apr. 13, 1971. 

P 7-71. Process for Recovery of Gold from Carbonaceous 
Ores. B. J. Scheiner, R. E. Lindstrom, and 

T. A. Henrie. U.S. Pat. 3,574,600, Apr. 13, 1971. 

P 8-71. Acid Leaching of Manganese from Siliceous Ores 
and Slags. Henry Dolezal. U.S. Pat. 3,575,697, 

Apr. 20, 1971. 

P 9-71. Rotary Particle Distributor for Minimizing Particle 
Size Segregation in a Bin. J. L. Konchesky and 

E. C. Oldaker. U.S. Pat. 3,576,262, Apr. 27, 1971. 

P 10-71. Vanadium-Base Alloy. G. H. Keith and D. R. 
Mathews. U.S. Pat. 3,576,621, Apr. 27, 1971. 

P 11-71. Removing Nickel from Cadmium. J. A. Ruppert 
and D. Montagna. U.S. Pat. 3,577,232, May 4, 

1971. 

P 12-71. Solvent Extraction of Coal. T. Kessler, A. G. 
Sharkey, Jr., J. Malli. Jr., and R. A. Friedel. 

U.S. Pat. 3,577,337, May 4, 1971. 
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P 13-71. Removal of Hydrogen Sulfide from Gaseous Mix­
tures. F. G. Shultz, G. E. Chidester, and F. E. 

Collet. U.S. Pat. 3,579,293, May 18, 1971. 

P 14-71. Method of Removing Sulfur Oxides from Gases. 
J. G. Myers and J. H. Field. U.S. Pat. 

3,580,702, May 25, 1971. 

P 15-71. Method for the Electrolytic Preparation of Tung­
sten Carbide. J. M. Gomes, D. H. Baker, Jr., 

and K. Uchida. U.S. Pat. 3,589,987, June 29, 1971. 

P 16-71. Process for Recovery of Sulfur from Gypsum. D. 
R. George and J. M. Riley. U.S. Pat. 

3,591,332, July 6, 1971. 

P 17-71. Reclamation of Refractory Carbides from Carbide 
Materials. P. G. Barnard, A. G. Starliper, and 

H. Kenworthy. U.S. Pat. 3,595,484, July 27, 1971. 

P 18-71. Crude Helium Enrichment Process. ·W. 'V. Black­
well and H. S. Kalman. U.S. Pat. 3,599,438, 

Aug. 17, 1971. 

P 19-71. Method of Adding Refractory Metal Halides to 
Molten Salt Electrolytes. G. M. Martinez. U.S. 

Pat. 3,600,284. Aug. 17, 1971. 

P 20-71. Stress Relaxation Gage. G. G. 'Waddell and 
E. L. Phillips. U.S. Pat. 3,600,938, Aug. 24, 

1971. 

P 21-71. Separation of Rare Earth Elements by Ion Ex­
change. J. O. Winget and R. E. Lindstrom. 

U.S. Pat. 3,615,173, Oct. 26, 1971. 

P 22-71. Oxidation of Lead Blast Furnace Matte. J. D. 
Corrick and J. A. Sutton. U.S. Pat. 3,615,190, 

Oct. 26, 1971. 

P 23-71. Limestone Neutralization of Dilute Acid Waste 
Waters. M. Deul and E. Mihok. U.S. Pat. 

3.617.560. :\'O\". 2. 1971. 

P 24-71. Neutralization of Ferrous Iron-Containing Acid 
Wastes. A. Cywin and E. Mihok. U.S. Pat. 

3.617.562. :\'ov. 2, 1971. 

P 25-71. Steel Scrap Oxidation Acceleration by Surface 
Impregnation Techniques. S. E. Khalafalla and 

S. L. Payne. U. S. Pat. 3,620,715, Nov. 16, 1971. 

P 26-71. Ferrothermic Extraction of Copper. S. E. Khala­
falla. L. A. Haas, and H. W. Kilau. U.S. Pat. 

3,622,304, No\". 23, 1971. 

P 1-72. Process for Recovery of Copper and Other Metals 
From Source Materials. R. E. Lindstrom and 

D. J. Bauer. U.S" Pat. 3.634.070. Jan. 11, 1972. 

P 2-72. Manually Operated Gas Sampler. R. E. :\Iaughan 
and F. C. Ryan. U.S. Pat. 3,635,092, Jan. 18, 

1972. 

P 3-72. Discovery of Gold From Dilute Solutions. B. J. 
Scheiner and R. E. Lindstrom. U.S. Pat. 

3,635.697. Jan. 18, 1972. 

P 4-72. Radial Flow Cell. W. K. O\·erbey. Jr., and F. D. 
Slagle. U.S. Pat. 3,636,751, Jan. 25, 1972. 

P 5-72. Primary and Secondary Shunt Paths for Dissipating 
an Electrical Discharge. M. L. Bowser and J. N. 

Murphy. U.S. Pat. 3,638,035, Jan. 25, 1972. 

P 6-72. Extraction of Mercury From Mercury-Bearing Ma­
terials. B. J. Scheiner, R. E. Lindstrom, and 

T. A. Henrie. U.S. Pat. 3,639,222, Feb. 1, 1972. 

P 7-72. Recovery of Gold From Carbonaceous Ores. T. A. 
Henrie, R. E. Lindstrom, and B. J. Scheiner. 

U.S. Pat. 3,639,925, Feb. 8, 1972. 

P 8-72. Production af Methane by Bacterial Action. G. E. 
Johnson. U.S. Pat. 3,640,846, Feb. 8, 1972. 

P 9-72. Utilization of Coal-Burning Powerplant Byproducts. 
R. B. Muter and W. F. Lawrence. U.S. Pat. 

3,642,445, Feb. 15, 1972. 

P 10-72. Recovery of Zinc and Nickel From Waste Phos­
phate Liquor. H. E. Powell and L. L. Smith. 

U.S. Pat. 3,649,220, Mar. 14, 1972. 

P 11-72. Process for Improving Creep Resistance of Zinc­
Copper Alloys. L. A. Neumeier and J. S. Ris­

beck. U.S. Pat. 3,649,377, Mar. 14, 1972. 

P 12-72. Purification of Reactive Metals. T. A. Henrie. 
U.S. Pat. 3,650,931, Mar. 21, 1972. 
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OFR 2-71 PB 197 693 OFR !;9-73, 4 PB 22" 367 OP 9-72 ...... PB 201 46:' RI 7416 PB 193 986 
OFR 3-71 " Pll 197 780 OFR 59-73 set Pll 225 363 01' 83-73 ..... PB 222 106 RI 7417 PB 193 330 
OFR 4-71 PB 197 739 OFR 60-73 Pll 223 742 RI 5225 PB 191 796 RI 741R PB 194 082 
orR 7-71. 1 .. PB 202 27'> OFR 61-73, I Pll 224 730 RT 5735 PB 192 542 RI 7419 PB 194 078 
OFR 7-71, 2 .. PB 202 276 orR 61-73. 2 I'll 224 731 RI 616'> ... I'B 190 318 RI 7420 . .. I'll 194 940 
OFR 9-71 .... PB 204 077 OFR 62-73. I PB 224 2.1)6 RI 6307 PB 192 543 RI 7421 PB 194 941 
OFR 10-71 ... PB 204 .1)22 Ol'R 62-73, 2 PB 224 257 RI 6450 PB 190 316 RI 7422 PB 194 947 
OFR 4-72. 1 Pll 207 226 OFR 62-73. 3 PB 224 2:'8 RT 6692 PB 21:' 257 RI 7423 Pll 194 942 
OFR 4-72. 2 I'll 207 227 OFR 62-73, 4 PB 224 259 RI 677~ PB 221 017 RI 7424 PB 194 943 
OFR :'-72 PB 207 362 OFR 62-73, 5 I'll 224 260 RI 70~1 PB 192 544 RI 7425 PB 194 944 
OFR 6-72 ... PB 207 363 OFR 62-73, 6 PB 224 261 RI 708:; PB 207 834 RI 7427 PB 194 945 
orR 7-72 PB 207 :'12 OFR 62-73. PB 224 262 RT 7133 PB 189903 RI 7428 PB 194 946 
OFR 9-72. 1 PB 208 266 OFR 62-73, 8 PB 224 263 RI 7291 PB 190 648 RI 7429 Pll 196 676 
OFR 9-72. 2 PB 208 267 OFR 62-73 !let PB 224 255 RI 7326 PB 189 538 RI 7430 PB 196 677 
orR 9-72, 3 I'll 208 268 orR 64-73 PB 224 789 RI 7327 PB 189 .139 RI 743: PB 196 678 
orR 10-7~ PB 209 273 OFR 65-73 PB 22" 181 RI 7328 Pll 190 031 RI 7432 Pll 196 679 
OFR 11-72 PB 209 274 OFR 67-7:1 PB 22.1) 3"3 RI 7329 PB 188559 R1 7433 I'll 196 680 
orR 12-72 PB 209 :;48 OFR 68-73 I'll 226 660 RI 7330 PB 190 032 RI 7434 PB 196 682 
orR 13-72 PB 209 .',7'> OFR 70-73- I I'll 22.1 476 RI 7331 PB 190 033 RI 7435 PB 196 683 
OFR 10-72 PB 209 949 OFR 70-73, 2 PB 22'> 477 RI 7332 PB 190 027 RI 7436 PB 196 684 
OFR 16-72 PB 210 841 OFR 70-73 set PB 22" 47'\ RI 733~ PB 189 541 RI 7437 I'll 196 685 
OFR 17-72 PB 210 620 OFR 71-7~ PB 22" 633 RI 7334 ... PB 189 542 RI 7438 Pll 196 686 
OFR 18-72 PB 210 79'> OFR 72-73 .. PB 225 862 RI 7335 ... PB 189 543 RI 743!1 PB 196 687 
OFR 19-72 I'll 210 833 OFR 73-73 I'll 225 831 RI 7336 I'll 190 028 RI 7440 PB 196 594 
OFR 20-72 PB 210 930 OFR 74-73 PB 22" 834 RI 7337 PB 188 645 RI 7411 PB 196 595 
OFR 21-72 I'll 211 0.1)2 OFR 1-71 PB 226 479 RI 73:18 PB 190 029 RI 7412 PB 196 596 
orR 22-72 PB 211 412 OFR 2-74 .. I'll 226 773 RI 7339 PB 190 030 RI 7443 PB 196 597 
OFR 23-72 Pll 211 433 OFR 3-74 PB 226 687 RI 734() PB 190 034 RI 744-1 PB 196 598 
OFR 24-72 PB 211 472 orR 4-74 PB 226 723 RI 7341 PB 190 012 RI 7445 PB 196 599 
orR 2'i-72 PB 211 423 OFR 5-71 PB 226 694 RI 7342 PB 190 013 RI 7H6 PB 196 600 
orR 26-72 Pll 211 328 OFR 7-74 PB 226 781 R I 734~ I'll 190 774 RI 7447 PB 196 601 
orR 27-72 PB 211 732 OFR 8-74 PB 226 944 RI 7344 PB 190 030 RI 7448 I'll 196 602 
OFR 28-72 PB 211 980 OFR 9-74 PB 227 018 RI 7W\ PB 190 773 RI 7449 PB 196 603 
OFR 29-72 PB 212 070 OFR 10-74 PB 228 21:; RI 7347 PB 190 479 RI 7450 PB 196 604 
OFR 31-72 I'B 212 046 OFR 11-74 PB 229 48:' RI 7348 PB 190 480 RI 7451 Pll 196 60:' 
OfR ~2-72 I'll 212 047 OFR 12-74 I'll 230 477 RI 734'1 PB 190 649 RI 7452 PB 196 606 
OFR 33-72 PB 212 048 OFR 13-74 I'll 230 96'> RI 73'>0 I'll 188 :'60 RI 7453 .. PB 196 607 
OFR 3·1-72 PB 212 746 OFR 14-74 PB 230 972 RI 73.11 Pll 190 0]4 RI 74:'4 PB 196 608 
OFR 3,>-72 I'll 21.~ 204 OFR 16-74 PB 231 154 RI 7302 PB 190 772 RI 7455 I'll 196 609 
OFR 36-72 PB 213 717 OFR 17-74. PB 231 :'74 R T 7353 PB 190 771 RI 7456 PB 196 610 
OFR 37-72 PB 213 833 OFR 17-74. PB 231 075 RI 7354 PB 190 770 RI 7457 PB 196 611 
OFR 38-72 PB 213 725 OFR 18-74 FB 231 682 RI 735!; PB 190 769 RI 74:'8 PB 196 612 
orR 39-72 PB 213 741 OFR 19-74, 1 PB 233 540 RI 7306 I'll 190 650 RI 7459 PB 196 613 
OFR 40-72 PB 214 277 OFR 19-74. 2 PB 233 :'41 RI 73'>8 PB 190 966 RI 7460 PB 196 614 
orR 1-73 I'll 214 124 OFR 19-74. 3 FB 233 :'42 RI 73:'9 PB 190 967 RI 7461 PB 196 688 
OFR 2-73, I PB 220 %6 OFR 20-74 " PB 231 7!;8 RI 73eo PB 190 968 RI 7462 PB 196 689 
OFR 2-73, 2 PB 220 'i67 OFR 21-74 .... PB 231 991 RT 7361 I'll 190 969 RI 7463 PB 196 690 
OFR 2-73 set PB 220 :'6'\ OrR 22-74 PB 232 244 RT 7362 PB 190 970 RI 746'1 PB 196 691 
orR 3-73 I'll 214 'i35 OFR 24-74 PB 232 304 RI 736:1 PB 190 971 RI 7465 PB 197 105 
OFR 4-73 Pll 21!; 349 O,'R 25-74. 1 PB 232 400 RI 7364 PB 190 972 RI 7460 PB 196 692 
OFR !)-i~ PB 210 397 OFR 20-74, 2 PB 232 406 RI 736:' ... PB 190 973 RI 7467 PB 197 106 
orR 6-73 I'll 21.0 1:'0 OFR 26-71 PB 232 421 RI 7366 I'll 190 974 RI 7468 PB 199 076 
OFR 7-7~ PB 214 938 OFR 27-74 .. PB 232 88') RI 7367 PB 1906.1)1 RI 7469 1'B 197 107 
OFR 8-73 I'll 21:' 164 OFR 28-74 PB 232 880 RT 7368 PB 190 97:' RI 7470 PB 197 021 
orR 9-7:1 PB 215 16'> Ot-R 29-71, 1 PB 223 181 RI 7369 PB 190 976 RI 7471 PB 197 022 
OFR 10-73. 1 PB 21;' 142 OFR 29-74. 2 PB 233 182 RI 7370 PB 190 977 RI 7472 PB 197 023 
OFR 10-73, 2 PB 21;' 143 OFR 30-74 PB 232 887 RJ 7371 PB 190 978 RI 7473 PB 197 024 . 
OFR 12-73 PB 217 '>00 OFR 31-74 PB 232 891 RI 7372 PB 190 979 RI 7474 PB 197 025 
OFR 13-7.~ PB 218060 OFR 32-74 PB 234 208 RT 7373 PB 191 947 RT 717!i PB 197 026 
OFR 14-73 PB 218 6R8 O!'R 33-74 PB 234 ;'77 RI 7374 ... PB 190 980 RI 747(, PB 197 905 
OFR 1 !}-7~) PB 218 46~ OFR 34-74 Pll 234 575 RI 7375 PB 191 001 RI 7477 PB 197 027 
orR lfi-i~ PB 217 !i02 OFR 3:'-74 PB 235 767 RI 7376 PB 191 002 RI 7478. PB 198 337 
OFR 17-73 PB 218 6:'8 OFR 36-74 PB 234 550 RI 7377 PB 192 002 RI 7479 PB 198 283 
orR 18-7~ PB 218067 OFR 37-74 PB 23.1 126 RI 7378 PB 191 003 RI 7480 PB 198 824 

RI 7481 PB 198 285 
OFR 19-73 PB 219 087 OFR 38-74, 1 PB 235 069 RI 7379 PB 192 030 RI 7482 PB 198 288 
orR 21-73 PB 219 375 OFR 38-74, 2 PB 235 070 RI 7380 PB 192 032 RI 748:; PB 198 266 
OFR 22-7~ PB 219 2'>0 OFR 39-74 PB 23.1 320 RI 7381 PB 192 033 RT 7481 PB 198 286 
OFR 23-73 PB 219 799 OFR 40-74 I'll 235 272 RI 7382 ... PB 192 034 RI 748~ PB 198 267 
OFR 25-73. I PB 219 615 OFR 41-74 set PB 23'> 604 RI 7383 Pll 192 003 RI 7486 PB 198 268 
OFR 2:;-73. 2 PB 219 616 OFR 41-74, I I'll 235 60:; RI 7381 I'll 192 307 RI 7487 PB 198 287 
OFR 26-7:: PB 220 203 OFR 41-74. 2 PB 235 606 RT 738:; I'll 192 298 RI 7488 PB 198 289 
OFR 27-7~ PB 220 141 OFR 41-74. 3 PB 235 607 RI 7386 PB 192 306 RI 7489 PB 198 290 
OFR 28-73 PB 220 372 OFR 41-74, 4 PB 235 608 RI 7387 PB 192 415 RI 7491 PB 200 043 
OFR 29-73 Pll 220 368 OrR 42-74, I PB 235 639 RI 738R I'll 192 416 RI 74n PB 198 824 
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RI 7493 PB 198 82., RI 7596 I'll 210 981 RI 7G98 I'll 214 21U RI 7SutJ I'B 224 5it! 
RI 7494 PB 198 826 RI 7597 I'll 208 OO~ RI 7699 I'll 214 291 RI 7801 I'll 225 :16ti 
Rf 7495 I'll 198 827 RI 7598 I'll 208 004 RI 770U PB 214 2:17 RI 78(1:::: PH 2:!5 :q5 
RI 7496 PB 198 828 RI 7599 I'll 206 890 RI ,j(ll PB 214 2il RI 78U:l PH 22.> 2~8 
RI 7497 PB 199 040 RI 7600 I'll 20G 940 RI 7702 I'll 214 3U'l RI 78U4 PH 225 2'i~ 
RI 7498 PB 199 041 RI 7601 I'll ZUti 891 RI 770:1 I'B 214 221 RI 780', P B 22:) ~iO 
RI 7499 PB 199 042 RI 7602 I'll 208 00') Rl 7704 PB 215 813 RI 7801; I'll 22', 2~7 
RI 7500 PB 199 04:1 RI 7603 PB 208 OOti RI ?i05 .... PB 214 6iti Rl 7807 PH 22.> 2iti 
RI 7501 PB 199 044 RI 7604 PB 206 910 RI 7706 I'B 21.') 814 RI 7808 I'B nti lUI 
RI 7502 PB 199 04:; RI 7605 " PB 208 007 RI nOi ... I'll 21-1 U54 Rl i8U9 I'll 220 oYu 
RI 7503 PB 199 046 RI 7606 I'll 208 008 RI 7i08 I'll 214 642 Rl i810 I'll 224 :;:1I 
RI 7504 Pll 199 047 RI 7607 I'll 208 009 RI 7709 I'll 215 8/:; RI 7811 I'll 227 218 
RI 7505 PB 200 044 RI 7608 I'B 209 008 RI 7710 I'B 214 76:1 RI 7812 AD 226 2:\1) 
RI 7506 PB 199 039 RI 7609 I'll 208 010 RI 7711 I'll 214 71il RI 7813 I'll 228 7:\8 
RI 7507 PB 200 04') RI 7610 PB 209 013 RI 7712 I'B 214 li2'! RI 7814 I'll 227 707 
RI 7508 PB 200 046 RI 7611 I'll 209 00') RI 771:1 I'll 213 '147 RI 781:; I'll 2:\1 102 
RI 7509 PB 200 047 RI 7ti12 .. I'B 20'1 0/4 RI 7714 .... I'll 214 680 RI 7816 I'll 228 624 
RI 7510 PB 200 048 RI 7613 PB 209 010 RI 7715 I'll 21') 816 RI 781 i I'll 227 176 
RI 7511 PB 200 696 RI 7614 PB208011 RI 7ilt) I'll 214 786 RI 7818 PH 226 229 
RI 7512 I'll 200 049 RI 7615 I'll 208 012 RI 771 i PB 214 314 RI 781l) I'll 2:11 lOY 
RI i5I3 PB 200 697 RI 7616 I'll 209 536 RI 7718 PB 218 42R RI 7820 I'll 227 :188 
RI 7514 Pll 199 048 RI 7617 I'll 209 015 RI 7719 I'll 214 no RI 7821 I'll 227 :181 
RI 7515 I'll 199 049 RI 7618 I'll 209 016 RI 772:J I'll 214 7G2 RI 7822 PH 224 571 
RI 7516 Pll 200 698 RI 7619 PB 209 017 RI 7721 I'll 215 817 RI 782~ PH 22R 6:!H 
RI 7517 I'll 200 699 RI 7620 I'll 209 011 RI 7722 I'll 214 783 RI 7824 PH 227 ~8:j 
RI 7518 I'll 200 700 RI 7621 I'll 209 537 RI 772:' PB 218 697 RI 782':-) I'll 22~) 21:\ 
RI 7519 I'll 20U 701 RI 7622 I'll 209 012 RI 7724 I'll 218 564 RI iX2t, I'll 227 174 
RI 7:;20 I'll 200 702 RI 7623 I'll 209 54.0; RI 772j PB 218 427 RI 7827 I'B 2:11 f21 
RI 7.'>21 I'll 201 888 RI 7624 I'B 209 538 RI 7726 I'll 220 62') R[ i82~ I'll 231 29~ 
RI 75'L2 PB 200 70:1 RI 7625 I'll 209 5:1') RI 7727 I'll 227 I H7 RI 7829 I'll 2:11 179 
RI 752J I'B 200 704 RI 7626 I'll 209 5W RI 772'l I'll 227 618 RI 783(1 PR 2:W 249 
RI 7524 PB 200 70:; RI 7627 I'B 209 541 RT 7729 I'll 227 :\'>0 RI 78:11 I'll 2:11 106 
RI 7525 PB 201 898 RI 7628 I'll 20'1 576 RI 7730 I'll 221 6:17 RI irtt! PH 2:11 120 
RI 7526 PB 201 897 RI 7li29 PB 209 542 RI 77:11 I'll 220 1;:$0 RI 78:U I'll 2:11 280 
RI 7527 Pll 200 050 RI 7630 I'll 209 r,·I:l RT 77:12 I'll 221 627 RI 7834 I'll 2:11 2HI 
RI 7528 .. Pll 200 706 RI 7631 I'll 210 !ti7 RI 77:1:\ I'B 227 17:1 RI 78:\.:) I'll 229 482 
RI 7529 I'll 200 710 RI 7632 I'll 21U 18~) RI 7734 I'll 220 :;8:1 RI 7836 PB 2:11 27:w} 
RI 7530 I'll 201 896 RI 763:1 I'll 210 949 RI 773:; I'll 228 782 RI 78:;; PH 227 O!li 
RI 7531 PB 201 895 RI 7634 I'll 210 220 RI 77:\6 PH 227 19U RI 7R:JS I'll 2:\1 9M 
RI 7532 I'll 201 890 RI 76:15 I'll 210 168 RI 77~17 I'll 221 :;20 RI 78:19 I'll 2:11 287 
RI 75~~ I'll 201 891 RI 7636 I'll 210 169 RI 77:18 I'll 220 '>84 RI 7~·1O I'll 2:lJ 2~Hi 
RI 7534 PB 201 892 RI 7637 I'll 210 l'iO RI i7~~9 I'll 221 6:1'> RI 7841 PB 22,·) :.!7!-1 
RI 753;; PB 201 893 RI 76:18 I'll 210 170 RI 7i40 I'B 220 .,)8" RI 7842 I'll 2:\:\ 428 
RI 75% I'll 201 899 RI 7639 I'll 212 481 RI 7741 I'll 220 1m RI 784:1 I'll 22~) 48:1 
RI 7537 PB 203 6,,1 RI 7640 I'll 209 544 RI 77~2 I'll 220 :i81i RI 78H PH 229 217 
RI 7533 I'B 203 6,,2 RI 7641 I'll 210 983 RI 774:1 I'll 221 526 RI 784', I'll 231 298 
RI 7539 PB 201 894 RI 7642 I'll 211 004 RI 77H I'll 221 "i12 RI 7846 I'll 2~1l 2!Fl 
Ri 7541 Pll 20~ 653 RI 7643 I'll 210 984 RI 774:") I'll 22U 632 RI 78·IR PH 228 098 
RI 7,,42 PB 201 889 RI 76H I'll 210 98:; RI 7741i .... I'll 221 ~II RI 7849 I'll 2:11 IIO 
RI 7543 I'll 203 654 RI 764'i I'll 210 98G RI 7747 I'll 221 .'i8(i RI iH:")(J I'll 2:11 985 
RI 7544 I'll 203 65') RI 7646 I'll 210 987 RT 7748 I'll 221 8li8 RI 78;-)1 PB 2JI 29:~ 
RI 7.:>45 PI' 203 650 RI 7647 I'll 210 988 RI 7749 I'll 221 912 RI 7~.~):! I'll 231 278 
RI 7546 I'll 203 6.'>7 RI 7li48 I'll 210 9S!) RI 7750 I'll 221 900 RI is:):~ I'll 231 301 
RI 7547 I'll 203 6,,8 RI 7649 .. ' 1'1l21196ii RI 7751 I'll 222 560 RI 78:l-l I'll 2:1:1 492 
RI 7548 I'll 203 659 RI 7650 PH 210 990 RI 7752 I'll 22U 587 RI 785; I'll 23:1 49:1 
RI 7549 I'll 204 516 RI 7651 I'll 211 3:>2 RI j75~ ... PB 221 889 RI 78:)/1 I'll 2:11 284 
RI 7550 .. I'll 203 660 RI 7652 I'll 211 927 RI iTa I'll 221 91:1 RI 78:;/ I'll 2:11 29~' 
RI 7551 I'll 20:1 661 RI 7653 I'll 211 914 RI 77!>:) I'll 221 901 RI 7858 I'll 2:11 !)8ti 
RI 7.')52 I'll 203 662 RI 7654 I'll 211 928 RI 77:ifi I'll 222 609 RI 7859 PH ~27 :!t;~, 

RI 7553 I'll 203 663 RI 7655 I'B 211 35 ~{ RI 77;", i I'll 228 667 RI 7xliU PB 22~ oi'G 
RI 755·1 ... I'll 203 131 RI 7656 I'll 211 354 RI 775H PB 222 597 RI iX(il I'B 2:11 10:; 
RI 755!) Pll 203 664 RI 7657 I'll 211 9~1 RI 77:'9 PB 224 IfiH RI 7~W2 I'll 2:11 IU8 
RI 7.')56 I'll 203 665 RI 7658 I'll 211 9~2 RI 77GO PB 2~I 6:IS RI 7~tl:~ I'll 2:11 297 
RI 7557 PB 203 666 RI 765!1 I'll 211 945 RI 77GI I'll 220 6:1:1 RT 7Hli4 I'll 23:1 4'1,i 
RI 7558 I'll 203 667 RI 7660 I'll 211 941; RI 7762 I'll 221 :174 RI 7H()!) I'll 2:13 4W, 
RI 7559 I'll 203 668 RI 7661 I'll 211 947 RI 7763 I'B 221 639 RI 781;li PH 2:1:1 491 
RI 7560 Pll 20~ 669 RT 7662 I'll 211 933 RI 776·1 I'll 22S 62:\ RI 7867 PB 2:1:1 4~)1; 
RI 7561 I'll 204 132 RI 7663 I'll 211 948 RI 7765 I'll 221 88:\ RI 7868 I'll 233 417 
RI 7562 I'll 210 744 RI 7664 I'll 211 949 RI 7766 I'll 221 88:; RI 781;9 I'll 228 689 
RI 7563 I'll 204 134 RI 7665 I'll 212 65') RI 7'167 .. I'll 221 628 RI 7870 I'll 228 627 
RI 7564 I'll 204 13'i RI 761;6 I'll 211 966 RI 77liS I'll 221 575 RI 7Sil I'll 229 511 
RI 756:-; I'B 214 219 RI 7667 I'll 211 967 RI 77119 I'll 221 518 RT 7872 I'll 23:1 419 
RI 756() PB 204 136 RI 7668 PB 211 9~4 RI 7770 ... I'B 222 ')86 RI 7873 I'll 231 1 O~ 
RI 7567 PB 204 137 RI 7669 .. I'll 212 696 RI 7771 I'll 223 9:\:; RI 7874 I'll 2:11 28:1 
RI 7568 I'll 205 153 RI 7670 PB 21 I 950 RT 7772 I'll 222 561 Rl iHi.; I'll 2:11 982 
RI 7569 I'll 205 496 RI 7671 Pll 21I 935 RI 777:1 I'll 224 OG2 RI 7871; I'll 2~13 481; 
RI 7570 I'll 205 497 RI 7672 I'll 212 654 RI 7774 ... I'll 221 914 RI 7877 I'll 2:1:1 487 
RI 7571 PB 205 498 RI 7673 I'll 212 650 RI 7775 PH 228 150 RI 7878 ... PB 2:1:1 4!17 
RI 7.,72 PB 205 499 RI 7674 I'll 211 951 RI 777(' I'll 224 06" RI 7879 I'll 2:1:1 484 
RI 757:1 PB 205 500 RI 7675 PB 212 657 RI 7777 I'll 224 090 RI iR80 I'll 23:1 422 
RI 7574 PB 205 501 RI 7676 I'll 212 658 RI 777~ I'll 223 871) RI 7881 I'B 2:1:1 413 
RI 7575 PB 20.0; 502 RI 7677 I'll 213 062 RI 7779 I'll 22:\ 785 RI i~R2 I'll 233 414 
RI 7576 PB 205 503 RI 7678 I'll 213 665 RI 7780 PB 223 874 RI 7883 PB 23:1 41:; 
RI 7577 PB 205 504 RI 7679 I'B 212 659 RI 7781 PB 223 781; RI 7884 I'B 231 2i'i 
RI 7578 I'll 205 505 RI 7680 I'll 213 93~ RI 778~ I'll 22:1 877 RT 788:; PH 2:1:1 4~4 
RI 7579 I'll 204 154 RI 7681 I'll 213 050 RI 778) I'll 224 (;()2 RI 7886 I'll 2~1I In 
RT 7580 PB 205 501i RI 7682 PB 212 660 RI 7iR4 I'll 223 YWI RI 7887 I'B 231 987 
RI 7581 Pll 205 507 RI 768:1 PB 21:1 06:; RI 7785 I'll 22:1 781 RI 7888 I'll 231 294 
RI 7582 I'll 205 641 RI 7684 I'll 213 966 RI 7786 I'll 226 109 RI 7889 I'll 2:11 279 
RI 7583 PB 205 642 RI 7685 PB 213 927 RI 7787 PB 224 511 RI 7890 I'B 23:1 411i 
RI 7584 PB 210 193 RI 7686 I'll 213 967 RI 7788 I'll 222 .0;90 RI 7891 I'll 2:l1 282 
RI 7.0;85 PB 205 643 RI 7687 I'll 213 952 RI 7789 .... I'll 224 !i14 RI 7892 PB 234 049 
RI 7586 PB 205 644 RI 7688 I'll 213 875 RI 7790 PB 226 228 RI 7893 I'll 2:l1 988 
RI 7587 PB 20'1 645 RI 7689 PB 213 9.')7 RI 7791 I'll 22.; 349 RI 7894 I'B 234 137 
RI 7588 I'll 206 625 RI 7690 I'B 212 653 RI 7792 I'll 227 548 RI 789'1 PB 234 070 
RI 7589 PB 206 357 RI 7691 PB 213 876 RI 7793 I'll 224 509 RI 7896 PB 233 426 
RI 7590 I'B 206 358 RI 7692 PB 213 953 RI 7794 PB 224 653 RI 7897 I'll 233 427 
RI 7591 PB 206 359 RI 7693 I'll 213 950 RI 7795 I'll 224 .0;04 RI 7898 PB 2:13 421 
RI 7592 I'll 206 360 RI 7694 PB 213 951 RI 7796 I'B 225 344 RI 7899 PB 231 989 
RI 7593 PB 206 463 RI 7695 Pll 215 624 RI 7797 I'll 225 268 RI 7900 PB 234 062 
RI 7594 PB 206 889 RI 7696 PB 213 968 RI 7798 PB 225 269 RI 7901 I'll 234 071 
RI 7595 PB 208 770 RI 7697 PB 214 220 RI 779V I'll 225 277 RI 7902 PB 234 056 
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R I 7903 
RI 7904 
RI 7905 
RI 790G 
RI 7907 
RI 7909 
RI 7910 
RI 7911 
RI 7912 
RI 7913 
RI 7914 
RI 7915 
RI 7916 
RI 7917 
RI 7920 
RI 7921 
RI 7922 
RI 792:1 
RI 7924 
RI 7925 
RI 792(; 
RI 7927 
RI 7928 
RI 7929 
RI 79~(I 
RI 79~1 
R I 79~2 
RI 7')~:( 
RI iCj~4 
RI i')}" 
RI 79:17 
RI 7939 
RI 7940 
RI 794~ 
RI 7943 
RI 7914 
RI 7915 
R T 7946 
R I 7948 
R T 7949 
RT 79,,0 
RT 7951 
RI 795:) 
R I 79'>3 
R T 7954 
RT 79.);) 
R I i~15(j 
RI 7957 
RT 795H 
R T i9(;(j 
RI i~Hi I 
RI 796:) 
Rl 79liR 
RI i~I()9 
RI 7973 
RI 7978 
R T 7982 
SP 1-70 
SI' 1-71 
SI' 1-72 
~p 2-72 
SI' 3-i2 
SP 4-72 
SP 1-73 

PB 234 072 
I'B 234 073 
I'B 23-1 074 
I'll 234 07G 
PB 234 075 
I'B 233 418 
PB 233 420 
I'll 233 42:( 
I'll 234 064 
I'll 2:14 067 
I'll 234 054 
I'B 234 053 
PB 234 052 
I'll 234 051 
I'll 233 748 
PB 234 050 
I'll 234 686 
I'll 234 060 
PB 234 684 
I'll 234 685 
I'll 234 687 
I'll 234 688 
I'll 2:14 718 
I'll 2~4 689 
I'll 2:14 690 
I'll 234 691 
I'll 234 692 
I'll 237 034 
I'll 2:14 69~ 
I'll 2~6 269 
I'll 236 !l8;", 
PB 2~6 98!) 
I'B 2~6 270 
I'll 234 694 
I'll 2:li 029 
I'll nl 6')7 
I'll 236 406 
I'll 234 (,C)(i 
I'll 237 8:(6 
I'll 237 086 
I'll 236 466 
I'll 237 047 
I'll 237 894 
I'll 237 041 
I'll 2~7 030 
pB 2~7 837 
pB 237 893 
PIl 237 838 
I'll 237 844 
PB 2~6 ~ii 
I'll 237 847 
PH 2:18 322 
PH 2:n Og5 
I'll 2:17 848 
PI\ 2:18 124 
I'll 237 849 
I'll 237 850 
PI\ 19S 112 
1'1\ 205 40H 
Pll 207 76(; 
Pll 206 84') 
pB 209 549 
PB 211 366 
PB 220 080 

Sl' 2-73 ,,"'" 
SI' 1-74 ""'" 
Tape 1-71 ,,', 
TI'R 21 
TPR n 
TPR 2:1 
TI'R 24 
TI'R 25 
Tplt 2(, 
TPR 27 
TPR 28 '" 
TPR 29 
TPR 30 
TPR ~I 
TPR 32 
TPR 3:1 
TPR 34 
TPR 35 
TPR 36 
TPR 37 ''­
TI'R 38 
TpR 3'i 
TPR 40 
TPR 41 
TPR 42 
TPR 43 
TI'R 44 
TI'R 45 
TI'R 46 
TPR 47 
TI'R 48 
TPR 49 
TpR ,:;0 
TPR 51 
TI'R '>2 
TI'R 0,1 
TPR 5,1 
TI'R '>', 
TPR :;ti 
TPR 5i 
TI'R '>8 
TI'R 59 
TPR (if) 

TPR 61 
TPR 62 
TI'R n:l 
TPR 6-1 " 
TpR 65 
TPR 66 
TPR fii 
TPR 6R 
TPR Ii" 
TPR 7(j 
TPR 71 
TPR 72 
TI'R 73 
TPR i4 
TI'R 7'> 
TPR 7(; 
TPR ii 
TPR 78 
TPR 79 
TPR 80 
TPR 81 

PB 224 455 
I'll 234 733 
I'll 199 115 
I'll 190 645 
I'll 190 997 
I'll 190 998 
I'B 192 413 
PB 192 414 
PB 193 325 
PB 194 948 
PB 194 949 
PB 196 675 
I'll 197 932 
I'll 200 i08 
I'B 200 051 
PB 200 052 
PB 201 900 
PB 203 889 
I'll 203 890 
PB 203 891 
PB 20:1 892 
I'll 203 983 
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IN 1974 

The following Bureau of l\Jines publications 
were placed with the N'ational Technical In­
formation Service in 1974. Copies mllst be or­
dered by the number assigned to the publication 
when it is listed with the Service, The Bureau 
of ~Iines number for each publication is given 
in parentheses with each entry to facilitate find­
ing the abstract in the Bureau's lists of publi­
cations, 

AD 226 230. Iron Oxide Superconcentrates by Caustic 
Leaching, by R, E, Green and A, F. Co· 

lombo, 1973, 11 pp, 10 figs, (Bu~Iines RI 7812, 
Paper copy, S2.75.) 

N 74-12159. Directional Properties of Coal and Their Utili-
zation in Underground Gasification Experi­

ments, by C. A. Komar, W. K. Overbey, Jr., and J. Pasini 
III. November 1973, 11 pp. 9 figs. (BuMines TPR 
73. Paper copy, $3.00.) 

PB 226 479/ AS. 

Tool Applications, 
1. 1973, 30 pp, 
copy, $4.00.) 

Development of High Strength Titanium 
Diboride Composites for Non-Sparking 

by L. Kaufman and R. L. Pober. Sept. 
15 figs. (BuMines OFR 1-74, Paper 

PB 226 694/ AS. Summary of Heavy Metals Studies at San 
Juan Ridge, Nevada County, California, 

by Russell R. McLellan. Dec. 12, 1973. 87 pp, 18 figs. 
(BuMines OFR 5-74. Paper copy, $6.50.) 

PB 226 723/ AS. Mine Systems Analysis-Tertiary Channel 
Deposits. The Badger Hill Pit, San Juan 

Ridge, Nevada County, Calif., by Thys B. Johnson, Wil­
liam R. Sharp, and John N, Williams. Dec. 12, 1973. 77 
pp. 21 figs. Bu~Iines OFR 4-74. Paper copy, S6,00.) 

PB 226 687/ AS. Automated Breathing Metabolic Simula-
lator (ABMSI. Final Report, by Federal 

Systems Divisions, International Business Machines Cor­
poration. January 1973, 53 pp, 12 figs. (Bul\fines 
OFR 3-74, Paper copy, $3,50.) 

PB 226 773. Survey Report of the U.S. Bureau of Mines 
Electromagnetic Noise Measurement Pro-

gram, by l \\" Adams, H, E. Taggart, and A, D. Spauld­
ing, Nov. 30, 1971. 32 pp. 1 fig, (Bul\fines OFR 2-74, 
Paper copy, $4,00.) 

PB 226 781/ AS. Applicability of Speech Bandwidth Com­
pression Techniques in Mine Electromag­

netic Communications, by C, H. l\fanney. Feb,2, 1972. 21 
pp, 3 figs. (Bul\fines OFR 7-74. Paper copy, S3,25,) 

PB 226 944/ AS. Coal Mine Combustion Products: Identi-
fication and Analysis, by K. L. Paciorek, 

R. H. Kratzer. l Kaufman, and J. H, Nakahara, August 
1973. 158 pp, 48 figs, (Bu~Iines OFR 8-74. Paper 
copy, SILOO,) 

PB 227 018/AS. 

10, 1973. 55 pp. 
copy, S3.75.) 

Potential Mineral Resources in Selected 
0.2 Lands, by Robert G, Bottge. Oct. 
19 figs. (BuMines OFR 9-74. Paper 

PB 228 160/ AS. Bastic Estimated Capital Investment and 
Operating Costs for Underground Bitumi­

nous Coal Mines. Mines With Annual Production of 1,06 
to 4.99 Million Tons From a 72-lnch Coalbed, by Sidney 
KatelJ and E, L. Hemingway, 1974. 41 pp. 1 fig, (Bu­
Mines IC 8632. Available in microfiche only.) 

PB 228 215/AS, The Demand for and Supply of Manpower 
in the Bituminous Coal Industry for the 

Years 1985 to 2000, by Institute for Research on Human 
Resources, The Pennsyilania State Unh'ersity. Septem, 
ber 1973. 424 pp. 22 figs. (Bu~lines OFR 10-74, Paper 
copy, 524.50,) 

PB 228 625/ AS. The Dustiness of Different Coal Seams, 
by R, l Seibel and F. E. McCalL Jan-

uary 1974. 9 pp. 4 figs, (BuMines TPR 75. Paper 
copy, S3.00.) 

PB 228 627/ AS. The Influence of Manganese Additions 
Upon Properties of Iron Ore Pellets, by 

R. B. Schluter and B. W. Carriere. 1974. 17 pp, 10 
figs, (BuMines RI 7870, Paper copy, $3,00.) 
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PB 228 628/ AS. Initial-Stage Sulfuric Acid Leaching Kinet-
ics or Chalcopyrite Using Radiochemical 

Techniques, by J. P. Baur, H. L. Gibbs, and :\f, E. Wads· 
worth. 1974. 38 pp. 23 figs. (BuMines RI 7823. Paper 
copy, S3.25.) 

PB 228 665. Determination of Altitudes of Joints Surveyed 
With a Borescope in Inclined Boreholes, by 

~1. A. :\Iahtab, D. D. Bolstad, and R. R. Pulse. 1974. 
12 pp. 1 fig. (Bu~Iines IC 8615. Paper copy, S3.00.) 

PB 228 678/ AS. Nuclear Meter for Monitoring the Sulfur 
Content of Coal Streams, hy R. F. Stew­

art, A. W. Hall, J. W. Martin, W. L. Farrior, and A. M. 
Poston. January 1974. 11 pp. 9 figs. (BuMines TPR 
74. Paper copy, S3.00.) 

PB 228 685/AS. Permeability Changes and Compaction of 
Broken Oil Shale During Retorting, by 

Edward L. Burwell, Samuel S. Tihen, and Harold 'V. 
Sohns. 1974. 16 pp. II figs. (Bu:\Iines RI 7860. Paper 
copy, $3.00.) 

PB 228 6881 AS. A Bureau of Mines Direct-Reading Az­
imuth Protractor, by D. D. Bolstad and 

M. A. Mahtab. 1974. 7 pp. 4 figs. (Bu~fines IC 8617. 
Paper copy, $3.00.) 

PB 228 6891 AS. Geologic Structure Analysis Using Radar 
Imagery of the Coal Mining Area of 

Buchanan County, Va., by C. H. Elder, P. W. Jeran, and 
D. A. Keck. 1974. 29 pp. 19 figs. (Bu:\fines RI 7869. 
Paper copy, $3.25.) 

PB 229 2131 AS. Stability Constants of Metal Coordination 
Compounds. Complexes of Diethylenetri­

amine, 2-Aminoethyl Sulflde, Triethylenetetramine, and 1,8-
Diamino-3,6-Dithiaoctane, by Alexander May and David J. 
MacDonald. 1974. 12 pp. 2 figs. (Bu~Iines RI 7825. 
Paper copy, $3.00.) 

PB 229 217/ AS. Methods for Reflning Crude Shale Oil 
Produced by In Situ Retorting, by CI yde 

\1. Frost and Philip L. Cottingham. 1974. 21 pp. !i figs. 
(Bu~fines RI 7844. Paper copy, $3.25.) 

PB 229 218/AS. Analyses of Tars, Chars, Gases, and 
Water Found in Effluents From the Syn­

thane Process, by A. J. Forney, 'V. P. Haynes, S . .J. Gasior, 
G. E. Johnson, and J. P. Strakey, Jr. January 1974. 9 
pp. 2 figs. (BuMines TPR 76. Paper copy, $3.00.) 

PB 229 4821 AS. Some Effects of Pressure on the Hydro-
cracking of Crude Shale Oil Over Cobalt 

Molybdate Catalyst, hy C. M. Frost and P. L. Cottingham. 
1974. II pp. 9 figs. (BuMines RI 783,;' Paper copy, 
S3.00.) 

PB 229 4831 AS. Partial Devolatilization of Cool in Two 
Entrained-Bed Carbonizers, by Daniel C. 

l30teler and Charles C. Boley. 1974. 20 pp. 2 figs. 
(Bu:\Iines RI 7843. Paper copy, $3.00.) 

PB 229 4851 AS. Process Optimization Study of Non­
Sparking Titanium Diboride Tool Ma­

terials, by L. Kaufman and R. O. Pober. Oct. 20, 1973. 
15 pp. 3 figs. (BuMines OFR II-74. Paper copy, $3.00.) 

PB 229 5111 AS. Determining the Effects of Gasoline Price 
on Use of Metals in Automobile Manu­

facture, by Phillip N. Yasnowsky and Donald S. Colby. 
1974. 15 pp. I fig. (BuMines RI 7871. Paper copy, 
$3.00.) 
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PB 230 4471 AS. Development of Minimum Luminance Re-
quirements for Underground Coal Mining 

Tasks, by Lyman C. Hitchcock. Jan. 31. 1973. 27!i pp. 
24 figs. (Bu:\Iines OFR 12-74. Paper copy, Sli.:;O.) 

PB 230 7771 AS. Technique To Improve Fuel Extraction for 
Coal Seams Intersected by Oil and Gas 

Wells, by Richard David Haynes. 1974. 19 pp. 7 figs. 
(BuMines IC 8619. Paper copy, S3.00.) 

PB 230 9651 AS. Solution Problems of Pollution Associated 
With Mining in Northern Idaho, bv Dale 

R. Ralston, Bryson D. Trexler, Jr., Chien J. \rai. William 
T. Renison, and Francis E. Rickman. Jr. Dec. I. 1973. 
99 pp. 29 figs. (Bu~Iines OFR 13-74. Paper copy, 
$8.50.) 

PB 230 9721 AS. Statistical Evaluation of Inductive Effects 
in Mine Cables, by 'Vest Virginia Uni-

versity. June 29, 1973. 235 pp. 130 figs. (Bu~fines 

OFR 14-74. Paper copy. SI5.00.) 

PB 231 050/AS. The U.S. Zinc Industry: A Historical Per-
spective, by A. D. l\k\fahon, C. H. 

Cotterill. J. T. Dunham, and W. L. Rice. 1974. 76 pp. 
9 figs. (BuMincs Ie 8629. A\'ailable ill microfiche 
only.) 

PB 231 101/ AS, Theoretical and Experimental Studies of 
the Packing of Solid Particles: A Survey, 

by R. S. Fowkes and J. F. Fritz. 1974. 30 pp. (Bu\lines 
IC 8623. Paper copy, 53.25.) 

PB 231 1021 AS. Suppression of Coal-Dust Explosions by 
Passive Water Barriers in a Single-Entry 

Mine, by I. Liebman and J. K. Richmond. 1974. 34 pp. 
17 figs. (Bu~[ines RI 7815. Paper copy, 53.25.) 

PB 231 103/AS. Use of Centrifugal Measurements of 
Wetlability To Predict Oil Recovery, by 

Philip B. Lorenz, ErIe C. Donaldson, and Rex D_ Thomas. 
1974. 26 pp. II figs. (BuMines RI 7873. Paper copy, 
$3.25.) 

PS 231 1051 AS. Atomic Absorption Methods of Analysis of 
Oilfleld Brines: Barium, Calcium, Copper, 

Iron, Lead, Lithium, Magnesium, Manganese, Potassium, So­
dium, Strontium, and Zinc, by Gordon E. Fletcher and A. 
Gene Collins. 1974. 14 pp. I fig. (Bu\rillcs RI 7861. 
Paper copy, 53.00.) 

PB 231 1061 AS. Statistical Comparison of the Pulse and 
Resonance Methods for Determining Elas­

tic Moduli, by Richard E. Thill and Syd S. Pengo 1974. 
24 pp. 9 figs. (Bu~[ines RI 7831. Paper copy, S3.25.) 

PB 231 1071 AS. Overcoring Equipment and Techniques 
Used in Rock Stress Determination, hy 

Verne E. Hooker and David L. Bickel. 1974. 32 pp. 29 
figs. (BuMines IC 8618. Paper copy, S3.25.) 

PB 231 1081 AS. Thermal Characteristics of Shortite, by 
Donald R. Johnson, John Ward Smith, 

and William A. Robb. 1974. 9 pp. 3 figs. (Bu\[ines 
RI 7862. Paper copy, S3.00.) 

PB 231 1091 AS. Collection of Airborne Coal Oust by 
Steam, by L. Cheng, J. E. Emmerling, 

and T, F. Tomb. 1974. 13 pp. 9 figs. (Bu~{illes 

RI 7819. Paper copy, S3.00.) 

PB 231 110/AS. Methane and Dust Controls for Long­
walls: Pocahontas No.3 Coalbed, Grundy, 

Va., by Abdurrahman Cetinbas, R. P. Vinson, Joseph 
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Cervik, and M. G. Zabetakis. 1974. 16 pp. 13 figs. 
(BuMines RI 7849. Paper copy, $3.00.) 

PB 231 120/ AS. Undulatory Conveyor Tests and Evalu­
ation, by W. K. Kleysteuber and A. J. 

I\fiscoe. 1974. 16 pp. 11 figs. (BuMines RI 7832. Paper 
copy, $3 .. 00.) 

PB 231 121/ AS. Distribution of Sulfur and Ash in a Part 
of the Pittsburgh Seam and the Probable 

Mode of Deposition, by Manuel Gomez, Donald J. Don­
aven, and Bion H. Kent. 1974. 44 pp. 28 figs. (BuMines 
RI 7827. Paper copy, $3.25.) 

PB 231 122/ AS. Field Studies on an Unsupported Roof, 
York Canyon Coal Mines, Raton, N. Mex., 

by Raymond M. Stateham. 1974. 18 pp. 12 figs. 
(BuMines RI 7886. Paper copy, $3.00.) 

PB 231 135/ AS. Mine Communications. Proceedings: Bu-
reau of Mines Technology Transfer Sem­

inar, Bruceton, Po., March 21-22, 1973, hy Staff, :\Iining 
Research. 1974. 86 pp. 61 figs. (BllMines IC 8635. 
Paper (Opy, S4.00.) 

PB 231 153/ AS. Assessment of the U.S. Petroleum Supply 
With Varying Drilling Efforts, by T. M. 

Garland. :\1. Carrales, Jr., and J. S. Conway. 1974. 36 pp. 
12 figs. (Bll:\fines IC 8634. Available in microfiche 
only.) 

PB 231 154/ AS. Thru-the-Earth Electromagnetic Workshop, 
by Richard G. Geyer (compiler) . 

Dec. 31, 1973. 217 pp. 105 figs. (Bu:\lines OFR 16-74. 
Paper cop\", $14.50.) 

PB 231 179/ AS. Utilization of Phosphorus Furnace Slag in 
Ceramic Wall and Floor Tile, by E. G. Val­

dez, K. C. Dean. and \",. L. Warner. 1974. 12 pp. 3 
figs. (BuMines RI 7829. Paper copy. S3.00.) 

PB 231 275/ AS. Polymeric Materials for Underground 
Support, by J. C. Franklin, J. E. Fraley, 

R. E. Burnham, and L. W. Brandt. 1974. 16 pp. 5 
figs. (Bu:\lines RI 7836. Paper copy, S3.00.) 

PB 231 276/AS. Rapid Wet Chemical Methods for the 
Analysis of Blost Furnace Slags, by R. H. 

Jefferson and E. A. Hattman. 1974. 15 pp. 2 figs. 
(Bll:\Iines IC 8625. Paper copy. S3.00.) 

P8 231 277/ AS. Waste lubricating Oil Research. An In-
vestigation of Several Re-Refining Meth­

ods, by M. L. Whisman, J. W. Goetzinger. and F. O. 
Cotton. 1974. 26 pp. (BuMines RI 7884. Paper copy, 
S3.25.) 

PB 231 278/ AS. Superconcentration of Commercial Mag­
netic Taconite Concentrates by Cationic 

Flotation, by Dadd L. Veith. 1974. 12 pp. 3 figs. 
(BuMines RI 7852. Paper copy, S3.00.) 

PB 231 279/ AS. Second Order Efforts in the Kinetics of 
Oil Shale Pyrolysis, by D. W. Fausett, 

.J. H. George, and H. C. Carpenter. 1974. 21 pp. 6 figs. 
(Bu:\Iines RI 7889. Paper copy, $3.25.) 

PB 231 280/ AS. The Rapid Growth of Metallic Fibers by 
Partitioning Sulfur in a Copper-I ron­

Sulfide Mineral, by H. \\'. Leavenworth, .II' .. B. 'V. Dun­
ning. Jr .. R. C. Gabler, Jr., and C. E. Goldsmith. 1974. 
16 pp. 8 figs. (BllMines RI 7833. Paper cop)" $3.00.) 

P8 231 281/AS. low-Temperature Heat Capacity and 
High-Temperature Enthalpy of TiAI3, by 

J. M. Stuve and M. J. Ferrante. 1974. 9 pp. 2 figs. 
(BuMines RI 7834. Paper copy, $3.00.) 

PB 231 282/ AS. Performance Characteristics of Coal-
Washing Equipment: Hydrocyclones, by 

Albert W. Deurbrouck. 1974. 22 pp. 5 figs. (BuMines 
RI 7891. Paper copy. $3.25.) 

PB 231 283/ AS. Fracturing Oil Shale With Explosives for 
In Situ Oil Recovery, by J. S. Miller, 

C. J. Walker, and J. L. Eakin. 1974. 100 pp. 40 figs. 
(BuMines RI 7874. Paper copy. $4.50.) 

PB 231 284/AS. Steam-Cured Bricks From Industrial Min­
era' Wastes, by P. G. Pigott. E. G. Val­

dez, and K. C. Dean. 1974. 13 pp. I fig. (BuMines 
RI 7856. Paper copy, $3.00.) 

PB 231 285/AS. A Computer Program for Clustering Data 
Points on the Sphere, by R. J. Shanley 

and 1\1. A. Mahtab. 1974. 58 pp. 3 figs. (Bu:\1ines 
IC 8624. Paper copy. $3.75.) 

PB 231 286/AS Ground Control Aspects of Coal Mine 
Design. Proceedings: Bureau of Mines 

Technology Transfer Seminar. Lexington, Ky., March 6, 1973, 
by Staff, Mining Research. 1974. 138 pp. 71 figs. 
(BuMines IC 8630. Paper copy, $4.75.) 

PB 231 287/ AS. Constant-Volume Flame Propagation, by 
H. E. Perlee, F. N. Fuller. and C. H. 

Saul. 1974. 24 pp. 11 figs. (BuMines RI 7839. Paper 
copy, S3.25.) 

PB 231 292/AS. Design of an Underground Mine layout, 
by William R. Sharp. 1974. 45 pp. 

J figs. (Bul\1ines RI 7828. Paper copy, S3.75.) 

PB 231 293/AS. Enthalpy of Formalion of Malachite 
[CU2 (c03) (OH)21, by D. W. Richard­

son alld R. R. Brown. 1974. 5 pp. (BuMines RI 7851. 
Paper copy. $3.00.) 

PB 231 294/ AS. X-Ray Study of the Structure of Cokes 
Carbonized at Different Temperalures, bv 

R. R. Schehl and R. A. Friedel. 1974. 12 pp. 7 figs. 
(BIIMines RI 7888. Paper copy, $3.00.) 

PB 231 295/ AS. Effect of Specimen Volume on Apparent 
Tensile Strength of Three Igneous Rocks. 

by Laxman S. Sundae. 1974. 26 pp. 7 figs. (Bu:\fines 
RI 78 .. 6. Paper copy. S3.25.) 

PB 231 296/AS. Sensitivity of Some Ammonium Nitrate-
Based Explosive Compositions, by R. ,V. 

Watson, J. E. Hay. and K. R. Becker. 1974. 8 pp. 
(BIIMines 7840. Paper copy. $3.00.) 

PB 231 297/AS. Effects of Jointing and Bedding Separa-
tion on limes lone Breakage at a Reduced 

Scale, by William C. Larson and Joseph 1\1. Pugliese. 
1974. 13 pp. 8 figs. (BuMines RI 7863. Paper copy, 
S3.00.) 

PB 231 298/ AS. Structural Analysis of a Coal Mine Open­
ing in Elastic Multilayered Material. by 

F. D. Wang, :\1. C. Sun. and D. M. Ropchan. 1974. 36 
pp. 36 figs. (BuMines RI 7845. Paper copy. S3.25.) 

PB 231 299/ AS. Potential Uses for 400-Hz Power Systems 
in Mining, hy G. J. Conroy. 1974. 10 

pp. 3 figs. (BuMines RI 7857. Paper copy, $3.00.) 
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PB 231 301 lAS. Phase Relations in the Alkaline Earth 
Fluoride-Yltria Systems lin Three Partsl. 3. 

The SrFr Y20 3 Phase Diagram and Information on the 
SrF2-SrO System, by Laurance L. Oden. Herbert R. 
Babitzke, and Philip E. Sanker. 1974. 9 pp. 4 figs. 
(BuMines RI 7853. Paper copy, S3.oo.) 

PB 231 574. Develop, Assemble and Install a Permissible 
Surveillance and Communication System in 

the Bureau of Mines Mining and Safety Research Center Coal 
Mine at Bruceton, Po. Vol. I. System Description, by ~Iine 
Safety Appliances Company. May 31. 1973. 35 pp. 16 
figs. (BuMines OFR 17 (I) -74. Paper copy. 55.25.) 

PB 231 575. Develop, Assemble and Install a Permissible 
Surveillance and Communication System in 

the Bureau of Mines Mining and Safety Research Center Coal 
Mine at Bruceton, Po. Vol. 2. Circuits and Installation, 
by Mine Safety Appliances Company. May 31. 1973. 
141 pp. 73 figs. (Bu\fines OFR 17 (2) -74. Paper copy, 
511.25.) 

PB 231 6821 AS. 

1973. 17 pp. 
copy, 55.75.) 

PB 231 758/AS. 

:\'o\'ember 1973. 
copy. 54.75.) 

Development of a Personal Dust Sampler, 
by C. Froger and P. Courbon. \lay 

12 figs. (BlIMines OFR 18-74. Paper 

The Role of Mineral Industries in Six 
Southeastern States, by John E. Husted. 
125 pp. (BuMines OFR 20-74. Paper 

PB 231 863/AS. Summary of Mining and Petroleum Laws 
of the World (in Five Partsl. 4. Africa, 

1)\' :\'orthcutt Ely. 1974. 205 pp. (BuMines IC 8610. 
Paper copy, S5.05.) 

PB 231 971/AS. Blasting Vibrations and Their Effects on 
Structures, by Harry R. Nicholls, Charles 

F. Johnson, and Wilbur I. Duyall. 1971. 105 pp. 77 figs. 
iBlI\rines B 656. Paper copy, 58.75.) 

PB 231 9821 AS. Correlations of Basic Gel Permeation 
Chromatography Data and Their Appli­

cations to High-Boiling Petroleum Fraelions, hy D. E. Hirsch. 
J. E, Dooley, and H. J. Coleman, 1974. 77 Pl'. 9 figs. 
(Bu\fines RI 7875. Paper COPy, 54.00.) 

PB 231 9831 AS. Noncaking Coal Gasified in a Stirred-Bed 
Producer, by R. V. Rahfuse, G. B, Goff. 

and .. \. J. Liberatore. April 1974, 8 pp. 3 figs. (Bu\[incs 
TPR 77. Paper copy, S3.00.) 

PB 231 9841 AS. A Geometric Method for the Predielion 
of Stresses in Inclusions, Orebodies, and 

Mining Systems, by Clarence O. Babcock. 19i4. 35 pp. 
17 figs. (BlI\fines RI 7838. Paper copy, 53.2:;.) 

PB 231 9851 AS. Support Performance of Hydraulic Backfill: 
A Preliminary Analysis, hy J. R. \1. Hill, 

\f. \[cDonald, and L. 1\1. McNay. 1974. 12 pp. 5 figs. 
(Bu\1ines RI 7850. Paper copy, S3.00.) 

PB 231 9861 AS. Chemical Analysis of Slickensides From 
Coal Mine Roof Shale, by George A. 

Sayanick and Rayfield W, Cabaniss. 1974. 13 pp. 5 figs. 
(Bu\1ines RI 7858. Paper copy. S3.00.) 

PB 231 9871 AS. Laboratory Determination of Faelors Af-
feeling Storage of North Dakota Lignite: 

Computer Simulation of Spontaneous Heating, by Everett A. 
Sondreal and Robert C. Ellman. 1974. 85 pp. 59 figs. 
(BuMines RI 7887. Paper copy, $4.00.) 
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PB 231 988/AS. Compound-Type Separation and Charac-
terization Studies for a 370 0 to 535 0 C 

Distillate of Wilmington, Calif., Crude Oil, b,' D. E. Hirsch. 
J. E. Dooley. H. J. Coleman. and C. J. Thompson. 197·1. 
28 pp. 10 figs. (Bu\1ines RI 7893. Paper cop\'. S3.25.) 

PB 231 9891 AS. The Error in Gas Drive Calculations 
Caused by Ignoring Compressibility and 

Solution Effeels, by F, M. Carlson and C. S. Land. 1974. 
IR pp. 6 figs. (BuMines RI 7899. Paper cop\' .. -':1.00.) 

PB 231 991/AS. Exploratory Studies of Flame and Explo-
sion Quenching: First Annual Technical 

Progress Report, June 30, 1972-June 30, 1973, by Thomas 
A. \[ilne. Jacob Beachey. and Frank T. Greene. Dec. 7. 
1973. 61 pp. 34 figs. (BuMines OFR 21-74. Paper 
copy. $6.75.) 

PB 232 2441 AS. Development of Techniques and the 
Measurement of Relative Permeability 

and Capillary Pressure Relationships in Coal, by J. J. Taber. 
P. F. Fulton. \1. K. Dabbous. and .\. A. Resnik. Jan. 24. 
1974. 80 pp. 30 figs. (Bu\fines OFR 22-74. Paper 
cop\'. S7.50.) 

PB 232 2961 AS. Control of Fires in Abandoned Mines in 
the Eastern Bituminous Region of the 

United States. A Supplement to Bulletin 590, bv \1. O. 
\[agnuson. 1974. 53 pp. 45 figs. (Bll\fincs Ie R620. 
..\ ,'ailable in microfiche only.) 

PB 232 2971 AS. Control of Fires in Inactive Coal Forma-
tions in the United States, by F. E. Grif­

fith. \f. O. \[agnuson. and G . .T. R. Toothman. 1960. 
105 pp. 61 figs. (BlI\fines B 590. Paper cop" .<;8.i5.) 

PB 232 2041 AS. Ventilation Studies and Escape Plans for 
Underground Hardrock Mines, by C. J. 

Hall. Terry \[orris. and Jan Patricio. October J 973. 
2:14 pp. ,jl figs. (Bu\fines OFR 2-!-7-t. Paper cop'. 
.~(j.;';O.) 

PB 232 4051 AS. Improved Sensors and Fire Control Systems 

tion. .\d vance 
pp. 83 figs. 
$6.00.) 

for Mining Equipment, by F\fC Corpora· 
Products Division. December 1972. 252 
(BlI\[ines OFR 25 (I) -74. Paper copy. 

PB 232 4061 AS. Improved Sensors and Fire Control Sys-
tems for Mining Equipment, by F\[C 

Corporation . .\d\'anced Products Dh·ision. \[ay 1973. 178 
pp. 51 figs. (Bu\lines OFR 25 (2) -74. Paper copy. 
55.00.) . 

PB 232 4211 AS. Pilot Study of the Feasibility of Subsurface 
Injeelion of Industrial Liquid Wastes in 

West Virginia, by Robert Hidalgo. Bar)' Behling. and Rich­
ard Drabish. March 1974. 106 pp. 49 figs. (Bu\[ines 
OFR 26-i4. Paper copy. S8.50.) 
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by C. Fisher. Jr., R. F. Linfield, R. O. :\Iaes, .-\. J. Farstad. 
and B. Lindeman. May 1973. lSI pp. 85 figs. (Bu:'>Cines 
OFR 41 (I) -74. Paper wpy, .'>:;.50.) 

PB 235 606/ AS. Trapped Miner Location and Communi-
cation System Development Program. 

Volume II. Detection and Location of Entrapped Miners by 
Seismic Means: Methods and Computer Programs, by Dr. J. S. 
Duda. May 1973. 64 pp. 28 figs. (Bu:\fines OFR 
41 (2) -74. Paper copy, S3.75.) 

PB 235 607/ AS. Trapped Miner Location and Communi-
cation System Development Program. 

Volume III. Monitoring, Locating and Communication System 
for Normal Mine Operation and Post-Disaster Rescue Oper­
ations, by J. W. Allen and R. F. Linfield. :'>Cav 1973. 89 
pp. 23 figs. (Bu:'>fines OFR 41 (3) -74. Paper copy, 
54.00.) 

PB 235 608/ AS. Trapped Miner Location and Communi-
cation System Development Program. 

Volume IV. Performance Test and Evaluation of a Full Wave 
Location Transmitter, by R. F. Linfield, A. J. Farstad. and 
C. Fisher. Jr. :\[ay 1973. 52 pp. 19 figs. (Bu:'>Cines 
OFR 41 (4) -74. Paper copy. 53.75.) 

PB 235 616/AS. Coal Mining Using High Pressure Water 
Jets, by Madan :'>f. Sing-h. Thomas J. 

Labus, and Lawrence A. Finlayson. October 1973. 88 pp. 
36 figs. (BuMines OFR 43-74. Paper copy, S7.50.) 

PB 235 638/ AS. Protection and Troubleshooting of Coal 
Mine Eleelrical Cables. In Four Parts. by 

FMC Corporation. 1972-73. 447 pp. 141 figs. (Bu:'>finl?s 
OFR 42 (I) -42 (4) -74. Paper copy, S32.00 seLl 

PB 235 639/ AS. Protection and Troubleshooting of Coal 

Reel Test Unit, 
pp. 49 figs. 
$8.25.) 

Mine Electrical Cables. 1. Shuttle Car 
by FMC Corporation. October 1972. \02 

(BuMines OFR 42 (I) -74. Paper COP\. 

PB 235 640/ AS. Protection and Troubleshooting of Coal 
Mine Electrical Cables. 2. Continuous 

Miner Cable Reel System Design, by Fl\fC Corporation. 
December 1972. 99 pp. 34 figs. (Bu:\fines OFR 42 (2)-
74. Paper copy, 58.75.) 

PB 235 641/ AS. Protection and Troubleshooting of Coal 
Mine Eleelrical Cables. 3. Summary Re­

port. Cable Fault Locator Instrument for Period August 1971 
to November 1972, by FMC Corporation. Feb. 20, 1973. 
133 pp. 34 figs. (BuMines OFR 42 (3) -74. Paper copy, 
SIO.OO.) 
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PB 235 642/ AS. Protection and Troubleshooting of Coal 
Mine Electrical Cables. 4. Final Report, 

by FMC Corporation. September 1973. 113 pp. 24 figs. 
(BuMines OFR 42 (4) -74. Paper copy. $8.75.) 

PB 235 767/ AS. Natural Gas Fields-Cook Inlet Basin, 
Alaska, by Donald P. Blasko. April 

1974. 24 pp. 2 figs. (BuMines OFR 35-74. Paper copy, 
S4.75.) 

PB 235 852/ AS. Coal Cleaning Plant Noise and Its Control, 
by E. E. Ungar, G. E. Fax, W. N. Pat­

terson. and H. L. Fox. May 1974. 99 pp. 18 figs. 
(Bu:'lfines OFR 44-74. Paper copy, $4.50.) 

PB 235 854/AS. Effect of Stress on Permeability of Coal, 
by W. H. Somerton, 1. M. Soylemez­

oglu, and R. C. Dudley. April 1974. 56 pp. 23 figs. 
(Bul\fines OFR 45-74. Paper copy, $6.25.) 

PB 235 867/ AS. A Study of Roof Warning Signals and the 
Use of Personal Hearing Protection in 

Underground Coal Mines, by James H. Prout, Paul L. 
Michael, and Lee W. Saperstein. Dec. 15, 1973. 238 pp. 
76 figs. (Bu~rines OFR 46-74. Paper copy, SI5.75.) 

PB 235 915/ AS. Study of Water-Mineral Interface With 
Internal Reflection Spectroscopy, by Salim 

.\khtar. Sept. 14, 1973. 31 pp. 13 figs. (Bu~rines 

OFR 47-74. Paper copy, S4.75.) 

PB 235 927/ AS. Industrial Engineering Study of Hazards 
Associated With Surface Coal Mines. Final 

Report, by Theodore Barry and Associates. June 24, 1974. 
270 pp. 169 figs. (Bu:'l1ines OFR 48-74. Paper copy. 
S6.50.) 

PB 236 090/ AS. Air Curtain Respiratory Protection Device. 
Final Report, by T. G. Donnelly and 

W. J. Krisko. Sept. 28. 1973. 116 pp. 21 figs. (BuMines 
OFR 50-74. Paper copy. $9.50.) 

PB 236 093/ AS. Mine Subsidence-Extent and Cost of 
Control in a Selected Area, by William 

Cochran. 1971. 31 pp. 6 figs. (Bu:-'fines Ie 850i. 
Paper copy, $5.00.) 

PB 236 119/ AS. Evaluation and Determination of Sensitiv-
ity and Electromagnetic Interactions of 

Commercial Blasting Caps, by R. H. Thompson. August 
1973. 210 pp. 27 figs. (BuMines OFR 49-74. Paper 
copy, $13_75.) 

PB 236 172/ AS. Coal Mining Techniques in the Federal 
Republic of Germany-1971, hy Ernest 

.\. Curth. August 1974. 54 pp. 31 figs. (BuMines 
IC 8645. A\'ailable in microfiche only.) 

PB 236 277/ AS. Penetration Characteristics of the 10 mm 
Nylon Cyclone, by Eric B. Sansone. Wil­

liam Bell, and Judith Buchino. Oct. 31, 1973. 92 pp. 
33 figs. (Bu:-'fines OFR 51-74. Paper copy. S7.75.) 

PB 236 377/ AS. Evaluation of a Novel Electrophoretic 
Separation Method To Remove Pyritic Sul­

fur From Coal, by K. J. :-'Iiller and .\. F. Baker. 1974. 14 
pp. 6 figs. (BuMines RI 7960. Paper copy, $3.00.) 

PB 236 269/ AS. Reducing Surface Hot Shortness of Copper­
Containing Steels Using Silicon Additions 

and Controlled Reheating Conditions, by Mark 1. Copeland. 

1974. 20 pp. 7 figs. (BuMines RI 7936. Paper copy, 
$3.00.) 

PB 236 270/AS. Low-Temperature Heat Capacities of 
Sphalerite and Wurtzite, by J- M_ Stuve. 

1974. 8 pp. 2 figs. (BuMines RI 7940. Paper copy, 
$3.00.) 

PB 236 406/ AS. Compound-Type Separation and Charac-
terization Studies for a 370 0 to 530 0 C 

Distillate of Recluse, Wyo., Crude Oil, by D. E. Hirsch, J. E. 
Dooley, J. W. Vogh, and C_ J. Thompson. 1974. 25 pp. 
10 figs. (BuMines RI 7945. Paper copy, $3.25.) 

PB 236 466/ AS. Preliminary Investigation of Desilication 
of Minerals With Sulfur and Carbon, 

by H. O. Poppleton and T. T. Campbell. 1974. 8 pp. 
8 figs. (BuMines RI 7950. Paper copy, $3.00.) 

PB 236 581/ AS. Fuel and Energy Data: United States by 
States and Regions, by Lulie H. Crump 

and Charles L. Readling. 1974. 82 pp. 8 figs. (BuMines 
IC 8647. Available in microfiche only.) 

PB 236 584/ AS. Water Through the Drum, 120 Jeffrey 
Heliminer, by Steven C. Goddard and 

John C. O'Neill. Aug. 19, 1974. 126 pp. 21 figs. 
(Bu~Iines OFR 53-74. Paper copy, $9.50.) 

PB 236 591/ AS. 

Manual, by the 
1974. 199 pp. 
fiche onl)'.) 

The Bureau of Mines Minerals Availability 
System and Resource Classiflcation 

Staff, Bureau of Mines-Mineral Supply. 
(Bu:-'fines IC 8654. Available in micro-

PB 236 592/ AS. Fire Suppression of Mining Equipment, 
by R. H. Hiltz and F. Roehlich. Dec. 

15. 1973. 161 pp. 14 figs. (BuMines OFR .~2-74. Paper 
cop)" 511.50.) 

PB 236 652/ AS. Effectiveness of Respirable Dust Control 
by Water Through the Drum on an 11 CM 

Joy Continuous Miner, by Gerald P. Scanlan. Felix du 
Breuil, and Robert D. Saltzman. May 1974. 115 pp. 13 
figs. (BuMines OFR 54-74. Paper copy, $9.00.) 

PB 236 985/ AS. Vibrations From Underground Blasting, by 
James J. Snodgrass and David E. 

Siskind. 1974. 31 pp. 22 figs. (BuMines RI 7937. 
Paper copy, $3.75.) 

PB 236 989/ AS. Seepage-Environmental Analysis of the 
Slime Zone of a Tailings Pond, by C. 

Daniel Kealy. Richard A. Busch, and Michael M. Mc­
Donald. 1974. 89 pp. 18 figs. (BuMines RI 7939. 
Paper copy, $4.75.) 

PB 237 020/ AS. Phases and Interdiffusion Between Ti-
tanium and Its Mononitride, by F. "'. 

Wood. P. A. Romans, R. A. McCune, and o. G. Paasche. 
1974. 40 pp. 27 figs. (BuMines RI 7943. Paper copy, 
$3.75.) 

PB 237 030/ AS. Thermal Diffusivity of Six Igneous Rocks 
at Elevated Temperatures and Reduced 

Pressures, by D. P. Lindroth. 1974. 33 pp. 9 figs. 
(BuMines RI 7954. Paper copy. 53.75.) 

PB 237 034/ AS. Source and Control of Nitride Inclusions 
in Titanium, by Jack L. Henry, S. D. 

Hill, W. E. Anable, and J. L. Schaller. 1974. 48 pp. 24 
figs. (BuMines RI 7933. Paper copy, $4.25.) 
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PB 237 035/ AS. Degasiflcation of the Mary Lee Coalbed 
Near Oak Grove, Jefferson County, Ala., 

by Vertical Borehole in Advance of Mining, by C. H. Elder 
and Maurice Deui. 1974. 21 pp. 12 figs. (Bu\1ines 
RI 7968. Paper copy. $3.75.) 

PB 237 036/ AS. Computer Program for Nonlinear Regres­
sion Using Least Squares, by Robert T. 

Langland and Norman N. Yabe. 1974. 50 pp. 4 figs. 
(BuMines IC 8649. Paper copy. $4.25.) 

PB 237 044/ AS. Aqueous Reduction of Chalcopyrite Con­
centrate With Metals, hy \L B. Shirts. 

J. K. Winter. P. A. Bloom. and G. M. Potter. 1974. 18 
pp. 16 figs. (BuMines RI 7953. Paper copy. $3.25.) 

PB 237 047/ AS. A Continuous-Recording Methanometer for 
Exhaust Fan Monitoring, by M. C. Irani. 

. \Ibert Tal!, B. \f. Bench, and P. W. Jeran. 1974. IR pp. 
10 figs. (BuMines RI 7951. Paper copy. $3.25.) 

PB 237 086/ AS. Room Temperature Tensile Properties of 
Titanium and Seven Titanium Alloys Pre­

pared by Skull-Casting, by D. E. Calvert and Ronald R. 
Lowery. 1974. 26 pp. 6 figs. (Bu\fines RI 7949. 
Paper copy. $3.75.) 

PB 237 217/ AS. Rock Breakage Characteristics of (1) Small 
Diameter Conflned Explosives Column 

Charges, and (2) Water Jets, by Richard L. Ash and David 
A. Summers. Feb. 28. 1973. 101 pp. 38 figs. (Bu\[ines 
OFR 55-74. Paper copy. $5.25.) 

PB 237 218/AS. System Study of Coal Mine Communica­
tions, by Collins Radio Company. July 

27. 1973. 30 pp. 3 figs. (BuMines OFR 56-74. Paper 
copy, $3.75.) 

PB 237 557/ AS. Characteristics of Attached Radon-222 
Daughters Under Both Laboratory and 

Field Conditions With Particular Emphasis Upon Underground 
Uranium Mines, by J. A. Cooper. P. O. Jackson. J. C. Lang. 
ford, M. R. Peterson, and B. O. Stuart. May 14, 1974. 
288 pp. 102 figs. (BuMines OFR ;'7-74. Paper copy, 
$8.75.) 

PB 237 706/ AS. Basic Estimated Capital and Operating 
Costs for Coal Strip Mines, by Sidney 

Katel! and E. L. Hemingway. 1974. 31 pp, (Bu\[ines 
IC 8661. Paper copy, $2.85.) 

PB 237 709/ AS. 

son Blake, Fred 
65 pp. 27 figs. 
fiche only.) 

Microseismic Techniques for Monitoring 
the Behavior of Rock Structures, by \Vil· 

Leighton, and Wilbur 1. Duvall. 1974. 
(BuMines B 665. A\ailable in micro· 

PB 237 717/ AS. Availability 
sources, by 

man. W. L. Rice. and M. H. 
11 figs. (BuMines IC 8646. 

of U.S. Primary Lead Re­
Paul McIlroy. J, S. Coff­
Hibpshman. 1974. 60 pp. 
Paper copy. $3.00.) 

PB 237 814/AS. Bureau of Mines 
Rocks, by W. E. 

danand. 1974. 223 pp. 101 figs. 
Available in microfiche only.) 

Test Procedures for 
Lewis and S. Tan· 

(BuMines IC 8628. 

PB 237 815/ AS. The Reserve Base of Bituminous Coal and 
Anthracite for Underground Mining in the 

Eastern United States, by Staff, Bureau of Mines. 1974. 
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428 pp. 2 figs. (Bu\fines IC 8655. .\vailahle in micro· 
fiche only.) 

PB 237 830/ AS. Surface Mined land in the Midwest: A 
Regional Perspective for Reclamation 

Planning, by Ralph P. Carter. James R, LaFevers, Ed"'ard 
J. Croke. Allen S. Kennedy. and Stanley D. Zellmer. June 
1974. 680 pp. 96 figs. (BuMines OFR 59-74. Paper 
copv. S15,25.) 

PB 237 831/AS. Evaluation of Thermal Methods for Re-
covery of Viscous Oils in Missouri and 

Kansas, by \f. D. Arnold and A. Herbert Harvey. June 
1974. 110 pp. 10 figs. (BuMines OFR 60-74. Paper 
copy, S5.25.) 

PB 237 836/ AS. Continuous 
of Brucite, 

C. V. Sullivan. 1974. 7 pp . 
Paper copy. S3.25.) 

Heavy liquid Concentration 
by T. O. Llewellm and 
I fig. (Bu'.[ines RI 7948. 

PB 237 837/ AS. Recycling of Plastics From Urbon and 
Industrial Refuse, hy J. L. Holman, J. B. 

Stephenson. and M. J. .\dam. 1974. 44 pp. 26 figs. 
(Bu\[ines RI 7955. Paper copy, S3.75.) 

PB 237 838/ AS. Cost of Producing Copper From Chalco-
pyrite Concentrate as Related to SO, Emis­

sion Abatement-An Evaluation of Five Smelling Procedures, 
hy \fasami Hayashi, Henry Dolezal. and J. H. Billm:\, 
Jr. 1974. 87 pp. 10 figs. (Bu:\Iines RI 79:,7. Paper 
copy, S4.75.) 

PB 237 843/ AS. Profitability Analysis of Producing Crude 
Oil by Waterflooding Using a Simulation 

Technique, hy W. D. Dietzman antI J. H. :\fanin. 1974. 
78 pp, 7 figs. (Bu\Iines IC 8652. Paper COl}\'. $4.75.) 

PB 237 844/ AS. Strengthening Molybdenum by Powder 
Metallurgical Internal Oxidotion of 

ZrMo" by W. L. O'Brien and R. Blickensderfer. 1974. 
14 pp, 7 figs, (Bu\fines RI 7958. Paper COPy •. -;:1.2:,.) 

PB 237 847/ AS. Tunnel Boring Technology: Disk Cutter Ex-
periments in Metamorphic and Igneous 

Rocks, by Roger J. '.Iorrell and David .\. Larson. 1974. 
50 pp. 25 figs. (Bu\fines RI 7961. Paper copy, S4.25.) 

PB 237 848/ AS. Methane in the Pittsburgh Coal bed, Wash­
ington County, Po., by ,\nn G. Kim. 

1974. 16 pp. 3 figs. (Bu\Iines RI 7969. Paper copy, 
$3.25.) 

PB 237 849/ AS. Solvent Stimulation in Two California Oil­
fields, by H. J. Lechtenberg. G. L. 

Gates, W. H. Caraway. and O. C. Baptist. 1974. 2~ pp. 
12 figs. (BuMines RI 7978. Paper copy, S3.75.) 

PB 237 850/ AS. Washing Fine-Size Coal in a Dense­
Medium Cyclone, by Albert W. Dellr· 

brouck. 1974. 6 pp. (BuMines R[ 79R!!. Papel' copy. 
53.25.) 

PB 237 851/ AS. An Economic Analysis of Oil Shale Oper-
ations Featuring Gas Combustion Re­

torting, by Sidney Katell and Paul Wellman. October 
1974. 18 pp. 1 fig. (BuMines TPR 81. Paper copy. 
$3.25.) 

PB 237 852/ AS. Research on the Transmission of Electro-
magnetic Signals Between Mine Workings 

and the Surface, by Richard G. Geyer. George V. Keller. 
and Takashi Ohya. Jan. 10. 1974. 124 pp. 48 figs. 
(BuMines OFR 61-74. Paper copy, $5.75.) 
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PB 237 854/ AS. Development of a Portable Task Luminaire 
for Underground Coal Mines, hy Ocean 

Energy Inc. Aug. 21, 1974. 236 pp. 43 figs. (Bul\lines 
OFR 58-74. Paper copy, $8.75.) 

PB 237 860/ AS. Analysis of Ore Handling Systems in Un-
derground Metal Mines for Improved 

Safety and Efficiency !in Three Parts), by Theodore Barry 
and Associates. June 1974. 445 pp. 127 figs. (BuMines 
OFR 62 (I) -62 (3) -74 set. Paper copy, $15.00 set.) 

PB 237 861/ AS. Analysis of Ore Handling Systems in Un-
derground Metal Mines for Improved 

Safety and Efficiency. Phase 1 Report. Present Systems 
Study, by Theodore Barry and Associates. June 1974. 
133 pp. 18 figs. (BuMines OFR 62 (I) -74. Paper copy, 
$5.75.) 

PB 237 862/ AS. Analysis of Ore Handling Systems in Un-
derground Metal Mines for Improved 

Safety and Efficiency. Phase 1 Appendices. Present Systems 
Study, by Theodore Barry and Associates. June 1974. 
145 pp. 46 figs. (BuMines OFR 62 (2) -74. Paper copy, 
$5.75.) 

PB 237 863/ AS. Analysis of Ore Handling Systems in Un-
derground Metal Mines for Improved 

Safety and Efficiency. Phase 2 and Final Report. System 
Improvements and Research Recommendations, hy Theodore 
Barry and Associates. June 1974. 167 pp. 63 figs. 
(Bu~lines OFR 62 (3) -74. Paper copy, $6.25.) 

P8 237 893/ AS. Ultraviolet-Visible and Infrared Emission 
Spectra of Propagating Methane-Coal Dust 

Inhibitor Flames, by Z. J. Fink, L. E. Daiverny, and J. 
Grumer. 1974. 56 pp. 29 figs. (BuMines RI 7956. 
Paper copy, $4.25.) 

PB 237 894/ AS. Relationships of Earth Fracture Systems to 
Productivity of a Gas Storage Reservoir, 

by W. K. Overbey. Jr., W. K. Sawyer, and B. R. Hen· 
niger. 1974. 133 pp. 102 figs. (BuMines RI 7952. 
Paper copy, $2.25.) 

PB 238 124/ AS. Waste Oil Lubricating Research: A Com-
parison of Bench-Test Properties of Re­

reflned and Virgin Lubricating Oils, by M. L. Whisman, 
J. W. Goetzinger, and F. O. Cotton. 1974. 18 pp. 
(BuMines RI 7973. Paper copy, $3.25.) 

PB 238 125/ AS. Analyses of Natural Gases, 
B. J. Moore. 1974. 96 pp. 

IC 8658. Available in microfiche only.) 

1973, by 
(BuMines 

PB 238 322/ AS. Low-Temperature Evolution of Hydrocar­
bon Gases From Coal, by Ann G. Kim. 

1974. 23 pp. 7 figs. (BuMines RI 7965. Paper copy, 
$3.75.) 

PB 238 465/ AS. Economic Signiflcance of the Florida Phos­
phate Industry, by Kung-Lee Wang, 

Barry W. Klein, and Andrew F. PowelL 1974. 51 pp. 
7 figs. (BuMines IC 8653. Paper copy. $3.10.) 
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ARTICLES IN OUTSIDE PUBLICATIONS 

OP 1-70. Predicted Air Entrainment by Subsonic, Free Round 
Jets, by E. B. Cook and J. M. Singer. J. 

Spacecraft and Rockets, September 1969, v. 6, No.9, 
PP: 1066-1070. With the ultimate objective of devel­
OPIng a method for predicting mixing spread of buoy­
ant and momentum-controlled hydrogen plumes and 
of air pollutants exhausted into the open atmosphere 
a method of calculation was developed based on the~ 
oretical and empirical analyses and the theoretical 
predictions were compared with experimental results. 
Experiments were conducted covering free jets of 
helIum, argon, and methane discharging at relatively 
low velocities into ambient air. A semiempirical 
correction is made for the effect of buoyancy based 
on Froude numbers .and entrainment data ·of Ricou 
and Spalding. The computed results also are com­
pared with the Morton analyses, in which approxi­
mations and simplifications are applied to jet entrain­
ment with small density gradients. A FORTRAN V 
computer program was writter. to facilitate computa­
tion. It is applicable to round freejets for 5 == hI d == 
200, ria == 56, and ° == M == 1.4. 
OP 2-70. Stabilization of Mineral Wastes, by K. C. Dean, 

R. Havens, and E. G. Valdez. Ind. Water 
En?, v. ?, No. 10, October 1969, pp. 30-33. This 
artIcle dIscusses methods of stabilizing mineral 
wast~s inclu~i~g .stabilizatio~ with soil and slag, 
chemIcal stabIlIzatIOn, vegetatIve stabilization and a 
combination of both chemicals and vegetati~e sta­
bilization. 

OP 3-70. Realistic K Values of C7 Hydrocarbons for Calcu-
lating Oil Vaporization During Gas Cycling at High 

Pressures, by Alton B. Cook, C. J. Walker, and George 
B. Spencer. J. Pe~rol. Technol., v. 21, No.7, JUly 1969, 
pp. ~01:916. A SImple method for calculating vapor­
IzatIOn IS presented, along with laboratory data that 
indicate whic~ conditions of pressure, temperature 
and type of 011 are favorable for maximum vapori­
zation. 

OP 4-70. Reduction-Induration Applied to Iron Ore Pellets 
by M. M. Fine and R. B. Schluter. Min: 

Eng., v. 21, No. 10, October 1969, pp. 21-24. It was 
observed that unfired iron ore pellets indurated in a 
bed ?f anthraci~e or certai? lignite chars frequently 
acqUlred exceptIonal crushIng strength. A diagnosis 
of the phenomenon revealed that sulfur in the fuel 
was the probable cause. Accordingly, a research 
program was established to test this premise and to 
put it to practical use. This article discusses that 
research. 

'OP 5-70. Identification of Alkylbenzo[b]thiophenes in a 
Wasson, Texas, Crude Oil Distillate Boiling 200 to 

250· C, by R. L. Hopkins, H. J. Coleman, C. J. 
Thomp.son, and H. T. RaIl. Anal. Chem.~ v. 41, No. 
14, December 1969, pp. 2041-2046. By a combination 
of chemical, chromatographic, and spectroscopic 
methods, 22 benzo[b)thiophenes were identified in 
Wasson, Tex., crude oil. Five compounds comprise 
82 percent by weight of the total benzothiophenes 
identified. A marked order of preference for the posi­
tion of the alkyl sub&tituents on the benzothiophene 
ring was noted: 2 > 3 > 7 ~ 4 > 6. Although no 
alkyl substitution in the 5-position has been found 
such substitution could be present in small amounts. 
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OP 6-70. Zone-Melting Chromatography of Organic Mixtures, 
by H. Plancher, T. E. Cogswell, and. D. R. 

Latham. Ch. 28 in Purification of Inorgamc and 
Organic Materials, ed. by M. Zeif. Marcel Dekkel', 
Inc., New York, 1969, pp. 285-290. Th~ advant<:ges 
of induction heating (internal heatIn~', effiCIent 
mixing, and short zones). formerly ava:lable only 
with metals are now apphcable to orgamc systems, 
making ZMC of organic materials. feasible. ~he 
application of this separation ~echmque. to 1l; mIx­
ture of polycondensed aromatIc materIals IS de­
scribed in this chapter. 

OP 7-70. East Canton Oilfield Waterflood Evaluation, by 
L. A. Schrider, R. J. Watts, and J. A. 

Wasson 6th Ann. Eastern Regional Meeting SJI,lE, 
AIME Columbus, Ohit), Nov. 6-7, 1969, Preprint S~IE 

.2764, 8 pp; J. Petrol. Tech., November 1970, v. 22, 
No. 11 pp. 1371-1378. This report presents results 
of a B~reau of Mines reservoir study of the Clinton 
sand East Canton oilfield, Stark, Carroll, and Tus­
·cara~vas Counties,'()hio. Considered.in the evaluation 
were the reservoir geometry, lithology, continuity of 
the rock properties, fluid saturations and fluid char­
acteristics. The study indicates that a properly 
engineered waterflood may be feasible for secondary 
oil recovery. '.vater flood forecasts that account for 
a wide range of reservoir conditions are included 
and can be used for preliminary waterflood per­
formance estimates. 

OP 8-70. The Effect of Additives an Impregnated Diamond 
Bit Performance, by A. A. Selim, C. \V. 

Schultz and K. C. Strebig. Soc. Petrol. Eng .• T., v. 
9 No.4 December 1969, pp. 425-433. The effect of 
s~me o~ganic additives in diamond drilling of 
quartzite was investigated in the laboratory. The 
drill was designed to measure the rate of penetra­
tion the thrust and the torque and to record each 
as ~ function ~f the distance drilled. A statistical 
plan was followed throughout the investigation and' 
an equation representing t~e bit performar;ce. 'Yas 
·derived from the mathematIcal theory of relIabIlIty. 

The drilling torque was found to increase with the 
use of additives while the sliding coefficient of fric­
tion and the wear coefficient decreased. The energy 
per unit volume co~s.umed was found. to inc:e~se 
.with the use of addItIves. A hypotheSIS explaInIng 
·the effects achieved with the additives is given. 

OP 9-70. A Method of Determining In-Situ Stress in Aniso-
tropic Rock, by Robert ~f. Becker and \' erne E.' 

Hooker. Trans. S~fE, AI~IE, v. 244, December 1969, 
pp. 436-445. The evaluation of in situ rock stresses from: 
measurements of the change in diameter of a borehole 
that is stress relieved by overcoring has become a common 
practice. Generally the stress evaluation has been based 
on isotropic relations whereas rock in varying degrees 
is anisotropic. A plane elasticity solution for a circular 
hole along one axis of an orthotropic medium has been 
adapted to evaluation of in situ stress. The necessary 
elastic parameters for this evaluation may conveniently be 
obtained from statk tests on the overcore in conjunction 
with a consistent orthotropic thick·wall cylinder solution. 
The method and equations for the laboratory and field. 
evaluations are summarized and illustrated. 
. -
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OP 10-70. Apparatus for the Preparation of Sealed Samples 
for NMR, by William J. Lanum and F. R. 

McDonald. Appl. Spectroscopy, v. 23, No.6, November­
December, p. 618. An apparatus for storing measured 
volumes of sample and solvent and combining them 
under vacuum in N:\1R tubes prior to running NMR 
spectra is described. 

OP 11-70. Solubilisation of Low Rank Coal With Carbon 
Monoxide and Water, by H. R. Appell, I. 

Wender, and R. D. Miller. Chern. and Ind., No. 47, 
Nov. 22, 1969, p. 1703. A procedure for converting 
lignite, lignin, and carbohydrates into benzine-solu­
ble oil, water, and gas in nearly 90-percent conver­
sions using carbon monoxide and steam is described. 

OP 12-70. Slag Compositions for Titanium Electroslag Melt-
ing and Effects of Selected Melting Parameters, 

by R. H. Nafziger. 2d Internat. Symp. on Electro­
slag Remelting Technology, Mellon Institute, Pitts­
burgh, Pa., Sept. 23-25, 1969, Proc., Pt. 1, collated 
and ed. by G. K. Bhat, January 1970. Electroslag 
melting of reactive metals such as titanium requires 
considerable modification of concepts and techniques 
fl:om those commonly used in steel melting. These dif­
ferences begin with the required equipment. Since 
titanium reacts readily at high temperatures with 
gaseous impurities such as oxygen, nitrogen, and hy­
drogen, a protective atmosphere is essential. For this 
purpose a modified cold-mold vacuum arc melting fur­
nace with a 4-inch (-10 cm) round crucible was used 
for melting titanium. In later melts this feature was 
eliminated and dry slag was charged into the fur­
nace before initiation of melting. All of the heats 
reported herein are single melts of titanium sponge 
pressed at 30,000 psi (-2X10" kg/m") into bars 
each 2X2X10 inches (-5X5X25 em) which were 
subsequently butt-welded to form the consumable 
electrode. 

OP 13-70. Effect of End Constraint on the Compressive 
Strength of Model Rock Pillars, by Clarence O. 

Babcock. Trans. SME, AIME, v. 244, December 
1969, pp. 357-363. Model rock pillars with end con­
straint were stronger when a 3,000 psi prestress con­
straint was used than when constraint was produced 
during the loading cycle and were stronger than 
straight specimens. 

OP 14-70. Flammability of Fabrics and Other Materials in 
Oxygen-Enriched Atmospheres: Ignition Tempera­

tures and Flame Spread Rates, by J. M. Kuchta, A. L. 
Furno, and G. H. Martindell. Fire Tech., v. 5. No.3, 
August 1969, pp. 203-216. Part I of this two-part 
report deals with the effects of oxygen enrichment 
on ignition temperatures and flame spread rates of 
materials that might be found. in hospital hyperbaric 
chambers. 

OP 15-70. Flammability of Fabrics and Other Materials in 
Oxygen-Enriched Atmospheres: MiGimum Ignition 

Energies, by E. L. Litchfield and T. A. Kubala. Fire 
Tech., v. 5, :t\ o. 4, November 1969, pp. 341-345. In 
this, the final part of a two-part report, the elec­
trical energy required to ignite certain solids in air 
and in oxygen both at 1 atmosphere and at hyper­
baric pressures is examined. 

OP 16-70. Vapor-Liquid Equilibria and Dielectric Constants 
for Helium-Carbon Dioxide System, by D. W. 

Burfield, H. P, Richal:dson, and R. A. Guereca. 
AIChE J., v. 16, No.1, January 1970, pp. 97-100. 
Phase equilibria data are presented for the helium­
carbon dioxide system at 253 0

, 273 0
, and 293 0 K. 

and pressures to 139 atm. Equilibrium is established 

under flow followed by nonflow conditions, and liquid 
and vapor samples are isolated without disturbing 
equilibrium. Liquid- and vapor-phase compositions 
are monitored with miniaturized capacitors, and 
compressibility factors are computed from resulting 
dielectric constants. Ifhe data are internally con­
sistent and compare favorably with available litera­
tUre values. 

OP 17-70. Limestone in Mine Drainage Treatment, by 
Maurice Deul. Min. Congo J., v. 55, No. 11, 

November 1969, pp. 88-91. Limestone treatment is the 
lowest cost process for neutralizing acid mine water 
yet developed. This article concerns treating acid 
'mine water to produce a final effluent which has a 
pH between 6 and 9 and has less than 7 ppm iron. 

OP 18-70. Gold Recovery From Scrap Electronic Solders by 
Fused-Salt Electralysis, by E. K. Kleespies, 

J. P. Bennetts, and T. A. Henrie. J. Metals, V. 22, 
No.1, January 1970, pp. 42-44. A process was de­
veloped for recovering gold and refining Sn-Pb 
solders from scrap solder discarded by the electron­
ics industry. Contaminated solder can be treated by 
electrorefining in a molten-chloride system, yielding 
refined solder at the cathode and a high concentra­
tion of gold and other metal impurities at the anode. 
Subsequent recovery of gold from the anode bullion 
is by conventional fire refining. 

OP 19-70. Domestic Tar Sands and Potential Recovery 
Methods-A Review, by George B. Spencer, 

W. E. Eckard, and F. Sam Johnson. Interstate Oil 
Compact Commission Bull., v. 11, No.2, December 
1969, pp. 5-12. This palJer reviews and ~valua;tes 
present knowledge of U.S. tar sands mcludmg 
physical properties, occurrence, reserves, and re­
covery methods. 

OP 20-70. Nature of Odor Components in Diesel Exhaust, by 
J. W. Vogh. J. Air Pollution Control 

Assoc., v. 19, No. 10, October 1969, pp. 773-777. A 
human panel performed odor assessments in study­
ing raw and modified diesel exhaust and synthetic 
blends representing portions of diesel exhaust. Their 
assessments were used in determining odorant iden­
tity and quantitative contribution to exhaust odor. 
Low molecular weight aldehydes appear to contrib­
ute little to diesel odors. The sulfur and nitrogen 
oxides have been examined as odorants, but of these 
apparently only nitrogen dioxide is a potential odor 
contributor. 

OP 21-70. The Microseismic Technique Applied to Slope Sta-
bility, by David W. Wisecarver, Robert H. 

Merrill, and Raymond M. Stateham. Trans. SME-, 
AIME, v. 244, December 1969, pp. 378-385. The 
use of the microseismic technique to evaluate the 
stability of large open pit walls was investigated. 
Wide-band, wide range microseismic equipment ap­
pears suitable for open pit investigations. 

OP 22-70. Explosive Sensitivity of N-Chlorodimethylamine, 
N,N-Dichloro-Methylamine and N,N-Dibromo-

methylamine, by J. C. Cooper and D. R. Forshey. Ex­
plosivstoffe, v. 6, June 1969, pp. 129-130. Determi­
nation of the sensitivity of N-chlorodimethylamine, 
N ,N -dichloromethylamine, and N ,N -dibromomethyla­
mine to initiation by mechanical impact or to initia­
tion of detonation by shock showed that the dihalo 
compounds appear to present a greater explosion 
hazard than N-chlorodimethylamine. 

OP 23-70. Reaction Rate of Titanium and Titanium Alloys 
With Titanium Lower Chlorides, by E. K. Klees­

pies and T. A. Henri~. In The Science Technology 
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and Application of Titanium, ed. by R. Jaffee and 
N. Promisel. Pergamon Press, New York, 1970, 
179-188. A technique was devised for measuring 
the rate of chemical reaction between titanium or 
titanium alloys and molten-salt mixtures containing 
titanium lower chlorides. The kinetics of the reac­
tion of titanium, titanium-oxygen alloy, and ti­
tanium-iron alloy in molten salts were determined 
to provide a basis for understanding the reactions 
occurring in the preparation of titanium by metal 
reduction or electrolytic processes. The rates of the 
heterogeneous reactions were measured as a func­
tion of titanium content of the molten salts and of 
the oxygen and iron content of the titanium alloys. 

OP 24-70. Properties of Wrought Shapes Formei From Elec-
troslag-Melted Titanium, by C. E. Armantrout, 

J. T. Dunham, and R. A. Beall. In The Science Tech­
nology and Application of Titanium, ed. by R. Jaffee 
and N. Promisel. Pergamon Press, New York, 1970, 
pp. 67-74. This paper presents mechanical proper­
ties obtained for wrought shapes formed from elec­
troslag-melted ingots, and compares the properties 
with those obtained for like shapes from double 
vacuum-arc melted material. The preparation of 
ingots and the working of ingots to shapes are 
described. 

OP 2S-70. Laboratory Extraction of Copper From Chalcocite 
by Roasting Reduction, and Smelting, by M. M. 

Fine and R. B. Schluter. AIME Ann. Meeting, Den­
ver, Colo., Feb. 15-19, 1970, AIME Preprint 70-B-12, 
15 pp. This paper discusses a new route from 
chalcocite concentrate to copper metal which in­
cludes a 2-stage fluid-bed treatment (one oxidizing, 
the other reducing). The reduced product is smelted 
with lime to effect a high recovery of metallic 
copper. 

OP 26-70. Chemical Thermodynamic Properties for I-Alka-
nethiols, by H. L. Finke, J. P. McCullough, 

J. F. Messerly, G. B. Guthrie, and D. R. Douslin. 
J. Chem. Thermodynamics, v. 2, January 1970, pp. 
27-41. The thermodynamic quantities (Gs-HOo)/T, 
(Hs-HOo)iT, Hs-Hoo,·Ss, and Cs were eva~uated 
for the solid and liquid states of ethanethlOl, 1-
pentanethiol, I-hexanethiol, I-heptanethiol, and 1-
decanethiol in the range 10° to 370° K. 

OP 27-70. Trimethylamineborane and Triethylamineborane: 
Low-Temperature Thermodynamic Properties, by 

H. L. Finke, S. S. Todd, and J. F. Messerly. J. 
Chem. Thermodynamics, v. 2, January 1970, pp. 
129-138. The low-temperature thermal properties 
of trimethylamineborane and triethylamineborane 
were determined by adiabatic calorimetry over the 
range 12° to 390° K and 12° to 310° K, respectively. 

OP 28-70. Gas-Liquid Chromotographic Separation and Spec-
trometric Identification of Nitrogen Bases in Hy­

drocracked Shale Oil Naphtha, by Dennis Brown, D. B. 
Earnshaw, F. R. McDonald, and H. B. Jensen. Anal. 
Chem., v. 42, No.2, February 1970, pp. 146-150. A 
tar-base concentrate from a hydrocracked shale oil 
naphtha was separated by gas-liquid partition chro­
matography using nonpolar and polar columns. 
Final cuts were analyzed by mass, infrared, and 
nuclear magnetic resonance spectrometry. Fifty in­
dividual compounds were identified and eight addi­
tional structures are proposed as possible compo­
nents of the concentrate. Alkylpyridines comprised 
about 64 percent of the bases and alkylanilines about 
33 percent; tlie rest of the bases were quinoline and 
small quantities of cycloalkanopyridines. Substitu­
tion patterns for both the alkylpyridines and alkyl-
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anilines showed that a substitution was favored 
over {3 or "y, and "Y was favored over {3. 

OP 29-70. Reduction Roasting of Steep Rock Iron-Bearing 
Materials, by Charles Prasky and Willard 

S. Swanson. Skillings' Min. Rev., v 58, No. 44, Nov. 
1 1969 pp. cover, 12-15. This article describes the 
Bureau'>s reduction roasting studies of Steep Rock 
iron-bearing materials to obtain a direct shipping 
materials for blast furnace consumption. 

OP 30-70. The Sandwich Sample Technique Applied to 
Quantitative Microprobe Analysis, by James D .. 

Brown. In Electron Probe Microanalysis, ed. by 
A. J. Tousimis and L. Marton. Academic Press, New 
York, 1969, pp. 45-71. Equations are developed in 
this article to correct for fluorescence, fluorescence 
due to the continuum, and atomic number effect to 
provide a new approach to quantitative electron 
probe microanalysis. 

OP 31-70. Hydrogen Sulfide Removal From Hot Producer Gas 
With Sintered Absorbents, by Forrest C. 

Shultz and John S. Berber. J. Air Pollution Control 
Assoc., v. 20, No.2, February 1970, pp. 93-96. The 
Bureau of Mines prepared sintered mixtures of fly 
ash and either Fe,Oa or red mud which act as regen­
erable absorbents for removing H,S from producer 
type gas in the 1,000 to 1,500° F temperature range. 

OP 32-70. Analysis: Surface Mine Regulation, by David B. 
Brooks. Coal Mining and Processing, v. 7, 

No.3, March 1970, pp. 38-51. The "cost" of sur­
face coal mine regulation in Kentucky is investi­
gated by measuring its impact on production, em­
ployment, and operating structure. Regression anal­
ysis indicates that this "cost" is higher in the 
mountainous east Kentucky field than in the level 
west Kentucky field; it is also higher for strip than 
for auger mining. Stricter regulation was also as­
sociated with increasing size and concentration of 
operation. 

OP 33-70. Inerting and Extinguishment of Aerozine-SO With 
Water andlor CFaBr, by D. S. Burgess, G. H. 

Martindill, J. N. Murphy, F. J. Perzak, J. M. Singer, 
and R. W. Van Dolah. J. Spacecraft and Rockets, 
v. 6, No. 11, November 1969, pp. 1259-1268. Two 
parts by weight of water per part of Aerozine-50 
(A-50) will "inert" a spill of A-50 against ignition 
in air. In the case of a burning A-50 pool, the fuel 
evaporation rate is about 0.6 lb/min-ft" during most 
of the duration of burning, and a well-distributed 
spray of 1.2 lb water/min-ft~ of liquid surface is 
sufficient for extinguishment. To inert an A-50 spill 
against hypergolic ignition with N,O., as much. as 
10 lb of water are required per lb of fuel, depending 
on the circumstances of mixing. In situations where 
use of large amounts of water may not be prac­
tical, CFaBr (Halon 1301) can abate fire hazards; 
-70 percent of CF"Br in the atmosphere will inert 
a small spill at room temperature against ignition 
by spark or pilot flame. The same concentration 
would extinguish most secondary fires ignited by the 
hypergolic reaction of A-50 and N,O., but imprac­
ticably high concentrations of CFaBr would be re­
quired to extinguish an established A-50 pool fire 
or to inert the maximum vapor concentrations of. 
A-50 possible in a closed chamber. 

OP 34-70. The Calculation of Cathode Current Efficiency and 
Metal Loss in a Small Alumina Reduction Cell, 

by V. Anthony Cammarota, Jr., and David Schlain. 
J. Electrochem. Soc., v. 117, No.2, February 1970, 
pp. 282-288. Experimental data from a small Hall 
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cell were used to show the relationshio between the 
ca thode current efficiency and the carbon monoxide­
carbon dioxide content of the anodic gas. The equa­
tion, CE = 0.45 (percent CO,) + 47.6 was developed 
and ~hown to give reliable estimates of aluminum 
production. In this equation, the volume-percent of 
carbon dioxide is corrected for the Boudouard reac­
tion which varies in amount with anode type and 
operating conditions. A second and equally effective 
equation is, CE = Anode CE - EL, where Anode 
CE is based on the oxygen in the anodic gases and 
EL is metal efficiency loss resulting from solubility 
and vaporization. The minimum value of EL is the 
solubility of metal in the electrolyte, which in the 
small cell was estimated to be 0.12 percent. Calcula­
lations made with experimental and literature data 
show that under industrial conditions the Pearson 
and Waddington equation gives good estimates of 
cathode current efficiency, because the lower effi­
ciency indicated by the excess carbon monoxide from 
the Boudouard reaction compensates for the EL 
factor. 

OP 35-70. Measuring Electrodeposit Adhesion, by S. D. 
Cramer, V. A. Cammarota, Jr., and David 

Schlain. Metal Finishing, v. 68, March 1970, pp. 3-8. 
The Bureau of Mines developed a new test for meas­
uring the adhesion of nickel electrodeposits on copper 
substrates. The proposed test involves brazing the 
free surface of the deposit to a steel rod with silver 
wIder. machining this specimen to a desired shape, 
and then measuring the strength of the deposit­
substrate bond by the application of a tensile load. 

OP 36-70. Method for Controlling Instability of Liquid Satura-
tion Computations, by C. Kenneth Eilerts and 

Eudora F. Sumner. SPE J., v. 10, No.1, March 1970, 
pp. 5-7. A method is described for controlling in­
stability in finite difference computations of liquid 
saturation near the bore hole of a recovery well. 
Differences of pressure- and saturation-dependent 
variables are indexed offcenter, upstream and down­
stream alternately, to provide a stabilizing average. 
Employing this algorithm, it was found that .size 
of the time step could be increased by a factor of 4 
without loss of numerical stability. 

OP 37-70. Sample Preparation and Electron Microprobe Ex-
amination of Lignite Ash Deposits, by Walter W. 

Fowkes, Thomas D. Wilhelm, and Wayne R. Kube. 
Metallography, v. 2, No, 2-3, September 1969, pp. 
209-225. A suitable technique was developed for 
preparation of lignite ash deposits for electron 
microprobe examination. Prepared samples were 
analvzed for cont:entrations and distribution rela­
tionships of seven elements at four separate posi­
tions in the bulk deposit. Forty-two discrete groups 
of these elements were identified, each of which may 
represent more than one chemical compound. 

OP 38-70. The Recovery of Elemental Sulfur From Base Metal 
Smelters, by D. R. George, L. Crocker, and 

J. B. Rosenbaum. Min. Eng., v. 22, No.1, January 
1970, pp. 75-77. The Bureau of Mines developed a 
new system for recovering sulfur dioxide from 
smelter gases containing 0.3 to 2 percent SO •. 

OP 39-70. The Enthalpies of Formation of Ethylenediamine, 
1,2-Propanediamine, 1,2-Butanediamine, 2-Methyl-

1,2-propanediamine, and Isobutylamine. The C-N and N-F 
Thermochemical Bond Energies, by William D. Good and 
Richard T. Moore. J. Chem. and Eng. Data, v. 15, 
No.1, January 1970, pp. 150-154. The enthalpies of 
combustion of ethylenediamine, 1,2-propanediamine, 
1,2-butanediamine, 2-methyl-1,2-propanediamine, and 
isobutylamine, as determined by oxyge:::-bomb com-

bustion calorimetry were used to derive the follow­
ing values, in kcal' per mole, for the enthalpies .of 
formation of the liquid, t::,.Hr "8.15, from graphlte 
and gaseous hydrogen and nitrogen: ethylenedi­
amine, -15.06 ± 0.13; 1,2-propanediamine, -23.38 
± 0.10; 1,2-butanediamine, -28.74 ± 0.19; 2-methyl-" 
1,2-propanediamine, -32.00 ± 0.16; and isob~tyl­
amine, -31.68 ± 0.12. These values were combmed 
with enthalpies of vaporization derived from vapor 
pressure measurements to obtain values of the 
enthalpies of formation in the gaseous state. For 
these molecules, the C-N thermochemical bond en-' 
ergy was derived and compared to that in the simple 
alkyl amines. The N-H thermochemical bond energy 
in a 1 2-diamine was compared to the N-F thermo­
chemi~al bond energy in a 1,2-bis(difluoroamino)­
alkane. 

OP 40-70. The Enthalpies of Combustion and Formation of 
1,I-bis(Difluoroamina)heptane. The N-F Thermo­

chemical Bond Energy, by William D. Good and Norris 
K. Smith. J. Chern. and Eng. Data, v. 15, No.1, 
January 1970, pp. 147-150. The enthalpy of com­
bustion of liquid 1,1-bis (difluoroamino) heptane was 
measured in a rotating-bomb calorimeter. The en­
thalpy of vaporization was estimated. The experi­
mental enthalpy of combustion and the estimated 
enthalpy of vaporization were used to calculate the 
following values, in kcal per mole at 298.15 0 K, for 
this compound: standard enthalpy of formation of 
the liquid from graphite and gaseous hydrogen, 
fluorine, and nitrogen, -64.8.; standard enthalpy 
of formation of the gas (estimated), -52.8. The 
N-F thermochemical bond energy in 1,1-bis(difluoro­
amino)heptane was estimated to 67.3 kcal, about 
the same as the N-F thermochemical bond energy 
in NFs, N,F.

" 
and 1,2-bis(difluoroamino)-4-methyl­

pentane, but several kilocalories less than the N-F 
thermochemical bond energy in perfluoropiperidine. 

OP 41-70. Discussion of "General Motors Efforts in Junk Car 
Processing" by F. J. Uhlig, by Norwood B. 

Melcher. Proc. Open Hearth Conf., v. 52, February 
1970, pp. 88-90. The paper discussed describes the 
use of a ripper-shredder system for breaking up 
old automobile hulks and improvements that have 
been made in the removal of impurities. The dis­
cussion of the paper by N. B. Melcher compares 
Uhlig's results with other processes, discusses eco­
nomics, and describes related research by the Bureau 
of Mines. 

OP 42-70. Solid State Reversible Reactions of Square Planar 
dS Complexes With Sulfur Dioxide, by Eneo C. 

Moroni, R. A. Friedel, and Irving Wender. J. 
Organometallic Chern., v. 21, 1970, pp. 23-27. Gaseous 
SO. reacts reversibly with solid square planar ds 
complexes. Addition of more than 1 mole of SO. 
per mole of complex is obtained. Evidence is pre­
sented that only 1 mole of SO. is attached directly 
to the central metal. 

OP 43-70. A' Comparison of Sublimation and' Vaporization 
for Purification of Samarium Metal, by J. E. 

Murphy, E. Morrice, and M. M. Wong. Proc. 8th 
Rare Earth Research Conf., v. 2, April 1970, pp. 
532-544. Purification of samarium metal by subli­
mation and purification by vaporization from a low­
melting metal flux are compared at the same tem­
perature. Vaporization is more effective for removing 
impurities such as magnesium, calcium, and manga­
nese. Recovery of samarium, however, is more rapid 
by sublimation because of its constant rate of dis­
tillation. 
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OP 44-70. Isolotion Procedures for Kerogens and Associated 
Soluble Organic Materials, by W. E. Robinson. 

In Organic Geochemistry. Springer-Verlag. Berlin 
and Heidelberg, Germany, 1969, pp. 181-195. Vari­
ous methods used in the separation of kerogens 
and the associated bitumens are discussed. These 
techniques are used in the study of the structure 
of the insoluble kerogen and the soluble bitumen. 

OP 45-70. Infrared-Visible Window Composite for Ultrahigh 
. Vacuum, by Wallace W. Roepke. Rev. of 

SCI; Instr., v. 41, No.2, February 1970, pp. 243-244. 
T~ls note de~cribes a composite window design which 
WIll allow VIsual or photographic observation and 
permit ir irradiation of test materials simultane­
ous!y. i:n an ultrahigh vacuum system. The uhv com­
patIbIlIty has. been ascertained by irradiating the 
sealant materrals with a CO2 laser while monitoring 
desorbed species with a quadrupole mass spec­
trometer. 

OP 46-70. Total Sulfur, by C. J. Thompson and C. S. 
Allbright. Analytical Chemistry of Sulfur 

and Its Compounds. Pt. 1, ed. by J. H. Karchmer. 
Wiley-Interscience, New York, v. 29, 1970, pp. 89-
144. Methods are described for the determination 
of total sulfur in a va~iety of ma~rials .. Sampling, 
sample treatment, fimshed techmques, mterfering 
substances, range and precision of the methods are 
discussed. 

OP 47-70. Composition and Properties of Vapors Over Molten 
Silver Chloride, by A. Visnapuu and J. W. 

Jensen. J. Less-Common Metals, v. 20, February 
1970, pp. 141-148. Mass spectometer analyses of 
equilibrium vapors over molten AgCI between 772 0 

and 1,014 C K, indicate the existence of the vapor 
molecule Ag3CL in addition to the monomer and 
trimer. The data predict the monomer concentration 
to increase with increasing temperature. "Second 
Law" heats of vaporization for the three vapor 
species are 41.4 ± 2.2 kcal mole-I for AgCI, 33.6 ± 
3.2 kcal mole-1 for Ag,CI2, and 26.9 ± 2.7 kcal mole-I 
for Ag3C\,. A value of -97.3 ± 7.1 kcal mole-1 is 
derived for the heat of trimerization. A dissociation 
energy of 3.4 ± 0.4 e V (78.2 ± 9.2 kcal mole-1 ) for 
the monomer vapor molecule and a dissociation 
energy of 0.7 eV (16.1 kcal mole-I) for the molecular 
monomer ion is calculated from the appearance­
potential data. 

OP 48-70. Separation of Neodymium, Samarium, and Gado-
linium by Liquid-Liquid Chromatography, by 

J. Oscar Winget and R. F. Lindstrom. Proc. 8th 
Rare Earth Research Conf., v. 2, April 1970, pp. 
788-801. Neodymium, samarium, and gadolinium 
were separated by a liquid-liquid chromatographic 
technique. Sulfuric acid was more effective than 
hydrochloric or nitric acid as an eluant with di(2-
ethylhexyl) phosphoric acid (EHPA) as the sta­
tionary phase. Rocevery of 45 percent of the neo­
dymium as greater than 90 percent Nd20., 84 
percent of the samarium as greater than 99 percent 
SM,03, and 50 percent of the gadolinium as greater 
than 99 percent Gd,O, was achieved. The degree of 
separation and the time required for the separation 
can be varied by changing the concentration of the 
eluant and the number of stages in the system. A 
system comprising a primary amine organic ex­
tractant and an aqueous eluant containing diethyl­
enetriaminepentaacetic acid (DTPA) was less effec­
tive for separating the rare earths. 
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OP 49-70. Thermogalvanic Cells: Equations for Special States 
and Ionic Mobilities, by P. B. Lorenz. J. Elec­

trochem. Soc., v. 117, No.3, March 1970, pp. 3;4-318. 
Linear equations of ilTeversible thermodynamICs are 
used to explore the characteristics of sp~cial s~at~s 
of the thermogalvanic cell and the behaVIOr of mdl­
vidual ions. 

OP 50-70. International Offshore Leasing Practices, by Alvin 
Kaufman. J. Petrol. Technol:, v. 2?, 

March 1970, pp. 247-252. I? form~latmg the.lr 
leasing practices, some countrres are l,nteres.ted.m 
maximum government revenue, othe~s m l1!-amta~n­
ing low prices, still others in the mdu~tnal spIll­
overs resulting from the development of ~ natural 
resource. As a consequence of these vaned goals, 
the regulations differ greatly from country to 
country. 

OP 51-70. Limestone Resources, Washington County, Florida, 
by L. E. Shirley and J. W. Sweeney. Flor­

ida Department of Natural Resources, Bureau of 
Geology, Geo!. Bull. 50, 1969, pp. 101-161. Results 
of drilling, chemical analyses, and tests on several 
properties in the county indicate the presence of 
small to large quantities of limestone, suitable for 

_a variety of purposes, including road construction 
and chemical uses. The deposits have sufficient 
length, width, and depth, as indicated from drilling 
exposures, to be attractive for further exploration. 
In the course of drilling, a clay deposit which may 
have potential for glazed brick and pottery was 
found and further exploration and tests on this 
property appear warranted. 

OP 52-70. Bigger Markets Mean More Preparation for Lignite 
and Subbituminous Coal, by R. C. Ellman and 

J. W. Belter. Min. Eng., v. 22, No.3, March 1970, 
pp. 47-50. Present and future preparation of West­
ern fuels is described and physical characteristics 
of these fuels discussed. Substantial improvements 
in quality can be achieved if processes being studied 
are commercially feasible and economically attrac­
tive. 

OP 53-70. Measuring Gaseous Emissions From an Aircraft 
Turbine Engine, by J. 0. Chase and R. W. 

Hurn. National Air Transportation Meeting, So­
ciety of Automotive Engineers, New York, April 
20-23, 1970, SAE 700249, 8 pp. Aircraft turbine 
engines generate the same pollutants that are gen­
erated by automotive reciprocating engines, but 
problems of emission measurement differ greatly 
between the two types of engines. This is a dis­
cussion of experimental work done to define more 
clearly the character of the turbine emissions and 
to gain experience in sampling and measuring the 
emissions. An explicit objective was to evaluate the 
adequacy of available instrumentation and to reveal 
emission measurement problems unique to the tur­
bine engine. Results of the study showed that con­
centrations of gas phase pollutants in the turbine 
exhausts ranged from about one to three orders of 
magnitude lower than average concentrations of 
the same materials in exhausts of late model (1960-
69) autos. Instrumentation now available for meas­
uring hydrocarbon, CO, and NO, is expected to be 
adequate but will require appropriate adaptation for 
measurements at concentrations typical for turbine 
exhausts. As is the case in automotive application, 
a method fully suitable for oxygenated materials is 
not yet available. 

OP 54-70. Utilization and Stabilization of Solid Wastes, by 
K. C. Dean, R. Havens, and E. G. Valdez. 
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Proc. 16th Ontario Industrial Waste Conf., Niagara 
Falls, Ontario, Canada, June 15-18, 1969, pp. 18-42. 
Solid mineral wastes from mines, mills, and smelters 
are potential or active contributors to air and water 
pollution and, together with accumulations of auto­
mobile scrap, detract from the beauty of our land­
scape. Bureau of Mines researchers are seeking 
means for utilizing or stabilizing mineral waste and 
for recycling or economic use of automobile scrap. 
Studies have been directed to (1) production of 
copper from dump leach solutions using shredded 
auto scrap as a cementation medium, (2) recovery 
of zinc from foundry dusts, (3) recovery of addi­
tional values from copper and uranium mill wastes, 
and (4) production of ceramic and construction 
materials from waste products. Stabilization studies 
employing physical, chemical, vegetative, and com­
bination techniques also have been made. A 34-acre 
uranium waste accumulation has been stabilized 
using an elastomeric polymer and a calcium-mag­
nesium lignin sulfonate as chemical stabilizers. Ten 
acres of copper mill tailings also have been effec­
~ively ~tabil!zed u~ing a resinous adhesive compound 
In conjunction wIth selected vegetation in a com­
bination chemical-vegetative method. 

OP 55-70. Characterization of Carbonate Minerals in Oil 
Shales and Coals by Infrared Spectroscopy, by 

Patricia A. Estep, John J. Kovach, Arthur L. Hiser, 
and Clarence Karl', Jr. In Spectrometry of Fuels, 
ed. by R. A. Friede!. Plenum Press, New York, 1970, 
pp. 228-247. Experimental procedures and results 
are presented for the identification of a wide variety 
of individual carbonate minerals in oil shales and 
coals by infrared spectroscopy. 

OP 56-70. Kinetic Evaluation of the Factor Used in the 
Saltzman Analysis of Oxides of Nitrogen, by 

Robert W. Freedman, B. A. Coulehan, and H. W. 
Lang. Am. Indust. Hyg. Assoc. J., v. 31, January­
February 1970, pp. 76-80. The Saltzman reaction, 
a modification of the Griess-Ilsovay diazotization­
coupling, is commonly used for analysis of oxides 
of nitrogen at air pollution levels. A factor is gen­
erally applied to the results to compensate for par­
tial conversion to nonreactive nitrogen (V). A 
modification of the method used at the Bureau of 
Mines for the higher levels of oxides of nitrogen 
found in diesel exhaust yields quantitative results. 
An explanation for this is offered, based on rate 
studies of the gas-phase oxidation of nitric oxide to 
nitrogen dioxide. 

OP 57-70. Explosive Detonation Tested in Hydraulically Frac-
tured Gas Wells, by W. D. Howell and J. B. 

Hille. J. Petrol Techno!., v. 22, April 1970, pp. 
403-408. In the tests described here, the well com­
pleted in open hole, which was extensively frac­
tured vertically by hydraulic treatment, responded 
poorly to explosive fracture stimulation. Detona­
tion through perforated casing, however, damaged 
only the joint of casing in the perforated interval, 
and improved flow capacity by 40 percent. 

OP 58-70. Inverse Gas-Liquid Chramatographic Studies of 
Asphalt. Variations in Experimental Parameters, 

by F. A. Barbour, S. M. Dorrence, and J. C. Petersen. 
Ana!. Chem., v. 42, No.6, May 1970, pp. 668-670. 
In this report, a study is made of variations in the 
experimental paramHers in the IGLC technique, 
showing how these variations affect the retention 
behavior of the test compounds. The parameters 
considered are carrier-gas pressure and flow rate, 
column temperature, size of column packing, size of 
sample of test compound, possible column poisoning, ' 

and presence of water in the test' compounds. A 
revised method for calculating the int.eraction co­
efficient is presented. 

OP 59-70. Public Policy and the Mineral Industry, by Alvin 
Kaufman. Proc. Council of Economics, 

AIME, Denver, Colo., Feb. 16-19, 1970, pp. 15-20. 
This brief discussion attempts to give a list of issues 
and concepts that have some involvement in public 
policy. The prime need is for policymakers as well 
as policy followers to see the mineral industry and 
its problems as they exist today. 

OP 60-70. The Use of Disposable Hypodermic Syringes for 
Collection of Mine Atmosphere Samples, by 

Helen W. Lang and Robert W. Freedman. Am. 
Indust. Hyg. Assoc. J., v. 30, September-October 
1969, pp. 523-526. A variety of hypodermic syringes 
were tested for efficiency of sampling and storage 
of gases commonly encountered in mine atmospheres. 
Quantitative retention of fixed gases and methane 
was measured by gas chromatographic comparison 
with gas standards. The most suitable type of 
syringe was selected on the basis of efficiency and 
cost. 

OP 61-70. Flame Propagation in Layered Methane-Air Sys-
tems, by Israel Liebman, John Corry, and. 

Henry E. Perlee. Combustion Sci. and Technol., 
v. 1, 1970, pp. 257-267. A study was made of flame 
propagation along methane-air roof layers using a 
laboratory-scale gallery, 8 feet long by 3 inches wide 
by 6 to 10 inches high. The effects of various en­
vironmental and gas layer factors on the speed of 
the propagating flame were determined and dimen­
sional analysis techniques were used to develop a 
relationship between these factors and flame speed. 
The model was designed to study the early stages 
of flame propagation along a methane-air layer 
ignited at the closed end of a tunnel. 

OP 62-70. Thermal Cracking of Low-Temperature Lignite 
Pitch, by Richard L. Rice, Delmar R. 

Fortney, and John S. Berber. Ind. and Eng. Chem., 
v. 9 No.1 March 1970, pp. 30-33. Low-temperature 
lign'ite pit~h was thermally cracked in a 4-inch id 
reactor at 1,200° to 1,450° F. and pitch feed rates 
of 5.5, 7.0, and 9.5 pounds per hour to produce co~e, 
oil and gas. Temperature had a much greater m­
flu'ence on product yields than pitch feed rate. 
.Highest coke yield (30 weight-percent) was ob­
tained at minimum pitch feed rate and 1,450°F. 
Maximum oil yield (28 weight-percent) was ob­
tained at the lowest feed rate and intermediate 
temperature (1,325° F.). Gas yield was highest 
(30 weight-percent) at the lowest feed rate and 
maximum temperature (1,450° F.). 

OP 63.70. New Thermodynamic Equation for Testing Con-
sistency of Liquid.Vapor Phase Equilibria Data, 

by Robert E. Barieau. Ind. Eng. Chern. Funda­
mentals, v. 9, No.2, May 1970, pp. 298-299. The 
following new thermodynamic equation is derived 

1: Vi (d ~:fi) = v;~n 
. T 

t 

where v, is the mole fraction of the ith component 
in the charge fed to an equilibrium cell, VT is the 
total volume of the cell, n is the total number of 
moles in the cell, and f; is the fugacity of the ith 
component, with liquid and vapor in equilibrium. 
This equation does not contain any of the thermo­
dynamic properties of the liquid phase. It can be 
used to test an assumed equation of state for the. 
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ability to calculate consistent fugacities for the vap"or 
phase. For a two-component system, the derivatives' 
(d In fJdP)r, along the coexistence curve can b~ 
determined from phase equilibrium data and' used to 
calculate the molal volumes of the liquid and vapor 
phases. 

OP 64-70. Recovery of Metallurgical Values From Industrial 
Wastes, by Paul G. Barnard, Andrew A. 

Cochran, and Lawrence C. George. Proc. 2d Mineral 
Waste Utilization Symp., jointly sponsored by the 
U.S. Bureau of Mines and IIT Research Institute 
Chicago, Ill., Mar. 18-19, 1970, pp. 7-14. Various in~ 
dustrial problems encountered in research on mate­
rials recycling are described. Some were solved by 
simple methods that promised quick economic return. 
Lack of laboratory facilities is often a deterrent to 
industrial problem solving. A novel method is pre­
sented for recycling the components of scrap ce­
mented carbides by soaking them in molten zinc and 
then extracting the zinc by vacuum distillation. Re­
sults of investigation of two processes for recovery 
of metals from electroplating wastes are discussed. 
One leads to the selective recovery of high-purity 
nickel sulfate and copper from a waste nitric acid 
rack-stripping solution by controlled-potential elec­
trolysis and selective precipitation with pH control. 
In the other, organic-cyanide stripping waste is 
treated with the nitric acid stripping waste, precipi­
tating nickel, copper, and cyanides. Subsequently, 
copper is recovered by electrolysis, and nickel sulfate 
solution is sufficiently purified to recycle in a plating 
bath. 

OP 65·70. X.Ray Absorption and Emission, by William J. 
Campbell and John V. Gilfrich. Anal. 

Chem. Ann. Rev., v. 42, No.5, April 1970, pp. 248R-
268R. This 1969 review consists of a critical 
evaluation of new developments and tabular sum­
maries of X-ray spectrography, energy dispersion 
X-ray analysis using radioactive isotopic sources, 
and electron probe microanalysis. A 546-item bibli­
ography is included. 

OP 66·70. Pyrolysis, Hydrogenation and Incineratio:" of Mu-
nicipal Refuse-A Progress Report, by Richard C. 

Corey. Proc. 2d Mineral Waste Utilization Symp., 
'jointly sponsored by the U.S. Bureau of Mines and 
IIT Research Institute, Chicago, Ill., Mar. 18-19, 
1970, pp. 299-312. Carbonization, hydrogenation, and 
incineration studies are being made on a solid mu­
nicipal refuse that is highly cellulosic. Carbonization 
is being done batchwise at 500 0 C (932 0 F), 750 0 C 
(1,382 0 F) and 900 0 C (1,650 0 F), and the yields and 
composition of the product chars, tars, oils, and gases 
are being determined. Depending on the carboniza­
tion temperature, a ton of dry, refuse would yield up 
to 18,000 cu ft of gas with 6 million Btu available, 
up to 230 lb of char with 1.8 million Btu available, 
and up to about 6 gal of tar and li~ht oil. Hydro-, 
genation of the same refuse is being effected with 
carbon monoxide and water batchwise at 4,000 psig 
and 380 0 C (716 0 F). Initial results indicate that 
a ton of dry refuse would yield about 2.4 barrels of 
oil that is largely paraffinic. Comparative hydro­
genation studies-are also being made with molecular 
hydrogen, with and without catalysts. Using tan­
gential over fire air to produce a vortex flow pattern 
above the charge, a continuous flow of shredded 
refw;;e is being incinerated, aiming to obtain basic 
design data on the optimum air velocity and nozzle 
geometry for maximum combustion efficiency and 
particulate retention, and for minimum excess air. 

OP 67.70. The Enthalpies of Combustion and Formation of 
the Isomeric Pentanes, by W. D. Gooq, J. 
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Chem. Thermodynamics, v. 2, 1970, pp. 237-244. The 
enthalpies of combustion of the three isomeric pen­
tanes were measured by oxygen-bomb combustion 
calorimetry. The following values, based on the mass 
of carbon dioxide produced, are reported' for the 
standard enthalpy of combustion tJ/, (298.15 0 K)! 
kcal mol-1 of these compounds in the liquid state: 
n-pentane, -(838.69 ± 0.16); 2-methylbutane, 
-(837.57 ± 0.20); 2,2-dimethylpropane, -(834.71 
± 0.14). These results were compared with modern 
values obtained by flame calorimetry. Older experi­
mental results were reviewed, and "best values" of 
the enthalpies of combustion were selected. These 
selected values were compared with the enthalpies 
of combustion predicted by modern correlative pro~ 
cedures. 

OP 68-70. Foundry Iron Production From Automobile Scrap, 
by Warren M. Mahan. Proc. 2d Mineral 

Waste Utilization Symp., jointly sponsored by the 
U.S. Bureau of Mines and lIT Research Institute, 
Chicago, Ill., Mar. 18-19, 1970, pp. 67-68. Test work 
on the production of foundry iron using automobile 
scrap has been conducted by the Federal Bureau of 
Mines in an 18-inch I-ton basic-lined cupola furnace 
using preheated air. A statistically designed ex­
periment is being used to determine best operation 
for the cupola and to determine the effect of ope,r­
ating variables upon responses. Various forms of 
automobile scrap have been used, but emphasis has 
been on the use of the heavy-melting scrap by­
product from the Bureau's rotary kiln test program. 

OP 69·70. Chemical Thermodyna",ic Properties of the Penta-
dienes. Third Law Studies, by J. F. Messerly, 

S. S. Todd, and G. B. Guthrie. J. Chem. and Eng. 
Data, v. 15, No.2, April 1970, pp. 227-232. The 
chemical thermodynamic properties of the seven 
pentadienes are determined from adiabatic calori­
metric studies over the range 12 0 to 320 0 K. Prop­
erties measured include the heat capacities in the 
solid and liquid state, heats of fusion, melting points, 
and purities of the samples. The heats of vaporiza­
tion at' 298.15 0 K are calculated from vapor pres­
sure data, and the entropies of all seven pentadienes 
in the ideal gas state at 298.15 0 K are determined. 
Free energies of formation and the logarithm of the 
equilibrium constants of formation at 298.15 0 K are 
calculated. 

OP 70-70. New Developments in Use of Ferrous Scrap, by 
Charles Prasky. Proc. 2d Mineral Waste 

Utilization Symp., jOintly sponsored by the U,S. Bureau 
of Mines and ITT Research Institute, Chicago, Ill., 
March 18·19, 1970, pp. 59·66. This paper describes re­
cent progress at the Bureau of Mines Twin Cities 
Metallurgy Research Center on the development of roast­
ing procedures emphasizing the consumption of solid 
waste materials in a rotary kiln system, One phase of the 
research concerns the use of ferrous scrap as a reductant 
for the conversion of lean nonmagnetic iron ores to the 
magnetic form. Additional reduction research shows that 
other solid waste materials, such as municipal refuse and 
sewage sludge are also effective for the con\'ersion of the 
nonmagnetic iron ores. .-\nother phase of the Center's 
research concerns the treatment of ferrous scrap such as 
automobile hulks without accompanying iron ore to yield 
co products of high-grade iron oxide and dense residual 
steel scrap of high purity, The nove! use of solid waste 
as a reductant is of potential value to the iron mining 
industry, and the direct roasting of ferrous scrap pro\'ides 
an effective method for the scrap processor to handle 
automobile hulks. 
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OP 71·70. A Decline Curve Pitfall Using Least.Squares Solu. 
tion, by Leo A. Schrider and .Richard E. 

Cerullo. J. Petrol. Technol., v. 22, AprIl 1970, pp. 
441·442. In this letter to the JPT Forum, the writer 
points out the weighting produced by logarithmic 
transformation. 

OP 72.70. A Progress Report on the Implementation of 
Public Law 89·577, by Henry P. Wheeler. 

Proc. Nat. Safety Cong., v. 16, 1969, pp. 20-22. 
This paper discusses the standards promulgated 
pursuant to the enactment of Public Law 89-577, 
the enforcement of these standards! apd the. part 
that the Bureau of Mines will play m mspect~on of 
mines and enforcement of these standards m co­
operation with the various States. 

OP 73·70. Storage Stability of High Temperature Fuels. Part 
III. The Effect of Storage Upon Thermally Induced 

Deposition of Selected Fuel Components and Additives, by 
M. L. Whisman, John W. Goetzinger, and Cecil C. 
Ward. Air Force Aero Propulsion Laboratory, 
Wright-Patterson Air Force Base, Ohio, Tech. Rpt. 
AFAPL-TR-68-32, Pt. III, June 1970, 85 pages. The 
Bureau of M,ines investigated the contribution of 
selected components and additives of high-tempera· 
ture aircraft fuels . to thermally induced deposits 
before and after 52 weeks of storage at 130 0 F. Of 
particular concern ,,\vas the influence of fuel con­
stituents on thermal stability quality of jet fuels 
during storage. A microfuel coker test apparatus 
was used to measure the thermal stability of test 
fuels and blends! The contribution of selected fuel 
components, labeled with carb.on-14, to .depo~it­
forming mechanisms was determmed by radlOactIve­
counting techniques. Twenty-eight blends of the five 
test fuels with carbon-14-labeled fuel additives or 
components reached the final stage of storage at 
130 0 F and received final analyses for depOSIt form· 
ing tendency. These additives .included an amine­
type antioxidant, a metal deactivator, and a corro· 
sion inhibitor. Also included in thIS study group 
were oleic acid and 1,5-hexadiene. All three additives 
showed a marked tendency to degrade and react 
during storage and thermal stress. Oleic acid was 
found to interact with cadmium present in aircraft 
fuel systems and produce deleterious eff~cts upon the 
thermal stability quality of the fuel. SIxteen blends 
of the five test fuels with nonradioactive components 
were prepared as part of a special study. Six ~f 
these blends contained 1 percent of selected aromatic 
compounds, five blends contll:ined an anti-ic~ng addi­
tive and five blends con tamed an orgamc sulfur 
compound. Results showed changes in t!:H:;rmal sta~ 
bility quality of many of the blends contammg sulfur 
compounds. Four additional special studies were 
performed as preliminary investigations to continued 
'research of jet fuel stability characteristics. Both 
were designed to improve procedures or develop new, 
improved procedures for thermal stability tests. 

OP 74·70. Index to Names of Oil and Gas Fields in Okla-
homa 1968 by O. C. Blade, Mid-Continent 

Oil &: Gas Association,' Kansas-Oklahoma DiYision, May 
1969, 313 pp. The names of about 3,700 oil and gas areas 
in Oklahoma are listed according to assignments made 
by the Oklahoma :\'omenclature Committee of the Kan­
sas-Oklahoma Diyisioll. :\Iid-Contincnt Oil &: Gas Asso­
ciation. Included are 2,300 current names of oil and gas 
fields with description of location by county, township, 
range, and section; 1,400 discontinued names .of ar~as 
that hayc becn combined with other fields wlth bnef 
statemcnts of the disposition ill such names; and the date 
when each ficlt! was named. 

OP 75-70. Effect of Additives on Phase Diagrams: Normal 
Butane Added to Condensate-Natural Gas Sys­

tem, by Byron A. Baker and C. Kenneth Eilerts. Producers 
Monthly, v. 32, No. 12, December 196&, pp. 8-15. The ef­
fect on phase-boundary pressures of a related series of 
condensate mixtures of additions of normal butane was 
determined with a windowed PVT cell. The investigation 
was conducted at pressures up to 5,000 psia an.d at .tem­
peratures in the range of. 700 to 310~0. F. RelatlOnshlp of 
the critical state to changmg compOSltionS was evaluated. 
The fluids were a mixture of intermediate hydrocarbons 
and selected distillation cuts from a field condensate 
combined with mole fractions of natural gas in the range 
0.800 to 0.933. The data were subjected to statistical 
analysis using a computing program that provided. a 
polynomial for interpreting the results. The polynomlal 
yields phase-boundary pressures, and independent varia­
bles are temperature, natura~ ~as content, an~ mole ~rac-. 
tions of normal butane addltlve. A method IS descnbed 
for approximating su~ha polynomia_1 before measure.' 
ments are complete usmg a mathematlc.al model that re­
ql!ires more measurements than are aV~l.ble. 

OP 76·70. Storage Stability of High Temperature Fuels. 
Part I. Micro Fuel Coker Tests of Fuel.Radio­

tracer Blends Before Storage, by M. L. Whisman and ~. C. 
Ward. Air Force Aero Propulsion Laboratory, Wnght­
Patterson Air Force Base, Ohio, Tech. Rpt. AFAPL-TR· 
68-32, Pt. I, March 1968, 94 pp. This report describes 
investigation of the influence of fuel constituents during 
storage on thermal st~bility of high:t~~peratur~. ~ydro. 
carbon jet fuels. ThIS study was mltlated utihzmg a 
micro fuel coker test apparatus to measure the thermal 
stability of fuels and the contribution of selected fuel 
components, labeled with rad.iotracers, to deposit-f.ormipg 
reactions. Forty-one blends usmg 5 fuels and 9 radlOactn'e 
fuel components were prepared, given initial tests and 
stored at 1300 F. Aliquots of the 5 test fuels were de­
polarized by silica gel percolation, and test blends were 
prepared from these treated fuels for comparison with 
untreated blends. In a third series of tests, contaminants 
in the form of red iron oxide and water were added to 
fuel-radiotracer blends. 

OP 77-70. Determination of the Optical Properties of Ab-
sorbing Uniaxial Crystals From Reflectance at 

Oblique Incidence, by M. Berman, H. R. Kerchner, and 
S. Ergun. 1- Optical Soc. of America, v. 60, No.5, May. 
1970, pp. 646-648. Equations are presented for determin­
ing the optical properties of an absorbing uniaxial crystal 
by measuring the reflectance from a basal plane as a fupc­
tion of the angle of incidence and the angle of polanza· 
tion. The technique is applied to a pyrolytic graphite 
crystal to determine the optical properties at 632.8 nm. 
The results are calculated numerically by use of a combi­
nation of the Taylor-series and gradient methods. The 
best-fit values found for the optical ·constants of pyrolytic 
graphite at 632.8 nm are no=2.55, no=1.78, Ko=0.66, and 
Ke=O.OO. 

OP 78·70. The Effect of Air/Fuel Level in the MHD Genera-
tor on the Operation of an Open-Cycle MHD­

Topped Power Plant, by H. F. Feldmann, W. H. Simons, 
and D. Bienstock. Energy Comersion, v. 10, No.2, April 
1970, pp. 89-91. Operating a magnetohydrodynamic 
(MHD) generator at below stoichiometric air/fuel ra'tios 
and injecting additional air downstream of the MHD 
generator has the advantage of increased power density 
and reduced air preheat temperature without loss of' 
overall plant thermal efficiency. 

OP 79·70. Kinetics of Recovering Sulfur From the Spent Seed 
in a Megnetohydrodynamic (MHO) Power Plant, 

.by H. F. Feldmann, W. H. Simons, 1- J. Gallagher, and 
D. Bienstock. Environmental Sci. and Technol., y. 4, ~o. 
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6, June 1970, pp. 496-502. A process which removes the 
sulfur as hydrogen sulfide from the seed-slag mixture in 
~fHD power generation is described. A kinetic interpre­
tation of the experimental data is presented. 

OP 80-70. Coal-Like Substances From Low-Temperature 
Pyrolysis at Very Long Reaction Times, by R. A. 

Friedel, J. A. Queiser, and H. L. Retcofsky. J. Phys. 
Chern., v. 74, No.4, Feb. 19, 1970, pp. 908-912. The im­
portance of long reaction times in the coalification process 
has been demonstrated in the laboratory. Samples of cellu­
lose and pine sawdust in evacuated, sealed glass vials have 
been heated at 2000 C for 2 years. Black coal-like chars 
were produced; conventional heating at 200 0 C for hours 
produces very little chemical change. The chars were 
characterized by infrared and electron spin resonance 
spectra and by ultimate analysis. The infrared spectra of 
the pine sawdust char and of a subbituminous coal are 
nearly identical, except for differing carbonyl absorption. 
The spectrum of the cellulose char is also similar to that 
of the subbituminous coal. The electron spin resonance 
(esr) results show that g values, lines widths, and spin 

concentrations are very similar for the two chars, and 
resemble closely the corresponding "alues for subbitumi­
nous coal. 2000 C is considered a reasonable coalification 
temperature; a feasible depth of burial can provide such 
temperatures. The experimental coalification obtained in 
only 2 years supports the hypothesis that geologic time 
could produce all ranks of coal, from lignite to anthra­
cite, at temperatures below 200 0 C. 

OP 81-70. Chemical Composition of Progressive Pyridine 
Extracts From Coal, by R. A. Friedel, J. L. 

Shultz, and A. G. Sharkey, Jr. Fuel, v. 47, No.5, 1968, 
pp. 403-407. Progressive extraction consists of partial ex­
tractions of a single coal sample carried out consecuth'e!y 
with fresh batches of a single solvent. Progressive extrac­
tion of coal with pyridine has shown, by mass spectral 
and other analyses, that different constituents predominate 
at different stages of the extraction. Alkylbenzenes and 
phenols are prominent in the first extract; polynuclear 
aromatics are mainly extracted later. The order of ex­
traction is important in the mechanims of extraction of 
coals. Quantitative infrared absorption shows higher 
amounts of CH bonds in the extracts than in the resi­
dues. Also, all of the spectral bands of the extracts are 
more intense and better defined than the bands of the 
residues. 

OP 82-70. Iron Ore Flotation-1969, by D. W. Frommer. 
J. Am. Oil Chern. Soc., v. 47, No.6, June 

1970, pp. 189-192. Current flotation practice in the iron 
ore industry is reviewed with special attention given to 
gains made since 1966. Known applications are described 
with estimates of tonnage treated, the degree of beneficia­
tion achieved, and the quantity and types of reagents used. 
Apparent trends and prospects for new applications of 
flotation in the iron ore industry are discussed. 

OP 83-70. Gasflood Improves Appalachian Recovery, by 
K.-H. Frohne. Petrol Eng., v. 42, No.7, 

July 1970, pp. 79, 82, 84. The Bureau of Mines has been 
investigating the susceptibility of Appalachian oil reser­
voirs to various improved recovery methods. One study 
showed that gasflooding of the Cooper Sand of the Fork 
Run pool in Pennsylvania would result in the economic 
recovery of 1,753,000 barrels or 21 percent of the 8,200,000 
barrels of oil in place at the beginning of the flood. 

OP 84-70. Spectrochemical Method for the Analysis of Mis-
cellaneous Materials, by Robert C. Gabler, Jr., 

and Maurice J. Peterson. App!. Spectroscopy, v. 24, No.3, 
May-June 1970, pp. 354-358. A spectrochemical method 
was developed for the analysis of solid waste products and 
other miscellaneous inorganic materials. Copper oxide 
and graphite are employed as diluents, and excitation is 
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by means of a sustallllllg ac arc in a can trolled a tmos­
phere for the determination of minor and trace elements. 
A complementary procedure using spark excit.ation of a 
rotating pellet prepared from the same matenal as used 
for the arc methods provides for the determination of 
major constituent elements. Relati,·c standard deviations 
are about ± 10 percent and the accuracv is in the same 
range. The methods have been successfully applied to the 
analysis of iron and steel, aluminum, zinc, lead, and cop­
per alloys, fly ash, fume deposits, and silicates. 

OP 8S-70. A Two-Circle Goniometer for Establishing Angu-
lar Coordinates on Spherical Specimens, bv K. E. 

Hjelmstad. J. Phys. E: Sci. 1nstr., v. 3, 1970, pp. 246-247. 
The two-circle goniometer described precisely marks an 
angular coordinate system of meridians and. parallels on 
the surface of spherical rock specimens. PhYSIcal property 
data obtained with respect to this frame of reference then 
can be accurately transferred on to a Schmidt (equal 
area) net and contoured with isolines to give the sym­
metry and magnitUde of anisotropy of the physical prop­
erty. 

OP 86-70. Coal Pyrolysis Using Laser Irradiation, by F. S. 
Karn, R. A. Friedel, and A. G. Sharkey, Jr. 

Fuel, v. 48, ;\'0. 3, 1969, pp. 297-304. Coal pYrolysis at 
coking temperatures yields gases that are high in methane 
but very low in acetylene. Coal irradiated with laser 
light can produce gases rich in acetylene. The acelylene­
to-methane ratio was shown to be related directlY to the 
light flux at the surface of the decomposing coal. Tem­
peratures cannot be measured directlY, m>"ing to thc small 
crater size and the short duration of the laser pulse, but 
were estimated from equilibrium data. Temperatures can 
be changed by varying the energy of the laser beam, the 
laser focus, and the type of laser (rubv, neodymium, 
carbon dioxide) . As the light flux increased from 190 W 
cm-2 to 375 kW cm-2, the CoHo/CH, ratio increased from 
zero to 3.6 for Pittsburgh seam (hvab) coal. Based on 
the gas composition and using published equilibrium 
'data, temperatures were estimated as 1,1600 to 1,2500 1\.. 
Product gases were studied as a function of coal rank, 
particle size, and maceral. 

OP 87-70. Ultrasonic Solvation of Coal in Quinoline and 
Other Solvents (Letter to the Editor), by T. 

Kessler, R. A. Friedel, and A. G. Sharkey, Jr. Fuel, \'. 49, 
No.2, 1970, pp. 222-223. The purpose of this letter is 
to report the high yield of dissoh'ed material obtained by 
the extraction of coal in quinoline using ultrasonic 
energy. Seventy-nine percent of Pittsburgh seam hyab 
coal was dissolved by irradiating a coal-solvent slurry at 
approximately 36 0 C for 24 hours. 

OP 88-70. Composition of Pyridine Extracts From Reduced 
and Untreated Coals as Determined by High­

Resolution Mass Spectrometry, by T. Kessler, R. Raymond, 
and A. G. Sharkey, Jr. Fuel, v. 48, :'\0. 2, 1969, pp. 179-
186. High-resolution mass spectrometric analyses of pYri­
dine extracts from reduced and untreated coals support 
reasons advanced by Reggel and co-workers for the in­
creased solubility of reduced coals. High-resolution data 
on the reduced coal show evidence for (I) an increase in 
the volatile oxygenated compounds that may result from 
splitting of ether linkages in the coal, (2) a substantial 
reduction of sulfur in the coal, (3) the formation of 
smaller and more soluble coal units or 'molecules', and 
(4) the formation of hydroaromatic compounds. 

OP 89-70. Carbothermel Reduction of Siliceous Minerals in 
Vacuum, by S. E. Khalafalla and Larry A.' 

Haas. High Temperature Sci., v. 2, June 1970, pp. 95-109. 
Carbo thermal reduction of various quartz- and silicate­
graphite mixtures was studied in a batch reactor at a 
pressure of about 0.01 torr and a temperature of 1,4000 

C. The extent of reaction was determined by the quantity 
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of carbon consumed in a 5-hour period. Maximum re­
actidty occurred with particles having diameters of about 
0.2 mm. At this reactant size, the bed porosity was suffi­
cient to permit escape of carbon monoxide from the re­
action site while securing maximum interparticle contact. 
The maximum reactivity occurred with' a quartz-to­
graphite molar ratio of I or weight ratio of 5. Carbo­
thermal reducibilities of some 20 silicate minerals were 
studied at a fixed mineral-to-graphite weight ratio of 5. 
The millimoles of carbon consumed or carbon monoxide 
formed in 5 hours increased systematically with the frac­
tion of silicon dioxide in the silicate when the mineral 
remained in the solid state at the reaction temperature. 
Silicates that melted at the reaction temperature reduced 
less readily than those that remained in the solid state. 
Carbothermal reducibility as well as fr'ee energy consid­
erations show that complex silicates behave like weakly 
associated aggregates of simpler oxide groups. Therefore, 
the energy to dissociate the complex silicates is small, 
and the bulk of the energy goes to winning the oxygen 
from the metal and breaking up the individual oxide 
groups. Hence the influence of structure on reducibility 
is insignificant and is easily overrun by the silicate chem­
ical composition. 

OP 90-70. Technical Consideration for Plowshare Applica-
tions to Oil Shale, by D. B. Lombard, B. G. 

Brav, and H. W. Sohns. Proc. Symp. on Engineering With 
Nuclear Explosives, Las Vegas, :-.Icv., Jan. 14-16, 1970, 
v. 2, CO);,F-700101, May 1970, pp. 1343-1363. This paper 
describes a variety of technical problems which must be 
soIYed before the use of nuclear explosives for recover­
ing shale oil from deep oil shale deposits will be com­
mercially feasible. 

OP 91-70. Oil Shale Research Related to Proposed Nuclear 
Projects, by H. C. Carpenter, H. W. Sohns, 

and G. U. Dinneen. Proc. Symp. on Enrineering With 
Nuclear ExplosiYes, Las Vegas, :\'e,·., Jan. 14-16, 1970, v. 2, 
CO:\,F-70010I, :\fay 1970, pp. 1364-1375. This paper dis­
cusses research relating to the use of nuclear explosives 
for processing oil shale, particularly resource evaluation 
and shale oil recovery engineering studies. 

OP 92-70. Disaggregation of Sandstones by Ultrasonic En-
ergy, by W. K. Overbey, Jr., and B. R. 

Henniger. J. Sedimentary Petrology, v. 40, No. I, March 
1970, pp. 465-472. A rapid method of disaggregating sand­
stones was inYestigated, with emphasis on reducing speci­
-mens to individual grains without destroying sUTficial or 
volumetric parameters. Specific quantities of samples were 
used to test three ultrasonic generators with focused horns 
utilizing "arying degrees of acoustical intensity and fre­
quencies for preset periods of time. Results indicate that 
(I) ultrasonic energy with acoustical power input be­
t,,'een 55 and 100 ,,,atts per cm2 and a frequency of 10 
to 20 kilocycles per second can be successfully used to 
disaggregate friable to moderately cemented sandstones, 
(2) lower frequencies and higher intensities promote dis­

aggregation and reduce the time required, and (3) rate 
of disaggregation is a function of the type of cementing 
materials involved, and may be controlled by the shape 
and volume of irradiation chamber and the pressure 
within the chamber. 

OP 93-70. Hydrocarbon Production and Fracture Systems, 
by W. K. O\'erbey, Jr., and J. Pasini III. 

Proc. Spring Meeting, Eastern District Division of Pro­
duction, API, E\'ansville, Ind., Apr. 15-17, 1970, Paper 
826·41-B, 26 pp. The Morgantown Petroleum Research 
Laboratory, Bureau of Mines, Morgantown, ·W. Va., is 
investigating subsurface fracture systems in hydrocarbon 
resenairs to better locate and space \\'ells for more effi­
cient hydrocarbon recovery and gas storage. The results 
of analYses of surface and subsurface data show a corre­
lation between surface lineations and the subsurface frac-

ture patterns. The assoCIatIon of these fracture systems 
with various geologic processes and techniques for surface 
mapping of lineations is discussed. Fracture systems in 
many fields control the movement of fluids in hydro­
carbon producing reservoirs. Remote-sensing techniques 
show promise in delineating these fracture systems. The 
importance of fractured reservoirs to future hydrocarbon 
production is emphasized. 

OP 94-70. 13C and lH Nuclear Magnetic Shieldings and Elec-
trical Effects of Ortho Substituents in Monosubsti­

tuted Pyridines, by H. L. Retcofsky and F. R. McDonald. 
Tetrahedron Letters, No. 21, 1968, pp. 2575-2578. Since 
magnetic shieldings of l3C and lH nuclei in the pam­
positions of monosubstituted benzines have been found to 
correlate well with Hammett Pn constants, the Bureau of 
Mines undertook the measurement of the shielding of the 
corresponding atoms, i.e., ·those ·in the 5-positions, in 
2-substituted pyridines to investigate the electrical effects 
of ortho-substituents in monosubstituted pyridines. 

OP 95-70. Spectral Studies of a Carbon Disulphide Extract 
of Bituminous Coal, by H. L. Retcofsky and 

R. A. Friedel. Fuel, v. 47, No.6, 1968, pp. 487-498. The 
stl'Ucture of the carbon disulfide extract of vitrain-rich 
Pittsburgh coal (h\·ab-82.6 percent C) was studied by 
various spectral techniques. The carbon disulfide-soluble 
material, which represented approximately 4 percent of 
the original coal, was obtained by extracting the coal 
with pyridine followed by extraction of the pyridine­
soluble material with carbon disulfide. Both the pyridine 
and the carbon disulfide extracts were studied by ultra­
violet-visible and infrared spectrophotometry and by elec­
tron and proton magnetic resonance. The carbon-13 
magnetic spectrum of the carbon disulfide extract was 
also obtained. This represents the first application of this 
relath'ely new spectral technique to a coal extract and 
permitted direct measure of the aromaticity. The mean 
structural unit in the carbon disulfide extract was found 
to consist of t1\'O to three polYlluclear condensed aromatic 
rings, with 0.4 of the available aromatic edge carbons 
bearing alkyl, phenolic, and/or naphthenic groups. 

OP 96-70. Carbon Black From Low-Temperature Lignite 
Pitch, by Richard L. Rice, Robert E. Lynch, 

and John S. Berber. Rubber World, v. 162, :-.10. 2, May 
1970, pp. 66-69. Lo,\·-temperature lignite tar pitch was 
found to be a suitable feedstock for producing carbon 
black by thermal decomposition in pilot plant combustion 
equipment. Yields ranged from 16.5 percent at 1,800° F to 
37 percen tat 2,500° F, and the product compared famr­
ably with commercial-grade carbon black. 

OP 97-90. Coal Science Today, by A. G. Sharkey, Jr. 
Research/Development, Y. 20, No.2, 1968, 

pp. 28-30. This paper summarizes the topics discussed at 
the 7th International Conference on Coal Science held in 
Prague, Czechoslovakia, June 10-14, 1968. Twenty coun­
tries were represented by 222 official participants. The 
topicS of the five sessions of the conference were as fol­
'Iows: (I) Physical stl'Ucture and properties of coal and 
coke, (2) chemical constitution of coal, (3) chemical 
properties anc! reactions of coal and coke, (4) pyrolysis 
and coking, and (5) gasification and combustion. The 
meeting provided much new information, not only to the 
scientist interested in coal chemistry but also to the 
technologist concerned with the processing of coal. 

OP 98-70. Laser Irradiation of Oxidized Coals (Letter to the 
Editor), by A. G. Sharkey, Jr., A. F. Logar, 

and F. S. Karn. Fuel, v. 48, No.1, January 1969, pp. 
95-96. The purpose of this communication is to describe 
use of a low-power CO2 gas laser to investigate the sur­
face of mildly oxidized coals. While it is well established 
that water "apor, carbon dioxide vapor, and carbon 
monoxide are major products from the Py!,olysis of oxi-
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dized coal, little is known about other gaseous products 
and, in particular, about gases derived from surface com­
ponents_ Irradiation with laser light provides a means of 
limiting yaporization and pyrolysis to surface materials_ 

OP 99-70_ Thermal Instability of Hydroaromatics-Limitation 
on Quantitative Mass Spectrometric Analyses, by 

J."L. Shultz. Spectroscopy Letters, v. 1,1\0.8 and 9,1968, 
pp. 345-347. Discrepancies in the determination of an­
thracene in dihydroanthracene were revealed when mass 
spectrometric analyses were compared with ultraviolet 
spectrophotometric data_ A limited investigation indi­
cated that dehydrogenation of the hydroaromatic in the 
mass spectrometer inlet system can be minimized but not 
eliminated. A combination of both ultraviolet and mass 
spectrometric analyses will be necessary to determine the 
components present in samples containing hydroaromatic 
structures. 

OP 100-70_ Evaluation of Electrode Binder Pitch by Mass 
Spectrometry, by 1- L. Shultz, R. A. Friede!, 

and A. G. Sharkey, Jr. Fuel, v_ 49, No_ 2, 1970, pp_ 175-
179. Mass spectrometric data for the ratio of unsubsti­
tuted to alkyl-substituted aromatics in electrode binder 
pitc?es of coke-oven 'origin correlate with the pitch qual­
Ity Index and an overall ranking of the pitches based on 
numerous tests. The importance of se,'eral structural 
parameters (based on mass spectrometric data) in deter­
mil~ing the suitability of binder pitch was investigated. 
ThIS. method .of judgil!g electrode binder pitches could 
pronde a rapId screenIng for quality, eliminating many 
of the physical tests and chemical analyses now used. 

OP 101-70. High-Resolution Mass Spectrometric Investiga-
tion of Heteroatom Species in Coal-Carboniza­

tion Products, by J. L. Shultz, T. Kessler, R. A. Friedel, 
and A_ G. Sharkey, Jr. Proc. ASTM ~ Committee E-14 
~reeting on Mass Spectrometry and Allied Topics, ~Iay 
1?68, pp. 359-361. This investigation of the high-resolu­
tl~n. mass spectra of coal-tar pitch and a concentrate con­
taInIng the heteroatom species has resulted in the 
detection of approximately twice the number of struc­
t~ral types pr~viously reported in the literature. Applica­
~lOn of t?e hlgh-reso~ution mass spectrometric technique 
In detectIng changes In the concentration or composition 
of organic structures in complex mixtures has also been 
demonstrated by the studies of weathered road tars and 
coke-<?"~n pitches. Tl~e concentration of organic structures 
contaInlllg oxygen ll1creases more rapidly than other 
classes of organic compounds in tars weathered on road 
surfaces. Data obtained for polynuclear aromatic ring 
systems in t'~'o coke-oyen pitches indicate that the degree 
of condensatIOn as well as the average molecular weight 
and ayerage number of rings per structural unit could be 
a factor in determining reactivity of pitches. The ratio of 
peri-condensed to cata-condensed aromatic hydrocarbons 
was 50 percent higher for the low-reactivity' pitch than 
for the ayerage-stability pitch investigated. 

OP 102-70. High-Resolution Mass Spectrometric StUdy of 
Weathered Road Tars, by Janet L. Shultz, 

A. G. Sharkey, Jr., and R. A. Friedel. 1- Appl. Chem., v_ 
20, April 1970, pp .• 126-128. Fractions of road tars of 
coke-oven and "ertical retort origin were examined by 
high-resolution mass spectrometry before and after ex­
posure to road conditions. ~Iolecular formulae and rela­
tive concentrations were determined . for eie,-en series of 
peaks. A progressive increase in the proportion of com­
ponents of high molecular weight (> mass 200) was 
indicated with exposure to road conditions. In the high­
molecular-weight range, the heterocyclic structures con­
taining oxygen showed larger increases than the poly­
nuclear aromatic hy,drocarbons. 

OP 103-70. K Emission Band of Graphite (Letter to Editor), 
by P. L. Walker, Jr., and 1- M. Thomas. 
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Carbon, Y. 8, 1970, pp. 101-\03. This letter to the editor 
compares the K emission spectra obtained by Saga\\'a and 
other scientists with that obtained bv the Bureau of 
yfines using an electron probe X-ray nlicroanalyzer. 

OP 104-70. Fire-Assay Emission Spectrographic Method for 
Platinum, Palladium, Rhodium, and Gold, by 

A. B. \Vhitehead and H. H_ Heady. Appl. Spectroscopy, 
v_ 24, No. 2, ~Iarch/.-\pril 1970, pp. 225-228. A method 
has been deYeioped for the determination of microgram 
levels of Pt, Pd, Rh, and Au. A 10-mg Ag bead contain­
ing the precious metals, as extracted by fire assaying, is 
arced at 10 A dc in graphic electrodes in the presence of 
10 mg of either Rh or Pt metal pt)\\'Cler. The matrix 
elements, Ag and Pt, or Rh, sene as internal standards, 
and intensity ratios PtlRh or Rh/Pt, Pd/Rh, and Au,' Ag 
are determined. Precision of the method is about ::,::5 
percent coefficient of variation for Pt and Rh, ::':: 15 per­
cent for Pd, and ± 19 percent for Au. Limits of detection 
are below I fJ-g, giving analysis limits (for a I-assay-ton 
sample) of about 1 to 30 parts per billion for these 
precious metals. 

OP 105-70. Rapid Mounting of Particulate Samples for Use 
in Scanning Electron Microscopy, bv R. J. Wil­

lard and K. E. Hjelmstadt. Power Techno\., ,'. 3, :\'0. 5, 
1969(70, pp. 311-313. Particulate samples can be mounted 
readily for use in a scanning electron microscope b\' first 
depositing particles on doubleback adhesive tape at­
tached to a metal slug and then coating with conductive 
metal. Coal dust was used to illustrate this technique. 
Since particles are not embedded in the tape, particle 
size can be measured reliably and accurate shape charac­
terization is feasible. 

OP 106-70. Neutron-Induced Autoradiography of Lithium 
Silicate Glasses, by F. ·W. Wood and A. H. 

Roberson. J. Materials Sci., v. 5, :\'0. 5, ~Iay 1970, pp.' 
425-433. Immiscibilities between silica and lithium disili­
cate were investigated. Alpha particles ejected from 6Li 
atoms by thermal neutrons were used to autoradiograph 
surfaces representing diffusion-zone cross sections. Etch­
ant-enlarged alpha tracks in nitrocellulose disclosed the 
distribution of lithium. For autoradiography, procedural 
details were established, suitable operating conditions 
were selected, and the method was calibrated. For diffu­
sion, adequate couples had to be prepared. Subsequent 
experiments indicated phase separations along an 885 0 C 
isotherm of the silica-lithium disilicate system_ There was 
evidence of metastable compositions near 30, 25, 20, 16, 
11, and 7 mole-percent of lithia in silica. These results 
have been given a very tentative interpretation: The first 
two compositions may correspond to metastable exten­
sions of liquidus boundaries, projected through a 
eutectic point of the system. The third and sixth compo­
sitions are probably points on a liquid-liquid miscibility 
boundary, and the fourth and fifth compositions could 
be on an associated spinodal boundary. 

OP 107-70. In Situ Recovery of Copper From Sulfide Ore 
Bodies Following Nuclear Fracturing, by Joe B. 

Ros~nbau.m an~ W. A. McKinney. Proe. j:lymp. 
Engmeermg With Nuclear Explosives, Las Vegas, 
Nev., CONF-700101, 1970, v. 2, pp. 877-887. This 
paper explores the concept of in-place leaching of 
nuclear fractured, deeply buried copper sulfide de­
posits. On the assumption that fracturing of rock 
and solution injection and collection would be feas­
ible, an assessment is made of solution systems that 
might be employed for the different copper sulfide 
minerals in porphyry ore bodies. These include the 
conventional ferric sulfate-sulfuric acid systems and 
combinations of sulfide mineral oxidants and differ­
ent acids. 
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OP 108-70. Programmes for the Price Optimum Design of 
Heat Exchangers, by S. Katell and P. R. 

Jones. British Chern. Eng., v. 15, No.4, April 1970, 
pp. 491-494. Because heat exchangers are expensive 
items and often account for a high proportion of the 
total cost of a plant, the incentives to optimize their 
design are considerable. The computer programs 
described in this article are for the optimum design 
for four important situations: (1) no change in 
phase, pumping costs for both fluids significant; (2) 
no change in phase, shell side pumping costs signifi­
cant; (3) no change in phase, tube side pumping. 
costs significant; and (4) 'change in phase on shell 
side. 

OP 109-70. New Uses for Ferrous Scrap, by Charles 
Prasky. Proc. 9th Internat. Mineral 

Processing Cong., Prague, Czechoslovakia, June 1-6, 
1970, pp. 391-400. This report describes recent 
progress at the Bureau of Mines Twin Cities 
Metallurgy Research Center on pilot plant develop­
ment of roasting procedures for consuming ferrous 
scrap in a rotary kiln system. One phrase of the re­
search involves roasting lean iron ores of the non­
magnetic variety using a novel solid reagent, metal­
lic iron in the form of ferrous scrap, as a means of 
reducing the ores to artificial magnetite. Another 
phase of the research concerns the treatment of fer­
rous scrap, such as discarded automobile hulks, in a 
rotray kiln without accompanying iron ore to yield 
co products of high-grade iron oxide and dense resid­
ual steel scrap of high purity. The former procedure 
is potentially of value to the iron mining industry 
and the latter process provides an effective method 
for the scrap processor to handle automobile hulks 
at industrial centers. 

OP 110-70. Experiments in Processing Marine Nodules, by 
P. T. Brooks, K. C. Dean, and J. B. 

Rosenbaum. Proc. 9th Internat. Mineral Processing 
Cong., Prague, Czechoslovakia, June 1-6, 1970, v. 1, 
pp. 329-333. Mineral nodules that occur on the 
oceans' floors represent a substantial potential re­
source of manganese, nickel, cobalt, and copper. 
Process development studies to devise methods for 
unlocking the complex assemblies of elements in the 
nodules were done at the Bureau of Mines Salt 
Lake City Metallurgy Research Center using two 
distinct types of marine nodules. A calcareous type 
of nodule occurring at a depth of nearly 1 kilometer 
~ff the southeast coast of the United States con­
tained, in percent, 17 Mn, 0.6 Ni, 0.3 Co, and 0.1 Cu. 
A siliceous type of nodule obtained from 3 to 4 kil­
ometers off the southwest coast of the United States 
contained, in percent, 25 Mn, 1 Ni, 0.5 Cu, and 0.1 CO. 

OP 111-70. The Vanadium-Oxygen System: Phase Relations 
in tho Vanadium-Rich Region Below 1200' C, 

by J. L. Hemy, B. A. U'Hare, R. A. McCune, and 
M. P. Krug. J. Less-Common Metals, v. 21, 11170, 
pp. 115-135. Alloy specimens in the high-vanadium 
region of the vanadIUm-oxygen system were pre­
pared by the reaction of high-purity vanadium foil 
and oxygen. The system was studied by X-ray and 
metallographic examination of quenched specimens, 
by differential thermal analysis, and by high-tem­
perature X-ray. Solubility was determined as a 
function of temperature at equilibrium pressure. 
Equilibrium pressures were not measured. The solu­
bility of oxygen in a-vanadium-1.1 wt pct at 250' 
C, 1.3 wt pet at 400' C, 2.8 wt pct at 1,000' C, and 
3.5 wt pet at 1,200' C-was found to be higher than 
previously reported. Retention of the high-tempera­
ture structure of a.-vanadium by quenching is de­
pendent upon the oxygen content and the quench 

rate. The a-phase cannot be retained above 2.1 wt 
pct oxygen even when water quenched from 1,000' C. 
A peritectoid transformation was found at about 
510' C between 2.2 and 4.2 wt pct oxygen. The peri­
tectoid phase, V,O (s.s.), has a composition range at 
400' C of 2.9 to 3.9 wt pct oxygen. A martensite 
structure results from water quenching a-vanadium 
alloys having oxygen contents from about 2.2 to 3 
wt pct. The martensite transforms to the stable V,O 
upon reheating to temperatures in the range 200'-
250' C. J3-vanadium has a composition range at 
1,000' C from 4.3 to slightly over 10 wt pct oxygen. 

OP 112-70. Effect of Coal Rank on Composition of Low-
Temperature Tar From a Bench-Scale Fixed-Bed 

Carbonizer, by Joseph R. Comberiati, Clarance Karr, 
Jr., Edward E. Childers, Jesse O. Mapstone, Jr., and 
Patricia A. Estep. J. Institute of Fuel, v. 43, No.5, 
May 1970, pp. 147-150. The effects of rank (lignite, 
subbituminous, hva bituminous, hvb bituminous, can­
nel) on the amounts of some 100 individual com­
pounds in each 500' C tar and light oil obtained by 
lexternal heating in a nitrogen atmosphere are de­
scribed for seven different coals. There was some 
evidence that yields of tar acids and certain aromatic 
hydrocarbons, such as naphthalenes, declined with 
decrease in rank whereas yields of olefins increased. 
Cannel coals gave extra large yields of aliphatic hy­
drocarbons. Yield of products from hva bituminous 
coals from two different locations in the @me seam 
were different. Isomeric distributions indicated a 
partial approach to thermodynamic equilibrium for 
products from all seven coals. 

OP 113-70. Operating Characteristics of a High-Temperature 
Electrostatic Precipitator, by C. C. Shale and 

G. E. Fasching. South African Min. and Eng. J., 
v. 80, No. 4011, Dec. 19, 1969, pp. 1368-1369, 1371, 
1373, 1375, 1377, 1379, 1383, 11l!55, 1387. A semi-. 
commercial, high-temperature electrostatic precipi­
tator and adjunct equipment are described, and 
operating characteristics at 1,470' F and 80 psig 
are presented for both positive and negative polar­
ity. Removal efficiency for negative corona was 
about 91 to 96 percent while that for positive corona 
was only about 75 to 77 percent. Results are com­
pared with those from bench-scale investigations, 
and equipment limitations are discussed. Theoreti­
cal aspects of the precipitation process are related 
to the operating characteristics. 

OP 114-70. Dynamic Properties of Rock and Composit Struc-
tural Materials, by T. E. Ricketts and W. 

Goldsmith. Int. J. Rock Mech. Min. ScL, v. 7, May 
1970, pp. 315-335. The response of several rocks 
and concrete-like mixtures to dynamic loading was 
studied by observing the stress waves produced by 
sphere impact onto ballistically-suspended Hopkin­
son bars. The metamorphosis of the disturbance 
served as the basis for the delineation of the macro­
scopic behavior mechanisms of the materials. 

OP 115-70. New Developments and Applications of lon-
Exchange Techniques for the Mineral Industry, 

by D. R. George and J. B. Rosenbaum. Proc. Conf. 
on Ion Exchange in the Process Indu'stries, Soc. 
Chern. Ind., Imperial College of Science and Tech­
nology, July 16-18, 1969, London, England, 1970, 
pp. 155-162. Essential features of various applica­
tions of ion-exchange processes in the mineral in­
dustry are reviewed. Included in this work has been 
the development of improved ion-exchange contac­
tors and operating techniques; the use of ion ex­
changers, both solid and liquid, for removing sulfate 
and recovering sulfur and sodium carbonate from 
brines and sea water; production of ~ulfur and 
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sodium . carbonate from gypsum; production of 
barium c.hloride from barite;· recovery of potassium 
from brmes; ~nd the application of liquid ion­
exchange tec~nIques for the recovery of zinc, cop­
per and alummum. 

OP 116-70. Catalytic Dehydrogenation· of Coal: Part 5. 
Effect of Air on Catalytic Dehydrogenation of 

Coal, by L. Reggel, I. Wender, and R. Raymond. Fuel, 
v. 49, 1970, pp. 287-288. Dehydrogenation of a Pittsburgh 
seam coking vitrinite is relatiyely insensitive to mild 
oxidation, but the yield of hydrogen is considerably re­
duced after oxidation at 1500 C for 66 hours. 

OP 117-70. Quaternary System U-C-O-N at 1700· C: Phase 
Relations in the Low-Nitrogen Region, by Jack L. 

. Henry, Robert Blickensderfer, and Gerald G. Thomp­
son. J. Am. Ceram. Soc., v. 51, No. 11, November 
1968, pp. 617-621. Phase relations in the system 
U-C-O-N at 1,700 0 C were established at nitrogen 
levels up to a 1:3 atomic ratio N:C by microstruc­
tural and X-ray analyses of sintered powder com­
pacts. An isothermal phase diagram for the low­
nitrogen region of the U -C-O-N system is proposed. 

OP 118-70. The Quaternary System U-C-O-N at 17000 C, by 
Jack L. Henry and Robert Blickensderfer. 

J. Am. Ceram. Soc., v. 52, No. 10, October 1969, pp. 
534-539. The system U -C-O-N was examined at 
1,700 0 C by microstructural and X-ray analyses of 
sintered powder compacts. Subliquidus phase rela­
tions, oxycarbonitride solid-solution lattice param­
eters, and equilibrium pressures of N 2 and CO were 
studied. Although the emphasis was on the solid­
solution field in the uranium monocarbide-mono­
nitride-monoxide region, phase fields in the uranium­
rich region and the carbon-nitrogen-oxygen-rich 
region were examined. Nineteen fields were estab­
lished experimentally, and their boundaries were 
located. Two other fields are postulated on the basis 
of phase rule and topological requirements. An iso­
thermal phase diagram of the system is proposed. 

OP 119-70. Storage Stability of High Temperature Fuels. 
Part II. The Effect of Storage Upon Thermally 

Induced Deposition of Labeled Fuel Components, by M. L. 
Whisman and C. C. Ward. Air Force Aero Propul­
sion Laboratory, Wright-Patterson Air Force Base, 
Ohio, Tech. Rpt. AFAPL-TR-68-32, Pt. II, March 
1969, 116 pp. This investigation is concerned with 
the contribution of selected components and additives 
of high-temperature aircraft fuels to thermally in-. 
duced deposits before and after 52 weeks storage at 
130 0 F. Of particular concern is the influence of 
these fuel constituents on thermal-stability quality 
of these jet fuels during storage. The study utilizes 
a micro fuel coker test apparatus to measure the 
thermal-stability of test fuels and blends. The con­
tribution of selected fuel components, labeled with 
carbon-l4, to deposit-forming mechanisms is deter­
mined by radioactive counting techniques. 

Twenty-three blends of a carbon-14 labeled com­
poneflt in a jet fuel matrix were added to the pro­
gram, and 67 blends reached the 52-week interval 
of storage at 130 0 F. These blends were tested to 
determine the eKtent of radiotracer ~ntribution to 
thermally induced deposits. The greatest extent of 
reaction of the labeled hydrocarbon fuel systems 
studied was observed in blends containing methyl­
and ethyl-substituted indenes. Other aromatic types 
alsl> showed some contribution to the deposits. 

Special studies with 2 jet fuel antioxidants 
were conducted to determine the extent of thermal 
and chemical degradation during storage and test­
ing. Tests with an additive of the amine-type showed 
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substantial amounts of the antioxidant reaction 
and/ or decomposition to form filterable deposits in 
the preheater section of the test apparatus. 

OP 120-70. Progress on Techniques of Investigating and Con-
trolling Rock Bursts, by Galen G. Wadden. 

Trans. SME, AIME, v. 247, June 1970, pp. 185-192. 
Rock-burst research conducted by the Bureau. of 
Mines in cooperation with the mining companies of 
the Coeur d'Alene mining district, Idaho, in addition 
to progress made by others throughout the world, 
have led to a good understanding of the rock-burst 
problem. This paper describes conditions which have 
caused specific bursts, present capabilities of detect­
ing stress buildup and bursts, control methods, and 
a suggested approach to analyzing any individual 
mine-burst problem . 

OP 121-70. Caliper Location of Leached Zones in Colorado 
Shale, by Harold E. Thomas and John 

Ward Smith. Log Analyst, July-August 1970, v. 
11, No.4, pp. 12·:"16. Accurate estimation of oil 
yields in Green River Formation oil shale requires 
knowledge of the presence or absence of cavities 
(vugs) left after the natural removal of the mineral 
nahcolite (NaHC03)' Conventional well logs have 
not provided a means for detecting the vugular 
porous zone. This paper describes a 3-arm caliper 
logging system, loggmg technique, and matheI?atICal 
correction method used by the Bureau of Mmes to 
locate and compensate for the vugular porosity. The 
caliper defines the zone by sensing a high frequ~ncy 
of minor diameter variations as small as 1/10 mch. 
Estimations of oil yields and oil shale reserves from 
density logs can be significantly improved when the 
vugular zone's thickness is known. A porosity­
density correction method is presented. 

OP 122-70. Structural Response of Rich Green River Oil Shales 
to Heat and Stress and Its Relationship to In­

duced Permeability, by Peter R. Tisot and Harold W. 
Sohns. J. Chem. & Eng. Data, ~. 15, No.3, July 
1970, pp. 425-434. Structural response and/or de­
formation of three rich oil shales to heat and com­
pressive stress was determined. Specimens consisted 
of small cores and of small columns of fragments 
from oil shales assaying 34.5, 45.5, and 63.5 gallons 
of oil per ton. Effect of structural deformation on 
induced permeability in the fragmented specimens 
was determined. Stress-strain-time-temperature re­
lationships of these oil shales provided information 
regarding their yield temperature, yield stress, rate 
of compressive strain, and loss of 'mechanical 
strength as they were heated from ambient to sub­
retorting temperatures-that is, below those re­
quired for rapid pyrolysis of the organic matter to 
produce oil. Structural response of some cores was 
also observed as they were heated in a stress-free 
environment. Results provide guidelines to assess 
and evaluate some problems that may be associated 
with rEcovery of shale oil by underground retorting 
methods. 

OP 123-70. On the Optimization of Electric Furnace Smelting 
Processes, by V. R. Spironello. Electric 

Furnace Proc., 1969, AIME, August 1970, v. 27, pp. 
157-163. The application of experimental design and 
statistical methods to electric furnace smelting is 
the purptlse of this paper, although the basic con­
cepts can be used for any industrial process, such 
as steelmaking. 

Statistical tools are presented in this paper which 
can be used to evaluate selected variables. Any com­
bination of variables can be used to suit the interests 
of a particular operator, or operation, or both; 
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and any number of variables can be investigated de­
pending upon the complexity of the process and' the 
time available. 

OP 124-70. Ho.w ~o Predict Oil-Field Performance, by R. V. 
Hlggms and H. J. Litchenberg. Oil and 

Gas J., Sept. 1~, 1970, v. 68, pp. 88, 93-94. The 
results o~ applymg the least squares principles to 
the solutIOn of the constants of the Arps equation 
and the!1 the use of th~se cons~ants in the equation 
to . pred~ct the productIon declme are presented in' 
thIs artIcle. In a ~omputer .stud~ of the applicability 
o~ the Arps equatIOn to CalIforma oilfields, the equa­
tIOn was found to be applicable to less than half 
the fields. Other findings are also presented. 

OP 125-70. Effects of Vanadium (V and IV), Molybdenum 
(VI), and Lead (II) on the Oxidation Kinetics of 

Steel Scrap, by S. E. Khalafalla and S. L. Payne. J. Metals, 
v; 22, :\'0. 9, SeJ;ltemb.er 19iO, pp. 2-7. Surface impregna­
tIon of steel stnps WIth small amounts of the oxides of 
vanadium (V), molybdenum (VI), and lead (II) in­
creased their rate of oxidation in carbon dioxide atmos­
pheres. The introduction of the accelerator species was 

,effected by pickling of the oxidizable charge for short 
periods in moderately concentrated aqueous solutions of 
the sodium s~lt of .the oxyacids. By contrast to the penta­
valent YanadlUm 111 the metavanadate, the tetravalent 
state in \'anadyl sulfate did not accelerate oxidation. 
X-ray fluorescence examination of the pickled steel strips 
indicated the presence of small amounts of the accelera­
tor on the surface layer. The degree of oxidation ac­
celeration could be inversely correlated with the melting 
point of the promoter oxide. The results are explained 
on the basis of the hydrolytic decomposition of the 
pickling agent with subsequent slow interaction with the 
metal surface, coupled with the tendency of vanadate to 
form polyanions. The data not only serve to elucidate 
the mechanism by \\'hich catastrophic oxidation takes 
place, but also show that the promoter species need 
not be alloyed with the oxidizable metal; surface im­
pregnation by minute amounts of the promoter can still 
produce catastrophic effects. The oxidation of steel can 
be more than doubled by this procedure. 

OP 126-70. Oxidative Roasting of Covellite With Minimal Re-
tardation From the CuO' CuSO. Film, by S. E. 

Khalafalla and 1. D. Shah. Met. Trans., AIME, v. 1, 
August 1970, pp. 2151-2156. Copper (II) sulfide can 
be efficiently converted to the oxide at lower tem­
peratures than normally required in aerobic r?ast­
mg by a new method involving programed envIron­
ment roasting (PER). When heating was conducted 
in absence of oxygen up .to about 650' C, and then 
nitrogen was replaced by air, the sulfide was easily 
converted to oxide without need for further increase 
in temperature. Traditional oxidative roasting of 
chalcocite required a temperature range of 800' to 
850' C for conversion to tenorite. Unlike the situ­
ation with conventional roasting, CuSO. was not 
detected in the X-ray diffractogram of the product 
obtained with the PER method above 625' C_ Also, 
the amount of CuO 'CuSO, significantly decreased 
a's the halt temperature in the PER process increased 
from 600 0 to 700' C. Apparently the shell of copper 
oxysulfate is impervious to oxygen and/or sulfur 
dioxide and delays the formation of tenorite until 
the sulfate and oxysulfate are decomposed_ If the 
oxysulfate stage were bypassed with an in~rt at­
mosphere, then, even if small amounts of thiS salt 
were formed upon introducing the oxidant, it would 
decompose at an appreciable rate and the impedance 
of its thin film to gaseous transport would be c?n­
siderably diminished. By contrast, the acceleratmg 
effect of externally added ir:on. on the oxidative 

roasting of covellite was confined to the low tem~ 
perature reactions and hence iron promoted the 
extent of sulfate formation. Iron did not, however, 
lower the thermal requirement for complete oxida­
tion of CuS or Cu,S because it had virtually no 
effect on the thermal decomposition of CuO • CuSO •. 

OP 127-70. Oil Vaporization During Steamflooding, by 
F. Sam Johnson, C. J. Walker, and Abdo 

F. Bayazeed. Pres. at 45th Ann. Fall Meeting, 
SPE, AIME, Houston, Tex., Oct. 4-7, 1970, preprint 
SPE #2977, 9 pp. A procedure was developed by 
the Bureau of Mines for calculating the amount of 
oil vaporized or distilled in the steam zone during 
steam flooding of an oil reservoir_ The results of 
this procedure are intended to be used with other 
techniques for calculating oil recovery during steam­
flooding. Two experiments were conducted in which 
steam was injected into an oil-saturated, sand-packed 
tube to investigate oil vaporization by steam. In 
these experiments, the amount of vaporization of 
oil by steam is directly related to the amount of 
steam contacting the immobile oil. Calculations pre­
sent-ed in this report indicate that oil vaporization 
during steamflooding increases as the volatilitv of, 
the oil and as the steam temperature increases, but 
decreases as the steam-injection rates increase. Re­
coveries calculated by thIS procedure are conserva­
tive when compared with other laboratory experi­
ments which included the effects of gas drive an~ 
solvent extraction. 

OP 128-70. Does Crushing Affect Pyrite's Magnetic Suscepti-
bility? by William R. Huff and William T. 

Abel. Coal Min. and Processing, July 1970, 4 pp_ 
In experiments at the Morgantown, W. Va., Coal 
Research Center of the Bureau of Mines, particle 
size reduction in three different types of mills did 
not increase the magnetic susceptibility of pyrite_ 

OP 129-70. Mining Research in the United States Bureau of 
Mines, by T. E. Howard, W. E. Lewis, 

and T. C. Atchison. Proc. VI Interriat. Min. Cong., 
Madrid, Spain, June 1970, pp. 1-13. The objectives, 
content, and 07 ganization of the mining research 
program of the Bureau of Mines are described with 
emphasis on SOl1le of the more fundamental aspects 
of the work. Some basic scientific studies now in 
progress related to the five primary elements of the 
mining system-(I) rock and earth disintegration, 
(2) ground control, (3) mine environment control, 
(4) materials handling, and (5) mineral deposit 
delineation-are discussed in terms of their contri­
butions and potential contributions to the advance­
ment of mining technology. • 

OP 130-70. Hot Hardness, Thermal Diffusivity, and Electrical 
Resistivity of Uranium Oxycarbides, by Jack L_ 

Henry, Robert Blickensderfer, Danton Paulson, and 
J. Lambert Bates. J. Am. Ceram, Soc., v. 53, 
No.6, June 21, 1970, pp. 335-339. Several predomi­
nantly single-phase uranium oxycarbide composi­
tions were examined to determine the effect of 
oxygen content on the hot hardness, thermal dif­
fusivity, thermal conductivity, and electrical re­
sistivity. Little difference was noted in hot hardness 
over the low-temperature range; however, increase.d 
oxygen content appears to reduce the hardness above 
700 0 C. Thermal diffusivity and thermal conductivity 
are reduced by increased oxygen content. This de­
crease is most pronounced at lower temperatures, 
and the temperature dependence varies significantly 
with oxygen content. The thermal diffusivity of 
oxycarbides having small percentages of oxygen 
decreases with increasing temperature, whereas that 
of ?xycarbides with greater oxygen content in-
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creases very slightly. The thermal conductivity data 
are in fair agreement with those reported for the 
monocarbide. Electrical resistivity is increased by 
increased oxygen content and shows a positive tem­
perature depenllence. The data indicate that elec­
tronic conductivity at 1,5000 C accounts for approxi­
mately 85 percent of the total thermal conduction 
at the 2-atomic percent-oxygen level and approxi­
mately 95 percent of the total at the 16-atomic 
percent-oxygen level. 

OP 131-70. The Enthalpies af Combustion and Formation of 
n-Propylcyclohexane and Six Methylethylcyclo­

hexanes, by W. D. Good. J. Chern. Thermodynamics, 
v. 2, 1970, pp. 399-405. The enthalpies of combus­
tion of n-propycyclohexane and six isomeric methyl­
ethylcyclohexanes were determined by oxygen-bomb 
combustion calorimetry. Enthalpies of formation in 
the liquid state were derived and compared with 
those predicted by the AUen correlation procedure. 

OP 132-70. Reactions of Fuels and Chemicals in Electrical 
Discharges, by Yuan C. Fu. Chemical In­

dustry, Japan, 1970, v. 21, No.8, pp. 97-100. The 
technique of electrical discharges in syntheses of 
organic and inorganic compounds, reaction of fossil 
fuels, and surface modifications of materials are 
discussed in this Japanese language article. 

OP 133-70. X-Ray Scattering by Very Defective Lattices, by 
Sabri Ergun. Phys. Rev. B, v. 1, No. 

8, April 1970, pp. 3671-3380. There is evidence to 
indicate that some diffusely scattering substances 
are essentially highly defective lattices rather than 
made up of small domains diffracting mcoherently 
with respect to each other. Equations have been 
derived tor the diffraction profIles from such lat­
tices; they are of a Cauchy type. Highly defective 
lattices are characterizable by a mean defect-free 
distance rather than a domain size. Several criteria 
are presented for distinguishing defect-broadening 
from domain or particle-size broadening, and pro­
cedures are outlined for the separation of strain and 
defect broadenings. 

OP 134-70. New Tetragonal Compounds Nb.Si and Ta,Si, by 
D. K. Deardorff, R. E. Siemens, P. A. 

Romans, and R. A. McCune. J. Less-Common Metals, 
v. 18, 1969, pp. 11-26. Small ingots of Nb-Si alloys 
were made from high-purity, solid form (not pow­
der) Nb and Si by arc melting and suc~ion casting 
into a copper mold. Samples from these mgots were 
tested for the presence of a superconducting transi­
tion temperature (To) and were found to be super­
conducting (with a T, near 7.5 0 K) up to .37.5 
atomic percent silicon. MetaUographlC and mlCro­
probe studies to determine the superconducting phase 
in the system led to the discovery of an unreported 
compound, Nb3Si, and. ind.icated that Nb.Si doe.s not 
exist. Further investIgatlOn showed that Ta3S1 ll;lso 
exists and that Ta,Si does not, these alloys bemg 
similarly prepared from ~olid-form, high-purity. Ta 
and Si. Nb,Si and Ta,SI were found to have ISO­
morphous tetragonal structures with parameters 
au= 10.21±0.01 A, c,,=5.19±0.01 A, and ao= 10.17 
±0.01 A and co=5.16+0.01 A, respec~ively: The 
Ta3Si pattern was found to be nearly Identical to 
one reported by Brewer: for Ta~io.2o+o.o5. Nb.Si v:as 
determined to be essentially a lme compound whIch 
melts peritectically at 1945 0 ±20 0 C. It was found 
to be. nonsuperconducting abov~ 4.20 K. The supe~­
conducting phase was determmed to be .Nb sol~d 
solution which was present as a Nb-Nb.SI eutectic 
up to 37.5 atomic percent Si. 
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OP 135-70. The Hafnium-Iridium System, by 1\1. I. Cope-
land and D. Goodrich. J. Less-Common 

Metals v. 19 1969 pp. 347-355. The Bureau of 
Mines 'has st~died hafnium-iridium phase relations 
by metallography, therJ?al a~alysis, el.ectron-b~am 
microprobe, and X-ray dlffractlOn. Four mtermedlate 
phases were identified. 

OP 136-70. Boron and Boron Carbide Coatings by Vapor 
Deposition, by Andrew A. Cochran, James B. 

Stephenson and James G. Donaldson. J. Metals, v. 
22 No.8 August 1970, pp. 37-42. The formation of 
bo~on and boron carbide coatings by vapor deposi­
tion was investigated. Optimum parameters were 
determined for the hydrogen reduction of boron 
trichloride and for the formation of boron carbide 
coatings on graphite. 

OP 137-70. Ion Exchange Papers in X-Ray Spectroscopy, by 
W. J. Campbell, T. E. Green, 'and S. L. 

Law. Am. Lab., June 1970, pp. 28-34. The use of 
thin disks of ion exchange resin-loaded paper to 
collect samples for X-ray spectrography is discussed. 

OP 138-70. Balanced Filters for Silver K" X-Rays, by :vrartin 
Berman and Sabri Ergun. Rev. Sci. 

lnstr., v. 41, June 1970, pp. 870-873. The use of 
rhodium, ruthenium, and technetium is proposed for 
balanced filters for sihrer K" X-rays. Rhodium and 
ruthenium are used to isolate the Km, ruthenium 
and technetium for the K"" and rhodium and tech­
netium are used for the K", doublet. General criteria 
are given for optimizing the intensity in terms of 
the transmission of one of the filters at the line of 
interest. The transmission of filter A (lowest atomic 
number) for any of the filter pairs should be about" 
12 percent for Sliver K", X-rays. 

OP 139-70. Gasbuggy Reservoir Evaluatian-1969 Report, by 
C. H. Atkinson, Don C. Ward, and R. F. 

Lemon. Proc. :::lymp. Eng. With Nuclear Explosives, 
Jan. 14-16, 1970, Las Vegas, Nev., American Nuclear 
Society and U. S. AtomIC Energy Commission, v. 1, 
May 1970, pp. 722-731. An evaluation of extended 
production tests of the Project Gasbuggy chimney 
well indicates that postshot gas recovery m 20 years 
should be 900 million cubic feet, which would be an 
increase by a factor of at least 5 over estimated 
recovery from conventional field wells in the area. 

OP 140-70. The Effects of Contaminants in Methane as a 
Proportional Tube Counting Gas, by F. E. Arm­

strong, W. D. Howell, and D. W. Whitlock. Nuclear 
Applications & Technology, v. 9, July 1970, pp. 107-
111. An investigation has 'been made of the effects 
of helium, ethane, propane, nitrogen, and carbon 
dioxide as contaminants in methane used as the 
filling gas for a proportional counting tube. The 
concentration of contaminant was similar to that 
normally encountered in natural gas. It was found 
that the principal effect was that of change in gas 
multiplication factor and that compensation may 
be made by an appropriate change in applied bias 
voltage. 

OP 141-70. Development of Electroslag Melting Technique for 
. Titanium: Selected Properties of Fabricated Ma-

terial, by C. E. Armantrout and R. H. Nafziger. Am. 
Foundrymen's Soc. Trans., v. 77,. 1969, pp. 353-359. 
This paper reports two aspects In the development 
of electroslag-melting techniques for titanium (1) 
the selection and treatment of slag systems and the 
manner in which these affect ingot impurity con­
tents and (2) evaluation of the microstructure, me­
chanical properties, and corrosion resistance of vac­
uum-arc melted apd electroslag-melted material. 
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OP 142·70. Proceedings of the 8th Rare Earth Research Con. 
ference, April 19·22, 1970, Reno, Nevada, ed. 

by Thomas A. Henrie and R. E. Lindstrom. Spon­
sored by the Bureau of Mines, U.S. Department of 
the Interior, and the Rare Earth Research Con­
f!"rer;ce Com:r:littee, 2 :,ols, 1970, 827 pp. This pub­
lIcatIon con tams preprmts of the 93 papers scheduled 
for presentation at the Conference. Included are 
research papers and discussions on the latest devel­
opments m the field 01 rare earth and related metals. 
he;,earch tOPICS dIscussed are interdiscIplinary and 
include the tields of physics, chemistry, ceramICS, 
and metallurgy of the elements, their compoundsJ 
and alloys. A discusslOn of industrial processes and 
geochemistry is p.lso included. 

OP 143·70. Factors That Predict Fracture Orientation in a 
Gas Storage Reservoir, by C. A. Komar. 

W. K. Overbey, Jr., .K. L. Rough, and W. G. Lambert. 
Pres. at 45th Annual Fall l\1eeting, SPE, AIME, 
Houston, Tex., Oct. 4-7, 1970, preprint SPE 2968, 
6 pp. Exploratory research was conducted in a gas­
storage reservoir in Hocking County, Ohio, to deter­
mine why hydraulically induced vertical fractures 
:tend to follow a preferred direction. Surface meas­
urements of joints, aerial photograph lineaments, 
and residual stress orientatlOns were compared to 
directional property measurements on oriented sur­
face and subsurface cores. These data were com· 
pared to hydraulically induced vertical fracture 
orientations obtained by impression packers and 
borehole photographs in the reservoir. 

Observations showed that macroscopic and micro­
scopic features of reservoir rocks can be correlated 
to the preferred orientation of hydraulically induced 
fractures. Considering that existing theory ad­
vocates tectonic stress as the controlling factor in 
vertical fracture orientation, it becomes apparent 
that both macroscopic and microscopic features are 
indicators of the direction Qf this maximum hori­
zon tal stress as well. 

U sing this information, the petroleum engineer 
can locate wells to be fractured in a pattern which 
will optimize reservoir performance whether for 
production or storage of natural gas. 

OP 144·70. Geologic Properties That Affect Waterflooding in 
the Big Injun Sand of West Virginia, by Royal J. 

.Watts and William K. Overbey, Jr. Pres. at 45th 
Annual Fall Meeting SPE, AIME, Houston, Tex., 
Oct. 4-7, 1970, preprint SPE 3.084, 7 pp. This study 
was made to determine the petrography, mineralogy, 
porosity, and permeability of the sandstone, and their 
relationship to waterflooding in Big Injun reser­
voirs. Rotary cores, geophy~ical well logs, petro­
graphic thin sections, and results of chemical anal­
yses of sandstone samples from several BIg Injun 
oil re~ervoirs were used 'to determine these param­
eters. The results show a great range of reservoir 
characteristics within the area of study. 

OP 145·70. Light.lnduced Chemiluminescence in Derivatives 
of Coal and Petroleum, by Raymond E. 

Markby, R. A. Friedel, Sidney Friedman, and Heinz 
W. Sternberg. Fuel, v. 49, 1970, pp. 242-248. Solu­
tions of coal tar, coal asphaltenes and alkylated coal 
as well as petroleum asphalts exhibit chemilumi­
nescence when exposed to oxygen and light. This 
chemiluminescence is believed to be due to decompo­
sition of endoperoxides formed by photo-oxidation of 
acene-type compounds present in products derived 
from coal and petroleum. 

OP 146·70. Detection Limit for Gold by Radioisotopic X.Ray 
Analysis, by Po' G. Burkhalter and H. E. 

Marl', III, Internat. J. App!. Radiation and Isotopes, 
v. 21. 1970, pp. 395-403. The use of a Ge (Li-drifted) 
semiconductor detector and gamma-ray excitation 
with radioisotopic sources provides an X-ray ana­
lytical method that is advantageous for the deter­
mination of high-Z elements in ores. The 122-ke V 
gamma radiation of C057 was found to be an opti­
mum energy for exciting gold K-radiation. The 
detection limit for. gold was determined to be 30 to 
40 ppm using both synthetic standards and analyzed 
gold ores. With a source strength of 60 mCi, a 
21-ppm detection limit is obtainable in 3-minute 
counting times. The sensitivity of the radioisotopic 
X-ray method for several other high-Z elements was 
also determined. Using C057 for excitation, the de­
tection limits for tungsten, lead, and uranium were 
25, 40, and 60 ppm, respectively. 

OP 147·70. Kroll Process Beryllium, by Thomas T. Camp-
bell, R. E. MussIer, and F. E. Block. 

Metal!. Trans., v. I, October 1970, pp. 2881-2887. 
High-purity beryllium metal was prepared on a 
laboratory scale by Kroll process procedures in which 
sodium was used as a reductant. Crude beryllium 
chloride, purchased from commercial sources, was 
purified by vacuum sublimation and fused-salt scrub­
bing. Purified beryllium chloride was vaporized and 
reacted at a controlled rate with molten sodium at 
temperatures ranging from 650 0 to 750 0 C to form 
beryllium sponge. Excess metal reductant and by­
product salt were removed from the sponge metal 
by vacuum distillation. Beryllium sponge metal was 
wet ball milled to -200 or -400 mesh powders. 
Heryllium powder metal, subsequently consolidated 
by isostatic pressing, was hot extruded and machined 
into tensile specimens for evaluation of mechanical 
properties. Evaluation indicates that the beryllium 
described in this study is of higher purity than com­
para ble commercial grades of metal; also, it is more' 
ductile but has somewhat lower strength. The over­
all process appears to have an excellent potential 
from an economic standpoint. 

OP 148·70. Boron and Boron Carbide Coatings by Vapor 
Deposition, by Andrew A. Cochran and 

James B. Stephenson. Metall. Trans., v. 1 October 
1970, pp. 2875-2880. The Bureau of Mines investi­
gated the formation of boron and boron-carbide coat­
ings by vapor-phase reactions. Optimum parameters 
were determined for hydrogen reduction of boron 
trichloride and for the formation of boron-carbide 
coatings on graphite by reaction with the depositing 
boron. At 1,300 0 C, about 85 percent of the boron 
was deposited. Tungsten substrates did not react 
with the boron deposit; other substrates reacted to 
various extents. The hydrogen reduction of boron 
tribromide was briefly investigated. Boron carbide 
was deposited at 1,300 0 C by adding methane to the 
boron trichloride-hydrogen feed gas. The chemical 
composition of the vapor-deposited boron carbide 
approximated B.C. A method of etching B.C was 
developed to study its microstructure. When boron 
was deposited on graphite at 1,500 0 C, very hard, 
uniform, strongly adherent coatings of B.C were 
formed that might be useful in applications such as 
rocket nozzles and chemical reaction and processing 
vessels. 

OP 149·70. Finding Profits in Oil·Well Waste Waters, by 
A. Gene Collins. Chem. Eng., v. 77, No. 

20, Sept. 21, 1970, pp. 165-168. Full exploitation of 
petroleum-associated brines for their chemicals will 
benefit the oil producer, the national economy, and 
pollution abatement. Sound conservation should 
favor the recovery of valuable elements from these 
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brines, and with proper planning,' the recovery 
processes should aid in ultimate disposal. 

OP 150-70. Elimination of the Compton Component of Dif-
fusely Scattering Substances, by S. Ergun, 

W. Braun, and E. Fitzer. Rev. Sci. Instru., v. 41, 
No. '8, August 1970, pp. 1133-1135. Experimental 
elimination and determination of the Compton 'com­
ponent in diffuse scattering have been made by 
using crystal monochromated Ag K. radiation and 
balanced Rh and Ru filters. The K absorption edge 

,of Ru (,\=0.5605 A) lies very close to the wave­
length of Ag Kol (,\=0.5594 A) so that the intensity 
obtained using balanced Rh-Ru filters at scattering 
angles 28>20 0 is essentially the unmodified Ag Kal 
scattering. A procedure is outlined for the elimina­
tion of the Compton compop..ent at lower angles and 
for conversion of arbitrary intensities into electron 
units. 

OP 151-70. A Syste;" for Measuring the Velocity of Sound 
in Compressed Fluids and Its Application to 

Helium Between -175 and 150 0 C, by B. E. Gammon and 
D. R. Douslin. Proc. 5th Symp. Thermophysical 
Properties, sponsored by the Standing Commi~t~e. on 
Thermophysical Properties, Heat Transfer DIVISIOn, 
ASME, Newton, Mass., Sept. 30-0ct. 1-2, 1970, pp. 
107-114. Describes the derived results and a system 
of measurement for the velocity of sound in helium 
at _175 0 to 150 0 C and 10 to 150 atm. 

OP 152-70. Vibrational Spectra of Benzene Derivatives-VII 
4-Fluoro- and 4-Bromobenzenethiol, 4-Chloro- and 

4-Bromophenylmethylsulphide, by J. H. S. Green, D. J. 
Harrison, W. Kynaston, and D. W. Scott. Spectro­
chim. Acta, v. 26A, No.7, July 1970, pp. 1515-1523. 
The infrared spectra (5,000 to 40 cm-1 ) of 4-fluoro­
and 4-bromobenzenethiol, 4-chloro- and 4-bromo­
phenylmethylsulphide, and the Raman spectra of the 
first and third of them, have been measured. 

OP 153-70. Converting Non-Permissible Equipment to Per-
missible Equipment, by Frank R. Lee, Jr. 

Min. Congo J., V. 56, No.7, July 1970, pp. 69-71. 
Types of non-permissible equipment found in under­
ground coal mines fall into five categories. This 
article details procedures and sources of assistance 
for converting electric motor-driven face equipment 
in each category to permissible status as called 
for in Bureau 01 Mines Schedule 2G. 

OP 154-70. A High:Hot-Strength Vanadium-Base Alloy, by 
G. H. Keith and J. S. Winston. Metals 

Eng. Quart., v. 10, No.3, August 1970, p. 56. A 
vanadium-base alloy that had exceptionally high 
strength at temperatures up to 1,200 0 C was de­
veloped. This alloy was composed of 20 percent Mo, 
10 percent Ti, 0.1 percent C, 0.5 percent Si, and 
0.5 percent Y and was capable of fabrication to 
sheet 1.0 to 1.5 mm in thickness by a combination 
of hot swaging and hot and warm rolling. 

OP 155-70. Electrowinning Oxygen From Silicate Rocks, by 
D. G. Kesterke. Proc. 7th Ann. Working Group on 
Extraterrestrial Resources, June 17-18, 1969, Denver, 
Colo., 1970, NASA SP-229, pp. 139-144. One phase 
of NASA-sponsored research for the utilization of 
extraterrestrial resources is directed toward deter­
mining the feasibility of extracting oxygen by elec­
trolysis of simulated lunar materials. The method 
is based on a modification of existing techniques for 
electrowinning metals from their oxides in fused­
salt systems. In this a,rti~le, results of preliminary 
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work leading to the electrowinning efforts are pre­
sented. The current research being conducted. by 
the Bureau of Mines is outlined, and operatmg 
conditions under which oxygen was successfully 
electro won from fluoride-silicate mixtures are de­
scribed. 

OP 156-70. The Factors That Irffluence the Design of Slope 
Walls. in Rock, by R. H. Merrill. Proc. VI 

Internat. Min. Cong., Madrid, Spain, June 1-5, 
1970 I-C. 2, 11 pp. The factors that influence the 
design of slope walls in rock are listed, together 
with brief comments about the state of knowledge 
concerning each. Various slope design techniques 
are summarized. Some of the factors and a design 
technique have been investigated in a full-scale 
instrumented test of a slope wall around an open 
pit; in situ stresses and rock ~tre~gth were low, and 
the displacements and strams m the wall rock 
changed as the slope was steepened. These meas­
ured changes were compared with computations 
based on elastic, continuum mechanics. The com­
parisons show good evidence that the pit wall reacted 
elastically to its change in slope. 

OP 157-70. Clay, A Raw Material For Aluminum, by F. A. 
Peters, Iron Age, V. 206, No. 13, Sept. 

24, 1970, reprint 1795, pp. 76-78. Three of the most 
attractive processes for producing alumina from 
clay are briefly described. Previously published 
Bureau of Mines estimated capital and operating 
costs for these processes-nitric acid, sulfurous acid­
caustic purification, and hydrochloric acid-isopropyl 
ether extraction-are compared with costs for the 
Bayer process. 

OP 158-70. Catalytic Dehydrogenation of Coal: Part 4. A 
Comparison of Exinite, Micrinite, and Fusinite 

With Vitrinite, by L. Reggel, I. Wender, and R. Ray­
mond. Fuel, v. 49, pp. :':151-286. Four macerals from 
an hvab coal have been dehydrogenated. Quantita-' 
tive data are given for the different yields of' 
hydrogen from exinite, micrinite, fusinite, and 
Vitrinite. 

OP 159-70. Phase Equilibria and X.Ray Diffraction Investiga-
tion of the System Cu·Fe·O, by S. C. Schaefer, 

G. L. Hundley, F. E. Block, R. A. McCune, and 
R. V. Mrazek. Metal!. Trans., v. 1, Sept. 1970, pp. 
2557 -2563. An equilibria investigation for the sys­
tem Cu-Fe-O determined nine regions of stability 
which were investigated in the oxygen pressure 
range of 1 X 10-4 to 5 X 10-1 atm (Ptot" = 1 atm) 
and at temperatures of 1,173 0 to 1,250 0 K. Oxygen 
dissociation pressures were determined for three 
univariant, four bivariant, and two trivariant 
equilibria .. X-ray examination of selected equili­
brated samples established conclusively that (1) 
cuprous ferrite (delafossite) is a stoichiometric 
compound, (2) cupric ferrite is a solid solution, and 
(3) solubility of 'delafossite in cuprous oxide is 
negligible. A relationship of lattice parameters with 
compositional variations was determined for the 
solid solution. Tetragonal-to-cubic spinel crystal 
transformation of cupric ferrite solid solution occurs 
with a cia ratio at or slightly greater than 1.028. 
A volume discontinuity accompanies the tetragonal­
to-cubic spinel transformation, which is a first-order 
type of thermodynamic transition. 

OP 160-70. Combustion of Coal in Fluidized Beds, by N. H. 
Coates, P. S. Lewis, and J. W. Eckerd. Trans. SME, 
AIME, v. 247, September 1970, pp. 208-210. ,The 
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Bureau of Mines designed, constructed, and operated 
an 18-in-diam fluidized-bed combustor for highly 
caking coals to evaluate the method for possible 
application to power generation. In initial tests, 
comqustion was carried on successfully, with carbon 
losses as low as 0.8 percent. Coal ash was not satis­
factory as a bed material, but mullite proved to be 
acceptable. Overall heat-transfer coefticients from 
the bed (-20 +50 mesh mullite) to a water-cooled 
tube were about 75 Btu per hr-sq it_oF. 

OP 161·70. Mica Process Development, by James S. 
Browning. Trans. SME, AIME, v. 247, 

September 1970, pp. 269-273. For the past several 
years, the Bureau of Mines has conducted laboratory 
and continuous process development work on the 
weathered mica pegmatites ores of Alabama 
Georgia, and North Carolina to determine the feasi~ 
biJjty of recovering commercial-grade mica concen­
trates by flotation. The research has resulted in 
the development of two processes for flotation of 
mica: (1). an acid-cationic method for recovery of 
coarse nuca and (2) an alkaline-an ionic-cationic 
method for recovery of fine mica. The research 
indicated that the two processes may be effectively 
utilized separately or in combination for flotation 
of mica from weathered pegmatite ores. This report 
summarizes the process development work and dem­
onstrates the feasibility of producing c~mmercial­
grade concentrates with a high recovery of the con­
tained mica. 

OP 162.70. Corrosion of Heat-Exchange Tubes in a Simu· 
lated Coal·Fired MHD System, by D. Bien­

stock. R. J .Demski, and R. C. Corey AS ME Winter Ann. 
Meeting, :'\e,,' York. :'\o\'. 29-Dcc. 3, 1970, Preprint 70-
\r.-\/CD,3, 8 pp. Corrosion results are reported in a 
seeded flue gas ,dth Haynes 25, stainless, and carbon 
steels at ,,,all temperatures of 800 0 to 1,5000 F and gas 
tpmperatures of 1,8000 to 2,500 0 F. 

OP 163·70. Effect of the Intermediate Principal Stress on the 
Fracture of Briffle Rock, by B. T. Brady. 

Rock 'fechanics-Theory and Practice. Proc. II th Symp. 
on Rock Mechanics, Cniy. of California at Berkeley, 
Berkele;', Calif., June 20-22, 1969, pp. 267-279. The pri­
mary conclusion of the study is that the effect of the 
intei'mediate principal stress' on the fracture strength 
of brittle rock (,,'hen the failure initiation models are 
specified by equations given) is not large enough to war­
rant its consideration in engineering calculations inyolv­
ing the behador of brittle rock under multiaxial stress 
conditions. This conclusion is justified "'ithout qualifica­
tion when all the principal stresses are compressiye. 

OP 164·70. Recent Developments and Applications of the 
Microseismic Method in Deep Mines, by Wil­

son Blake and Fred Leighton. Rock Mechanics-Theory 
and Practice. Proc. II tho Symp. on Rock 'fechanics, L'niy. 
of California at Berkeley, BerkeleY, Calif., June 20-22, 
1970, pp. 267-279. Broad-band microseismic monitoring 
proyides much more quantitatiw information about the 
beha"ior of a rock structure than can be obtained b,' 
traditional microseismic monitoring. When used regularly 
by experienced personnel, it can become a yaluable en­
gi'neering tool in detecting, delineating, and estimating 
the stability of potential failure zones in ro~k structu~'es. 

In deep mines, the location of zones, of lI1ferred hIgh 
stress can be pinpointed in space. All rock bursts re­
rorded during this study had their foci in these inferred 
high stress zones, but not all of these zones experienced 
rock bursts. The destressing of a potential rock-burst zone, 
while not yet done in this study, should no,,' be more 
effectiye sillce these zones can he precisely located. At­
tempts at destressing can be eyalualed readily by monitor-

ing with this technique. The use of low-sensitivit.y 
pickups should make this technique useful in areas w~ere 
there is a con tinuous background of small rock nOISes. 
Such noises would essentially be filtered out by pi6:kup 
selection. For precise source locations in rock structures 
where stress changes may occur daily, seismic velocities 
must be d~termined daily. 

OP 165-70. Processing of Superalloy Scrap, P. T. Brooks, 
G. M. Potter, and D. A. Martin. J. 

Metals, v. 22, No. 11, Noyember 1970, pp. 25-29. Super­
alloy grinding waste contains substantial quantities of 
nickel, cobalt, molybdenum, and chromium and for lack 
of an economical domestic recovery process is being 
marketed abroad. A process was developed and demon­
strated on a laboratory scale for treating this complex 
waste product to recover the more valuable metals. The 
recovery process includes scrap preparation, dissolution 
of metallics in chlorinated acid solution, carbon adsorp­
tion, successive solvent extraction separations, and' selec­
tive chemical precipitations. Nearly 90 percent of the 
nickel, cobalt, and molybdenum were separately recovered 
as metallurgical-grade oxides. For a more detailed dis­
cussion of the subject see Bureau of Mines Report of 
Investigations 7316. 

OP 166·70. Partial Decarboxylation of Coal Aromatic Acids 
by Transition Metal Complexes, by Sidney 

Friedman, Samuel R. Harris, and Irving Wender. I&EC 
Prod .. Res. and Development, v. 9, No.3, September 
1970, pp. 347-350. In the presence of carbon monxide 
and hydrogen, dicobalt octacarbonyl, CO2 (CO) 8, catalyzes 
the selective decarboxylation of phthalic acid or anhydride 
and substituted phthalic acids or anhydrides to yield the 
corresponding benzoic acids. In the case of pyromellitic 
acid, the CO2(CO)s is consumed in the decarboxylation, 
becoming a reactant instead of a catalyst. By using de­
rintiyes of C02 (CO) 8 in which one or two carbonyl 
groups are replaced by trialkylphosphine ligands, it is 
possible to presen-e the catalytic activity of the complex. 
Such a calalyst will selectiYely decarboxylate benzenepoly­
carboxylic acids containing carboxyl groups as adjacent 
carbons to mix tures of isoph thalic and tereph thalic acids. 
By applying this reaction to a mixture of acids obtained 
by alkaline oxidation of coal, char, or other coal deriva­
tives, it is possible to obtain a product rich in isophthalic 
and terephthalic acids. 

OP 167·70. Predicting Performance of Waterfloods at High-
est Constant Injection Rate, by R. V. Higgins. 

J. Petrol. Tech., y. 22, October 1970, pp. 1246-1247. 
Data from a HigginS-Leighton method at constant pres­
sure may be easily and quicklY used to predict the 
highest constant rate of injection and other engineering 
data of economic value. 

OP 168·70. Carbon Black Produced by the Pyrolysis of Coal, 
by Glenn E. Johnson, William A. Decker, 

Albert J. Forney, and Joseph H. Field. I&EC Prod. Res. 
and Deyelopment, v. 9, No.3, September 1970, pp. 382-
387. Carbon black equiyalent to commercial grade has been 
produced by the pyrolysis of coal at 1,2500 to 1,3500 C at the 
Bureau of Mines, Pittsburgh, Pa. The maximum yield of 
black obtained from Pittsburgh seam coal (h"ab 1'ank) 
is about 20 percent by weight based on the raw coal fed, 
The work has been done on a bench-scale electrically 
heated unit with a maximum coal feed rate (70 percent-
200 mesh) of 3 pounds per hour. Bypl:oducts are a coal 
char \\'hich ,could be burned for po\\'er generation and 
byproduct gas (8 to 9. cubic feet per pound of coal) 
containing 80 percent hydrogen. The carbon black prod­
uct has been evaluated in chemical and rubber com­
pounding tests by industrial companies and found to be 
cqui,'alent in quality to fine thermal (FT) grade of 
commercial blacks. A patent has been granted to the U.S. 
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Go\'ernment. Cost studies indicate that the carbon black 
could economically be produced from coal. 

OP 169-70. NO y Emissions at Low Excess-Air Levels in Pul-
verized-Coal Combustion, by C. R. :\IcCann, 

J. J. Demeter, A, A. Orning, and D. Bienstock, AS:\IE 
Winter Ann, yleeting, :\'ew York, :1\ov. 20-Dec. 3, 1970. 
Preprint 70-WAf APC-3, 7 pp. Nitrogen oxides decreased 
70 per cent (from 575 to 175 ppm) as the excess air was 
lowered from 25 to 1.4 percent in burning a Pittsburgh­
seam coal. At lower excess-air levels, carbon combustion 
efficiencies could be maintained at 99 percent by in­
creasing the air preheat to 7000 F. 

OP 170-70. The Use of Natural Gas and Oxygen in the 
Stack and Tuyeres of an Experimental Blast 

'Furnace, by N. B, Melcher, R, B. Schluter, T, L. Joseph, 
and R. J. Leary. Proc. 27th Ironmaking Con f., AIME, 
Apr. 1-3, 1968, Atlantic City, XJ., 1969, pp. 151·161; 
discussion, pp. 161-164. Hot reducing gases (principally 
H2 and CO) were injected into the stack to augment 
normal iron reduction. Iroll! production increased 40 
percent; coke rate diminished correspondingly. Natural 
gas and oxygen were injected through the tuyeres for 
comparison. 

OP 171-70. Coke Savings and Higher Productivity Achieved 
With Ultra High Blast Temperatures in an Ex­

perimental Blast Furnace, by E. J. Ostrowski, R. B. Schluter, 
and :\'. B. Melcher. Proc. 27th Ironmaking Conf., AIME, 
Apr. 1-3, 1968, Atlantic City, :\'.J., 1969, pp. 171-174; dis­
cussion 174-175. Blast temperatures in the range 2,200 0 to 
2.700 0 F resulted in a constant coefficient of coke rate im­
proyement, but required an increasing coefficient of blast 
moisture addition to maintain the minimum rate of re­
ducing gas input. 

OP 172-70. Microhydrogenation-A Useful Tool in Sulfur 
Studies, by C. J. Thompson and H. T. Rail. 

Mechanisms of Reactions of Sulfur Compounds, v. 4, 
1969, pp. 111-114. Describes development and application 
of a method of microhydrogenation for identification of 
sulfur compounds in petroleum and other natural prod­
ucts. Method permits structure characterizations that 
would be difficult or impossible by other procedures. 

OP 173-70. Effect of Rock Fracturing on the Modulus, As 
Determined by Borehole Dilation Tests, by 

Louis A. Panek. Proc. 2d Internat. Cong., Internat. Soc. 
Rock Mechanics, Belgrade, Yugoslavia, Sept. 21-26, 1970, 
Paper 2-16, 5 pp. In situ dilation tests were made in 
small boreholes to determine the apparent modulus of 
rigidity of fractured rock, using the Bureau of Mines 
cylindrical pressure cell. A steady decrease of modulus 
occurred with decreasing fracture spacing. Application 
of the law of similitude leads to an interpretation of 
this result as a size effect. This interpretation seems 
capable of rationalizing the results of all types of static 
tests to determine rock modulus. A good estimate of the 
apparent modulus for any size of structure, such as a 
dam foundation OT a tunnel, can be derived from a 
testing program that takes proper account of rock frac­
turing. 

OP 174-70. Ethylene-Steam Reaction Induced by Ozonizer 
Discharge, by T. C. Ruppel, P. F. Moss· 

bauer, M. F. Ferrer, and D. Bienstock. I&EC Prod. Res., 
and De\'elopment, v. 9, No.3, September 1970, pp. 369-
376. The effect of molar ratio, space yelocity, temperature, 
and reactor power on the ethylene-steam reaction in a 
Siemens ozonizer discharge was determined. 

OP 175-70. Carbon Reduction of Iron Oxide Waste Mate-
rials To Be Reactive Sponge Iron in a Fluidized­

Bed Reactor, by Espiridion C. Valdez, Henry Dolezal" and 
Karl C. Dean. Chem, Eng. Progress Symp. Series, ". 66, 
:1\0. 105, 1970, pp. 221-224. Iron pellets of Ia~ge surface 
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areas were successfully produced from hematitic and mag­
netitic materials in a fluidized-bed reactor. Scaling up 
~his process to commercial scale \dll be dependent upon 
Improvement of the process so as to make it econom­
ically pr~cticable. Research is undef\\'ay to de\'elop a 
more effiCIent externally heated reactor, 10\\'er the cost of 
forming the pellets, and design a continuous operation. 

OP 176-70. Methods and Equipment for Measuring Subsi. 
dence, by Louis A. Panek. In Third Sym­

posium on Salt, ed. by Jon L. Rau and Louis F, 
Dellwig, The Northern Ohio Geological Society, 
Cleveland, Ohio, 1970, pp. 321-338. This report de­
scribes measurement techniques and equipment that 
are appropriate for determining the horizontal and 
vertical components of displacement and strain, tilt 
and curvature. Particular attention is given to the 
principal characteristics and uses of monuments, 
extensometers, tapes, electronic distance-measuring 
instruments, theodolite, alignment telescope, spirit 
level, tilt meter, and borehole inclinometer probe. 

OP 177.70. The Anisotropic Thermal Expansion of the Crystal 
Lattice of a Hafnium, by Marion P. Krug and 

B. E. Davis. J. Less-Common Metals, November 
1970, v. 22, No.3, pp. 363-366. The two lattice 
parameters of hafnium with 2.1 weight percent zir­
conium were determined from measurements on 2 
single-crystal specimens at temperatures from 23 0 

to 1,600 0 C. These data are believecl to be the most 
accurate thus far obtained for material of this com­
position, and, since hafnium of higher purity (with 
respect to zirconium) is difficult to obtain, they may 
be the best -approximation to the thermal-expansion 
data for pure hafnium. 

OP 178·70. The Granular Micrinite Component of Coal, by 
J. T. McCartney. Fuel, January 1970, v. 

49, No.1, pp. 409-414. The nature of the granular 
micrinite component of coal and relevant evidence 
offered by other investigators are disscussed. Elec­
tron micrographs are presented that clearly show 
rounded discrete particles in the size range 100-1,000 
A. Ambiguous evidencE:, offered by various investi­
gators concerning the reactivity of this component 
is also discussed. 

OP 179-70. Recovery of Meta"urgical Values From Industrial 
Wastes, by Paul G. Barnard, A. A. Coch­

ran, and L. C. George. In Proc. New Directions in 
Solid Wastes Processing 1970 Institute, Framing­
ham, Mass., May 12-13, 1970, pp. 81-94. The Bureau 
of Mines research programs include studies to de­
velop technically feasible, economic methods for 
treating solid wastes and secondary raw materials 
for recovering and recycling valuable metals and 
minerals. Significant tonnages of useful metals can 
be recovered which are often richer in metal con­
tent than ores presently being processed. An addi­
tional potential benefit is the alleviation of the 
stream and ground-water pollution to which these 
waste materials contribute. 

OP 180-70. Nonmagnetic Taconites, by D. \V. Frommer. 
Min. Eng., \'. 22, No. 11, No\'ember 1970, 

o pp. 79-81. Experimental reclamation of water from the 
anionic silica flotation treatment of nonmagnetic taconites 
is described. Reuse of this reclaimed water in flotation 
was was shown to be feasible. 

OP 181·70. Loose Rack Can Be Detected by Infrared De­
vices, by Robert H. Merrill and Raymond M. 

Stateham. Min. Eng., November 1970, v. 22, No. 
1~, pp. 59-62. This article summarizes the use of 
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infrared techniques to detect loose rock around un­
derground mine openings. Research to date shows 
that when differences of about 0.5 0 C or more exist 
between the. air and rock temperatures in under­
ground opemngs the loose rock will have a different 
temperature than the solid rock. The results ob­
tained in several mines are discussed. 

OP 1-71. How to Predict the Penetration Rate of Percussive 
Drills, by 'Villiam E. Bruce. Min. Eng., v. 22, 

No. 11, November 1970, pp. 62-64. Penetration rates 
for the two drills were determined in nine rock types, 
and the physical properties of the same nine rocks were 
measured and tabulated. Then the penetration rates 
were plotted against the individual properties to deter­
mine the general relationships on which methods for 
predicting drilling rates could be based. 

OP 2-71. Shale Oil Recovery by In-Situ Retorting-A Pilot 
Study, by E. L. Burwell, T. E. Sterner, and 

H. C. Carpenter. J. Petrol. Technol, v. 22, No. 12, Decem­
ber 1970, pp. 1520·1524. Results of this in situ com­
bustion experiment, conducted by the Bureau of Mines 
near Rock Springs, Wyo., to produce shale oil from oil 
shale, indicate that a combustion zone can be established 
in a fractured oil shale body by using air injection and 
a propane burner. During the 6·week period that com­
bustion "'as maintained, 8,000 gallons of oil was produced. 

OP 3-71. Thermodynamic Research Under API Project 62, 
bv D. R. Douslin. Proc. 35th Midyear Meeting, 

Diy. Refining .. -\PI, ;\lav 13. 1970, Houston, Tex., 1970, 
\'. 50. pp. 189-211. Vnder the API RP 62 program, ex­
perimC'nt~d and correlational studies haw been carried out 
Oil GI compound, in various research areas described in 
this report. Emphasis on the 46 alkanes was directed to 
effects of branching and the formulation of a new general 
correlation of their thermodynamic properties. 

OP 4-71. The Effect of Fuel Composition, Equivalence Ratio, 
and Mixture Temperature on Exhaust Emissions, 

bv R. D. Fleming and B. H. Eccleston. Pres. at Automo­
ti\'e Engincering Congress. SAE, Detroit, ;\lich., Jan. !l-I5. 
1971, Preprint 710012. 9 pp. A single-qlinder research 
engine "'as operated on pure hydrocarbons (HC) anr! 
simple mixtures of pure Iwdrocarbons to study the effect 
of fuel composition. equiyalence ratio, and mixture tem­
perature on exhaust emissions. Csed as fuel components 
were the following hydrocarbons: l1-pentane, 2-methyl-' 
2- bUlanC'. is()()ctanc, and III-xvlene. 

Tolal hydrocarbon emission in terms of moles of ex­
haust HC/mole of fuel input was lowered by increasing 
the amount of xylene in the fuel when operating on the 
fuel-rich side of stoichiometric; total h\'drocarbon emis­
sion was higher for higher aromatic fu~ls when air-fuel 
ratios approached the lean misfire limit; the effect of 
mixture temperature on hydrocarbon emission was in­
significant. 

1- ;\-lethvl-3-eth\'lbenzene was observed as 'a synthesis 
product of combllStion in the exhaust from fuels con­
taining III-xylene. "'ith increasing III-xylene concentration 
in the fuel, the yield of I-methyl-3-ethylbenzene in­
creases. reaches a maximum. and then decreases. The 
effect of equivalence ratio is to shift this maximum point 
toward lower aromatic fuels as the fuel-air mixture is 
leaned out. 

OP 5-71. Processing Pelletized Cu Concentrate, by M. M. 
Fine and R. B. Schluter. Min. Eng., v. 22, 

~o. II. ~oyembcr 1970. pp. 71-74. A new route from 
copper concen tra te to metal includes 2-stage fluid-bed 
treatment; pelletized concentrate ((33 percent Cu, 7 
perccnt S) is first desulfurized (to about 0.5 percent S) in 
an oxicli7ing atmosphere. In the second stage, the calcine 
is metallizcd by reduction with hydrogen. Thereafter, the 
reduced product plus 10 percent CaO is routed to a 

smelting furnace to separate metallic copper from the 
gangue. Pelletizing the fine concentrate into mini pellets 
prior to fluid-bed treatment permits shorter reaction time' 
and decreases dusting. 

OP 6-71. Nuclear Gages' Applied to a Pressurized Gas Pro-
ducer for Location of Coal Bed Level and Com­

bustion Zone, by G. R. Friggens and A. W. Hall. Ad­
vances in Instrumentation, Proc. 25th Ann. Conf. and 
Concurrent Symp .• Philadelphia, Pa. Oct. 26-29, 1970, v. 
25, pt. 4, Preprint 70-804, 3 pp. The Bureau of Mines, 
is applying nuclear methods to monitor the coal bed level 
and combustion zone of a pilot-scale pressurized gas pro­
ducer. Detection instruments measure the transmission of 
cobalt-50 gamma rays through the 56-inch-diameter by 
16-foot-high vessel and provide personnel with continuous 
operating information, including coal bed height, occur­
rence of \'oids, location of combusion zone, and accumu­
lation of excessive ash. Smoother, more efficient operation 
of the producer has resulted in improved gas production. 

OP 7-71. Use of Selective Ion Exchange Paper in X-ray 
Spectrography and Neutron Activation: Applica­

tion to the Determination of Gold, by Thomas E. Green, 
Stephen L. Law, and William J. Campbell. Anal. Chern., 
v. 42, No. 14, Dt.-:ember 1970, pp. 1749-1753. Ion exchange 
resin-loaded paper disks containing a highly selective ion 
exchange resin serve as an excellent medium for separat­
ing and collecting trace quantities of elements in an 
optimum form for X-ray spectrographic and neutron 
activation determination. A new collection procedure nro­
vides a simple means for preconcentrating the trace ele­
ments from large samples. A radioactive tracer added to 
the original sample is used as the collection monitor. Use 
of a cyclotron-produced radiotracer permits the applica­
tion of this procedure to neutron activation determina­
tion. The determination of gold in the ppm range by 
X-ray spectrography and in the ppb range by neutron 
activation are given as examples. 

OP 8-71. Streaming Potential, Surface Conductance, and 
Electroviscous Effect in a Porcelain Sample With 

Sub-Micron Size Pores, by Larry C. Headley. Proc. "'est 
Yirginia Acad. of Sci., 1969, Y. 41, pp. 359-367. The flow 
and electrical properties of water of conductivity ranging 
from 0.1 ohm-l-metel~1 to about I Q--4 ohm-I-meter-1 
were studied in. synthetic porcelain porous samples of 
average pore radIUS 0.42 microns. Streaming potential and 
surface conductance were measured bv standard tech­
niques. The electroviscous effect was measured by shorting 
out the streaming potential electrodes and obsen-ing the 
resultant change in flow rate. The experimental results 
are compared with curves calculated from theoretical 
expression by two different authors. The results indicate 
that neither theory completely explains the processes 
which occur. Several hypotheses are advanced to account 
for the discrepancies. 

OP 9-71. A Controlled-Atmosphere Plasma Arc for Emission 
Spectrography of Nonmetal Elements, by Ray­

mond J. Heemstra. Appl. Spectroscopy, November! 
December 1970, v. 24, No.6, pp. 568-572. To estimate 
the weight percents of certain nonmetal elements in 
organic compounds found in petroleum reservoirs, 
the Bureau of Mines designed- and constructed a 
controlled-atmosphere plasma arc which effectively 
excludes air from the plasma. Selected organic com­
pounds that contained nonmetal elements were mixed 
with a solvent essentially free of those elements. The 
weight percents of the nonmetal elements were esti­
mated from the p_roduced diatomic spectral bands; 
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results were reasonably accurate. Analytical work­
ing curves were prepared for nitrogen in the range 
from 15 to 450 ",g for 100 mg samples using the 
analytical carbon-nitrogen band at 3,883 A: and the 
internal standard carbon-carbon band at 3,607 A. 
Curves also were prepared for hydrogen, sulfur, and 
oxygen that had limited sensitivity to detection. 
Another indicated application of this plasma arc is 
for characterization of high-boiling petroleum frac­
tions in liquid chromatographic effluents. The rates 
at which diatomic species are produced and destroyed 
directly influence the intensity of each corresponding 
band spectrum. 

OP 10-71. Air Pollutants From Internal Combustion Engines, 
by R. W. Hurn. Pres. at 9th Aerospace 

Sciences Meeting; AIAA, New York, Jan. 25-27, 1971, 
AIAA paper 71-122, 11 pp. This paper seeks to place 
the characteristics of internal combustion engines in 
proper perspective with regard to clean-air require­
ments. The basic engine and fuel factors that in­
fluence pollutants are discussed in the context· of 
achieving low emissions; the penalty to perform­
ance, if any, is also discussed. 

Advantages and disadvantages in the use of lead­
free gasoline, natural gas, and propane are reviewed. 
Finally, the more prominent characteristics of the 
several types of internal combustion engines are sum­
marized with respect to the potential each holds for 
development to meet clean-air requirements. 

OP 11-71. The Kinetics and Equilibria of the Gold·Chlorine 
System, by A. Landsberg and C. L. Hoatson. 

J. Less-Common Metals, v. 22, 1970, pp. 327-339. The 
kinetics and vapor-solid equilibria of the gold-chlor­
ine system have been studied between 70 0 and 800 0 

C at chlorine pressures ranging from 76 to 760 torr. 
Four kinetic regions, differentiated by separate con­
trolling mechanisms, were found. Kinectic factors 
were correlated with equilibria involving (1) the 
vapor pressure of Au,Clu, (2) chlorine and Au,CI, 
vapor in equilibrium with Au,CI" (3) chlorine and 
Au,Cl. vapor over gold, ana (4) chlorine and Au,Cl, 
vapor over gold. 

OP 12·71. Hexafluorbenzene and 1,3.Difluorobenzene: Low-
Temperature Calorimetric Studies and Chemical' 

Thermodynamic Properties, by J. F. Messerly and H. L. 
Finke, J. Chem. Thermodynamics, v. 2, No.6, No­
vember 1970, pp. 867-880. The chemical thermody­
namic properties for the condensed phases of hexa­
fluorobenzene and 1,3-difluorobenzene from 12 to 320 
Kwere calculated from low-temperature calorimetric 
studies made by' the Thermodynamics Research 
Group of the Bureau of Mines Bartlesville Petroleum 
Research Center. 

OP 13·71. Characterization of Crude Oils by Gel Permeation 
Chromatography, by H. H. Oelert, D. R. 

Latham, and W. E. Haines. Separation Science, 
v. 5, No.5, October 1970, pp. 657-668. The classical 
method of dividing crude oil into narrow molecular­
weight cuts-distillation-is not practical in the 
high-boiling region. Thus, gel permeation chroma­
tography was evaluated as a technique for character­
izing the high-molecular-weight portion of crude oils. 
Crude oils, stripped to 180 0 C, were separated in a 
dual-column G.PC system. The fractions obtained 
provided information concerning the amounts of 
material with molecular weights between 400 and 
3,000. Gross estimates were made of the proportion 
of ring and non ring carbons in these fractions. The 
latter estimates were obtained by relating molecular 
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weights determined on the fractions to a calibration 
plot made up from data on model compounds. 

OP 14-71. Tetrahydrofuran: 'Vibrational Assignment, Chem-
ical Thermodynamic Properties, and Vapor Pres­

sure, by D. W. Scott. J. Chem. Thermodynamics, v. 2, 
No.6, November 1970, pp. 833-837. A vibrational 
assignment is proposed for tetrahydrofuran and used 
with available structural, energetic, and calorimetric 
data to compile a table of the chemical thermody­
namic properties. Determinations of the vapor pres­
sure also are reported. 

OP 15·71. Separation and Characterization af High.Molecular. 
Weight Saturate Fractions by Gel Permeation 

Chromatography, by J. H. Weber and H. H. Oelert. 
Separation Sci., v. 5 No.5, October 1970, pp. 669-675.: 
Gel permeation chromatography (GPC) was applied 
to the saturate portion of a 450" to 475 0 C cut of 
Wilmington crude oil. Selected fractions were ana­
lyzed by mass spectrometry, which demonstrated that 
a separation based on the number of rings was 
achiGved. An early fraction contained 95.5 weight­
percent no-, one-, and two-ring compounds; and a 
late fraction contained 95.9 weight-percent three-, 
four-, five-, and six-ring compounds. The relation­
ship of the experimental results to those predicted 
from calibration curves relating carbon number to 
both distillation and GPC is discussed. 

OP 16·71. Chromatographic Separation of the Nuclear Spin 
Isomers of Hydrogen and Deuterium Below 60 0 K, 

by A. Purer and R. L. Kaplan. J. Chromatographic 
Sci .. v. 9, January 1971, pp. 59-62. This investi­
gation was undertaken to study the separation char­
acteristics of helium, hydrogen, and deuterium on a 
specially prepared capillary column. Complete sepa­
ration of helium, parahydrogen, orthohydrogen, para­
deuterium, and orthodeuterium was achieved by 
l1~ing neon as a carrier gas with an 82-m by 0.28-m, 
id, soft-glass capillary column with an etched in­
ternal surface. The operating temperature range 
of 29 0 to 60 0 K was obtained by using a helium 
refrigerator. The interaction of helium with the 
column's adsorptive surface was found to be small 
at these temperatures. 

OP 17-71. Single·Strand Strainwire Technique: Extensions and 
Refinements, by J. R. Zelonka, R. J. Kline, 

and L. Wade. Experimental Mech., v. 10, No. 12, 
December UJ70, pp. 56~-544. ThIS paper is the first 
of three papers on a refined internal strain wire tech­
nique. Availabihty of sensitIve data-acquisition 
eqUIpment has made possible a detailed investigation 
that resulted in reductlOns in both gage lengtn and 
excitation voltage with little reduclion in the quality 
of the informatlOn. 

The method of measuring internal strains by em­
bedded lengths of strain-gage wire has been extended 
to the construction and evaluation of strain rosettes. 
Experimentally measured principal strains on an 
interior plane of a compressed square prism are 
compared for statistical and theoretical consistency. 

OP 18·71. Coal and Coke, by S. Ergun, R. A. Friedel, 
J. T. McCartney, and I. Wender. In :b.ncy­

clopedia of Industrial Chemical Analysis, Volume 10, 
Ed. by F. D. Snell and L. S. Ettre, Interscience Pub':: 
lishers, New York, 1970, pp. 209-262. This article 
covers methods of analysis of coal and coke, including 
sampling, functional group analY.llis, spectroscopy, 
petrography, determining optical constants, density, 
electron microscopy, X-ray diffraction, proximate 
analysis, ultimate analysis, calorific value, ash fusi-
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bility, behavior on heating, grind ability, and special" 
constituents. Also included is an extensive biliog­
raIihy on analytical methods for coal and coke. 

OP 19-71. Separation af Nickel and Cobalt by an Electrolytic 
Process, by T. A. Sullivan. Ch. in Progress 

in Separation and Purification, Volume 3, ed. by 
Edmond S. Perry and Carel J. Van Oss. John Wiley 
& Sons, Inc., New York, 1970, pp. 285-304. Elec­
trolytic separation of nickel and cobalt from nickel 
products containing up to 5 percent cobalt was ac­
complished in a molten KCI-LiCI-NiCI. electrolyte. 

OP 20-71. Fundamentals of Statistical Screening, by C. W. 
Schultz and R. B. Tippin. Trans. SME, AIME, 
v. 247, December 1970, pp. 314-316. It was shown 
that an acceptable sizing separation can be attained 
using a statistical screening concept. Mathematical 
models were fitted to the experimental data showing 
the nature of the screening technique. 

OP 21-71. Activation Analysis of Gold-Bearing Scrap Solders 
by D. E. Shanks, K. G. Broadhead, and 

H. H. Heady. Interna.t. J. App. Radiation and Iso­
topes, v. 21, 1970, pp. 671-676. Neutron activation 
analysis is used to meet the metallurgical research 
requirements for the rapid, non-destructive. analysis 
of Sn-Pb solders. to which AI has been added to effect 
a phase separatIOn of Au. The elements determined 
are Au, Sn, Pb, AI, and Sb. 

OP 22-71. Reservoir Rock Characteristics of the Madison 
Limestone in the Williston Basin, bv E. J. White 

and L. C. Marchant. Log Analvst, v. 11, No.5, 
September-October 1970, pp. 17-25. In this paper, 
the porosity and water saturations as determined 
from logs are compared with the values obtained 
from core analyses for reservoirs in the Williston 
Basin. The material will be useful to a log inter-
preter with wells in a carbonate reservoir. ' 

OP 23-71. How Bearing Plates Affect Roof Bolt Performance, 
by Richard Oitto, Anthony Zona, and Juel 

Stears. Coal Min. and Processing v. 7, No. 12, De­
cember 1970, pp. 49-57. Results from a laboratory 
investigation by the Safety Research Center of the 
Bureau of Mines on roof bolts show that the bearing 
plate can cause tension bleed-off in a roof bolt as­
sembly. 

OP 24-71. Radiosotopic X-Ray Analysis of Silver Ores Using 
CO"'Dton Srattf!r Fnr Matrix Co". ... ensation. by 

P. G. Burkhalter. Ana!. Chem., v. 43. No.1, Janu­
arv 1971. po. 10-17. R~dioisotopic X-ray analysis 
with semicondu,ctor detectors was evaluated for de­
termining' silver ,'in ores. X-ray' and scatter p~ak 
intE;nsitles were obtained using computer processmg 
for curve fitting baCkgrounds under the Ag Ka. peaks 
and unfolding overlappmg spectra. Tl!-e dlscr~te 
Compton -and coherent scatter peaks obtama~le WIth 
monoenergetic excitation were evaluated as mternal 
standards for matrix compensation. The Ag Ka-to­
Compton ratio provides. compensatio~ for X-ray 
absorption and a single, ~me~r c~hbratlOn .curve can 
be used for silver determmatlOn m both umform and 
variable matrix ores. For a set· of samples taken 
from a drill core, silver was determined to within 
±10 percent for concentrations above 3 oz/ton and 
the detection limit was 0.3 oz/ton (10 ppm). For 

Variable matrix ores, silver can be determined WIthin 
±20 percen~. 

OP 25-71. The Chlorination of Columbite in ci Fluidized-Bed 
Reactor, by Richard S. Olsen and Frank E. 

Block. Chem. Eng. Symp. Series, v. 66, No. 105~ 
1970, pp. 225-228. A fluidized-bed reactor for the 
continuous chlorination of columbite with elemental 
chlorine is described. This process uses a bed of 
fluidized metallurgical coke both as the reactor me­
dium and as the reductant required for the chlorina­
tion reaction. The effects of pertinent operating 
variables on the operation of the chlorinator are dis­
cussed. 

OP 26-71. Apparatus and Procedure to Reduce Impurities in 
Helium to Less Than One Part Per Billion, by 

C. A. Seitz, W. M. Bodine, and C. L. Klingman. J. 
Chromatographic Sci., v. 9, January 1971, pp. 
'29-31. Certain scientific applications require helium 
of greater purity than that routinely available. This 
paper describes a laboratory-size apparatus which 
reduces impurities in helium to less than 1 part per 
billion. The unit employs easily available, low-cost 
liquid nitrogen as a refrigerant to cool activated 
'charcoal for the cyclic adsorption of impurities. The 
essential differences between the new purifier and 
previous adsorption units are the use of highly puri­
fied helium to purge and repressure the charcoal 
during and after regeneration and refleneration of 
the adsorbent before neon emerges. The unit pro­
duces a few hundred cubic centimeters of highly 
purified helium per minute, the amount depending 
upon the helium pressure required and the chosen 
cycle time. Continuous safe operation is achieved 
with only periodic observation and requires about 20 
liters of liquid nitrogen per day. 

OP 27-71. Aspects of Water Reuse in Experimental Flotation 
of Nonmagnetic Taconites, by D. W. Frommer. 

Trans. SME, AIME, v. 247, December 1970, pp. 
281-287. Experimental reclamation of water from 
the anionic silica flotation treatment of nonmagnetic 
taconites is described. Reuse of this reclaimed water 
in flotation was shown to be feasible. 

OP 28-71. Method and Apparatus for Determining Helium~ 
Content of Gas Mixtures, by David E. Emer­

son and Richard L. Kaplan. Anal. Chem., v. 42, 
No. 14, December 1970, pp. 1746-1748. A method and 
apparatus are described for determining the helium 
content of gaseous mixtures. The work was done 
so that the Bureau of Mines could more accurately 
artd economically analyze helium-containing natural 
gases, crude helium purchased from private indus': 
tries, and helium in gases used in research. Acti­
vated coconut charcoal is utilized at liquid nitrogen 
temoerature to adsorb components other than helium 
'"in the mixture. A transducer is then used to deter­
mine the helium pressure. Twenty or more analyses 
with a standard deviation of ±0.04 percent can be 
made in 'an 8-hour day. 

OP 29-71. Determination of Nitrogen in Vanadium Nitrides 
and Uranium Nitride (UN), by Dean H. Bollman 

and D. M. Mortimore. Anal. Chern., v. 43, No.1, Jan­
uary 1971, pp. 154-155. The Kjeldahl distillation and 
titratIOn procedures for vanadium nitrides and 
uranium nitride are given. 

OP 30-71. Purification of Vanadium by Vacuum Melting, by 
W. E. Anable. J. Vacuum Sci. and Tech­

no!., v. 7, No.6, November/December 1970, pp. 
S74-S80. The Bureau of Mines compared the puri­
fication of two commercially available vanadium 
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samples by three vacuum melting techniques: con­
sumable-electrode arc melting at the top of the mold 
(TOM); consumable-electrode arc melting in a con­
ventional deep mold; and conventional electron-beam 
melting (EBF). The purity 9f samples melted at 
the TOM approached the purity of samples prepared 
in.the EBF. In some instances, a further decrease 
in the oxygen and metallic impurity content resulted 
from remelting selected materials in the electron­
beam furnace. Little or no purification resulted 
from melting vanadium in the conventional deep 
mold. Purification proceeded faster and more com­
pletely on melting vanadium with small additions 
of yttrium, carbon, or aluminum; aluminum was 
largely removed on double melting, but carbon and 
yttrium remained in the products. Metal or carbon 
additions tended to stabilize the arc and improve 
metal recovery fr.om 85 percent to greater than 90 
percent during a consumable-electrode arc melt. 

OP 31-71. Are Oil- and Gas-Well Drilling, Praduction, and 
Associated Waste Disposal Practices Polential Pol. 

lutants of the Environment?, by A. Gene Collins. ACS 
Preprints, v. 10, No.2, September 1970, pp. 1-14. 
Poor drilling and well completion practices and im­
properly abandoned wells provide potential avenues 
for pollution. Prime pollutants were found to be 
brine, petroleum, drilling muds, well completion 
chemicals, drilling fluids, and production-associated 
chemicals. 

OP 32-71. Rapid Determination of Nitrogen Oxides With 
Use of Pheno!disulfonic Acid, by Barbara A. 

Coulehan and Helen W. Lang. Environmental Sci. 
and Techno!., v. 5, No.2, February 1971, pp. 163-164. 
A rapid, quantitative batch procedure for' analysis' 
of atmospheric nitrogen oxide samples (NO + NO" 
commonly referred to as NOx) from mines, tunnels, 
and raw or dilute diesel exhaust is de!;cribed. This 
modification of the phenoldisulfonic acid nitration 
procedure eljminates the time-consuming evaporation 
.step and two transfer steps of the original proce­
dure. Samples are collected in evacuated bottles con­
taining an absorbent solution and hydrogen peroxide 
.to completely oxidize the gas-phase NO, to nitric 
acid. After destruction of excess oxidant, an aliquot 
of the absorbed sample is added to the phenoldisul­
fonic acid reagent in a 25-n;t1 volumet·ric flask which 
is used as the reaction veg~el for subsequent nitra­
tion and neutralization. This modified method can 
double or triple the number of analyses per day by 
the original method. 

OP 33-71. An Evaluation of the Fuel Factor Through Direct 
Measurem .. nt of Photochemical Reactivity of 

Emissions. by Basil Dimitriades, B. H. Eccleston, and 
R. W. Hurn. J. Air Pollution Control Assoc., v. 20, 
No.3, March 1970, pP. 150-160. Findings in research 
at the Bureau of Mines Bartlesville Petroleum Re­
search Center !'how that photochemical reactivities 
of vehicular emissions are reliably measured in labo­
ratory experiments in which smog- manifestations 
are observed directly. The concept was applied to 
determine differences in characteristics of emissions 
from 20 pas!'enger vehicles, each tested using 10 
different fuels. Sit;nificant fuel differences were 
found and are .discussed in the paper. 

OP 34-71. A Procedure for Routine Use in Chromatographic 
Analysis of Automotive Hydroca.bon Emissi"ns, 

by Ba!'il Dimitriades and Donald E. Spizinger: En­
vironmental Sci. and Techno!., v. 5, No.3, March 
1971, pp. 223-229. Procedures have been developed 
for routine analy!'is of automotive fuels and the 
unburned hydrocarbon 01' exhaust emissions. Specific 
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attention is given to the hydrocarbon components 
that are photochemicallv reactive. Problems en­
countered in all phases of the analytical method are 
identified, and procedures that constitute a reason! 
able compromise between accuracy and practicality 
are defined. A packed and an open tubular column 
were med to separate the hydrocarbon content of 
exhaust and gasolinp-vapor samples into 165 com­
ponent groups; analysis tim~ is 30 minutes. Raw 
chromatographic data are rapidly processed using a 
high-speed electronic integrator and a computer tech­
nique for automatic interpretation of chromatog­
raphic spectra. 

OP 35-71. Carbon Monoxide in Lower Atmosphere Reactions, 
by B. Dimitriades and M. Whisman. En­

vironmental Sci. and Techno!., v. 5, No.3, March 
1971, pp. 219-222. To understand more fully pollu­
tion problems posed by carbon monoxide, an experi­
mental study of CO reactions in the lower atmosphere 
was conducted. The study involved exposure of CO 
to lower atmospheric conditions simulated in the 
laboratory and measurement of rate of CO oxidation 
in C02. To simplify analytical measurements, the 
CO reactant was mixed with C14-labeled CO. Results 
suggested that the CO oxidation rate in the lower 
atmosphere is approximately 0.05 percent per hour 
of day- or night-time, resulting in a lifetime of 0.3 
year; observed rates cannot be explained only by 
CO reactions with oxygen atoms and ozone; and the 
presence of CO at typical levels does not necessarily 
affect the process of photochemical smog formation. 

OP 36-71. A Closer Look at Hydrometallurgy, by J. T. 
Dunham. Iron Age, v. 206, No. 22, Nov. 

26, 1970, pp. 42-43. The methods for leaching copper 
ores are summarized. 

OP 37.71. Anthracite Preparation-Past and Present, by 
James W. Eckerd and John D. Spencer. 

Pres. at AIME Ann. Meeting, Mar. 1-4, 1971, New 
York, N.Y., Preprint 71-F-57, 9 pp. This report traces 
the development of some of the most important 
processes used through the years for anthracite 
preparation and describes present coal-cleaning 
methods. 

OP 38-71. Production and Utilization of Metallized Ore, by 
M. M. Fine. Skillings' Min. Rev., v. 60, 

No.9, Feb. 27, 1971, pp. 1, 8-11. Within the last few 
years iron ore prereduction has emerged as a viable 
operation in many parts of the globe. Some proc­
esses which are commercial (or potentially so) are 
briefly reviewed, and the reasons for the apparent 
economic breakthrough of direct reduction are dis­
cussed. Present and projected uses of metallized ore 
indicate a market which could be supplied from 
Lake Superior resources. Upgrading these resources 
to meet the specifications for metallized material 
will be one of the future challenges facing the iron 
producing industry of this area. 

OP 39-71. Nitroglycerin Tests Prove New Application, by 
W. D. Howell, J. L. Eakin, J. S. Miller, 

and C. J. Walker. World Oil, v. 171, No.6, Novem­
ber 1970, pp. 96-98. Two field tests were performed 
in shallow gas wells to evaluate the stimulation 
achieved by the displacement and detonation of de­
sensitized liquid in formation fractures. 

OP 40-71. Supersensitive Light Meter for Electron Micros. 
copy, by Charles W. Huggins and Norman 

A. Pace. Norelco Reporter, v. 17, No.2, December 
1970, pp. 22, 24. A supersensitive light meter for 
electron microscopy that has been in use for 3 years 
at the Bureau of Mines College Park Metallurgy 
Research Center is described. 
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OP 41-71. Oxygen Dilution Requirements for Inerting Aircraft 
Fuel Ta!'ks, by Joseph M. Kuchta. Rept. 2d 

Conf. on Fuel System Fire Safety, sponsored by 
Flight Stanrlards Service, Department of Tran~por­
tatio!,\, and Federal Aviation Administration, Wash­
ington, D.C., May 6-7, 1970, pp. 85-116. The effec­
tiveness of various inerting agents to prevent 
ignition and fl!1me nropagation in hydrocarbon fuel­
air !wstems i~ brieflv reviewer!. Dat.a are presented 
on the variation of limits of flammability, minimum 
ignition energies, and minimum autoignition tem­
peratures with oxidant or diluent concentration. For 
i,nerting afrcraft fuel tanks containing Jet A or 
Jet B type fuels at 100 0 F, it is recommended that 
the oxygen concentration be maintained below 10 
volume-percent with nitrogen as the inert and below 
12.5 volume-percent with carbon dioxide as the inert. 
An expression for calculating the oxygen dilution 
requirements at various temperatures is also given 
in this paver. 

OP 42-71. Recommendation of Flash Point Method for Evalu-
ation of Flammability Hazard in the Transportation 

of Flammable Liquids, by J. M. Kuchta and D. Burgess. 
Prepared for the Department of Transportation. 
NTlS·CH-SAM-828. 1970. 18 pp. This report on 
research conducted by the Bureau of Mines for the 
Department of Transportation discusses the use of 
Tagliabue (Tag) closed cup method to determine 
flashpoints of flammable liquids for transportation 
hazard classification purposes. Report presents com­
parative data for Tag open cup and Tag closed cup 
flash points and for Tag closed cup values and those 
calculated from lower flammable limits. Repeat­
ability and reproducibility of several types of testers 
are compared. 

OP 43-71. Crash Fire Hazard Rating System for Controlled 
Flammability Fuels, by Joseph M. Kuchta, 

Aldo L. Furno, George H. Martindill, and Agnes C. 
Imhof. National Fire Protection Assoc., Aviatior. 
Bull. No. 365, August 1969, pp. 1-17; 1-1, 1-3. A 
method for rating the potential crash fire hazard 
of gelled and emulsified hydrocarbon fuels was de­
veloped at the request of the Federal A via tion Ad­
ministration, since the use of thickened aircraft fuels 
may provide a significant reduction in the crash fire 
hazard. The rating system is designed primarily 
for screening candidate thickened fuels with respect 
to their overall flammability hazard under labora­
tory-scale conditions. 

OP 44-71. A Camprehensive In-House Course in Technical 
Writing for Engineers and Scientists, by Bill 

Linville. Proc. 4th Ann. Tech. Writing Inst., Texas 
Tech University, Lubbock, Tex., Apr. 2:3, 1970, 
February 1971, pp. 4-19. An in-house training pro­
gram in technical writing for engineers and scien­
tists of the Bureau of Mines Bartlesville (Okla.) 
Petroleum Research Center is helping them to .im­
prove their writing. Simultaneous instruction in 
English composition and technical writing tech­
niques provides a new approach to short-course 
teaching methods. The course has ,improved the 
quality of written communications by the enrollees 
and has helped in motivating them to increase their 
writing for publication. The course is described 
and outlined. 
OP 45-71. Fuels Mana!lement in an Environmental Age, by 

G. Alex Mills. Environmental Sci. and 
Technol., v. 5, No.1, January 1971, pp. 30-.38. In 
selecting a fuel the effects of production, processing, 
and utilization of each fuel on the land, water, and 
air must be considered. This presents a complex 
situation, since all the principal energy sources-

coal, oil, gas, nuclear, and hydro-have differing 
environmental effects. The severitv of the polhit'iou· 
tradeoffs must be evaluated and decisions maae 
as to which fuel is likely to have the least harmful 
environmental impact. Two fuels management prob­
lems are particularly urgent. The first, automobile 
fuels, is undergoing rapid change .and little can be 
done in the short term to replace gasoline as a fuel. 
The second, generation of electricity, does have much 
substitutability from competing energy sources. 
Both pose unique management problems that must 
be solved if the nation is to benefit from low-cost 
energy that is produced and used in a manner that 
does not further degrade the environment. 

OP 46-71. Non-energy Uses for Fuels, by G. Alex Mills 
and John S. Tosh. Proc. North American 

Fuels Techno!. Conf., Ottawa, Canada, May 31-
June 3, 1970, pp. 9.1-9.14. The use of fossil fuels 
for nonenergy uses in the United States and Canada 
has grown rapIdly and has reached 10 percent of 
consumption. Many factors have contributed to this 
growth-new products, new technology, and an af­
fluent and expanding economy. Factors influencing 
future of chemicals production from fossil fuels are 
discussed. 
OP 47-71. Method for Rock Property Determination in U:tra-' 

high Vacuum, by Egons R. Podnieks and 
Peter G. Chamberlain. Proc. 5th Space Simulation 
Conf., Sept. 14-16, 1970, Gaitherbsurg, Md., October 
1970, pp. 209-223. A special ultrahigh vacuum sys­
tem was designed for determining deformational 
and strength properties of simulated lunar rocks. 
The system provides a vacuum of 10-9 to 10;-10 torr 
(10-7 to 10-0. N /m~) depending on the specimen size 
and rock type. The vacuum was measured by vari­
ous types of gages and also by ion pump current 
measurements. The partial pressure measurements 
of the various gas components were obtained by a 
quadl'upole residual gas analyzer. The vacuum 
chamber has two stainless steel bellow-type feed­
througlh for loading and a spring mechanism to 
compensate for the atmospheric pressure effect on 
the rock specimen. The uniaxial load was applied 
to the specimen by a servocontrolled hydraulic test-· 
ing machine. Specimens of tholeiitic basalt, dacite,' 
and sem,iwelded tuff were used. Special procedures 
in specimen preparation and preconditioning were 
developed. During the pump down period, prolonged 
roughing and an initial bakeout produced Signifi­
cantly low final pressures in the chamber. Test data 
presented include a typical load-deformation curve· 
from rock specimen in ultrahigh vacuum, outgassing 
characteristics during loading in terms of pressure 
variation, and changes in the composition of gases 
being released by the specimen. 
OP 48-71. Diamonds Flunk Test on Lunar Hammer-Drill, by 

Robert L. Schmidt. Drilling, v. 32, No.2, 
December 1970, pp. 34-35, 64. This article describes 
the testing program conducted at the Bureau of 
Mines Twin Cities Mining Research Center to deter­
mine the suitability of diamonds as cutting elements 
in a percussive bit. This unusual application was 
studied as part of the lunar-drill research program. 
OP 49-71. Kerogen of the Green River Formation, by W. E. 

Robinson. Ch. 26 in Organic Geochemistry 
-Methods and Results, ed. by G. Eglinton and 
M. T. J. Murphy. Springer-Verlag, Berlin. 1969, 
pp. 619-637. The structure of Green River Forma­
tion kerogen was studied by various chemical and 
physical methods. The· results showed that this 
kerogen is predominantly a saturated cyclic struc­
ture with a few aromatic and long-chain con­
stituents. 
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OP 50-71. Thermal Decomposition of CuS to CU,_aS, by 
I. D. Shah and S. E. Khalafalla. Metall. 

Trans., v. 2, February 1971, pp. 605-606. The con­
version of covellite to digenite in the temperature 
range 310 0 to 338 0 C does not follow the unreacted 
core model. The ob~erved linear kinetic curves suI:;­
gest that the rate-controlling step occurs at the 
outermost con!'<tant area interface between covellite 
and the reacting gases. 

OP 5~ -71. Examples of Nuclear Applications Research, by 
R. F. Stewart. Proc. Conf. on Utilization 

01' NEclear Techno!. in Ind. Operations, Charleston, 
W. Va., June 8-9,1970, Ser. 71, No. 2-1, August 
1970, pp. 5-9. Eleven examples of the type of re­
search project conducted at the Morgantown Energy 
Research Center, Morgantown, W. Va., are given. 
Nuclear applications in the coal industry include 
;neutron thermalization to continuously monitor the 
moisture content of coal, beta and gamma back­
;scatter to measure the explosive nature of mine 
'dust, and neutron-gamma reactions used as a sutfur 
meter in the process control of coal cleaning meth~ 
ods. Other applications include tagging coal for 
flow measurements and level and density gaging for 
coal processes. 

OP 52-71. Effect of Reduced Pressure on Thermal-Expansion 
Behavior of Rocks and Its Significance to Thermal 

Fragmentation, by K. Thirumalai and S. G. Demou; 
J. Appl. Phys., v. 41, No. 13, December 1970, pp. 
5147-5151. Thermal expansion is a significant param~ 
eter for the creation of thermal stresses to fragment 
rocks by heat. A method for experimentally meas­
uring rock response to induced thermal stresses 
from cyclic thermal expansion of the rock surface 
is developed using strain-gage technique. Rock frac­
ture caused by internal thermal stresses during 
heating and cooling in atmosphere and vacuum 
environment is examined. The response of rock 
material to induced thermal stresses is shown to be 
independent of reduced environmental pressure down 
to 15-5 torr. The results of reduced environmental 
'pressure on thermal expansion behavior of some 
simulated lunar rocks are presented. These results 
provide a new insight on the feasibility of frag­
menting the rock with thermal energy in vacuum 
environment. 

OP 53-71. Single-Strand Strainwire Technique: Heating and 
Reinforcing Effects, by L. Wade, J. R. Zelonka, 

and E. M. Krokosky. Experimental Mech., v. 11, 
No.2, February 1971, pp. 94-96. This paper, the 
second of three on a refined internal strainwire 
technique, examines the effect of internally embedded 
single-strand strainwires, both as reinforcing and 
as heating elements within a matrix material. To 
investigate po~sible reinforcing effects, two identical 
plates, one containing internal wires and the other 
without these wires, were examined: The photo­
elastic-fringe patterns (isochromatics) were photo­
graphed to determine if the presence of the wires 
causes an alteration of the isochromatic patterns. 
An investigation of the possible heating effects was 
accomplished in the same way, only, in this analysis, 
voltage was paesed through the internal gages. To 
learn more about the heating characteristics of the 
wire-matrix system, the voltage in the gages was 
increased until the heating effect manifested itself. 
Using this technique, it was possible to determine 
the upper limit of applied voltage. The long-term 
effects of the applied voltage were also examined. 

OP 54-710: Theory and Optimization of the Pulsed NMR Driven 
Equilibrium Technique (letter to the Editc:l~), -by 
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William E. Wallace, Jr. J. Chem. Phys., v. 54, No.3, 
Feb. 1, 1971, pp. 1425-1427. This letter reports a 
Bloch equation analysis of the driven .equilibrium 
-Fourier transform (DEFT) pulse techmque result­
ing in the optimization of the recycling time, for 
purposes of speeding- si!!nal averaging, for the gen­
e-ral case of T" spin-lattice, andT" spin-spin, relaxa­
tion times not necessarily equal. Some other uses 
and modifications of the technique are suggested. 

OP 55-71. Discussion of "Rapid, Automatic Particle Size Anal-
ysis in the Subsieve Range." bv J. P. Olivier and 

G. K. Hickin, by C. B. Dapllenbach. Proc. 31st Ann. 
Mining Symp., Duluth, Minn., Jan. 12-14. 1970, p. 
127. A technical di~cussion of a panel' describing' 
the development of an apparatus for X-ray determi­
nation of particulate size distribution in subsieve 
range using sedimentation sizing methods. 

OP 56-71. Ground Support Builds on Firm Foundation, by 
Walter E. Lewis and Robert L. Marovelli. 

Min. Eng., v. 23, No.1, January 1971, pp. 73-77. 
This article discusses ground support systems that 
have been used successfully in the past and points 
out the areas in which research is either underway 
or is needed. 
OP 57-71. The Kinetics and Equilibria of the Platinum-Chlo. 

rine System, by A. Landsberg and J. L. 
Schaller. J. Less-Common Metals, v. 23, 1971, pp. 
195-202. The kinetics and vapor-solid equilibria of 
the platinum-chlorine system have been studied be.­
tween 470 0 and 880 0 C at chlorine pressures of 152 
to 760 torr. Three kinetic regions, differentiated by 
separate controlling mechanisms, were found. Cor­
relations were made between the kinetic factors and 
equilibria involving (1) the vapor pressure of 
Pt,CI", (2) chlorine and Pt,CI12 vapor in equilibrium 
with platinum, and (3) chlorine and Pt3Clo vapor 
over platinum. 

OP 58·71. Opportunities in the Production of Secondary Non. 
ferrous Metals, by Max J. Spendlove. Pres. 

at Expert Group Meeting on Utilization of Non­
Ferrous Scrap Metal in Developing Countries, 
United Nations Industrial Development Organiza­
tion, Vienna, Austria, ID/WG.46/3; abs. in Uti· 
lization of Non-Ferrous Scrap Metal, UN Pub. 
E.70.ILB.30, 1970, p. 71. Discarded durable metal 
goods comprise a substantial part of the raW'" mate­
rials currently processed by secondary smelters and 
are a growing metal resource in the United States. 
Documented data on the actual quantity of scrap 
materials processed annually show that these mate­
rials supply a large part of the total metals con­
sumed. The record also shows that primary and 
secondary metal production rise and fall approxi­
mately in unison, and the fraction of metal supplied 
from scrap even -seems to be increasing slightly 
more rapidly than primary metal production. Such 
data may be useful for estimating the _ profitable 
scale of operations in a developing country simply 
by comparing its level of industrialization with com­
parable reliable data published by other countries. 
The ratio of profitable secondary metal production 
for two countries should be approximately propor­
tional to the ratio of their levels of industrialization. 
Such a comparison of data would simply indicate 
the total volume potential, but the economic poten­
tial could then be estimated in accordance with 
domestic capabilities and other assets. Accordingly, 
opportunities in the production of secondary metals 
would be found through several means such as ju­
dicious management, adopting- only the most effi· 
cient technology, and possibly negotiating trade 
agreeJ1len ts. 
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OP 59-71. Plant Tests of a Neutron Moisture Meter for Coal, 
by R. F. Stewart, A. W. Hall, and J. L. 

Konchesky. Min. Congo J., V. 56, No. 11, November 
19.70. pp. 44-48. A neutron moisture meter developed 
by the Bureau of Mines continuously and auto­
."latica lly monitors the moisture content of coal. 
The electronically operated device was tested for 
11 months without malfunction or recalibration. 

OP 60-71, Electroslag-Melted Molybdenum, by E. D. Cal-
vert, R. A. Beall, and H. Kato. J. Less­

Common Metals, V. 23, March 1~71, pp. 129-151. 
The preparation of mOlybdenum ingots by electro­
slag melting is discussed, ingot charactel'lstics are 
described, and results of mechanical testing of 
wrought products are compared with those from 
similar material prepared from arc-cast molybdenum. 

Thermochemical considerations' limit the choice of 
slag materials to a few high-temperature oxides; of 
these, yttrium oxide was found to be best suited for 
use in molybdenum melting. The use of additives to 
the slag was found necessary to minimize the occur­
rence of excessive oxide films at ingot grain boun­
daries. Changes in ingot surface and structure were 
found to be responsive to changes in such melting 
variables as power input, electrode spacing, electrode 
polarity, and environmental pressure conditions. 
Pressure conditions, electrode polarity, and the slag 
additives carbon and yttrium, were found to influence 
,the oxygen level and occurrence of extraneous oxide 
phases in the ingots. 

Excellent surface conditions are normally asso­
,ciated with the electroslag ingots; as a direct result,' 
much less waste in conditioning for fabrication was 
encountered than is normal for arc-cast ingots. Addi­
tional material results from the unusually low tem­
perature at which the electroslag ingots can be 
fabricated. Sheet fabricated from the electro slag­
melted ingots appears to have mechanical properties 
superior to those of sheet prepared from similar 
arc-cast ingots. 

OP 61-71. Solubility of Barium and Strontium Sulfates in 
Strong Electrolyte Solutions, by James W. Davis 

and A. Gene Collins. ACS Preprints, V. 11, No.1, 
March 1971. pp. 115-124. Knowledge of the solubili­
ties of BaSO, and SrSO, in solutions containing 
NaCl, CaCIz, MgCl" and NaHC03 is needed to solve 
geologic and petroleum production problems. Sam­
ples of the sulfates were tagged with S35 and pre­
pared by precipitation. The solubility was measured 
in various concentrations of the major solutes by use 
of liquid scintillation technique to detect the SO 4 in 
solution. The observed s~lubilities plotted against 
ionic strength of the solution are similar for strong 
electrolytes. They reach a maximum at levels deter­
mined by ionic attraction and association, and 
presence of complex ions. The sulfate solubility in 
synthetic brines (principally NaCI) confirms the 
ionic strength-sulfate solubility relationships. 

OP 62-71. How To Plan Your Mine for Methane Control, by 
Maurice Deu!. Proe. Ann. Meeting, Illinois 

Min. Inst., Springfield, II!., Oct. 9-10, 1969, pp.23-
30. Methane is expected to become more of a prob­
lem in coal mines as d~eper coals are exploited 
and as nongassy coals are worked out. Because deep 
gassy coals are difficult to mine, relief can best be 
found in planning and designing new mines for 
methane contro!. This starts with exploration where 
large diameter vertical boreholes can be developed 
for multiple use. The,se boreholes will provide l!'lrge 
coal samples for physical property measurements 
and washability studies, and for draining methane 
from the coal before mining. They will also provide 

escapeways for men, service entrances for power 
and water, and auxiliary ventilation conduits, espe­
cially for gob drainage. Mining machines, which 
produce a minimum of coal fines should be specified. 
These machines produce a lower rate of methane 
emission from the mined coal. Mines should be 
designed to yield the smallest possible perimeter to 
reduce the amount of methane entering the mine_ 
Large blocks of coal should be isolated from virgin 
coal early in mine development to permit maximum 
controlled bleedoff of methane. The suggested ap­
proach requires no radical new techniques. 

OP 63-71. Experiments in Briquet Production From Western 
Bituminous Coals and Chars, by James W. 

Eckerd, Robert E. McKeever, and John D. Spencer. 
Proc. 11th Biennial Conf., lnst. for Briquetting and 
Agglomeration, February 1971, pp. 115-124. The 
Bureau of Mines investigated several Western bitu­
minous coals, chars, coke breeze, and combinations 
of these for their briquetting potential in bench-scale 
experiments. Calcined briquets made from Sunny­
side high-volatile B coat had the highest compres­
sive strength, 1,380 psi. These briquets were formed 
at 15,000 psi and 710° F and calcined at 1,750° F 
using a heating rate of 7° per minute. Strongest 
raw briquets made at comparable conditions had a 
compressive strength of about 2,100 psi and were 
formed from equal parts of Hiawatha high-volatile 
B and Coal Basin medium-volatile bituminous coals 
and 'from equal parts of Sunnyside and Coal Basin 
coals; however, the latter combination crumbled 
during calcination. Briquets made from Sunnyside 
char mixed with 24 percent coal-tar pitch binder, 
formed at 3,000 psi and 275 ° F, and calcined for 55 
minutes at 1,750° (heating rate of 9.5° per minute) 
had ASTM coke stability factors (plus 1 inch) rang­
ing from about 9 to 56 percent, but no plus 2-inch 
material remained after the test. The average com­
pressive strength of the calcined briquets, which was 
1,220 psi when calcined at a hearing rate of 9.5° 
pel' minute, was increased to 1,340 psi when the 
heating rate was 5° per minute, and breakage was 
less marked. Neither calcination of the char at 
1,650° before briquetting nor preheating of the 
briquets before calcination improved the strength 
or appearance of the product. 
OP 64-71. Propane as an Engine Fuel for Clean Air Require-

ments, by R. D. Fleming, J. R. Allsup, and 
R. W. Hurn. Proc. LP-Gas Engine Fuel Symp. 
Detroit, Mich., October 21-22, 1970.-National LP-Gas 
Association, Chicago, Ill., April 1971, pp. 61-7D. This 
paper describes the objectives and experimental de­
sign of a program to study the characteristics of 
propane as a low emission 'fuel. Results of prelimi­
nary work are given to show how emissions (using 
propane) vary with ignition timing, air-fuel ratio, 
speed, and load. Comparable data relating air-fuel 
ratio and emissions are shown for gasoline and 
natural gas. The bulk of these data are from ex­
periments with a single-cylinder engine and from 
one full-scale engine; tests with both were run using 
an engine dynamometer operated at steady-state 
modes only. However, the principal study will in­
volve full-scale engines and vehicles as they typically 
are used, and this progress report includes results 
of one series of tests to show the influence of 
ignition-timing schedule on exhaust emissions from 
a light sedan fueled with propane and operated 
through simulated traffic cycles. 

'OP 65-71. Flow Through a Tailings Pond Embankment, by 
C. Dan Kealy and Roy E. Williams. 

Water Resources Research, V. 7, No.1, February 
1971, pp. 143-154. Mathematical models that solve 
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the LaPlace or Richards'· equation numerically have 
been used in two ways: to locate the phreatic' sur­
face within a mine tailings pond embankment, and 
to define the subsurface flow system that transports 
water outward from the pond. Input data needed 
for the finite element model include the saturated 
hydraulic conductivity (permeability) distribution 
within, and beneath, the embankment; the fluid po­
tential values at both upgradient and downgraJiient 
boundaries of the embankment; and the geometry 
and elevation of an approximately impermeable layer 
at some depth beneath the surface of the embank· 
.ment. 

This technique has been applied to a tailing dis· 
posal system in northern Washington. Laboratory 
tests were used to obtain permeability values from 
samples collected by the Shelby tube method. Pond 
boundaries were examined by drillholes and piezom­
eters. Piezometers were also used to validate the 
configuration of the phreatic surface predicted by 
the model. Of particular importance to slope sta­
bility analysis is the fact that both the model and 
the check piezometers indicate that a significant 
portion of the phreatic surface within the embank .. 
ment is concave upward. Experimentation with the 
finite element model revealed that the concave up­
ward portion is a consequence of the upstream 
boundary in a tailings pond being a flow line and 
embankment permeability being lower near the up­
stream boundary; the upstream boundary of the 
flow region in an earth dam is normally an equi­
potential line. 

OP 66-71. Predicting Waterflood Performance, by R. V. 
Higgins. Oil and Gas J., v. 69, No. 10, 

Mar. 8, 1971, pp. 68-72. Waterflood performance at 
constant-injection or other preset rates may be 
quickly evaluated by a new procedure. The method 
makes use of the calculations from the Higgins­
Leighton constant-pressure evaluation. And per­
formance data so determined provide the basic in­
formation for an economic evaluation. The effects 
of relative permeability-which appreciably influ­
ences recovery oil-are accounted for. Also, the 
method includes the use of layers to determine the 
effect of vertical-permeability variations. From this 
and other information made available by the new 
method, the constant-rate injection pumps can be 
designed. The predicted performance at constant 
pressure can be used to obtain predicted perform­
ance history at constant-injection rate, during the 
entire life of the flood. Performances can also be 
predicted for stagewise changes in injection rates 
or even for continuously changing rates. ' 

OP 67-71. Q-Switched Laser-Induced Reactions of Thiacyclo-
butane and Thiacyclopentane With Oxygen, by 

F. P. Miknis and J. P. Biscar. J. Phys. Chem., v. 
75, No.5, 1971, pp. 725-726. The results of some in­
vestigations of the chemical reactions occurring dur­
ing laser-induced gas breakdown of sulfur com­
pounds in the presence of oxygen are reported. 
Thiacyclobutane and thiacyclopentane were chosen 
because they are sulfur compounds found in shale 
oil, a possible source of fuel for future use. While 
the reactions occurring during gas breakdown are 
chemically interesting in themselves, they are im­
portant practically in the sense that the products 
formed during the combustion of fuels containing 
sulfur compounds present a serious air pollution 
problem. Since the mechanisms of the oxidation of 
sulfur compounds are not well understood, chemical 
reactions initiated by laser-induced' gas breakdown 

266 

provide a technique for the study of reactions ini­
tiated at a high temperature. 

OP 68-71. Cost Reductions in Ion Exchange Processing of 
Uranium Ores, by J. B. Rosenbaum and 

D. R. George. Proc. Symp. Recovery of Uranium, 
Aug. 17-21, 1970, Sao Paulo, Brazil, 1971, pp. 297-
309. A countercurrent, multistage ion-exchange col­
umn, initially developed for recovering uranium 
from dilute mine waters, also proved effective for 
handling clear solutions aRd slime pulps prepared 
by leaching uranium ores. In pilot plant tests, clear 
solutions and slime pulps containing up to 8 per­
cent solids were processed at the exceptionally high 
flow rate of 15 gallons per square foot per minute, 
with high recovery and efficient loading of resin. 
A single-stage ion-exchange column was developed 
for eluting uranium from resins under countercur­
rent flow conditions. Substantially complete elution 
can be achieved using only 2 to 4 volumes of solu­
tion per volume of resin. Because of simple design, 
low construction cost, high throughput rates, low 
maintenance, ease of automation, and reduced resin 
requirements, use of these new types of ion ex­
changers enables substantial reductions in the cost 
of processing uranium ores. A cost estimate for a 
uranium-ore processing mill, using these new types 
of ion-exchange columns in a resin-in-pulp system, 
shows that capital costs for such a plant would be 
about 27 percent lower than for a mill employing 
thickeners and solvent extraction or conventiona1 
ion exchange. In addition a significant reduction in 
direct operating cost can be expected for the simpler 
and more readily automated plant. 

OP 69-71. A Valence Force Field for Furan' and Pyrrole and 
Their Deuterium and Methyl Derivatives, by D. "\V. 

Scott. J. Molecular Spectroscopy, v. 37, No.1, Jan­
uary 1971, pp. 77-91. A molecular vibrational anal­
ysis was carried out for furan and pyrrole ane! their 
deuterium and methyl derivatives to establish vibra~ 
tional assignments for use in statistical thermody­
namic calculations. To insure convergence in the 
lea?t-squares adjustment of force constants, inter­
actIOn constants were assumed transferable between 
the furan and pyrrole rings, and observed wave­
numbers of the two compounds and their derivatives 
were used in a single adjustment. 

OP 70.71. Detection and Control of Air Pollutants From Fuel 
Briquetting Plants, by Donald Strimbeck and 

James W. Eckerd. Proc. 11th Biennial Conf., Inst. 
for Briquetting and Agglomeration, February 1971, 
pp. 17-25. Dust is the major potential air pollutant 
from briquet plants. Other possible air pollutants­
droplets, gases, and odors-are less likely to be 
major problems. An air pollution control program 
for a b,riquet plant would involve monitoring of dust 
emissions at the source, such as stack or unit opera­
tion sites. Emissions also should be determined for 
the surrounding area as well as within the plant 
boundary. Furthermore, terrain and climatological 
effects on air pollution should be evaluated. Simple, 
inexpensive instruments· and methods available for 
dust-load measurement include the dust-fall bucket, 
high-volume sampler, tape sampler, stack sampling 
equipment, and Ringelmann smoke chart. Conven­
tional equipmnet, such as scrubbers, cyclones, and 
bag filters, is available to control emissions from 
unit operations. Control of air pollution in briquet 
manufacture has the benefits of a clean plant, 
healthful working conditions, and good employee 
morale. 
OP 71-71. Single-Strand Strainwire Technique: Comparison 

With Existing Methods and a Proposed Photostrain 



OUTSIDE PUBLICATIONS 

Technique, by L. Wade, E. M. Krokosky and J. R. Zel­
,onka. Experimental Mech., v. 11, No.3, March 
1971, pp. 142-144. This paper is the third of three 
'papers evaluating a refined internal strainwire tech­
nique. This final paper evaluates the technique by 
c.omparing it with two elastic solutions, with a photo­
elastic solution, and with a new proposed photostrain 
technique. The problem chosen as the basis of com­
parison was a plane-stress problem of a plate with 
a circular hole under uniform tension. The proposed 
technique is experimental in nature and combines 
parts of the results of a photoelastic solution with 
those yielded by a three-wire internal strain-gage­
rosette analysis to completely fix the state of stress 
in the model. 

The scientific techniques used to compare the 
three-wire strain technique and photostrain tech­
nique are as follows: two elastic solutions, one 
evaluated at a point and one arrived at by tntegrat­
ing the stress functions over a finite length; a finite­
element solution; a photoelastic analysis using the 
shear-difference technique to separate the principal 
stresses; and a three-wire-rosette analysis. A com­
parison is made of the values of principal stresses 
yielded by these methods. 

.OP 72-71. Tunnel Relaxation Method for Determining the 
Initial and Long-Term Deformation Around an 

Underground Opening, by Galen G. Waddell, Thomas J. 
Crocker, and Eugene H. Skinner. Proc. 12th Symp. 
on Rock Mechanics, Rolla, Mo., Nov. 16-18, 1970, pp. 
903-931. This paper describes a method of measur­
ing initial and long-term deformations which occur 
in the medium surrounding mine accessways and dis­
cusses the importance of this type of measurement 
in assessing support-problem areas. Delineated are 
(1) description of the rock-deformation monitoring 
equipment, (2) results of two field tests which moni­
tored rock deformation around 4-foot-diameter raise 
bores, and (3) a numerical-analysis (finite-element) 
technique to correlate theoretical with experimental 
results. Instrumentation developed provided the sen­
sitivity and resolution needed to measure rock defor­
mation around a full-scale raise bore during excava­
tion. Results of the tei'ts conducted at; the Lucky 
Friday mine, Mullan. Idaho. show t.he rpl~tir>nqhil)S 
retween (1) deformation versus time, and (2) de­
formation versus bit progress. Based on theo­
retieal evaluation of trIO initial deformation, the 
medium appeared to behave elasticallv. Using an 
ei'tim~ted field stress of 5,500 psi and Poisson's rati0 
of 0.20. the gross modulus of plasticitv of the rock 
wa!' calculatpr'l to r~np'e from 3.15 to 6.0 X 10° psi 
(with one outlier which was determined to be >12 X 
10' psi). 

·OP 73-71. A Computer Pro~ram for AA Data Processing, by 
Robert C. Gabler, Jr., Raymond E. Brown, 

and Jack G. Haymes. Am. Laboratory, February 
1971, pp. 10-16. BASIC, a conversational language 
that is compatible with most time-sharing computer 
systems, was 'used to write a computer program for 
atomic absorption calculations. The program is 
faster and cheaper than manual methods of data 
reduction, and its use greatly reduces the possibility 
of clerical and arithmetical errors. Since It is used 
in the time-sharing mode, the pr,ogram is under 
operator control at all times. The output can be used 
as a final analytical report. 

OP 74-71. Multiple Thermal Analysis of Natural Materials, 
by John Ward Smith and Donald R. John,­

son. Am. Laboratory, January 1971, pp. 8-14. As 
part of its oil-shale research, the Bureau of Mines 
developed thermal analysis equipment that p-royides 

simu~taneous differential thermal analysis, thermo­
gravImetry, and evolved gas analysis of a single 
sample during programed heating. The equipment is 
described to illustrate its features and applications. 
Although it was created and assembled expressly for 
solid-fuel studies, this apparatus also solved the 
problems associated with thermal analysis of other 
natural materials. 

OP 75-71. Alkali Metals as Hydrogenation Catalysts for 
Aromatic Molecules, by Sidney Friedman 

Marvin L. Kaufman, and Irving Wender. J. Organi~ 
Chem., v. 36, No.5, Mar. 12, 1971, pp. 694-697. Al­
kali metals are hydrogenation catalysts for aromatic 
compounds at high temperature and pressure. So­
dium metal and potassium carbonate give results 
comparable to potassium, metal. 

OP 76-71. Construction and 'resting of Junk Auto Incinerator, 
by C. J. Chindgren, K. C. Dean, and 

J. W. Sterner. Scrap Age, v. 28, No.2, February 
1971, pp. 188-200. A refractory-lined, garage-type 
automobile incinerator with a natural gas after­
burner for air pollution control was cooperatively 
constructed and tested by the Bureau of Mines and 
the W.asatch. Metal & Salvage Co. in Salt Lake 
City, Utah. The incinerator is capable of relatively 
smokeless burning of 32 to 60 cars per day, de­
pendent on the degree to which the cars are stripped 
prior to incineration. Preliminary burning campaigns 
indicate the cost of incineration to be approximately 
$2.75 per car. (The subject is discussed in detail 
in Bureau of Mines Technical Progress Reports 21 
and 31.) 

OP 77-71. Discussion of "New Thermodynamic Equation for 
Testing· Consistency of Liquid-Vapor Equilibria 

Data," by Robert E. Barieau. Ind. Eng. Chem. Fund., 
v. iO, No.2, May 1971, pp. 326-327. The author 
responds to criticism of his article published in 
this journal in May 1970. For abstract of article 
discussed see Bureau of Mines OP 63-70. 

·OP 78-71. The Enthalpies of Combustion and Formation of 
n-Propylcyclopentane and Five Methylethylcyclo­

.pentanes, by W. D. Good .. J. Cbem. Thermodynamics, 
v. 3, 1971, pp. 97-103. Enthalpies of combustion of 
n-propylcyc!opentane and five isomeric methylethyl­
cyclopentanes were determined by oxygen-bomb 
combustion calorimetry. Enthalpies of formation in 
the liquid state were derived. 

OP 79-71. Stabilizing Mineral Wastes, by Karl C. Dean 
and Richard Havens. Eng. and Min. J., 

v. 172, No.4, April 1971, pp. 99-103. Chemical, 
physical, and vegetative methods, and combinations 
thereof, are being tried, often successfully, on all 
sorts of mineral wastes that range from copper 
mill tailings to uranium waste piles. 

OP 80-71. Sunlight Photooxidation of Isobutylene and Bu-
tene-I With NO, in Low- and High-Oxygen Con­

centrations, by C. F. Ellis. Atmospheric Environment, 
v. 5, February 1971, pp. 83-88. Sunlight photooxida­
tions at ppm levels of butene-1 and of isobutylene' 
with NO, were made in air and in atmospheres with 
less than 200 ppm oxygen to observe differences in 
products with low- and high-oxygen concentrations. 

OP 81-71. Reaction of Carbazole Derivatives With Anhydrous 
Ferric Chloride (Letter to the Editor), by D. M. 

Jewell and J. W. Bunger. J. Heterocyclic Chem, v. 
8, April 1971, pp. 333-335. The reaction of carbazole 
derivatives with anhydrous ferric chloride in organic 
solvents offers many interesting possibilities for 
analytical and synthetic studies with these hetero-
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cyclics. Intensely colored, stable complexes readily 
result from these reactions. The results of prelimi­
nary studies in this area are presented in this letter. 

OP B2·71. NciF.KF.K,NbF, Fused Salt Temperature-Solubility 
Diagram, by Frank X. McCawley and James 

A. Barclay. J. Am. Ceram. Society, v. 54, No.1, Jan­
uary 1971, pp. 11-12. Freezing and eutectic tempera­
tures were determined for the NaF-KF-K,NbF, 
ternary system and the NaF-K,NbF" KF-K,NbF, 
and NaF-KF binary systems. The compound KF­
K,NbF, freezes congruently at 770° C; eutectics oc­
cll! at 708° and 724° 'C for high- and 10w-K,NbF, 
mixtures, respectively. The NaF-K,NbF, eutectic 
freezes at 658° C. The ternary system has two 
e~tectics, a .high-KF mixture and a high-K,NbF, 
~Ixture, which occur at 663 ° and 652 ° C respec-
tively. ' 

OP 83-71. A Thermodynamic Study of Infrared Spectroscopy 
of the Association of 2·Quinolone, Some Car­

boxylic Acids, and the Correponding 2·Quinolone-Acid Mixed 
Dimers, by J. Claine Petersen. J. Phys. Chern, v. 7,5,' 
No.8, 1971, pp. 1129-1135. Self-association of 2-
quinolone in carbon tetrachloride was studied by 
infrared spectroscopy, using the absorption bands in 
the amide NH and carbonyl stretching regions. 2-
Quinolone forms a cyclic dimer from which the 
enthalpy UJr, kcallmol), free energy (AGo 22, 

kcallmol), and entropy (ASO, eu) of association are 
-8.69, -6.11, and -8.76, respectively. Dimer for­
mation is via a carbonyl-hydrogen bond, although 
evidence exists for the formation of a small amount 
of dimer via a 7r-hydrogen bond. 2-Quinolon~ was 
also found to form cyclic mixed dimers with car­
boxylic acids. Mixed dilY\ers of 2-quinolone with 
benzoic, cyclohexanecarboxylic, and 4-cyclohexylbu­
tanoic acids gave ::,.Ho values of -12.2, -10.3, and 
-10.4; ::"Go" values of -6.36, -5.94, and -5.78; 
and ::"so values of -19.9, -14.8, and -15.6, respec­
tively. Thermodynamic data on the acid dimers and 
spectral data on the different systems studied are­
also reported. The 2-quinolone-carboxylic acid inter­
action is of importance because of the simultaneous 
occurrence of quinolones and carboxylic acids in 
many biologically derived materials. 

OP 84.71. Platinum Metals Electrcdeposifed From Molten 
Cyanides, by D. 8chlain. F. X. McCawley, 

G. R. Smith. Platinum Metals Rev., v. 15, No.2, 
April 1971, pp. 58-59. Platinum metal objects have 
been prepared by electroplating or electroforming. 
Publications and patents on the methods are cited. 

CP 85.71. Processing Refractory Carbonaceous Ores for Gold 
Recovery, by B. J. Scheiner, R. E. Lind­

strom, and T. A. Henrie. J. Metals, v. 23, No.3, 
March 1971, pp. 37-40. An electrooxidation process 
is described for extracting gold from carbonaceous 
ores. Gold extractions in excess of 90 percent were 
obtained by the electrooxidation technique. Param­
eters affecting gold extraction, such as temperature, 
salt concentration, and power requirements, are dis­
cussed. 

OP 86·71. Head Loss in Spiral Solid.Liquid Flow in Pipes, by 
Ch'Jo-Lin Chill and ,To!'eph J. Seman. Ad­

vances in Solid-Liquid Flow in Pipes, edt by 1. Zandi. 
Pergamon Press, New York, 1971, pp. 227-235. A 
'spiral flow is the resultant of primary and secondary 
flows; in a regular circular pipe, spiral flow does not 
exist. There are two methods of generating spiral 
currents in a closed conduit: (1) installing helical 
ribs inside regular circular pipes and (2) using non­
circular pipes. 

Characteristics of spiral solid-Ii,quid flows gener. 
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ated by these two methods are studied and compared 
with those of regular circular pipes. The critical 
deposit velocity and the head loss at various flow 
velocities in each pipe are compared and analyzed. 

The results show that there is a good possibility 
that square pipes may be used to replace the tradi­
tional pipes for the transport of solids. 

OP 87·71. An Amplifier Controlled Adiabatic Calorimeter, by 
George J. Filatovs and Alfred E. Schwan­

eke. Rev. Sci. Instr., v. 42, No.4, April 1971, pp. 
447-450. An automatic adiabatic differential cal­
orimeter has been constructed to record the release 
spectrum of stored energy of deformation of metals 
from -196 to 500 ° C. Cold·worked arrd annealed 
specimens contain internal heaters which are pow­
ered by amplifiers, the signal inputs to 'which are 
specimen-to·calorimeter wall differential thermo­
couples. Control circuits attempt to maintain condi­
tions as adiabatic as possible, and the power differ­
ence to the specimen heaters necessary to do this is 
taken as the stored energy of deformation. 

OP 88·71. History, Development, and Geology of Oil Fields 
in Hocking and Perry Counties, Ohio, by \V. K. 

Overbey and B. R. Henniger. Am. Assoc. Petrol. 
Geol. Bull., v. 55, No.2, February 1971, pp. 183-203. 
Most exploratory and development drilling for oil 
and gas in HocJring and Perry Counties, Ohio, prior 
to the 1950s was based on completion results of the 
nearest well. Economically profitable wells have 
become increasingly more difficult to obtain, re­
quiring more detailed geologic knowledge of the 
reservoir rock. 

The Silurian Clinton sandstone reservoir has re­
ceived most of the recent attention. The Clinton is 
divided into three units within this area-the Stray 
Clinton, First Clinton, and Second Clinton. 

Clinton sandstones belong to a deltaic complex of 
Medinan age. Studies of mineralogy, texture, sedi­
mentary structures, and geometry indicate a variety 
of possible terrestrial-transitional and marginal 
marine subenvironments. 

Oil and gas accumulation is dependent on strati­
graphic variation rather than structure. Apparent 
reservoir-controlling parameters important to ex­
ploration and secondary recovery are (1) interstitial 
clay content, (2). shale stringers and laminations, (3) 
degree of cementing, (4) grain size, (5) pore ge­
ometry, and (6) thickness. 

The best producing oil wells are those which have 
been completed in thick, shale-free distributary 
channel deposits and delta-platform tidal channels~ 
The best secondary-recovery method appears to be 
ga[. repressuring, although waterflooding may have 
limited aD plication. The orientation of natural and 
induced fractures should be considered in setting 
up drilling operations for Eecondary- and primary­
recovery oper.ations. 

OP 89·71. Effective Technology and Research for Scrap Metal 
Recycling-Introduction, by Carl Rampacek. In 

Effective Technology for Recycling Metal, Proceed­
ings of Two Special Workshops, Part I-Effective 
'Technology and Research for Scrap Metal Recycling, 
Conducted by Nat. Assoc. Secondary Material In­
dustries, Inc., and U.S. Bureau of Mines. Washing­
ten, D.C., Jan. 7, 1971. Nat. Assoc. Secondary Mate­
rial Industries, Inc., New York. 1971, p. 1. This 
brief talk opened the joint government industry 
workshop on nonferrous metals recycling. 

OP 90·71. Secondary Metals-A Primary Concern of the Bu­
reau of Mines, by T. A. Henrie. In Effective 

Technology for Recycling Metal, Proceedings of TwO' 



OUTSIDE PUBLICATIONS 

Special Workshops, Part I-Eft'ective Technology 
and Research for Scrap Metal Recycling, Conducted 
by Nat. Assoc. Secondary Material Industries, Inc., 
and U.S. Bureau of Mines. Washington. D.C., Jan. 7, 
1971. Nat. Assoc. Secondary Material Industries, 
Inc., New York, 1971, pp. 2-5. This talk briefly dis­
cusses the waste products and scrap generated by 
the mineral and metals industry and the consuming 
public as a growing metal resource. The objectives 
of Bureau of Mines research in materials recycling 
are reviewed. And, the need for speedy adaptation 
of innovative technology by the secondary industry 
is emphasized. 

OP 91-71. Opportunities in Recycling Nonferrous Metals, by 
Max J. Spendlove. In Effective Technology 

for Recycling Metal, Proceedings of Two Special 
Workshops, Part I-Effective Technology and Re­
search for Scrap Metal Recycling, Conducted by 
Nat. Assoc. Secondary Material Industries, Inc., and 
U~S. Bureau of Mines. Washington, D.C., Jan. 7, 
1971. Nat. Assoc. Secondary Material Industries, 
Inc., New York, 1971, pp. 9-11. This talk briefly 
discusses the following general areas where real 
opportunities might occur: (1) departing from the 
conventional in areas such as sorting procedures, 
computer services, production of coproducts, and 
improvement of processes, equipment and devices; 
(2) products; (3) new raw materials; and (4) im­
proved communication of the results of research. 

OP 92-71. Identification of Nonferrous Scrap Metals, by 
A. W. Maynard. In Effective Technology 

for Recycling Metal, Proceedings of Two Special 
\Yorkshops, Part I-Effective Technology and Re­
search for Scrap Metal Recycling, Conducted by Nat. 
Assoc. Secondary Material Industries, Inc., and U.S. 
Bureau of Mines. Washington, D.C., Jan. 7, 1971. 
Nat. A~soc. Secondary Material Industries, Inc., 
New York, 1971, pp. 12-14. This talk briefly dis­
cusses Bureau of Mines Research to develop im­
proved methods for the identification and sorting 
of nonferrous scrap, especially aluminum alloys and 
copper-base alloys. The objective is to develop meth­
ods which will require a minimum of training of 
personnel. 

OP 93-71. New Techniques for Refining Nonferrous Scrap, 
by H. S. Caldwell, Jr. In Effective Tech­

nology for Recycling Metal, Proceedings of Two Spe­
cial \V orkshops, Part I-Effective Technology and 
Research for Scrap Metal Recycling, Conducted by 
N at. Assoc. Secondary Material Industries, Inc., and 
U.S. Bureau of :Mines. Washington, D.C., Jan. 7, 
1971. Nat. Assoc. Secondary Material Industries, 
Inc., New York, 1971, pp. 15-16. This talk briefly 
discusses the type of problems the Bureau is inves­
tigating, why they were selected for study, and some 
of the metallurgical techniques being applied to 
solve them. Refining zinc-base die-cast scrap using 
sal skimmings and vacuum disti1lat.iC'n separation 
and recovery of metals from scrap are specifically 
discussed. 

OP 94-71. Sepa~ation and Recovery of Nonferrous Metals 
From Incinerator Residues, by M. H. Stanczyk. 

In Effective Technology for Recycling Metal, Pro­
ceedings of Two Special Workshops. Part I-Ef­
fective Technology and Research for Scrap Metal 
Recycling, Conducted by Nat. Assoc. Secondary Ma­
t,"rial Industries, Inc., and U.S. Bureau of Mines. 
Washington, D.C., Jan. 7, 1971. Nat. Assoc. Second­
arv l\Tatf'rial Industries. Inc., New York, 1971, pp. 
17:19. The Bureau of Mines' continuous pilot plant 
f9r the recovery of metals and glass from incinerator 
residues is described and illustrated. 

OP 95-71. Recycling Automotive Scrap, by Karl C. Dean. 
In Effective Technology for Recycling 

Metal, Proceedings of Two Special Workshops, 
Part I-Effective Technology and Research for 
Scrap Metal Recycling, Conducted by Nat. Assoc. 
Secondary Material Industries, Inc., and U.S. Bu­
reau of Mines. Washington, D.C., Jan. 7. 1971. Nat. 
Assoc. Secondary Material Industries, Inc., New 
York, 1971, pp. 22-31. Bureau of Mines studies indi­
cate that two methods offer promise for recycling 
the metal values in junked automobiles. For urban 
centers that discard at least 40,000 cars per year, 
the preferred method is shredding. For areas that 
do not discard enough cars to support a shred plant, 
a combintaion of incineration, hand-tool dismantling. 
and baling can be profitably used. The Bureau's 
extensive investigations of recycling automotive 
scrap are described. 

OP 96-71. Recovery of Nonferrous and Precious Metals From 
Electrical and Electronic Scrap, by G. M. Potter. 

In Effective Technology for Recycling Metal, Pro­
ceedings of Two Special Workshops, Part I-Effec­
tive Technology and Research for Scrap Metal Re­
cycling, Conducted by Nat. Assoc. Secondary Material 
Industries, Inc., and U.S. Bureau of Mines. Wash­
ington, D.C., Jan. 7, 1971. Nat. Assoc. Secondary 
Material Industries, Inc., New York, 1971, pp. 32-34. 
This talk briefly describes methods by which elec­
trical and electronic scrap can be recycled to prevent 
pollution and to eliminate bulky scrap product from 
the environment. Physical beneficiation, leaching, 
smelting, and aluminum removal were highlighted. 

OP 97-71. Reclaiming Values From Superalloy Scrap, by 
G. M. Potter. In Effective Technology for 

Recycling Metal, Proceedings of Two Special Work­
shops, Part I-Effective Technology and Research 
for Scrap Metal Recycling, Conducted by Nat. Assoc. 
Secondary Material Industries, Inc., and U.S. Bureau 
of Mines. Washington, D.C., Jan. 7. 1971. Nat. 
Assoc. Secondary Material Industries, Inc., New 
York, 1971, pp. 35-39. The Bureau of Mines studied 
the chemical recovery of nickel, cobalt, and molyb­
denum from superalloy scrap. Much of the scrap 
from the machining of nickel- and cobalt-base super­
alloys is best utilized by remelting. However, when 
the scrap is contaminated, consists of mixed grind­
ings. or is of obsolete alloys, chemical processing can 
convert contained metals to marketable forms. 
Chemical processing on a laboratory-scale recovered' 
nearly 90 percent of nickel. cobalt, and molybdenum 
as metallurgical-grade oxides. 

OP 98-71. Electrolytic Refining of Scrap Aluminum Alloys, by 
T. A. Sullivan. In Effective Technology 

for Recycling Metal, Proceedings of Two Special 
Workshops, Part I-Effective Technology and Re-' 
search for Scrap Metal Recycling, Conducted by Nat. 
Assoc. Secondary Material Industries, Inc., and U.S. 
Bureau of Mines. Washington, D.C., Jan. 7, 1971. 
Nat. Assoc. Sf'condary Materi",l Industries. Inc." 
New York, 1971, pP. 40-41. This brief statement 
describes two elf>ctrolytic }'efining systems, that have 
been developed by the Bureau of Mines for the ex­
traction of aluminum from scrap and the concen­
tration of other metal values. 
OP 99-71. Processinp Titanium Scrap Chips, by T. A. Sulli-

van. In Effective Technology for Recycling 
Metal, Proceedings of Two Special Workshops, 
Part I-Effective Technology and Research for 
Scrap Metal Recycling, Conducted by Nat. Assoc. 
Secondary Material Industries, Inc., and U.S. E"\.u·eau 
of Mines. Washington, D.C., Jan. 7. 1971. Nat. 
Assoc. Secondary Material Industries, Inc., New 
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York, 1971, pp. 44-45. The speaker briefly describe!> 
the current Bureau of Mines research on clpaning 
and regaining titanium from scrap materials. A 
flowsheet for the cleaning of titanium lathe turnings 
is presented. 

OP 100-71. Recovery of Nonferrous Values from Industrial 
Wastes, by P. G. Barnard. In Effective 

Technology for Recycling Metal, Proceedings of Two 
Special Workshops, Part I-Effective Technology 
and Research for Scrap Metal Recycling, Conducted 
by Nat. Assoc. Secondary Material Industries, Inc., 
and U.S. Bureau of Mines. Washington, D.C., Jan. 
7 1971. Nat. Assoc. Secondary Material Industries, 
I~c., New York, 1971, pp. 46-47. This talk briefly 
describes the Bureau of Mines' current studies on 
the recycling and recovering of nonferrous wastes 
from diamond dust; mill tailings and foundry mold­
ing sands; electroplating wastes and rinse solutions; 
copper and brass smelter fumes and steel furnace 
dusts; scrap gold dental alloys; phosphatizing 
wastes; and sludges. 

OP 101-71. Nonferrous Scrap-As Viewed by Mineral Supply 
Specialists, by S. P. Wimpfen. In Effective 

Technology for Recycling Metal, Pro~eedings of Two 
Special Workshops, Part I-EffectIve Technology 
and Research for Scrap Metal Recycling, Conducted 
by Nat. Assoc. Secondary Material Industries, Inc., 
and U.S. Bureau of Mines. Washington, D.C., Jan. 
7, 1971. Nat. Assoc. Secondary Material Industries, 
Inc. New York 1971, pp. 48-51. The speaker de­
scribes the effo'rts of Bureau of Mines' Mineral 
Supply specialists to provide the mineral !l-nd eco­
nomic intelligence, basic data, and analYSIS ~eces­
sary to understand present and future mmeral 
supply situations. He highlights speci~c, recently 
published materjals as well as forthcommg reports. 

OP 102-71. Gel Permeation Chromatographic Separation of 
. Petroleum Acids, by T. E. Cogswell, J. F. 

McKay, and D. R. Latham. Anal. Chem., v. 43, No.6, 
May 1971, pp. 645-648. Gel permeation chroma­
tography (GPC) was used to separate the compo-, 
nents of an acid concentrate. This concentrate was 
prepared from the 400 0 to 500 0 C distillate. of Wil­
mington (Calif.) petroleum. The separatIon 'Yas 
made with a cross-linked polystyrene gel, usmg 
methylene chloride as a solvent; and the fractions 
obtained were characterized by infrared spectra 
and by molecular weight da~a. A carboxylic aci.d 
fraction obtained was essentIally free of phenolIc 
and nitrogen-containing compounds. Results indi­
cate that molecular association of some compound 
types is responsible for the separation. 

OP 103-71. The Waste·Plus·Waste Method for Recovering 
Metals from Electroplating Wastes, by Lawlem:e 

C. George, Andrew A. Cochran, and Rov F. Waters. 
Tech. Proc. Am. Electroplaters' Soc. Waste ,\reat­
ment ConI., :Post Jumor CoHege, Waterbury, Conn., 
.May 21-~~, lillI, 23 pp; All\1..b; l!.:nviron~e~tal Qual­
ity Conf., Washmgton, D.C., preprmt l!.:Iq!C 4t!, June 
7-~ ll:i71 ~ pp. AddItion of val'lOUS aCid wastes to 
alk~lme ~yamue wastes was investig,ated as a. means 
of disposmg of both materials. At nnal solution pH 
values near 7, metals and cyanides in both wastes 
were preCipitated almost completely. The filtrate 
from this step was relatively harmless; compared 
with the origmal wastes, and met potable water 
standards for free cyanide content. Small amounts 
of hydrogen cyanide (HeN) were prOduced uy. me 
reactions; the HCN was collected a,nd ne~tr~hzed. 
The metal cyanide precipitate con tamed slgmficant 
amounts of silver, nickel, and copper, whIch were 
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separated and recovered by .additlOna~ processing. 
The waste-pIus-waste method IS eco,nomlcally attrac­
tive because of the low cost of mlxmg two wastes 
and the high value of the recovered metals. 

OP 104-71. Solid and Gaseous Fuels, by EIi~abeth A. 
Hattman and Carmen OrtugiIo. Anal. 

Chem. Ann. Rev., v. 43, April 1971, pp. 345~-356R. 
This article is the twelfth of a series of re.vlews ~n 

ethods of sampling, analyzing, and testmg sohd 
~ineral and gaseous hydrocarbon fuels. It covers 
material published between Oct. 1, 1968, and Oct. 1, 
1970. 

OP 105-71. Evaporative Emissions-Which Volatility Factors 
Count?, by R. W. Hurn. In Effec~ of Auto­

motive Emission Requirements on Gasolme Char­
acteristics, American Society for Testing and Mate­
rials, 1971, Philadelphia, Pa., STP 48 T, pp .. 3-12. 
Several volatility parameters hav~ .been Il}v~stJgated 
in an experimental stud~ .of V?latIlIty/~mlsslOn rel~­
tionships. These volatilIty mdexes mclude ReId 
vapor pressure and several distillation properties. 
The experimental data show that the fuel tank loss.es 
are related characteristically to one parameter whIle 
carburetor losses appeal' to be related to a different 
parameter. The effe~t of v.olatility u.pon ~xhaust 
emissions was investIgated m connectIOn WIth the 
evaporative loss studies, and it appear~ t~at these 
emissions also are related directly or mdll'ectly to 
the volatility characteritics of the gasoline. The 
experimental results are used to illustrate how the 
several losses are related to the respective volatility 
parameters. 

OP 106·71. Fuel Technology Now Requires Uniform GLC 
Analytical Procedures, by R. 'V. Hurn. In 

Effect of Automotive Emission Requirements on 
Gasoline Characteristics, American Society for Test­
ing and Materials, 1971, Philadelphia, Pa., STP 
487, pp. 54-62. Experimental work within the broad 
spectrum of fuels technology calls for both accurate 
and uniform analytical methods for fuels and com­
bustion products. Recent experience l has sho\~n wide 
variation in analytical results obtamed by dIfferent 
laboratories each possessing generally high com­
petence for petroleum analysis. Analytical capability 
across laboratories would be improved through use 
of more nearly uniform methods so that laboratories 
doinO' air pollution research would be able to sepa­
rate~ identify, and quantify the many fuel compo­
nents and products in a comparable manner. More­
over to fully utilize the advantages of such uniform 
analyses, results must then be expressed in a sy,s­
trmatic standardized format. Improved accuracy m 
the anaiytical data is needed, but accuracy alone will 
not suffice and should be sought in conjunction with 
uniform procedures and identification format. The 
paper suggests a hydrocarbon identification and 
cIassifica tion scheme to be used in reporting analyses 
that are obtained following uniform, standardized 
analytical procedures. The resulting information 
would be readily translatable from laboratory to 
laboratory. 

OP 107-71. Factors That Predict Fracture Orientation in a 
Gas Storage Reservoir, by C. A. Komar, 

W. K. Overbey, Jr., R. L. Rough, and W. G. Lambert, 
J. Petrol. Technol., v. 23, No.5, May 1971, pp .. 
546-550. The data presented here indicate that sur­
face joints and lineaments as revealed by aerial 
photographs are related to the maximum horizontal 
stress in a region and to the orientation of induced 
vertical wellbore fractures. This information could 
help engineers to make the optimum choice of wells 
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for fracturing, thus enhancing reservoir perform­
ance. 

OP 108-71. Nonmetal Elements and Compounds, by J. C. 
Morris, D. R. Latham, an.d W. E. Haines. 

Anal. Chern. Ann. Rev., v. 43, No.5, April 1971, 
pp. 187R-191R. This paper is a review of 2 years 
of research (1968-69) on nonmetal elements and 
compounds in petroleum. 

OP 109-71. Problems in Analysis of Wide Boiling Range Ma-
terials Using a Gas Lia"id Chromatography­

Flame Ionization Detector System, by R. E. Poulson and 
H. B. Jensen. J. Chromatographic Sci., v. 9, May 
1971. pp. 300-306. The Bureau of Mines investigated 
the sources of error of a GLC-FID system in quanti­
tative analysis of wide-boiling-range mixtures such 
as are encountered in simulated distillation of crude 
shale oil or petroleum. The sample-introduction sys­
tem, column effects, and the FID itself were Ftudied 
using normal alkanes as a diagnostic aid. The on­
column inlet technique of sample introduction is 
compared with the flash-vaporization inlet technique. 
Column-adsorption effects and the use of tail­
reducing materials are discussed. Problems with 
the FID relating to insulator and electrode contami­
nation, electrode emissivity, sample capacity, and 
burner design are illustrated and discussed. Normal 
alkane FID response relative to n-heptane over the 
C:-C:" range is shown to be 1.00 ± 0.03 for a parallel­
plate FID when operating normally. 

OP 110-71. Trasformazione Dei Rifiuti Urbani in Olio Com-
bustible Con L'lmpiego Di Monossido Di Carbonio 

Ed Acqua (Conversion of Urban Refuse to Oil Using Carbon 
Monoxide and Water), by John S. Tosh. Proc. 3d 
Internat. Public Services Exhibition, Sept. 25-29, 
1970, Padua, Italy, pp. 239-251. Urban refuse can 
be converted to oil by the action of carbon monoxide 
and water at elevated temperatur~s and pressures. 
The yield is 85 to 100 gallons of oil per ton of dry 
refuse. The oil is low in sulfur: and its heating 
value is high. It could be used as a low-sulfur 
powerplant feed. 
OP 111-71. The Calculation of Fugacities From Volumetric 

and Phase Equilibrium Data by Means of the 
Gibbs-Duhem Equation, by Robert E. Barieau. I&EC 
Fundamentals, v. 10, No.3, August 1971, pp. 428-433. 
Liquid and vapor fugacities, except for constants of 
integration, can be calculated directly, for two­
Gomponent systems, from volumetric and phase equi­
librium data by means of the Gibbs-Duhem equation. 
The constants of integration may be evaluated from 
the fugacities of the pure components if they exist 
in two-phase equilibrium at the temperature in ques­
tion. Such calculations are illustrated using data 
on the helium-nitrogen system. Isobaric temperature 
derivatives of the resulting fugacity values are used 
in the isobaric form of the Gibbs-Duhem equation 
to calculate relative enthalpies of the coexisting 
liquid and vapor phases. These are combined with 
the ideal enthalpies of the mixtures to present 
enthalpies of the coexisting liquid and vapor phases. 

OP 112-71. Use of Chelating Agents for Recovery of Copper 
From Carbonate and Silicate Ores, by D. J. 

Bauer and R. E. Lindstrom. J. Metals, v. 23, No.5, 
May 1971, 3 pp. Essentially complete recovery of 
copper from an oxide ore was obtained in a leaching 
operation by the U.S. Bureau of Mines using ethyl­
enediaminetetraacetic acid (EDT A) as a chelative 
leachant. The EDT A was most effective in the form 
of a trisodium salt. Copper can be recovered as 
metal from leach solutions by reduc.ing agents such 
as hydrogen, HCHO, and CO. 

An integrated technique 'using Na.CaEDTA­
NaHC03 solution as the copper leach ant, with lime 
as the copper precipitant, was also studied. 

OP 113-71. Vapor Pressure of Water From _2.5 0 to 20° C, 
by D. R. Douslin. J. Chern. Thermo­

dynamics, v. 3, 1971, pp. 187-193. The vapor pres­
sure of water is presented for the temperature 
range _2.5° to 20° C. A direct measurement of the 
triple-point pressure of water (612.1 ± 0.4) Nm-2 

or (4.591 ± 0.003) torr is included~ 

OP 114-71. Conversion of Municipal Refuse to Oil, by 
Herbert R Appell, Irving, Wender, and 

Ronald D. Miller. Refuse and Recycle of Wastes, 
Proc. 3d Ann. North Eastern Regional Antipollution 
C~nf., July 21-23, 1970. UnIversity of Rhode Island, 
Kmgston, RI. 1971, pp. 225-231. An investigation of 
the mechanism of lignite liquefaction with CO and 
steam led to a procedure for converting cellulosic 
wastes and urban refuse to oil. Oil was formed at 
temperatures of 250 0 to 400° C and pressures of 1,500 
to 5,000 psig. _ 

OP 115-71. Elastic and Attenuation Symmetries of Simulated 
Lunar Rocks, by Thomas R. Bur and Ken­

neth E. Hjelmstad. Icarus, November 1970, v. 13, 
No.3, pp. 414-423. Studies were made to determine 
the elastic and attenuation symmetry of 14 igneous 
and metamorphic rocks. The rocks were previously 
chosen by the Bureau of Mines to cover the range 
of rocks most likely to be representative of rocks 
on the lunar surface. The studies were made by 
means of quasilongitudinal pulse velocity and rela­
tive amplitude measurements on spherical specimens.' 
The elastic symmetry was successfully determined 
for all 14 rocks, and the attenuation symmetry for 
11 of the rocks. These rocks demonstrated a wide 
range of characteristics, for instance the densities 
ranged from 0.47 to 3.32 g/cm3• It was found that 
fue variations in the elastic and attenuation prop­
erties can be closely approximated by the symmetry 
of the orthorhombic and transversely isotropic sys­
tems. The range of velocity anisotropy found is 
roughly the same as for single crystals. The elastic 
and attenuation symmetries agree for most of the 
rocks, within experimental error; a significant dif­
ference found in a few rocks suggests a separate 
major contributing cause (subfabric) of the vari­
ations in each of these properties. Rocks in which 
the elastic anisotropy is notably associated with 
fracture systems have lower than normal mean 
velocities. 

OP 116-71. Oil Vaporization During Steamflooding, by 
F. Sam Johnson, C. J. Walker, and· 

Abdo F. Bayazeed. J. Petrol. Technol., v. 23, No.6, 
June 1971, pp. 731-742. A procedure is presented 
for predicting the amount of oil vaporized, or dis­
tilled, 'in the steam zone during steamfiooding. Calcu­
-lations indicate that oil vaporization increases with 
increasing volatility of the oil and temperature of 
the steam, but decreases with increasing steam in­
jection rates. 

OP 117-71. Catalytic Dehydrogenation of Coal: Part 6. Yield 
of Hydrogen From Whole Coals, by L. Reggel, 

I. Wender, and R Raymond. Fuel, v. 50, No.2, 
April 1971, pp. 152-156. Eight whole coals have 
been catalytically dehydrogenated in this study. The 
results are compared with dehydrogenation of 
vitrinites from bituminous coals, and it is found 
that the yields of hydrogen gas are only slightly 
lower when the whole coals are used. In a commer-

271 



OUTSIDE PUBLICATIONS 

cia I process, therefore, whole coals would be suitable 
for catalytic dehydrogenation without separation of 
macerals. 

'OP 118-71. Thermal Synthesis of Sodium Calcium Carbonate 
-A Potential Thermal Analysis Standard, by 

John Ward Smith, Donald R. Johnson, and Wil­
liam A. Robb. Thermochim. Acta, v. 3, 1971, pp. 
305-312. Sodium calcium carbonate-an equimolar 
double salt (Na,C03' CaC03) never before described 
-forms by a novel solid state reaction when inti­
mately mixed Na,C03 and CaCO. powders are 
heated. The thermal synthesis and properties of 
this compound are evaluated. Its use as a thermal 
analysis standard is suggested. 

OP 119-71. Approaches ta Utilization of Plastics From Urban 
Waste, by J. oW. Jensen, J. L. Holman, 

ana J. B. Stephenson. Special Centennial Symp. 
"Technology for the Future to Control Industrial 
and Urban Wastes," Continuing Education Series, 
University of Missouri-Rolla, Feb. 8-9, 1971, pp .. 
32-34. Very large quantities of discarded plastic 
articles are entering the municipal waste disposal 
facilities, posing new problems in waste processing 
and accounting for a substantial and growing loss 
of resources. Methods for utilizing these waste 
plastics are being sought at the Research Center of 
the Bureau of Mines in Rolla, Mo. A sample of such 
waste obtained through a community-wide collection 
program, was analyzed and tested; the results are 
presented in this article. The fabrication of useful 
secondary products is discussed as a possible out­
let for waste thermoplastics, polyethylene and poly­
propylene, and the possibliity of using waste halide 
polymers, in particular polyvinyl chloride, as chem­
ical raw'. material is considered. A flow diagram for 
a sink-float separation process for waste plas.tics is 
presented. 

OP 120-71. Cost Estimation and Power Requirements of Cen-
trifugal Gas Compressors, by P. R. Jones and 

Sidney Katell. Trans. Amer. Assoc. Cost Eng. 15th 
Ann. Meeting and 1st Internat. Symp., Montreal, 
Canada, June 19-23, 1971, pp. 315-317. The Bureau 
of Mines has written a computer program for the 
preliminary es6mation of costs and power require­
ments of centrifugal gas compressors for two types 
of operation (1) in which interstage cooling follows 
each stage, and (2) in which interstage cooling fol­
lows every third stage. Well-known relationships 
were used to estimate the number of stages, tem­
perature, pressure, compression ratio, input CFM, 
head, and horsepower. The compression ratio was 
limited to that which would develop a maximum of 
15,000 feet of head which was equivalent to a peri­
pheral velocity of slightly less than 1,000 feet per 
second per stage. Costs were estimated from an 
equation relating total horsepower and cost. 

OP 121-71. Absorption Enhancement by an Organo-Metallic 
in Aqueous Solution-Methyl Mercury in Dilute 

Acid, by Stephen L. Law. Atomic Absorption News­
letter, v. 10, No.3, May-June 1971, pp. 75-76. It is 
important that the analyst using atomic absorption 
techniques be aware that an organo-metallic in an 
organic solvent may behave differently than ex­
pected. The purpose of th{s report is to extend this 
caution to include at least one organo-metallic in 
aqueous solution, methyl mercury in dilute acid. 
Although this may be a special case, because of the 
high volatility of methyl mercury, it is reported 
here to make other analysts aw~re that such effect! 
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OP 122-71. Removal of Antimony From Lead-Two Per Cent 
Antimony Alloy, by E. B. Arney, Dominic 

Montagna, Donald A. Wilson, and Joseph M. 
Marchello. Secondary Raw Materials, v. 9, No.5, 
May 1971, pp. 71-74. One of the programs being 
undertaken by the College Park Metallurgy Research 
Center of the Bureau of Mines involves developing 
new methods and improving existing methods for 
recycling secondary scrap and waste materials. A 
refining technique that received considerable atten­
tion in these studies is the use of high-melting-point 
intermetallic compounds to remove small amounts 
of undesirable impurities from base metal scrap. 
Once the compound has been formed, separation 
from the base metal can be achieved by decanting, 
skimming, or filtering. This article describes a tech­
nique for removing antimony from lead by forming 
an insoluble aluminum-antimony intermetallic com­
pound. 

OP 123-71. Mine Dust Characterization Using the Scanning 
Electron Microscope and Dust Samplers, by 

Philip B. DeNee. Scanning Electron Microscopy 
(Part I). Proc. 4th Ann. Scanning Electron Micro­
scope Symp., April 1971, pp. 209-216. The inhala­
tion and retention .in the lungs of respirable coal 
mine dust in the size range from 0.1 /-Lm to 10 /Lm 
diameter is a serious hazard in coal mining. Infor­
mation on the aerodynamic and agglomeration be­
havior of dust particles can be obtained through 
better knowledge of the physical,and chemical char­
acteristics of individual dust particles. Hence, size, 
shape, surface topograpp-y, and agglomeration char­
Acteristics of mine dusts were studied using the 
secondary and backscatter electron modes of the 
SEM, Experimental techniques for preparing the 
·substrate for mounting the dust specimens are de­
·scribed. Elemental identification, which is important 
since it allows inferences to be made about the min­
eral species to which particles belong, was done by 
energy dispersive X-ray analysis. 

The importance of collecting meaningful dust sam­
ples which can be analyzed in the SEM is di~cussed 
and illustrated through the use of four collecting 
devices: a thermal precipitator, a filter, a cascade 
impactor, and a midget impinger. 

OP 124-71. Catalytic Reduction of Sulfur Dioxide on Iron-
Alumina Bifunctional Catalysts, by Sanaa E. 

Khalafalla, Edward F. Foerster, and Larry A. Haas. 
I&EC Product Res. and Dev., v. 10, June 1971, pp. 
133-137, Mixtures of alumina and iron powder pro­
vide efficient catalysts for the interaction, of low 
concentrations of SO, with CO. The catalytIc reac­
tion rate at 500 0 C depended significantly on the 
iron content of the binary catalyst mixture. Mixtures 
containing 43 percent freshly reduced iron exhibited 
a sharp peak in the catalytic activity at 5~O,o C 
when compared with other catalyst comp,osltlo~S. 
The normalized reaction rate per gram of Iron, In­
stead of per gram of total catalyst" sti11 portr~yed 
a sharp maximum when plotted ag~mst the. WeIg~t 
fraction of iron in the catalyst, ThIS fact, m addI­
tion to nonsynergistic effects, observed ,with iron­
silica mixtures disqualifies mterpretatlOns based 
solely on the a~tisintering or supportive aC,tion of 
alumina on iron. The results are best explamed on 
the basis of a dual reaction site mechanism with 
both iron and alumina augmenting their specific 
:;lites activity at their interparticle contacts. 

OP 125-71. Organic Reactions in Electrical Discharges, by 
Bernard D. Blaustein and Yuan C. Fu. 
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Ch. 11 in Physical Methods of Chemistry, ed. by 
A. Weissberger and B. Rossiter. John Wiley & Sons, 
Inc., New York, v. 1, pt. 2B, 1971, pp. 91-207. A de­
tailed review of organic reactions in electrical dis­
charges is presented. Reactions of atomic hydrogen, 
oxygen, and nitrogen with organic compounds are 
also included. 

OP 126-71. Georgia Minerals Serve the Nation and the World, 
by James D. Cooper. Atlanta Econ. Rev., 

v. 21, No.7, July 1971, pp. 30-32. Georgia's indus­
trial mineral resource is of such magnitude that the 
State can become increasingly important as a min~ 
erals supplier in the decades ahead. The minerals 
with the greatest potential for impact outside th~ 
State are high-quality clays and kyanite, but others 
such as barite, dimension stone, and certain heavy 
minerals are increasingly significant. Intelligent 
planning and subsequent management can result in. 
the working together of economical and ecologica~ 
interests to ensure the development of the mineral 
resources of coastal Georgia. 

OP 127-71. Recovery af Copper, Iron, and Sulfur From Chal-
copyrite Concentrate Using a Ferric Chloride 

Leach, by F. P. Haver and M. M. Wong. J. Metals, 
v. 23, No.2, February 1971, pp. 25-29. Smelting of 
copper concentrates results in the discharge of 
millions of tons SO, to the atmosphere each year. 
Because of increasing concern with air pollution, the 
Bureau of Mines has developed a hydrometallurgical 
procedure to obtain elemental sulfur from chalcopy­
rite by means of the following reaction: 

CuFeS, + 3FeCl, ~ CuCl + 4FeCl, + 2S. 
Under optimum conditions, 99.9 percent of the cop­
per and 73.7 percent of the iron was extracted in 
2 hr from a typical mill concentrate containing ap­
proximately 75 percent CuFeS, and 15 percent FeS,. 
At the same time, 70.5 percent of the sulfur was 
oxidized to the elemental form. The leach was highl~ 
selective; gangue minerals, including pyrite, were 
not attacked, thus accounting for the relatively loW' 
recoveries of iron and sulfur. 

OP 128-71. Oil Recovery Tests With Ultrasonically Formed 
Emulsions, by Charles A. Komar and Har­

old A. W. Moore. Chem. Eng. Prog. Symp. Series, 
v. 67, No. 109, 1971, pp. 117-123. The Bureau of 
Mines conducted oil displacement tests in the labo­
ratory with three water-in-oil and five oil-in-water 
emulsions that were created with ultrasonic energy 
at a frequency of 20 kHz and acoustic intensity of 
'lPproximately 100 w/sq. cm. Emulsions of either 
crude oIl or kerosine, brine, and 112 to 2 percent 
emulsifier were formed during 30 sec of acoustic 
irradiation. 

Results indicate that ultrasonic energy induces 
greater and moi'e uniform dispersion of one liquid 
in another in the presence of small amounts of chem­
ical emulsifiers. When the emulsions were injected 
as a buffer slug before waterflooding, recovery of 
the oil-in-place was 8 to 22 percent greater than with 
conventional waterflooding in the test" specimens, 
regardless of the continuous phase (oil or brine). 

The emulsions do not appear to be applicable to 
the Appalachian area however, because the oilfie,ds 
are too tight, the clays in the formation remove the 
emulsifier from the displacing fluid, and not enough 
additional oil is produced, compared with recovery 
with conventional waterflooding, to warrant the in­
creased operating costs. 

OP 129-71". Recovery of Metals and Phosphates From Waste 
Phosphate Sludge, bv Roy F. Waters, How­

ard E. Powell, and Andrew A. Cochran. Metal rin-

ishing, v. 69, No.8, August 1971, pp. 39-42. Waste 
sludges from phosphate treatment of automobile and 
appliance components were processed in the labora­
tory to recover metal values and trisodium phos­
phate. After treatment of the sludge with NaOH, 
followed by hydrogen reduction and sintering, zinc 
and lead were' recovered as fume; the sinter upon 
leaching was separated into a metallic residue, 
chiefly iron and nickel, and high-purity trisodium 
phosphate. The process offers an antipollution alter­
native in disposing of phosphate sludges in which 
there is an economic incentive to recycle the valuable 
materials. 

OP 130-71. An Evaluation of a Proapak Q Column at Cryo. 
genic Temperatures for the Separation of Helium·3, 

Neon, and Hydrogen in Helium-4, by G. W. Weems, C. A. 
Hoffman, and A. R. Howard. J. Chromatographic 
Sci., v. 9, July 1971, pp. 444-446. An investigation 
was undertaken to evaluate a Porapak Q column 
for separating helium-3, neon, and hydrogen in 
helium-4. The column temperatures used for this 
study were 194 0 and 76 0 K. The results of this 
investigation were,that helium-3, neon, and hydrogen 
are separated by using a 4.9 m by 0.47 cm id. rolumn 
filled with 801l00-mesh Porapak Q using a helium-4 
carrier gas. Using the separation characteristics 
of this column material, a chromatographic ana· 
lytical method was devised. 

OP 131·71. U~trasound as an Aid in Drying Fine Coal, by 
John S. Wilson, Albert S. Moore, and 

.Walter S. Bowie. Chern. Eng. Prog., Symp. Series, 
v. 67, No. 109, 1971, pp. 68-73. Ultrasonic energy 
was investigated by the Bureau of Mines as an aid 
in drying fine coal fluidized with air at 300 0 to 
400 0 F. Sound at frequencies of 17, 20.2, 35.5, 65, 
and 93 kHz and amplitudes of about 135 db when 
applied in a 3-inch-diameter column aided water 
reduction from 10 to less than 1 percent by weight. 
'Maximum increases in drying rates were achieved 
during the constant rate period, 46.9 percent when 
the sound was applied above the bed and 31.3 per~ 
cent when it was applied below the bed. 

OP 132-71. Cycloalkane Constituents of the Bitumen From 
Green River Shale, by D. E. Anders and 

W. E. Robinson. Geochim. et Cosmochim. Acta, v. 
35, 1971, pp. 661-678. Fifty-two cyclic alkanes, iso­
lated from the bitumen of Green lUver ::ihale, were 
analyzed by mass spectrometry. The molecular for­
mula of each cycloalkane was determined and, where 
possible, structural assignments were proposed for 
the alkanes on the basis of principal fragment ions 
and similarities in spectra to products of known 
configuration. 

Structural resemblance of these cycloalkanes to 
the hydrocarbon framework of biologically derived 
isoprenoid lipids was noted. Twenty-one cycloalkapes 
displayed fragmentation patterns similar to tetra­
alkyl substituted cyclohexanes. These compounds 
probably had their origin in carotenoid pigments. 
Six additional cyclic hydrocarbons produced ma'Ss 
spectra resembling the spectra of alkyl substituted 
hexahydroindanes. A progenitor of these compounds 
may be the indane portion of vitamin D, formed 
from the irradiation of steroidal plant debris. MasS' 
spectra of eight other cycloalkanes suggest a 
structural similarity to alkyl substituted gonanes 
(steranes) and were probably derived from plant 
steroids. Fifteen of the cyclic alkanes (six tricyclic 
and eleven pentacyclic) produce mass spectra similar 
to the hydrocarbon skeletons of penta cyclic triter­
penoids and could have been derived from them. 
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OP 133-71. A Low Temperature Gradient Gas Bath Cryostat, 
by Will E. DeVaney, HaroldL • .Rhodes, 

and Philip C. Tully. Cryogenic Technol., July­
August 1971, pp. 119-120. A windowed gas c~Y.ostat 
has be!!n developed for studying syst7ms requIrI~g a 
near-zero vertical temperature gradIent. VaporIzed 
LN. is used as the refrigerant for temperatures 
from 95 ° K to near ambient. The vertical tempera­
ture gradient across a 15 cm beryllium-copper block 
was less than 0.05° K. 

OP 134-71. Current and Future Trends in Explosives and 
Blasting, by Richard A. Dick. Pit and 

Quarry, v. 64, pt. 1, No.1, July 1971, pp. 159-162, 
174; pt. 2, No.2, August 19:1, pp. 1GD-~07. This 
paper al)alyzes current trends m the explOSIves ~eld 
and projects likely future. trends. Consump.tlOn, 
product types, loading techmques, strength ratmgs, 
and explosives control are covered. 

OP 135-71. Calculation of the Intensity of Secondary Scat. 
tering of X-Rays by Non.Crystalline Materials. 

by C. W. DWIggins, Jr., and p. A. ParK. Acta Cryst., 
v. A'i7, pt. 3, May hi71, pp. '2.64-'2.7'2.. Equations that 
xequire numerical integration over only one variable 
were derived for calculati~ the intensity of sec­
ondary scattering of X-rays for noncrystalline 
samples of finite thickness. Hoth the reflection and 
transmission geometry cases were considered. Tables 
are given that allow the intensity ratio of secondary 
to prImary scattering to be determined without 
making lengthy calculations. Modification of the 
normalization procedure when secondary scattering 
is important js discussed. 

OP 136-71. Some Observations on Near.Limit Flames, by 
A. L. Furno, E. B. Cook, J. M. Kuchta, 

and D. S. Burgess. 13th Internat. Symp. on Com­
bustion, Aug. '2.:3-29, 1970, University of.Utah, Salt 
Lake CIty, Utah, 1971, pp. 593-599. Lean mixtures 
of hydrogen-air and rich mixtures of n-butane-air 
were spark ignited within a 12-ft-diam sphere. At 
hydrogen concentrations below 8.0 percent, and at 
butane concentrations above 6.1 percent, the pres­
sure rises were very small since little of the com­
bustible mixture was consumed by upward flame 
propagation. With the onset of downward propaga­
tion at 8.5 percent hydrogen or 6.0 percent butane, 
combustion was complete. The limits of downward 
flame propagation are compared with available data. 
on the detonable limits of gas mixtures when ini­
tiated by solid explosives. The interpretation follows 
Spalding's treatment of the optimum gas concentra­
tions for spark ignition, using the concept of prefer­
ential diffusion. 

OP 137-71. Solubility of Nitrogen in Alpha Vanadium From 
. 600 0 to 1,2000 C, by J. L. Henry, S. A. 

O'Hare, R. A. McCune, and M. P. Krug, J. Less­
Common Metals, v. 25, September 1971, pp. 39-47. 
Alloy specimens in the vanadium-rich region of the. 
vanadium-nitrogen system Were prepared .by the 
reaction of high-purity y.anadium foil and mtro~en. 
Specimens were annealed, quenched, and exammed 
by X-ray and metallographic techniques to deter­
mine the degree of nitrogen solubility in a vanadium. 
Solubility was determined as a function of t~mpera· 
ture at equilibrium pressure. Equilibrium pressures 
were not measured. Nitrogen solubility is found to be 
1.15 wt prt at 600 0 C. 1.65 wt pct at 8')0 0 C, 2.20 wt 
pct at 1000° C, and 2.95 wt pct at 1200°, C. A sluggish 
transformation is observed between 500° and 609-0 C 
for alloys having nitrogen. contents above 1 wt llct. 
It is likely that a peritectoid comppund having a 
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composition near V'3N is formed. The composition 
range of the hexagonal f3 phase could n~t be esta!>­
lished accurately because of the small. dIfference In 
lattice dimensions between the vanadmm-saturated 
and nitrogen-saturated compound. The range is 
narrow probably lying between VNo.32 and VNo ... 
and do~s not appear to vary within the temperature 
range 300 0 to 1000° C. 

OP 138-71. An Ultra-High-Vacuum Chamber for High-Tem-
perature X-Ray Diffractometry, by M. P. Krug, 

R. A. McCune, and P. A. Romans. J. Appl. Crystal­
lography v. 4, pt. 2, April 1971, pp. 151-155. An 
attachme~t to a horizontal goniometer for X-ray 
powder diffraction at t~mperatures up to abo~t 
2000 0 C in a vacuum m the 10-9 torr range IS 
d~scribed. Specimen heating is by direct contact 
to a resistance strip heater with provision for ele~­
tron beam heating. Temperature measurement IS 
by thermocouple or optical pyrometer. High-tem­
perature parameter measurements on vanadium are 
presented as one of the examples of the capability 
of the apparatus. 

OP 139-71. The Chlorination Kinetics of Tungsten, Molybde. 
num, and Their Alloys, by A. Landsberg, 

C. L. Hoatson, and F. E. Block. J. Electrochem. 
Soc., v. 118, No.8, August 1971, pp. 1331-1336. The 
chlorination kinetics of tungsten, molybdenum, and 
three of their binary alloys have been studied as 
part of a Bureau of Mines effort to provide informa­
tion of value when considering chlorine metallurgy 
processes. Tungsten and molybdenum were used for 
this initial investigation of alloys because they are 
chemically similar, form a complete range of solid 
solutions, and have been shown to chlorinate at 
temperatures sufficiently different so as to facilitate 
the determination of temperature dependency of 
reactivity by eJlperiments based on the measurement 
of weight loss as the volatile chlorides are formed. 
Both the pure metals and alloys containing 22, 48, 
and 72 atomic percent (a/o) molybdenum were 
found to chlorinate between 400 0 and 775 0 C at 
rates of 10-7 to 10-5 mole per square centimeter per 
minute, with the reaction rate dependent upon the 
0.6 power of chlorine pressure. Molybdenum ex­
hibited the highest reactivity, tungsten was the least 
reactive and the alloys showed intermediate reactiv­
ity with respect 'to temperature. Single crystals of 
the pure metals showed marked anisotropy upon 
chlorination. When chlorinated, the polycrystalline 
alloy specimens of 22 and 72 percent molybdenum 
tended to show the crystalline anisotropy exhibited 
by the major component, while the 48 percent molyb­
denum specimen developed no pattern similarity to 
the pure metals. 
OP 140-71. Electrorefining of Vanadium Prepared by Carb07 

thermic Reduction of V.Os, by K. P. V. LeI 
and T. A. Sullivan. Metall. Trans., v. 2! August 
1971, pp. 2312-2314. High-purity vanadIUm was 
prepared by molten-salt electrorefining of a cru~e' 
vanadium feed material prepared by carbothermic 
reduction of vanadium pentoxide. 

OP 141.71. Determination of Proportions of Coal Compo-
nents by Automated Microscopic Reflectance 

Scanning, by J. T. McCartney, H. J. O'Donnell, and 
S. Ergun. Fuel, v. 50, August 1971, pp. 226-235. The 
Bureau of Mines has developed an automated re­
flectance scanning 'microscope system, primarily for 
determination of volume proportions, size distribu­
tion, and mode of association of the physical (pet!o­
graphic) components of .coals. Th~ p~ocess, whIch 
is potentially more rapId and objectIve a,nd less 
tedious than a visual microscopic procedure, Involves 



OUTSIDE PUBLICATIONS 

magnetic tape recording of several million reflect­
ance readings on micrometer sized areas of polished 
coal surface, and computer analysis and interpreta­
tion of some characteristics of the coal components. 
Results of petrographic analysis by automated re­
flectance scanning microscopy and conventional vis­
ual microscopy have been compared for four coals 
on the basis of a partially arbitrary interpretation 
of reflectance distributions. Such comparisons indi­
cate fairly good agreement of results by the two 
methods for at least three of the coals, particularly 
,in showing the considerably higher proportions 0,' 
exinite and lower amounts of vitrinite in dull coal 
samples contrasted with bright coals. Despite the 
interpretation being arbitrary, the interest of other 
laboratories in such research, and possible advan­
tages of greater objectivity and rapidity of analysis 
and correlation with coal utilization, encourage 
further study along these, lines. 

OP 142-71. Blast Vibration Studies at Shullsburg Mine, Wis-
consin, by James J. Olson and Richard A. 

Dick. Canadian Min. J., v. 92, No.7, July 1971, pp 
49-53. The Bureau of Mines measured blast vibra­
tions in the roof of a lead-zinc mine in Shullsburg, 
Wis., as part of a study to determine how blast 
factors such as explosive type, blast design, delays, 
charge weight per delay, rock type, and geologic 
stucture affect maximum vibration amplitudes in 
different underground environments. Maximum vi­
bration amplitudes were produced by the charge 
weigoht detonated with the zero delay cap". Peak 
particle velocities from the Shullsburg production 
blasts, scaled by the square root of the charge 
weight per delay, fell within the approximate band­
width of velocity data obtained from many quarries 
in different rock types. This grouping of data indi­
cated that scaling vibrations by some factor of the 
charge weight, perhaps the square root or cube root 
may, as found in the Bureau of Mines quarry blast 
studies, be an effective way to group and study 
vibration data from underground blasts. 

OP 143-71. Discriminant Analysis as a Technique for Ex. 
ploitation of Petroleum Reservoirs, by Leo A. 

Schrider and Jack Byrd, Jr. 46th Ann. Fall Meeting 
Soc. Petrol. Eng., AIME, New Orleans, La., Oct. 3-6, 
1971, preprint SPE-3567, 1971, 10 pp. Discriminant 
analysis, a statistical technique, was used to classify 
oil wells into productivity groups based upon data 
obtained from geophysical well logs. A calibration 
run conducted in the northern area of the Ea,st 
Canton oilfield verified that valid forecasts can be 
obtained by the procedure. Of 20 wells studied, four 
appeared to have a greater potential than that indi­
cated by actual production figures. A similar study 
of the southern area of the East Canton reservoir 
also proved discriminant analysis to be effective for 
predicting productivity, although different variables 
were significant than those for the north reservoir. 
Discriminant analysis was indicated to be adequate 
and potentially helpful in arriving at decisions con­
cerning well completion. 

OP 144-71. The Hot-Film Log-A Formation Evaluation Tool 
Designed for Shallow In-Situ Oil Shale Experi. 

ments, by Harold E. Thomas. 46th Ann. Fall Meet­
ing Soc. Petrol. Eng., AIME, New Orleans, La., Oct. 
3-6, 1971, preprint SPE-3501, 1971, 12 pp. The hot­
film flow log was developed for evaluating shallow 
in situ fraduring and retorting (comhustion) ex­
periments in Green River oil shale. Two logging 
probes are described which employ a temperature­
compensated conical, hot-film anemometer-type flow 
sensor. Wellbore fluid-flow profiles and fluid entry or 
exit points can be recorded while continuously lower-

irig or raising the probes in cased or uncased well­
bores. Natural, hydraulic, and explosive fractures 
in oil shale have been evaluated by a combination 
of air injection, air production, and flow logging tech­
niques. Fracture depths, types (horizontal or ver­
tical), and flow characteristics within a single bore­
hole or a system of boreholes can be interpreted 
from the logs. Gas flow profiles in in situ retorting 
experiments can be determined before ignition, dur­
ing formatioin combustion, and after combustion 
termination. Limitations and potential applications 
are discussed. 

OP 14S·71. Effect of Overburden Pressure and Water Satura-
tion on Gas Permeability of Tight Sandstone 

Cores, by Rex D. Thomas and Don C. Ward. 46th 
Ann. Fall Meeting Soc. Petrol. Eng., AIME, New 
Orleans, La., Oct. 3-6, 1971, pre print SPE-3634, 
Sept. 17, 1971, 8 pp. Permeability measurements 
were made on cores at simulated in-situ conditions 
for reservoirs amenable to nuclear fracturing. Re­
sults agree reasonably well with production test 
data. 

OP 146·71. Properties of Silver Bromide Vapors, by A. 
Visnapuu and B. C. Marek. J. Less­

Common Metals, v. 25, No.1, September 1971, pp. 
89-96. Knudsen cell mass spectrometric analysis of 
the vapors over molten AgBr between 711 0 and 
963 0 K indicates the existence of three vapor mole­
cules: AgBr, Ag3Br2, and Ag3Br •. "Second Law" 
heats of vaporization, tJ.H,., for the three vapor 
species are calculated to be 41.4±1.1 kcal mole-1, 

33.6±Ll kcal mole\ and 29.2±1.8 kcal mole-\ respec­
tively. The heat of trimerization is -95.0±3.8 kcal 
mole-'. Ionization potentials for AgBr. Ag-Br" and 
Ag3Br3 are 9.5±0.3ev, 10.0±0.2ev, and 9.8±0.2ev, re­
spectively. 

OP 148.71. Highlights of Some SO Man·Years af Petroleum 
Sulfur Studies by the Bureau af Mines, by H. J, 

Coleman, R. L. Hopkins, and C. J. Thompson. Inter­
nat. J. Sulfur Chem. v. 6, pt. B, 1971, pp. 41-62. This 
paper summarizes a systematic 20-year study of the 
organic sulfur compounds of Wasson, Tex., crude 
oil and, to a lesser extent, of three other crude oils. 
This study has culminated in the identificatiOn of 
some ZOO individual sulfur compounds. The Bureau 
of Mines has developed and applied separation and 
identification techniques which should be generally 
suitable for the characterization of sulfur compounds 
in any crude oil. This paper cites much of the early 
sulfur literature that covers individual sulfur com­
pound identifications completed before this study 
and some 20 project papers that resulted from this 
work. The sulfur compounds in petroleum have long 
been of concern to the petroleum industry, and such 
compositional data should be of both theoretical and 
practical value. 

OP 149-71. Iodin!, and Algae in Sedimentary Rocks Asso-
ated with 10dine.Rich Brines, by A. Gene Col­

lins, J. H. Bennett, and O. K. Manuel. G"ol. Soc. 
America Bull., v. 82, September 1971, pp. 2607-2610. 
Neutron activation analyses of iodine· and uranium 
in Paleozoic sedimentary rocks from the northern 
Oklahoma platform of the Anadarko show 0.9 to 
12.3 ppm I and 0.07 to 8.7 ppm U. The samples were 
taken from strata in Kingfisher County, Okla., where 
anomalously high concentrations of iodine were 
found in associated subsurface brines. Micropaleon­
tological examinations reveal algal strands in the 
more iodine-rich rocks. 
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OP 150-7l. Exploitation of Mineral. in Disposal Srines, by 
A. Gene Collins and Michael E. Croker. 

4~th Ann. Fall Meetin,g Soc. Petrol. En'4"., ATME, 
New Orleans, La., Oct. 3-6, 1971, preprint SPE 3453 
8 pp. The practice of pooling disposal brines i~ 
gaining mo~~ntum in .the petroleum industry, and 
large quantities of brmes are processed by single 
disposal facilities. Through a survey of these facili­
ties, the economic value of the minerals in some of 
these brines was determined. The results indicate 
that 6 of the 40 sampled brines contain concentra­
tions of minerals and values comparable with those 
of a ccmmercial brine. Twenty-nine brines contain 
concentrations of minerals more valuable than those 
found in seawater. 

OP 151.71. Energy From Oil Shale: Environmental Research, 
by Glenn L. Cook. 46th Ann. Fall Meet­

ing Soc. Petrol. Eng. AIME, New Orleans, La., Oct. 
3-6, 1971, preprint SPE 3455, 1971, 5 pp. The de­
velopment of the vast energy resources of the oil 
shales of the Green River Formation in Colorado, 
Utah, and Wyoming requires the application of satis­
factory environmental controls. Expected waste ma­
terials from processing oil shale are the shales from 
which the organic materials have been removed, the 
water produced during retorting or mining, and the 
gases produced during retorting. Present status of 
environmental research on oil shales at the Laramie 
Energy Research Center is included. 

OP 152.71. Can Chemical Stabi:ization Improve Ground Sup. 
port?, by Lester J. Crow and Dennis J. 

Kelsh. Eng. and Min. J., v. 172, No.8, August 1971, 
pp. 75-77. Marked improv€ment in strength and 
modulus of elasticity is possible through the im­
pregnation of polymers in porous rock. 

OP 153·71. Influence of Reduction and Thermal Shock on 
Nonmagnetic Taconite Grinda~ility, by C. B. 

Daellenbach, R. A. Vik, and W. M. Mahan. Trans. 
Soc. Min. Eng., AIME, v. 250, September 1971, pp. 
212-217. The influence of reduction roasting and 
thermal shock on the grindability of a refractory 
low-grade Michigan iron ore was examined in bench­
scale tests. The quantitative effects of' the various 
treatments were evaluated at three sieve levels, 48, 
100, and 400 mesh, with ball-mill-grindability and 
work-index parameters as response indicators. Data 
from the testing program were stathtically analyzed 
to isolate the effects of cooling rate, roasting tempera­
ture, mesh level, and ore chemical condition. All 
four variables were found to have an important in­
fluence on the grindability of the treated ore. Ure 
chemlcal condition and roasting tempe;:atllre nad tne 
most pronounced effects. 

OP 154-71. Some Mass Spectral and Analytical Aspects of 
Deuterium Labeling of Stroight.Chain Olefins, by 

D. G. Earnshaw, F. G. Doolittle, and A. W. Decora. 
Orgamc Mass Spectrometry, v. 5, 1971, pp. 801-815. 
A calculation method has been developed to enhance 
the effect of deuterium labeling in the mass spectra 
of linear vicinal dideuterioalkanes (LVDA). Indi­
vidual L VDA can be identified from these enhanced 
spectra. Single carbon-number mixtures of L VD 
nonanes and L VD decanes have been analyzed suc­
cessfully using matrices derived from spectra of 
standards. In addition, enhanced mass spectra have 
been predicted for all of the L VD heptadecanes and 
LVD nonadecanes. Matrices have been constructed 
from the predicted spectra, and preliminary tests of 
these matrices have been conducted. All identifica­
tions and analytical results' .on the LVDA studied 
can be used to identify the precursor olefins. 

276 

OP 155·71. laboratory Extraction of Copper From Chalcocite 
by Roasting, Reducticn, and Smelting, by M. M. 

Fine and R. B. Schluter. SME J., v. 250, No.3, 
SeptEmber 1971, pp. 243-247. A process for winning 
copper from pelletized chalcocite concentrate with­
out matte ~melting and converting is under develop­
ment at the Twin Cities Metallurgy Research Center 
of the Bureau of Mines. The new procedure in­
cludes a two-stage fluid-bed treatment in which the 
pelletized concentrate with 33 percent Cu and 7 per­
cent S is first d€sulfurized to about 0.5 percent S 
in an oxidizing atmosphere, and then metallizea by 
reduction with hydrogen. The reduced product is 
melted with flux to separate metallic copper from 
the gangue. The metal must be refined to remove 
residual sulfur and iron. The pelletizing of the fine 
concentrate into mini-pellets prior to fluid-bed treat­
ment is an important feature of the process, bEcause 
it pelmits shorter reaction time, decreas::s, dusting, 
and facilitates subsequent processing. 

OP 156·71. Gasification of Fossil Fue!s in a Microwave Dis-
charge in Argon, by Yuan C. Fu. Chern. and 

Ind. (London). No. 31, July 31, 1971, pp. 876·877. 
Different gasification characteristics of various fossil 
fuels in a microwave diocharge in argori' were investi­
gated. The extent of gasification appears to be re­
lated to the carbon content of the solid. 

OP 157·71. Gasificafion of Solid Fossil Fue!s in a Microwave 
Discharge, by Yuan C. Fu, Bernard D. 

Blaustein, and Irving Wender. Chern. Eng. Prog. 
Symp. Ser., v. 67, No. 112, 1971, pp. 47-54. Gasifica­
tion of solid fuels including lignite, high volatile A 
bituminous coal, oil shale, kerogen, gilsonite, and 
tar sands in a microwave discharge in argon yields 
hydrogen, ca:-bon monoxide, and gaseous hydrocar­
bons. The extent of gasification appears to be re­
lated to the carbon content of the solid. High initial 
rate of production of various components of gases 
decrease rapidly with time in the early stages of 
reaction. In a carbon dioxide discharge, the product 
species present are oxidized to yield carbon mon­
oxide; in a hydrogen discharge, the formation of 
hydrocarbons is enhanced. 

OP 158·71. The Enthalpies of Combustion and Formation of 
Some Alkyl Cyclopropanes, by W. D. Good. 

J. Chern. Thermodynamics, v. 3, 1971, pp. 539-546. 
The enthalpies of combustion of six alkyl cyclopro­
panes were measured by oxygen-bomb combustion 
calorimetry. Values. of the enthalpy of formation 
were derived. 

OP 159·71. The Environmental Challenges of Alaskan Min-
erai Development, by Earl T. Hayes. UMR 

J., No.2, June 1971, pp. 27-29. To meet the chal­
lenges of developing the Alaskan sources of mineral 
and fuel resources that are essential to all of us, 
we must conduct the research and planning neces­
sary to see that the environment is not abused. There­
must be cooperation between Government and in­
dustl"Y, between Federal and State Governments, 
between the doer and the dreamer, and between the 
engineer and the ecologist. The quality of "That is 
done today will determine the quality of Alaska in 
the future-and the future is as near as tomorrow. 
OP 160·71. Nuclear Ma3netic Resonance Relaxation of Lithium 

Ions in Water Solutions in Porous Materia!s, by 
L. C. Headley, W. E. Wallace, Jr., and P. Waldstein. 
J. Magnetic Resonance, v. 5, No.2, October 1971, 
pp. 168-173. Nuclear magnetic resonance (NMR) 
longitudinal relaxation tim€s (T,'s) of lithium nuclei 
were measured in porOUf: .porcelain media contain-
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ing solutions of lithium chloride in water. For con­
stant salt concentration, liT, for 7Li was found to be 
proportional to the specific surface area of the 
media. For constant specific surface area, T, eLi) 
decreased with increa~e in concentration within the 
range studied, while T, (eLi) did not vary signifi. 
cantly with concentration. The results are discussed 
in terms of chemical exchange between bulk phase 
ions and ions in electrical double layers near the 
solid surface. 
OP 161·71. High.Temperature Phase Relations in the System 

BaF,·SrF" by Ralph H. Nafziger. J. Am. 
Ceram. Soc., v. 54, No.9, September 1971, p. 467. 
The alkaline·earth fluoride system BaFr SrF2 was 
studied because the liquidus temperatures were 
thou'!.'ht to be sufficiently high to make com~ositions 
in this system me.rul. as slags for elect ... oslag melt­
ing of reactive metals such as Ti and Zr. Melting 
point temperatures were determilled for BaF2 and 
SrF,. The melting point of SrF, is approximately 
200 0 C below that of Ti and 50° C above that of 
CaF,. which \s the most commonly used slag for 
melting reactive metals. The high-temperature den­
sitiE's for all mixtures in the BaF,-SrF, system are 
greater than that for CaF" but less than that for 
molten Ti ahov.e its melting point. The heats of 
fudon for the pure comp0nents (3.0 and 4.26 kcal 
mole-! for BaF, and SrF2, respectively) are less 
than those for CaF2 (6.78 kcal mole-t ). 

OP 162.71. M.,lecular Interactions of Asphalt, by J. C. 
Petersen, R. V. Barbour, S. M. Dorrence, 

F. A. Barbour, and R. V. Helm. Anal. Chem., v. 43, 
No. 11, September 1971, pp. 1491-1496. The tentative 
identification of 2-quinolone::; has been made in a 
Wilmington, Calif., asphalt. These compounds, which 
exist predominantly in the N-unsubstituted form, 
were concentrated in an asphaltic resin fraction and 
are ItJ.rgely. responsible for the 1655 cm-t infrared 
ab:oorption band in the asphalt. A strong hydrogen­
bonding association between the 2-quinolones and 
carboxylic acids in asphalt is reported. The associa­
tion complexe, between the 2-quinolines and the 
rarboxylic acids in asphalt and between the model 
compounds 2-quinolone and cyc!ohexanecarboxyIic 
acid were studied by infrared spectrometry using a 
silyJation reactIOn III whICh the 2-quinolOnes and 
carboxylic acids reacted at different rates. The 
ability of two solvents, methylene chloride and tetra­
hydrofuran, to break up hyarogen-bonded molecular 
complexes is shown. The diagnostic value of these 
solvents in infrared spectrometry for identification 
of carbonyl functional group types has been demon­
strated, and use of these solvents for molecular as­
sociation studies in asphalts is reported. 

OP 163·71. Possible Use of Magnetic Fields in Determining 
Pore Geometry of Porous Media, by C. I. 

Pierce, L. C. Headley, and W. K. Sawyer. Soc. 
Petrol Eng. J., v. 1, No.3, September 1971, pp. 
223-228. Simplified models consisting of single, cir­
cular channels and channels of different length and 
diameter in series and parallel combinations, are 
used in conjunction with the equations of PoiseuiIle 
and Hartmann to demonstrate the dependence of the 
rate of flow of mercury in the models on channel 
dimensions when the models are subjected to trans­
verse magnetic fields. 

Experimental tests conducted on mercury-satu­
rated, glass.bead packs and a natural rock sample 
show that a magnetic field applied transversely to the 
direction of flow retards flow rate. The magnitude 
of the magnetic effect increased with increasing bead 
size and field intensity. 

Results of this work suggest. that magnetic fields 
have potential in the study of the internal geometry 
of flow channels in porous media. 
OP 164·71. Corrosion of Heat.Exchange Tubes in a Simulated 

Coal.Fired MHD System, by R. Bienstock, 
R. J. Demski, and R. C. Corey. Trans. ASME J. 
Eng. Power, v. 93, No.2, Ser. A, April 1971, pp. 
249-256. An experimental unit was built to burn 
125 lb of coal per hour at 4,000 0 F in a cyclone 
burner with oxygen.enriched air preheated to 1,500 0 

F to ascertain the fireside corrosion prohlems that 
might be encountered in the coal-fired MHD genera­
tion of power. Haynes 25 was slightly attacked at 
1,500 0 F \vall temperature, the stainless steels 310, 
316, and 446 were resistant at 1,100 0 F, and carboll 
steel was attacked at iiOO° F. 

OP 165.71. Environmental Aspects of MHD Power Genera-
tion, by D. Bienstock, R. J. Demski, and 

J. J. Demeter. Proc. Intersociety Energy Conver­
sion Eng. Conf., Boston, Mass., Aug. 3-6, 1971, SAE 
Paper 719157, 1971, pp. 1210-1~17. With use of a 
non-sulfur potassium seed, obtained through regen­
eration of the spent seed, complete elimination of 
SO, emission is possible in MHD power generation. 
Two-stage combustion can be used to drastically 
lower NOz emissions. 
OP 166-71. Solubility of Barium and Strontium Sulfates in 

Strong Electrolyte Solutions, by James W. 
Davis and A. Gene Collins. Environmental Sci. and 
Techno!., v. 5, No. 10, October 1971, pp. 1039-1043. 
Knowledge of the solubilities of BaS04 and SrS04 
in solutions containing NaCI, CaCh, MgCh, and 
NaHC03 is needed to solve geologic and petroleum 
production problems. Samples of the sulfates were 
tagged with sulfur-35 and prepared by precipita­
tion. The solubility was measured in various con­
centrations of the major solutes by use of a liquid 
scintillation technique to detect the S04- - in solution. 
The observed solubilities plotted against strength 
of the solution are similar for strong electrolytes. 
They reach a maximum at concentration levels be­
ginning at an ionic strength of near 1. The sulfate 
solubility in synthetic brines (principally NaCl) 
confirms the ionic strength. suI fate solubility rela­
tionships. 

OP 167·71. Use of C-14 in Studying Pollution of the Air by 
Petroleum Hydrocarbons, by B. Dimitriades. 

Isotopes and Radiation Techno!., v. 9, No.1, 1971, 
pp. 63-64. The interaction in hydrocarbon mixtures 
and the participation of CO in smog formation were 
studied using carbon-14 as a tracer. 

OP 168·71. Aldehyde-Olefin Interaction in the Nitrogen 
Oxide.Sensitized Photooxidation of Aliphatic Ole­

fins, by B. Dimitriades and M. L. Whisman. Chemical 
Reactions in Urban Atmospheres, ed. by C. S. Tues­
day. American Elsevier Pub. Co., Inc., New York, 
1971, pp. 89-101. To pt;edict photochemical smog 
potential of mixtures of hydrocarbon and hydro­
carbon derivatives, it is necessary to establish 
whether component interactions affect behavior of 
individual components in the reaction system. This 
report covers work done at the Bureau of Mines, 
Bartlesville, Okla., Petroleum Research Center, for 
the purpose of investigating olefin-aldehyde inter­
actions possibly occurring in NOr-sensitized photo­
oxidation of 1-butene-aldehyde mixtures. 

First results showed that in such mixtures con­
sumption of 1-butene is affected by the presence and 
nature of other hydrocarbons andlor aldehydes. 
Further investigation revealed that the effects of 
aldehydes on butene consumption could be explained 
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in terms of effects on oxygen atom and ozone con­
centrations only during the later reaction stage fol­
lowing photooxidation of NO into NO,. In the earlier 
stages, the aldehyde effects can be explained only 
if olefin-radical reactions occur in parallel with the 
olefin-oxygen atom reaction. 

OP 169-71. Retorting Ungraded Oil Shale as Related to In 
Situ Processing, II, by L. Dockter, A. Long, 

and A. E. Harak. Preprints, Div. Fuel Chern., 
ACS., v. 15, No.1, 1971, pp. 2-11. Results obtained 
from 17 experiments performed by the Bureau of 
Mines on 'Green River oil shales in a 10-ton batch 
retort are presented. The oil shales processed ranged 
.in grade by Fischer assay from 20.4 to 48.0 gallons 
of oil per ton; air rates employed in retorting 
ranged to as high as 3.74 scfm per square foot of 
bed. 

Multiple linear regression analysis was used to 
generate equations predicting the oil yield for given 
·sets of retorting conditions. Using only controlled 
operating variables, an equation was developed that 
accounts for 83 percent of the variability in oil 
yield. Including ambient conditions in the regres­
sion improves the percentage to 93. 

OP 170-71. Prediction of Isomeric Equilibria: A BetterCalori-
metric Basis, by D. R. Douslin. Proc. 36th 

Midyear Meeting, Div. Refining, API, San Francisco, 
Calif., May 10-14, 1971, pp. 361-375. The advan­
tages of using internally consistent, comprehensive, 
experimental thermodynamic properties for calcu­
lating complex reaction equilibria are demonstrated 
for the systems cis- plus trans-hexahydroindan and 
the five isomeric aliphatic hexanes. 

OP 171-71. Computing Movement of Injected Raw Helium in 
Bush Dome Reservoir, by C. Kenneth Eilerts 

and Eudora F. Sumner. 46th Ann. Fall Meeting 
Soc. Petrol. Eng., AIME, New Orleans, La., Oct. 
3-6, 1971, preprint SPE 34.35, 1971, 15 pp. The in­
jection of conservation helium into the Bush Dome 
reservoir near Amarillo, Tex., began in January 
1963. It is important that this purchased raw 
helium not mix with native gas unnecessarily and 
that the helium that accumulates in the formation be 
maintained in a position favorable for its efficient 
recovery. A program has been developed and used 
to compute the movement of injected gas under the 
influence of factors that are significant for 8 years 
of actual operations and 17 years of planned future 
operations. 

OP 172-71. Emission Characteristics of Natural Gas as an 
Automotive Fuel, by R. D. Fleming and 

J. R. Allsup. Pres. at Nat. Combined Fuels and 
Lubricants, Powerplant and' Truck Meetings, St. 
Louis, Mo., Oct. 26-29, 1971, SAE Paper 710833, 
October 1971, 7 pp. A study of natural gas as a 
low-pollution automotive fuel was conducted using 
a single-cylinder engine, a multi cylinder engine, 
and six vehicles. Results showed that the light-load, 
lean-limit misfire region of natural gas begins at an 
air-fuel ratio between 140-150 percent of stoichio­
metric. Changes in ignition timing significantly 
influences emissions of nitrogen oxides and hydro­
carbons but had little effect on carbon monoxide 
emission. Lower emissions can be achieved (by ad­
justment) with current design engines, but with 
heavy penalty to engine performance. Emissions 
from vehicles fueled with :natural gas are virtually 
unaffected by temperature change within the range 
20°-100° F. Natural gas exhaust is estimated to be 
22-25 percent as reactive as gasoline exhaust. 
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OP 173-71. Solvent Stimulation of Viscous Crude-Oii Pro-
duction by G. L. Gates and W. H. Cara­

way. Soc. Petrol. Eng., ADfE, 42d Ann. California 
Reg. Meeting. Nov. 4-5, 1971, SPE 3680, 1971, 11 
pp. To improve both the rate and volume of pro­
duction of viscous crude oils, the USB:VI made a 
study of solvents to stimulate production. Five l::;bo­
ratory methods were used to ev:;tluate .the effe.ctlve­
ness of several solvents in the stImulatIOn of VISCOUS 
oil production. These methods were (1) viscosity re­
duction, (2) gravity drainage prod~ction from sand 
columns, (3) displa~ement from ~apI.nary: tubes, (~) 
effect of organic aCids on crude Oil VISCOSity and (u) 
hydrocarbon analysis. Solvents ranging fr:om r:efinery 
cut!! to chemical compounds were used with SIX Cah­
forn,ia and one Kansas crude oils. Results indicated 
that small quantities of effective solvents greatly re­
duced the viscosity of viscous crude oils. The rate and 
volume of production of viscous crude oils by grav~ty 

·drainage from laboratory sand columns were 111-
creased greatly by small quantities of effective 
solvents It was also found that low molecular 
weight, ~romatic hydrocarbon solvents etyectively re­
moved viscous crude oils from glass capillary tubes. 

OP 174-71. Paleotopographic-Structural Controls on Thickness 
and Composition of Pittsburgh Coal in South. 

western Pennsylvania, by Bion H. Kent and Manuel 
Gomez. Pres. 84th Ann. Meeting Geol. Soc. America, 
Nov. 1-4, 1971, Washington, D.C.; abs. in Abstracts 
With Programs, Geol. Soc. America, v. 3, No.7, 
October 1971, p. 622. Data on roof-rock type, coal­
bed thickness, and the sulfur and ash content of the 
upper and the lower part of the main seam of Pitts­
l:furgh coal were obtained from about 550 cores taken 
in a 120-square-mile area that is now an under­
ground mine in eastern Green County, Pa. The 
area of the study is in a northeast-trending zone on 
the east side of the Appalachian Plateau where 
amplitudes of folds change abruptly from 300 to 
600 feet. To the northeast, in and near this zone, 
the Upper Freeport and the Lower Kittanning coal­
beds also show evidence of paleotopographic-struc­
tural control. 
OP 175.71. Methyl Mercury and Inorganic Mercury Collec-

tion by a Selective Chelating Resin, by St~phen 
L. Law. Science, v. 174, Oct. 15, 1971, pp. 28::>-287. 
A commercially available chelating resin selectively 
and quantitatively collects methyl mercuric and .in­
organic mercuric forms of mercury to the exclUSIOn 
of all other metals studied, except the noble metals. 
Both forms of mercury can be collected from pH 1 
to 9. Collected mercury is readily eluted with a 
slightly acid, 5 percent solution of thiourea, an? the 
resin can be reused for many cycles. Selectively, 
pH effects, capacity, and elution characteristics of 
the resin are described. A resin-loaded paper com­
posed of 50 percent resin ami 50 percent cellulose 
shows properties similar to those of the loose resin. 

OP 176-71. Combustion of Pulverized Char, by C. R. 
McCann, J. J. Demeter, A. A. Orning, 

and D. Bienstock. Nat. Meeting, Combustion Symp., 
Div. of Fuel Chem., ACS., v. 15, No.2, Septem­
ber 1971, pp. 96-105. Chars with volatile coITtents 
of 5-15 percent required supplemental fuel, of 10-
15 percent of the total enthalpy input, in combustion 
in a dry-bottom, horizontally fired, pulverized-coal 
fUrnace. 

OP 177-71. Diesel Emissions as Related to Engine Variables. 
and Fuel Characteristics, by W. F. Marshall 

and R. D. Fleming. Pres. at Nat. Combined Fuels 
and Lubricants,. Powerplant and Truck Meetings, 
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St. Louis, Mo., Oct. 26-29, 1971, SAE Paper 710036, 
October 1971, 7 pp. Experimental work was done 
to show how emissions could be minimized through 
adjustment of engine and fuel parameters. Adjust­
ment for peak performance yielded lowest levels of, 
all emissions except NO •. 

OP 178·71. Thermodynamic Relationships of the 2·Methyl. 
alkanes, C5 to C", From 10 to 300 K, by 

J. F. Messerly, H. L. Finke, and D. R. Douslin" 
'Preprints, Div. Petrol. Chem., ACS, v. 16, No.1, 
February 1971, pp. A57-A61. Low-temperature 
thermal properties of 2-methylheptane and 2-methyl­
decane were measured from 11 0 to 370 0 K. Entropies 
at 298.15 0 K of the 2-methylalkanes, C5 to Cll, were 
compared for liquid and ideal gas states. 

OP 179·71. Progress in Coal Gasification, by G. Alex 
Mills. Proc. 3d Synthetic Pipeline Gas 

Symp., Rosemont, Ill., Nov. 17-18, 1970, pp. 59-78. 
,At present the Bureau of Mines vas the following 
active coal gasification projects:' (1) The manufac­
ture of high-Btu gas of pipeline quality in a fluidized 
bed with steam and oxygen or (2) by hydrogasifica­
tion; (3) the production of low-Btu or producer gas 
'in a fixed bed; and (4) production of hydrogen using 
a circulating ~olid heat carrier. The status of these 
projects is discussed in this report. 

OP 180·71. A Study of Fly Ash Reactions and Deposit For· 
mation in a Large Cyclone.Fired Generator, by 

A. A. Oming. Nat. Meeting, Combustion Symp., 
Div. of Fuel Chern., ACS, September 1971, v. 15, 
No.2, pp. 150-157. Deposits from an industrial 
cyclone combustor were investigated. Color varia­
tions were attributed to ferric oxide content; alkali 
variations were related to ferric oxide and tem­
perature. 

OP 181·71. Engineering Properties of Mine Tailings, by 
Howard C. Pettibone and C. Dan Kealy. 

Soil Mechanics and Foundations Djv., Am. Soc. Civil 
Eng., v. 97, No. SM 9, September 1971, pp. 1207-
1225. The engineering properties of tailings from 
nine mines are summarized to demonstrate that 
these are good €ngineering materials. Presented are 
examples of their usage in the construction of a 
section of Interstate 90, neal' Kellogg, Idaho, and a 
theoretical design of a small earth dam. 

OP 182·71. Stability of. an Underground Room in Frozen 
Gravel, by Howard C. Pettibone and 

Galen G. Waddell. Proc. 9th Ann. Symp. Eng. 
Geology and Soils Engineering, Boise, Idaho, April 
5-7, 1971, October 1971, pp. 3-30. Research was con­
ducted by the Bureau of Mines to aid in estimating 
the economic and technological feasibility of mining 
gold from frozen gravel placers in Alaska. This 
presentation describes the progress of one of several 
projects conducted. As part of this study the Spo­
kane Mining Research Center undertook to deter­
mine the conditions under which a 30- by 70-foot 
underground room would safely remain open without 
artificial supports. The evaluation was instrumented 
with closure points, thermocouples, recording ther­
mometers, and hydraulic props. 

OP 183·71. Pyrolysis of Municipal and Industrial Wastes, by 
W. S. Sanner and D. E. Wolfson. Proc. 

Special. Centennial Symp., "Technology for the Fu­
ture to Control Industrial and Urban Wastes", Uni­
versity of Missouri-Rolla, Mo., Continuing Education 
Series, Feb. 8-9, 1971, pp. 39-42. Satisfactory dis­
posal of mounting quantities of municipal and indus­
trial wastes is a IlJoblem of great national concern 

from the standpoint of both environmental pollution 
and conservation of natural resources. Pyrolysis 
techniques used by the Bureau of Mines as a means 
of studying the carbonization characteristics of coal 
have been applied successfully to convert municipal 
and industrial wastes into usable or more manage­
able forms without adding to environmental pollu­
tion. By pyrolysis at elevated temperatures, refuse 
materials' can be converted to potentially useful 
solids, liquids, and gases. The gas produced in the 
process is more than enough to supply the reaction 
energy. 

OP 184·71. Kinetics and Mechanism of the Can version of 
Covellite (CuS) to Digenite (Cu1.aS), by 1. D. 

Shah and S. E. Khalafalla. Metallurgical Trans., 
v. 2, September 1971, pp. 2637-2643. Rates of con­
version of covellite (CuS) to digenite (CuuS) in N2 
and various partial pressures of 02 have been studied 
in the temperature range 260 0 to 400 0 C. The re­
action is first order with respect to 0, concentration 
in N,-O, mixtures at 1 atm. The experimental acti­
vation energy for the conversion of CuS to CUuS 
is 23 ± 3 kcal. In a nitrogen atmosphere, the con­
version proceeds at a slower rate but with the same 
activation energy and leads to the formation of 
elemen411 sulfur instead of SO,. An externally added 
small amount of iron powder (0.6 percent) increased 
the rate of conversion but had no effect on the ap­
parent activation energy. The rate-controlling re­
action in the conversion mechanism is postulated to 
be C.ULSS ~ 1.8 Cu+ + 1.8 e- + S at the CU1.8S/ 
gas interface. Reduction of CuS by copper(I) ions 
and electrons occurs by a rapid reaction, 0.8 Cu+ + 
0.8 e- + CuS ~ CUuS at the CuS/CuuS interface, 
which steadily contracts with time. 

OP 185.71. 8uMines Analysis Shows Characteristics of Prud. 
hoe Bay Crude, by C. J. Thompson, H. J. 

Coleman, J. E. Dooley, and D. E. Hirsch. Oil & 
Gas J., v. 69, No. 43, Oct. 25, 1971, pp. 112-120: 
This paper presents compositional data on a sample 
of Prudhoe Bay, Alaska, crude oil and a description 
of the separation and identification methods used in 
the study. 

OP 186·71. Determination of Pressure and Volume, by G. W. 
Thomson and D. R. Douslin. Physical 

Methods of Chemistry, ed. by A. Weissberger and 
B. W. Rossiter. John Wiley & Sons, Inc., New York, 
4th ed., v. 1, 1971, pp. 23-104. This chapter presents 
a review at the undergraduate and graduate level 
of methods available for measuring the pressure and 
volume of the solid, liquid, or gaseous states of 
matter. 

OP 187·71. Isolation and Analysis of Carbonyl Compounds 
as Oximes, by James W. Vogh. Anal. 

Chern., v. 43, No. 12, October 1971, pp. 1618-1623. 
Procedures were developed for collecting and isolating 
carbonyls from such complex mixtures as oximes, 
. and for subsequent chromatographic analysis of the 
oxime mixture. The isolation procedure was based 
on the weak-acid properties of oximes, which permit 
separation from hydrocarbons and other neutral ma­
terials by extraction with pentane. Retention of 
oximes in the basic phase was improved by the addi­
tion of alcohols and by extraction at low tempera­
tures. Chromatographic analysis of oximes was ac­
complished using an all-glass system. Oximes were 
decomposed to nitriles by hot metal surfaces but 
were stable in glass equipment that had been cleaned 
to remove heavy metal oxides. The most satisfactory 
chromatographic column had a glass tube filled with 
glass-b~ad support that was coated witl1. a poly-' 
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glycol liquid phase. In chromatograms, most ali­
phatic aldoximes· showed double chromatographic 
peaks that were due to the syn and anti isomers. 
These were identified, and the isomer peak ratio was 
shown to be affected by steric interferen~e. Phenols 
were recovered in the isolation procedure and could 
be analyzed in the same chromatographic system. 
Applications in diesel- and gasoline-engine exhaust 
are discussed. 

OP 188·71. Reservoir and Production Characteristics of the 
Clinton Sand, East Canton Oilfield, by Royal J. 

Watts, Leo A. Schrider, and Jerry G. Craig. East­
.ern Reg. Meeting Soc. Petrol. Eng., AIME, Charles­
ton, W.Va., Nov: 4·5, 1971, preprint SPE 3661, 
October '1971, 12 pp. Geophysical well logs, petro­
graphic thin-section core analyses, and production­
and pressure-decline curve analyses were used to 
characterize the geology and to estimate the re­
serves, recovery, and well life of the East Canton' 
oilfield, northeastern Ohio. Clean sand sections of 
the Clinton were found to contain an average of 95 
percent quartz and less than 4 percent clay. These 
'sections correlated with the 80-percent-sand line de­
. termined by gamma ray logs and with core perme­
abilities averaging more than 0.1 millidarcy. Pro­
duction was found to be more closely related to 
thickness of 80 percent sand than to any other reser­
voir characteristic. Economic life and output of the 
wells studied are predicted to be approximately 10 

,years and about 30,000 to 40,000 barrels per well. 
A primary recovery factor of 9 to 12 percent is 
indicated. Primary reserves of the 60,000-acre field 
are a minimum of 51 million barrels. Approximately 
500 additional wells will have to be drilled to como. 
plete development of the field. With such a low: 
primary oil-recovery factor, much oil will remain 
for secondary recovery possibilities. 

OP 189·71. Liquid-Liquid Chromatographic Separation of Neo-
dymium, Samarium, and Gadolinium, by J. 0. 

Winget and R. E. Lindstrom. Separation Sci., v. 6, 
No.4, August 1971, pp. 573-581. Neodymium, 
samarium, and gadolinium were separated bya 
liquid-liquid chrom'atographic technique-. Sulfuric 
acid was more effective than hydrochloric or nitric 
acid as an eluent with di (2-ethylhexyl) phosphoric 
acid (EHPA) as the stationary phase. Recovery of 
45 percent of the neodymium as >90 percent N d,03, 
84 percent of the ~amarium as >99 percent Sm,03, 

. and 50 percent of the gadolinium as >99 percent 
Gd,03 was achieved. The degree of separation and 
.the time required for the separation can be varied 
by changing the concentration of the eluent and the 
number of stages in the system. A system com­
prising a primary amine organic extractant and an 
aqu~ous .eluent containing diethylenetriaminepenta­
acetIc aCId (DTPA) was less effective for separating 
the rare earths. 

OP 190-71. Continuous Rapid Carbonization of Powdered 
Coal by Entrainment.Response Surface Analysis 

of Data, by Robert J. Belt, John S. Wilson, and John 
J. S. Sebastian. Fuel (London), v. 50, October 1971, 
pp: 381-3"93:-A study was made of rapid carboniza-, 
tion of coal in entrainment by composite factorial 
design of test-runs. From the data obtained through 
the operation of a 4-in-diameter flash carbonizer, 
the effects and interactions of the variables were 
determined and represented by three-dimensional 
models called response surfaces. These surfaces indi­
:cated the essential variables for each product yield or 
quality and showed the trend toward optimum 
values of these responses. Internal heating was 
shown to be superior to external heating from the' 
standpoint of producing a uniformly devolatilized 
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char with higher throughput rates. Illustrating the 
method and the results obtained, the quality of the 
char, defined as the amount of volatile matter (VM) 
remaining in it, and the char yield for the internally 
and the externally heated carbonizer are shown as a 
function of the temperature, coal-feed rate, and com­
position of the entraining gas. Optimum char quality 
of 15 percent VM with the highest throughput rate, 
750 g/h, was achieved by means of internal heating 
at 1,900 0 F, which resulted in a char yield of 1,075 
lb/ton of coal carbonized. 

OP 191-71. Low·Temperature Ashing of Lignite Using an 
Oxygen Plasma, by Philip G. Freeman and 

Walter W. Fowkes. Proc. North Dakota Acad. Sci., 
v. 24, 1971, pp. 119-124. Many processes u!ilizing 
lignite or other fossil fuels are concerned With the 
chemical and mineralogical composition.o.f the as~._ 
In an effort to better understand the ongmal condI­
tion of the inorganic components in the fuel, ~ l~\\'­
temperature oxidation unit \~'ll:s used to ash ilgmte .. 
In this way temperature-sensitive structures are pre­
served. Carbonaceous material is oxidized with "ac­
tive" oxygen generated in a microwave discharge 
under reduced pressure. The addition of a. small 
quantity of nitrogen catalyzes the formatIOn of 
active oxygen at temperatures below 60 0 C, as deter­
mined by a thermometer inserted in a well in the 
reactive chamber. The low-temperature ash was 
analyzed by X-ray diffraction and found to differ 
considerably from a corresponding high-temperature 
ash in that sodium occurred mainly as carbonate­
sulfate in the latter and as nitrate in the former. 

OP 192-71. The Enthalpies of Combustion and Formation of 
Indan and Seven Alkylindans, by \V. D. 

Good. J. Chern. Thermodynamics, v. 3, No.5, October 
1971, pp. 711-717. The enthalpies of combustion of 
indan and seven alkylindans were determined by 
oxygen-bomb combustion calorimetry. Enthalpies of 
formation in the condensed state are derived. 

OP 193-71. The Enthalpies of Combustion and Formation 
of Cyclopropylamine. The C-N Thermochemical 

Bond Energy, by W. D. Good and R. T. Moo~e. J. C~em. 
Thermodynamics, v. 3, No.5, October 1911, pp. 101-
705. The standard enthalpy of combustion of liquiq 
cyclopropylamine, L.Hc o (298.15 K) ,was found to be 
- (532.20 ± 0.10) kcal/mol by oxygen-bomb com~us­
tion calorimetry. The standard enthalpy of. formatIon, 
L.Hro (298.15 K), of the liquid is (10.95 ± 0.12) 
kcal/mol. The enthalpy of varporization was deri\'ed 
from vapor pressur.e m~asurel?ents, and the standard 
enthalpy of formation 111 the Ideal gaseous state \\'as 
calculated. The value of the thermochemical bond 
energy, E (C-N), was estimated. 

OP 194-71, Effect of Lowering Tin Content of Secondary 
Red Brass, by L. W. Higley, E. R. Cole, 

H. Kenworthy, and J. L. Holman. Trans. Am. 
Foundrymen's Society, v. 79, 1971, pp. 157-160. 
Laboratory melts of the important secondary casting 
alloy, 85-5-5-5 (85 percent Cu, 5 percent Sn, 5 per­
cent Pb, 5 peI'Cent Zn), one of the leaded red brasses, 
were made in which the tin content was reduced 
from 5 to 3 and 1 percent, with increased copper or 
zinc to offset the reduction in tin. The work was done 
as part of a Bureau of Mines program to promote 
more economic use of secondary nonferrous alloys 
since tin, nearly all of which is imported, accounts 
for nearly 20 percent of the raw materials cost of 
the 85-5-5-5 alloy. The mechanical properties and 
machinability characteristics of the resultant alloys 
were compared with minimum properties for leaded 
red brass as specified by ASTM and ,with typic~,1_ 
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properties for leaded 'red brass as published by the 
,Brass and Bronze Ingot Institute. Results indicate 
that much of the primary tiri added to achleve com­
position in leaded red brass could be eliminated with­
out significantly affecting strength, ductility, or ma­
chinability. 

OP 195-71. The Cos,: Eng ineer in Research & Development, 
by Sidney Katell. CHEM TECH, v. 1, 

No. 11, November 1971, pp. 648-649. Since cost is 
the ultimate, critical variable in any mission-oriented 
program, it is fair to ask when it should first be con­
sidered. The cost engineer's earliest roles are out­
lined in this publication. 

OP 196-71. Production of Foundry Iron With Scrap and 
Prereduced Pellets, by N. B. Melcher and 

W. M. Mahan. Proc. Internat. Conf. Sci. and Technol. 
of Iron and Steel. Sec. 1 (Trans. Iron and Steel Inst. 
Japan), v. 11, December 1971, pp. 109-111. The 
Bureau's Twin Cities Metallurgy Research Center 
operated its size "0" hot blast cupola to study the 
possibility of producing gray iron with scrap and 
pre.reduced pellets. Specification grade iron was pro­
duced using a charge of 50-percent pre reduced pellets 
or with a 100-percent pre reduced pellet charge. A 
9-percent increase in coke rate was experienced under 
the latter conditions. 

OP 197-71. Low-Temperatur~ Thermal Properties of 2-
Methylheptane and 2-Methyldecane: The 

Thermodynomic Properties of the 2-Methylalkanes, by,J. F. 
Messerly and H. L. Finke. J. Chern. Thermodynamics, 
v. 3, No.5, October 1971, pp. 675-687. Experimental 
measurements were made of the low-temperature 
thermal properties of 2-methylheptane and 2-methyl­
decane from 12' to 360' K and 12' to 390' K, respec­
tivel~'. From these measured values and data from 
the literature the following chemical thermodynamic 
properties were calculated at selected temperatures 
for the condensed phases of 2-methylbutane, 2-
methylpentane, 2-methylhexane, 2-methylheptane, 
and 2-methyldecane: Gibbs energy function, enthalpy 
function,· enthalpy, entropy, and heat capacity. The 
entropies of 2-methylheptane and 2-methyldecane in 
the ideal gas state at 298.15' K were calculated and­
methylene entropy increments obtained for the 2-
methyl alkanes, C5 to Cll. 

OP 198-71. Industrial Service Faililres: Corrosion of Nickel 
in a Zirconia Chlorinator, by L. L. Oden, 

D. L. Paulson, and W. C. McBee. Materials Protec­
tion arid Performance, v. 10, No. 11, November 1971, 
pp. 22-24. Zirconia, prepared by calcining high­
purity zirconium sulfate, is chlorinated to produce 
zirconium tetrachloride, which is reduced to metal 
with calcium ,in the, final steps of the modern exten­
sion of the Kroll process for preparing zirconium .. 
The critical chlorination step is done in a fluidized 
bed reactor in the presence of carbon, and the reac­
tion products plus un reacted chlorine and entrained 
solids are conducted to a separator where the un­
reacted solids are removed. The ducting and separa­
tor, which are constructed from lA,-inch nickel sheet, 
are subjected to severely corrosive conditions, which 
result in embrittlement and reduction in cross section 
of the nickel ducts. 

Corrosion testing of nickel in the temperature 
range 400" to 600 0 C in an atmosphere co'rttaining 
HE,-CI2~ H20, CO, and C02 to 'simut:l.teinclustriai con­
ditions, produced specimens exhibjting uniform sur-' 
face attack similar to the corrosion of nickel in pure 
chlorine. Since these observations' were not consistent 
with the indust!i~l ser:"ice fail~res, a section of, 

'corroded nickel sheet was obtained from an industrial 
zirconia chlorinator' and' investigated to - deterrnine 
the corrosion mechanism. , 

OP 199-71. The Regeneration of 'Alkalized Alumina, by; 
M. D. Schlesinger and Eugene G. Illig.: 

Chern. Eng. Symp. Ser.; v. 67, No. 115, 1971, pp. 
46-51. Alkalized alumina can be used for the removal· 
of sulfur dioxide from stack gases. Before the pellet$' 
are recycled to the sorption section, they must be 
regenerated with a reducing gas. Several practical 
alternatives for regeneration are possible, resulting' 
in single- and multiple-stage mechanisms. Besides, 
the reduction itself, consideration is given .to side' 
reactions that can have a deleterious effect on the' 
ability of the sorbent to be reused, its ease of reo' 
generation, and its physical properties. 

Data were obtained from a bench-scale system de­
signed to study the mechanism and kinetics of the! 
reactions. Regeneration can be accomplished at 600 0 

to 700 0 C with hydrogen, carbon monoxide, and theii' 
mixtures. When carbon monoxide is used, some of' 
the sulfate is reduced to the sulfide and a second,., 
stage reaction with carbon dioxide is needed to como: 
plete regeneration to the reactive oxide. Data from, 
this and other research are being used for the design, 
o~ a prototype sulfur dioxide-removal plant. 

OP 200':"71. Piperidine: VibrCliional 'Assignment, Conforma-
tional. Analysis, and Chemical Thermodynamic 

Properties, by D. W. Scott. J. Chern. Thermodynamics, 
v. 3, No.5, October 1971, pp. 649-656. Interpretation 
of the molecular spectra of piperidine with the aid of 
a' molecular vibrational analysis showed that the: 
molecule exists mostly in the equatorial conformation 
in the vapor state and exclusively so in the crystal­
line state. An energy difference of about 0.6 kcal/mol 
between the axial and equatorial conformations was 
found consistent with calorimetric data. A table of 
the chemical thermodynamic properties has been 
compiled. 

OP 201-71. Solubilization of an ivb Coal by Reductive 
Alkylation, by H. W. Sternberg, C. L., 

Delle Donne, P. Pantages, E. C. Moroni, and R. E., 
Markby, Fuel, (Londo)l), v .. 50, 1971. pp. 432-442., 
Pocahontas (lvb). coal, when treated with alkali 
metal in tetrahydrofuran in the presence of a small 
amount of naphthalene; is' converted to a "coal 
anion." The coal anion is formed by transfer of, 
negative charges from the alkali metal to the aro-! 
matic clusters in coal with naphthalene acting as an 
ele<;tron transfer agent. The coal anion, containing 12 
charges per 100 carbon atoms, is readily alkylated by 
alkyl halides. The alkylated coals contain eight alkyl, 
groups per 100 carbon atoms and are soluble in 
benzene at room temperature. Five of the alkyl 
groups are attached to carbon atoms and the remain­
ing three to oxygen atoms. T.he molecular weight of 
the alkylated coals is in the same range (3,000-4,000) 
as that of petroleum asphaltenes. The solubility .. i'n 
benzene of alkylated coal and of petroleum asphal­
tenes is believed to be due to the presence of alkyl 
groups which prevent stacking of the aromatic 
clusters. 

OP 1-72. X-Ray Intensity Measurements' From Ores Using 
Semiconductor Detectors and' Radioisotopic Excita­

tion, by Philip G. Burkhalter. Ch. in Applications 
of Low Energy X- and Gamma-Rays Symposia 
on Low Energy X- and Gamma Sources and Ap­
plications at Boston College, Brookline, Mass., June 
1~70. Gordon and Breach, New York, v. 3, December 
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1971, pp. 147-163. Recent experimental work at the 
Bureau of Mines has involved use of radioisotopic 
excitation combined with semiconductor detectors to 
determine the sensitivity for single-element X-ray, 
analysis. Peak-to-background ratios have been meas­
ured for gold and silver and for other high-Z ele­
ments in ores. The ease of exciting the energetic 
K X-ray:s from high-Z elements with radioisotopes' 
?iYer umque advantages for ore analysis. Sensitiv­
ItIes below 100 ppm for high-Z elements in ores: 
are possible because of the good stability of radio­
isotopic excitation and detecting X-rays with semi­
conductor detectors. During the course of this 
experimentation, monoenergetic excitation with 
gamma-emitting or electron-capture radionuclides, 
was found excellent for both single and multielement> 
X-ray excitation in ores. Higher peak-to-background' 
rat~os .were . obtained compared with broad-energy 
excitatIon usmg bremsstrahlung sources. Equally im­
port~nt for. analysis are th~ disc::ete scatter peaks 
obtamed with monoenergetic excitation. The fluo­
rescent X-ray intensity-to-Compton scatter ratio has 
been used to overcome changes in X-ray intensities 

. because of absorption coefficient variations in the 
ore matrix. More recent work has shown the im­
portance of separating the Compton and coherent 
'scatter events to achieve compensation over wider 
'matrix variations. 

OP 2-72. A Recent Development in Slurry-Flow Research: 
. Transport of Solids in Noncircular Pipes, by C. L. 

'ChlU, J. J. Seman, and R. C. Wang. Ch. in Bulk 
Materials Handling, ed. by Minor C. Hawk, School 
of Engineering, University of Pittsburgh, Pittsburgh, 
Pa., v. I, December 1971, pp. 239-257. The results 
of an extensive investigoation of the effect of pipe 
shape and orientation showed that, of the circular 
and noncircular pipes studied, a rectangular pipe 
,with a wide side as a bottom was found to be most 
advantageous for transporting solids hydraulically. 

OP 3-72. USBM' Finds Many Routes to Stabilizing Mineral 
Wastes, by Karl C. Dean, Richard Havens, 

and Espiridion G. Valdez. Min. Eng., v. 23, No. 12, 
December 1971, pp. 61-63. This article is a sum­
mary of Bureau of Mines efforts toward stabilizing 
mine::al :vastes. Physical,. chemical, vegetative, and 
combmatIon methods are mcluded as practical stabi­
lization procedures. 

OP 4-72. Exhaust Emissions From Small Utility, Internal 
Combustion Engines, by B. H. Eccleston and 

R. W. Hurn. SAS Paper No. 720197, January 1972, 
9 PP: This report results from an exploratory' 
experimental study designed to add information 
0!l the contribution to air pollution of exhaust emis­
SIOns from small, utility engines, and to evaluate 
tile procedures used to test small engines. 

Gross measurements of hydrocarbon, carbon mono­
Xide, and nitric oxide-are re-ported-for 29'4~cycreand 
seven 2-cycle engines; sizes of the engines ranged 
from 2 to 22 hp. 'Emission measurements were made 
on each engine for nine combinations of load and air­
fuel adjustments; only one speed point-full gov­
erned-was covered in the tests. An overall average 
of the data indicate that, operated at full-load and 
optimum air-fuel ratio, the 4-cycle engines emitted 
about 8 g HC, 180 g CO, and 5 g N02 per horse­
power-hour. Under comparable conditions, the 3 to 
6 hp 2-cycle engines emitted an average of 140 g 
HC, 240 g CO, and 2 g NO'!! per horsepower-hour. 

OP 5-72~' Phy~ical Properties of Bulk Materials, by D. E. 
Fnsque and L. C. Marraccini. Ch. in Bulk 
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Materials Handling, ed. by Minor C. Hawk. School 
,of Engineering, University of Pittsburgh, Pitts­
burgh, Pa., v. I, December 1971, pp. 364-380. Physi­
cal property measurements are defined, and the ac­
'cepted laboratory procedures for measuring these 
properties are described. Examples of the use of 
these measured properties to the design of storing­
reclaiming operations are given. 

:OP 6-72. Scanning Electron Mircroscopy of Metallurgical 
Cokes and Residues From Rapid Pyrolysis, by 

J. 'T. McCartney. Fuel (London), v. 50, 1971, pp. 
457-460. A recent study of cokes by scanning elec­
tron microscopy described structures revealed by 
partial combustion of cokes from two coals ,of differ­
ing rank. Different structures have been observed 
in cokes formed in conventional slow carbonization 
(3° C/min, in the Bureau cf Mines-American Gas 
Association carbonization appal'atus) and in residues 
formed in very rapid heating of small coal particles 
(8,000° C/sec), The article includes photographs of 
the scanning electron micrographs of the cokes 
studied . 

OP 7-72. State-of-the-Ar~ of Bulk Materiols Systems, by 
E. R. Palowltch, R. S. Fowkes, and C. A. 

Goode. Bulk Materials Handling, ed. by Minor C. 
Hawk. School of Engineering, Universitv of Pitts-, 
burgh, Pittsburgh, Pa., v. I, December' 1971, pp. 
4-14. The state of the art of handling bulk materials 
is defined in terms of the following: the character­
istics of the bulk material; the flow rates and routes 
through which the material must be handled' and 
the loading, transporting, transferring and sto'ring/ 
reclaiming unit operations. Emphasis is on systems 
f?r handling material resulting from mining opera­
tIons. 

OP B-72. Effect of Preferred Orientation on the Damping 
Capacity of Magnesium Alloys, by Alfred E. 

Schwaneke and Robert W. Nash. Metal!. Trans., v. 
2~ De~ember 1971, pp. 3453-3457. The torsional 
VibratIOn .damping of Mg-4.5 Ce alloys has been cor­
related With the texture orientation resulting from 
the method of fabrication. Forged and forged-plus­

'swaged alloys at vibratory stress levels of 1500 
psi exhibit sp.ecific damping capacities, respecti';ely, 
of 6 and 11 tImes that of an extruded alloy of simi­
lar composition. Pole figures show that the basal 
planes are oriented preferentially in the extruded 
alloys with it 20 degree tilt to the axis of the ex­
trusion, while the basal planes are goenerally parallel 
to the rod axis for forged or forged-plus-swaged 
alloys. The cor.rela~ions indicate that the major 
source of dampmg m these hexagonal magnesium 
alloys is stress-induced anelastic shear on the basal 
planes (probably by dislocation motion). 

OP 9-72. Systems Study of Data Availability on Natural 
Gas, by Staff, Division of Fossil Fuels 

Bureau of Mines. Air Pollution Control Offices En~ 
vironmental Protection Agency, June 1971, 106 pp. 
The B:ureau of. Mines, with financial support from 
the ,Air PollutIon Control Office of the Environ": 
mental Protection Agency, could establish and pro­
poses to ,initiate a natural gas data bank. A complete 
and ef?clent data bank program will be accomplished 
by u.smg data .sources which are credible, ongoing, 
prOVide ~ contmuous data series, yield specialized 
IpforI?atIOn. and are sufficiently uniform for pro-' 
gram mg. There are apparent data deficiencies 
within existing data collection programs, but for 
the .mo.st part such data gaps may be reduced by 
modlfymg Bureau and other agency collection pro-
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cedures. As their coiIection procedure's - improve, 
other data sources will contribute to the bank. Avail­
able from the National Technical Information Serv­
ice as PB 201 465. 

OP 10-72. Effect of Moisture and Temperature on the 
Fracture Morphology of Dacite, by Robert J. 

Willard and Kenneth E. Hjelmstad. Internat. J. 
Rock Mech. and Min. Sci., v. 8, No.6, November 
1971, pp. 529-539. A direct relation was found 
between point-load tensile strength and percentage' 
of void fracture in a series of dacite disks. Dried 
disks yielded higher tensile strengths and more void 
fracturing than did water-saturated disks. The be­
havior of certain ceramic materials is compared 
with that of dacite to show similarities and to form 
a basis for understanding dacite behavior. 

OP 11-72. Oil Availability by Sulfur Levels, prepared by 
the Bureau of Mines for the Environ­

mental Protection Agency, Office of Air Programs.' 
August 1971, 209 pp. This report presents infor­
mation pertaining to the sulfur content of crude oil 
reserves, production, and selected refined products 
by geographical areas. Crude oil reserves (as of 
Dec. 31, 1969) and 1969 production were classified 
by sulfur content as were refinery receipts. Quantity 
and sulfur content of stocks and shipments of, 
selected refinery products was determined; also tabu­
lated was sulfur content of stocks held at bulk 
terminal-storage facilities. 'Domestic and foreign 
desulfurization operations were tabulated and tech­
nology discussed. Available from the National Tech-' 
'nical Information Service as PB 202 281. 

OP 12-72. Dry Separation of Pyrite From Coal, by W. T. 
Abel, M. Zulkoski, and G. J. Gauntlett. 

162d Nat. Meeting ACS, Div. Fuel Chern., Wash­
ington, D. C., Sept. 13-17, 1971, Preprints v. 15, 
No.2, 1971, 12 pp. A dry separation process for 
remoying pyrite from fine coal utilizing centrifugal 
and electrostatic methods removed 35 to 55 percent of 
the total pyritic sulfur (amounting to 70 to 100 
percent of available pyritic sulfur) in rejects of 10 
to 15 percent. Both separation methods are bene­
fited by restricting the particle-size range and by 
keeping the pyrite particles as large as possible. 
Remoyal efficienC'v is increased, therefore, py inte­
grating the separation and grindingclrlerations, is 
in stage grinding. 

OP 13-72. Reclamation of Coal Mine Wastes and Strip 
Spoil With Fly Ash, by J. P. Capp and 

L. M. Adams. 162d Nat. Meetings ACS, Div. Fuel. 
Chem., Washington, D. C., Sept. 13-17, 1971, Pre­
prints v. 15. No.2. 1971. 12 Pp. Strip mine scars, 
coal refuse piles, and fly ash dumps are solid wastes 
reSUlting from the mining and combustion of coal. 
The total unreclaimed area resulting from these 
wastes is over 2 million acres. Disposition of these· 
wastes is obviously a monumental problem. Large­
scale field experiments in the reclamation of acid 
surface-mined coal lands and refuse piles with raw 
flv ash from bituminou~-coal-fired nowerplants were' 
conducted at several sites in northern West Vir­
ginia. Plots were treated with varying tonnages 
of fly ash from area powerplants and were planted 
with a yariety of grasses. legumes, trees, a,nd shrubs. 
Greatest potential for growth and survIval under 
harsh soil conditions was shown by .Kentucky 31 
fescue, I've and red tOl} grasses, and by birdsfoot 
trefoil. a' legume. Application of fly a,sh to the acid 
materials increased the pH, to a range tolerable 

to plant growth, impro~ea the t~xture of the spil, 
increased the water-holdmg capacIty of the resultmg 

'mixture, and_added trace nutrients to the soil. 

OP 14-72. p'reparation of Alloys With' High- and Low-
Melting Point Components by Consumable-. 

Electrode Arc Melting, by R. A. Beall, C. E. Armantrout, 
E. D. Calvert, and G. S. Root. Proc. 3d Internat. 
Symp. on Electroslag and Other Special Melting 
Technology, Pittsburgh, Pa., June 8-10, 1971. Spon­
sored by Am. Soc. for Metals, Pittsburgh Ch., and 
Mellon Inst. of Carnegie-Melion Univ., ·pt. Ii, '1972, 
pp. 1-12. Consumable-electrode arc melting of "high­
low" alloys can be facilitated by careful consideration 
of furnace atmosphere, electrode fabrication, and 
melting parameters. The use of reverse polarity is 
recommended as beneficial in particularly difficult 
.cases. 

OP 15-72. Measuring Gaseous Emissions from an Aircraft,' 
by J. O. Chase and R. W. Hurn. SAE 

Progress in Technology, v. 14, Vehicle Emissions, 
pt. 3, 1971, pp. 839-845. Aircraft turbine engines 
generate the same pollutants that are generated by 
automotive reciprocating engines, but problems of 
emission measurement differ greatly between the two 
types of engines. This is a discussion of experimental 
work done to define more clearly the character of 
the turbine emissions and to ~ain experience in 
sampling and measuring the emIssions. An explicit 
objective was to evaluate the adequacy of available 
instrumentation and to reveal emission measurement 
problems unique to the turbine engine. 

OP 16-72. Reactivities of Exhaust Aldehydes, by Basil 
Dimitriades and T. C. Wesson. J. Air Pol­

lution Control Assoc., v. 22, No.1, January 1972, 
pp. 33-38. Experimental data on smog-forming re­
activities of aldehydes were obtained in studies using 
a photoirradiation chamber. The aldehydes were 
studied both individually and in mixture typical of 
mixtures that appear in auto exhaust. Results 
showed reactivities of the aldehydes to differ greatly. 
As a group, the aldehydes in exhaust are judged to 
be as reactive as the olefin group. The aldehyde con­
tribution to exhaust reactivity and methods for 
assessing such contribution are discussed. 

OP 17-72. Pipeline Gas From Solid Wastes, by Herman 
F. Feldmann. Chern. Eng., Prog., v. 67, 

No. 12, December 1971, pp. 51-52. This paper estab­
lishes the experimental and economic feasibility of 
converting solid wastes to pipeline gas by direct 
hydrogasification. Solid waste disposal c.osts are pre­
sented as a function of metropolitan population and 
pipeline gas price. 

OP 18-72. Mercury, Recovery by Electrooxidation, by T. A. 
Henrie and R. E. Lindstrom. Supplement 

volume to Kirk-Othmer Encyclopedia of Chemical 
Technology, ed. by A. Standen. John Wiley & Sons, 
Inc., New York, 2d ed., 1971, pp. 541-546. Electrolytic 
oxidation of cinnabar ores for mercury recovery was 
investigated. Oxidation was accomplished by the 
electrolysis of ore slurried with brine. Cinnabar was 
dissolved by oxidating the insoluble sulfide to soluble 
mercuric salts. The mercury ion in a brine solution 
forms a stable tetrachloro complex. Subsequent 
mercury recovery from leach solutions was readily 
accomplished by precipitation on zinc. 

OP 19-72. Evaporative Losses From Automobiles: Fuel and 
Fuel System Influences, by R. W. Hurn and, 

B. H. Eccleston. Proc. Conf. on Air Pollution Control 
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in Transport Engines, Solihull, England, Nov. 9-11, 
1971. The Inst. Mech. Eng., Westminster, London, 
1971, pp. 286-292. The principal influences bearing 
upon evaporative hydrocarbon losses from auto­
mobiles have been studied in experimental work at 
the Bartlesville Energy Research Center of the 
Bureau of Mines. Thirteen fuels and 31 vehicles 
were used in the study. Hydrocarbon losses, both 
exhaust and evapOi"ative, were measured during tests 
that simulated typical city driving with the vehicles. 
Results show that fuel composition markedly affects 
both the amount and chemical character of the 
losses; the amount of loss is also dependent upon 
ambient temperature and factors related to the 
vehicle. The manner· and degree in which the specific 
fuel and vehicle factors influence the losses are 
discussed. 

OP 20-72. Comparison of Calculated with Experimental 
Imbibition Relative Permeability, by Carlton S. 

Land. SAE Journal, v. 79, No. 12, December 1971, pp. 
419-425. The purpose of this report is to give the 
results of a laboratory study of imbibition relative 
permeability and to p~~sent. a comp~rison of ca)~u­
lated relative permeablhty With relative permeablhty 
from laboratory measurements. 

OP 21-72. The Refining and Petrochemical Industries of the 
United States From 1960 to 1970 (Stati Uniti 

d' America, "La raffinazione e la petrolchemica dal 1960 al 
1970"), by C. M. McKinney. Ch. in Encyclopedia of 
Petroleum and Natural Gas (Enciclopedia del 
petrolio e del gas naturale), ed. by Carlo Colombo. 
Ente Nazionale Indrocarburi, Rome, Italy, v. 8, 
September 1971, pp. 945-956. Statistical information 
is presented on the capacity, types, and number of 
petroleum refineries and petrochemical plants in 
various areas of the United States during the decade 
1960-69. 

OP 22-72. Electroslag Melting of Zirconium and Selected 
Properties of Fabricated Material, by R. H. 

Nafziger and E. D. Calvert. Proc. 3d Internat. Symp. 
on Electr<1slag and Other Special Melting Tech­
nology, Pittsburgh, Pa., June 8-10, 1971. Sponsored 
by Am. Soc. for Metals, Pittsburgh· Ch., and Mellon 
Inst. of Carnegie-Mellon Univ., pt. II, 1972, pp. 253-
279. On the basis of this research, electroslag melting 
of zirconium should offer the same potential advan­
tages and suffer the identical shortcomings that it 
does when used to melt titanium. 

·OP 23-72. Fluid-Bed Combustion: Suitability of Coals and 
Bed Materials, by Richard L. Rice and Neil 

H. Coates. Power Eng., v. 75, No. 12, December 1971, 
pp. 36-38. Tests made with eight coals and several bed 
materials indicate that although carbon utilization 
is acceptable when fluid-bed combustion is employed, 
the ash from some coals might be troublesome. 

OP 24-72. Applications of Nuclear Quadrupole Resonance 
Spectrometry to Analytical Chemistry, by Harry 

D. Schultz. App!. Spectroscopy, v. 25, No.3, May­
June 1971, pp. 293-303. Since Dehmelt observed the. 
first pure quadrupole resonance signal in 1949, this 
technique has been developed to a high degree of 
sophistication for the investigation of bonding and 
structural features in compounds. Most of the early 
data were obtained on organic halides. More recently, 
NQR has been used to research inorganic bonding 
characteristics such as 71" and u bonding in nitrogen 
compounds and transition metal complexes. The tech­
nique has also been extensi-vely developed for minera-
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logical research, including :r;ecent. applic~tions f.or 
quantitative analysis of speCific mmer::ls .1I1 natmal 
ore deposits. The major developments 1I1 mstrumen­
tation that were made in an effort to solve these 
problems are discussed. 

OP 25-72. l-Aminopropane, 2-Aminopropane, and 2-, 
Methyl-2-aminopropane: Vibrational Assig~­

ments, Conformational Analyses, and Chemical Thermodyna.mlc 
Properties, by D. W. Scott. J. Chern. ThermodynamiCs, 
v. 3, No.6, 1971, pp. 843-852. )Iolecu~ar spectra.of 
the three title compounds and of ammoethane, m­
cluded for comparison, were interpreted by molecular 
vibrational analyses. Calorimetric entropy yalues for 
the three title compounds were used to o):ltam further 
understanding of the mole~ular ene:r;getlcs. Tables of 
the chemical thermodynamiC properties are presented. 

OP 26-72. Oxygenates in Exhaust from Simple Hydrocarbon 
Fuels, by Donald E. Seizinger and Basil 

Dimitriades. J. Air Pollution Control Assoc., v. 22, 
No.1, January 1972, pp. 47-51. The objective of this 
study was to identify and estimate the levels of 
oxygenated hydrocarbon derivatives in exhaust from 
simple hydrocarbon fuels. This information is ex­
pected ultimately to yield estimates of the relative 
levels of various classes of oxygenates in exhaust 
from full-boiling-range gasolines. 

OP 27-72. Removal of Sulfur and Nitrogen Oxides From 
Stock Gases by Ammonia, by C. C. Shale,· 

D. G. Simpson, and P. S. Lewis. Chem. Eng. Prog. 
Symp. Series, v. 67, No. 115, 1971, pp. 52-58. Com­
plete removal of sulfur dioxide and partial removal 
of nitrogen dioxide impurities from a simulated stack 
gas mixture were effected in laboratory experiments 
by vapor-phase reaction with ammonia. A cyclic 
process utilizing ammonia involves recovery of the 
chemical reaction products by condensation and re­
generation of the feeds by thermal decomposition and 
reaction of acidic constituents with zinc oxide. Am­
monia is separated for recycle, and essentially pure 
sulfur dioxide is recovered as a byproduct. Ash par­
ticles not removed by mechanical separation are 
trapped in the condensate. A flow diagram for con;.­
mercial application of this conceptual process IS 

discussed. 

OP 28-72. Separation Techniques as a Preliminary Step to 
the Determination of the Composition of Petro­

leum, by W. E. Haines and L. R. Snyder. Proc. 8th 
World Petroleum Cong., Moscow, U.S.S.R., v. 6, 
June 1971, pp. 223-230. High-boiling fractions of. 
petroleum are complex because of the great struc­
tural diversity of the hydrocarbons and because of 
the large proportion of heteroatomic compounds. 
This increased complexity makes impractical the 
traditional isolate-and-identify approach to compo­
sition studies. First, defining the total composition in 
terms of individual compounds, even if possible, 
would be hopelessly unwieldy. Second, separated 
fractions will be complex because of the increasing 
difficulty of making discrete separations. These fac­
tors suggest that a system is needed for classifying 
the large variety of compositional parameters and 
that an increased proportion of the analytical infor­
mation must come from an understanding of the 
separation itself. 

A classification system is suggested, which starts 
with families such as hydrocarbons, thiophenes, and 
pyrroles and subdivides each family successively ac­
cording to aromatic rings, cycloalkane rings, alkyl 
carbons, and individual compounds .. 
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An increased proportion of the analytical informa­
tion can come from the separation itself by taking 
full advantage of modern separation science. Several 
separation procedures are examined, in terms of the 
classification system and modern separation science, 
with respect to their ability to provide useful sepa­
rations. A preliminary separation scheme developed 
by American Petroleum Research Project 60 is 
discussed. 

OP 29-72. The Phenomenology of Explosions, by Robert 
W. Van Dolah. Proe. Symp. on Inherent 

Hazards of Manufacturing and Storage in. the 
Process Industry, Nov. 13-14, 1969, The Hague, 
Netherlands, 1971, Preprint, 22 pp.; disc., pp. 19-22. 
Explosions' are generalized as the result of a rapid 
release of pressure without regard for the source of 
pressure; they may include a confined thermal explo­
sion, a confined deflagration, a detonation, or simply 
pressurized gas. Each of these sources is examined in 
broad terms and some basic similarities of the physi­
cal processes are suggested. 

OP 30-72. Physicochemical Characteristics of United States 
Crude Oils (Stati Uniti d' America, "Caralleristiche 

fosoco-chimiche dei grezzi"l, by C. C. Ward. Ch. in En­
cyclopedia of Petroleum and Natural Gas (Enciclo­
pedia del petrolio e del gas naturale), ed. by Carlo 
Colombo. Ente Nazionale Indrocarburi, Rome, Italy, 
v. 8, September 1971, pp. 934-940. This article is a 
statistical study showing the physical and chemical 
characteristics of crude oils from 10 major producing 
areas of the "United States. 

OP 31-72. The Outlook for Hydrocarbon Production From 
Domestic Oil Shale, Cool, and Tor Sands, by J. 

\Vade Watkins, G. A. ~fil1s, and J. E. Phillips. Proc. 
Symp. on Current Status of Oil Recoyery Research 
and Deyelopment, 71st Nat. Meeting, Am. Inst .. 
Chem. Eng., DalIas, Tex., Feb. 20-23, 1972, Preprint, 
2;] pp. Among the latent domestic energy resources 
neided to meet further energy demands are gaseous 
and liquid fuels from oil shale, coal, and tar sands. 
Research and deyelopment on the production of fluids 
from oil shale and coal has reached demonstration­
plant scale. Despite commercial-scale production of 
oit from the Athabasca tar sands in Canada, there is 
at present only a minimal effort in the United States. 
Available information indicates that there may be 
some commercial production from all three sources 
within the next decade: 

OP 32-72. BuMines Data Promise Help in Identifying Petro-
leum-Spill Sources, by M. L. Whisman and 

F. O. Cotton. Oil and Gas J., v. 69, No. 52, Dec. 27, 
1971, pp. 111-113. This report presents the vanadium 
and nickel contents of 186 foreign and domestic crude 
oils and other properties of potential value for pin­
pointing the source of oil spills. 

OP 33-72. Selected Properties of Beryllium-Bose Alloys 
Consolidated by Vacuum-Arc Melting, by C. E. 

Armantrout and C. O. Sims. J. Vacuum Sci. and 
Techno!., Y. 8, No.6, November-December 1971 pp. 
VM23-V~I28. A preliminary survey of 'beryn'ium­
base alIovs was conducted by melting and testing 
s,rnalI button-shaped ingots. Hardness and impact re­
SIstance were compared with those of rure bervllium. 
Structures :\'ere examined by microprobe analysis 
and convenbo!lal metallographic t~chniques. Larger 
homogeneous mgots of alloys showmg promise were 
~hen consolidated by consumable electrode arc melt­
mg of. pressed electrodes of beryllium and the inter­
metallic compound NiA!. The ingots were formed 

into rods of 1.7-cm (%-in) diameter at reductions 
of 9 to 1 by impact extrusion. Evaluation of the 
rods was by tensile tests, hardness measurements, 
and microprobe analysis. Tensile properties at room' 
temperature ranged from about 51,000 to 55,000 psi; 
tensile modulus was 30-50 x 106 psi; elongation was 
about l' percent at room temperature and 2 to 9 
percent at 600 0 C. 

OP 34-72. Evaluation of on J'n-Situ Retorting Experiment 
in Green River Oil Shale, by H. C. Carpenter, 

E. L. Burwell, and H. W. Sohns. J. Petrol. Techno!., 
v. 24, January 1972, pp. 21-26. The purpose of this 
evaluation was to obtain information on the amount 
of oil shale that was affected by underground com­
bustion, the amount of oil that was produced, the 
amount of oil that could be recovered, the areal 
extent, thickness, and depth of the combustion zone, 
and the preferential direction of travel of the zone. 

The combustion experiment was conducted in a 
section of oil shale 20 ft thick located 68 to 88 ft 
beneath the surface of the ground. Two core holes 
were drilled befor~ combustiQn was st1uted, and 18 
additional ones were drilled after the experiment 
was ended 6 weeks later. Areal extent of the zone 
investigated was approximately 10,000 sq ft. Ap­
proximately 30,200 gal of oil was produced, of which 
8,000 gal was recovered aboveground. 

OP 35-72. Oil and Gas Wells-Potential Polluters of the 
Environment? by A. Gene Collins. J. Water 

Pollution Control Federation, v. 43, No. 12, Decem­
ber 1971, pp. 2382-2393. Some of the chemicals that 
are used in the drilling, completion, and production 
in oil and gas well operations are noxious.or poison­
ous. Poor drilling, completion, and abandonment 
practices can provide avenues for pollution. Results 
indicate that additional research is needed to deter­
mine what reactions occur in a salaquifer used for 
disposal, what valuable materials in petroleum­
associated wastes can be recycled or recovered, and 
how petroleum-associated wastes can be permanently 
disposed. 

OP 36-72. Oil Shale-Recent Developments. by Glenn L. 
Cook. Proc. North American Gasoline 

Tax Conf., Santa Barbara, Calif., Sept. 11, 1968, 
42d Ann. Rept., Federation of Tax Administrators, 
Chicago, Ill., 1971, pp. 12-17. The possibilities for 
development of the oil-shale resources of Colorado, 
Wyoming, and Utah are discussed. Considered are 
the energy needs of the country and the effects of 
(1) current oil-shale technology and (2) the location 
of the oil shales and associated minerals on the de­
velopment of the resource. The current status of pri­
vate and government supported research is indicated. 

OP 37-72. Thiophenes. by G. L. Cook, F. P. Miknis, 
J. C. Morris, and W. E. Haines. Ch. in 

Chemical Analysis: A Series of Monographs on 
Analytical Chemistry and Its Applications, ed. by 
Herschel Kal'chmer. John Wiley & Sons, Inc., New 
York, v. 29, pt. 2, 1972, pp. 433-490. The occurrence, 
toxicity, and uses of thiophenes are discussed in 
order to provide the setting within which analyses 
must be performed. Measured and calculated prop­
erties of thiophenes are given. Chemical and spectro­
scopic techniques for analysis of thiophenes are dis­
cussed and some applications' of the techniques are 
indicated. 

OP 38-72. Some Moss Spectral and Analytical Aspects of 
Deuterium Labeling of Straight-Chain Olefins, 

by D. G. Earnshaw, F. G. Doolittle, and A. W. De­
cora. Organic ~Iass- Spectrometry, v. 5, 1971, PI? 
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801-815. A calculation method has been developed 
to enhance the effect of deuterium labeling in the 
mass spectra of linear vicinal dideuterioalkanes 
(L VDA). Individual L VDA can be identified from 

. these enhanced spectra. Single carbon-number mix-
tures of L VD nonanes and L VD decanes have been 
analyzed successfully using matrices derived fr'om 
spectra of standards. In addition, enhanced mass 
spectra have been predicted for all of the L VD hep­
tadecanes and LVD nonadecanes. Matrices have 
been constructed from the predicted spectra, and. 
preliminary tests of these matrices have been con­
ducted. All identifications and analytical results on 
the L VDA studied can b~ used to identify the pre­
cursor olefins. 

OP 39-72. Enthalpies of Combustion of Nine OrganiC Nitro-
gen Compounds Related to Petroleum, by Wil­

liam D. Good. J. Chern. and Eng. Data, v. 17, No.1, 
1972, pp. 28-31. Enthalpies of combustion measured 
by precision oxygen-bomb combustion calorimetry 

. are given for the following nine organic nitrogen 
compounds selected as key compounds present in or 
related to petroleum: 4-methylpyridine, piperidine, 
2-methylpiperidine, 1-methylpyrrole, 2,5-dimethylpyr-
role, indole, 2,3-dimethylindole, 9-methylcarbazole, 
and isoquinoline. Enthalpies of formation in the 
condensed phase were derived. Enthalpies of vapor­
ization for five of the compounds were derived from 
vapor-pressure measurements, and enthalpies of for­
mation in the gaseous state are given for these five 
compounds. 

OP 40-72. Case History-Explosive Fracturing for Well 
Stimulation, by W. D. Howell and T. J. 

Clare. Proc. Spring Meeting Mid-Continent District, 
Div. Production, API, Wichita, Kans., April 8-10, 
1970, pp. 58-63. In cooperation with Sun Oil Com­
pany, the Bureau of Mines investigated the applica-. 
tion of chemical explosive fracturing for stimulating 
natural gas· recovel',¥: Two tests conducted in the 
shallow Buzzard Sand formation in Osage County, 
Okla.,~demonstrated that desensitized nitroglycerin 
can be safely loaded, displaced, and detonated in 
hydraulically induced fractures both iIi. open-hole 
intervals and through casing perforations. 

OP 41-72. The Problem of Diesel Engine Exhaust in Under-
ground Mines, by R. W. Hurn. Proc. Conf. 

on the Underground Mining Environment, Univ. of 
Missouri, Rolla, Mo., Oct. 27-29, 1971, pp. 241-250. 
The operation of diesel engines in underground areas 
requires careful attention to space ventilation in 
order that the concentration of toxic combustion 
products be held within acceptable limits. These 
ventilation requirements and the bases for calculat­
ing them are reviewed in the paper. A special haz­
ard, the case of an engine rebreathing its own ex­
haust as a result of inadequate ventilation, is iden­
tified and described. This special case is shown to 
result in progressively accelerated carbon monoxide 
discharge with possibilities for very rapid develop­
ment of extremely hazardous CO levels in the vicin­
ity of an inadequately ventilated engine. Overall, 
the problem of maintaining safe atmospheres is les­
sened as the amounts of toxic pollutants from en­
gines are reduced. Methods used to approach the 
minimal pollutant yield-and thereby minimal air 
poisoning hazard-are also discussed. 

OP 42-72. Active Sites for Catalytic Reduction of S02 With 
CO on Alumina, by S. E. Khalafalla and 

L. A. Haas. J. Catalysis, v. 24, No.1, January 1972, 
op. 115-120. The method of catalyst perturbation 
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has been adapted to identify the active' sites for 
catalytic reduction of SO~ with CO. Hydroxyl groups 
associated with the Bronsted acid sites were the ac­
tive groups in alumina . 

OP 43-72. The Role of Metallic Component in the Iron-
Alumina Bifunctional Catalyst for Reduction of 

S02 With CO, by S. E. Khalafalla and L. A. Haas. 
J. Catalysis, v. 24, No.1, January 1972, pp. 121-129. 
The metal in iron-alumina bifunctional catalyst syn­
ergizes the catalytic reduction of S02 with CO. 
Mixed iron and aluminum oxides as present in red 
bauxite or Surinam red mud were effective in the 
recovery of sulfur from sulfurous waste gases. 

OP 44-72. The Chlorination Kinetics of Zirconium Dioxide 
in the Presence of Carbon and Carbon Monoxide, 

by Arne Landsberg, C. L. Hoatson, and F. E. Block. 
Metall. Trans., v. 3, No.2, February 1972, pp. 517-
523. Chlorination of zirconium dioxide, an impor­
tant step in the commercial production of reactor 
grade zirconium metal, has been studied using car­
bon and carbon monoxide as reductants. Zirconium 
tetrachloride was produced when the oxide was re­
acted with chlorine alone above 1,000 0 C; by intro­
ducing carbon the reaction temperatures could be 
lowered 200 0 C, and when carbon monoxide was 
used the reaction temperatures necessary for similar 
rates were eve' lower. With carbon monoxide the 
chlorination of zircolllum dioxide is described by 
two regions differentiated by temperature and the 
dependence of reaction rate upon chlorine and car­
bon monoxide pressures. 

OP 45-72. Raman Spectra of Coals, by Leo E. :\fakov-
sky, Peter Waldstein, and \Villiam H. 

Edwards. Nature Phys. Sci., v. 231, No. 24, June 14, 
1971, pp. 154-155. Recently published Raman spectra 
of carbons suggest that it would be worth applying 
the Raman technique to the study of coal. This arti­
cle reports Raman spectra of unpolished chips of 
coal and indicates some of the problems encountered 
as well as the sort of information that might be 
made available by this method. 

OP 46-72. Electrowinning of Zirconium from Zirconium 
Tetrachloride, by G. M. Martinez and D. E. 

Couch. Metall. Trans., v. 3, February 1972, pp. 571-
574. The Bureau of Mines has produced ductile zir­
f!onium dendrites at 800 0 C in an electrolyte con­
taining NaCl-NaF-ZrCI4 • The metal product, in the 
form of arc-melted buttons, has a hardness ranging 
from 130 to 170 Bhn and can be cold rolled into 
15-ml-thick strips without intermediate annealing. 

OP 47-72. Q-Switched laser-Induced Reactions of Thio-
phene With Oxygen, by F. P. ~riknis and 

J. P. Biscar. High Temperature Sci., v. 3, No.6, 
November 1971, pp. 478-480. Q-switched, laser­
induced reactions of thiophene with oxygen were 
studied as a function of oxygen pressure in the 
range of 0 to 500 torr. The reaction products iden­
tified were C02, S02, H2S; H20, C2H2, and COS. The 
product distribution varied with oxygen partial pres­
sure. All products, except S02 reached maximum 
concentrations at 200 torr of 02, whereas S02 
reached a minimum at this pressure. No explanation 
for the behavior of S02 is given. A possible explana­
tion for the small concentration of C2Hz detected in 
the reaction mixture was advanced from the stand­
point of elemental plasma reactions. 

OP 48-72. World Economics af Nickel, by Horace T. 
Reno. Skillings' Min. Rev., v. 61. No.8, 
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Feb. 19, 1972, pp. 10-13. This article reviews the 
nickel-producing industry of the world and the 1971 
nickel supply-demand patterns. Short and long-term 
supply demands are forecast. 

OP 49-72. Tetrathyllead. Vibrational Assignment and Chem-
ical Thermodynamic Properties, by D. W. Scott. 

J. Chern. Thermodynamics, v. 4, No.1, 1972, pp. 
99-104. Vapor-state chemical thermodynamic proper­

·ties were calculated for tetraethyllead. To that end, 
a molecular-vibrational analysis was used to esti­
mate the unobserved C-Pb-C bending fundamen­
tals, and a treatment of vapor-pressure data by cur­
rently available methods was used to estimate the 
enthalpy and entropy of vaporization. 

OP 50-72. The Fuel and Energy Export Potential of the 
U.S.S.R. Through 1980, by V. V. Strishkov, 

George Mar.kon, and Zane E. Murphy. Combustion, 
v. 43, No.7, January 1972, pp. 6--18. The Soviet 
Union, by virtue of its importance as a major world 
power, as a large industrial state, and as a major 
energy producer and consumer, has been a subject 
of continued interest to specialists in the industrial 
and mining communities of the world. Despite a 
comparative wealth of literature -on fuels and en­
~rgy, however, there has been little reliable report­
mg on the future prospects or export potential of 
the energy industries. Of the mass of data reported 
by the Soviet Union on energy and fuels, the trade 
journals have adequately covered only the more gen­
eral information. 

If the average reader accepts some of this general 
reportmg at face value, he may arrive at some mis­
le~ding conclusions. For example, he may equate 
With standard· Western reporting the Soviet data 
which include large quantities of lower rank fuels 
in gross coal production figures and estimates of 
refinery product yields. However, more accurate 
data are available in more obscure Soviet sources. 
This review is based soleh' on available Soviet re­
porting on energy and should provide the basis for 
an estimate of the probably future course of Soviet 
fuel and energy exports. 

OP 51-72. Effect of Overburden Pressure and Water Solu-
tion on Gas Permeability of Tight Sandstone 

Cores, by Rex D. Thomas and Don C. Ward. J. Petro!. 
Techno!., v. 24, February 1972, pp. 120-124. Re­
search conducted to de~~!'!Iline the potential of nu­
clear explosions to stimulate- gas-pr'oQuwon verIfies 
that the gas permeability of tight sandstone cores 
is markedly decreased with increasing overburden 
pressure. "'-ater saturation also reduces the gas 
permeability by a large amount. The relative perme­
ability, however, does not change significantly with 
overburden pressure. 

OP 52-72. Pressures and Consumable-Electrode Arcs, by 
F. W. Wood and E. D. Calvert. J. Vac­

uum Sci. and Techno!., v. 8, No.6, November­
December 1971, pp. Vl\15-V:'vI12. An investigation 
of arc zone pressure during consumable-electrode 
vacuum-arc remelting (CEVAR) experiments has 
shown that pressure differences and gradients within 
furnaces are functions of pressure itself, electrode 
composition, and the degree of arc-zone confinement. 
There is evidence also that some previously puzzling 
contrasts in arc-furnace behavior may be explain­
able on the basis that two pressure dependent forms 
of electrical discharge operate with distinct poten­
tials. The lower voltage form tends to become un­
stable at pressures < 0.5 torr and behaves best at 
pressures > 1 torr. The higher voltage form seems 

to be most stable at pressures < 0.1 torr. For contin­
uous operation and maximum versatility, a CEVAR 
furnace should be able to accommodate both dis­
charge forms by providing for variability of vacuum 
conditions. 

OP 53-72. An Evaluation of Dust Sampling Membrane 
Filters for Use in the Scanning Electron Micro­

scope, by P. B. DeNee and }{. L. Stein. Powder Tech­
no!., v. 5, .1971-72, pp. 201-204. One of the estab­
lished goals of the Bureau of Mines is the develop­
ment of enginering procedures for the control of 
respirable dust and thereby the prevention of coal 
pneumoconiosis in the shortest possible time. This 
article evaluates the commonly used dust sampling 
membrane filters for use in the scanning electron 
microscope (SEM). 

OP 54-72. Beneficiation of High-Clay Potash Ores by Flota-
tion, by J. S. Browning and A. B. Johnson. 

Trans. Soc. Min. Eng., AIME, v. 252, March 1972, 
pp. 50-52. The Bureau of Mines has developed new 
and improved physical beneficiation techniques for 
economically recovering potash minerals from high­
clay and low-grade ore from the Permian Basin of 
New Mexico. With the depletion of the high-grade 
ores a need for changes in industry's standard 
methods of recovery is a must. Technology may be 
improved in the beneficiation of the ore prior to 
mineral flotation and in brine clarification from the 
desliming phase to effect a reduction of losses of fine 
potash and brine in the disposal of the clay slimes. 
This report summarizes the results of these tests and 
demonstrates the feasibility of producing products 
that meet the requirements of the agriculture mar­
ket, namely, 95 percent KCI equivalent to 60 percent 
K20 with recoveries ranging between 80 and 90 
percent. 

OP 55-72. Inductoslag Melting of Titanium Scrap and 
Sponge, by P. G. Clites and R. A. Beall. 

Light Metals 1972, ed. by W. C. Rotsell. Proc. AIME 
Ann. Meeting, San Francisco, Calif., Feb. 20-24, 
1972, pp. 325-351. -This report describes inductoslag 
melting, an induction melting process which utilizes 
a split, water-cooled copper crucible and a cover of 
molten calcium fluoride slag. Equipment and tech­
niques for melting ingots as large as 5 inches in 
diameter and 45 inches long are described. A com­
parative evaluation is made of ingots prepared from 
vacuum-distilled titanium sponge by vacuuII). arc 
melting and by inductoslag melting. The main advan­
tage of inductoslag melting is that loose titanium 
sponge or scrap can be melted without fabricating a 
consumable electrode. While this process has some 
disadvantages compared to vacuum arc melting, 
sound ingots can be prepared by a single melt of 
clean titanium alloy scrap or vacuum-distilled ti­
tanium sponge. Ingots prepared by inductoslag melt­
ing have been forged and rolled to plate without 
machining the side walls. 

OP 56-72. Recycling of Automotive Scrap, by Karl C. 
Dean, C. J. Chindgren, and E. G. Valdez. Scrap 
Age v. 29, No.2, February 1972, pp. 151, 155, 156, 
158 '160 and 163. The potential for economic re­
cyciing ~f automobiles has .be~n increased flY recent 
research into the two prmclpal automotive scrap 
handling procedures of (1) shredding with byproduct 
recovery from nonmagne~ic !~ject~ andj2) incinera~ 
tion, hand dismantling, and baling or shredmng. 
Development of alternative procedures of sink-float 
and water classification for concentrating the non­
ferrous metal contents of the nonmagnetic reject 
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products could benefit the economics of shredder 
operation. The use of cryogenics for separating 
brittle die cast from malleable aluminum and copper 
and for separating insulation from copper wire also 
appears promising for enhancing the recycling of 
shredded automotive materials. The economics of 
incineration operation are made more attractive by 
demonstrating the feasibility of burning mashed 
cars, thus increasing the capacity of the test inciner­
ator from 50 to over SO cars per day. An evaluation 
of alternate procedures for recovering the values in 
generators and starters shows mechanically assi~ted 
hand dismantling is preferable to salt sweatmg, 
ammoniacal leaching, or cryogenic techniques. 

OP 57-72. Effects of Hydrocarbon and Nitrogen Oxides on 
Photochemical Smog Formation, by Basil 

Dimitriades. Environmental Sci. and Techno!., v. 6, 
No.3, March 1972, pp. 253-260. The role of hydro­
carbon (HC) and nitrogen oxides (NO,.) in photo­
chemical smog formation was investigated. Samples 
of automobile exhaust with varying HC and NO.,. 
levels were irradiated in a smog chamber under con­
ditions that resulted in levels of smog manifestations 
similar to those observed in the atmosphere. HC 
levels ranged from 0.3 to 5.0 ppm C, and NO.,. levels 
ranged from O.OS to 1.4 ppm. Photooxidation of nitric 
oxide (NO) and formations of oxidant, peroxyacyl' 
~itrate (PAN), formaldehyde (HCHO), and nitro­
gen dioxide (N02 ) were used as smog manifesta­
tions. Results showed that except for the N02 yield, 
all smog manifestations were intensified by increas­
ing HC; No". inhibited the oxidant, PAN, and HCHO 
yields but promoted the rate of NO oxidation and the 
N02 yield. By use of these data, it was estimated that 
to achieve an air quality equivalent to the current 
California standards for oxidant and N02, NO.r 
should be less than 0.33 ppm and HC less than 
2.5 x (NOx ). 

OP 58-72. Hydrometallurgical Treatment of Sulfide Ores for 
Elimination of S02 Emissions by Smelters, by 

T. A. Henrie and R. F. Lindstrom. Ch. 9 in Electro­
chemistry of Cleaner Environments, ed. by J. O'M. 
Bockris. Plenum Press, New York, 1972, pp. 281-291. 
An electro oxidation process, which involves electro­
lysis of ore-brine slurry, was shown to result in 
favorable metal extraction from gold, silver, anti­
mony, mercury, and molybdenum source materials. 

OP 59-72. Analysis of Zinc Smelter Condensers by Color 
Microprobe Scanning, by John E. Kelley, 

Henry M. Harris, and Peter A. Romans. Metallog­
raphy, v. 5, No.1, February 1972, pp.59-6S. Two 
electron microprobe techniques were used to study 
factors that contribute to the failures of fireclay 
condensers in a horizontal zinc-reduction smelter. One 
method involved studying photographs of oscillo­
scope displays of X-ray intensity profiles of individ­
ual elements. This enabled determination of the 
elements present in the interface area between fire­
clay condensers and a hard adherent deposit which 
results from reaction with zinc vapors. The major 
elements were found, as well as their locations and 
extent of interaction with each other. Another elec­
tron microprobe technique, color composite scanning, 
was used to identify properly the locations of com­
pounds resulting from reactions of elements at the 
fireclay-deposit interface. X-ray diffraction. examina­
tion verified the electron microprobe findmgs. The 
major elements found in the interface area ;yer.e alu­
minum, silicon, zinc, and chlorine. The maJority. of 
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the hard adherent coating was foupd to be zinc 
oxide and a zinc chloride compound With some metal­
lic zinc. 

OP 60-72. Positive Ion Species and Degree of Dissociation 
of S02 in dc Discharges of He-S02 Mixtures, by 

D. G. Kuehn and L. 1\1. Chanin. J. App!. Phys., v. 43, 
No.2, February 1972, pp. 339-344. Studies of the 
ionic and neutral gas components of dc glow chs­
charges in He-S02 mixture~ indicated th3;t up to .SO 
percent of the S02 diSSOCIated. The pnmary dIS­
sociation product was SO. 

OP 61-72. Ignition and I'ncendivity of Laser Irradiated 
Single Micron-Size Magnesium Particles, by. I. 

Liebman, J. Corry, and H. E. Perlee. Com.bu~t:on 
Sci. and Techno!., v. 5, 1972, pp. 21-30. The Ign.ltlOn 
of single magnesium particles (28 to 120 mIcron 
diameter) suspended in cold oxidant atmospheres by 
means of an electrostatic levitation device, and the 
incendivity of these particles when suspel1CI~d in .a 
stoichiometric methane-air mixture, were mvestl­
gated using pulsed laser radiatio~ to heat the pa:'­
ticles. High-speed Schlieren and dIrect ph.o~ographl.c 
techniques were used in the study. ~he ~nt:c~l radI­
ant power density required for particle IgmtI.on was 
found to increase with particle size. ApproxImately 
equal radiant power densities were reguir~d for 
ignition of identical parti~les susp~nded !n all' and 
pure oxygen, although an mcreas~ m ::ad:a,nt power 
density was necessary for .partlcle IgmtlO.n m a 
helium-20 percent oxygen mixture .. Results mdl~ate 
that particle ignition occurred in the. m~gneslUm 
vapor shroud following surface vapOl"lZatlOn .. The 
incendivity experiments indicate that the c~'lhcal 
radiant power densities necessary for the particle to 
ignite methane-ail' mixtures increases with decreas­
ing particle diameter. Incenc!ivity depends on the 
amount and rate of energy released by the irradiated 
particle. The incendive mechanism is believed to 
constitute a three-stage process. 

OP 62-72. Classification of Coals According to Degree of 
Coalification by Reflectance of the Vitrinite 

Component by J. T. McCartney and M. Teichmuller. 
Fuel, v. 151, January 1972, pp. 64-6S. The utility of 
reflectance of the vitrinite component of coals as a 
criterion of degree of coalification has been im'esti­
gated. Present stand~rd systems !or classific.ation of 
coals by rank are mtended m~mly as gUldes for 
utilization behavior, and there IS a need for more 
widespread acceptance and usage of an obje~ti\'e 
rank criterion based more firmly on phYSIcal! 
chemical characteristics of it coal.' The relations of 
reflectance of vitrinite to other commonly used or 
proposed rank parameters have be~n studied, using 
voluminous data supplIed by Umted States and 
European laboratories. These relations were found 
to be excellent for high-rank bituminous coals, good 
for anthracitic coals, fair for low-rank bituminous 
coals, and rather poor for subbituminous coals, lig­
nites, and brown coals. The data for the last category 
are least numerous, and work is continuing on their 
reflectance-rank characteristics, especially for the 
International Commission on Coal Petrology. The 
reflectance ranges established for present rank cate­
gories are listed and it is proposed that they be in­
cluded in standard classification systems as supple­
mentary criteria of rank. 

OP 63-72. Production of Magnetic Superconcentrates by 
Cationic Flotation, by R. B. Tippin. Trans. 

Soc. Min. Eng., AIME, v. 252, March 1972, pp. 53-61. 
Laboratory and pilot plant studies showed that 
supeI:g'rade iron ore concentrates (containing' Ie;;;; 



OUTSIDE PUBLICATIONS 

than 2 percent Si02) can be made from standard 
grade magnetic iron ore products by cationic silica 
flotation. Continuous tests were run using various 
flowsheet arrangements, whereby (1) super and 
standard grade products were made simultaneously 
or (2) .only a superconcentrate was produced. After 
~ caustIc scr~b and d~sliming pretreatment, the silica 
In a magnetIc tacomte concentrate was reduced to 
~.8 percent Si02 b{' amine flotation. Approximately 
15 p~rcent of the Iron was recovered in the single 
flotatIOn stage, and by additional beneficiation 95 per­
cent of the total iron was ultimately recovered. 

OP 64-72. Choosing the Proper Borehole Size for Bench 
Blasting, by Richard A. Dick and James J. 

Olson. Mining E.ng., v .. 24, No.3, March 1972, pp. 
41-45. Factors InfluencIng the choice of borehole 
diamet.ers are discussed, including geology, neighbors, 
operatIOnal factors, and type of blasting agent .. The 
effect of borehole diameter on cost distribution is 
described. 

OP 65-72. Alkaline-Earth-Fluoride-LaF3 Systems With Im-
,. plications. for Electroslag Melting, by R. H. 

NafzIger and N. RJazance. J. Am. Ceramic Soc., v. 
55, No.3, March 1972, pp. 130-134. Liquidus and 
solidus curves in the systems CaF2-LaF3, SrF2-LaY" 
Ba~2-LaF:l, and MgF2-LaF:: under li:l atmosphere 
helium pressure were determIned by thermal analvsis 
as an aid in the selection of suitable fluxes' for 
electroslag melting of reactive metals. The systems 
CaF::-LaF:;, SrF2-LaF:l, and BaF2-LaF:1 each contain 
(1) one eu.tectic, .(2) no intermediate phases, and 
S3) two sohd solutIOns whose lattice parameters vary 
linearly with composition. The liquidus curves in the 
s~'stems SrF::-LaF:; and BaF2-LaF3 exhibit maxima. 
T~1e system MgFc-LaF" is of the simple eutectic type 
wIth no detecta hie terminal· solid solutions. The 
smallest temperature inten'al observed between a 
fluoride-flux liquidus and the melting point of Ti 
occurs at the dystectic composition in the system 
SrF::,LaF::. Differences in density between metal and 
flux are more favorable in the system BaF2-LaF:l 
than in pure LaF3 • These observations suggest po­
tential advantages of using fluxes from the systems 
studied for electroslag melting of reactive metals. 

OP 66-72. Rapid Excavation in Hard Rock: A State-of-the-
Art Report, by \\'illiam E. Bruce and Roger 

J. Morrell. Proc., Deep Tunnels in Hard Rock-A Solu­
tion to Combined Sewer Overflow and Flooding Prob­
lems. Environmental Protection Agency, 1970, pp. 187-
219. This paper describes the evolution of present day 
tunnel-boring techniques. Emphasis is directed toward 
selected cases from the past decade which are discussed 
in some detail. The data presented has, in many cases, 
been generated by Bureau of Mines personnel during 
on-site studies of the particular job. Wherever feasible, 
samples of the rocks being bored were returned to the 
Twin Cities Mining Research Center for determination 
of the physical properties. This paper presents the signifi­
cant problems and accomplishments for various actual 
operations. Wherever possible, it presents physical char­
acteristics of the rock encountered to aid the reader in 
evaluating rock hardness. 

OP 67-72. Effect of Temperature Variation an Internal 
Friction in Rocks, by F. N. Kissell. J. Geo­

phys. Res., v. 77, No.8, Mar. 10, 1972, pp. 1420-1423. 
The effect of temperature changes ranging from -200° 
to +600' C on the internal friction of rocks was measured 
by Forster's method. Most, but not all, rocks showed 
what appeared to ~e a_ prominent loss peak neTar room 

temperature. This peak was associated with the presence 
of tiny quantities of Il!oisture in the rock. If t_~e rock was 
heated sufficiently and allowed to cool, the peak was 
reduced or eliminated. 

OP 68-72. Some Applications of Mine-Structure Analysis' 
to Mine Safety Problems, by Louis A. Panek. 

Proc. Conf. Underground Mining Environment, Rolla, 
Mo., October 1971, Mar. 1, 1972, pp. 311-326. Current 
Bureau of Mines research projects on the ground con­
trol aspects of mine safety are interpreted as parts of a 
coherent program in which mine structure analysis pro­
vides the unifying concepts. 

OP 69-72. The Importance of Temperature Approach in 
Heat Exchangers, by Yong Jai Yim, Paul 

.Wellman, and Sidney Katell. Chemtech, v. 2, No.3, 
March 1972, pp. 167-172. The optimization of a heat 
transfer system in the design of an energy intensive 
process, coal gasification, is exemplified in this llrticle. 
Capital investment, steam production, cooling water re­
quirements, and power consumption for three tempera­
ture approaches are discussed. 

0 ... 70-72. Gasoline Via the Fischer-Tropsch Reaction Using 
the Hat-Gas Recycle System, by J. J. Elliott, 

yv. P. Haynes, and A. J. Forney. 163d National Meet­
mg ACS, Boston, Mass., Apr. 10-14 1972 Preprints 
v. 16, No.1, pp. 44-50. A unique catalyst sy~tem of low~ 
pressur~ drop sheet steel grids coated with a powdered 
~agn~t1te cat!llyst was tested for the production of gaso­
lme VIa the Flscher-Tropsch synthesis. 

OP 71-72. Experience With Methanation Catalysts, by 
W. P .. Haynes, J. J. Elliott, and A. J. 

Forney. 163d NatIOnal Meeting ACS, Boston, Mass., 
Apr. 10-.14, 1972, Pre prints, v. 16, No.2, pp. 47-63. 
PreparatIOn and performance of various methanation 
cat~lysts and the performance of various types of metha­
natIOn reactors are described. Scale of investigations 
range from laboratory to pilot plant. 

OP 72-72. The Production of Methane by the Anaerobic 
Decomposition of Garbage and Waste Materials, 

by Glenn E. Johnson, L. M. Kunka; W. A. Decker, and 
A. J. Forney. 163d National Meeting ACS, Boston, 
Mass., Apr. 10-14, 19,72, I:'reprints, v. 16, No.4, pp. 
70-78. Much of today s sohd waste could be converted 
to methane ~y. anaerobic digestion. Batch tests have 
been made w1th garbag.e, paper, wood, bovine wastes, 
grass, coal, and chars. Y1elds of methane of up to 4 cubic 
feet per pound of garbage have been obtained. 

OP 73-72. Rapid Technique for Dissolution of Nitrides, 
by Dean H. Bollman. Anal. Chern., v. 44, 

No.4, April 1972, p. 887. Tin(II)-strong phosphoric acid 
reagent was found to be a remarkable medIum for dis­
solving many transition metal nitrides without loss of 
nitrogen. Furthermore, the decomposition of the nitrides 
takes place within a few minutes. The reagent will work 
with TiN, ZrN, HfN, UN, AlN, and niobium oxynitride. 
Vanadium nitrides and boron nitride would not com­
pletely decompose. Because of lack of a sample, analysis 
of silicon nitride was not attempted. 

OP 74-72. Oil Shale-An Impending Energy Source, 
by Glenn L. Cook. Northern Plains Sec. Soc. 

Petrol. Eng., AIME, 4th Biennial Symp., Omaha, Nebr., 
May 18-19, 1972, Pre print SPE 3861, 7 pp. The char­
acteristics of the Green River oil-shale deposits are 
briefly reviewed. Recovery techniques for the energy 
potential are also revie~ed. A prototype lease program 
of the Interior Department is described. The conclusion 
is reached that commercial development of oil shale in 
the next few years should b~ viewed optimistically. 
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OP 75-72. An Evaluation of a Citrate- Absorption Process 
far the Remoaral of SO, From Flue Gas, 

by Sidney Katell and William C. Morel. Session on 
Stack Gas-Tail Gas Desulfurization. Div. Ref., API, 
37th Midyear Meeting, New York, May 9, 1972, Pre­
print 15-72, 13 pp. An economic evaluation for the 
citrate absorption system for the removal of sulfur 
dioxide from flue gas for a 1,OOO-megawatt powerplant 
utilizing a 3-percent-sulfur coal and a 4-percent-sulfur 
Kuwait residual oil indicates a capital investment of 
$26,280,000 and $25,380,000 for the coal and oil, re­
spectively. Removal cost, after credit, is 1.126 and 
1.094 mills per kilowatta hout for the coal and oil, re­
spectively. The system was originally developed at the 
Salt Lake City Metallurgy Research Center for use in 
the copper industry. 

OP 76-72. Computerized Discounted Cash Flow Analysis, 
by Paul Wellman and C. E. Jackson. Cost 

Eng., v. 17, No.2, April 1972, pp. 4-11. Profitability of 
an industrial venture can be determined by any of several 
acceptable methods. One of the most widely used meth­
ods is the discounted cash flow rate of return. The pro­
gram included performs the calculations with debt from 
o to 40 percent, and with interest rates of 6, 7, 8, and 9 
percent 9n debt capital. 

OP 77-72. Analytical. Solution for the X-Ray Absorption 
Factor for Cylinders in Special Cases, by C. W. 

Dwiggins, Jr. Acta Cryst., v. A28, part 2, March 1972, 
p. 219. The equation for the absorption factor at Bragg 
angles of 0 and 90 0 is integrable, resulting in simple 
equations that are functions of well-known higher 
transcendental functions. Numerical results are easily 
obtained, and a comparison with those obtained using 
numerical integration is made. 

OP 7B-72. Calculations of the Intensity of Secondary 
Scattering of X-Rays by NoncrystaJline Materials. 

If. Moving Sample Transmission Geometry, by C .. W. Dwig­
gins, Jr. Acta Cryst., v. A28, part 2, March 1972, pp. 
158-163. Equations that require numerical integration 
over only one variable were derived for calculating the 
intensity of secondary scattering of X-rays for non­
crystalline samples in the case of a transmission geome­
try, in which the sample is rotated so that the incident 
and diffracted beams are always at equal angles with 
respect to a normal to the faces of the slab of sample.' 
Tables are given that allow the intensity ratios of 
secondary-to-primary scattering to be determined with­
out making lengthy calculations. 

OP 79-72. Recycling of Steelmaking Dusts, by Paul G. 
Barnard, Aaron G. Starliper, Walde­

mar M. Dressel, and Morris M. Fine. Proc. 3d, 
Mineral Waste Utilization Syrup. Sponsored by U.S: 
Bureau of Mines and IIT Research Institute, 
Chicago, Ill., Mar. 14-16; 1"972, pp. 63':"68. 'Methods 
'are described for upgrading steel furnace dusts to 
produce high-iron pellets for recycling. These dusts 
contain impurities such as zinc, lead, and copper 
which reflect the character of the feed to the furnace 
and the operation of the furnaces. Treatment pro­
cedures described include (1) pelletization and re­
duction roasting to remove lead and zinc, (2) sulfa­
tion with sulfuric acid or S02 followed by leaching 
to remove copper and zinc and pelletization and re­
duction to remove lead and metallize the iron, (3) 
pelletization of mixtures of dus~s contai~i~g carbo!1' 
zinc and lead followed by roastmg to elImmate said 
elen::ents. and (4) pelletization and roasting of 
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mixtures of blast' furnace dusts, basic "Oxygen fur-, 
nace dusts, and mill scale. 

OP 80-72. Copper-Zinc Removal From Scrap Iron Oxide 
by Pelletization-Chloridization, by C. B. Dael­

lenbach and W. M. Mahan. Proc. 3d Mineral Waste, 
Utilization Symp. Sponsored ~y U.S. ~ureau of' 
Mines and lIT Research Institute, Chicago, Ill., 
Mar. 14-16, 1972, pp. 113-120. Selective removal of 
metal contaminants from scrap iron oxide products 
was accomplished using a cOI?bined pelletizati~n­
chloridization process. Contammants forI? vola~lle 
chloride compounds during the pellet-md.u~a.tlOn 
cycle. Pellet copper, zinc and lead levels, Imtlally 
0.43, 1.44 and 0.10 percent, were reduced to 0.08, 
0.13 and 0.001 percent, respectively, while under­
going induration. 

OP 81-72. Hydraulic Mining ,.. .ne U.S.A., by J. N. 
Frank, D. E. Fogelson, and .J. W. Ches­

ter. Proc. 1st Internat. Syrup. on Jet Cutting Tech­
nology. Hydromechanics Research Assoc., Cranfield, 
Bedford, England, 1972, Paper E-4, pp. E4-45 
through E4-60. This paper presents a brief review 
of the history of hydraulic mining in the United 
States and contains a review of Government, indus­
try, institute, and university hydraulic research. 

OP 82-72. Synthane-A Candidate for Success, by Phil-
lip A. Gallo. Gas World, Apr. 22, 1972, 

pp. 334-3~5. ~everal c?al-to-gas processes are now 
being studied m the Umted States. For each o~ th:se 
processes there are potential advantages that Justify 
the expenditure of ~anpo\yer ~~d funds. However, 
because of the deSign slmphclty, the S:;:nthane 
process is the likely candidate for commercIal suc­
cess. 

OP 83-72. Industrial Demand for Sulfur and Alternative 
Inputs, by Olman Hee. Pro~. C~uncil. of 

Economics, AIME, 1972, pp. 103-112. HistorIcal tl.m.e 
series show that industrial uses for sulfur exhibit 
diverse trends and significant fluctuations. A plausi­
ble reason for this behavior of industrial demand l$ 
the presence of alternative inputs used to replace 
sulfur. On the other hand, sulfur may replace 
existing inputs used by respecti,-:e industries beca~se 
of a more favorable relative prIce or because of Its 
superior qualities. This study makes use of regres­
sion analysis to examine direct demand and cross­
demand for sulfur and alternative inputs. The majo~ 
industries that currently choose between sulfur ana 
alternative inputs include the following: Chemicals, 
inorganic pigments, pulping processes, nonferrous 
ores leaching, and iron and steel pickhng. Some of 
these industries show an increasing demand for sul­
fur while others show a declining demand. By ex­
amining and evaluating direct price elast!cities and 
cross price elasticities, degree of substitutlOn can be 
detected. Proper evaluation of the statistical results 
lends background support for action programs for 
the sulfur industry to promote uses wher!" alterna­
tive inputs are at an economic disadvan~ag~, and' 
withdrawal from those uses where alternative mputs 
have a pronounced economic advantage. 

OP 84-72. Resource Aspects of PVC in Urban Waste, by 
James B. Stephenson, James L. Holman, 

and James W. Jensen. Proc. 3d Mineral Waste Utili-., .. - -- . . 
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'zation Symp. Sponsored by U.S. Bureau of Mines 
and lIT Research Institute, Chicago, Ill., March 
14-16, 1972, pp. 429-437. In conjunction with its 
research program on separation, recovery, and re­
cycling of metal, mineral, and energy-based ma­
teridls in urban refuse, the Bureau of Mines is 
developing means to reuse and recycle plastics dis­
carded in raw municipal waste. Experimental work 
on plastic waste from a community collecti6n has 
produced some guidelines for systematic methods of 
processing, including air classification, cleaning, and 
separation into types. The polyvinyl chloride (PVC) 
fraction-as well as the other plastic fractions­
can be refabricated. Incineration is a practical 
means of disposal for those plastics that do not con­
tain chlorine. Thermal decomposition of PVC has 
yielded four products: (1) Hydrochloric acid, (2) 
char, (3) liquid condel1jate, and (4) a combustible 
offgas. The hydrochloric acid can be utilized in 
chemical processing and the other three products 
could be used as fuel, with heat contents ranging 
from 12,000 to 20,000 .Btu per pound. 

'OP 85-72. Accelerated Oxidation of Ferrous Materials in 
C02lCO Gas Mixtures, by S. E. Khalafalla 

and S. L. Payne. Materials Sci. and Eng., v. 9, June 
1972, pp. 313-321. Methods are devised to accelerate 
the slow oxidation of scrap steel by surface pretreat­
ment in an aqueous solution or suspension of 
sodium vanadate, molybdate, plumbite, bismuthite, 
or antimonite. 

OP 86-72. Pneumatic Transportation of Mine Run Coal 
Underground, by James L. Konchesky and 

Thomas J. George. Min. Congo J., v. 57, No. 12, 
December 1971, pp. 42-46. A practical, pneumatic 
system for moving coal from the mine face to sur­
face might increase continuous miner operating 
time and also reduce the incidence of coal mining 
accidents. The U.S. Bureau of Mines is developing 
information in pilot-plant experiments that can be 
used to determine system feasibility. 

OP 87-72. Steel Imports: A Case of Differential Market 
Penetration, by Richard J. Leary. Proc. 

Council of Economics, AIME, 1972, pp. 139-146. 
The growth of imported steel products in the U.S. 
market since 1957 is examined. A strong pattern 
of product-by-product market invasion is demon­
strated. Domestic producers of products subjected to 
conc~ntrated competition from imports are shown to 
have suffered much larger losses of market shares 
than the industry as an aggregate, and these 
differential losses of market occurred earlier in 
time. It is pointed out that the economic and social 
jmpacts of steel product imports are experienced at. 
the plant level, where the loss of production occurs. 
Only aggregate statistics are available, however. 
Need exists for better input of economic informa­
tion from plants and for a better understanding of 
how to relate plant and aggregate data to national 
statistics for policymaking. Better timing of action 
and more effective remedies should result. 

OP 88-72. Blast Furnace Fuel Injection in the United 
States-State of the Art, by N. B. Melcher 

and W. M. Mahan. Proc. Symp. on Blast Furnace 
Injection. Illawarra Branch of The Australasian In­
stitute of-Mining & Metallurgy, Wollongong Uni­
versity. Co!lege, Wollongong, Australia, May 1972, 

pp. 2-f through 2-8, 3-10. Successful use of fuel 
injection occurred at the Bureau of Mines' experi­
mental blast furnace at Bruceton, Pa. in 1958-59. 
Commercial acceptance folIowed rapidly with two 
commercial furnaces practicing fuel injection ill 
1960 and 89 in 1965. Tables include total oxygen 
and fuels injected into U.S. blast furnaces and U.S. 
furnaces using fuel injection. 

OP 89-72. High Temperatur~ Laser-Induced Reactions Be-' 
'. tween Sulfur and Hydrocarbons by F P 

MlklllS and J. P. Biscar. High Temperature ScL, v: 
4, No.1, January 1972, pp. 48-50. High-temperature 
laser-induced chemical reactions between solid sulfu; 
and hydrocarbon gases (ethane ethylene allene 
propylene, and n-butane) are reported. Th~ result~ 
~uggest ~hat a carbon atom insertion reaction is 
Illvolve~ III the fon;nation of the major product, CS2• 
A pOSSIble mechamsm for the reaction is proposed. 

OP 90-72. Development of a Vortex Incinerator With 
Continuous Feed, by C. H. Schwartz, A. A. 

Orning, R. B. Snedden, J. J. Demeter, and D. Bien­
stock. Proc. 1972 Nat. Incinerator Conf., June 4-7, 
1972, pp. 145-154. Refuse incineration was studied 
in a pilot-scale vortex incinerator. Feed of secondary 
air to the center of the vortex eliminated a tarry 
particulate emission. 

OP 91-72. Thermal Expansion Measurements of Simulated 
Lunar Rocks, by Russell E. Griffin and Sam 

G. Demou. Proc. 3d Am. Inst. Phys. Conf. Symp. 
on Thermal Expansion, Corning, N. Y",! Oct'. 27-29, 
1971, 1972, pp. 302-311. Thermal expansIOn measure­
ments were made on 14 kinds of rock over a temper­
ature range of approximately -140 0 to 950 0 C. 
Chosen as Ukely to be representative of those to be 
found on the lunaJ; surface, these rocks include a 
broad range of physical and chemical compositions 
from the lar&"e ar.eas of volcanism in Oregon and 
northern CalIforma, and two nonvolcanic types. 
Analysis was performed on the expansion data that 
produced a direct plot of instantaneous coefficient 
of thermal expansion as a function of temperature. 
The data presented will add to the basic scientific 
and engineering knowledge needed to utilize extra­
terrestri!'ll .mineral resources for support of future 
space mIssIons. 

OP 92-72. Enthalpies of Combustion of 18 Organic Sulfur 
Compounds Related to Petroleum, by W. D. 

G02d. J. Chem. & Eng._D~ta, v. 1'1, No .. 2, April 
1912, pp. 158-162. Enthalples of combustIon meas~ 
u!ed by rotating-bomb combustion calorimetry are 
gIven for 18 organic sulfur compounds including 
thiols, sulfides, thiophenes, and a disulfide selected 
for a comprehensive study of their thermodynamic 
properties. Values of the enthalpy of formation of 
the condensed phase are derived. Enthalpies of 
vaporization and enthalpies of formation in the 
gaseous state are derived for 15 of the compounds. 
V!'llues of entha~py of atomization are compared 
WIth values predIcted by a correlation procedure. 
OP 93-72. Sampling in Mines and/or in Explosive At-

mospheres, by Murray Jacobson. Air 
Sampling Instruments for Evaluation of Atmos­
pheric Contaminants. American Conference of Gov­
ernmental Industrial Hygienists, 4th ed., 1972, pp. 
D-1 to D-2. Environmental sampling in areas where 
flammable materials are present necessitates the use 
of intrinsicalIy safe or explosion-proof electrically 
operated devices. The designation of the classifica­
tion of the hazard, the provisions for operation, and 
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the agencies responsible for approving the equip­
ment are described. 

OP 94-72. Determination of Compound Types in Complex 
Mixtures Using Subtraction and Gas Chro­

matographic Readout, by R. E. Poulson, H. B. Jensen, 
J. J. Duvall, F. L. Harris, and J. R. Morandi. 
Anal. Instr., v. 10, May 1972, pp. 193-201. A method 
for giving rapid, reliable, compound-type analyses 
on distillates from crude oils has been discussed and 
compared with a classical method for tar acids, 
tar bases, aromatics, olefins, and paraffins. The new 
method, using gas chromatographic readout before 
and after the subtraction of a compound type from 
a distillate with an internal standard, can be per­
formed on very small samples or dilute solutions. 
In addition, the new method gives absolute values 
for satucates, olefins, and aromatics plus polars if 
'polars are defined as those materials staying on 
silica gel with the aromatics. when a nonpolar eluent 
is used. The determination of tar acids and tar bases 
has no effect on the saturate and olefin values, only 
on the aromatic value. Because the extractive de­
terminations using gas chromatographic readout 
produce results having greater reliability and pre­
cision than older methods, the gas chromatographic 
readout method is useful for compound-type charac­
terization work on polar materials. By comparison 
of results obtained using a variety of polar-subtrac­
tive reagents with those results available from 
nonaqueous titrimetry or other independent methods, 
ne,,'; {nformation on the chemical nature 'of polar 
materials can be obtained. 

OP 95-72. Separation of High-Boiling Petroleum Distillates 
Using Gradient Elution Through Dual-Packed 

(Silica Gel-Alumina Gel) Adsorption Columns, by D. E. 
Hirsch, R. L. Hopkins, H. J. Coleman, F. O. Cotton" 
and C. J. Thompson. Anal. Chem., v. 44, No.6, 
May 1972, pp. 915-919. The Bureau of l\iines has 
developed a chromatographic separation procedure 
using a single dual-packed adsorption column con­
taining silica gel and alumina that will separate 
high-boiling, petroleum distillates into four concen­
trates: saturates, monoaromatics, diaromatics, and 
polyaromatics-polar. Spectral, adsorption, and radio­
tracer data indicate that the concentrates produced 
are predominantly as labeled. Subdividing the aro-' 
matics into major types greatly simplifies subse­
quent separation and characterization studies. 

OP 96-'12. Conductivity Cell Apparatus for Continuous 
Measurement of Sulfur Dioxide Concentrations 

Between 40 ppm and 1 Per Cent, by H. Richard Beard. 
Anal. Chem., v. 44, No.6, May 1972, p. 1104. Sulfur 
dioxide, at concentrations of 40 ppm to 1 percent in 
the off gas of an S02 removal system, .must be 
monitored continuously in the presence of normal 
atmospheric gases and combustion products. An in­
expensive and reliable conductivity cell using H202 
as the absorbing reagent is used to measure S02 
concentrations at less cost to the user than commer­
cial instruments currently available. The instrument 
and systems for controlling the liquid and gas flows 
to obtain reproducible and reliable measurements of 
S02 concentrations are described. 

OP 97-72. A Note on the Mineralization of lignite, by 
W. W. Fowkes. Fuel (London), v. 51, 

No.2, April 1972, pp 165-166. The recently reported 
presence of [sodium] nitrate (and alkaline earth 
nitrates) in lignite and in the low-temperature ash 
produced by oxidizing lignite in a.._microway_e-excited, 
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plasma of atomic oxygen has elicited inquiries to the 
Bureau of :\iines regarding such occurrence and the 
feasibility of recovering the nitrates. The nature of 
the mineral content of lignite has always been in 
some degree a concern of the Bureau, and more par­
ticularly in the past 8 years in relation t~ boil~r­
fouling problems. Even more recently, the mmerallz­
ing study has been extended to include coals of the 
Western United States other than lignites. A very 
extensive survey of mineral matter is an on-going 
Bureau project which contributes to studies of foul­
ing characteristics and of beneficiation .of the coal. 
This article presents the recent work bemg done on 
the mineralization of coal at the Bureau of :\Iines 
Laboratory in Grand Forks, N.Dak. 

OP 98-72. Determination of Mercury in low-Grade Ores, 
by H. G. Henry, K. R. Stever, W. L. 

Barry and H. H. Heady. App!. Spectroscopy, v. 26, 
No.2: June 1972, pp. 288-293. Two new rapic\ ~nd 
accurate methods are presented for determmmg 
mercury in low-grade ores and tailings: (1) A com­
bustion-atomic absorption technique is described 
wherein a small sample of finely puh'erized ore is 
heated to about 700 0 C, and the vaporized Hg is de­
tected by atomic absorption. This method is suitable 
for determining Hg in the 0.1 to .).0 lb/ton. range, 
and the precision is about 5 percent coefficle.nt of 
variation; (2) an X-ray fluorescence method IS de­
scribed wherein the unweighed, finely ground sample 
is merely packed into a. holder, and the Hg line-t~­
background ratio is obtamed. The problem of matl'lX 
effects is avoided by preparing standards to simulate 
the type of o!"e being analyzed. The method is suit­
able for determining Hg oyer a wide concentration 
range, with a lower limit of ~bout 0.1 lb/ton. The 
precision based on the analYSIS of a 2.0 Ib/ton Hg 
ore, is about 5 percent coefficient of variation. These 
two techniques are compared to the commonly used 
Whitton and Bureau of :\Iines methods. 

OP 99-72. Graphs Quickly Predict Walerflood Performance, 
by R. V. Higgins, D. W. Boley, and A. J. 

'Leighton. In Waterflood Handbook. World Oil Eng. 
Handbooks, v. 3, 1969, pp. 9-16. This report deals 
with a shortcut graphical method for the quick de­
termination of oil recovery versus cumulati,"e ,,"ater 
injected for a fi\"e-spot waterflod. lJsing only graph 
paper and a desk calculator, performance forecasts 
can be completed in about 30 minutes. Results are 
within an average of 2 percent of performance cal­
culated by an electronic computer, a high degree of 
accuracy for a graphical method. 

OP 100-72. Com puler Prediclion of Water Drive of Oil and 
Gas Mixtures Through Irregularly Bounded Por­

ous Media-Three-Phase Flow, by R. V. Higgins and 
,A. J. Leighton. Trans. ADIE. v. 225, Xo. 225, 1962, 
pp. 1048-1054. The authors present a fast method 
for calculating thoroughly the performance of two­
phase flow in reservoir rock with complex geometry. 
The accuracy of such a method is shown by compari­
son with laboratory performance of a five-spot pat­
tern. In making the performance calculations, the 
octant of the five-spot pattern was divided into four 
channels. The computer time required for the calcu­
lation was 1 minute. This is roughly about ~ min­
ute per c;hannel. 

OP 101-72. Quick Determination of Pressures in Well-
Spacing Palterns, by R. V. Higgins and 

A. J. Leighon. Pres. Rocky Mountain Reg. Meeting 
SPE of AIME, Billings, Mont., June 5--7, 1968, and 
39th Ann. Calif. Reg. Meeting SPE of AIME, 
Bakersfield, Calif." N,?v. 7-8, 1968, Preprint SPE 
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2125, UT68, 16 pp. A quick method to determine the 
pressure distribution between wells for various well 
patterns is presented. In the determinations the ef­
fect of well diameter may be included. Comparison 
of the results with potentiometric models presented 
in the literature showed excellent agreement. By the 
method presented, it would be easy to obtain quickly 
the pressure distribution in an entire reservoir. 

OP 102-72. Reactions of Iron Sulfides in Simulated Stack 
Gases, by C. Karr, Jr., R. V. Rahfuse; 

and P. F. Langdon. J. Appl. Chem. Biotechnol., v. 
22, 1972, pp 613-622. The rates of production and, 
consumption of S02 by the reactions of 02, S02, and. 
mixtures of 02 and S02 in simulated stack gases· 
with fixed and fluidized beds of FeS prepared from 
pyrite were determined over the temperature range 
800 0 to 950° C. The rates of production of S02 by 
reaction of FeZO:l with FeS in different gas systems 
were also determined. The rate controlling factors 
were derind for each reaction. 

OP 103-72. Environmental Effects on Rock Properties, by 
E. R. Podnieks, P. G. Chamberlain, and 

R. E. Thill, Ch. in Proc. 10th Symp. on Rock Mech., 
University of Texas, Austin, Tex., March 1972, pp. 
215-241. Although the effects of moisture or tem­
perature on rock properties have been previously 
studied, their combined effect on rock properties is 
unknown. In this study, uniaxial compressive 
strength, Young's and stiffness moduli, and longi­
tudinal wave \'elocity were determined and compared 
under controlled conditions of temperature, moisture, 
and pressure for eleven environments considered to 
be of particular interest in laboratory, in situ, and 
even in simulated lunar environments. 

OP 104-72. Effectiveness of Commercial Antistatic Wall 
Coatin9s, by R. L. Stein and W. H. Ry­

back, J. Colloid and Interface Sci., v. 38, No, 3, 
::\Iarch 1972, pp. 664-655. Containers of Plexiglas, 
Lucite, polystyrene, and similar polymers have fre­
quently been used as chambers for aerosol studies. 
These materials, because of their high surface re­
sisth'ity and polarizabiIity, have large areas of posi­
tive and negatiYe surface charge, \vhich exist in 
r[l.ndom distribution over the plastic surface. These 
charge islands create electric fields within the cham­
ber which interact with charged particles in the 
aerosol, resulting in high rate of particle loss to the 
wall. A detailed study of this phenomenon was re-' 
cently undertaken by the Dust Control Group of the 
Pittsburgh Mining and Safety Research Center as 
part of the Bureau of :'IIines' ongoing program of 
research to control respirable dust in underground 
coal mines. A report of this work is in preparation. 

To examine the effect of this surface electrostatic 
charge on the wall loss rate, control experiments 
were conducted using a film of a hydroscopic con­
ducting detergent on the wall, Various commercial 
antistatic detergents were available for this purpose 
since they are used industrially to retard dust accum­
ulation. A study of several of these agents was con­
ducted to determine their effectiveness in reducing 
electrostatic wall loss of aerosol to a polystyrene 
surface. 

OP 105-72. Soviet Union, by V. V. Strishkov. Mining 
Annual Review. Mining J., London, 

1972, pp. 420-430. The U.S.S,R. has maintained its 
position as the world's leading producer of iron, 
manganese and chromium ores, pig iron, crude steel, 
platinum-group metals, lead, potassium salts, and 

cement. It occupies second place, following the 
United States, in world output of aluminum, copper, 
petroleum, natural gas, coal, and phosphate rock; it 
ranks after Canada in the production of zinc, nickel, 
silver, and asbestos; and it follows South Africa in 
gold production. 

The expansion of the mineral industry continues 
to be achieved mainly through increased labor and 
capital rather than through advancing technology. 
The productivity of labor and equipment is below 
planned levels, and practically all sectors of the 
mineral industry maintain greater numbers of pro­
duction personnel than called for by plan targets. 
During the present (1971-75) Five-Year Plan, how­
ever, efforts are being made to increase recoveries, 
and of the planned rise in production, about half is 
expected to come from improved productivity and 
technology, the balance from new investment. 

Soviet mineral policy has continued to emphasize 
maximum self-sufficiency. It has become the most 
self-sufficient of the world's leading industrial na­
tions in minerals and metals. 

OP 106-72. Analysis of Slopes in a Discontinuous Rock 
Mass, by Fun-Den Wang. Ch. in Proc. 

1pth Syrup, Rock Mech., University of Texas, Aus­
tm, Tex., May 20-22, 1968; March 1972, pp. 599-
620. An open pit rock structure usually contains 
geological planes of weakness. They are "formed by 
joints, faults, bedding planes, fractures and cleav­
ages. Rock slope failures often occur in 'the form of 
sliding of rock blocks along a plane or several 
planes, Such a rock block has three-dimensional ge­
ometry, and consequently a vector method of analv­
sis has been found useful in evaluating its stability. 
The present chapter presents the analysis of rock 
blocks formed by planes of weakness of arbitrary 
orientation, and of three-dimensional geometry. . 

A plane of weakness isrepresentea by its dip arid 
strike in vector form and is reduced to the form of a 
linear equation. The geometry of the rock block is 
defined by solving the linear equations. The geo­
metric characteristics of a rock block are based on 
triangles and tetrahedrons. By this treatment the 
three-dimensional geometry is simplified and' the 
number of calculations of forces and moments is re­
d.uced. Methods of finding the geometric characteris­
tIcs are presented, along with equations for calculat­
ing the resultant forces and moments and the factor 
of safety. 

OP 107-72, Laboratory Apparatus for High Temperature 
Forgin9 Under Vacuum ar Inert Atmospheres; 

by Robert Blickensderfer. Rev. Scientific Instru­
ments, v. 43, No.6, June 1972, pp. 947-948. An 
apparatus was designed, constructed, and used to 
forge refractory metal specimens at temperatures up 
to 1,900° C under a vacuum or an inert atmosphere. 
The electrical resistance heater with radiation shield­
ing located inside the vacuum chamber allowed good 
temperature control. Simultaneously with the forg­
ing stroke, the specimen was automatically moved 
onto the anvil below the heating element, where it 
was immediately forged. The apparatus has the po­
tential for operation at considerably higher tempera­
tures and for multiple forging blows if required. 

OP 108-72. Man9anese, by G. N. Broderick and G. L. 
DeH uff. Eng. and Min. J., v. 173, No.3, 

March 1972, pp. 150-151. World oversupply of high­
grade manganese ore continued through 1971, and 
more of the same is likely to be in store for 1972. 
U.S. imports increased from 1.7 million short tons 
in 1970 to approximately 2 million tons in 1971, but 
domestic consumption of. ore was. expected_ to be 
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lower than the 2.364 million tons consumed in 1970. 
Manganese ore is mainly dependent on the steel in­

'dustry for its markets. Its chief use is to counteract 
; the undesirable effects of sulfur in the production 
lof steel. Manganese ore, chiefly the dioxide, has im-
portant uses in manufacturing manganese chemicals, 
as an oxidizing agent, and as a depolarizing agent 
in dry-cell batteries. Other uses for manganese ore 
include the manufacture of synthetic manganese di­
oxide, ceramic colorants, and fertilizer additives. The 
price outlook, the industry in the United States, as 
well as foreign developments are delirteated in the 
,article. 

OP 109-72. Asbestos, by R. A. Clifton. Eng. and 
Mining J., v. 173, No.3, March 1972, 

pp. 147-148. The production of asbestos in the 
United States is estimated to have set a new record­
high tonnage in 1971, the projected 132,000-ton pro­
duction representing a 5-percent increase over that 
of 1970. Analysis of the world production over the 
last 20 years shows an average annual growth of a 
little over 2 percent. Projecting this rate to the year 
2000 would call for a <;umulative production of 163 
million tons; or approximately half ·of the known 
reserves. An average growth rate of 6 percent (it is 
now about 5 percent) would exhaust the known re­
serves by the year 2000. 

OP 110-72. Advance in Technology for Recycling Obsolete 
Cars, by K. C. Dean and C. J. Chindgren. 

Scrap Age, v. 29, No.5, May 1972, pp. 55, 72-73, 
83, and 85. Each year in the United States about 
8 million cars are retired from operation, and in 
many localities the accumulation of discarded hulks 
is a maj or eyesore and land pollutant. Yet, of all the 
manufactured items used in daily life the automobile 
probably represents the greatest potential source of 
recyclable materials. The automotive industry in 
1969 consumed the following percentages of impor­
tant materials used in the United States: rubber 65, 
zinc 33, steel 20, nickel 11, aluminum 10, and copper 
8. Clearing the environment of the vast accumula­
tions of junked autos with simultaneous recovery of 
the automotive components for reuse has been the 
objective of the Bureau of Mines auto scrap research 
programs. This paper summarizes the pertinent 
techniques developed by the Bureau, working in 
conjunction with industry for processing scrap autos. 

OP 111-72. Factors Affecting Methane Emission and Their 
Implications Regarding the Selection of Control 

Techniques, by Maurice Duel and Fred N. Kissell. 
Proc. Conf. on the Underground Mining Environ­
ment, Oct. 27-29, 1971, Univ. of Missouri, Rolla, Mo., 
1972, pp. 229-240. 

" 'The best thing that can be said of the methane 
problem is that most of the gas produced during"the 
coalification stage is gone. Tens of thousands of cubic 
feet of methane are produced in those reactions that 
transform vegetation into a ton of coal, and on the 
average only a few hundred cubic feet of methane 
remain. Even this amount creates enormous prob­
lems. A ton of coal is approximately 25 cubic feet; 
this means about 10 cubic feet of gas for 1 cubic 
foot of coal. It has been said that mining of deep 
coal seams is like digging out a low-grade gas well. 
Coal adsorbs gas like a low-grade activated charcoal. 
Because of its basic graphitic structure it contains 
Jan extensive network of fine pores, called micropores. 
These micropores are extremely small;' diameters 
have been estimated in the 5 to 10 Angstrom range. 
AS'a result, coal, like charcoal, has a large internal 
,sur~ace. One hundred square meters per gram is a 
typlCal fig-ur,e for coal. Most of. th_e,gas in coal is 
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adsorbed on this internal surface under pressure. 
These pressures can range from just a few psi up­
wards. Gas pressures as high as 650 psi have been 
measured in U.S. coalbeds, and the Russians have 
seen over a thousand. 

It has been known for a long time that the pres­
'sure, and consequently the amount of gas, correlates 
with the depth of the coalbed more than with any­
thing else, and that shallow mines have less gas. Of 
course 'there are other factors: for instance" the 
coal bed around an older mine has been draining into 
the mine for some time and therefore is at lower 
pressure and contains less gas. Factors like this 
natural drainage are the subject of Bureau of Mines 
studies. 

OP 112-72. Solid Fuel Resources and Utilization in North' 
Dakota, by James L. Elder and Wayne R. 

Kube. Min. Record, Western Coal Ed., v. 83, No. 13, 
March 29, 1972, p. 7. In 1967 the coal and lignite 
resources of Wyoming, North Dakota, and Montana 
were estimated at 1,455 billion tons, which amounted 
to 45 percent of the weight of the solid fuel resources 
of the United States. Lignite in North Dakota con­
situtes about one-third of this reserve and would be 
more conservatively estimated at 350 billiQn tons. 
Lignite production in North Dakota in Fiscal Year 
1971 amounted to 5.8 million tons, which is more 
than double the production in 1965. By 1976 it is 
conservatively estimated that production "'iIl exceed 
10 million tons. Currently, most of the lignite has 
been used for electric power production. 

OP 113-72. The Combustion of Pure and Composite Propel-
lants. The Expansion and Application of lami­

nar Flame Theory to Heterogeneous Solid Propellants, by 
Martin Hertzberg. Oxidation and Combustion Rey. 
(The Netherlands), v. 5, 1971, pp. 1-81. The theory 

'presented here is based upon the laminal'ized solu­
tions to the energy and flow conservation equations. 
It differs from the previous theories in two signifi­
cant respects. First, the philosophical viewpoint is 
different from that of the previous theories. We re­
frain from assuming that the rate is goyemed by 
'an exponential pyrolysis function of the surface tem­
perature. Instead, the regression rate is assumed to 
be a kind of "eigen value," namely, that value of the 
surface regression rate that is required to maintain 
the convective energy balance of the surface. It is 
that value of the rate whose magnitude determines a 
convective energy loss term, which, when combined 
with the subsurface conductive loss term, just bal, 
ances the conductive gain term from the gas. The 
surface temperature is still a significant parameter; 
however it is no longer the most significant variable. 
In many respects, the viewpoint is a macroscopic 
analogue of the new microscopic theories of chemical 
kinetics: those that emphasize the energy and mo­
mentum balance as being the causative factors in 
determining the rates of elementary reactions. The 
"causative factor" in this theory, is no longer the 
temperature of the surface, but rather the rate of 
heat generation in the gas flame above the surface. 
This leads us to the second significant difference be-' 
tween this and previous theories. This theory is more 
realistic in recognizing the nature of this heating­
rate problem, and in obtaining a practical solution 
to estimating its magnitude. 

OP 114-72. Electrolytic Preparation of High-Puri'ty Chro­
mium, by K. P. V. Lei, J. N. Hiegel, and 

T. A. Sullivan. J. Less-Common Metals, v. 27, No.3, 
J~~_ !97~, pp_.~3-365. ':!'J:!e preparation of high-
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purity chromium from commercial, aqueous electro­
lytic chromium has been investigated. Factors influ­
encing the refining process, such as cell design, 
electrolyte components, chromium concentration in 
electrolytes, and cell operating parameters, have 
been studied. An improved molten-salt electrolytic 
refining process has been developed for the prepara­
tion of high-purity chromium with total impurity 
contents of less than 70 ppm, using a KCI-LiCI-CrCb 
electrolyte at 520 0 C. High-purity chromium deposits 
ranging from 0.2 to 0.3 kg have been routinely pre­
pared with initial cathode current densities of 40 to 
210 A/ft" with average current efficiency of 96 per­
cent. The chromium recovery in the process was 99 
percent. 

OP 115-72. cis- and trans-Hexahydroindan. Chemical Ther-
modynamic Properties and Isomerization Equi­

librium, by H. L. Finite, J. P. McCullough, J. F. 
Messerly, A. Osborn, and D. R. Douslin. J. Chem. 
Thermodynamics, v. 4, No.3, 1972, pp. 477-494. 
Calorimetrically determined values of the enthalpy 
and entropy of pure cis- and trans-hexahydroindan 
were used to calculate the thermodynamic properties' 
and isomerization equilibrium mole fractions of the 
isomers in liquid and vapor phases. Experimental 
results are presented for heat capacities of the COll­

den sed phases from 12 0 to 390° K, enthalpies and 
entropies of fusion and solid-solid transitions, triple­
point temperatures, sample purities, vapor pressures 
from 0.3 to 2025 Torr, and derived thermodynamic 
functions [Gs(T)-W(O)]/T, [H.(T)-W(O)]/T, 
[H.,(T)-H,(O)], and S, (T) at selected temp~.a­
tures in solid, liquid, and vapor phases. Calculated 
isomeric equilibrium mole fractions for the reaction: 
tnws-hexahydroindan-cis-hexahydroindan, based on 
the calorimetric measurements, are compared with 
mole .fractions observed in catalyzed reaction equi­
librium studies. 

OP 116-72. Thermodynamic Properties of Acrylontrile, 1-
Aminopropane, 2-Aminopropane, and 2-Methyl-

2-Aminopropane, by H. L. Finke, J. F. Messerly, and, 
S. S. Todd. J. Chem. Thermodynamics, v. 4, No.3, 
1972, pp. 359-374. Low-temperature calorimetric 
quantities were determined for acrylonitrile, I-am i­
nopropane, 2-aminopropane, and 2-methyl-2-amino­
propane from 12° K to near their respective norn;al 
boiling temperatures. Values of molar heat capacity 
at saturation pressure of the condensed phases, 
transition and melting temperatures, and enthalpies 
of transition and fusion were measured by adiabatic 
calorimetry. From these data the thermodynamic 
quantities - [G,,(T) -W(O)]/T, [H,(T) -W(O)J/ 
T, [H,(T) -HO(O)], S" and C, were.e,:aluated,for 
the solid and liquid states. For acrylomtnle a revised 
vibrational assignment was made from Raman and 
infrared wavenumbers reported in the literature, and 
a table of thermodynamic functions for the ideal gas 
state from 0° to {,0000 K \vas prepared. Values of 
the enthalpy, Gibbs energy, and logarithn: ~f equi­
librium constant of formation for acrylomtnle also 
were computed for the range 0° to 1,000° K. 

OP 117-72. Propane as an Engine Fuel for Clean Air Re-
quirements, by R. D. Fleming, J. R. 

Allsup, 'T. R. Franch, and D. E. EcclestoI}, APCA 
J., v. 22, No.6, June 1972, pp. 451-458. All' pollut­
ants in exhaust gas produced from LP-gas (pro­
pane) were- studied' using both laboratory engInes 
and vehicles. Th~ objective of th~ study was both to 
evaluate propane as a 10w-pollutlOn f':lel and to pro­
vide information on adjustment of engme parameters 

for advantageous use of propane as a low-pollution 
fuel. Variables in the study were air-fuel ratio 
(A/F), ignition timing schedule, and ambient .teIll­
perature. Data comparable to that for propane relat­
ing A/F and ambient temperature to emissions are 
shown for natural gas and for gasoline. Results 
showed that engines using propane as compared with 
gasoline can operate over a wider range of A/F with 
minimum carbon monoxide and hydrocarbon emis­
sions. Propane and natural gas emission levels were 
similar. No significant difference in nitrogen oxides 
was found for the three fuels. In simulated typical 
city driving using propane as a fuel, emissions were 
markedly reduced by retarding ignition timing with 
A/F increased to approach the lean misfire limit. 
However, serious power loss accompanied engine ad­
justment for minimum emissions. 

In addition to favorable lean-limit characteristics, 
propane offers two other advantages as low-pollution 
fuel: (1) Mixture enrichment during starting and 
during warmup is avoided. In addition, carbon 
monoxide and hydrocarbon emissions with propane 
are unaffected by ambient temperature-in contrast 
to highly significant increases in emissions at low 
ambients with gasoline. (2) The photochemical re­
activity of hydrocarbon emissions from propane, 
although higher than those from natural gas, are 
lower than the reactivity of hydrocarbon emissions 
from gasoline. 

OP 118-72. Studies of the Solid and Gaseous Products 
From laser Pyrolysis of Coal, by F. S. Karn, 

R. A. Friedel, and A. G. Sharkey, Jr. Fuel (London), 
v. 51, No.3, 1972, pp. 113-115. Laser pyrolysis of 
coal yields a variety of gaseous and solid products. 
Irradiation with high energy from a pulsed ruby 
laser produces (1) a gas having a high con~entra­
tion of hydrogen and acetylene and (2) a SOI.I~ hav­
ing approximately the same elemental composition as 
the original coal. Low-energy irradiation with !l con­
tinuous C02 laser produces (1) a complex mixture 
of hydrogen, carbon monoxide, and hydrocarbon 
gases and (2) a low-ash solid having a slightly lower 
C/H ratio that! the parent coal. The solid has several 
interesting characteristics including a very low 
density and a high solubility in benzene. A high­
resolution mass spectrum of this material revealed 
that it is a very complex mixture of organic mole­
cules with many of the characteristics of coal. The 
solid has also been investigated by gel-permeation 
chromatography and catalytic dehydrogenation. 

OP 119-72. Evaluation of Solid Mineral Wastes for Re-
moval of Sulfur From Flue Gases, by D. H. 

McCrea, G. J. Cinquegrance, R. J. Leister, and A. J. 
Forney. Pi-oc. 3d Mineral Waste Utilization SymP., 
lIT Inst., Chicago, Ill., March 14-16, 1972, pp. 153-
160. The Bureau of Mines has been investigating the 
use of solid mineral wastes for removing sulfur ox­
ides from flue gases. A literature survey identified 
more than 20 materials that are available in large 
quantity, have thermodynamic potential of reacting 
with S02, and can be supplied to the North Central 
United States for less than $20' per ton. Reactivity 
of these materials toward S02 was determined ex­
perimentally over a temperllture range of 130° to 
700° C. In most cases, S02 was' absorbed, but capac­
ity and rate of absorption were low. However, two 
waste products, red mud and lead-zinc ore tailings, 
absorbed suqstantial quantities of S02 

Lead-zinc ore tailings consist primarily of dolo­
mitic carbonates. Their use was evaluated in differ­
ential kinetic experiments and by injection into a 
~ll pulverized _ ~gal-fir~d furnace. Results showed 
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that injection of the tailings is probably less attrac­
tive than injection of limestone. 

Red mud, the byproduct of bauxite refining, was 
,arso . studied in differentii:ll kinetic experiments and· 
'py injection into the furnace. Results showed that, 
when the injection method is used, the short resi­
dence time prevents efficient S02 removal. Experi­
ments demonstrated, however, that if a reactor is 
employed to increase residence time a high degree of 
S02 removal can be obtained at 550° C. The red mud 
can be thermally regenerated at 650° C. A conceptual 
regenerable process has been suggested. 

OP 120-72. U.S. Bureau of Mines Progress in Mine Water 
Research, by E. A. Mihok and N. N. 

Moebs. 4th Symp. Coal Mine Drainage Research, 
:\Iellon Inst., Pittsburgh, Pa., April .26--27, 1972, pp. 
33-40. This paper presents a brief summary of past 
and current work conducte.d by the U.S. Bureau of 
Mines dealing with the acid mine drainage problem. 

OP 121-72. Separation and Identification of Minerals From 
Northern Great Plains Province Lignite, by L. 

E. Paulson, W. Beckering, and W. W. Fowkes. Fuel 
(London), v. 51, No.3, 1972, pp. 224-227. Minerals 
were separated from nine lignite samples on the 
basis of specific gravity differences by float/sink of 
fine particles in carbon tetrachloride. Examination of 
the sink fractions showed the presence of nacrite, 
barite, pyrite, hematite, quartz, calcite, gypsum, aM 
fragments of a mixture of a-quartz and nacrite. No 
separable minerals were found in which sodium was 
a major constituent. 

OP 122-72. Surface Tension and Density o{ Liquid Lead, 
by Alfred E. Schwaneke and Wilbert L. 

Falke. J. Chern. and Eng. Data, v. 17, No.3, July 
1972, pp. 291-293. New measurements of the surface 
tension of 99.999 percent lead from 344° to 652° C 
with an improved maximum bubble pressure (MBP) 
system indicate that data reported in the literature 
many years ago are probably better than more re­
cently reported measurements. Results show that the 
surface tension of liquid lead (y) is given by 
y(ergs/cm2 ) = 467.7 - 0.066 T (OC) with a stand­
ard deviation from regression of 2.1 ergs/cmz• Den­
sity of liquid lead was also obtained with the MBP 
system over the range from 384 ° to 551°C. The den­
sity of lead (p) is given by p(g/cm~ = 11.13 - 0.14 
x 10-Z T (OC) with a standard deviation from re­
gression of 0.24 g/cm2 • A table of experimental and 
calculated values is given with graphs for compari­
son with data reported in the literature. 

OP 123-72. Development of a New High-Temperature 
Solder System, by A. E. Schwaneke, W. L. 

Falke, and O. K. Crosser. Welding J., v. 51, No.7, 
July 1972, pp 361-s-368-s. A new high-temperature 
soldering system has been developed for use on cop­
per, copper alloys, and low-carbon steel. The method 
is applicable to automobile radiators and home ap­
pliances. The system uses a unique sacrificial metal 
coating method to promote spontaneous wetting and 
spreading of zinc and zinc alloy solders on metallic 
substrates. The 10-5- to 10-S-cm thick, electroplated 
or sputtered, sacrificial nickel coating is absorbed by 
the molten filler alloy during soldering and produces 
a direct solder-substrate metallic bond. Preliminary 
measurements on butt joints with copper members 
give tensile strengths over 32,000 psi at room tem­
·perature using 95 Zn-5Al alloy as solder. Spontan­
eous wetting, spreading, and capillary penetration. 
,are extremely rapid and produce joints as easily as 
50-50 tin-lead solders. Recrystallization or annealing 
of the wrought. copper joint members is negligible at 
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the soldering temp~l'atures of 450° to 490° C and 
lower. A list of typical fluxes and solder alloys is 
included. 

OP 124-72. Boron, by K. P. Wang. Eng. and Ylin. 
J., v. 173, No.3, :\Iarch 1972, pp. 146-' 

147. Increased 1971 demand for boron minerals and 
compounds, particularly in the glass and enamel in­
dustries resulted in sustained high output. For some 
time all U.S. output had been in the form of sodium 
borates and boric acid. In mid-1971, however, pro­
q.uction of calcium borate (colemanite) on a com­
mercial scale was resumed. The United States is by 
far the largest world producer of boron minerals. 
About half of U.S. output is normally exported, di­
vided nearly equally in terms of boron content be­
tween semifinished boron compounds and refined 
compounds, with only the latter reported in official 
trade returns. During 1971, recorded exports declined 
considerably as compared with the previous 2 years. 
The paper further delineates the expected produc­
tion, trade, consumption, and price outlooks. 

OP 125-72. Fluorspar, by H. B. Wood. Eng. and Min. 
J., v. 173, No. 3~ March 1972, pp. 151-

153. Forecasting the future for the fluorspar indus­
try is similar to forecasting the future growth of the 
chemical, steel, and aluminum industries, because 
about 96 percent of the fluorspar is consumed by 
these industries. Certain phases of these basic indus­
tries are dependent on fluorspar, and no economical 
substitute has been found to replace it or its fluorine 
derivatives. It is expected that fluorspar demand for 
the next 10 years, or longer, will increase at least 4 
percent per year. 

OP 126-72. Thorium, by W. C. Woodmansee. Eng. 
and Min. J., v. 173, Ko. 3, :\Iarch 1972, 

pp. 148-149. Primary thorium supply, provided by 
one domestic monazite producer and by imported 
monazite and thorium compounds, continued well in 
excess of industrial demand, which remained little 
changed for nonenergy uses. Growing demand of 
certain rare-earth elements in monazite contributed· 
to the thorium oversupply. Significant developments 
to.Qk place in the role of thorium as a nuclear· fuel. 

OP 127-72. Fire Assay-Emission Spectrographic Determina-
tion of Iridium, Ruthenium, and Osmium, by 

K. G. Broadhead, B. C. Piper, and H. H. Heady. 
·Appl. Spectroscopy, v. 26, No.4, July-August, 1972. 
pp. 461-467. This paper describes a fire assay-spec­
trographic method for determining microgram levels 
of Ir,Ru, and Os in ores and concentrates. Radio­
tracers are used to monitor the recovery of these 
metals in a 10 mg Pt bead during the normal fire 
assaying procedure. 

OP 128-72. Mining Ergonomics, by James C. Church •. 
Proc. 48th Ann. Safety Conf., Lake Su­

perior :\Iines Safety Council, Duluth, Minn., May 
25-26, 1972, pp. 28-33. This paper covered the fol­
lowing: (1) The background of ergonomics, including 
development and history and the available industrial 
technology; and (2) Mining ergonomics, including 
areas of utilization, applications (methods and con­
straints), and mineral industry benefits, with par­
ticular emphasis on the health and safety of miners 
and the productivity of mine operations. 

OP 129-72. Depleted Uranium as a Catalyst for Hydrocrack­
ing Shale Oil, by P. L. Cottingham and L. 
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K. Barker. Preprints, Div. Fuel Chern., ACS, v.16, No. 
2, 1972, pp. 24-46. This article describes the process 
by which low nitrogen and sulfur gasoline with an 
octane number of 89 has been made by reforming 
hydrogenated shale oil at 900 0 F and 200 psig. 

OP 130-72. Recovery of Metals From Electroplating Wastes. 
by L. C. George and A. A. Cochran. 

Ch. in Environmental Management: Science and 
Politics, ed. by Morton Gorden and Marsha Gorden. 
Allyn and Bacon, Inc., Boston, 1972, pp. 175-178. 

The treatment of conc'entrated acidic and alkaline­
cyanide electroplating wastes by innovative methods 
to neutralize and precipitate the cyanides and re­
cover the metal content are discussed. Large quanti­
ties of cyanides, plus significant tonnages of useful 
metals, such as sih-er, nickel, and copper, are cus­
tomarily discarded and contribute to stream and 
ground water pollution. The addition of an acid 
waste to an alkaline-cyanide waste was investigated 
as a means of neutralizing both materials while 
alle'dating pollution from these sources. At a final 
solution pH value near 6.;5, metals and cyanides in' 
both wastes were precipitated almost completely. 
The filtrate from this step was relatively harmless· 
compared to the original waste and had a free 
cyanide content of less than the detection limit of 
0.08 ppm. The metal cyanide precipitate contained 
significant amounts of copper and nickel, which 
were separated and recovered by additional process­
ing. Valuable metals were also recovered from the 
aCid \\-aste by selective precipitation of the metal 
hydroxides and by a combination of selecth-e pre­
cipitation and electrolysis. 

OP 131-72. Making Copper Without Pol/ution, by F. P. 
Hayer 'and M. 1\1. 'Yong. Min. Eng., Y. 

24, :1\0. 6, June 1972, pp. 52-53. This article de­
scribes a process in which copper concentrate is 
roasted ,Yit/1lime to fix the sulfur as anhvdrite. Metal 
yalues are then recovered by a dilute acid leach. 

O~ 132-72. Methane/Hydrogen Mixture as a Fuel for 
Spark-Ignition Engines, by R. W. Hurn. 

Froc. 2d Conf. on Natural Gas Research and Tech­
nology. Cosponsored by the American Gas As~ocia­
tion and the Institute of Gas Technology, Atlanta, 
Ga., June 5-7, 1972, pp. 1-8. Experimental work was 
done using methane/hydrogen fuel in a single cyl­
imler, variable compression ratio engine. Fuel econ­
omy and emissions were measured. The objective 
was to determine characteristics of the mixture as 
the fuel in a low-emission, high-efficiency engine. Re­
sults suggest that methane/hydrogen may enable 
engine operation under conditions that are simulta­
neously conducive to improved fuel economy and 
low emissions. 

OP 133-72. Ion-Exchange, Coordination, and Adsorption 
Chromatographic Separation of Heavy-End 
Petroleum Distil/ates, by D. :\1. Jewell, J. H,' 

''reber, J. W. Bunger, Henry PlancheI', and D. R. 
Latham. Anal. Chem. v. 44, No.8, July 1972, pp_ 
1391-1394. Information about the composition of 
heayy-end petroleum distillates is needed because of 
the increased use of this material as an energy 
source. The complexity of the heavy ends requires 
extensiye separation to give fractions amenable to 
compositional studies. A separation ,scheme is de­
scribed that separates heavy-end petroleum distil­
lates into acid, base, neutral-nitrogen, saturate, and 
aromatic fractions. The analytical techniques used 
include ~nion- and cation-exchange chromatography, 

coordination chromatography, and adsorption chro­
matography. The scheme has been applied to heavy­
end distillates from a variety of crude oils having 
different compositional characteristics. Data from 
mass spectral analysis of the saturate and aromatic 
fractions are presented. 

OP 134-72. The Separation of Acidic Compound Types Iso-
lated From High-Boiling Petroleum Distil/ates, 

by J. F. McKay, D. M. Jewell, and D. R. Latham. 
Separation Sci., v. 7, No.4, 1972, pp. 361-370. Two 
methods for separating the acid compound types of 
high-boiling petroleum distillates have been investi­
gated. The first method utilized ferric chloride and 
ion-exchange resins, and the second method used gel 
permeation chromatography. Each method was found 
to have merits, and the two methods can be used to 
complement each other. The major compound types 
of a Wilmington 400 0 to 500 0 C acid concentrate haye 
been separated and identified using these methods. 
Data from the separation schemes will aid in the 
characterization of the acidic materials. 

OP 135-72. Goals and Status of Bureau of Mines Coal Mine 
Health and Safety Research, by James J. 

Scott. The New Sketch (India), Republic Day Spec. 
No., Jan. 26, 1972, pp. 103-110. This article is a 
presentation on coal mining health and safety re­
search which was made to the National Safety Con­
gress in Chicago, Ill., Oct. 25, 1971. The Federal 
Bureau of Mines research program to improve health 
and safety in the coal mines is comprehensive and 
deals with problems from a variety of approaches. 
The Congress and the American people have given 
the Bureau of Mines the task of improving safety in 
the coal mines. This is certainly not a simple task. 
The health and safety problems in U.S. coal mines 
have been there for decades and cannot be soh-eel 
overnight. However, with the help of the academic 
and industrial communities and the coal industry, 
many of the urgent problems can be overcome within 
a relatively short time. Ne,,- and improved mining 
systems can be developed that will provide U.S. 
miners with better working environments and 
greater safety protection. 

OP J 36-72. Coal Utilization Unde, Changing Energy Pat-
terns and Social Restraints, by Zane E. 

Murphy and Eugene T. Sheridan. The New Sketch 
(India), Republic Day Spec. No., Jan. 26, 1972, pp. 
24-31. The continued rise in energy requirements 
has attracted a great deal of attention in the United 
States in recent years. It is only recently, however, 
that a new awareness of social problems and costs 
has directed attention to ways and means of recon­
ciling social objectives and problems of supplying 
acceptable and adequate energy 'to the expanding 
economy. Unless one is willing to accept a consider­
ably lower standard in his life style, the goals of 
both society and those of the individual should be 
directed toward greater and more efficient utilization 
of all available energy sources and the development 
of new fuel utilization patterns that will allow for 
an adequate energy supply while causing the least 
disturbance to the environment. 

OP 137-72. Segregation of Alpha and Beta Stabilizers in 
Titanium, by F. W. Wood and P. A. 

Romans. Mat. Sci. and Eng., v. 10, No.3, September 
1972, pp. 182-185. Metallic phase stabilization is 3-
matter of thermodynamic balance involving the free 
energy state of metal. The thermodynamics of a par­
ticular system is commonly summa.rized in an equi­
librium phase diagram. Many binary phase diagrams 
are available and it is sometimes possible to use 
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these as bases for conjecture about more complex 
systems. lVliscible, binary combinations based on ti­
tanium tend to be of two types: alpha stabilizing or 
beta stabilizing. In the Ti-6AI-4V alloy, Al is the 
alpha stabilizer and it tends to reside selectively in 
beta-phase parts of the structure. Hence, certain 
features of structure containing hypernormal con­
centrations of Al or V sometimes are identified as 
aluminum-stabilized alpha segregation or vanadium­
stabilized beta segregation. When unusual amounts 
of oxygen or nitrogen can be associated with an 
alpha-stabilized irregularity, it is commonly identi­
fied as interstitial-stabilized segregation, but valid 
questions exist about the role of the gaseous con­
taminants when their presence in unusual concentra­
tions is neither detected nor suspected. 

OP 138-72. Determination of Carbon Dioxide, Hydrogen 
Sulfide, Sulfur Dioxide, Ethane, and Propane 

Using a Carbon Molecular Sieve Column, by Dean H. Boll­
man and Donald M. Mortimore. J. Chromatographic 
Sci., v. 10, August 1972, pp. 523-527. A 2-foot car­
bon molecular sieve column will separate C02, HzS, 
·S02, CZH6, and C3Hs from each other and from the 
gases H2, 02, Nz, CH4 , and CO. At 100 0 C the col­
umn is particularly helpful for determining C02 
rapidly in the presence of the other gases listed. The 
method can be applied to analyzing offgases from 
furnaces and kilns. 

OP 139-72. Modern Methods for Manufacturing Substitute 
Natural Gas From Various Fuel Stocks, by A. 

J. Forney. Proc. 1972 Operation Section, Am. Gas 
Assoc. Distribution Conf., Atlanta, Ga., May 8-10, 
1972, pp. D-60-D-63. This paper discusses the vari­
ous feed stocks that could be used to make a supple­
mental natural gas. The most likely prospects, coal 
and naphtha processes, are described, using as exam­
ples the Synthane coal-to-gas process and the CRG 
naphtha-to-gas process. Other possible processes us­
ing feed stocks such as oil shale, shale oil, and 
wastes are discussed briefly. 

OP 140-72. The Enthalpies of Combustion and Formation 
of n-Octane and 2,2,3,3-Tetramethylbutane, by 

W. D. Good. J. Chem. Thermody~amics, v. 4, No.5, 
September 1972, PP. 7Ofr-7T4. Combustion calorim­
etry confirmed existing enthalpy-of-formation values 
for n-octane and 2,2,3,3-tetramethylbutane. Inability 
of correlation schemes to predict accurate enthalpy­
of-formation values for such complex molecules as 
2,2,3,3-tetramethylbutane was demonstrated. 

OP 141-72. Progress in Suppressing the Noise of the Pneu-
matic Rock Drill, by James W. Jensen and 

Aarne Visnapuu. Proc. Inter-Noise 72,1972 Internat. 
Noise Control Eng. Conf. and Equipment Exposition. 
·Oct. 4, 1972, pp. 282-287. The pneumatic rock drill, 
'a percussion tool basic to the mining industry, 
causes one of the worst noise hazards to which mine 
workers are exposed. Sound pressure levels range 
from 115 to 130 dB at the operator's position with 
unmodified drills. Three domains of noise emission 
must all be controlled or suppressed to achieve ap­
preciable improvement. They are the air exhaust 
noise, the impact and resonance noise of the drilling 
machine, and the resonance noise of the steel drill 
rod. To be functionally acceptable, modifications to 
reduce the noise should not reduce drilling rate or 
efficiency, cause severe overheating of the machinery 
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or icing in the exhaust system, or be much less dur­
able than the unmodified equipment. To have the 
operator's acceptance, there must be a minimum of 
added weight or bulk, and the modifications should 
not hamper operation or reduce the reliable perform­
ance of the drill. Modifications have been developed, 
with consideration for these requirements, that re­
duce the sound pressure level of a portable commer­
cial drill to about 100 dB. A close-fitting case, con­
sisting of a metallic skeleton filled with viscoelastic 
mate'rial and a hard, metallic cover, provides a high 
degree of suppression of mechanical noise and the 
necessary rigtdity and durability. Expansion cham­
bers incorporated in the case provide the essential 
exhaust muffling. Damping alloys have been substi­
tuted at strategic points in the drill. The drill steel 
resonance noise is reduced by a special damping 
treatment on the outside of the drill rod. The per­
formance of this equipment, its evaluation according 
to the criteria set forth, and additional prospects 
for better noise suppression receive comment in this 
report. 

OP 142-72. Brittle Fracture of Rock, by Leonard Obert. 
Fracture, an Advanced Treatise, Volume 

VII, Fracture of Nonmetals and Composites, ed. by 
Harold Liebowitz. Academic Press, Inc., ~ew York, 
1972, pp. 93-155. This chapter considers the me­
chanics of the fracture process in rock, with empha­
sis on the engineering viewpoint. The deyelopment of 
a consistent fracture mechanics for rock is compli­
cated by several factors, such as the extreme consti­
tutive variability of rock. These factors are discussed 
in some detail. Next, empirical procedures for deter­
mining limiting states of stress are re\·iewed. In 
these procedures, the state of stress in the specimen 
is either homogeneous or inhomogeneous. However, 
the limiting states of stress, as determined in ho­
mogeneous and inhomogeneous tests, are often in 
disagreement, and possible reasons for differences 
are discussed. The Couloml:r-Navier, Mohr, and Grif­
fith theories of fracture are reviewed, and the merits 
and defects of each considered. Processes by which 
initial and branch fractures extend and ultimately 
produce terminal failure are examined. The chapter 
is concluded with a summary in which the state of 
the art is evaluated. Areas in which information 
regarding the fracture mechanism in rock is deficient 
or inconsistent are indicated, and topics for future 
research are suggested. 

OP 143-72. Sulfur-33 Magnetic Resonance Spectra of Se-
lected Compounds, by H. L. Retco!:ky ~nd 

R. A. Friedel. J. ACS, v. 94, 1972, pp. 6;)19-6;)84. 
Sulfur-33 because of its low natural abundance, 
,spin of 91;, and large qua?rupole moment, ha~ been a 
much neglected nucleus In nmr as well as In other 
branches of spectroscopy. The use of high rf pO\~'er 
levels incident upon the saml?le, large modulatl?n 
amplitudes, aprt signal averagIng, however, permIts 
nmr spectra with reasonable signal/noise ratios to 
be obtained. The present 33S nmr investigation was 
undertaken to explore the potential of the technique 
as a structure-determining tool. 33S chemical shifts 
and spectral line widths are presented for 12 mate­
rials. The range of chemical shifts is nearly 600 ppm, 
whereas spectral line widths vary from -0.2 to 16 G. 
The organic compounds investigated were carbon di­
sulfide, dimethyl sulfoxide, ethyl disulfide, tetrahy­
drothiophene, thiophene, and three substituted thio­
phenes. The inorganic compounds examined included 
concentrated and dilute (10 N) sulfuric acid, aque­
ous sodium sulfide, and the sulfide anion in cubic 
zinc sulfide. The highest field resonances were ob­
served for aqueous sodium sulfidp. and for S2-; the 



OUTSIDE PUBLICATIONS 

lowest field resonance was for 10 N sulfuric acid. 
The effects of high symmetry about sulfur and fast 
chemical exchange on 33S spectral line widths are 
discussed and illustrated. The 33S nmr results are 
compared with those of other nuclei in chemically 
similar compounds. 

OP 144-72. Molten Titanium Can Explode in Water, by 
Floyd W. Wood. Metal Prog., v. 102, 

No.4, October 1972, p. 7. As with aluminum in wa­
ter titanium-water explosions are of three types: 
(1) moderately rapid expansion of steam; (2) vio­
lent release of steam that has built up a high pres­
sure in confinement; and (3) chemical explosions 
involving exothermic reactions. In consumable-elec­
trode vacuum-arc melting, as used for titanium, the 
most likely source of water is the cooling water out­
side of the copper crucible, and leakage of this water 
to contact molten titanium usually results from pene­
tration of the crucible wall. At least one factor 
affecting the chance of penetration is the adequacy 
of ar!!-gap and arc-voltage control. 

OP 145-72. Process for Converting Coal Into Gaseous and 
Liquid Fuels, by D. W. Gillmore. Soc. 

Petrol. Eng. ADIE, Preprint No. SPE 4158. No­
vember 1972. 12 pp. The future of coal usage to 
alleviate the energy shortage depends on our ability 
to burn coal cleanly and to convert it to gaseous 
and liquid products. This paper discusses the state­
of-the-art of coal conversion and reviews' briefly by 
simplified flow sheets the major gasification and 
liquefaction processes. At present, technology has 
not advanced beyond pilot plant or demonstration 
stages; eYen the optimistic experts predict that com­
mercial operations will not be realized before the 
1980's. Hence, a large and concerted effort is needed 
now to implement the conversion of coal to gas 
and oil. 

OP 146-72. Dechlorination of Ferric Chloride With Oxygen, 
by A. W. Henderson, T. T. Campbell, 

and F. E. Block. ;\letall. Trans., v. 3. October 1972. 
pp. 2579-2,)83. Because of increasing ecological con­
cern, the Bureau of Mines is investigating the use 
of chlorination technology in extractive metallurgy. 
A key problem is the fact that ferric chloride is 
commonly generated during processing of a wide 
variety of ores and minerals. This paper describes 
small, laboratory-scale studies designed to effect 
declorination of ferric chloride by oxygen in a 
fluidized bed reactor to produce a viable, nonpol­
luting iron oxide product and chlorine gas, which 
could be recycled in a chlorination process. These 
studies demonstrated that close to 100 percent con­
Yersions of ferric chloride to ferric oxide and chlor­
ill!, can be effected by reaction with oxygen at tem­
peratures r'.lnging from 500 c to 650 0 C. the offgas 
from the sIn.gle-stage reactor contained up to 95 
percent chlorIne. The study also demonstrated that 
the presence of a small amount of N aCI in the 
reactor catalyzed the reaction between ferric chloride 
and oxygen and permitted high conYersions at tem­
peratures as low as 450 0 C. 
OP 147-72. Le Probleme Des Gaz D'Enchappement Des 

. Moteurs Diesel Dans Les Galeries Souterraines 
(PrevIOusly published in English as OP 41-72.), 
by R. \\'. Hurn. Cashiers De Notes Documentaries 
1972. No: 69: pp. 391-396. The operation of 
dIesel .engInes In underground areas requires careful 
attentIOn to space ventilation in order that the con­
ce.ntl:ation . of toxi~ combustion products be held 
wlthm acceptable hmits. These ventilation require­
ments and the bases for calculating them are re­
viewed in the paper. 

OP 148-72. Kinetics of Carbothermal Reduction of Quartz 
Under Vacuum, by S. E. Khalafalla and 

L. A. Haas. J. Am. Ceram. Soc., v. 55, No.8. 
August, 1972. pp. 414-417. Kinetics of carbo­
thermal reduction of quartz at reduced pressures is 
consistent with a model based on a transitory phase 
intermediate. An Austin-Rickett equation with an 
exponent close to 2 gives the best fit to the kinetic 
curve. 

OP 149-72. Feasibility of Utilizing MHO for Powering 
High-Speed Land Vehicles, by J. J. Lacey, 

F. E. Spencer, J. J. Demeter, and D. Bienstock. 
Proc. 7th Intersoc. Energy Conversion Eng. Conf. 
September, 1972. pp. 1022-1027. A combined 
MHD and closed Brayton cycle for providing "on­
board" low-pollution power for high-speed land 
vehicles was evaluated using hydrogen and hydro­
carbon fuels and attaining thermodynamic efficien­
cies greater than 40 percent. 

OP 150-72. Mass Spectrometry Study of Microwave Dis-
charges in Hydrogen-Carbon Monoxide-Argon 

Mixtures, by R. G. Lett, W. A. Steiner, and Y. C. Fu. 
J. Phys. Chem., v. 76. 1972. pp. 2941-2946. Mic­
rowave discharges in a flow system con~aining 
hydrogen-carbon monoxide-argon mixtures have been 
sampled by a time-of-flight mass spectrometer. De­
pending upon experimental conditions, from 5 to 30 
percent of the carbon monoxide was converted to 
methane, acetylene, and carbon dioxide. The forma­
tion of the major gaseous products was -studied as 
a function of reactant gas composition, pressure, 
microwave power, and flow rate. The consumption 
of carbon monoxide appears to be first order at 
short residence times. Ions were sampled from the 
discharg~s at pressures below 5 torr. The most 
abundant ions were H;lO+, HCO+, and primarily 
hydrocarbon ions in the C2, C;l, and C4 regions. 

OP 151-72. A Miniature Straddle Packer, by J. C. 
Roegiers and V. W. Dellorfano, Proc. 

27th Ann. Conf. and Exhibit Instrument Soc. of 
America, v. 27, October 1972, pp. 610-1-610-4. 
Controlled crack propagation has been a goal for 
better understanding of the mechanism of rock 
failure. The development of servo controlled testing 
machines have brightened the horizon of research. 
By controlling other parameters besides the usual 
increase of pressure, and feeding the signal back, 
one is actually. able to follow the fracture step by 
step. However the amount of fluid present in a 
typical hydraulic fracturing test introduces a soften­
ing element into the high rigidity of the system. A 
miniature straddle packer of 1 inch diameter was 
developed to achieve the stated goals. 

OP 152-72. Interfacial Compositions of Soldering Alloys 
on Copper and Brass, by A. E. Schwaneke, 

W. L. Falke, and W. C. CIlnton. Am. Soc. for 
Metals-Conf. on Copper. Oct. 16-19, 1972. Cleve­
land, Ohio. pp. 1-12. In a study of factors affect­
ing wetting in solder systems, tin, lead, and tin­
lead alloys were allowed to spread as sessile drops 
on copper and brass substrates without fluxes in 
vacuum. X-ray microprobe analyses and optical 
micrographs show the alloying reactions, which not 
only occur at the interface but also throughout the 
bulk of the' solder. For example, with tin on cop­
per substitutes, copper diffuses upward into the mol­
ten tin, and two separate bands of Cu-Sn alloy are 
formed at the interface. The upper, a 67 Cu-33 Sn 
alloy, streams upward through the sessile drop to 
form columnal sections that end at the drop surface 
and are encased in a 47 Cu-53 Sn alloy. Ordinarv fiO 
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Sn-50 ~b solder. on copper exhibits up to five regions 
of defil1lte but different compositions. Tin diffuses out 
of the solder forming Cu-Sn alloys that leave behind 
lead-rich areas. The zinc component in brass pro­
duces different results with solders. Various binary 
and ternary alloys are formed at the interface alJrl 
throughout the solder. Other details of interfaces 
between tin, lead, or tin-lead solders spread on 
copper or brass are presented in the article. 

OP 153-72. Keynote Address at BRANA Convention, by 
Max J. Spendlove. Product Recycling, 

v. 11, No.3. 1972. pp. 3, 6. In giving the key­
note address to the Bumper Recycling Association 
of North Americ.a (BRANA), .Mr. Spendlove spoke 
of Bureau of l\1111es research llltO the problems of 
recycling raw materials and products recycling. He 
noted. that pollution control is only one aspect of" 
recyclillg. The talk emphasized the recycling of old 
or junk raw materials into valuable rebuilt products. 

.OP 154-72. Refining of Crude Shale Oil Produced by In 
Situ Retorting, by C. M. Frost. Pre prints 

Div. Fuel Chern., ACS, v. 16, No. 1. 1972. pp: 
73-87. Catalytic refonning and catalytic cracking. 
of hydrogenated in situ crude fractions produced 
gasolines with leaded research octane numbers of 
90 and 99.2, respectively. 

OP 155-72. Structural-Environmental Characteristics of Tail-
ings Ponds, by C. D. Kealy, R. E. Wil­

liams, and Leland L. Mink. Proc. AIME Meeting 
San Francisco, Calif. Feb. 21-23, 1972, October: 
197:2. pp. 173-189. Ground-water pollution in one 
portion of the Coeur d'Alene mining district results 
from leaching of old jig tailings that are inter­
mixed with the upper part of a sand and gravel 
aquifer. High .concentrations of zinc, lead, and cad­
mium occur in ground water and soil samples taken 
from the portion of the sand and gravel aquifer con­
taining the old jig tailings. Analysis of water sam­
ples from a tailings pond located in this area indi­
cates that the pond water is not the source of the 
heavy metal concentrations found in the down-gradi­
ent ground water. However, leakage from the pond 
and \\-ater from the pond's decant system combine 
with natural ground water to compound the problem 
by raising the water table into old jig tailings which 
cover the upper portion of the aquifer. The ground 
water which discharges from this aquifer causes a 
statistically significant decrease in the quality of 
the receiving stream water. 

OP 156-72. Removing Methane From Coal beds in Advance 
of Mining by Surface Vertical Boreholes, by 

Joseph Cervik and C. H. Elder. Proc. Conf. on the 
Underground Mining Environment, University of 
:'Iissouri at Rolla, Oct. 27-29, 1971, pp. 209-228. 
Because of the need to mine deeper and more gaseous 
coalbeds at increasingly higher rates to meet the 
demand for coal, it is increasingly more difficult 
to provide a sufficient quantity of air to dilute the 
gas emitted at the working face to a safe concen­
tration. An alternative to greater ventilating air 
volumes is degasification of the coalbed to lower 
methane emission rates. One technique for degasify­
ing a coalbed is through the use of surface boreholes 
drilled from the 1!urface into the coal bed in advance 
of underground mining. This paper summarizes ex­
'perience in degasification by surface boreholes in 
three major coalbeds-the Pittsburgh, the Pocahon-
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tas No.3, and the :'Iary Lee-and presents data on 
the properties and characteristics of these coal beds. 

OP 157-72. Oil Shale-An Impending Energy Source, by 
Glenn L. Cook. J. Petrol. Techno!., No­

verber 1972, pp. 1325-1330. Recent political, tech­
nical, and economic developments lead to optimism 
for the commercial exploitation of oil shale as a 
source of energy. Although presently the production 
of oil by mining or aboveground retorting seems 
feasible, the production of oil by in situ techniques 
or of pipeline gas by either aboveground or under­
ground gasification is less probable for a while. 

OP 158-72. The Scientific Basis for Evaluation of the 
Methane Problem in New Mines, by ::\Iaurice 

DeuI. Proc. West Virginia Coal Mining Inst., Oc­
tober 1970, pp. 19-23. The design and develop­
ment of new mines, especially in coalfields where 
there is little or no recent experience, is often 
hampered by lack of knowledge of potential methane 
control problems. Ventilation system layout, total 
air requirements, and rock dust supply are on 1:; a 
few of the factors directly dependent on methane 
emission, but ultimately the productivity of the mine 
may depend on the capability of mine management 
to control methane which may, in fact, o\'erwhelm 
all other considerations. Even mines which have been 
in production for decades, using a conventional "cut­
drill-load-shoot" mining syetem, may encounter se­
vere methane control problems after cOI1\'erting to a 
continuous boring-type machine mining system. The 
reasons for this can be explained q,est if how 
methane is ppesent in coal beds is understood. 

OP 159-72. Progress Report on SNG Technology, by A. J. 
Forney. Pipeline Industry, v. 37, Xo. 3, 

September 1972, pp. 27-29. The various fuels 
could be conwi"ted to a high Btu gas are coal, light 
petroleum fractions, oil shale and heavy oils result­
ing from development of an oil shale industry, and 
treating of garbage and bovine wastes. Recent 
events have shown the most promising and quickest 
routes are processes using light oil feedstocks. How­
ever, there is a definite limitation to the amount of 
this material available. In the long run, the other 
sources show more promise for a large share of 
the gas market. 

OP 160-72. Mines, Dust Control, by :Uurray Jacobson. 
In Encyclopedia of Occupational Health 

and Safety, v. 2, Internat. Labour Office, Geneva, 
Switzerland, 1972, pp. 889-892. The production of 
dust in mining is associated with the extracting of 
coal or mineral from the solid seam. The methods 
of determining the dust hazard and preventi\'e 
measures for control of dust are discussed. As there 
is no universally applicable dust standard, typical 
dust standards from a number of countries are 
presented. 

OP 161-72. A Flow Chart Mine Cost Model, by Guy A. 
Johnson. Trans. Am. Assoc. Cost En­

gineers, 1972, pp. 81-85. Cost engineering, a basic 
part of most industry and government work, in­
volves the problems of ho\v to communicate the cost 
information developed and what analysis techniques 
were utilized. At the conclusion of a mineral eco­
nomics study concerning the costs to mine and mill 
the vast, deep low-grade native copper deposits of 
Upper Michigan, a DCF flow chart mine cost model 
was developed to help solve these problems. The flo\\' 
chart mine cost model is a straightforward, graphic 
definition of the elements required to develop the 
preliminary "capital required" and "operating 
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~osts" es~imat~s for a mine, while it depicts the 
mterrelatlOnshIps o~ these elements as they combine 
to form the total dIscounted cash flow cost picture. 

OP 162-72. Fluorescence Spectrometry in the Characteriza-
tion of High-Boiling Petroleum Distillates, by 

J. F. McKay and D. R. Latham. Ana!. Chem. v. 
44, No. 13, November 1972, pp. 2132-2137. Use of 
fluorescence spectrometry as a qualitative analytical 
technique in the characterization of high-boiling 
petroleum distillates is reported. Examples of fluo­
rescence emission and fluorescence excitation spectra 
obtained from compound types in 400 0 to 500 0 C 
distillates are shown. Among the compound types 
igentified were carbazoles, llH-benzo[a]carbazoles, 
7 H-benzo [c] carbazoles, perylenes, coronenes, benzo­
[ghi]perylenes, and chrysenes. Fluorescence and 
excitation peak maxima of 35 aromatic model com­
p0.unds are reported. The separation scheme which 
produced samples suitable for fluorescence analysis 
invoh'ed the use of ion exchange chromatography, 
gel permeation chromatography, and thin-layer 
chromatography. 

OP 163-72. Sulfu~. in Products vs. Crude Oil, by C. M. 
McKmney. Hydrocarbon Processing 

October 1972, pp. 117-120. Distribution charts ar~ 
p!e~ented for estimating the sulfur contents of 
dlstllla.tes and residues if the sulfur content of the 
('rude IS known. 

OP 164-72. Correlation of Fractional Monolayer Oxygen 
Determinations Obtained by Proton-Excited 

X-Ray and Auger Electron Spectroscopy Analysis of Fe Sur­
faces, by P. B. Needham, Jr., T. J. Driscoll, and 
N. G. Rao. App!. Phys. Letters, v. 21, No 10, Nov. 
15, 1972, pp. 502-505. Oxygen Ko: X-rays excited 
by the impact of 120-kev protons have been used 
to d.etermine absolute oxygen surface coverages 
rangmg from 4.8xlO" to 5.2x10" atoms/cm" on 
polycrystalline ion samples mounted in an Auger 
spectroscopy system. Amplitudes of the electron­
bean:-excited oxygen KLzL2 Auger electron spectra 
obtamed from the samples corresponded linearly with 
the coverages determined by the proton-excited 
X-rays (PEX). Estimates of the oxygen ad.atom 
CO\'erages using the Auger results and the theoretical 
a]Jpr.oach of Bishop and Riviere were found to agree 
wlthm a factor of 2.15 (± 0.22) with the PEX­
determined coverages. 

OP 165-72. Steam Oxygen Gasification of Various U.S. 
Coals, by A. J. Forney, S. J. Gasior, 

R. F. Kenny, and \\-. P. Haynes. Proc. 2d Intel'l1at. 
Conf. on Fluidized-Bed Combustion, Oct. 4-7, 1970, 
Pub. AP109, pp. III-3-1-II1-3-6. The Bruceton 
process for making a supplemental natural gas from 
coal consists of gasification, purification, and metha­
nation steps. The advantages of the system are that 
caking coals can be used in the fluid-bed gasifier, 
and more than half of the methane can be made in 
the gasifier instead of in the methanator. Further­
more, the final product contains no sulfur and has a 
heating value exceeding 900 Btu/cu ft. 

OP 1-73. Coal Mine Spoil and Refuse Bank Reclamation 
With Powerplant Fly Ash, by L. M. Adams, 

J. P. Capp, and D. W. Gillmore. Compost Science, 
J. Waste Recycling, v. 13, No.6, 1972, pp. 20-26 .. 
Numerous coal mine refuse piles and strip spoil 
banks mar the countryside, contributing to stream 
and air pollution and land degradation. Experimen-

tal reclamation of several such sites with fly ash 
from bituminous coal-fired powerplants was con­
ducted in West Virginia and Pennsylvania. Conven­
tional farm equipment was used at some of the sites; 
large earthmovers were required at others. The fly 
ash served as a neutralizing agent, diluent, and soil 
amendment, providing some nutrients that encour­
aged vegetation of the barren areas while disposing 
of significant quantities of the powerplant waste. 
Estimated cost of reclamation by this method is $300 
per acre of previously leveled area. This figure can 
vary considerably depending upon the topography 
of the site, distance from the source of fly ash, and 
quality of the fly ash. 

OP 2-73. Catalytic Reforming of Hydrogenated Shale-Oil 
Naptha, by Lawrence K. Barker and Philip 

L. Cottingham. Preprints, Div. Fuel Chem, ACS, 
v. 16, No.1, 1972, pp. 97-111; I&EC Product Res. 
and Development, v. 11, No.4, December 1972, pp. 
399-404. Naphtha from hydrogenated crude shale 
oil was suitable for established reforming processes. 
Good quality no-lead gasoline with an octane number 
of 89 was made from the naphtha. The octane num­
ber and low nitrogen and sulfur content of gasoline 
from shale oil compared favorably with regular 
gasolines. Regular grade gasolines now using lead 
additives have octane ratings near 94. The reform­
ing feed was twice treated with hydrogen. Over 90 
percent of the nitrogen and sulfur compoun~s 
(which usually inactivate the catalysts used III 
present reforming processes) was removed from the 
shale oil during the first hydrogenation step with a 
cobalt-molybdate catalyst. The relatively "clean" 
naphtha was then hydrogenatE:d in the .presence of 
nickel-tungsten catalyst, lowermg the mtrogen con­
tent to 7 ppm of the gasoline and lowering the sul­
fur content to less than 0.001 weight-percent. Pre­
selected ranges of temperature and pressure within 
the commercial reforming ranges were chosen for 
investigation, with other possible variables held 
constant. 

'OP 3-73. On the Mechanism of Low-Velocity Detonation in 
Liquid Explosives, by Robert F. Chaiken. 

Astronautica Acta, v. 17, 1972, pp. 575-587. A theo­
retical description: of low-velocity detonation (LVD) 
in-liquid explosives has been developed, based upon 
a cavitation model of the phenomena: In this model, 
precursor waves cause cavitation of the liquid; the 
cavities are then shock-initiated by the advancing 
detonation front. The Chapman-Jouguet· (C-J) con­
dition of classical detonation theory has been ex­
tended t\) this case where precursor wave effects are 
important. In essence, it is shown that coupling of 
rate proc'esses through a precursor wave limits the 
number of Hugoniot adiabat states that are acces­
sible. Thus, the solution to the Rankine-Hugoniot 
equations for the steady-state detonation velocity 
involves a minimization of the velocity subject to the 
constraints imposed by the coupled rate processes. 

For the case of L VD in liquid explosives, six rate 
processes are identified and treated analytically to 
yield an expression coupling the detonation pressure, 
extent of liquid cavitation, and wall shock attenua­
tion rate. This expression, along with the applicable 
jump· conditions' fOl' the cavitated liquid and an 
equation of state for the detonation products, yield 
a quantitative' description of stable LVD. Calculated 
detonation velocities, pressures, .and 'stability condi­
tions are in very good agreement with the available 
experimental data for nitroglycerin, ethylene glycol 
dinitrate, and nitromethane. 
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OP 4-73. Chemical Composition of Deep Formation Waters 
in Southwestern Louisiana, by Parke A. Dickey, 

A. Gene Collins, and Ivan Fajardo M. Am. Assoc. 
Petrol. Geologists Bull., v. 56, No.8, August 1972, 
pp. 1530-1533. Forty-one formation-water samples 
from gas fields near Lafayette in southwestern 
Louisiana were analyzed to determine whether there 
is any difference in chemical composition between 
waters in normally pressured and abnormally pres­
sured geologic intervals. Indications are. that the 
concentration of diss'olved solids in the waters is re­
lated to the degree of compaction of the adjacent 
shale, and that most of the samples taken from hig'h­
pressure zones are less concentrated in dissolved 
solids than those taken from normally pressured 
zones. 

OP 5-73. Infrared Structural Characteri%ation of Single 
, Grains From Two Apollo 15 Dusts, by P. A. 

Estep J. J. Kovach, and C. Karl', Jr. The Apollo 15 
Luna~ Samples, ed. by J. W. Chamberlain and C. 
Watkins Lunar Science Institute, Houston, Tex., 
October '1972, pp. 470-474. Single grains (> 150.u) 
of minerals, basalts, and glasses from ~wo Apollo 15 
dusts have been structurally characterIzed by mfra" 
red absorption spectroscopy. The. two c01!lprehensive 
dusts were obtained from geologICally different ter­
rains-sample 15301,83 from the Apennine. Front 
on the northeast rim of Spur Crater (StatIOn 7), 
and lying on a narrow ridge that may be a ray 
formed from the craters Aristillus or Autolycus; and 
sample 15601,72, from the Mare-Rille terrain, c?l­
lected approximately 20 meters no~theast of the. rIm 
of Hadley Rille (Station 9a), lymg off t~e rIdge. 
The infrared spectral data show that grams from 
each dust have distinctive structural features that 
characterize the site of collection and may help to 
interpret its geology. Structural features of grains 
from the Front dust were similar to those in grains 
. that were previously isolated from Apollo 14 Fra 
Mauro highland samples, while those from the Ril)e 
dust were similar to those that were observed m 
grains from Apollo 11 and 12 mare basaltic samples. 
Differences between the two Apollo 15 samples as 
determined by single-grain infrared analyses may 
further serve to distinguish ray material from non­
ray material. The dusts were dry-sieved and s~ngle 
grains isolated from only the + 100 mesh fractIons. 
The Front dust gave a smaller amount of + 100 mesh 
(15.5 weight-percent) than the Rille dust (32.6 
weight-percent), or any of the six other dusts that 
we previously studied from Apollo 11, 12, and 14 
Missions (21.7 to 32.1 weight-percent). Infrared 
analyses for single grains from the dusts, as shown 
in table 1, were obtained by recently developed 
microsampling techniques. These made it possible to. 
detect grain-to-grain structural variations in several 
different mineral classes within each dust sample, 
and to characterize the structures of some trace 
accessory minerals. 

OP 6-73. Impending Mineral Supply Problems, by Stanley 
A. Feitler. Communicator, v. 3, No.5, 

October 1972, pp. 5-6. Based on the trend of the 
20-year period 1950-70, domestic primary mineral 
demand will exceed production by $64 billion (1970 
dollars) in the year 2000. Several options are open 
to avoid future balance-of-payments crises or re­
duced living standards. The options briefly discussed 
are recycle more mineral scrap, increase exports, 
increase the rate of growth of mineral production, 
and decrease the rate of growth of consumption. 
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OP 7-73. Effectiveness of Halogenated Agents Against 
Gaseous Explosions and Propellant Fires, by 

Joseph M. Kuchta and David Burgess. Proc. Nat. 
Acad. Sci. Symp: on An Appraisal of HaloiLenated 
Fire Extinguishing Agents, Apr. 11-12, 19 i 2, . pp. 
257-277. This report summarizes Bureau of Mmes 
studies on the effectiveness of halogenated agel}ts. as 
fire and explosion suppressants and O? th.e lImIta­
tions of a commercial Halon 1391 extmguisher ~or 
use as an ignition-quenching deVIce. I:Ialons contam­
ing bromine ~end. to. be J?1ore effective tha~ th~se 
without bromme m mertmg ,hydrocarbon-a.Ir n:IX-
tures; the Halon 1301 reqUIrement for mertIng 
methane-air mixtures was &,re~te~ .than. that pre­
viously publi?hed. Met~ane-alr 19mhons III the Bu­
reau's ExperImental MIne were quenched by a com­
mercial Halon 1301 extinguisher onl'y when the agent 
was applied before the fire.ball diame.ter e::cceeded 
some critical value (- 18 Inches). DIspe:r:sIOn e;'C­
periments revealed that extinguishment. faIlures In 
the mine tests were attributable to nonun:form ag~nt 
'distribution which resulted in the. formatIOn of .vOIds 
with very low agent concentratIOns. A practIcable 
concentration of Halon 1301 (for example, 10 per­
cent) can inert a small spill of prope!lant su~h as 
Aerozine-50 at room temperature agaInst ordInary 
ignition sources. However, im~racticably ~igh. Halon 
concentrations would be reqUIred to. extIngUIsh a;t 
established Aerozine-50 pool fire or to Inert the m~xI­
mum vapor concentrations of this propellant pOSSIble 
in a closed chamber. 

OP 8-73. Research and Development-Key to Advances for 
Rapid Excavation in Hard Rock, by James J. 

Olson and Thomas C. Atchison. Proc. 1st North 
American Rapid Excavation and Tunneling Conf., 
AIME v. 2, ch. 78, 1972, pp. 1393-144;t. Th~ purp?~es 
of this paper are (1) to show the potentIal abIlIty 
of technologic forecasting to meet future. demands 
in rapid excavation through the acceleratIOn. of ex­
cavation rates by research and developm~nt III s~v­
eral related technologic fields, (2) to prOVIde a brIef 
review of the initial development of the ARPA 
(Advanced Res~arch Proj~cts Agency) Rock Me­
chanics and RapId ExcavatIOn program, (3) to draw 
attention to the research projects completed or un­
derway in the FY 1970-72 ARPA program and ex­
plain where information or program results can be 
obtained, (4) to summarize the progress ~nd accom­
plishments of applied research contracts In the rock 
disintegration element of the ARPA program, and 
(5) to discuss the research directions planned for 
the remaining years of the program. 

OP 9-73. Relaxation and the Behavior of Failed Rock, by S. 
Peng and E. R. Podnieks. Internat. J. 

Rock Mechanics and Min. Sci. v. 9, No.6, November 
1972, pp. 699-712. A servocontrolled hydraulic test­
ing machine was used to conduct uniaxial compres­
sion tests which demonstrate the time-dependent be­
havior of a brittle porous rock such as tuff. The 
applied strain rate ranged from 10-2 to 10-7/sec. The 
strength increased as applied strain rate was in­
creased, and strength variation was confined to the 
range between elastic limit and ultimate stress. 
Load-deformation behavior for all test specimens 
was essentially the same for the load range below 
elastic' limit regardless of applied strain rate. Stress 
relaxation curves were obtained by holding applied 
deformation constant as soon as a macrocrack initia­
tion was observed in the specimen. From the be­
havior of stress relaxation, a theory of time-depend· 
ent rock strength was presented. 
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'OP 10-73. Study of Rock Behavior in Cyclic Loading, by 
Syd S. Peng, Egons R. Podnieks, and 

Patrick J. Cain. Proc. 6th Conf. on Drilling and 
Rock Mechanics, AIME, SPE 4249, 1973, pp. 181-
186. Specimens of Salem Limestone were load~d 
cyclicly at a frequency of two cycles per second In 
uniaxial cyclic compression, tension, and compres­
sion-tension. The maximum deformation with time 
for each cycle and the load-deformation hysteresis 
loops were recorded at predetermined intervals. 

OP 11-73. Electrogasdynamic Application to Dust Monitor. 
ing, by Nelson S. Smith and George E. 

Fasching. Proc. 2d Internat. Clean Air Congress, 
Washington, D.C., Dec. 6-11, 1970, CP-19E, Decem­
ber 1971, pp. 432-436. Fly ash emissions from power· 

,plant stacks are not as easily detected or measured 
as smoke or gaseous pollutants. To meet this need, 
the Bureau of Mines, U.S. Department of the 
Interior, is developing an instrument based on 
electrogasdynamic (EGD) principles to continuously 
measure and record the size distribution and mass 
flow rate of fly ash in stack gases. Such an instru­
ment would haYe the advantage of continuous meas­
urement oyer systems in which the fly ash is filtered, 
weighed, and analyzed on an intermittent basis. It 
would also have the advantage of size-determination 
capability of similar systems that can only determine 
the total mass flow rate. A study of EGD reveals 
that a gas stream carrying unipolar ions or charged 
particles can gain energy from or impart energy to 
the charged bodies. Although an obvious application 
of this interaction is that of power generation, other 
uses are possible, for example, dust precipitators. A 
precipitator based on the EGI principle is made up 
of three sections. The dust-laden gas stream first 
enters a high-velocity ionizing sect jon where the dust 
particles take on a unipolar charge. The gas then 
passes through a dielectric diffusing section where 
the Yelocity is reduced to permit charged particle 
radial velocities of the same magnitude as the axial 
velocitv. Finally, the stream enters a collecting sec­
tion (metal) where the space charge of the particles 
causes them to move to the collector wall. Velocity 
of the gas is maintained low enough that reentrain­
ment of the particles is minimal, and if the collector 
section is long enough more than 90 percent of the 
dust can be removed. 

Of? 12-73. Development and Potentials of Moire Method 
of Strain Analysis for Rock Testing. by K. 

Thirumalai and R. L. FIscher. Stability of Slopes, 
Proc., 13th Symp. Rock Mechanics, ed. by E. J. Cord­
ing, American Society of Civil Engineers, 1972, pp. 
727-751. Created by an optical interference of two 
closely spaced arrays of lines or grids, the moire 
effect is a phenomenon offering a convenient means 
of detecting large field inplane displacements for 
strain analysis. This pioneering study carried out by 
the Bureau of Mines develops an experimental tech­
nique for using the moire method in making remote 
full field strain distribution measurements for rock 
fragmentation stUdy. The paper briefly explains the 
basic principles of the moire method and its signifi­
cance to measure strain distribution during rock 
testing. 

OP 13-73. Diamond Drilling With Surfactants in Upper 
Michigan Conglomerates Using Surface-Set Bits, 

by Harold F. Unger, Byron S. Snowden, and Wi!­
.liam H. Engelmann. Proc. 6th Conf. on Drilling and 
Rock Mechanics, AIME, SPE 4236, 1973, pp. 71-77. 
A drilling study was carried out, testing two rota­
tional speed leyels, two diamond bit grade levels, and 
four flushing agents (including water as control). 

The lower speed and higher thrust yielded faster 
penetration rates over those of the higher speed/ 
lower thrust combination. Comparison of all low­
speed/high-thrust groups of tests shows that the 
nonionic surfactant produced a 35-percent overall 
average increase over water, the anionic a 29-per­
cent increase, and the cationic a 28-percent increase. 
These increases in penetration rates resulted in a 
22- to 26-percent reduction in cost over flushing with 
water alone. 

OP 14-73. Probe Drilling for Rapid Tunneling, by T. N. 
Williamson and R. L. Schmidt. Proc. 1st 

North American Rapid Excavation and Tunneling 
Conf., AIME, v. 1, ch. 8, 1972, pp. 65-87. This paper 
describes one of several research projects funded by 
the Advanced Research Projects Agency to extend 
the technology of rapid underground excavation. 
This study and field research effort are to investigate 
alternative means to determine rock and geological 
conditions in advance of a tunnel boring machine 
(TBM). Approximately 1 year of a planned 3-year 
program has resulted in the definition of three can­
didate drill systems. Hardware has been assembled 
to field test these candidates and testing has begun. 

OP 15-73. Dry Separation of Pyrite From Coal, by Wiliiam 
T. Abel, Michael Zulkoski, and Galen J. 

Gauntlett. I&EC Prod. Res. and Develop., v. 11, 
September 1972, pp. 342-347. A dry separation 
process for removing pyrite from fine coal by use 
of centrifugal and electrostatic methods removed 
30-50 percent of the total pyritic sulfur (equivalent 
to 50-70 percent of the available pyritic sulfur). 
Both separation methods were benefited by restrict­
ing particle size range and keeping pyrite particles 
as large as possible. Removal efficiency, therefore, 
was increased by intejrrating the separation and 
grindirig steps as in stage grinding. With stage 
grinding, nearly 90 percent of the available pyritic 
sulfur was removed from a Pittsburgh seam roof 
coal. 

OP 16-73. New Packer Helps Control Methane in Coal 
Mines, by J. H. Cobbs and J. D. Hadden. 

Coal Age, v. 78, No.1, January 1973, pp. 60-62. 
A new type of borehole packer has been developed 
and tested which has proved superior in performance 
to the conventional balloon-type packers and yet 
costs less than half that of the balloon types. The 
new pa~ker, designed and manufactured by James 
H. Cobbs Engineering, works on a umque compres­
sion principle and thus cannot suffer a rupture of. 
its sealing element. The simplicity of the new packer 
permits it to be easily disassembled in the field for 
maintenance. Moreover, its weight has been reduced 
to about half that of the balloon types. Interest in 
packers has grown because of the Bureau of Mines' 
search for improved methods for controlling the 
emission of methane in coal beds. One control tech­
nique would divert the methane from an active face 
area through the use of horizontal holes drilled in 
the coal bed. Another method employs water infu­
sion to block the methane from entering the face 
area. In each case the methane emissions in the 
the active face area are cut down, thus reducing the 
possibility of a methane ignition. 

OP 17-73. Two-Dimensional Lattice Orientation and Three-
Dimensional Crystallinity in Carbon Fibres, by 

Sabri Ergun. Nature Phys. Sci., v. 238, No. 87, 
August 1972, pp. 137-139. It has been found that 
some carbon fibers prepared from polyacrylonitrile 
possess three-dimensional crystallinity of a graphite-
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like lattice, and that the two-~imen.sional. graphite­
like lattice has a preferred orIentatIOn wIth respect 
to the fiber axis in addition to being parallel to the 
fiber axis. The observed two-dimensional preferred 
orientation and other considerations indicate that 
fibers possess a three-dimensional lattice. 

OP 18-73. Reaction of Coal With Nitrogen in a Micro-
wave Discharge, by Y. C. Fu, B. D. Blau­

stein, and A. G. Sharkey, Jr. Fuel, v. 51, No.4, 
October 1972, pp. 308-311. In a microwave dis­
charge in nitrogen, high-volatile bituminous coal 
produces gaseous products, namely hydrogen cya­
nide, acetvlene, small amounts of cyanogen and 
10w-molecu'Iar-weight hydrocarbon gases, and nitro­
gen-containing compounds, in addition to the usual 
hydrogen and carbon oxides. The reaction of coal in 
the nitrogen discharge occurs in two stages: inter­
action of active nitrogen with the coal molecule to 
cause rapid volatilization of gaseous products, and 
slow gasification of residual char by active nitrogen. 
Various factors influencing product type, yield, and 
distribution are examined. Under conditions where 
the gaseous products can be quickly quenched or 
removed, as by trapping at a very low temperature, 
more than 42 percent of carbon in the coal can be 
converted mainly to hydrogen cyanide and acetylene, 
which together constitute about 90 percent of the 
total products. 

OP 19-73. Safety Design for Metal Tailings Dams, by Dan 
Kealy. Min. Congo J., V. 59, No.1, Janu­

ary 1973, pp. 51-55. Mineral tailings can be used 
to build structurally safe tailings embankments. Re­
cent technology has provided engineers with the 
"tools" needed to assess overall embankment sta­
bility. For example, one can predict the ultimate 
height to which the dam can be built and still remain 
safe. Complete control of surface and seepage water 
is the key requirement to building safe dams. In 
general, peripheral discharge building methods pro­
mote safe tailings ponds via good water control, 
and, in addition, aid in controlling environmentally 
detrimental water. Practical testing and instrumen­
tation technology are available to monitor the safety 
of any embankment on a routine basis. Some 
thoughts relative to design requirements for final 
abandonment of the tailings pond are also presented. 

OP 20-73. Delineation of Subsurface Fracture System in 
a Petroleum Reservoir: An Experiment, by C. A. 

Komar, L. Z. Shuck, W. K. Overbey, Jr., and T. O. 
Anderson. Pres. at 47th Ann. Fall Meeting, Soc. 
Petrol. Eng., AIME, San Antonio, Tex., Oct. 8-.11, 
1972, SPE Preprint 4048, 8 pp. Short-duratIon 
pressure-interference tests were conducted to de­
lineate the natural and induced subsurface fracture 
system in a petroleum reservoir ne!!r Bradford, Pa. 
The test site is a 36-acre lease with 16 five-spots. 
Pressure sensors were put in 40 wells. Pressure 
responses were measured before, during, and after 
each well was pressured at 1,400 psig for 30 minutes 
and 10 hours and at 2,000 psig (surface pressure) 
for 15 minutes. Responses were obtained at 300 to 
1,000 feet from the injection weI! and were a~to-. 
matically recorded at preselected mtervals rangmg 
from 30 seconds to 1 hour. Small increases in pres­
sure during various injection tests ind!cated near 
wellbore communication and the locatIOn, exten~, 
and orientation of joints and fracture~. The m~ltr­
sensor array demonstrated that hydrauhc preSSUrIza­
tion ean be useful in delineating subsurface fracture 
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systems in petroleum reservoirs and can help 
petroleum reservoirs and can help petroleum en.gl­
neers establish patterns of injection and productIOn 
wells to a"oid premature waterfron! breakthrough, 
thus increasing sweep efficiency and 011 recovery from 
flooding operations. 

OP 21-73. New Techniques for Rock Fracture Energy 
Measurements, by Warren W. Krech and 

.Peter G. Chamberlain. Pres. at 47th Ann. F:;1l Meet­
ing, Soc. Petrol. Eng., AIME, San Antomo, Tex., 
Oct. 8-11, 1972; SPE Preprint 4060, 6 pp. The u:;e 
of closed-loop, servo-controlled test s~stem~ t~ obtam 
rock fracture energy measurements m umaxlal ten­
sion torsion, and direct shear is described. Results 
of fracture energy tests performed on three rock 
types are presented. Analysis of the .test results sub­
stantiates the usefulness of measurmg fracture en­
ergy by the new test techniques. The ac;Ivantage of 
these new tests, providing data potentially u~eful 
for input into analytical rock response calculatIOns, 
far outweighs the advantage of the usual test 
methods-simplicity of test procedure. Fracture en­
ergy values for three r:ock ~yp:s tested under a 
series of load configuratIOns mdlCate that fracture 
energy requirements increase with confi.ning. stre~s 
level. The ratio of fracture energy reqUlred m um­
axial compression to that in uniaxial tension ranges 
from 140 for Berea Sandstone to 560 for Barre 
Granite. 

OP 22-73. Solution Mining, by William A. McKinney. 
Min. Eng., V. 25, February 1973, pp. 

56-57. This article describes current technology and 
research programs involved with solution mining. 
Increased pressure to develop technology for the 
recovery of metals and minerals with minimum 
pollution of the environment resulted in many new 
developments in solution or chemical mining in 1972, 
particularly apparent in the number of new field 
applications of true solution mining or in situ leach-· 
ing of copper ores. 

OP 23-73. Plugging Abandoned Gas and Oil. Wells, by 
Joseph Pasini III, G. E. Renmck, F. E. 

Armstrong, and J. R. Abrams. Min. Con?"" J., v. 58, 
No. 12. Derember 1972. pp. 37-42. The U.S. Bureau 
of Mines is investigating the plugging of low-pro­
ductivity wells and the reopening and replugging 
of abandoned wells as a means of solving various 
problems these wells pose to coal mining operations. 
This has resulted in an effort to develop and demon­
strate the safety and feasibility of an improved 
mandatory safety standara to regulate the m.ainte­
nance or elimination of coal pillars around 011 and 
gas wells. 

OP 24-73. Carbon-13 Magnetic Resonance in Diamonds, 
Coals, and Graphite, by H. L. Retcofsky a,!ld 

R. A. Friedel. J. Phys. Chern., v. 77, Janu::;ry 19,3, 
pp.68-71. Carbon-13 magnetic resonance (C NaiR) 
spectra of gem-quality diamonds, ~owdered natural 
graphite, and four coals .were ?bt<l;med as part of a 
comprehensive spectral InvestigatIOn of t~e struc­
ture of coal and other carbonaceous materIals. The 
chemical shift in diamond was found to .agree w.ell 
with empirical prediction~ ba.sed on prIOr studies 
of pure aliphatic and ahcychc hydrocarb?ns. T.he 
spectrum of graphite reflects both a chemical sl:lft 
anisotropy and the semiconductivity of the ~aterIal. 
The results for the coals were compared With those 
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for diamond and graphite and found to be best 
rationalized in terms of increasing carbon aromatic­
ity with increasing coal rank leading finally to the 
formation of graphite-like structures. 

OP 25-73. Note on the Communication "Characteristic 13C 
NMR Chemical Shifts in Organic Materials" 

by Jensen and Petrakis, by H. L. Retcofsky and R. A. 
Friedel. J. Magnetic Resonance, v. 8, 1972, p. 398. 
Recently, Jensen and Petrakis published a potentially 
useful chemical shift-structure correlation chart for 
"'c NMR. The chart, though reasonably comprehen­
sive, neglects allenic type carbons. We feel that this 
is an unfortunate omission since (1) allenic carbons 
of the type =C= give chemical shifts in the region 
generally attributed to carbonyl carbons, and (2) 

I 
=CH2 and =CH allenic carbon resonances appear in 
the same spectral region as do the triply bonded 
carbons in alkynes. 

OP 26-73, Adsorption of Methane/Ethane Mixtures on Dry 
Coal at Elevated Pressure, by T. C. Ruppel, 

C. T. Grein, and D. Bienstock. Fuel, v. 51, October 
1972, pp. 297-303. The binary adsorption charac­
teristics of methane and ethane on dry coal to 40 
atm pressure have been calculated from pure-com­
ponent isotherms. In some coal seams, pressures ex­
ceeding 40 atm have been recorded and the methane 
sampled from the virgin coal often shows a few per­
cent of ethane. The binary adsorption characteris­
tics were calculated by employing the ideal adsorbed 
solution theory of Myers and Prausnitz, and experi­
mentally-determined (Type I) pure gas isotherms 
at 0', 30', and 50" C. The coal used in this investiga­

.tion was high-volatile A bituminous (hvab) from 
the Pennsylvania Pittsburgh seam. Gas nonideality 
was accounted for by replacing pressure with fugac­
ity. Adsorption of meth,ane on dry coal is purely 
physical; the isosteric heat of adsorption does not 
exceed 2.4 kcal/mol at 30' C on the above coal. 
Isobars on the resulting binary equilibrium diagram 
exhibited an unexpected phenomenon of intersecting 
each other which might be attributable to the above 
nonideality considerations. The region of a few per­
cent of ethane, which is of practical importance 
from the viewpoint of coal seams, was expanded and 
reduced to an equation: V(CH4) = -21'52 + 7'18 
(VF) + 16'88(VF)' - 0.395(P) - 0.00661(P), + 
0.824 (T) - 0.00030 (T)' + 0.928 (VF) (P) - 0.858 
(VF) (T). V(Total) = 25.9 - 23'6(VF) + 0.655 
(P) - 0.00875(P)' - 0.795(T) + 0.743 (VF) (T) 
where V(CH4) and V(Total) = cm'(STP)CH. and 
total gas respectively adsorbed per g dry coal; VF 
= volume fraction of methane as analyzed at 1 atm 
(0'94 <; VF <; 1'0); P = seam pressure, atm (0 <; 
P <; 40);T = seam temperature,. cc' (-10 <; T 
<; 50). 

OP 27-73. Thermal Analysis in Earth Science: Experience 
and Expectations, by John Ward Smith. 

Proc. 3d ICT A Davos, v. 3, 1971, pp. 605-635. 
Thermal analy.sis in earth science is a relatively 
mature field ~nth a huge background of experience. 
Throughout Its development thermal analysis has 
been preoccupied with characterization of rocks and 
minerals.. the primary USe of thermal analysis in 
earth sCIence. The clays, now largely a standardized 
part of ceramics studies, claimed a major part of 
the early work. Recently, however, development of 
thermal analysis in the area of earth science has 
slackened. The widespread routine use of thermal 
a~alysis in soil characterization, clay testing, and 

raw material evaluation for several types of manu­
facturing insures that the field is still viable. Both 
the routine application and the decline in published 
developments, however, indicate that thermal analy­
sis in earth science is a mature field whose basic 
'information has largely been amassed. Development 
now requires (1) moving in new directions which 
can exploit this amassed knowledge, and (2) accept­
ing problems of broader scope like the study of more 
complex materials. An example of such a material 
is oil shale of the Green River Formation. Scope 
of the oil-shale problem is outlined. This paper 
attempts to highlight patterns for development by 
surveying and evaluating some of the information 
already compiled, reviewing problems specific to 
applying thermal analysis to earth science, suggest­
ing ways of meeting these problems, surveying new 
developments, and postUlating directions that 
thermal analysis might move in earth science. 

OP 28-73. Preparation of High-Purity Vanadium by Mag-
nesium Reduction of Vanadium Dichloride, by 

T. T. Campbell, J. L. Schaller, and F. E. Block. 
Metall. 'frans., v. 4, January 1973, pp. 237-241. 
High-purity vanadium was made by magnesium 
reduction of vanadium dichloride. Procedures used 
included (1) the preparation of vanadium tetra­
chloride by chlorination of partially reduced vana­
dium oxide-carbon briquets, (2) l'echlorination of 
crude vanadium tetrachloride containing oxychloride 
compounds, (3) thermal decomposition of vanadium 
tetrachloride to vanadium trichloride, (4) hydrogen 
reduction or thermal disproportionation of vanadium 
trichloride to vanadium dichloride, (5) magnesium 
reduction of vanadium dichloride to vanadium 
sponge, and (6) consolidation of vanadium sponge 
to metal by arc-melting. This work showed that 
higher yields of high-quality vanadium metal can 
be prepared by reduction of vanadium dichloride 
than can be prepared from trichloride. Metal of 
>99.8 pct purity was prepared by magnesium 
reduction of vanadium dichloride with reaction 
efficiencies approaching 98 pct. Only minor losses 
of vanadium are experienced because of the high 
efficiencies of the individual .process steps and be­
cause of the potential for recycling process streams. 

OP 29-73. Perspectives in Current Research for Control of 
Airborne Dust in Coal Mines, by W. G. Court­

ney. Annals New York Acad. Sci., v. 200, Dec. 29, 
1972 pp. 717-723. The Federal Coa'! Mine Health 
and 'Safety Act of 1969 specified that the maxirpum 
allowable concentration of airborne respirable dust 
in bituminous coal mines in the United States be 
2 mg/m3 by the final deadline of December 30, 1975. 
Although the actual operational deadline for imposi­
tion of the 2 mg/m3 level is uncertain because the 
Interim Compliance Panel (ICP) can issue or refuse 
noncompliance permits that allow operation at an 
interim 3 mg/m3 level, it is ge'nerally expected that 
the ICP will refuse noncompliance permits if the 
available dust control technology is deemed adequate 
and is not being fully used. 

The 1969 Act also directed that the Departments 
of the Interior and Health, Education, and Welfare 
shall "develop new or improved means and methods 
of reducing the concentration of respirable dust in 
the mine atmospheres of active workings of the coal 
mines." Advanced technology would assist the mine 
operator in meeting the stringent dust limits imposed 
by the Act. The Federal Bureau of Mines waE 
assigned the responsibility for designing and imple­
menting a research and development program to 
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provide the advanced technology for reducing coal 
n:ine 'resl?irable dust. This paper briefly describes the 
Bureau's program. 

OP 30-73. Recent Advances in the Analysis of Respirable 
Coal Dust for Free Silica, Trace Elements, and 

Organic Constituents, by R. W. Freedman and A. G. 
Sharkey, Jr. Annals New York Acad. Sci. v. 200, 
Dec. 29, 1972, pp. 7-16. The occurrence of pneu­
moconiosis (black lung disease) in coal miners has 
prompted considerable study of the chemical agents 
that may be implicated. Miners who suffer from this 
malady undergo long-term accumulation of carbon­
aceous and other particles in the lungs. The classes 
of material chosen for study in this paper are free 
silica (crystalline or amorphous Si02), elements 
(mainly b:ace metals), and organic compounds. 

Background information in each area is briefly pre­
sented before the discussion of analytical advances. 

OP 31-73. Nonferrous Metals in 1972, by R. A. Heindl, 
Min. Congo J. V. 59, No.2, February 

1973, pp. 94-99. The Nonferrous Metals industry in 
1972 was a microcosm of the economic world. There 
were no major strikes, demand increased, and prices 
increased. However, at the year's end the industry 
faced numerous problems. 

OP 32-73. Electrolytic Preparation of Vanadium From 
Vanadium Carbide, by K. P. V. Lei, R. E. 

Campbell, and T. A. Sullivan. J. Electrochem. Soc., 
V. 120, February 1973, pp. 211-215. The preparation 
of' vanadium by molten-salt electrolysis of a com­
mercial vanadium carbide (VC) containing 84 per­
cent vanadium was investigated. An electrolytic 
process was developed for the extraction of vana­
dium from VC in an LiCI-NaCI-VCb electrolyte con­
tained in a helium-atmosphere cell at 650°C. The 
effects of electrolyte composition, vanadium d'epletion 

.of the VC, and cathode current densities on the proc­
ess, as well as the effects on the quality of vanadium 
products, were determined. Vanadium of 99 percent 
purity was prepared with an 85 percent recovery of 
vanadium and a cathode current efficiency of 70 
percent. The vanadium contained approximately 0.60 
percent oxygen and had a 100 Rockwell B hardness. 
High-purity, ductile vanadium was prepared from 
the VC by electrorefining the extraction products in 
a separate cell or by combining the extraction and 
electro refining processes in a single cell. In the com­
bined process, the vanadium was first extracted from 
the VC and deposited on a cylindrical electrode; this 
vanadium was then electrorefined and deposited on 
a central cathode rod. Both methods yielded vana­
dium of 99.9 percent purity with 35-40 Rockwell B 
hardness. With limited tests in the combined process, 
58 perceni recovery of ductile vanadium from the 
VC was achieved. 

OP 33-73. Sampling Techniques for Raman Spectroscopy of 
Minerals, by Leo E. Makovsky. App!. 

Spectroscopy, V. 27,. No. 1, January/Febru~ry 1973, 
pp. 43-44. When USIng laser Raman spectroscopy to 
study heterogeneous mineral samples such as ores 
and rocks, it is frequently necessary to isolate small 
homogeneous particles embedded in the ,hetero­
geneous matrix without mecha;nically dest~oYIng ~he 
matrix. For this purpose a slmple maskmg dev1ce 
was constructed which, if necessary, can be purged 
with inert gas during illumination. 
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OP 34-73. High-Temperature Thermal Analysis of the 
Systems LaF;;-YF:l, SrFe-YF;; and MgFe-YF;;, by 

R. H. Nafziger, R. L. Lincoln, and N. Riazance. J. 
Inorganic Nuclear Chem., v. 35, February 1973, pp. 
421-426. Thermal analysis experiments haye estab­
lished high-temperature phase relations in three sys­
tems containing YF:l haying potential USe as fluxes for 
electroslag melting of rea~tive metals. The LaF:;-YF:j 
system is characterized by (1) a eutectic occurring 
at 81 \\·t percent YF:l and approximately 400° C 
below the LaF;; melting point, (2) a low-tempera· 
ture hexagonal compound, (3) an extensive LaF3 
solid solution, and (4) limited YF:l solid solution. A 
hexagonal compound with a range of composition, 
and whose X-ray lattice parameters increase with in­
creasing SrF~ content, is stable in equilibrium with 
liquid in the SrF2-YF:l system, resulting in the 
presence of two eutectics. A small liquidus-curve 
maximum occurs in the region where an extensive 
fluorite solid solution is the primary phase. No dis­
cernible solid solubility of SrF~ in YF:l was 
detected. The MgF2-YF:l system contains one eutectic 
with limited terminal solid solution and a possible 
low-temperature compound. Due primarily to higher 
liquidus temperatures, systems containing LaF:l pos­
sess a wider range of suitable electroslag fluxes than 
do systems containing YF:l. However, an optimum 
combination of high liquidus temperature and low 
electrical conductivity indicates that selected com­
positions containing relatively low YF" in these 
systems may provide useful fluxes. Compounds pres­
ent in systems containing YF;j would probably not 
find uses in the electroslag process because of their 
relatively low stability temperatures. 

OP 35-73. Aerosol Deposition on a Charged Plastic Surface, 
by R. L. Stein and W. H. Ryback. Annals 

New York Acad. Sci., V. 200, Dec. 29,. 1972, I?P· 
737-746. Qualitative information re~ardmg. resp1r­
able coal dust electric charge ?istributlOn v,:as 1I1ferre.d 
from the rate of concentratlOn decrease 111 a plastlc 
chamber. 

OP 36-73. Mixed Potassium-Cesium Seeding in Open-Cycle 
MHO Power Generation, by P. D. Bergman 

and D. Bienstock. 13th Symp. Eng. Aspects of 
Magnetohydrodynamics, Stanford University, Palo 
Alto, Calif., Mar. 26-28, 1973, pp. V.5.1-V.5.6. The 
high price of pollucite ore, its limited availability, 
and the need to provide stack rem,oval of S02 pre­
sent formidable obstacles to the use of pure cesium 
as a seeding mat~ial in open-cycle MHD power 
generation. Cost estimates indicate that mixed po­
tassium-cesium seeding is preferable to the use of 
either pure cesium or pure potassium. Cheaper elec­
tricity and higher open-cycle ~IHD operating effi­
ciencies result from the use of mixed seed. Savings 
of $3 million per year in power costs for a 1,000 
MWe open-cycle MHD powerplant are envisioned 
if the mixed seeding technique is adopted. 

A coal-burning combustion experiment employing 
a 15 mole-percent cesium carbonate-85 mole-percent 
potassium carbonate seed was conducted in the 
89 has been made by reforming hydrogenated shale 
oil at 900°F and 200 psig. 
B~reau of ""Mines MHD pilot plant. The reSUlting 
mIxed seed-fly ash residue was leached with hot 
wate:r . It was established that cesium seed recov­
ery 1S .of no greater order of difficulty than that for 
potassIUm. 
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OP 37-73. Air Pollution Aspects of MHO Power Generation, 
by D. Bienstock, P. D. Bergman, J. M. 

Henry, R. J. Demski, J. J. Demeter, and K. D. 
Plants. 13th Symp. Eng. Aspects of Magnetohydro­
dynamics, Stanford University, Palo Alto, Calif., 
Mar. 26-28, 1973, pp. VII.1-VII.1.10. Magneto­
hydrodynamics has very low air-pollution potentia!. 
In pilot plant tests in which a 2.2 wt-pct sul­
fur coal was burned in a cyclone furnace at 200 
Ibs/hr and 4,000° F (2,500° K) at a seed concen­
tration of 1 g-mole K2CO~/kg coal, 99.8 percent 
removal of S02 was obtained with only· 5 ppm 
S02 in the gaseous effluent. Operating the combustor 

\yith 95 percent of stoichiometric oxygen and ambient 
.air admitted at 2,000° F (1,370° K), NO x emissions 
decreased to 150 ppm or 0.12 Ib NOz/million Btu. 
This represents a 94 percent reduction from single­
stage operation at 102 percent of stoichiometric 
oxygen. As the gas-cooling rate in the experimental 
unit is higher than projected for a commercial plant, 
it is expected that a commercial plant would experi­
ence even lower NO., emissions. A mathematical 
model using the Zeldovich mechanism was adequate 
to follow the NO.1 decomposition in the air-rich sys­
tE'm; an extended Zeldovich was more appropriate 
in the fuel-rich regime. Experiments showed that at 
high slag-rejection rates of greater than 90 percent. 
recovery of the potassium seed by aqueous extraction 
was better than 99 percent. Cost estimates of a 1,000-
?lnre MHD-steam plant, in which the spent seed 
i~ recoyered by aqueous extraction and then regener­
ated with reducing gases to remove the sulfur, 
showed an operating cost of the seed recovery-sulfur 
remoyal steps of 8 percent of the overall power costs 
of 10.3 mil)s/kwh. SeEid make-up costs have a mar­
ginal impact even at potassium recoveries as low 
as 95 percent. The capital costs of S02 removal is 
$10A/kw, approximately one-fifth of that in conven­
tional power plants. 

OP 38-73. Upgrading the Iron Content of Blast Furnace 
Dusts by Coke Flotation, by Arthur F. Co­

lombo. Ironmaking Proceedings, Metal!. Soc. AIME, 
Chicago. Ill., v. 31, 1972, pp. 320-328. Blast furnace 
dusts from the Ford Motor Company's Steel Divi­
sion Operation were separated into coke and iron 
oxide products by applying a fuel oil-frother flota­
tion system. 

OP 39 73 Bureau of Mines Synthone Process: Research 
- . and Development on Converting Coal to Sub­

stitute Natural Gas, by Richard C. Corey. Proc. Con~. 
Synthetic }Cuels from Coal, Oklahoma State Un!­
versity, Stillwater, Okla., ~ay 1, 1972. 35 pp. ThIS 
article summarizes the natlOnal energy p~oblem, ~he 
role of substitute natural gas (~NG) m meetmg 
growing demands for non-pollutmg fuel, and de­
scribes the laboratory- and pilot-plant development 
of the Bureau of Mines Synthane process for con­
verting coal to SNG. 

OP 40-73 Depleted Uranimum as Catalyst far Hydrocrack-
. ing Shale Oil, by Philip L. Cottingham and 

Lawrence K. Barker. I&EC Prod. Res. and ,Develop., 
v. 12, No.1, March 1973, pp. 41-47; Preprmts, DIV. 
Fuel Chem., ACS, v. 16, No.2, 1972, .pp. 24-41!. 
This article describes the process by WhICh low lll­
trogen and sulfur gasoline with an octane number of 
89 has been made by reforming hydrogenated shale 
oil at 900°F and 200 psig. 

OP 41-73. Ignitian af Methane by Frictional Sparks Be-
tween Metals and Rusty Steel, by D. H. Desy, 

J. S. Risbeck, and L. A. Neumeier: Pres. at Ann: 
Meeting Soc. Min. Eng., AIME, ChIcago, Ill., SM~ 
Preprint 73-F-29, Feb. 25-Mar. 1, 1973, 8 pp. ThIs 
research was undertaken to establish the incendivity 
of aluminum alloys against rusty steel under fric­
tional impact conditions at typical coal mine fan 
speeds, to determine. any differences in ~ncend.ivity 
among various alummum alloys, and to mvest~gate 
l~ss incendive materials as substitutes for alummum 
alloys. With a specially designed apparatus, ~hree 
aluminum casting· alloys and three constructlOnal 
steels were tested for incendivity in frictional impact 
against rusted steel in flammable methane-air mix­
tures. Although varying in degree, all aluminum al­
loys investigated exhibited a high ignition probabil­
ity under the test conditions; none of the steel 
specimens tested caused any ignitions under the 
same conditions. 

OP 42-73. Prereduced Pellets From Iron and Steelmaking 
Wastes, by W. M. Dressel, P. G. Barna~d, 

and M. M. Fine. Pres. at Ann. Meeting Soc. Mm. 
Eng. AIME Chicago, Ill., SME Preprint 73-B-82, 
Feb. '25-Mar: 1, 1973, 12 pp. Over 2 million tons of 
steel furnace dusts are prodtfced each year in the 
United States. Recycling of these dusts rather than 
disposal would conserve mineral resources, reduce 
land requirements for disposal, and decrease pollu­
tion. In addition to the iron content, the dusts con­
tain appreciable amounts of zinc and lea~. Rem?val 
of lead and zinc with simultaneous reductIon of Iron 
oxide has been achieved by inert atmosphere roast­
ing of carbon-containing pellets prepared from steel 
furnace wastes. High- and low-carbon wastes were 
blended to obtain mixtures with sufficient carbo~ to 
serve as a reductant during subsequent roastmg. 
The mixtures were pelletized with the addition of 
bentonite and water, and. the dried pellets were 
roasted in a stream of llltrogen at temperatures 
ranging from 900° to 1,150° C. Zinc and lead con­
tents were reduced to the 0.1 percent level or less by 
roasting mixtures containing as little as 7 percent 
carbon for 1 hour at 1,100° C. Iron metallization in­
creases with available carbon content; 50 percent 
metallization is achieved' with 7 percent carbon, 85 
percent metallization with 12.5 percent carbon, and 
over 95 percent metallization when the pelletized 
mixtures contained in excess of 20 percent carbon. 

OP 43-73. 3-Methylpentane and 3-Methylheptane. Low-
Temperature Thermodynamic Properties, by 

H. L. Finke and J. F. Messerley. J. Chern. Thermo­
dynamics, v. 5, No.2, 1973, pp. 247-257. Low- tem­
perature thermal properties of 3-methylpentane and 
3-methylheptane were measured by adiabatic cal­
orimetry from 10° to 330° K and 10° to 380° K, 
respectively. The results were used to calculate the 
thermodynamic functions at selected temperatures 
for the solid and liquid phases. 

OP 44-73. Instrumentation and Techniques for Measuring 
Emissions, by R. W. Hurn. Ch. in En­

gine Emissions: Pollutant Formation and Measure­
ment, ed. by G. S. Springer and D. J. Patterson. 
Plenum Publishing Corp., New York, 1973, pp. 
291-317. The chapter covers instrumentation and 
procedures for the measurement of objectionable air 
pollutants in auto exhaust. Instruments t.hat are 
suitable for the application are described j proper 
use and operation are discussed. 
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OP 45-73. Coal Mine Explosions: Seasonal Trends, by 
Fred N. Kissell, Allan E. Nagel, and 

Michael G. Zabetakis. Science, v. 173, Mar. 2, 1973, 
pp. 891-892. An analysis of disaster reports on coal 
mine explosions indicates that gas explosions are 
randomly distributed throughout the year, whereas 
dust explosions (which mayor may not be triggered 
by a gas explosion) occur with greater frequency 
during the dry fall and winter months. The lack of 
adequate moisture during cold weather tends to in­
crease the rate and severity of the dust explosions. 

OP 46-73. Rapid Excavation and the Role of Engineering 
Geology, by Leonard Obert. Geological 

Factors in Rapid Excavation (Engineering Geology 
Case History Number 9), ed. by H. J. Pincus, The 
Geological Society of America, Boulder, Colo., 1973, 
pp. 1-4. There is ample testimony that the demands 
for underground excavation will increase signifi­
cantly in the future. Because of these increasing de­
mands, there is a special incentive for improving all 
phases of underground excavation techniques. The 
author of this article addresses himself to the role 
of engineering geology and the engineering geologist 
in improving the underground excavation process. 

OP 47-73. Some Geologic Structural Influences in Quarry-
ing Limestone and Dolomite, by Joseph M. 

Pugliese. Geological Fadors in Rapid Excavation 
(Engineering Geology Case History Number 9). ed. 
by H. J. Pincus, The Geological Society of America, 
Boulder, Colo., 1973, pp. 11-16. The objective was 
to determine to what extent geology, mainly struc­
ture, influenced blasting practices and results in 
limestone and dolomite quarries, and to ascertain 
how geologic features could be .utilized to advantage 
in quarrying. The rock in the quarries visited was 
mined by bench blasting with long cylindrical 
charges in vertical boreholes. The gross geologic fea­
tures observed to influence blasting are: Horizontal 
bedding without conspicuous jointing, horizontal bed­
ding with conspicuous jointing, and folds, faults, 
unconformities, caves, and filled joints. As an ex-

ample of how geology affects blasting, horizontal 
b.edding with consI?icuou8 jointing provided a condi­
tion where ammOnIum nitrate-fuel oil, AN-FO mis­
fired. The following reasons for the misfire ar~ pos­
sible: (1) When poured into the borehole the AN­
FO was lost into open joints and bedding; '(2) water 
migrating along joint and bedding planes intersect­
ing boreholes desensitized the AN-FO because the 
blasting agent was not loaded into a plastic sleeve; 
(3) the undetonated explosive column in the bore­
hole was cut off by rock shifting along bedding and 
joint planes. This shifting is caused by rock stresses 
produced by earlier detonation of nearby charges. A 
first step in planning a blast design is to identify 
the geologic features such as those mentioned above. 
The quarry officials attempt to adjust blasting tech­
niques to minimize detrimental geologic effects and 
maximize beneficial geologic effects. 

OP 48-73. Equilibrium Electron Density of Coal-Combustion 
Mixtures-Computer Study and Comparison With 

Experiment, by F. E. Spencer, Jr., J. C. Hendrie, Jr., 
and D. Bienstock. 13th Symp. Eng. Aspects of Mag­
netohydrodynamics, Stanford University Palo Alto, 
Calif., Mar. 26-28, 1973, pp. VII.4.1-VII.4.6. Com­
puter electron densities and conductivities are re­
ported for a typical seeded coal combustion mix­
ture. Results are compared with those for a clean 
fuel gas produced from the same coal, from which 
.the ash, sulfur, and chlorine have been excluded. 
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The radical OH appears to be the most important 
electron acceptor in clean systems. For direct coal 
firing however, one should consider the ions AIOr, 
B02-, Cl-, P02-, and S02-, all of which have 
noticeable (order of 1 percent or more) effects on 
electron density. 

OP 49-73. Deposition of Aerosol in a Plastic Chamber, by 
R. L. Stein, W. H. Ryback,. and A. W. 

Sparks. J. Colloid and Interface Sci., v. 42, Febru­
ary 1973, pp. 441-447. A study was made of the 
concentration decrease of aerosol in a polystyrene 
chamber. Loss.es to the walls of the' plastic chamber 
owing to electrostatic attraction were as high as 75 
percent in 20 min. Using a dry aerosol dispersion 
technique, the wall-loss rate constant /3 was nearly 
independent of concentration but decreased with 
time. A spray aerosol dispersal technique from etha­
nol gave lower values of /3, which we~e either con­
stant or'slightly decreasing with time. These differ­
ences have been attributed to electrical mobility 
distributions produced by the dispersal techniques. 

OP 50-73. Noise Control for the Pneumatic Rock Drill, by 
Aarne Visnapuu and James W. Jensen. 

Pres. at Ann. Meeting Soc. Min. Eng., ADIE, Chi­
cago, Ill., SME Preprint 73-A U-62, Feb. 25-Mar. 1, 
1973, 17 pp. Unmodified pneumatic rock drills may 
have noise levels of 115 to 130 dB at the operator's 
·position. Experimental modifications have been made 
to a standard drill to suppress the noise from the 
three main sources: the air exhaust noise, the noise 
radiated from the drill, and the resonance noise of 
the steel drill rods. A prototype model developed at 
the Bureau of Mines, Rolla Metallurgy Research 
Center, operates at a noise level below 100 dB. A 
close-fitting case and muffler unit, consisting of a 
metallic skeleton filled with viscoelastic absorber and 
having a durable covel', provided both muffling and 
noise absorption. Damping alloys were used at stra­
tegic points in the drill. Drill steel resonance noise 
was reduced by a constrained-layer treatment on the 
outside of the drill rod. The singular and combined 
effects of the treatments are presented in detail. 

OP 51-73. Lights Oils From Hydrocarbonization of Coal, by 
J. R. Comberiati, J. O. Mapstone, Jr., 

L. R. Little, Jr., and C. Karl', Jr. Proc. West Vir­
ginia Acad. Sci. (1971), v. 43, 1973, pp. 127-136. 
Yields and characteristics of light oil in the gasoline 
boiling range were determined for six coals ranging 
in rank from low-volatile bituminous to lignite. The 
coals were hydrocarbonized at low temperature in a 
fixed-bed carbonizeI', and the vapors produced were 
catalytically hydrorefined at hydrogen pressures of 
300, 600, and 900 psig. Light oil produced in this 
manner was olefin free and rich in benzene, toluene, 
and xylene (BTX), and would be suitable for blend­
ing in the production of nonleaded gasoline. A maxi­
mum BTX yield of 76 Ib was obtained from a ton of 
dry, ash-free high-volatile bituminous coal. Linear 
polynuclear aromatic compounds were found in the 
tar in sufficient amounts to make this a potential 
source of additional benzene, toluene, and xylene. 

OP 52-73. Infrared and Raman Spectroscopic Studies of 
Structural Variations in Minerals From Apollo 11, 

12, 14, and 15 Samples, by P. A. Estep, J. J. Kovach, 
P. Waldstein, and C. karl'; Jr. Proc. 3d Lunar Sci. 
Conf., Houston, Tex., Jan. 10-13, 1972 (Supplement 
3, Geochimica et Cosmochimica Acta), The M.L T. 
Press, v. 3, 1972, pp. 3047-3067. Infrared and Raman, 
vibrational spectroscopic data, yielding direct infor­
mation on molecular structure, have been obtained 
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for single grains (> 150 ,um) of minerals, basalts, 
and glasses isolated from Apollo 11, 12, 14, and 15 
rock and dust samples, and for grains in Apollo 14 
polished butt samples. From the vibrational data, spe­
cific cation substitutions were determined for the 
predominant silicate minerals of plagioclase (AnD to 
Anfl5), pyroxene (Fsa to FS53), and olivine (FaH to 
Fa.5). Unique spectral variations for grains of 
K-feldspar, orthopyroxene, pyroxenoid, and ilmenite 
were observed to exceed the ranges of terrestrial 
samples, and these variations may be correlatable 
with formation histories. Alpha-quartz was isolated 
as pure single grains, in granitic grains composited 
with sanidine, and in unique grains that were inti­
mately mixed with varying amounts of glass. Acces­
sory minerals of chromite and Ulvospinel were iso­
lated as pure grains and structurally characterized 
from their distinctive infrared spectra. Fundamental 
vibrations of the SiO. tetrahedra in silicate minerals 
were used to classify bulk compositions in dust sieved 
fractions, basalt grains, and glass particles and to 
compare model characteristics for maria, highland, 
and rille samples. No hydrated minerals were found 
in any of the samples studied, indicating anhydrous 
formation conditions. 

OP 53-73. Novel Wet-Digestion Procedure for Trace-Metal 
Analysis of Coal by Atomic Absorption, by 

A. 1'1. Hartstein, R. W. Freedman, and D. W. Plat­
ter. Anal. Chem., v. 45, No.3, March 1973, pp. 611-
614. Coal workers' pneumoconiosis, its causes and 
cure, is the subject of intensive studies by different 
laboratories throughout the world. This form of 
pneumoconiosis is believed to be caused by the inha­
lation and retention of respirable coal mine dust. 
Whether specific chemical compounds or synergistic 
effects of several compounds exacerbate the effects of 
the disease is not presently known. It is clear that 
before these questions may be answered a complete 
chemical analysis of coal dust must be made. This 
may then be compared with chemical analysis of coal 
dust found in the lungs of deceased coal workers. 
Discrepancies between these results may then indi­
cate suspect chemical compounds. As part of an in­
vestigation to fully analyze respirable coal dust, 
trace elemental analysis by a novel wet-digestion 
procedure was developed. 

OP 54-73. Matching Calculated With Actual Waterflood Per-
formance With Estimation of Some Reservoir 

Properties, by R. V. Higgins and A. J. Leighton. Soc. 
Petrol. Eng. ADIE, Preprint SPE 4412, May 15, 
1973, 4 pp. The Higgins-Leighton mathematical 
model was tested by comparing the prediction of per­
formance with observed performance in a mature 
waterfiood in the Dominguez field in Southern Cali­
fornia. Although accurate reservoir data were not 
available, the first match was a reasonably good first 
approximation. For example, the deviation between 
the calculated and actual recovery for the first 5 
years averaged above 15 bbl/acre-ft. Study of the re_­
suIts of the first match indicated that it could be 
Impro,'ed by using revised estimates for two vari­
a!)les! in~erstitial '.\·ater saturation and permeability 
cl~s~nbubon. By tnal and error with successive revi­
ns~on of these two variables, values were obtained 
whIch gave an excellent match. The deviation be­
tween the calculated and actual recovery averaged 
4 bbl,(acre-ft. The results showed that the reservoir 
conta1l1ecl more mobile water at the beginning of the 
fi?od than suspected by the operator and that a few 
hlgh-p~rmea~ility layers had produced the major 
part of the 011 produced from the 155-ft section. 

OP 55-73. Coal Ash -Analysis With an Argon Plasma Emis-
sion Excitation Source, by Susanne S. Ka­

racki. Appl. Spect., v. 27, No.1, January-February 
1973, pp. 41-42. Knowledge of the composition of 
coal ash and related materials has become important 
today in the investigation of air and water pollution, 
coal miners' pneumoconiosis, and strip mine reclama­
tion as well as in the traditional investigation of 
clinkering and slagging problems in industrial use. 
Simplified procedures are needed to analyze these 
materials. In 1962, a description of a rapid method 
for analyzing coal ash based on colorimetric, flame 
photometric, and chelatometric titration techniques 
was published. This procedure, although faster and 
more direct than classical wet chemical procedures, 
requires two dissolutions per sample plus numerous 
reagents and dilutions. A more desirable route to the 
analysis of coal ash would involve the preparation 
of a single solution that could be analyzed directly. 
The application of a lithium metaborate fusion has 
enabled coal ash samples to be completely analyzed 
with one dissolution. 

ClP 56-73. The Processing of Energy Dispersion X-Ray Data 
in a Timesharing Computer, by Harold E. 

Marr and William J. Campbell. Advances in X-Ray 
Analysis, v. 16, 1973, pp. 206-216. A time-sharing 
computer was used in conjunction with a semi­
conductor detector and radioisotopic sources to evalu­
ate energy dispersion X-ray analysis for the rapid 
analysis of copper-base alloys. The time-sharing com­
puter served two purposes: to aid in the development 
of the analytical method and to simulate the action 
of a dedicated computer that would eventually be 
used as part of an on-line analytical device. Some of 
the general capabilities of time-sharing computers 
are discussed in this paper with some emphasis on 
the differences between the computer requirements of 
energy dispersive X-ray methods and conventional 
X-ray spectrography. An annular source of ameri­
cium 241 was used with a secondary fluorescer to ex­
cite 23 brass and bronze alloys. The 400-channel 
spectrum from a multichannel analyzer was recorded 
on paper tape. A telephone coupled teletype was used 
to transmit the X-ray spectrum to the central proc­
essing facility. Curve fitting and statistical analysis 
programs similar to those available from most com­
mercial time-sharing computer operations were uti­
lized as well as other programs written at the Col­
lege Park Metallurgy Research laboratory for proc­
essing digitized spectra. 

OP 57-73. Soviet Coal Productivity: Clarifying the Facts and 
Figures, by V. V. Strishkov, George Mar­

kon, and Zane E. Murphy. Min. Eng., v. 25, No.5, 
1973, pp. 45-49. Although there is considerable lit­
erature on the Soviet coal industry, no single source 
provides an authoritative study of how the U.S.S.R. 
coal industry functions and how well it performs 
its job. Soviet reports are singularly lacking in the 
precise data in terms that are comprehensible to a 
westerner. This article attempts to summarize the 
U.S.S.R. coal data and to clarify some of the data on 
coal, labor, and productivity. 

OP 58-73. Interpretation of Gas Chromatographic Spectra 
in Routine Analysis of Gasoline Exhaust Hydro­

carbons, by B. Dimitriades, C. J. Raible, C. A. Wilson, 
and S. L. Mayo. Preprints. Div. Fuel Chem. ACS, 
v. 16, No.3, 1972, pp. 54-57. In studies of atmos­
pheric pollution from automobile emissions a practi­
cal method is required to routinely analyze the 
emission samples for hydrocarbon components. The 
study undertaken to develop such a method and the 
results of that study are described in this report. 
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OP 59-73. Thermodynamic Properties of Compressed Gase-
ous Methane, by Roland H. Harrison, 

Richard T. Moore, and Donald R. Douslin. J. Chern. 
and Eng. Data, v. 18, No.2, April 1973, pp. 131-
134. Real gas thermodynamic properties, H - HO, 
S - So, and G - GO, of methane were determined as 
functions of temperature (0° to 350 0 C) and molal 
density (0.75 to 12.5 mol dm-3 ) over a pressure 
range of 0 to 400 atm. These properties are recom. 
mended as standards for the development of equa­
tion-of-state relations, since the analytical and 
graphical correlating techniques prodMced results. 
that reflect all the inherent accuracy of the basic 
data. 

OP 60-73. Density of Molten NaCI-TiCI2-TiCI3 Mixtures, by 
David J. MacDonald, Paul R: Bremner, 

and Andrea E. Raddatz. J. Chern. and Eng. Data, 
v. 17, No.2, April 1973. p. 187 .. Densities of nine 
molten salt mixtures containing ~ 0.08 mole fraction 
TiC12 and <0.15 mole fraction TiCb in NaCI were 
measured bY the Archimedean suspended-sinker 
method in the temperature range of 800 0 to 950 0 C. 
Measurement of the density of NaCI by the same 
method produced a result duplicating that of Van 
Artsdalen and Yaffe within 0.2 percent. The partial 
molar volumes of TiClz and TiCb calculated from 
the density data were 45.5 and 74.9 cm3/mol-" re­
spectively, which suggests the presence of substan­
tial proportions of TiCk and TiCk complexes. 

OP 61-73. High Strength Iron Oxide Pellets by Polymer 
Impregnation, by John C. Nigro and Charles 

Prasky. Proc., 12th Biennal Conf. Inst. For Briquet-. 
ting and Agglomeration, v. 12, August 1971, pp. 125-
144. A laboratory research program was initiated to 
determine the technical feasibility of utilizing or­
ganic polymers as binding materials for iron oxide 
pellets. Predried magnetite and hematite pellets im­
pregnated with low-viscosity vinyl liquid monomers 
and polymerized in situ by thermal-catalytic tech­
niques yielded compressive strengths equivalent to 
those reported by high-temperature induration 
plants. One-half-inch-diameter magnetite pellets con­
taining less than 5 ""t-pCt poly(methyl methacrylate) 
gave compressive strengths in excess of 500 lb after 
polymerization at 80 0 C (176 0 F) and annealing at 
200 0 C (392° F). Somewhat lower pellet strengths 
were obtained with methyl methacrylate-styren~ and 
styrene-acrylonitrile copolymers. Polymer impregna­
tion of both heat-hardened and cement-bonded pellets 
resulted in exceptionally high compressive strengths. 
The compressive strength of partially oxidized 
magnetite pellets (500° C (932 0 F» increased from 
about 100 lb to over 1,000 lb after impregnation with 
less than 5 wt-pct poly (methyl methacrylate). 
Similar strength increases were obtained after im­
pregnation of green magnetite pellets containing 
from 2.5 to 5.0 pct portland cement binder. 
OP 62-73. Time-Dependent Aspects of Rock Behavior as 

Measured by a Servocontrolled Hydraulic Test~ng 
Machine, by S. S. Pengo Internat. J. Rock Mech., Mm. 
Sci., and Geomech. Abs., V. 10, No.3, May 1973, 
pp. 235-246. The closed-loop, servocontrolled hy­
draulic testing machine was used to study the 
mechanisms of rock failure. It was found that ap­
plied load relaxes appreciably as soon as macro­
cracks initiated at the specimen surfaces. The be-. 
haviors of load relaxation were obtained for Berea 
sandstone Tennessee marble, and Arkose sandstone. 
Load rel;xation was used to establish the residual 
strength and creep behavior of the fractured speci­
mens of Tennessee marble and Arkrose sandstone. 
The load relaxation was also use~ to explain the 
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experimental result that the negative slop~s of the 
postfailure curves of all four rock typ~s mcreased 
with a decrease in the applied deformatIOn rate. In 
addition, a fast response visicorder was ~sed to 
record the rapid fracture of. C~arcoal gramte and 
Berea sandstone. The result mdlcated that the test­
ing machine was not able to follow the fractl}re 
processes owing to its slow response and the high 
crack propagation velocity. 

OP 63-73. Effect of Preheating Upon Metallization of Iron 
Ore Pellets, R. B. Schluter and P. L. 

Ruzzi. Skillings' Min. Rev., v. 61, NC? 37, Sept. 9, 
1972, pp. 1, 4-6. The Bureau of .Mmes processed 
three magnetite and two hemat:t~ concentra.tes 
:through the unit operation of pelletlZlng, pre~eatmg 
in air, and reduction to metal, to det~rmme the 
effects of preheating upon the properties of the 
metallized pellets. 

OP 64-73. Acoustical Methods for Monitoring Failu~e in 
Rock, by Richard E. Thill. New HOl'lzons 

in Rock Mechanics, Part VI-Earthquake and Other 
Dynamic Phenomena. Proc. 14th Symp. Rock Me­
chanics, ed. by H. R. Hardy, Jr., and R. St,;fan.ko. 
Am. Soc. Civil Eng., 1973, pp. 649-687. Momtorm.g 
elastic wave velocity variation and th~ acoustic 
emission in rock in the process of fractunng affords 
a method of assessing the structural quality. of rock, 
detecting the onset and progress. of fracturmg, and 
providing information on the attItu~es of fra~tures 
and the mode of failure. The techmque used l,n t.he 
present inves~igll:tion, refe~red to as. BV~ (biaXial 
velocity momtormg), momtors longltudmal (com­
pressional) wave velocity in the directions of great­
est 0'1 and least (T3 principal stresses. Velocity data 
are concurrently obtained with stress-s~rain c~ar::c­
teristics during unconfined ::nd conyentlOnal t:laxlal 
compression tests to permit the mterpre!atlOn of 
velocity. variation in terms of the deformat~onal and 
fracture characteristics of the ro~k. Such ll~terpr:e­
tations are also assisted by recordmg acoustic ~~IS­
sion and pulse amplitUde data, and by exammmg 
the structural damage in sections of the deformed 
cylindrical specimens treated with a dye ,Pe!letrant. 
Experiments are con?u.c!ed on gral!odlOl'lte and 
marble specimens exhlbltm.g contrastm~ u:odes of 
failure (brittle versus ductile) under: u!1laxlal com­
pression and at uniform lateral (!l'laxlal) con~ne­
ment of up to 69 MN/m2 ("'" 10 kSI). The combmed 
acoustic data are used to infer the stress level and 
deformation characteristics in rock under. stress. 
Deformation conditions that can be recognized are 
(1) crack closure, (2) linear elasticity, (3) fracture 
initiation and development (4) accelerated fracture 
development, and (5) gro~s failure and post peak 
behavior. 

Since it is imperative that convenient and feasible 
methods be developed to appraise rock properties 
and to predict rock behavi?r ul}deqsround, the 
encouraging results of the~e mve~tlg~tlOns su~gest 
that these combined acoustic momtormg techmques 
may be used profitably in solving ro.ck mechani.cs. or 
geophysical problems concerned With determmmg 
the structural integrity of mine, tunnel, or da!ll 
structures, with delineating the zone of fractu.re~ m 
blasting experiments, or with earthquake predictIon. 

OP 65-73. Converting Coal Into Nonpolluting Fuel Oil, by 
Paul M. Yavorsky, Sayeed Akhtar, and 

Sam Friedman. Chern. Eng. Prog., V. 69, No.3, 
March 1973, pp. 51-52. Features ~f the Bureau. of 
Mines Synthoil process for producmg nonpoll~tmg 
fuel from coal and pilot data on the hydrohque-
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faction of a Kentucky coal (4.6 percent S, 17 per­
cent ash) to a low-sulfur, low-ash oil are presented. 

OP 66-73. Analysis of Some Aromatic Hydrocarbons in 0 

Benzene-Soluble Bitumen From Green River Shale, 
by D. E. Anders, F. G. Doolittle, and W. E. Robin­
son. Geochim. et Cosmochim. Acta, v. 37, 1973, pp. 
1213-1228. The hydrocarbons in an aromatic fraction 
from Green River oil-shale bitumen were studied by 
mass and infrared spectrometry, gas chromatogra­
phy, and a dehydrogenation technique. 

OP 67-73. An Exact Solution to the Radially End-Con-
strained Circular Cylinder Under Triaxlol Load­

ing, by B. T. Brady. Internat. J. Rock Mech. an.d 
Min. Sci., v. 8, 1971, pp. 165-178. An exact theoretI­
cal solution is presented for the stresses and dis­
placements in a radially end-constrained elastic 
cylindrical specimen deformed axially between cyl­
-indrical end-plates of different elastic properties 
Jrom those of the specimen. The exact solution for 
.the .stresses and displacements is expressed by a 
Fourier series representation. The solution is ex~ct 
in the sense that the stresses are expressed by senes 
and became exact in the limit as more terms are 
used. 

OP 68-73. Initiation of Failure in a Rodiolly End-Con-
strained Circulor Cylinder of Brittle Rock, by B. 

T. Brady. Internat. J. Rock Mech. and Min. Sci., v. 
8, 1971, pp. 371-387. Results are presented of a 
Bureau of Mines study of the effect on the fracture 
initiation stress of loading a cylindrical specimen 
of brittle rock between steel end-plates with a diam­
eter either equal to or slightly larger than the speci­
men diameter. The effect on fracture initiation 
stress of interposing a low-modulus insert material 
between the specimen and end-plates is discussed. In 
this paper, fracture initiation stress is defined to 1;>e 
the stress required to initiate microcracking (vOld 
growth) in the rock specimen. The three-dimen.siom!-l 
axisymmetric finite-element method of solutlOn IS 
useei to calculate the stress distribution in the speci­
men \I·hen a constant displacement is applied over 
the surface of the end-plates. These results are then 
used to calculate the fracture initiation stresses. 

OP 69-73. The Effect of Confining Pressure on the Elaslic 
Stress Distribution in a Radiolly End-Constrained 

Circular Cylinder, by B. T. Brady. Internat. J. Rock 
Mech. and Min. Sci., v. 8, 1971, pp. 153-164. Re­
sults of a three-dimensional axisymmetric finite ele·· 
ment inyestigation of the effect of confining pressure 
on the stress distribution within an elastic cylindrical 
specimen loaded axially between rough end-plates of 
the same diameter as the specimen are ·presented. A 
constant displacement was applied to the end-plates 
to approximate the loading conditions which exist 
when a specimen is loaded axially in the laboratory. 

OP 70-73. Oil and Gas Wells-Potential Polluters of the 
Environment? by A. Gene Collins. Ch. i.n 

Fresh Water Pollution I: Bacteriological and ChemI­
cal Pollutants. MSS Information Corp. New 
York, v. 1, 1973, pp. 66-76. An investig.a~i~n was 
made of se\'eral possible ways that actIVIties as­
sociated with the production of oil and gas can con­
tribute to the pollution of the environment. The 
studY indicated that possible polluters include the 
follo\\"ing: drilling fluids, drilling muds, well treat­
ment chemicals corrosion inhibitors, friction reduc­
tion additives. ~rude oil, natural gases, oilfield brines, 

abandoned disposal ponds, and inadequate subsur­
face disposal wells. It was recommended tha~ the 
mineral wealth should be extracted from Ollfield 
brines to help pay disposal costs and conserve valu­
able natural resources. 

OP 71-73. Anolysis of Tunnel Support Structure With Con-
siderotion of Support / Rock Interoction, by 

J. D. Dixon. Soc. Min. Eng., Trans. AIME, v. 
250, December 1971, pp. 304-309. Procedures are 
given for calculating stresses in underground tunnel 
supports which accounts both for the structural 
behavior of the support and that of the adjacent 
rock mass. Stresses in the support are caused by 
service loads and rock reactions. Service loads are 
due to rock pressures, hydrostatic and hydraulic 
pres1iures, self-weight of the support, or other 
utilitarian-type loads. Rock reactions, equal and op­
posite those in the support, are due to the deforma­
tional interaction that results as service loads'd€form 
the tunnel support against the adjacent rock mass. 
The procedures developed for solving this problem 
are an application of matrix structural analysis. The 
principles involved in this method allow for the con­
sideration of the deformable characteristics of most 
tunnel support systems and an iterative solution 
procedure is applied to determine the areas of 
support-rock interaction. Numerical results of ex­
ample problems are given. 

OP 72-73. First-Arrival Seismic Holograms, by G. L. Fitz-
patrick. Acoustical Holography, ed. by 

Glen Wade. Proc. 4th Internat. Symp. on Acoustical 
Holography, Santa Barbara, Calif., Apr. 10-12, 
1972, Plenum Publishing Corp., New York. v. 4, 
1972, pp 381-400. Under certain conditions, phase­
only impulse seisll1ic holograms of underground 
objects may be made by using only the source­
object-detector travel times to calculate the relative 
phases of the arriving signals. This circumstance 
eliminates the necessity of recording and proc­
essing entire sigflals and, in principle, allows one 
to make seismic holograms by resorting to simple 
and repid timing circuitry, rather than the com­
paratively complex apparatus needed to record and 
digitize entire signals. By eliminating such noise 
contributions as shear and surface waves the tech­
nique of first-arrival seismic holography also results 
in a large improvement in the signal-to-noise ratio 
of the recorded fringe data. A comparison of first­
arrival seismic holograms made with actual field 
data and holograms made with entire signals from 
the same field data shows that the first-arrival 
holograms (and their reconstructions) are superior 
to those made with the full seismic records. 

OP 73-73. Magneto-Gravimetric Separation of Nonmag-
netic Solids, by S. E. Khalafalla and G. W. 

Reimers. Trans. AIME, v. 254, June 1973, pp. 
193-198. A colloidal solution of a ferrimagnetic 
material, such as magnetite, in a liquid that is im­
miscible with and lighter than water is projected 
for use in selective separation of particles according 
to their density spectrum. Magnetic levitation forces 
can be created as an antigravity field when the fluid 
is properly placed in an inhomogeneous magnetic 
field. When the gradient of the magnetic field is 
directed downwards, the levitation force in the fluid 
will be in an upward direction to float sinking non­
magnetic bodies by counterbalancing their· density 
mismatch with the magnetic fluid. Several nonmag­
netic objects with densitles ranging from 2.50 to 
11.35 g cm-3 were made to float or submerge at will 
in a 0.96-g cm- 3 density fluid placed in vertical mag­
netic field gradients ranging from 0.1 to 1 kilo-
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oersted cm-'. The magnetic levitation force in dyne 
cm-" was found to vary linearly as a function of the 
object-fluid density mismatch with a slope equal to 
one g, the acceleration due to gravity. 

OP 74-73. Polyaromatic Hydrocarbons in High-Boiling Pe-
troleum Distillates, by J. F. McKay and 

D. R. Latham. Anal. Chem., v. 45, No.7, June 1973, 
pp. 1050-1055. The identification of seven poly­
aromatic ring systems in petroleum is reported. The 
ring systems are 1.12,2.3-dibenzoperylene; 1, 12-0-
phenyleneperylene, pyreno-[1.3: 10'.2'] pyrene; ·2.3, 
10.11-dibenzoperylene; 1, 2, 4, 5-dibenzopyrene, 
benzo [e] pyrene, and benzo [g] chrysene. These poly­
aromatic hydrocarbons were isolated by a separation 
scheme involving ion exchange chromatography, gel 
permeation chromatography, and thin-layer chroma­
tography and were identified by fluorescence spec­
troscopy. Gel permeation chromatography separated 
pericondensed aromatic ring systems from cata­
condensed ring systems and the other components 
of an acid concentrate. 

OP 75-73. Recovery of Copper From Crushed and Sized 
Porphyry Mine Wastes, by W. A. McKinney, 

L. G. Evans, and W. W. Simpson. Soc. Min. Eng. 
ADIE, Feb. 15-19, 1970, Preprint No. 70-B-I02, 
11 pp. In conventional dump leaching of prophyry 
mine strip wastes, many years are required to ex­
tract up to 20 percent of the copper from the con­
tained sulfide minerals. Furthermore, none of the 
molybdenum, gold, or silver in the strip wastes is 
recovered by current leaching practices. Because 
mineralization occurs predominately along fracture 
planes, breaking of the rock during mining opera­
tions liberates and concentrates some of the metal 
val ues in the fines. 

Research shows that upgraded fines can be 
sCl'eened from mine wastes and froth floated for 
early recovery of copper, molybdenum, gold, and 
silYer. For example, screening a dump sample assay­
ing 0.3;) percent copper as chalcopyrite removed 
about 20 percent of the copper as minus-'\4-inch 
material that analyzed 0.6 percent copper. About 
35 percent of the molybdenum and 20 percent of the 
gold and silver also reported in the fines. Crushing 
the mine dump sample to minus-3 inch before screen­
ing increased the distribution of copper and molyb­
denum in the minus-'\4-inch screen fraction to 28 
and 50 percent, respectively. Similar results were 
obtained by screening fines from two other large 
samples of mine waste dump materials. 

Flotation studies established that the enriched 
minus-'\4-inch fines from the three dump samples 
could be effectively concentrated. Comparative test­
ing revealed that the combination of froth flotation 
of fines and acid-ferric sulfate leaching of the 
coarser fraction enabled doubling the recovery of 
copper over direct leaching of. the samples. In ad­
dition, significant amounts of molybdenum, gold, and 
silver were recovered by flotation. . 

OP 76-73. Leaching Tests on Chino "J" Dump Core 
Samples, by W. A. McKinney, L. G. Evans, 

and W. W. Simpson. Soc. Min. Eng. AIME, 
Feb. 15-19, 1970, Preprint No. 70-AG-77, 5 pp. 
The U.S. Bureau of Mines, Kennecott Copper Corp., 
and New Mexico Institute of Mining and Technology 
are cooperating on a research project to improve 
extraction of copper from previously leached waste 
dumps that are in part compacted and impervious to 
leach solutions. The field work is being done at the 
"J" leach dump, Chino Mines Division, Kennecott 

312 

Copper Corp., Santa Rita, N. :-'fex. The laboratory 
percolation leaching tests were made at the Bureau 
of Mines Salt Lake City :Hetallurgy Research 
Center on drill core samples from the "J" dump to 
detel1nine how much copper might be leached if 
permeability could be restored by explosive hea\'ing 
or other means. 

The core samples from nine drill holes on "J" 
dump contained from 0.06 to 0.14 percent copper. 
Cappel' extractions ranging from 15 to 38 percent 
were obtained in 75 days by percolation leaching 
of minus-I-inch material with dilute sulfuric acid. 
The tests results indicate that about 27 percent of 
the copper remaining in the "J" dump could be 
extracted under ideal leaching conditions. 

OP 77-73. Dissolution of Copper Sulfide Minerals From 
Fractured Ore Bodies, by Joe B. Rosenbaum 

and W. A. McKinney. Soc. Min. Eng. ADIE, 
Oct. 21-23, 1970, Preprint No. 70-AS-329, pp. 1-15. 
Leaching now yields about 15 percent of the Xation's 
annual new copper production, About 220,000 tons 
of copper was made in 1969 by heap and vat leach­
ing of are, dump leaching of waste, and in-place 
leaching of caved underground wOl·kings. Although 
in-place leaching was. practiced as long ago as the 
15th century, it is little used and contributes only 
a few percent of the total leach copper production. 
Current technology in this area is exemplified by 
practice at the :\Iiami, Ariz., mine of the :\Iiami 
Copper Co. Despite its limited use, the concept of 
extracting coppel' by in-place leaching without 
physically mining and transporting the are COll­

tinues to present inhiguing cost saving possibilities. 
Unfortunately, the bulk of the copper in deep ore 
deposits occurs as sulfide minerals that are not 
easily dissolved. On the assumption that fracturing 
of rock and solution injection and collection would 
be feasible, an assessment is made of solution sys­
tems that might be employed for the different cop­
per sulfide minerals in porphyry are bodies. Thes€' 
include the conventional ferric sulfate-sulfuric acid 
systems and combinations of sulfide mineral oxidants 
and different acids. 

OP 78-73. A Countercurrent Column for Fluid-Bed Ion Ex-
change of Uranium Ore Slurries, bv Joe B. 

Rosenbaum and J. R. Ross. Ch. in Proe. 'Internat. 
Symp. on Hydrometallurgy, AIME, Feb. 26-:\1a1'. 
1, 1973, pp .. 535-551. Bureau of Mines research has 
resulted in the development of fluid-bed ion-exchange 
columns for recovering uranium from slime pulps. 
In pilot plant tests, slime slurries containing up to 
6 percent solids \\'ere processed at flo\\' rates of 10 
gallons per square foot pel' minute with high 
uranium recoveries and efficient resin loadings. 
Uranium was effectively eluted in a laboratory fiuid­
bed elution column at eluate-to-resin ratios of less 
than 5: 1 and eluate flo\\' rates of 3 gallons pel' 
square foot pel' minute. Construction costs of mills 
using these improved ion exchange techniques are 
estimated to be 25 percent less than for mills using 
solvent extraction of clear solutions. For mills hav­
ing a capacity of 2,000 to 2,500 tons of ore pel' day, 
the saving would be in the range of $2.5 million. In 
addition, a saving of ab01,lt $0.80 pel' ton of ore in 
total operating costs is indicated. 

OP 79-73. Seismic Refraction Modeling by Compute.r, by 
James H. Scott. Geophys., Y. 38, No.2, 

April 1973, pp. 271-284. A computer program has 
been developed by the Bureau of Mines for design­
ing a two-dimensional, layered earth model as an 
aid in interpreting seismic refraction field measure-
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ments. The program requires input data consisting 
of shotpoint and geophone locations, refraction travel 
times, and identification of the refraction layer as­
.sociated with each travel time. In the program, a 
first approximation model is generated by a com­
puter adaptation of the delay-time method, followed 
by a series of improved approximations that are 
made by use of a ray-tracing procedure. The final 
result of the program is a model designed to mini­
mize the discrepancy between field-measured travel 
times and computed travel times of rays traced 
through the model. Test applications indicate that 
the accuracy of interpretation is improved, and that 
time and effort of the professional interpreter are 
greatly reduced by use of the computer technique. 

OP 80-73. Wiederverwertung von Siedlungsabfallen in den 
USA (Utilization of Urban Refuse in the USA/, 

by Max J. Spendlove. UMSCHAU in Wissenschaft 
und Technik (Germany), Heft 12, June 1973 pp. 
364-369. Urban refuse is the only renewabl~ re­
source that is capable of supplying a significant 
part of the growing U.S. demand for minerals and 
energy. Viable processes in the United States and 
other highly industrialized countries follow a typical 
pattern of transferring valuable constituents from 
host materials of natural origin to consumer goods 
and energy materials. Most of these valuable con­
stituents, not totally consumed are thus concentrated 
in two pJaces: in the large 'reservoir of goods in 
nse and in the discarded goods and daily urban 
,,'astes of the total society. The most valuable com­
pOl.ent of the urban wastes and similar discarded 
materials is commonly known as municipal refuse. 
It contains huge quantities of recoverable minerals 
~llld organic materials of great total value. The ulti­
mate practice of recovering and recycling such 
values \\'i~1 not only increase domestic supplies of 
needNI mmerals and energy raw materials but it 
will also offer a solution to many waste disposal 
problems of current critical importance. The munici­
pal resource known in the Federal Bureau of Mines 
as "urban ore" is. by comparison with its natural 
counterpart, rich in grade, has a variety of values, 
and is relatiyely simple to process. These materials, 
formerly considered to be a great liability appear 
destined to hecome a great national asset. A number 
of recoYery processes have been developed and tested 
through the pilot plant scale, and some are sched­
uled for full-scale demonstrations in the immediate 
future. These event.:; indicate a strong trend toward 
optimum recoyery of yalues from wastes wherever 
jlossible. The practice will undoubtedly become com­
monplace within the decade. 

OP 81-73. A Study on a New Concept of Thermal Hard 
Rock Crushing, by K. Thirumalai and J. B. 

Cheung. Xew Horizons in Rock Mechanics, Part V­
Rock Breaka¥"e Techniques, Proc. 14th Symp. on 
Rock }lechal1lcs, ed. by H. R. Handy, Jr., and R. 
Stefanko. American Society of Civil Engineers, New 
York, 1973, pp. 527-554. A new concept of thermal 
crushing' of hard rocks is examined in this study. The 
theoretical methods developed to analyze thermal 
stresses and fragmentation induced by partial and 
complete surface heating of rock blocks are correlated 
with experimental results. A three-dimensional state 
of tensile stresses induced in the rock specimen inte­
rior during surface heating initiates fragmentation. 
quartzite) as well as poor spalling (Dresser basalt)' 
Thermal crushing of both good spalling (Sioux 
Quartzite) as well as poor spalling (Dressel' basalt) 
rock types \\'as achieved in laboratorv tests. The size 
distribution of thermally crushed 'frag-ments was 

controlled by varying the thermal shock conditions. 
9rush~d fragment size decreased with increasing 
mt.enslty of surface heating. The specific energy re­
qUlren:ent for laboratory. thermal crushing of Sioux 
quartzIte test blocks usmg multiple heat sources 
was within 12 kwhr/ton and produced a fragment 
size distribution of about 1).2 cm to about 6.0 em The' 
~tudy ~hows that the proc~ss of t~ermal cru~hing 
IS feaSIble and can be applIed for sIze reduction of 
hard rocks. . 

OP 82-73. Changing Regional Supply of Coal Resulting' 
From Environmental Controls, by Robert D. 

Thomson ;:.:nd Paul H. Mutschler. Proc. Council 
of EC?nom.lCs, AIME, February 1973, pp. 164-179. 
The blt~mm?us coal industry, its markets, and its 
productlOl.l sl~es have changed over the past decade, 
~n exammatlOn of the supply and demand situa­
tIOns, future potential coal energy supply areas in 
terms of to~al resources and sulfur content, and the 
effects environmental controls may have on the 
future demand-supply relationship for coal revealed 
t~at coal ma~kets in the .East will continue to de­
clm.e, pro.duc~lOn from the Western coal-producing 
regIOn WIll mcrease at an excellerated rate and 
Western producers will expand existing coal m~rkets 
and develop new ones, principally in the midwest. 
Over th~ .10n~ run, all coal-producing regions should 
grow. T.1IS WIll be a c0l.lsequence of (1) an economi­
cal stack gas system bemg developed permitting the 
use of coals of higher than 1 perc~nt sulfur and 
(2) the <;!esire for domestic sources of fuel r~ther 
than foreIgn sources. 

OP 83-73. A CU.bical Test C.ell for Mu/tiaxial Testing of 
• . Materials, by RIchard Henry Atkinson. 

Un.lverslty of Colo:ado. July 1972. 206 pp. 78 figs. 
Thli~ report descrIbes the design, fabrication, and 
testmg of. a new ~ype of multiaxial testing device 
for geologIC materIals. The new testing device re­
?uces the eff~cts of bouJ1(~ary conditions in determin­
mg the physlcal propertIes or constitutive relations 
for elastic anisotropic. mat~rial, a~d the development 
of a procedure to. obta!n amsotroplc shear compliance 
values are contamed m chapter 2. A literature sur­
vey and d!scussion .of past work in multi axial testing 
of geolo~lc materIals are found in chapter 3. In 
chap~,:r 4 a det.ailed lo.ok is taken at the boundary 
condltl<?ns assOCIated WIth the cubical test. Based on 
concl.usl?ns reache<;l in chapter 4, a new type of 
mu)tJaxl.al test deVIce was designed and built as de­
SCrIbed m c~apter 5. In ~hapter 6 results of experi­
mental studIes to determme the effectiveness of this 
new device are presented. Chapter 7 contains the re­
sults o.f t~e application of the new device to the 
determmatlOn of the constitutive relations of an 
actual ?1aterial. Chapter 8 gives the summary and 
conclUSIOns and makes recommendations. 

OP 84-73. Process for Recycling Cemented-Carbide Scrap, 
by P. G. Barnard, A. G. Starliper, and 

H. Kenworthy. Trans. Soc. Manufacturing Eng v 1 
1972, pp. 1-3. The Rolla Metallurgy Re~~a~ch 
Center has d~veloped a ne'Y method for recycling 
cemented-carbIde scrap. ThIS method involves the 
a)lo}'ing of zinc with cobalt binder. The zinc is then 
dIstIlled from the carbide scrap leaving a porous 
mass of carbides and cobalt which can be totally 
reground and recycled. The Bureau of Mines' process 
can be used to recover costly components in the 
scrap that are presently being discarded. Since the 
annual ~a}es of cemented-carbides are approximately 
$250 mll}lOn, a great. economic potential exists for 
augmentmg conservatIOn of resources by recycling 
of the cemented-carbide scrap. 
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OP 85-73. Destressing Test at the Galena Mine, Wallace, 
Idaho, by Wilson Blake. Soc. Min. Eng., 

Trans. AIME., v. 252, September 1972, pp. 294-
299. As a part of a USBM-ASARCO cooperative 
rock-burst research program, a burst-prone stope 
pillar at the Galena mine was successfully destressed. 
Destressing was accomplished by blasting a single 
line of lQng holes in the footwall of the vein. As a 

.• esult of destressing, the pillar was fractured and 
softened; hence it yielded, releasing a large amount 
of stored elastic strain energy nonviolently. In addi­
tion, the high stress in the pillar was shifted out 
around the stope walls and in the sandfill. Both 
broad-band microseismic monitoring and seismic ve­
locity surveys were used to evaluate the destressing 
test. The mechanics of destressing were determined 
by finite element computer model studies of destress­
ing. Results of the field destressing test agreed re­
markably well with the predicted results from the 
computer model. 

OP 86-73. Smelting of Military Electronic Scrap, by Ray-
mond O. Dannenberg and George M. Pot­

ter. Proc. 2d Symp. Mineral Waste Utilization, Chi­
cago, III., Mar. 18-19, 1970, pp. 113-117. Poten­
tial processes for the recovery of precious metals 
and copper from diverse types of complex electronic 
scrap were investigated. Leaching-type processes· 
were not successful, and attempts to physically sepa­
rate the various gangue metals and plastics from 
more valuable components were also unsuccessful. 
The most promising approach was a smelting proc­
ess, followed by electrolytic treatment to separate 
precious metal from copper. Recovery of precious 
metals from the anode sludge may follow conven­
tional procedures. An alternative to the above proc­
ess is incorporation of the scrap with the concen­
trate fed to an industrial copper reverberatory or 
converter furnace, possibly preceded by direct melt­
ing to form an assayable bullion and dross. 

OP 87-73. Research OrT Processing Systems for Automotive 
Materials, by Karl C. Dean, C. J. Chind­

gren, and J. W. Sterner. Proc. 2d Symp. Mineral 
Waste Utilization, Chicago, III., Mar. 18-19, 1970, 
pp. 79-85. Time and motion studies were completed 
for hand dismantling a total of 15 incinerated and 
unburned junk cars representative of the more popu­
lar models during a 10-year period. Based on data 
derived from this study, a cost evaluation was made 
for processing 48 cars per 8-hour day via smokeless 
incinerating, hand dismantling, and baling to pre­
pare marketable steel, cast iron, and nonferrous 
metal products. The evaluation indicated that an 
investment of $345,000 in such a plant would enable 
a return on investment of about 19 percent. As un­
burned cars cannot be profitably dismantled and 
open field burning is rapidly becoming illegal, a 
complementary study was made that led to the de­
sign and construction of a low-cost smokeless incin­
erator. Initial testing of this unit has established that 
it can effectively burn the combustibles in cars with 
minimal air pollution at reasonable cost. Research 
also has been started with the goal of devising 
methods for recovering marketable nonferrous met­
als from the nonmagnetic rejects of shredder-type 
plants. An air elutriation technique has proved effec­
tive for separating the metaIlics from the low­
density nonmetallics. Future work will comprise 
separating and recovering the several nonferrous 
metals as salable products. 

OP 88-73. Reclamation of Mineral Milling Wastes, by K. C. 
Dean and R. Havens. Proc. 3d Symp. 

Mineral Waste Utilization, Chicago, Ill., Mar. 14-16, 
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1972, pp. 139-142. Legislation. pending i.n Congress 
will provide the Government With authontJ: to regu­
late adverse environmental effects resultmg from 
mineral production. To assist In the red~c~ion of 
environmental degrdation resultmg from mlllmg op­
erations the Bureau of Mines has developed, and 
successf~lly demonstrated,. chemical, vegetative, ~~d 
combined chemical-vegetative procedures for stabilIz­
ing milling wastes under varying env.ironm~ntal con­
ditions. Costs of achieving reclamatlOn usmg these 
stabilization procedures are compared with those 
of other physical and vegetative approaches. The 
Bureau's chemical-vegetative procedure for estab­
lishing vegetation directly on fine-sized wastes com­
pares favorably with other stabilization processes 
that have been used. 

OP 89-73. Stabilization of Mineral Wastes From Processing 
Plants, by Karl C. Dean and. ~ich~rd 

Havens. Proc. 2d Symp. Mineral Waste UtJhzat~on, 
Chicago, III. Mar. 18-19, 1970, PI?' 205-:2~3. Fme­
sized mineral wastes from flotatIOn mlllmg and 
chemical plants are potential or active contributors 
to air and water pollution. Researchers at the Salt 
Lake City Metallurgy Research Center, Bureau ~f 
Mines are developing practical methods for stabi­
lizing'such wastes. Chemical, vegetative, an~ combi­
nation stabilizing methods have been studied and 
evaluated by laboratory testing on diverse kinds of 
fine-sized mineral wastes, and field tests have been 
made using the more promising techniques. Chemical 
treatment methods were applied to 34 acres of ura­
nium leach plant residues in an arid area and to a 
19-acre area of vanadium leach plant residue. A 
combination chemical-vegetative method was used to 
stabilize 10 acres of copper flotation mill tailings in 
Nevada, and similar procedures were recently ap­
plied on mill wastes in Colorado, Idaho, Michigan, 
and Missouri. 

OP 90-73. Problems in Determining the Noble Metals in 
Ores, by E. V. Elliott and K. R. Stever. 

Atomic Absorption Newsletter, v. 12, No.3, May­
June 1973, pp. 60-62. Disagreement between our 
laboratory and two commercial laboratories over the 
analyses of ores alleged to contain platinum and 
gold has led to a study of atomic absorption meth­
ods used by the outside laboratories. In their pro­
cedures, the sample is digested in acid, filtered, and 
analyzed by atomic absorption. The Bureau of Mines 
has made tests on known samples, duplicating out­
side laboratory procedures as closely as possible, 
and from results of continuum lamp studies has iden­
tified the sources of error as scattering and/or broad 
band molecular absorption. Errors due to ;wrong 
assumptions as to solubility of the noble metals 
were also demonstrated. 

OP 91-73. Structure of Graphite, by Sabri Ergun. 
Nature--Phys. Sci., v. 241, No. 107, 

January 1973, pp. 65-67. This note presents ob­
served and calculated geometric structure factors of 
some (hkO) reflections of pyrolytic graphite. 

OP 92-73. Thermal Decomposition of Dawsonite, by 
Charles W. Huggins and Thomas E. 

Green. Am. Mineral., v. 58, May-June 1973, 
pp. 548-550. X-ray diffraction, infrared spectroscopy, 
and thermal methods of analysis were used to resolve 
conflicting statements in the literature on the ther­
mal decomposition of dawsonite [NaAI (OH) ?CO,). 
By 350°C the dawsonite structure collapses and 
water equivalep.t to the hydroxyl group and a large 
portion of the carbonate COo are lost. This decom­
position product then gradually loses the remainder 
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of the CO? and remains amorphous until crystalline 
NaAlO? is formed at approximately 670°C. 

OP 93-73. Renovation of Wastes by Mine Tailings Ponds, 
by Leland L. Mink, Roy E. Williams, 

Alfred T. Wallace, and Lewis McNay. Min. Eng., 
v.25, No.7, July 1973, pp.81-88. Seven tailings 
pond systems in the Coeur d'Alene mining district, 
Idaho, were studied to identify the discharge of 
heavy metal ions into regional water resources. 
Two maj or categories of tailings ponds were studied: 
ponds receiving only concentrator effluents and ponds 
receiving wastes from concentrators, processing 
plant and smelters, and acid mine drainage. Ana­
lytical results indicate that tailings ponds using 
peripheral discharge and constructed in a series 
were effective in reducing suspended solids, pH, and 
dissolved metal ions. Tailings ponds receiving several 
types of industrial wastes were not satisfactorily 
removing deleterious metals from their pond dis­
charges. Peripheral discharge of milling wastes also 
encourages tailings pond stability. 

OP 94-73. Designing the Hendrix No. 22 Shorlwall, by 
E. R. Palowitch and T. J. Brisky. Min. 

Congo J., V. 59, No.6, June 1973 pp. 16-22. 
This article describes the factors considered in the 
design of the mining system and equipment require­
ments for the Bureau of Mines-Beth-Elkhorn Corp.'s 
shortwall face in the Hendrix No. 22 mine, Deane, 
Ky. , 
OP 95-73. Transfer Function for a Continuous Mechanical 

Froth Flotation Cell With a Distributed Rate 
Constant (Technical Note), by Leon Y. Sadler 

III and E. K. Landis. Trans. Soc. Min. Eng., AIME, 
V. 254, June 1973, pp. 131-133. The mathematical 
description in the form of a transfer function of 
the continuous or flow-cell under unsteady-state con­
ditions with a distributed flotation rate constant has 
not been presented in the literature. This note pre-. 
sents the development of an equation for this trans­
fer function. The type of analysis used here has 
promise for adaptation to other physical descriptions 
of the continuous cell such as the "two-phase" 
model and for incomplete mixing. 

OP 96-73. Solid Waste Resource, by Max J. Spendlove. 
Proc. Conf. Solid Waste, Worcester Poly­

technic Institute, January 9-11, 1973, ed. by T. C. 
Crusberg F. C. Lutz, and A. J. Silva. Worcester 
Polytech~ic Institute, July 1973, pp. 245-268. This 
paper discusses the values that may be retrieved 
from solid wastes in the United States, with particu­
lar attention to the metal and nonmetal values that 
may be retrieved from burned and unburned urban 
refuse. The Bureau of Mines incinerator residue proc­
ess can recover products worth about $6 from each 
ton of refuse at a total cost of $4 per ton. The raw 
refuse process is less advanced, but shows consid­
erable promise. Synthetic oil with practically no 
sulfur content has been produced from organic com­
ponents of raw municipal refuse. 

OP 97-73. Carbon Monoxide: Chemical Aspects, by Irving 
Wender and Charles Zahn. Encyclopedia 

of Chemistry, ed. by C. A. Hampe and G. G. Hawley. 
Van Nostrand Reinhold, New York, 3d ed., 1973, 
pp. 197-201. The topics discussed are (1) prepa­
ration of carbon monoxide in the laboratory and in 
industry mainly by converting petroleum fractions 
!nto synthesis gas, a mixture rich in carbon monox­
Ide and hydrogen; (2) recovery of pure carbon 
monoxide from synthesis gas by low-temperature 
separation or selective adsorption; (3) detection of 

carbon monoxide; (4) physical properties of carbon 
monoxide, including thennodynamic values; (5) 
chemical properties of carbon monoxide; and (6) 
uses of carbon monoxide. 

OP 98-73. Collection of Airborne Dust by Wafer Sprays, 
by Lung Cheng. I&EC Process Design 

& Development, v. 12, July 1973, pp. 221-225. 
A general theoretical equation was developed for the 
collection efficiency of airborne dust particles by 
spray drops. The model assumes an inertial impac­
tion collection mechanism and is based upon mean 
interdrop length and mean interparticle area. Par­
ticular attention was given to the optimum drop 
size for collection with open and also confined sprays 
from a high-pressure nozzle. This general model 
was specifically adapted to the collection of dust 
particles in a horizontal tunnel by a solid-cone water 
spray by including the effects of duct size and spray 
configuration. The theoretical collection efficiencies 
agreed reasonably well with experimental data. The 
present results can be used to select a specific spray 
nozzle that will provide optimum collection efficiency 
for airbocne dust based upon the available water 
flow rate and line pressure. 

OP 99-73. Corrosian of Commercial Alloys in a Chlorine-
Sulfur Atmosphere af High Temperatures, by 

P. E. Sanker and L. 1. Oden. Materials Protection 
and Performance, V. 12, No.6. June 1973, pp. 
24-27. The corrosion rates of nickel and selected 
nickel-, cobalt-, and iron-base commercial alloys in 
chlorine containing minor amounts of sulfur were 
measured at temperatures from 350° to 650° C. The 
alloys tested were Inconel 600, Inconel 601, IN-793 
(exp), Incoloy 800; Hastelloy N, Hastelloy C-276, 
Hastelloy G, Haynes 25, Multimet; Durichlol' 51; 
ASTM Nickel 200, and AISI 310, 316, 309, 304, 347, 
430, and 410. 

OP 100-73. Advances in Technology for Recycling Obsolete 
Cars, by K. C. Dean and C. J. Chindgren. 

Proc. 3d Mineral Waste Utilization Symp., Chicago, 
Ill., Mar. 14-16, 1972, pp. 213-221. Shredding, 
smokeless incineration, and hand dismantling meth­
ods for recycling automotive scrap are rapidly 
making inroads into the accumulations of obsolete 
cars across the country. This paper summarizes 
Bureau of Mines' developments in the smokeless 
incineration of scrapped automobiles and in the 
design and operation of equipment for the recovery 
of nonferrous metals from shredded automotive non­
magnetic rejects by air and water classification 
methods. Results of experimental work on the recov­
ery of copper and iron values in generators and 
starters by hand dismantling and leaching methods 
and on separation of copper wire from insulation 
by cryogenic techniques are also reported. 

OP 101-73. Recovery of Values From Shredded Urban 
Refuse, by Karl C. Dean, C. J. Chjndgren, 

and LeRoy Peterson. Proc. 3d Mineral Waste Uti­
Jization Syrup., Chicago, Ill., Mar. 14-16, 1972 
pp. 295-304. Air and water classification system~ 
have been developed by the Bureau of Mines for 
separation and recovery of metallic glass and 
combustible fractions from shredded ~rban ~efuse. 
Samples from two different types of shredders and 
t~ree di~erent urban locations were separated by 
au' claSSIfication, magnetic separation, screening, 
and water elutriation to recover potentially useful 
products. More than 92 percent of the metals were 
recovered. in a cle!ln iron product contaminated only 
by adhermg coatmgs or entrapped materials, and 
97 percent of the combustibles were recovered in a 
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97-percent combustible product. Cleaning of the pre­
liminary 97-percent combustible fraction from one 
sample produced a 100-percent combustible product 
containing 98 percent paper. Retreatment of the 
noncombustible fraction produced a relatively clean 
glass product. 

OP 102-73. Reclamation of Mineral Milling Wastes, by 
Karl C. Dean and Richard Havens. 

Pres. at AIME Annual Meeting, San Francisco, Calif. 
Feb. 20-24, 1972, Preprint 72-B-82, 8 pp. To assist 
in the reduction of environmental degradation re­
sulting from milling operations, the Bureau of Mines 
has developed, and successfully demonstrated, chem­
ical, vegetative, and combined chemical-vegetative 
procedures for stabilizing milling wastes under vary­
ing environmental conditions. Costs of achieving 
reclamation using these stabilization procedures are 
compared with those of other physical and vegetative 
approaches. The Bureau's chemical-vegetative pro­
cedure for establishing vegetation directly on fine­
sized wastes compares favorably \vith other stabiliza­
tion processes that have been used. 

OP 103-73. An Economic Evaluation of Pipeline Gas From 
Coal, by Sidney Katell. Gas, v. 48, No.8, 

August 1972, pp. 32-34. An economic evaluation 
was made of a plant designed to produce 250 million 
standard cubic feet per day of high-Btu gas using 
Pittsburgh seam coal. A fluidized gasification system 
followed by shift conversion, purification, and single­
stage tube wall methanation was used to produce 
927-Btu gas. The total capital investment is esti­
mated to be $194,606,:WO, or 78 cents per daily scf 
of gas production capacity. 

OP 104-73. The Pumpable Rock Bolt: A New Roof Control 
Concept, by J. Habberstad, C. Waide, and 

R. Simpson. Eng. and Min. J., v. 174, No.8, 
August 1973, pp. 76-79. A new pumpable fully 
grouted polymer roof bolt that achieves several ad­
vantages over grouted steel and conventional expan­
sion shell bolts is being developed by the Bureau of 
Mines' Spokane Mining Research Center. 

OP 105-73. Gravity Flow of Powder in a Lunar Environ-
ment: Part 1. Testing of Simulated lunar-Basalt 

Powder for Gravity Flow, by D. E. Nicholson. Proc. 
POWTECH '71: Internat. Powder Technology and 
Bulk Granular Solids Conf., Powder Techno!. Pub. 
Ser. 1, pp. 163-182. This paper investigates the 
mechanical behavior of fine soils in a lunar environ­
ment in engineering gravity-flow bins. 

OP 106-73. Catalytic Dehydrogenation of Coal: Part 7. The 
Effect of Some Catalyst Variables, by Leslie 

Reggel, Irving Wender, and Raphael Raymond. Fuel, 
v. 53, No.3, July 1973, pp. 162-163. Wher( 
vitrinite is catalytically dehydrogenated in the pres­
ence of phenanthridine as vehicle, the yield of hydro, 
gen is not greatly influenced by the catalyst support· 
or the concentration of metal on the support. The 
metal used has a large effect, palladium giving the 
highest yield of hydrogen. 

• OP 107-73. Electronic Scrap Reclamation, by E. L. Sin-
ton and T. A. Sullivan. J. Metals, 

v. 25, No.8, June 1973, pp. 31-34. The Bureau of 
Mines research described in this report was con­
ducted to develop technology for recovery and re­
cycling of metal values from obsolete electronic 
equipment. Alnminum of 99-percent purity can be 
recovered from this equipment, plus copper, lead, 
tin, silver, and gold. A molten salt electro refining 
process was used to extract aluminum from sweated 
electronic scrap and, at the same time, to concentrate 

316 

other metal values into a product that cou1d be 
treated by commercial smelting and refining methods 
to recover other valuable metals. 

OP 108-73. Mining Equipment Controls Standardization, by 
James C. Church. Proc. 46th Ann. :.'.Ieet­

ing AI ME and University of Jlinnesota 3-1th Ann. 
Min. Symp., Univ. :.'.Iinn., Jan. 1.'i-17 , 1973, Duluth, 
Minn., 1973, pp. 102-111. Thish paper presents the 
results of the Bureau's Health and Safet\- contract 
H0220033 "Standardization of Front-End Loader 
Controls," by The Bendix Research Corporation. It 
describes the mining safety benefits which can be 
realized through the standardization of mining 
equipment controls. 

OP 109-73. Degasiflcation of Cool beds: A Commercial 
Source of Pipeline Gas, by Jlaurice Deul, 

H. H. Fields, and C. H. Elder. Pres. Ill. Inst. 
Techna!. Symp., Clean Fuels From Coa!. lnst. Gas 
Technol., Chicago, II!., Sept. 10-14, 1973. 9 pp. A 
byproduct of intensiye research conducted by the 
Bureau of ::\Iines on degasification of coal beds for 
improved mine safety is evidence that commercial 
quantities of pipeline quality natural gas can be 
produced. Coal bed degasification hy draining gas 
from the coalbed before it is mined can be accom­
plished by drilling vertical holes into coalbeds with 
subsequent stimulation by hydrofractUl'ing. By drill­
ing horizontal holes into virgin coal bed area~ from 
small specially designed boreholes, drainage holes 
from large ventilation shafts can he sunk to the 
coalbed in advance of mining. It is estimated that 
the minable coalbeds of the conterminous Cnit .. d' 
States that are less than 3,000 feet deep n1a~- con­
tain 260 trillion cubic feet of natural gas. The per­
tinent coalbed properties are discussed and results 
of a novel drilling methotl are presented. 

OP 110-73. Pressure, Volume, Temperature Relations of 
Ethane, by D. R. Douslin ancl R. H. Har­

rison. J. Chem. Thel·modynamics. v. 5, July 1973, 
pp. 491-512. A comprehensi\-e study of pressure­
volume-temperature relations for ethane includes 
new experimental vapor pressures to the critical, 
orthobaric densities ·for the coexistence em-elope, 
critical constants, vi rial coefficients. and compress;on 
factors in the compressed fluid to 400 atm and 623 K. 

OP 111-73. Analysis of the Structure of a Glossy Carbon 
Using the Fourier Transform Technique, by 

Sabri Ergun and Richard R. ~chehl. Carbon, Y. 11, 
1973, pp. 127-138. The structure of a heat-treated 
(-3000° C) glassy carbon produced from a polymer 
of' furfural alcohol has been studied by the Fourier 
inversion of scattering intensities obtained using 
AgKal radiation. Using Cauchy's distribution, no\-el 
theoretical expressions have been developed for the 
Fourier transforms that take into account the effects 
of distortion and defects in the lattice in addition 
to termination effects. The cosine transform of the 
(002) reflections showed that stacking of layers is 
extensive but faulty, mean spacing between faults 
being -21 A. The mean interlayer spacing was' 
found to be 3'42±0'03 A, the value of 0'03 A repre­
senting the semi-quartile range of the mean inter­
layer spacing. A detailed analysis of the Fourier 
transforms of the (Ilk) reflections revealed that the 
sample studied is made up of distorted hexagonal 
rings. The distortion is severe enough to make it 
very difficult, if not to prohibit, precise definition of 
the two-dimensional lattice. Thre~ different lattices 
(two involving quinoidal rings) ha\"e been found to 
explain the observed transforms equally well. The 
transform yielded a mean defect-free distance in 
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the layers of -86 A. Compared to 37 A indicated by 
the line-width of the (11) reflections, it is clear that 
distortion effects outweight the defect or layer size 
effects in the observed profile of the (11) reflections. 
In the absence of equations for intensity profiles of 
random layered lattices that take into account the 
distortion effects, the Fourier transform procedure 
outlined in this study' constitutes the only method 
that permits an authentic structural analysis. 

OP 112-73. Two-Dimensional Lattice Orientation and Three-
. Dimensional Crystallinity in Carbon Fibers, by 

Sabn Ergun. Nature, Phys. Sci., v. 238, No. 87, 
1972, pp. 137-139. Most carbons give rise to diffrac­
tion peaks c1osel~' corresponding to the (hkO) and 

. (00/) reflexions of graphite. The (hkO) reflex ions 
are produced by the two-dimensional lattice of the 
layer.s and the .(001) reflexions by the presence of 
stratiform domams. If the normals of the stratiform 
domains in a sample were completely random the 
sample would be isotropic. Some carbons are aniso­
tropic, and the anisotropy is explained by a pre­
ferred orientation of domain normals. In carbon 
fibres the normals tend to be perpendicular to the 
fi bre axis; the layel's tend to be parallel to the 
fibre axis but the fibres are radially isotropic. It 
appears that fibres possess a two-dimensional pre­
ferred orientation and that the presence of a pre­
felTed lattice orientation is obscured by radial and 
longitudinal deformation of layers. 

OP 113-73. Hydraulic Fragmentation Research in the U.S.A., 
by Jacob N. Frank. Proc. 46th Ann. 

?lIt'eting AIlHE and University of Minnesota 34th 
Ann. l\Iin. Symp., Univ. Minn., Jan. 15-17 1973, 
Duluth, Minn., 1973, pp. 129-142. Modern hydraulic 
mining in the United States was started in 1949 by 
.the American Gilsonite Company at Bonanza, Utah. 
Extensive research is now being carried out through­
out the United States on the disintegration of rock 
and coal by water jet cutting. Universities, institutes, 
and GOYernment agencies are engaged in programs 
of hydraulic fragmentation research and mining. The 
Bureau of Mines ha~ conducted research in hydrau­
lic fragmentation and mining since 1958, chi~fly to 
determine jf coal could be mined economically by 
jet, at pressures up to 5,000 psi. In 1966 this work 
was extended to laboratory studies on the cuttabilit~ 
of concrete and native copper ores by water jets at 
pressures up to 80,000 psi. Field studies have also 
been conducted on the frozen gravels of Alaska and 
the cemented gravels of California. At present, the 
Bureau has both in-house and contract programs 
directed at determining the feasibility of hydraulic 
mining of coal and metal and nonmetal ores, the 
feasibility of using water jets for hard rock tunnel­
ing, and the environmental impact associated with 
hydraulic fragmentation. 

OP 114-73. Hydrodenitrification of Crude Shale Oil, by 
C. M. Frost and H. B. Jensen. Pre­

prints, Div. Petrol. Chern., ACS, v. 18, No.1, Feb­
ruary 19J3, pp. 119-128. Hydrodenitrification tests 
on crude shale oil showed that, at 740 0 F and 2,000 
psig, the denitrification rate constants for indoles 
will exceed those for quinoJines. 

OP 115-73. Kinetic Evidence of a Reactive Intermediate in 
Reduction of 502 With CO, by L. A. Haas 

and S. E. Khalafalla. J. Catalysis, v. 29, No.2" 
May 1973, pp. 264-269. The synergic increase of 
the SO~ reduction with CO in the pr(;sence of both 
Fe and alumina in the catalyst ,,'as explained by 
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the formation of an intermediate SCO on the Fe 
sites and its reaction with S02 on an AhO" site. 

OP 116-73. Analysis of Pressure Interference Tests Using 
Computer Graphics, by R. D. Haynes and 

W. K. Sawyer. Pres. 48th Ann. Fall Meeting, Soc. 
Petrol. Eng., AIME, Las Vegas, Nev., Sept. 30-
Oct. 3, 1973, SPE Preprint 4570, 8 pp. Computer 
graphics were used to analyze dynamic pressure re­
sponses from short-term interference tests that were 
conducted in an attempt to outline the natural and 
induced fracture systems in a petroleum reservoir. 
By use of a time-programmable data acquisition sys­
tem, pressure responses from 40 wells arranged in 
16 regular 5-spots were monitored during 74 water 
injection tests that resulted in over 120,000 individ­
ual pressure readings. To aid in the interpretation 
of the complex field behavior, the data were trans­
ferred to computer cards. Software was then de­
veloped using cathode ray tubes (CRT), drum 
plotter, and on-line printers to reduce and evaluate 
the data. Pressure-time plots were generated for' 
each well in a test. From these plots, tests that in­
dicated evidence of existing fracture systems were 
selected for more detailed analysis. Of the selected 
tests, sequenced delta pressure contour maps were 
used to show the dynamic behavior of the field due' 
to the interference test. Graphic three-dimensional 
perspective views of the changing field pressures 
were also used in the interpretation of the reservoir 
behavior. Results of two specific tests are shown. 

OP 117-73. Nuclear Magnetic ['(esonance Relaxation of 
23Na in Porous Media Conta:ning NaCI solu­

lulion, by L. C. Headley. J. Appl. Physics, v. 44, No. 
7, July 1973, pp. 3118-3121. Nuclear magnetic 
resonance (NMR) longitudinal and transverse relax­
ation rates repetitive pulse steady-state magnetiza­
tions were measured in porous media containing 
solutions of NaCl in water. Longitudinal rates show 
a linear relationship .with sample specific surface 
area, but transverse rates show more complicated 
behavior. These results are discussed in terms of. 
diffusion and adsorption in the media. Experimental 
results for steady-state magnetizations achieved by 
repetitive pulsing are compared with theoretical cal­
culations presented here. Theoretical expressions are 
also presented for use in optimizing fast repetitive 
pulse experiments. 

OP 118-73. Use of a Damping Alloy Rotation Chuck in 
Development of a Quiet Rock Drill (Abstract), 

by James W. Jensen and Aarne Visnapuu. J. 
Acoustical Soc. America, v. 54, No.1, July 1973, 
pp. 278. The modification of a percussion drill, of 
the type used in mining, to reduce the noise to per­
missible levels requires drastic reduction of exhaust 
noise, drill-steel resonance noise, and machine noise 
from the drill mechanism. Efficiency and utility of 
the pOl'table tool must be retained in the quiet 
version. The impact of the piston on the drill steel 
generates excessive airborne and structure-borne 
noise, and containment and suppression of this noise 
at or near its source is vital. A rotation chuck 
machined from manganese-copper damping alloy 
when substituted for the standard steel chuck, en~ 
closing the impact area within the drill, very effec­
tively sLppressed the shock noise from the impacting 
surfaces. Test-stand data show that greater noise 
reduction was achieved by this method than was 
obtained by some external covers when the steel 
chuck was in use. Technical problems and implica­
tions of using these alloys are discussed. 

OP 119-73. Sorption of Methane in Moist Coal, by James 
1. Joubert, Clifford T, Grein, and Daniel 
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Bienstock. Fuel, v. 52, July 1973, pp. 181-185. The 
na~Ul'al oxygen content of a given coal and the bed 
mOisture content play a major role in determining 
the methane capacity of the coal. Moisture present 
in excess of a certain critical value has no effect on 
methane sorption. 

OP 120-73. Mining Instrumentation Goes Automatic by 
J. R. McVey and T. O. Meyer. Min. Eng. 

AIME, v. 25, No.8, August 1973, pp. 39-41. The 
Bureau of Mines has designed and environmentally 
packaged a 10-channel automatic data acquisition 
sys~em for use wi~h und~rground strain gage appli­
catIOns and associated lllstruments. Accuracies of 
0.01 percent and resolution of 1 microvolt have been 
obtained in underground tests. 

OP 121-73. Les vibrations dues aux tirs et leurs effets sur 
les constructions (Blasting Vibrations and Their 

Effects on Structures), by Henry R. Nicholls, Charles F. 
Johnson, and Wilbur 1. Duvall. Explosifs, No.1, 
January-March 1973, pp. 4-33. This report presents 
the results of the Bureau of Mines 10-year program 
to study the problem of air blast and ground vibra­
tions generated by blasting. The program included 
an extensive field study of ground vibrations; a 
consideration of air blast effects; an evaluation of 
instrumentation to measure vibrations; establish­
ment of damage criteria for residential structures; 
determination of blasting parameters which grossly 
affected vibrations; empirical safe blasting limits; 
and the problem of human response. While values 
of 2.0 in/sec particle velocity and 0.5 psi air blast 
overpressure are recommended as safe blasting limits 
not to be exceeded to preclude damage to residential 
structures, lower limits are suggested to minimize 
complaints. Millisecond-delay blasting is shown to 
reduce vibration levels as compared to instantaneous 
blasting, and electric cap delay blasts offer a slight 
reduction in vibration levels as compared to Prima­
cord delay blasts. Vibration levels of different blasts 
may be compared at common scaled distances, where 
scaled distance is the distance divided by the square 
root of the maximum charge weight per delay. 
Geology, rock type, and direction affect vibratiort 
level within limits. Empirically, a safe blasting limit 
based on a scaled distance of 50 ft/lb'/' may be used 
without instrumentation. However, a knowledge of 
the particle velocity propagation characteristics of a 
blasting site determined from instrumental blasts at 
that site are recommended to insure that the safe 

"blasting limit of 2.0 in/sec is not exceeded. 

OP- ·'22-73. Simulation of a Finite-Capacity Vertical Fracture 
in a Gas Reservoir, by W. K. Sawyer, C. D. 

Locke, and W. K. Overbey, Jr. Pres. 48th Ann. Fall 
Meeting, Soc. Petrol. Eng., AIME, Las Vegas, Nev., 
Sept. 30-0ct. 3, 1973; SPE. Preprint 4593, 11 pp. 
One- and two-dimensional gas reservoir simulators 
were combined in such a manner that pressure dis­
tributions, both in an induced vertical fracture and 
in the surrounding formation, could be determined 
as a function of time for any specified well produc­
tion rate. Basic assumptions regarding the fracture 
were as follows: (1) The fracture completely pene­
h'ates the formation, (2) all flow into the wellbore 
enters via the fracture, and (3) flow in the fracture 
is described by Darcy's law. The combination model 
developed provides the only known means of simu­
lating a vertical fracture of given characteristics in 
a gas reservoir under transient conditions. Thus, the 
technique developed would be useful in locating wells 
in a storage field in that the effects of both fracture 
length and conductivity could be considered prior to 
drilling and fracturing operations. 
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OP 123-73. Some Comparisons of Simultaneous Stack Gas 
Particulate Determinations Using the ASME and 

EPA Methods, by S. J. Selle and G. H. Gronhovd. J. 
Eng. for Power, Trans. ASME·, July 1973, pp. 145-
149. Simultaneous detelwinations of particulate con­
centrations were made by the AS:\<IE and EPA 
methods on flue gas from a test furnace burning 
about 75 lb/hr of low-sulfur North Dakota lignite. 

OP 124-73. A Method for Calculating m/e's of Peaks From 
Time-of-Flight Mass Spectra, by F. G. Doo­

little and D. G. Earnshaw. Appl. Spectroscopy, v. 26, 
No.3, 1972, pp. 403-404. This study has shown 
that m/ e's can be determined to the nearest unit 
mass from TOF spectra by using a single equation 
in conjunction with a calibration curve. The calibra­
tion curves are unique for individual analog scan­
ners, are stable within 0.3 amu over a 3-week time 
>span, and are· independent of scan rate within 0.3 
amu even when the scan rate is varied by a factor 
ot 4. The authors feel that a 2·5-cm record for 200 
mass units is minimal, and any shorter record would 
introduce significant measuring errors. Where the 
analyst has been using an internal standard he can 
now make a single run on the marker compound and 
construct a calibration curve to be used over a pe­
riod of time. 

OP 125-73. Exhaust Emissions From Small, Utility, Internal 
Combustion Engines, by B. H. Eccleston 

and R. 'Y. Hurn .. SAE Trans., v. 81, 1973, pp. 741-
749. ThiS material reports findings of an explana­
tory experimental study designed to add information 
,on the contribution to air pollution of exhaust emis­
sions from small, utility engines, and to evaluate 
the procedures used to test small engines. Gross 
measurements of hydrocarbon, carbon monoxide and 
nitric oxide are reported for 29 4-cycle and '7 2-
cycl.e ~ngines; sizes of the engines ranged 2 to 22 hp. 
Emls~lon mea~ureI?ents were made on each engine 
for l1lne comb mat IOns of load and air-fuel adjust­
ments; only one speed point-full governed-was 
covered in the tests. Test procedures are described. 
An overall average of the data indicate that, op­
erated at full-load and optimum air-fuel ratio the 
4-cycle engines emitted amount 8 grams HC,' 180 
grams CO, and 5 grams N02 per horsepower-hour. 
Under comparable conditions, the 3 to 6 hp 2-cnle 
engines emitted an average of 140 grams HC, '240 
grams CO, and 2 grams N02 per horsepower-hour. 

OP 126-73. Mineral Resources, by C. D. Edgerton. Re-
source and Land Information, South 

Dade County, Florida. Geol. Survey Inv. 1-850. 
Washington, D.C., 1973, pp. 16-17. This article re­
views the economic aspects, quarrying methods, and 
~nvironmental implications of the limestone industry· 
III South Dade County, Fla. Limestone the most 
significant mineral commodity in the are~, is found 
at o~ near land surface throughout the entire area, 
and IS used as base material for roads and airport 
runways, as construction aggregate, and in the man­
ufacture of cement. 

OP 127-73. An Equation of State for Medium-Density High-
Temperature Conditions, by D. R. Forshey, 

W. G. Courtney, and J. B. Greenshields. J. Phys. 
Chem., v. 77, No.1, 1973, pp. 82-87. An equation 
of state for medium high-temperature conditions 
has been developed based upon an Abel-type co­
volume model. The formation of discrete clusters was 
examined using statistical thermodynamics but was 
found to be unimportant to the equation of state for 
most conditions considered here. Theoretical PV iso­
therms using this simple model agreed to within 
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several percent with experimental PV isotherms for 
Ar, N 2, and C02 for densities between 0.001 and 
1.5 g/cm B for temperatures about 100 K greater 
than the critical .temperature. For these conditions' 
the ideal gas, van del' Waals, and Beattie-Bridgman. 
models agreed only to within about 25 percent. 
Agreement for H20 was less satisfactory and com­
parable with that obtained with the other models. 

OP 128-73. Nitride Inclusions in Titanium Ingots: A Study 
of Possible Sources in the Production of Mag­

nesium-Reduced Sponge, by Jack L. Henry, S. D. Hill, 
J. L. Schaller, and T. T. Campbell.. Met. Trans., v. 
4, No.8, August 1973, pp. 1859-1864. An experi­
mental program is being conducted to investigate 
possible sources of nitride defects in the production 
of magnesium-reduced titanium sponge and to de­
termine if such defects are capable of surviving 
cosumable-electrode arc melting. Pilot plant experi­
ments have shown that both air-burned and nitrided 
sponge pieces lose their color and texture when 
seeded into the process during both the reduction 
cycle and th.e distillation cycle. Such defect pieces 
a.c.t as :(luclel for sponge growth during the reduc­
tIon and are often found partially or completely clad 
by newly formed sponge. Simulated air leaks during 
both reductIOn and distillation cycles and the incor­
pora.tion of air-co1!taminated magnesium have been 
stl?(he~1. The r~sultmg sponge has a very uneven dis­
trIbutIOn ~f mtrog~n. Some regions show nitrogen 
concentratIOn as l11gh as 12 percent and contain E 

Tic:-.J or ..l TiN, or both. Alpha-stabilized inclusions 
haw been found in ingots produced from sponge 
made from dross-contaminated magnesium and from 
sponge contaminated by air during vacuum distilla­
tIon. Although the nitride in the sponge is in the 
fonp of a fi~e 'powder, powder pockets, or soft fri­
able lumps, It IS capable of surviving single and in 
some c~ses, double arc melting. A theory of the 
mechal1lsm of surYlval of these defects is proposed. 

OP 129-73. Gaylussite: Thermal Properties by Simultaneous 
Thermal Analysis, by Donald R. Johnson 

aml \Villiam A. Robb. Am. Mineralogist, v. 58 
Juh-Al'gust 1973, pp. 778-784. Simultaneous ther~ 
mal analysis apparatus was used to determine the 
thermal properties of gaylussite over a temperature 
range fl'om ambient to 1,000 0 C at 10° per minute 
111 se\'eral carefully controlled atmospheres. In a dry 
~tmosphere, dehydration occurs in a single step, but 
In the presence of water, dehydration occurs in two 
steps. Dehydration converts gaylussite to double car­
bonate, NacCa(CO:1b, which generate the thermal 
effects above 250° C. From 250 0 to 500 0 C thermal 
analysis indicates one major crystal change and 
two crystal inversions in the double carbonate. Above 
500' C the thermal properties of the double carbo­
nate are controlled by thE! presence or absence of 
COc in the atmosphere surrounding the sample. In a 
COc atmosphere 1\ acCa (CO;j l2 first melts, then de­
composes to form N a2CO:: and CaO. In a C02-free 
a!mosphere the double carbonate decomposes to form 
N acCO: and CaO. :JIelting is again detected by ther­
mal analysis; however, the material that melts is 

-NacCO:J formed from decomposition of the double 
carbonate. 

OP 130-73. An Exercise in Mine Costing Communications, 
by Guy A. Johnson. Proc. Council of 

Economics, AIME Ann. Meeting, Chicago, Ill., Feb. 
2;5-~Iar .. 1, 1973, ADIE, 1973, pp. 105-112. Cost 
eng111eermg, a b~sic part of most industry and gov: 
eJ"l1!llent work, 111yolves the problems of communi­
ca~ll1g the cost information developed and the anal­
YSIS techniques utilized. A discontinued cash flow 

(DCF) chart-mine cost model has been developed 
to help solve these problems. Because the model is 
based on mine and mill equipment costs, manning 
~a~les, an.d standard disc~unted cash flow analysis, 
.It I~ applIcable to open pIt or underground mining 
proJects, large or small, of almost any commodity .. 
In short, the flow chart-mine cost communications· 
model is a straightforward, graphic definition of the 
~lements .required to devel~p the preliminary "cap­
Ital reqUIred" and "operatmg costs" estimates for 
a mine, while it depicts the interrelationships of 
these elements as they combine to form the total 
total DCF cost picture. 

OP 131-73. Limiting Factors on Steady-State Thermal Re-
actor Performance, by Robert H. Kadlec, 

Everett A. Sondreal, Donald J. Patterson, and Mar­
shall W. G!ave~, Jr. Internat. Automotive Eng. 
Conf., DetrOIt, MIch., Jan. 8-12, 1973, SAE Preprint 
730202, January 1973, 15 pp. A comprehensive 
analytical and experimental study of thermal reac­
tors h~s been made. The findings have been incorpo­
rated mto a computer model capable of simulating 
reactor performance both during warmup and 
steady-state operation. This paper treats the 
warmed-up case. Arbitrary reactor configurations 
may be explored in regard to the steady-state extent 
of oxidation of hydrocarbons (HC), CO, and H2 with 
perfect or imperfect mixing and the detrimental 
effects of heat losses. This experimental and an­
alytical program focused on the Chevrolet 350-in3 
engine-Du Pont model V reactor combination. Ex­
perimental and calculated results are presented and 
compared where possible. Analytical models for the 
DuPont reactor were developed, each of which 
treated the exhaust ports, core, and annulus differ­
ently. An experimental technique was developed 
th.a~ permits an assessment of the completeness of 
mlxmg between exhaust and injected air within a 
thermal reactor and is expected to be useful as a 
design aid. In addition to oxidation results for CO, 
H2, and HC as a whole, measurements were made 
to determine any changes in NO, aldehydes and 
'olefin, paraffin, and aromatic class proportion af­
fected by the thermal reactor. 

OP 132-73. Gas From Coal as an Automotive Fuel, by 
J. R. Allsup. SAE, Paper No. 730802, 

1973, 8 pp. The Bureau of Mines studied the 
c~aracter!stics of simulated coal gas as an automo­
tlye fuel m a multicylinder engine in a standard and 
111~h co.mpression ratio engine configuration. While 
usmg sm~ulated .coa} gas fuel, increasing the engine 
co~presslOn ratIo Improved the fuel economy and 
vel;lcl.e performance but increased hydrocarbon 
e':llsslOns ?y 40 percent. An bxidizing catalyst used 
':'Ith the SImulated coal gas fuel resulted in elimina­
tIOn of all but trace amounts of carbon monoxide 
and reactive hydroca~bons in the exhaust. Spark 
g~p .geometry and firmg voltage were varied and, 
wlthm the range tested, had little effect on vehicle 
performance and emissions using simulated coal gas 
fuel. 

OP 133-73. Factors Controlling Fracture Orientation in 
Sandstone, by C. A. Komar and K.-H. 

Frohne. Pres. 48th Ann. Fall Meeting Soc. Petrol. 
Eng., AIM~, Las Vegas, Nev., Sept. 3~-Oct. 3, 1973, 
SPE . Preprmt 4567, 8 pp. Laboratory-scaled hy­
draulIc fracture tests were conducted on direction­
ally oriented sandstone material, along with meas­
urements of directional rock properties such as ten­
SIle strength, permeability, sonic velocity and dv­
namic elastic constants. In these tests' fractui'e 
orientation was determined as a function 'of various 
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combinations of stress, rock saturation, rate of bore­
hole pressurization, and direction of minimum tensile 
strength relative to minimum horizontal compressive 
stress. The objective of the experiment was to inves­
tigate whether horizontal stresses always controlled 
the orientation of induced vertical hydraulic frac­
tures, or if, under conditions of small differences 
in stress and/or slow borehole pressurization rates, 
the induced fracture direction was influenced by 
directional properties of the rock matrix. This study 
,shows that the expected influence of horizontal earth 
stress on the orientation of an induced hydraulic 
fracture becomes negligible whenever the magnitude 
of the difference between the compressive stresses 

.is 200 psi or less. When this occurs, fracture orien­
tation is controlled by the directional properties of 
the rock-primarily permeability and tensile 
strength. 

OP 134-73, Resin-Loaded Papers for Methyl Mercury & 
Inorganic Mercury Determination, by Stephen 

L. Law. Am. Lab., v. 5, July 1973, pp. 91-97. The 
quantitative determination of mercury at parts per 
billion levels in the environment has become increas­
ingly imperative as research continues to document 
the toxic effects of trace levels of mercury, espe­
cially when converted to an organic form. In order 
to obtain reliable analyses for low mercury levels, 
the capabilities of essentially all applicable analyt­
ical instrumentation have had to be extended by 
the use of chemical separating and concentrating 
procedures. An effective and yet simple concentrat­
ing technique for trace metals involves the use of 
resin-loaded papers. These papers consist of approx­
imately 50 percent cellulose and 50 percent powdered 
ion-exchange or chelating resin material. A resin­
'loaded paper may be used as a very short ion­
exchange column (the thickness of construction 
paper) where a, solution is filtered several times 
through the paper to obtain quantitative collection 
of the elements of interest; or the paper may be 
simply suspended in a solution, relying on diffusion 
of the collectable ions to the resin-loaded paper. In 
either case, the trace elements of interest are con­
centrated from a large volume into a volume more 
amenable to instrumental determination. Of equal 
importance, the desired elements are separated from 
the bulk matrix, thereby reducing interference prob­
lems. Both of these accomplishments result in in­
creased analytical sensitivity. In the case of mer­
cury, the added capability of distinguishing between 
organic and inorganic forms makes the use of resin­
loaded papers highly inviting. 

OP 135-73. Reactor Studies for Exhaust Oxidation Rates, 
by H. A. Lord, E. A. Sondreal, R. H. 

Kadlec, and D. J. Patterson. Internat. Automotive 
Eng. Cong., Detroit, Mich., Jan. 8-12, 1973, SAE 
Preprint 730203, January 1973, 12 up. A laboratory 
test reactor has been used to defermine the rates 
of oxidation of carbon monoxide (CO), hydrocar­
bons (H Cs) as a class, and hydrogen (H2). The' 
feed was supplied from the exhaust of a single­
cylinder engine, with additions of H2 and CO in 
some runs. The test reactor was designed to be 
well mixed, and this was verified experimentally for 
mixing on macroscopic and microscopic scales. Wall 
effects were found to be unimportant. Kinetic data 
from 157 runs were correlated with global reaction 
rate expressions containing Arrhenius temperature 
dependence and power law concentration depend­
ence. CO oxidation was found to be approximately 
1/4 order in CO with an activation energy of 28,200 
cal/g-mole. HC oxidation was found to be approxi­
mately 1/4 order in HC and 1/2 order in each of 
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02, CO, and NO with an activation energy of 29,800 
cal/g-mole. H2 oxidation rates were not weI! cor­
related, but a zero-order rate with an activation 
energy of 52,000 cal/g-mole is reasonable. Simula­
tions of the test reactor were compared with experi­
mental data with excellent agreement. These simula­
tions demonstrate that higher orders for these 
reactions, reported in the literatUre, may he attrib­
utable to mixing limitations in those experiments. 

OP 136-73. Warmup Limitations on Thermal Reactor Oxi-
dation, by Donald J. Patterson, Robert 

H. Kadlec, and Everett A. Sondreal. Internat. Auto­
motive Eng. Cong., Detroit, Mich., Jan 8-12, 1973, 
SAE Preprint 730201, January 1973, 14 pp. Warm­
up of the Du Pont model V reactor during un­
choked engine operation with air injection has been 
characterized by a nonreactive period, followed by 
a transition to an ignited condition. The early period 
is quenched by heat loss. The transition is gradual 
for hydrocarbpns, but more abrupt for carbon mon­
oxide. Model building for' the warmup period is 
directed to the objective of deyeloping a rapid com­
puter simulation to predict light-off times and tem­
perature histories for various reactor designs and 
operating conditions. Reactor gas temperature and 
chemical conversions are calculated as solutions for 
an ideal backmix reactor. Heat balances maintain a 
record of all reactor metal temperatures for the 
given configuration. Heat transfer by radiation, con­
vection, and conduction is considered. The presence 
of a hot spot in the reactor has a strong effect on 
time to light-off. In addition to lowering the time, 
such an ignition source shows a g.reat sensitiyity to 
combustible concentration: The relatiye amounts of 
CO, H2, and hydrocarbons are also important, since 
there is a sequential transition to high conyersion. 
Initial reactor temperature and exhaust temperature 
are also important variables. Variables of reactor' 
design, such as insulation thickness, materials of con­
struction, internal configuration, and reactor size, 
also affect warmup. A brief exploration of these 
parameters has been made. 

OP 137-73. Field Testing of Liner Backpacking System, by 
Howard C. Pettibone. Proc. 11th Ann. 

Symp. Eng. Geol. & Soils Eng., Idaho Dept. High-, 
ways, Pocatello, Idaho, Apr. 4-6, 1973. September 
1973. pp. 203/216. One of Spokane :Mining Research 
Center's projects is the development of engineering 
criteria for designing flexible liner backpacking sys­
tems for underground support. Until 3 years ago, 
the system advantages were all theory backed by 
small-scale lab experiments. Then a model tunnel 
liner was installed in a Coeur d'Alene mine-48 feet 
of steel pipe, 3 feet in diameter. The test pipe has 
four different thicknesses, and each section is instru­
mented with soil pressure cells, stope closure devices, 
and pipe deformation points. Instrumentation has 
been monitored for over 2 years. This field study has 
produced valuable time deflection data under the 
field loading conditions encountered. 

OP 138-73. Substructure Improves Properties of Lead Alloys, 
by M. M. Tilman and L. A. ~eumeier. 

Met. Trans., v. 4, August 1973, pp. 1997-1999. Sub­
structure in a Pb-1.4 Cd-1.6 Sb alloy increases creep 
resistance at 700 psi by a factor of 3.6 x 10 4 and 
increases tensile strength by approximately 21 
percent without serious loss of ductility. In PB-1 
Sb alloy, substructure increases 700 psi creep resist­
ance by a factor of 45 and tensile strength by ap­
proximately 9 percent, again without significant 
loss of ductility. Polygonized substructure was devel-
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oped in Pb-l.4 Cd-lo6 Sb sheet, which had been pre­
viously rollea to 1/16-inch at 125 0 C, by one or 
more cycles of rolling at room temperature to 4 per­
cent reduction in a single pass, annealing at 200 0 C 
for 4 hours, and air cooling. In the Pb-1 Sb alloy, 
polygonized substructure was developed by initial 

. rolling at room temperature, annealing at 220 0 C 
and then rolling in one pass to 5 percent reduction 
at 175 0 C and air cooling. 

OP 139-73. Suppression and Collection of Respirable Coal 
Dust Using Water and Steam, by T. F. Tomb, 

L. Cheng, and R. L. Stein. Ann. New York Acad. 
ScL, v. 200, Dec. 29, 1972, pp. 724-736. From lab­
oratory experiments, an empirical relationship re­
lating water spray droplet concentration, size; and 
velocity to the suppression of respirable coal dust 
was determined. Also, the effect of steam in sup­
pressing respirable coal dust was determined. 

OP 140-73. Liner Backpacking System Theory, by Robert 
C. Bates and Sidiq M. Dar. Pl'oc. 11th 

Ann. Symp. Eng. Geol. & Soils Eng. Idaho Dept. of 
lIighways, Pocatello, Idaho, April 4-6, 1973. Sep-
tember ] 973, 'pp. 185-201. A set of theoretical 
equations, assuming linearly elastic materials has 
been developed that describes the stresses and dis­
placements e\'e~y\\'here in a line-backpacking sup­
port system. It IS assumed that the field stresses are 
applied to the system after the liner has been placed, 
ahd that the pressures due to the instability of the 
rock opening itself are not considered. Theoretical 
,,'ork is applicable to any number of concentric lay­
ers of material, thereby enabling one to handle un­
derground situations where backpacking can be 
placed behyeen liner and rock. Graphs showing the 
benefits and limitations of backpacking are given 
along ,,'ith an example showing the effects of an 
ultrasoft layer of material surrounding the liner. 
These equations, where applied to existing field data, 
show good agreement with measured values, and 
they ha\'e also guided the design of field liner instal­
lations. 

OP 141-73. A New Concept in Information Exchange for 
Petroleum Chemists, by John S. Ball. Pre­

prints, ACS Div. Petrol. Chern., v. 17, No.4, Septem­
ber 1972, pp. H40-H51. The preprints of the Divi­
sion of Petroleum Chemistry of the American Chem­
ical Society, through cooperative efforts of the 
members, provides speedy, inexpensive, and reliable 
dissemination of technology. 

OP 142-73. Petroleum Division Preprints, by John S. Ball. 
Chemtech, v. 3, No.8, August 1973, pp. 

491, 506. This article describes the planning and 
compiling of information that is published by the 
Petroleum Division of the American Chemical So­
ciety in their preprints. 

OP 143-73. Magnetohydrodynamics-Low Air Pollution 
Power Generation, by D. Bienstock, P. D. 

Bergman, J. M. Henry, R. J. Demski, J. J. Demeter, 
and K. D. Plants. Pres. AS ME Ann. Winter Meet­
ing, Nov. 11-15, 1973, Detroit, Mich., Preprint No. 
73-WA/Ener-3, 1973, 12 pp. Magnetohydrodynam­
ics has very low air pollution potential. In pilot 
plant tests in which a 2.2 Vlt.-pct sulfur coal was 
burned in a cyclone furnace at 200 Ib/hr and 
4000° F at a seed concentration of 1 g-mole 
K2CO:l/kg coal, 99.S pct removal of S02 was ob­
tained with only 5 ppm SOz in the gaseous effluent. 
Operating the combustor with 95 pct of stoichio­
metric oxygen and ambient air admitted at 2000° F. 

N02 emissions decreased to 150 ppm or 0.12 Ib N02/ 
million Btu. This represents a 94 pct reduction from 
single-stage operation at 102 pct of stoichiometric 
oxygen. As the gas-cooling rate in the experimental 
unit is higher than projected for a commercial plant, 
it is expected that a commercial plant would experi­
ence even lower NO x emissions. A mathematical 
model using the Zeldovich mechanism was adequate 
to follow the NO,. decomposition in the air-rich sys­
tem; an extended Zeldovich was more appropriate in 
the fuel-rich regime. Experiments showed that at 
high slag-rejection rates of greater than 90 pct re­
covery of the potassium seed by aqueous extraction 
was better than 99 pct. Cost estimates of a 1,000-
MWe MHD-steam plant, in which the spent seed is 
recovered by aqueous extraction and then regene­
rated with reducing gases to' remove the sulfur, 
showed an operating cost of the seed recovery-sulfur 
removal steps of 9 pct of the overall power costs of 
9.1 mills/kW-hr. 

OP 144-73. An Experimental Determination of the True Uni-
axial Stress-Strain Behavior of Brittle Rock, by 

B. T. Brady, W. I. Duvall, and F. G. Horino, Rock 
Mech., v. 5, 1973, pp. 107-120. Results are presented 
of an experimental study of the behavior of six rock 
types deformed under uniaxial compression into their 
respective postfailure regions. Based on the observa­
tion that a rock sample in a postfailure state can be 
considered to be composed of broken and unbroken 
rock and assuming that the reduction in load-bearing 
capability of rock in the postfailure region is due to 
a reduction of the effective cross-sectional area of 
the specimen resulting from the growth of large 
cracks within the rock sample, the authors show that 
there is a maximum true stress that the unfractured 
solid rock can sustain without inelastic deformation. 
This stress is constant and is defined to be the true 
failure strength of the rock. The value of this stress 
is calculated by dividing the fane on the rock sam­
ple at any point along the postfailure curve by the 
true load-bearing cross-sectional area of the rock 
~ample at that point. Theoretical and experimental 
techniques are developed which allow an estimate of 
the true load-bearing area of the rock sample at any 
point along the postfailure curve of the sample. For 
the rock types used in the study, which were de­
formed to preselected positions along their respective 
postfailure curves and with the assumption that the 
fractured ,rock carried none of the applied load. 
the two techniques of measuring the effective load­
bearing area give results which are equivalent. 

OP 145-73. Artesian Aquifer, New Fork Tongue of the 
Wasatch Formation, Northern Green River Basin, 

by George F. Dana and John Ward Smith. Wyo. 
Geol. Assoc. Guidebook (25th Field Conf.), 1973, pp. 
201-206. An artesian aquifer is found in the New 
Fork Tongue of the Wasatch Formation in the 
northern Green River Basin. Overlying the aquifer 
is the Wilkins Peak Member of the Green River 
Formation' which contains potentially developable oil 
shales. The aquifer contains substantial amounts of 
water available for possible use in an oil-shale in­
dustry. Flow rates as high as 500 gallons per minute 
are presently being produced from abandoned oil 
test wells. The water, containing sodium carbonate 
and sodium bicarbonate as the principle dissolved 
solids, is not classed as potable owing to excessive 
amounts of fluoride and total dissolved solids. Re­
charge for the aquifer is found to the north where 
the New Fork Tongue becomes arkosic. The area of 
known artesian production is about 500 square miles. 
An additional 700 square miles may contain artesian 
water from the same source. 
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OP 146-73. Black Trona Water, Green River Basin, by 
George F. Dana and John Ward Smith. 

Wyo Geo!. Assoc. Guidebook (25th Field Conf.), 
1973: pp. 153-156. Black water has been found in 
18 boreholes drilled since 1949 in an area around 
Farson and Eden in the northern Green River Basin. 
The black water is produced from unusually porous 
and permeable oil shales of variable ric.hness in the 
Wilkins Peak Member of the Green RIver Forma­
tion. The black water color is caused by organic 
acids dissolved in a sodium carbonate solution. Be­
cause of minimal information, the explanation for 
the occurrence of the porosity, permeability, and the 
presence of black water in a usually impermeable 
shale is difficult and requires further stUdy. How­
ever in our opinion. the black water is original lake 
wat~r incorporated in the sediments in a low place 
in the lake bed during recessions of the lake. Further 
deposition created closed aquifers which. when pene­
tl'ated by drilling, produce artesian water due to 
overburden pressure rather than to the more c0n:-­
mon mechanisms of gas pressure or hydrodynamIC 
drives. Since 1949, attempts have been made to pro­
duce the water for economic exploitation, but no 
economic use has yet been made of it. 

OP 147-73. Vegetative Stabilization of Mill Mineral Wastes, 
by K. C. Dean, R. Havens, K. T. Har­

per, and J. B. Rosenbaum. ?roc. SYJ!Ip. on Eco~ogy 
and Revegetation 0f DrastIcally DIsturbed SItes, 
Pa. State Univ., University Park, Pa., Aug. 5, 19!19, 
Paper VI-I, 1973, 18 pp; Ecology and Reclam~tlOn 
of Devastated Land, Gordon and Breach SCIence 
Pub., Ltd., London (1973), pp. 119-135. Mine, mill, 
and smelter wastes as barren piles on the landscape 
are considered pollutants. The fine minerals in such 
wastes that become airborne may cause ail' and 
water pollution. The Bureau of Mines is investigat­
ing methods of mitigating such pollution by devising 
means for stabilizing mineral industry wastes. Phy­
sical, chemical, vegetative, and combination met~ods 
of stabilizing fine wastes have been developed. Smce 
\'egetation offers the adva!1tages of renewabili~y and 
improved appearance, maJor. research e!llphasls has 
been directed toward developmg vegetatIve and com­
bined chemical-vegetative stabilization procedures. A 
resinous adhesive compound used in conjunction with 
selected vegetation appears exceptionally effective 
for achieving stabilization of many mill tailings. 
Treatment of a 10-acre plot of typical copper mill 
tailings by the combination method effectively stabi­
lized the fine sands against wind erosion. 

OP 148-73. Further Studies of the Combustion of Pulverized 
Char and Low-Volatile Coal, by J. J. Dem­

eter, C. R. McCann, D. Bienstock. Pres. ASME Ann. 
Winter Meeting, Detroit, Mich., Nov. 11-15, 1~73, 
Preprint No. 73-W AjFu2, 1973, 5 pp. PulverIzed 
char was fired in a dry-bottom, front-wall-fired f~r­
:nace, capable of burnin~ about 590 Ib of t~e !llatenal 
per hour. Earlier experIments ,:vlth chars mJect~d 3;t 
ambient temperatures into thIS furnace had mdl­
cated that increasing amounts of supplementary fuel 
(natural gas) were required to maintain good com­
bustion as the volatile matter of the char decreased 
with standardized conditions of burning rate, excess 
air, and primary ail' to ~uel rati,o. I~ the present in­
vestigation, the char-pnmary all' mIxture was pre­
heated to eliminate the need for a dual fuel system. 
Effects of operating parameters such as secondary 
air preheat and fuel particle size were studied. A 
low-volatile (5-percent) char was burned success­
fully without supplemental fuel at a char prehe;:t 
temperature of 450°-500° F and a secondary all' 
temperature of 600' F. A char preheat temperature 
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of 550' F was required to obtain stable com~JUstion 
without auxiliary fuel when the secondary ~Ir tem­
perature was lowered to 500 0 F. Low-volatll~ (18-
percent) Pocahontas coa~ could. be .burn~d I~ the 
experimental combustor WIthout ~Ithel a.uxIlJar! fuel 
or preheat of the coal, thus ~ivmg an m~lcatlOn of 
the order of difficulty in burmng low-volatIle char. 

OP 149-73. Clean Fluid Fuels From Coal and Wastes, by 
A. J. Forney and W. P. Haynes. Trans. 

ASME, v. 95, No.3, July 1973, pp. 142-144. The 
economy of the United States is .based. on. energy. 
Energy is the universal raw materIal whIch ~s essen­
tial for man's requirements for food, clothmg, and 
shelter. Recently it has become evident that we. al:e 
straining our available energy resources to the lImit 
and must change our f'nergy consumption and pro­
duction patterns. The demands for more energy have 
been intensified by the demands ~o!, c1ea1!- energy; 
that is, energy that will have a mInImum llnpac~ on 
the environment. Pollution abatement r~gulatlOns 
and the difficulty of removing sulfur OXides from 
the flue gases of coal-burning plants have com­
pounded the problem. The short~ge of na~Ul'al gas 
has crystallized plans for makIng substItute gas 
from LPG and naphthas and some of these p.lans 
will be realiz8d by 1973. Recent fundmg o~ proJects 
concerned with coal conversion processes. IS the. re­
sult of this energy shortage. ThIS paper IS a review 
of recent developments in the research on the con­
version of coals and wastes to more usable clean 
fuels, namely, ~as and oil. 

OP 1 50-73. Catalytic Thermal Decomposition of Carbonyl 
Sulfide and Its Reaction With Sulfur Dioxide, 

by L A Haas and S. E. Khalafalla. J. CatalysiS, 
v. 30, No.3, September 1973, pp. 451-459. The 
thermal decomposition of carbonyl sul~de (S<;:O) 
was studied in an integral reactor With vanous 
catalysts. An apparent activation energy of .2~.7 
kcal/mole was measured for seo decompositIOn 
without a catalyst. In presence of a contact c~talyst 
such as alumina or silica, the apparent activatIOn 
energy was lowered to 5.~ kcal/mole .. ~~t tempera­
tures below. 635 Q e the maIn decomposItIOn products 
of seo were C02 ~nd eS2. At higher t~mperature~, 
the main products wer~. CO and S. Wlt~ p}lre chl­
alumina the decomposItIOn of seo at 050 e was 
35 perceilt, but when a stoichiometric quantity of SO~ 
was added to SCO, about 90 percent of the seo and 
S02 were converted at a much lower temperature 
(about 400° C). The degree of interaction. of SCO 
and S02 was greater with pure chi-alumIna than 
when transition metals were present. 

OP 151-73. Les Vibrations dues aux tirs et leurs effets sur 
les constructions (Blasting 'l.ibrations and Their 

Effects on Structures), by HEmry·R. Nichols, .Charles ~. 
Johnson and Wilbur I. Duvall. Exploslfs, No. _, 
April-J~ne 1973, pp. 45-92 .. This report, the s~c.ond 
part of this French translatIOn of Bureau of -'hnes. 
Bulletin 656, presents the results of the B.ureau's 
10-year program to study the problem of ~Ir blast 
and ground vibrations generated by blastmg. The 
program included ;:n ext~nsive fi~ld study of gr~und 
vibrations; a consIderatIOn of all' blast e!fects., an 
evaluation of instrumentation to n:-easure vlbr:atlO~s; 
establishment of damage critena for reSidential 
structures' determination of blasting parameters 
which grdssly affected vibrations; empirical safe 
blasting limits; and the proble~ of hum~n response. 
While values of 2.0-in/sec partIcle velOCIty and 0.5-. 
psi air blast overpressure are recommended as safe 
blasting limits not to be exceeded ,to .preclude damage 
to residential structures, l~}\~er lImIts are sug&,es~d 
to minimize complaints. MillIsecond-delay blastmg IS 
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shown to reduce vibration levels as compared to 
instantaneous blasting, and electric cap delay blasts 
offer a slight reduction in vibration levels as como. 
pared to Primacord delay blasts. Vibration levels· 
of different blasts may be compared at common 
scaled distances, where scaled distance is the dis-. 
tance divided by the square root of the maximum 
charge weight per delay. Geology, rock type, and 
direction affect vibration level within limits. Empir­
ically, a safe blasting limit based on a scaled dis-' 
tance of 50 ft/lbl/" may be used without instrumen­
tation. However, a knowledge of the particle velo­
city propagation characteristics of a blasting site 
determined from instrumental blasts at that site are 
recommended to insure that the safe blasting limit 
of 2.0 in/sec is not exceeded. The first part of this 
translation oppeared as OP 121-73 in the September 
issue of New Publications-Bureau of Mines. 

OP 152-73. Deposition of Aerosols on a Charged Poly-
styrene Surface, by Richard L. Stein. Am. 

Ind. Hygiene Assoc. J., v. 33, No. 12, December 1972, 
pp. 775-783. A study was made of the decrease in 
the concentration of coal and fluorescent pigment 
aerosols in a polystyrine chamber. Losses to the 
walls of the plastic chamber were as high as 85 per­
cent for coal (75 percent for fluorescent pigment) in 
a 20-minute period. Wall loss rates decreased with 
increasing humidity. These losses were shown to be 
due to the electrostatic attraction between the 
charged aerosol and the natural charge on the plas­
tic surface. Difference in the wall loss rate constant, 
/3" was attributed to the variation of mobility distri­
bution between the coal and fluorescent pigment 
aerosols. Areas of positive and negative charges on 
the plastic surface were mapped. Preliminary in­
vestigation of the electrostatic charge on coal parti­
cles has indicated that the median charge is about 
40 to 200 elementary electronic charges. 

OP 153-73. Analyzing Heavy Ends of Crude, by C. J. 
Thompson, J. E. Dooley, D. E. Hirsch, 

and C. C. Ward. Hydrocarbon Processing, v. 52, 
No.9, September 1973, pp. 123-130. To obtain com­
positional information on both hydrocarbon and non­
hydrocarbon components of crude oil and to develop 
suitable analytical methods applicable to any crude 
oil, the Bureau of Mines, through American Petro­
leum Institute Research Project 60 (API RP 60), is 
studying ill some detail the higher boiling fractions 
of five crude oils of different chemical composition 
and geological origin. To effectively process and use 
the heavy ends of petroleum it is necessary to de­
velop suitable separation and characterization pro­
cedures not currently available. A systematic pro­
cedure developed by the Bureau of Mines uses tech­
niques such as isothermal and molecular distillation, 
chemical treatment, silica-alumina gel chromatog­
raphy, gd permeation chromatography and spectrom­
etry. Using these techniques, the Bureau reports 
herein a detailed separation and characterization of 
370 0 to 535 0 C distillate from Gach Saran, Iran, 
crude oil. Such a systematic procedure, applicable to 
any crude oil, should be of value in selecting feed­
stocks and optimizing petroleum processing opera­
tions. 

OP 154-73. Electroslag Remelting of Type 316 Stainless 
Steel, by W. E. Anable, R. H. Nafziger, 

and D. C. Robinson. J. Metals, 31st Electric Fur­
nace Conf. Issue, v. 25, November 1973, pp. 55-61. 
The Bureau of Mines, in cooperation with the United 
States Atomic Energy Commission, electroslag re­
melted two groups of type 316 stainless steel ingots 
for ultimate conversion to tubing for tests associated 

with the liquid metal fast-breeder reactor. The re­
duction in imperfections achieved suggests electro slag 
remelting as a promising alternative to vacuum arc 
or vacuum induction melting. 

OP 155-73. Fast Analytical Pracedure far the Separation and' 
Determination of the Polythionates Found in 

Wackenroder's Solution by High Speed Liquid Chromatography, 
by J. N. Chapman and H. R. Beard. Anal. Chem., 
v. 45, November 1973, pp. 2268-2270. Since the 
1920's, there has been interest in determining poly­
thionates in solution. The reaction of H2S with S02 
in solution yields Wackenroder's solution, which con­
tains S203--, S306--, and S506--, but no other poly~ 
thionates or S206--. Many methods have been devel­
oped for determining polythionates contained in this 
mixture, but there is no satisfactory way of separat­
ing and quantifying them that is not lengthy and 
time consuming. Because the time involved in these 
separations is long, the stability of the polythionates 
from the beginning to the end of analysis is in doubt. 
The method described in this paper will separate and 
quantify the above named polythionates in 15 min­
utes. The method depends on the adsorption and elu-. 
tion from activated carbon by high-speed liquid chro­
matography. The factors governing the separation 
are described. 

OP 156-73. The Effects of Physical Properties on the Design 
of Conveyor Systems, by R. W. Christensen, 

R. W. Heins, and K. K. Wu. Proc. 4th and 5th An­
nual Seminars on Bulk Materials Handling, Decem­
ber 1971 and December 1972, ed. by M. C. Hawk. 
Univ. Pittsburgh, Pittsburgh, Pa., v. 2, No.1, Octo­
ber 1973, pp. 19-34. Discussed is the application of 
statistical experimental design to analyzing belt con­
veying of bulk materials. Tests are presently being 
made to determine the influence of such material 
properties as particle shape, particle size distribu­
tion, angle of internal friction, angle of repose angle 
of surcharge, and moisture content on the way these 
materials are transported by a conveyor belt. 

OP 157-73. Compositional Studies of a High-Boiling 370 0 _ 

535 0 C Distillate From Prudhoe Bay, Alaska, 
Crude Oil, by H. J. Coleman, J. E. Doolev, D. E. 
Hirsch, and C. J. Thompson. Anal. Chern., v. 45, 
No.9, August 1973, pp. 1724-1737. Separation and 
characterization methods applicable to high-boiling 
petroleum fractions are described. Using these meth­
ods, extensive compositional data were obtained on 
a sample of Prudhoe Bay, Alaska, crude oil. 

OP 158-73. Solid Fuels and Heat Generation, by Richard 
C. Corey. Sec. in Chemical Engineers' 

Handbook, 5th ed., McGraw-Hill Book Co., Inc., New 
York, November 1973, pp. 9-14-9-23. This section 
discusses the origin, claSSification, and composition 
of coals; the physical properties of coal, coke, alld 
other solid fuels; combustion stoichiometry; and the 
kinds and characteristics of equipment used for 
burning coal. 

OP 159-73. Corrosion of Solders in Automobile Coolant Sys-
tems, by W. L. Falke, A. E. Schwaneke, 

and A. Y. Lee. Welding J., v. 52, October 1973 pp. 
460-s-465-s. Corrosion experiments were condu'cted 
on three high-lead and two zinc-base solders in com­
mercial antifreeze coolant solutions, in a rust inhibi­
tor solution, and in corrosive water. The experiments 
were made to compare the corrosion resistance of 
presently used soldering systems with that of new 
systems that can be used for assembling automo· 
tive radiators. The high-lead solders, 70Pb-30Sn, 
95Pb-5Sn, and 95Pb-3.8Sn-1.2A~, are similar to those 
used to make automobile radlators. The zinc-base 
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solders (95Zn-5AI and 89Zn-7 AI-4Cu) were devel­
oped for possible use in automobile radiators. Glass­
ware corrosion tests were conducted on each of the 
soldering alloys for periods of 336 hours at tempera· 
tures of 165 0 and 200 0 F. A limited number of 
in-service tests were performed by introducing the 
sample bundles into the cooling system of two auto­
mobiles for 10,000-mile tests. Results are presented 
as the corrQsion weight loss in milligrams for each 
specimen of (1) bulk solder, (2) solder coated cop­
per, and (3) solder coated brass. Corrosion resist­
ance of the soldering alloys and of the solder-coated 
copper and brass proved to be more dependent on 
coolant solution type and temperature than on solder 
alloy composition, whether high-lead or zinc-base 
type solders. Increased corrosion occurred for both 
soldering systems in corrosive water; however the 
amount of increase was much greater for the ~inc­
base system. With the exception of the zinc-base bulk 
solders, the rust inhibitor solution offered little pro­
tection to the solder systems tested. 

OP 160-73. The Synthane Process-Research Results and 
Prototype Plant DeSign, by A. J. Forney 

and J. P. McGee. Proc. 4th Synthetic Pipeline Gas 
Symp., Chicago, Ill., Oct. 30-31, 1972, pp. 51-71. 
The paper discusses the development of the Synthane 
Process at the Bureau of Mines laboratories at 
Bruceton, Pa., the research on a Synthane gasifier­
done at the Hydrocarbon Research, Inc., plant in 
Trenton, N. J., and the Lummus design of the 75-tpd 
prototype plant to be constructed at Bruceton, Pa. 
Because of the importance of environmental prob­
lems, the pollution aspects of the Synthane Process 
and solutions are also discussed. 

OP 161-73. The Enthalpies of Combustion and Formation of 
1,8-Dimethylnaphthalene, 2,3-Dimethylnaph-

thalene, 2,6-0imethylnaphthalene, and 2,7-0imethylnaphtha­
lene, by W. D. Good. J. Chern. Thermodynamics, v. 
5, No.5, 1973, pp. 715-720. The enthalpies of combus­
tion of 1,8-dimethylnaphthalene, 2,3-dimethylnaphth­
alene, 2,6-dimethylnaphthalene, and 2,7-dimeth­
ylnaphthalene were measured by precision oxygen­
bomb calorimetry. Enthalpies of formation in the 
'crystalline state were derived. 

OP 162-73. The Enthalpies of Combustion and Formation of 
n-Butylbenxene, the Oiethylbenzenes, the Methyl­

n-propylbenzenes, and the Methyl-isopropylbenzenes, by 
W. D. Good. J. Chern. Thermodynamics, v. 5, No.5, 
1973, pp. 707-714. The enthalpies of combustion of 
n-butylbenzene and nine of its isomers were deter­
mined by precision oxygen-bomb calorimetry. En­
thalpies of formation in the liquid state were derived. 

OP 163-73. Nonmetal Elements and Compounds, by W. E. 
Haines and D. R. Latham. Anal. Chern., 

v. 45, No.6, 1973, pp. 198R-203R. This paper is a 
biennial review summarizing research on nonmetal 
elements in petroleum for 1970 and 1971. 

OP 164-73. The Theory of Free Ambient Fires. The Convec-
tively Mixed Combustion of Fuel Reservoirs, by 

M. Hertzberg. Combustion and Flame, v. 21, 1973, 
pp. 195-209. The theory of fuel-reservoir fires (that 

.is, pool flames) is extended and amplified into a 
quantitative formulation that includes all the signifi­
cant physical processes--mass diffusion, heat conduc­
tion, convective mixing, convective heat transport, 
and radiative heat transport. The conservation equa­
tions across the Gibbsian surfaces of the pool flame 
are solved, in finite-difference form, under idealized 
but nevertheless realistic conditions. This semiem­
pirical solution, which quantifies the consensus of 
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views of many previous researchers, is surprisingly 
simple considering the number of processes involved 
and their complexity. The predictions are compared 
with the data for three fuels (gasoline, liquid hydro­
gen, and methanol), and the comparison gives rea­
sonable agreement. This steady-state theory idealizes 

'the complexities of turbulent, eddy mixing in terms 
of a single, average mixing radius, whose magnitude 
is inferred from the observed flame structures. The 
radiative transport process from the hot flame vol-, 
ume to the pool reservoir is idealized as a planar 
surface-to-surface transfer function. The observed 
flame thickness is used to calculate both the emis­
sivity of the upper "flame surface" and its average 
height above the pool. The theory presented is only 
a beginning in handling the major problem, that is, 
the feedback loop between the combustion source 
function and the flow mixing of vaporizing fuel with 
entrained air. Combustion and buoyancy forces are 
the sources of flow, but it is the flow mixing field 
itself that controls the strength of these forces. 

OP 165-73. Physical and Chemical Properties of Respirable 
Coal Dust From Two United States Mines, by 

M. Corn, F. Stein, Y. Hammad! S. Manekshaw? R. 
W. Freedman. and A. M. Hal'tstem. Am. Ind. Hygiene 
Assoc. J., July 1973, pp. 279-285. This inyestiga­
tion was aimed at establishing procedures for ob­
taining data relative to the physical :;tnd chemical 
characterization of respirable coal mme dust fol' 
utilization in epidemiological studies of incidence of 
coal workers' pneumoconiosis in different "U.S. mines. 

OP 166-73. Unusual Concepts for Coal Mine Haulage, by 
W. K. Kleysteuber and A. J. :Uiscoe. 

Proc. 4th and 5th Annual Seminars on Bulk Mate­
rials Handling, December 1971 and December 1972, 
ed. by M. C. Hawk. Univ. Pittsburgh, Pittsburgh, 
,Pa., v. 2, No.1, October 1973, pp. 132-142. Some of 
the unusual concepts for coal mine haulage now un­
der investigation are described. The article discusses 
'the advantages, disadvantages, and study plans of 
the following: Hydraulic and pneumatic transport; a 
siderail and sidewheel system; a heavy media hoist;' 
a peristaltic conveyor and an undulatory conveyor; 
an air-cushioned belt conveyor propelled by linear in­
duction motors; an adaptation of the Archimedes' 
screw; and possible application of the Rolamite de­
vice for conveying. 

OP 167-73. Concentration Profiles for Radical Species in a 
Methane-Oxygen-Argon Flame, by C. P. Laz­

zara, J. C. Biordi, and J. F. Papp. Combustion and 
Flame, v .. 21, 1973, pp. 371-382. Concentration pro­
files through the reaction zone of a low-pressure, 
slightly lean methane-oxygen-argon flame have been 
measured, in situ, for the following unstable species: 
Oxygen atoms, hydrogen atoms, hydroxyl radicals, 
methyl radicals, and formyl radicals. The conditions 
of measurement, means of identification, and method 
for estimating the concentrations of the radicals are 
described. The observed maximum mole fractions are 
2.3 X 10-2 for H, 1.1 x 10-~ for OH, and 0.8 x 10-~ 
for 0, the maxima occurring in the recombi:nation 

,zone for these species. The maximum values are in 
excess of equilibrmm concentration by factors of 
-10-103• Methyl and formyl radicals have maximum 
mole fractions in the reaction zone of 2.2 X 10-3 and 
6 X 10-5, respectively. Equilibrium constants, calcu­
lated from the appropriate measured species concen­
trations for the fastest reactions of the H2 = CO = 
02 flame, which is the last stage of this hydrocarbon 
flame, suggests that these reactions are essentially 
balanced in this part of the flame. 
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OP 168-73. Risques dus a la roiaspiration des gaz d'echappc-
ment par les moteurs en espace confine (Hazard 

From Engines Rebreathing Exhaust in Confined Space), by 
W. F. Marshall and R. W. Hurn. Cahiers de Notes 
Documentaires, Institut National de Recherche et de 
Securite, No. 73, 1973, pp. 471-481. The Bureau of 
Mine.s conducted a series of experiments to determine 
the mflu~nce of e?Chaust r~breathing on emissions 
from varIOUS gasolme and diesel engines. Tests were 
conduct~d that simulated operation of engines in 
n.onventtlated spaces as well as in spaces with par­
tially restricted ventilation. Results of these tests 
showed that exhaust rebreathing can have a marked 
effect on exhaust emissions and thus on the composi­
tion ?f the air ~n t!J.e working space. For the case of 
restrIcted venttlatlOn, unacceptably high (greater 
than 50 ppm) levels of CO in the air of the working 
space resulted from exhaust rebreathing rates as low 
a~ 8.percent exhaust in the engine's intake. Opera­
tion m a nonventilated space resulted in highly criti­
cal CO levels (fatal in a few minutes) at times cor­
responding to 1 to 3 pounds of fuel consumed per 
1,u~0 CUb~c feet of space. Tests involving spaces of 
varIou~ sizes. showed that volume of the air space 
per se IS not Important-the primary variable is fuel 
consumed per unit volume of air space. This paper is 
a translation of Bureau of Mines Report of Investi­
gations 7757. 

OP 169-73. Synthetic Argontojarosite: Physical Properties and 
Thermal Behavior, by A. May, J. J: Sjoberg 

and E. G. Baglin. Am. Mineralogist, v. 58, Septem~ 
ber~October 1973, pp. 936-941. Artificial argentoja­
r~slte, Ag2Fe6 (OH) 12 (S04) 4, prepared in connection 
with Bureau of Mmes research on refractory silver 
ores, !J.:;ts been .synthesized in considerably greater 
qu.antItIes than m previous studies. As a result a de­
tailed ~tudy of its. thermal d~composition, ~ptical 
proP~rtle.s, and phY~lcal properttes was possible by a 
combmatlOn of che~mcal analyses, differential thermal 
analyses, X-ray diffraction, and optical techniques 
Cell dimensions are a = 7.347 (± 0.010), c = 16.580 
(±0.053); refractive i~dices are e = 1.789-1.790, w = 
1.889-1.890. Twenty-nme observed X-ray diffraction 
l'~~ections including reflection indices, relative inten­
s.ltles, and observed and calculated d-spacings are 
Itsted. 

OP 170-73. Current Bureau of Mines Research on Junk Car 
and Related Ferrous Scrap, by C. B. Kena­

han. Seconda~y Raw Mate::., v. 11, January 1973, 
pp. 48-51. ThiS paper descrtbes the Bureau of Mines 
research program on junk cars and other ferrous 
scrap. ~nclud~d are the topics of scrap melting, junk 
cal' mcmeration, and ferrous scrap refining research. 

OP 1-74. Methods and Costs for Stabilizing Tailings Ponds 
. by Karl C. Dean and Richard Havens: 

~ll:. Congo J., D.ecember 1973, pp. 41-46. About 1.7 
billion tons of mmeral wastes are Jiscanled annuallv 
in .the United States. The total accumLllated minenil 
sO!ld wastes amol~nted to about 25 billion tOilS. These 
m:n~ral waste piles currently covel' more than 2 
millton .acres. They are second only to agricultural 
wastes 111 qua!ltity and represen~ nearly 40 percent 
.of the total solid wastes produced m the United States. 
A p1!-r~ of the mineral discard is fine-size material 
reqUiring some sort of stabilization if air and water 
pollution are to be minimized. On active miIl tailing 
ponds, air pollution is controlled by keeping the 
surfaces of the ponds wet either by tailings dis­
charge or by sprinkling. On inactive ponds a more 
perm.anent so~ution is required, usually 'that of 
phYSical, chemical, or vegetative stabilization. Other 

physical methods of stabilization evaluated include 
(1) the u~e of bark covering and (2) the harrowing 
of straw mto the top few inches of tailings. 

OP 2-74. Research Finds Methane Can Ignite by Frictional 
Sparks Between Aluminum Alloys and Rusty Steel 

by D. H. Desy, J. S. Risbeck, and L. A. Neumeier: 
Coal Age, v. 78, No. 12, November 1973, pp. 65-68. 
The Bureau of Mines has conducted research on the 
ignition of methane by sparks caused by frictional 
impact of aluminum alloys on rusty steel at typical 
coal mine fan speeds. The objectives were to estab­
lish the incendivity of aluminum alloys under these 
conditions, to investigate differences between alumi­
num alloys, and to evaluate subs.titute materials fop 
the aluminum-steel combinatioI'i. With a specially 
designed apparatus, three commercial aluminum 
casting alloys and a series of experimental alumi­
.num alloys were tested for incendivity in frictional 
impact against rusted steel in flammable methane­
air mixtures. All aluminum alloys tested produced 
some ignitions. In a series of experimental alloys, 
the harder alloys and those containing silicon tended 
to be more inc endive than the others. Construction:Il 
steel, stainless steel, brass, and plastic did not cause 
ignition of methane-air mixtures in frictional impact 
against rusty steel. Some ignitions occurred with 
constructional steel at high speed in more flammable 
gas mixtures. It is suggested that other construc­
tional materials than the aluminum-steel combina­
tion would minimize or eliminate this hazard. 

OP 3-74. Penetration of Sodium Chloride Aerosol Through 
Respirator Filters, by B. 1. Ferber, F. J. 

Brenenborg, and A. Rhode. Am. Ind. Hygiene 
Assoc. J., December 1972, pp. 971-796. A method 
has been previously described for using a sodium 
chloride (NaCI) aerosol to measure penetration 
through respirator filters. The detector used at that 
time was not sensitive enough to determine the pene­
tration of high-efficiency filters designed for protec­
tion against highly toxic particulates and radio­
nuclides. In the present method, an ultrasonic 
nebulizer is still used to produce a N aCI mist. The 
NaCI concentration has been reduced to 10 ,ug/liter, 

·and the particle size has been decreased to 0.53 I'm, 
mass median diameter. Respirator filters were ex­
posed to this aerosol at airflows of 16 and 42.5 liter/ 
min. The flame photometric detector in this study 
could determine filter penetration in the range of 
0.0005 to 51.6 percent. This is suitable for measuring 
the penetration of high-efficiency filters. 

OP 4-74. New Developments III-BI. 3. Partial Oxidation 
and Other Methods, by A. J. Forney and J. 

H. Field. Ch. in Ammonia I (Fertilizer Science 
and Technology Series), ed. by A. Slack and G. 
James. V. 2, Marcel Dekker, Inc., New York, 1973, 
pp. 347-353. The general low cost and widespread 
use of natural gas and naphtha have discouraged 
research and development on coal gasification in 
most of the countries that have large coal reserves. 
An exception is the United States, where extensive 
research was begun in the 1960's-mainly under 
sponsorship of the Bureau of Mines Office of Coal 
Research-to develop a pipeline gas as a substitute 

.for natural gas. Other work has been aimed at mak­
ing synthesis gas or hydrogen for use as an inter­
mediate in making liquid fuels from coal. Either 
type is suitable for making ammonia synthesis gas 
if the process can be adjusted to give the gas com­
position required. This chapter describes efforts of 
the Bureau of Mines toward these ends. 
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OP 5-74. Service Lives of Respirator Cartridges Versus 
Several Classes of Organic Vapors, by R. W. 

Freedman, B. I. Ferber, and A. M. Hartstein. Am. 
Ind. Hygiene Assoc. J., February 1973, pp. 55-60. 
The effective service life of chemical respirator cart­
ridges varies with the organic vapor absorbed on 
the charcoal. Life versus various compounds was 
determined by exposing chemical cartridges to va­
pors, some of which were of fairly high toxicity. An 
apparatus was assembled to produce dynamic mix­
tures containing 1,000-ppm concentrations of organic 
vapors. The effluent was continuously monitored to 
determ!ne. cll;rtridge s!"!rvice life using hydrogen 
flame IOTIlZatIOn detectIOn. Service life depends on 
the compound to which the ~rtridge is exposed. 
Breakthrough patterns for several compound classes 
may serve as a rough guide for untested compounds 
within a homologous series. 

OP 6-74. Automatic Data Acquisition, by Thomas J. 
Ge?rge. Chern. Eng., Dec. 10, 1973, pp. 

123-;-128. Thu; paper describes how data acquisition 
eqUlpment can record scientific data in a form 
suitable for later analysis by computer. The paper 
emphasizes the importance of installing workable 
data:ac.quisition systems rather ~han choosing more 
.sophlstIcated eqUlpment that WIll require a good 
deal of money and time to make them efficient. This 
artic)e points out that attention to data-acquisition 
reqUirements before a project is begun is vital to 
effective, economic, scientific research. 

OP 7-74. Air and Power Requirements for the Vacuum 
Transport of Crushed Coal in Horizontal Pipe­

lines, by J. L. Konchesky, T. J. George, and J. G. 
Craig. Pneumotransport 2, 2d Internat. Conf. on 
the Pneumatic Transport of Solids in Pipes BHRA 
Fluid Engineering, Cranfield, Bedford, England, 
Sept. 5-7, 1973, pp. B4-45-B4-55. Experiments in 
the vacu?m .transport of crushed coal through hori­
z!>TItal plpelmes produced data for empirical equa­
tIons. and graphs that .giv~ minimum air and power 
requ~r~men~s for. combmatlOns of coal rates, specific 
gravItIes, pIpe dIameters, and lengths. Highest coal 
throughput rate achieved in these experiments was 
18 tons per hour of coal (1.4 specific gravity) 
.through 200 feet of 6-inch-diameter pipe followed by 
three shorter runs connected by bends of different 
radii. About 800 cubic feet per minute of air was 
:required to keep the coal moving in full suspension 
throu~h the pipeline. Based on extrapolations of the 
equatIOns, 155 tons per hour of 4- by O-inch coal 
(1.4 specific gravity) can be pulled through 200 feet 
of straight 12-inch-diameter pipe by 5,500 cubic feet 
per minute of air requiring 150 theoretical horse­
power. For 500 feet of pipeline, the haulage rate 
would be 70 tons per hour requiring 5,100 cubic feet 
per minute. of air and 145 horsepower. Moisture con­
tent and sIze of the coal were not significant vari­
ables. Moistures should be considered, however, in 
the design of pick-up and acceleration sections where 
adhes~on to the walls is more probable. Maximum 
coal sIze cannot exceed one-third the diameter of the 
pipe. 

OP 8-74. Hard Rock Tunneling-Potentials for Automation 
and Improved Safety Through Sensor Develop­

ment, by J. J. Olson. Proc. Res. Workshop on Sen­
sors for Automation, Apr. 9-12, 1973. The Charles 
Stark Draper Laboratories, November 1973, pp. 102-
148. Public pressure is mounting against disasters 
in tunneling projects. Many recommendations for 
elimination of these disasters involve removing or 
protecting man from hazardous conditions in under­
ground. operations through automation of the excava-
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tion process. Although these recommendations for 
automation would help prevent loss of life in tunnel 
mishaps, much development is needed before man 
can be removed from tunneling and mining activities 
conducted underground. The goal of the Workshop 
on Sensors of Automation sponsored by the National 
Science Foundation and held at Lexington, Mass., 
April 10-12, 1973, was to identify research and de­
velopment in sensors needed to improve productivity 
and enhance the overall quality of life in the United 
States. The workshop presentations emphasized four 
operational areas: industry, medicine, distribution, 
and hazardous environments. As part of the infor­
mation presented in the hazardous environments 
session, this paper identifies emerging technologies 
for rapid, hard-rock excavation which will require 
automation and associated sensor development before 
these technologies can find practical application in 
tunneling and mining. 
OP 9-74. Stability of an Underground Room in Frozen 

Gravel, by Howard C. Pettibone. Proc. 2d 
Internat. Conf. on Permafrost, Yakutsk, Russia, 
July 16-28, 1973. Nat. Acad. Sci., Washington. D.C., 
December 1973, pp. 699-706. A 9.14- by 21.3- by 
2.4-m-high room in frozen gravel near Fairbanks, 
Alaska, was heavily instrumented, then monitored 
for over 3 years. The room was stable and no arti­
ficial supports were needed at - 5° C or colder. 
OP 10-74. Mineral Resources and 'Water Requirements for 

New Mexico Minerals Industries, by Earl F. 
Sorensen, Ronald B. Stotelmeyer, and Don H. Baker, 
Jr. N. Mex. BuMines and Min. Res. Circ. 138, 
1973, 26 pp. The circular outlines New Mexico 
mineral production, location of mineral resources, 
and estimated water requirements to the year 2020. 
Water requirements are estimated for metallic, non­
metallic, and fossil fuel production. 
OP 11-74. Velocity Anisotropy in Dry and Saturated Rock 

Spheres and Its Relation to Rock Fabric, by 
Richard E. Thill, Thomas R. Bur, and Robert C. 
Steckley. Internat. J. Rock Mech., Min. Sci., and 
Geomech. Abs., v. 10, No. 16, November 1973, pp. 
535-557. The effects of water saturation on com­
pressional wave velocity, V p, and elastic property 
anisotropy are investigated omnidirectionally in dry­
and water-saturated spheres of Barre Granite and 
Tennessee marble by the ultrasonic pulse method. 
The technique of determining V" in dry and satu­
rated rock spheres is shown to provide information 
about (1) the presence of microcracks and their 
effect on the elastic constants, (2) the anisotropy in 
elastic as well as other physical properties, and (3) 
the dominant structural cause of anisotropy. The 
mean V p in saturated rock moreover is useful for 
predicting the velocity in rock at shallow depths 
below the water table. The velocity difference method 
for detecting microcracks and their preferred orien­
tation might be used to assess the effectiveness of 
certain fragmentation techniques and, moreover, 
may have widespread application in rock mechanics 
re>:earch because of the great effects microcracks can 
have on the elastic strength and other properties of 
rock. 

OP 12-74. Discussion of "Absolute Stress Measurements at 
the Rangely Ant:cline Northwestern Colorado," 

by R. V. de la Cruz and C. B. Raleigh, by J. R. Aggson. 
Internat. J. Rock Mech. Min. Sci. & Geomech. Ab­
stracts, v. 10, No.9, 1973, pp. 749-750. The authors 
of "Absolute Stress Measurements at the Rangely 
Anticline, Northwestern Colorado," have presented 
the results of comparative tests of five different 
methods of measuring the absolute state of stress in 
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rock~ in ,Situ. The authors conclude that the Bureau 
?f Mmes thre.e-component borehole deformation gage 
IS the l!lost sUltable method of measuring the state of 
stress m rock.. Sev~ral ~tatements presented in the 
paper are clarified m thIS technical discussion, 

OP 13-74. Explosives and Borehole Laading, by Richard 
. . A. Dick. Subsection 11.7 in SME Mining 

Engmeermg Handbook, ed. by A. B. Cummins and 
1. A. Given. Society of Mining Engineers of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, v. 1, 1973, 
pp. 11-78-11-99. The present state-of-the-art of 
e~plosives devel?pment and b~re!lOle loading tech­
mques are described. CharacteristICS of explosive re­
actions are covered, and the physical and detonat­
ing :properti~s ?f specific explosiv~s are compared. 
A ~rlef descrIption of each commerCIal explosive type 
IS mcluded. Commonly used detonators and primers 
are described. General price trends for various cate­
gories of explosive products are shown as well as key 
factors in the choice of explosive. Common methods 
of loading both small- and large-diameter boreholes 
with cartridged, bagged, and bulk products fire cov­
ered. ~0.ntrolled blasting. techniques (line drilling, 
presphttmg, smooth blastmg, and cushion blasting) 
are described, including recommended spacings. The 
reader is directed to key sources of available safety 
literature. The paper is concluded with 38 references 
considered useful to persons involved in commercial 
blasting operations. 

OP 14-74. Chemical Fragmentation, by William H. En-
. . gelmann. Subsection 11.9 in SME Mining 

Engmeermg Handbook, ed. by A. B. Cummins and 
1. A. Given. Society of Mining Engineers of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, v.I. 1973, 
pp. 11-112-11-118. Chemical additives can be used 
to improve the performance of standard drilling 
methods. The term chemical fragmentation is defined 
as the breakage, fracture, or comminution of rock or 
mineral materials by mechanical forces, aided by the 
presence of chemical solutions. The latter are usually 
in the form of the aqueous pulp of a ball-mill grind­
ing circuit, or the flushing and cooling fluids pumped 
down the hollow drill stem to the drill bit. Grinding 
and drilling are, therefore, the two most important 
processes benefiting by chemicals in solutions. Al­
though these processes are the chief ones discussed, 
other chemically induced changes in rock toughness, 
as determined by special laboratory tests, are also 
noted. 

OP 15-74. Glass Wool and Other Ceramic Products From 
Waste Glass, by Alan H. Goode, M. E. 

Tyrrell, and 1. L. Feld. Proc. Symp. on Utilization 
of Waste Glass in Secondary Products, Jan. 24-25, 
1973, Albuquerque, N. Mex. Technology Application 
Center-Institute for Social Research and Develop­
ment, University of New Mexico, 1973, pp. 237-249. 
A process for making commercial-quality glass w.ool 
from the glass fraction of municipal incinerator resi­
dues was developed by the Bureau of Mines. This 
research was a part of the Bureau's program to re­
cover usable materials from reclaimed urban waste. 
Molten glass was fiberized into glass wool on a labo­
ratory scale by impinging a jet of compressed air on 
a stream of the molten glass. Melt compositions were 
varied by adding dolomite and alumina to obtain 
molten glass with the handling characteristics re­
q!lired for producing final wool products of the de­
SIred composition and physical characteristics. When 
no charge is made for the waste glass and a credit 

of $70 per ton is allowed for the wool product, a 
10 percent rate of return on investment after taxes 
is possible. If a charge of $5 per ton is placed on the 
waste glass, a selling price of about $72 per ton 
would be necessary to obtain a 10 percent rate of 
return. 

OP 16-74. Fragmentation Principles, by Warren W. 
Krech. Subsection 11.1 in SME Mining 

Engineering Handbook, ed. by A. B. Cummins and 
1. A. Given. Society of Mining Engineers of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, v. 1, 1973, 
pp. 11-2-11-3. This article covers the fundamental 
principles of fragmentation in rocks. Energy must 
be supplied by direct or indirect means to fragment 
that rock. The amount is dependent upon the proper­
ties of the rock and the type of loading system. The 
strength of rock is influenced by the environmental 
conditions imposed on the rock, such as confining 
pressure, pore fluid pressure, temperature, and rate 
of load application. 

OP 17-74. Chromatographic Techniques Used in the Charac-
terization of High-Boiling Petroleum Distillates, 

by D. R. Latham and W. E. Haines. Preprints, ACS, 
Div. Petrol. Chern., v. 18, No.3, August 1973, pp. 
567-571. Several chromatographic techniques were' 
combined into a scheme to separate high-boiling dis­
tillates into analytically significant fractions, ame­
nable to further characterization. These techniques 
are discussed, and compositional information obtained 
from the application of the techniques is reported. 

OP 18-74. Drilling Machines, Surface, by Roger G. Mor-
rell and Harold F. Unger. Subsection 11.4 

in SME Mining Engineering Handbook, ed. by A. B. 
Cummins and 1. A. Given. Society of Mining Engi­
neers of the American Institute of Mining, Metal­
lurgical, and Petroleum Engineers, Inc., New York, 
v. 1, 1973, pp. 11-24~11-56. This article on surface 
drilling machines thoroughly describes rotary and 
percussive (both downhill and surface-mounted) 
drilling techniques. The discussion is limited to pri­
mary blasthole drilling as practiced in open pit, 
quarry, and stripping operations. Although primary 
blastholes usually are drilled vertically, angle holes 
are also common, and most blasthole drill rigs, there­
fore, have angle drilling capability. A few rigs are 
designed to drill horizontal holes for overburden re­
moval, but these are limited in number. Most blast­
hole drill rigs use either rotary, percussive, or rotary­
percussive drilling methods, with jet piercers used to 
a limited extent. Since all blasthole drills are de­
signed for high production, they feature fast drilling, 
rapid tramming, quick setup, automatic drill steel 
handling, and rapid hoisting and lowering speeds. 

OP 19-74. Cutting Machines and Cuttin!,!, by Parviz F. 
. . Rad. Subsection 11.2 in SME Mining En-

gmeermg Handbook, ed. by A. B. Cummins and 1. A. 
Given. Society of Mining Engineers of the American 
Inst~tute of Mining, Metallurgical, and Petroleum 
Engmeers, Inc., New York, v. 1, 1973, pp. 11-3-
11-5. The techniques of preblast cutting in soft min­
erals is. described in this article. The first step in 
conventlOnal coal mining is cutting. Cutting also is 
done. in mining certain other stratified minerals. 
Cuttmg to produce an opening called a kerf is desir­
able because it provides one additional free surface 
for the coal to break to. Further, undercutting 01' 
overcutting relieves the coal seam from the stress 

'acting on it due to overburden pressure. A cut seam 
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will require less explosive to .blast, and the coal will 
be coarser than from an undIsturbed seam. Further, 
less dust and methane are produced in blasting a cut 
seam. 

OP 20-74. Dynamic Response of the Continuous Mechanical 
Fro!h Flotation Cell, by Leon Y. Sadler III. 

Trans. Soc. Mm. Eng., AIME, v. 254, No.4, Decem­
ber 1.973, pp. ?36-343. Three new transfer functions 
re.latmg ~he time response of the amount of floatable 
!llmeral In the underflow to time-dependent changes 
In the amount of floatable mineral in the feed to 
the cell are present.ed. Using experimental stimulus­
response data obtaIned froffi; the flotation of minus 
200- plus 325-mesh glass spheres in a rotor-stator­
type cell, the new transfer functions are compared 
:-vith th~ only transfer f~nction to be presently found 
In the hterature by nonhnear least-squares fitting in 
the frequency domain. The new mathematical model 
based on the amount of available bubble surface area 
and its rate o~ introduction is quite promising. The 
transfer functIOn that allows for a distributed first­
order flotation rate constant also gives good results. 
Si?1ultaneous sodium chloride tracer and glass bead 
stimulus-response tests show that the mixing condi­
tions in the cell were nearly ideal. It is felt that the 
new transfer functions presented offer excellent al­
ternatives f9r use in the design o~ automatic process 
control eqUipment for the contInUOUS mechanical 
froth flotation cell. 

OP 21-74. Adsorption of Hexane on Attrition-Milled Silica, 
by Leon Y. Sadler III and William J. 

Hatcher, Jr. AIChE J., v. 20, January 1974, pp. 
174-175. The effectiveness of attrition milling in 
producing high-specific-surface materials that would 
be effective adsorbents is described. Silica was se­
lected as the test material, and adsorption of 
n-hexane on the attrition-ground material was com­
pared with adsorption on two commercial silica ad­
sorbents. Attrition milling offers a new approach to 
the manufacture of high-surface-area solids for use 
a~ adsorbents and has. the potential of providing 
high-surface-area materials that have not been avail­
able previously. Certain substances that cannot be 
chemically precipitated to form high-specific-area ma­
terials can be milled to a size that achieves the de­
sired surface. 

OP 22-74. Grou!'d and Air Vibrations From Blasting, by 
DaVId E. Siskind. Subsection 11.8 in SME 

Mining Engineering Handbook, ed. by A. B. Cummins 
and 1. A. Given. Society of Mining Engineers of the 
American Institute of Mining, Metallurgical 'and 
Petroleum Engineers, Inc., New York, v. 1,'1973, 
pp. 11-99-11-112. This review describes the prob­
lems of ground vibrations and noise produced by sur­
face and underground blasting. Emphasis is placed 
on seismic and airblast damage to structures and 
the generation and propagation of seismic e~ergy 
produced by mining, quarry, and excavation blasting. 
Ground motion and airblast damage criteria from 
Bureau of Mines Bulletin 656 are discussed in add i­
ti.on to instrumentation and. methods for minimizing 
airblast annoyance complamts. Recommended is a 
maximum safe ground vibration level of 2 in/sec for 
residentia~ structures ?f normal seismic damage risk, 
and an alrblast cautIOn threshold of 0.5 psi over­
pressure for properly mounted, strainless glass 
panels. 

OP 23-74. Size Reduction of Ceramic Powders by Attrition 
Milling, by D: A. Stanley, L. Y. Sadler III, 

and D. R. Brooks. PartIcle Reduction 1973. Proc. 1st 
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Internat. Conf. in Particle Technol., lIT Research 
Institute, Chicago, Ill., Aug. 21-24, 1973, pp. 279-285. 
Attrition milling was developed by the Bureau of 
Mines in the early 1960's as an outgrowth of an 
earlier developed attrition scrubber. This type of 
milling is characterized by intense agitation of a 
grinding medium slurry in a baffled vessel by a 
radial-flow, concentrically mounted impeller. Attri­
tion mills are being used commercially for produc­
ing paper-grade clays and paint pigments. Research 
studies are being conducted by the Bureau of Mines 
to extend the use of attrition milling to the prepara­
tion of submicrometer-size oxide powders suitable for 
the fabrication of ceramic articles. A number of the 
variables that influence rates of size reduction are 
discussed in which fluorspar, silica, calcite, dolomite, 
zirconia. and barium ferrite powders were milled. 
The effect of using spherical quartz, alumina, and 
zirconia milling media on contamination are de­
scribed. Performance of conventional mills are com­
pared, with the attrition type illustrating the greater 
efficiency of the latter. 

OP 24-74. Principles of Drilling, by Sathit Tandanand. 
Subsection 11.3 in SME :\Iining Engineer­

ing Handbook, ed. by A. B. Cummins and I. A. Given. 
Society of Mining Engineers of the American Insti­
tute of Mining, Metallurgical, and Petroleum Engi­
neers, Inc., New York, v. 1, 1973, pp. 11-5-11-24. 
The principles of drilling are concerned with the en­
ergetics of rock penetration through use of mechani­
cal energy, the functional responses, and the inter­
relationships between the drill system and rocks. The 
subjects discussed include strength characteristics of 
rock, mechanics of penetration, major factors in­
fluencing penetration rate, engineering properties re­
lated to drillability, and drillability determination. 

OP 25-74. Thermal Drilling of Blostholes, by K. Thiru-
malai. Subsection 11.5 in SME Mining 

Engineering Handbook, ed. by A. B. Cummins and 
1. A. Given. Society of :\Iining Engineers of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, v. 1, 1973, 
pp. 11-56-11-60. This section on thermal drilling 
and chambering (jet piercing) of blastholes describes 
high-energy heating as a proven though relatively 
new method of preparing blastholes. N oYeI high­
energy heat sources with the potential for drillin!! 
and disintegrating rocks are laser and infrared 
heaters, electron beams, plasma heaters, electrical 
heaters, and supersonic oxygen-fuel oil or compressed 
air-fuel oil burners. Supersonic "rocket" burners us­
ing oxygen and light petroleum-based fuel oil re­
actants have found wide acceptance for blasthole 
drilling, especially in some hard taconite formations. 

OP 26-74. Drilling Machines, Underground, by Harold F. 
Unger. Subsection 11.6 in S~IE Mining 

Engineering Handbook, ed. by A. B. Cummins and 
1. A. Given. Society of Mining Engineers of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, v. 1, 1973,; 
pp. 11-60-11-78. This description of underground 
drilling methods covers percussive, rotary, and 
rotary-percussive techniques. Topics specifically 
treated are types of drills, power sources, drill rods, 
types of bits, circulation or flushing systems, operat­
ing and performance specifications, and unit costs. 

OP 27-74. Ecology of Some Mined Areas in North Dakota, 
by :\1. K. Wali and P. G. Freeman. North 

Dakota Geol. Survey, Educational Ser. 5, Grand 
Forks, N. Dak., 1973, pp. 25-47. The species com­
position and diversity and soil physical and chamical 
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propertfes of some immined areas have been com­
pared with spoil banks that have been revegetated 
naturally over a period of time. The entire study has 
been located in such a way that the spoil materials 
represent a series along a time gradient. Emphasis 
has been laid on abundance of species in relation to 
water retention properties and macro- and micro­
nutrient content of the soils. This study provides an 
insight into the regional ecological processes in op­
eration that will have a bearing on the present as 
well as future revegetation and reclamation efforts. 

OP 28-74. Reactions Catalyzed by CO2(CO)8. Selective Deu· 
terium Incorporation Into Some Polycyclic Hydro­

carbons, by Thomas A. Weil, Sidney Friedman, and 
Irving Wender. J. Organic Chern., v. 39, No.1, 
Jan. 11, 1974, pp. 48-50. In the presence of D2 
(or D20), Cod CO) 8 catalyzes the conversion of an­
thracene, anthraquinone, and 9.10-dihydroanthracene 
to 9,9,10,10-tetradeutero-9 ,1 O-dihydroan thracene. The 
tetradeutero compound acts as a deuterium source 
for hydroformylation reaction. 

OP 29-74. Molecular Interactions of Asphalt: An Infrared 
Study of the Hydragen-Bonding Basicity of 

Asphalt, by R. V. Barbour and J. C. Petersen. Anal. 
Chern., v. 46, No.2, February 1974, pp. 273-277. 
The hydrogen-bonding basicity of asphalts, oxidized 
asphalts, and asphalt fractions has been investi­
?jated by infrared techniques using phenol as the 
liydrogen-bonding acid. Evidence has been obtained 
that asphalts exhibit strong hydrogen-bonding 
basicity. Infrared frequency shift data give enthal­
pies of formation in the range 6 to 8 kcal/mole for· 
the asphalt-phenol hydrogen bond in CCI. solution. 
The phenol interaction data suggest a hydrogen-· 
bonding base concentration of at least 2 mmoles per 
gram of asphalt. Air oxidation of asphalts at ele­
vated temperatures increased the measured hydro­
gen-bonding basicity of the asphalt and suggests the 
formation of new hyrogen-bonding bases. Sulfur­
containing molecules are suggested as important to 
the hydrogen-bonding basicity of asphalts, and the 
oxidation of the sulfur in these molecules could 
account for some of the increased basicity on air 
oxidation. Data· from' the methylation of an asphalt 
and its fractions with diazomethane suggest the 
occurrence of molecular aggregation via hydrogen 
bonding. 

OP 30-74. Design and Operation of an Autamobile and 
Railroad Car Incinerator, by J. H. Bilbrey, 

Jr., K. C. Dean, and J. W. Sterner. Met. Soc., 
AIME, February 1974, TMS Preprint A74-88, 6 pp. 
A low-cost, smokeless automobile incinerator capable 
of burning up to 80 flattened automobiles in an 8-
hour operating day was designed by the Bureau of 
::\Iines and has been operated during the past 4 
years. Based upon the successful operation of this 
prototype, a modified incinerator capable of burning 
both railroad cars and automobiles was designed and 
constructed by a major scrap processor in conjunc­
tion with the Bureau of Mines. Research on the 
operation of this incinerator has been conducted 
during the past year, burning flattened and unflat­
tened automobiles and stock. box. and work railroad 
cars. Although many maintenance problems were 
encountered from materials of construction, opera­
tion of the incinerator was successful. Smokeless in­
cineration of railroad cars as well as automobiles 
was found possible in 23 of ~5 tests made in the late 
stages of operation. Smoke emission in the other two 
burns was of less than 2-minute duration in each 
case. The average time for burning a batch of 20 
unflattened automobiles was about 35 minutes, and 

the railroad cars ranged from 60 to 75 minutes each 
for complete burnout. 

OP 31-74. Coal Technology, by Richard C. Corey. Ch. 
in Riegels Handbook of Industrial Chem­

istry. Van Nostrand Rheinhold Co., New York, 7th 
ed., 1974, pp. 23-61. This chapter discusses coal re­
serves, production, and consumption; origin and 
classification of coal; mining: cleaning, and com­
position; coal utilization, inluding combustion, gasi­
fication, and liquefaction; and nonfuel uses of coal. 

OP 32-74. A Fragmentation Experiment for In Situ Extrac-
tion, by Dennis V. D'Andrea, Richard A. 

Dick, Robert C. Steckley, and William C. Larson. 
Proc. Solution Min. Symp., ed. by F. F. Aplan, W. A. 
McKinney, and A. D Pernichele. 103d AIME Ann. 
Meeting, Dallas, Tex., Feb. 25-27, 1974, American 
Institute of Mining, Metallurgical, and Petroleum 
Engineers, Inc., New York, 1974,pp. 148-161. A 
fragmentation experiment was performed in coop­
eration with Duval Corp. in a porphyry-copper­
molybdenum deposit near the Sierrita pit south of 
Tucson, Ariz. A lO-hole test blast was detonated to 
establish relationships betwen blasthole spacing and 
the resulting fragmentation. Blastholes were 9 in 
in diameter and 110 ft deep. The 10 blastholes con­
tained a total of 17,400 lb of aluminized slurry blast­
ing agent in 50-ft columns with 60 ft of stemming. 
Blasthole spacings of 25, 20, and 15 ft were tested. 
Diamond drill core examination was the primary 
method used to determine the condition of the rock 
before and after blasting. Topographic surveys were 
used to measure the rock swell produced by the blast 
and a fragment size distribution was obtained for 
the rubblized material on the surface. The rubble 
zone at the surface was ideal for in situ leaching. 
Fragmentation to depths of 110 ft was excellent 
from the 15- to 20-ft blasthole spacing patterns. 
Good breakage was also produced by the 25-ft pat­
tern, although the effects of the blast were not as 
obvious. In situ leaching tests were not conducted. 
However, based on size consideration only, all three 
blasting patterns produced adequate breakage for 
successful leaching. 
OP 33-74. Recovery of Aluminum From Shredded Municipal 

and Automotive Waste, by K. C. Dean, E. G. 
Valdez, and J. H. Bilbrey, Jr. Met. Soc., AIME, 
February 1974, TMS Preprint A 7 4-91, 14 pp. The 
nonmagnetic rejects from shredding a typical auto­
mobile of the 1954-64 decade contain approximately 
76 pounds of aluminum per ton. Urban refuse com­
positions vary greatly. Of two samples examined, 
one contained 4 pounds of aluminum per ton, and 
the other, 25. Methods have been developed for re­
covering aluminum from both sources. The non-. 
ferrous metals in the nonmagnetic rejects from a 
shredded automobile can be concentrated into a 98-
to 99-percent nonferrous metal product by a com­
bination of air and water classification plus mag­
netic separation. Aluminum can then be separated 
from the other nonferrous metals by a sink-float 
process. A metallic nonferrous concentrate can be 
recovered from shredded urban refuse by combina­
tions of air and water classification and magnetic 
separation. The aluminum can then be separately 
recovered by hand sorting or sink-float. 

OP 34-74. Recovery of Corrosion-Resisting Zinc From 
Junked Automobiles, by K. C. Dean, E. G. 

Valdez, and J. W. Sterner. SAE Preprint 740032, 
February 1974, 5 pp. Zinc galvanized coatings, zinc­
rich primer coatings, and zinc die-cast are used in 
automobiles to combat corrosion. Most of thf' 7.inc in 
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an automobile is present as die-cast that is rejected 
with other nonmagnetic components when the iron 
is magnetically separated from the shredded auto­
mobile, or melts away from the iron if the auto­
mobile is incinerated before being compacted into 
bundles. Such zinc is readily recovered and recycled. 
If bundled automobiles are melted in iron foundrieg 
without prior die-cast removal by melting or hand­
stripping, the flue dusts produced contain as much 
as 35 percent zinc. A double distillation procedure 
has been developed to produce a Prime Western zinc 
product from such enriched dusts. 

OP 35-74. Effect of Carbon Monoxide in Quenching Mag-
nesium Vapor in the Carbothermic Process, by 

V. E. Edlund and K. B. Higbie. Met. Soc., AIME, 
February 1974, TMS Pre print A74-92, 19 pp. Mag­
nesium vapor produced by carbothermic reduction of 
magnesia must be quenched to prevent back reaction 
with carbon monoxide. Laboratory research by the 
Bureau of Mines has shown how the quenching effi­
ciency varies with carbon monoxide content wIlen 
using natural gas, hydrogen, or nitrogen for quench­
ing. Typically, the efficiency is about 87 percent with 
no carbon monoxide, drops irregularly to 75 percent 
at 15 percent carbon monoxide, and then decreases 
less rapidly to 50 percent at 100 percent carbon 
monoxide. Estimated costs are presented to show 
how quenching at higher ranges of carbon monoxide 
content might affect the capital and operating costs 
of the carbothermic process. 

OP 36-74. Leaching Coarse Native Copper Ore With Dilute 
Ammonium Carbonate Solution, by R. D. 

Groves, T. H. Jeffers, and G. M. Potter. Proc. Solu­
tion Min. Symp., ed by F. F. Aplan, W. A. McKinney, 
and A. D. Pernichele. 103d AI ME Ann. Meeting, 
Dallas, Tex., Feb. 25-27, 1974, American Institute 
of Mining, Metallurgical, and Petroleum Engineers, 
Inc., New York, 1974, pp.381-389. Experiments on 
ammonium carbonate leaching of native copper ores 
crushed to I-inch size showed that in 30 days 55 per­
cent of the copper was extracted from 0.7 percent 
copper conglomerate-type ore, and 85 percent was 
extracted from 2.1 percent copper amygdaloid-type 
ore. Cupric ions were not necessary to initiate leach­
ing, and dilute solution containing only 2.2 grams 
per liter NH:l and 1.9 grams CO:l-- was a suitable 
solvent. Copper was recovered from the leach liquor 
by solvent extraction and electrolysis of the strip 
solution. Cyclic testing of the leach-solvent extrac­
tion-electrolytic procedure is in progress on a 6-ton 
charge of minus 12-inch conglomerate-type ore 
assaying 2.2 percent copper. Oxygen is metered to 
the closed leach vessel as required by the leaching 
reaction. Initial copper dissolution was much slower 
than from minus I-inch ore, but the leaching rate 
then markedly improved. 

OP 37-74. Probabilistic Simulation of Underground Produc-
tion Systems, by Bruce D. Hanson and A. 

Aly Selim. Ann. Meeting Soc. Min. Eng., AIME, 
Dallas, Tex., Feb. 23-28, 1974, SME Preprint 74-
AR-32, 20 pp. A computer model capable of simu­
lating the basic production system in a variety of 
underground mining methods has been developed at 
the Twin Cities Mining Research Center. This Bu­
reau of Mines paper describes the simulation of the 
basic production system at the working face, which 
includes drilling, blasting, mucking, and roof bolting. 
In addition to the description of the model, examples 
of simulation experiments that were performed on 
a room-and-pillar mine system are given. Use of the 
model to determine methods for improving the effi­
ciency of the system is discussed. 
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OP 38-74. Mine Ventilation Principles, by E. J. Harris, 
R. W. Dalzell, and J. W. Steyenson. 

Subsection 16.2 in SME Mining Enginering Hand­
book, ed. by A. B. Cummins and I. A. Given. So­
ciety of Mining Engineers of the American In;;titute 
of Mining, Metallurgical, and Petroleum Engmeers, 
Inc., New York, v. 1, 1973, pp. 16-5-16-33. Tech­
niques of airflow quantity determination in under­
ground mines are presented for low, moderate, and 
high air-velocity conditions. Use of chemical smoke, 
rotating vane anemometers, and pitot tubes for air 
velocity measurements are described, and appro­
priate calculations are provided. The fundamental 
principles of airflow through underground passage­
ways and those factors gov!:rning such flow flTe dis­
cussed, and the common pressure loss equation for 
mine ventilation calculations, H = RQ ~, is developed. 
In addition, the advantages of utilizing multiple 
passageways connected in parallel for underground 
airflow distribution are reviewed, methods of calcu­
lating the resistance of parallel flow circuits are 
presented, and the mine resistance curve is illus­
trated. Mechanical ventilation of mines by fans is 
described and the use of fan characteristic curves, in 
conjunction with the mine resistance curve to predict 
fan performance, is discussed and illustrated. Fan 
operation individually, in series with another fan, in 
parallel with another fan, and in series/parallel 
combinations are discussed and illustrated by fan 
characteristics, mine resistance curves. A graphic 
technique for determining fan performance when 
operated in series/parallel combination with another 
fan is illustrated and discussed. 

OP 39-74. Reversed Carr-Purcell Train for Measurement of 
NMR Relaxation Times by Approach to Driven 

Equilibrium, by L. C. Headley, W. E. Wallace, Jr., and 
P. Waldstein. J. AppJ. Phys., v. 44, No. 12, Decem­
ber 1973, pp. 5624-5625. An experimentally simple 
nuclear magnetic resonance pulse technique is de­
scribed for measurement of longitudinal anr! trans­
verse relaxation times. The sequence consists of a 
Carr-Purcell train with " and ,,/2 pulses inter­
changed. The technique offers time savings over 
traditional methods in cases where relaxation times 
are long. Experiment times may be halved in some 
cases. Results obtained with this technique compare 
well with results obtained using traditional tech­
niques. 

OP 40-74. Ventilation of Pillared Areas by Bleeder Entries, 
Bleeder Systems, or Equivalent Means, by John 

D. Kalasky and Stephen Krickovic.Trans. Soc. Min. 
Eng., AIME, December 1973, v. 254, pp. 284-291. 
Adequate ventilation in coal mines depends upon 
good face control, as well as upon a well-designed and 
properly controlled overall ventilation system. The 
fundamentals of effective bleeding for provision of 
good ventilation and control and removal of methane 
are described. The various mine pillaring systems 
for which it is both easy and difficult to provide 
effective bleeder systems are detailed. Bleeders in 
conjunction with longwal! mining are also discussed. 

OP 41-74. A Gas Chromatographic Method for Analyzing 
Mixtures of Hydrocarbon and Inorganic Gase$, 

by A. G. Kim and L. J. Douglas. J. Chromatog­
raphic Sci., December 1973, v. 11, pp. 615-617. Gas 
samples containing oxygen, nitrogen, hydrogen, he­
lium, carbon dioxide, methane, and trace amounts 
of Cz to C5 hydrocarbons are analyzed by a gas 
chromatographic method that utilizes both thermal 
conductivity and flame ionization detectors. Porapak 
and molecular sieve columns are used with argon 
as the carrier gas. A column selector valve makes it 



OUTSIDE PUBLICATIONS 

possible to perform a complete analysis either on 
one 1-ml sample in 40 minutes, or on two 1-ml sam­
ples in 20 minutes. Samples are introduced either by 
on-column injection or through a gas sampling 
valve. By varying operational parameters, the speed, 
sensitivity, and accuracy of analysis may be modi­
fied. 

OP 42-74. Recovery of Copper From Crushed and Sized 
Porphyry Mine Waste, by W. A. McKinney, 

L. G. Evans, and W. W. Simpson. Trans. Soc. Min. 
Eng., AIME, December 1973, SME Tech. Note, v. 
254, pp. 295-296. Research demonstrated that sig­
nificantly improved recoveries of copper, molybde­
num, gold, and silver were obtained from copper­
bearing open pit strip waste by crushing and sizing 
techniques followed by flotation of an enriched fine 
fraction and leaching of the remaining coarse ma­
terial. More copper was recovered from chalcopyrite-
bearing mine waste by flotation of fines than could: 
be obtained by percolation leaching fo~ ~ year. Cop­
per recoveries were doubled by combmmg percola­
tion leaching of the coarse fractions with flotation 
of the fines. The research also demonstrated that 
flotation of fines recovered substantial amounts of 
molybdenum and some gold and silver, all of which 
would be lost in conventional dump leaching. 

OP 43-74. Design and Testing of a Pilot Plant for S02 
Removal From Smelter Gas, by W. A. McKin­

ney, \V. 1. Nissen, and J. B. Rosenbaum. Met. Soc., 
AIME, February 1974, TMS Preprint A74-85, 13 pp. 
Design considerations are presented for a pilot plant 
empl0,i'ing the Bureau of Mines citrate process to 
remove sulfur dioxide from smelter stack gas. The 
plant was constructed by the Bureau and is bei~g 
operated jointly by the Bureau and the Bunker Hill 
Co. at the lead smelter in Kellogg, Idaho, to as~ess 
the feasibility of the citrate process for ~ulfur dIOX­
ide emission control. Nominal capacity of the 
Kellogg pilot plant is 1,000 scfm of 0.5 percent S02 
gas yielding about ~'3 ton sulfur per day. Sulfur 
dioxide is absorbed from cooled and cleaned smelter 
gas in a 2.5-foot-diameter by 30-foot-high packed 
tower using about 10 gpm of a countercurrent flow­
ing citric acid-sodium cit~ate-sodiull:1 thiosulfate so­
lution. The absorbed SO~ IS reacted m three 100-gal­
Ion stirred closed vessels with added H2S, thus 
precipitating elemental sulfur and ~egenerating the 
citrate solution for recycle. Sulfur IS removed from 
the slurry by oil flotation, melted in a heat ex­
changer, and then separated from the occ.luded 
citrate solution and oil in a settler at 35 pSI and 
135' C. 

OP 44-74. Solid Hydrocarbons, by F. Leo Misaqi. Sub-
section 4.5.7E in SME Mining Engineer­

ing Handb.ook, ed. l?y. A. B .. Cummins and 1. ~. 
Given. Society of Mmmg Engmeers of the Amen­
can Institute of Mining, Metallurgical, and Petro­
leum Engineers, Inc., New York, 1973, v. I: pp. 4-38 
-4-39. Oil shales, representmg the most Important 
deposits of solid hydrocarbo~ (ker?gen. or pyro­
bitumen) are defined, and thell' classification on the 
basis of ~omponents and origin is ?escribed: Geo~og­
ical ('onditions of oil shale formatIOn and ItS thick­
ness in various economic deposits of the world ar.e 
summarized. Prospecting guides i!l searching for ~II 
shales are given. A brief mentIOn of other s.ohd 
hydrocarbons (mineral tar, asphalts, asphaltltes, 
n~etamorphic hydrocarbons) is made. 

OP 45-74. Special Exploration Techniques-Coal and Pe­
troliferous Solids, by Leo Misaqi. Subsec· 

tion 5.2.5E in SME Mining Engineering Handbook, 
ed. by A. B. Cummins and I.. A. GiveI!-' Society. of 
Mining Engineers of the American Instl~ute of Mm­
ing, Metallurgical, and Petroleum Engmeers, I!lc., 
New York, 1973, v . .1, pp. 5-50-:5-53. Geolo~lcal 
conditions of economic coal depOSits are descnbed, 
and their distribution by formation age and conti­
nents is given. Detailed prospecting, surface and 
subsurface examinations, and development of pros­
pects for coal formations are defined and explained. 
Exploration methods for. horizontal, f~lded, ~nd 
faulted coal deposits are ~"lVen.' and practlcal g~lde­
lines for spacing of opemngs m coalfields are Cited. 

OP 46-74. Selecling a Mining Method-Rock Mechanics, 
Other Faclors, by R. G. K. Morrison an.d 

Paul L. Russell. Section 9 in SME Mining Engi­
neering Handbook, ed. by A. B. Cummins and I. ~. 
Given. Society of Mining Engineers of the Amen­
can Institute of Mining, Metallurgical, and Petro­
leum Engineers, Inc., New York, 1973, v. 1. pp. 9-2 
9-22. After a mineral deposit has been discovered, 
delineated, and evaluated, a mining meth?d must be 
selected' tEat is physically, economically, and envi­
ronmentally adaptable to recovering the mineral 
from the deposit. Factors that affect this selection 
are listed as are the types of recognized mineral 
deposits; most surface and underground mmll1g 
methods are related to these parameters from the 
rock mechanics design concept. 

OP 47-74. Effecl of Dolomitic Lime on Magnetic Taconite 
Pellets, by John C. Nigro, Robert K. Zahl, 

and Charles Prasky. Trans. Soc. Min. Eng., AIME, 
December 1973, v. 254, pp. 328-336. The subject 
matter encompasses bench-scale and pilot plant re­
search at the Bureau of Mines Twin Cities Metal­
lurgy Research on "fluxed" iron oxide pellets. The 
paper deals specifically with the use of dolomitic 
lime as the basic additive in preparation of "fluxed" 
magnetite taconite pellets. Parameters affecting the 
physical competence of the high magnesia "fluxed" 
pellets in high-temperature oxidizing and reducing 
atmospheres<are discussed. 

OP 48-74. Roof/Rock Bolting, by Louis A. Panek and· 
John A. McCormick. Subsection 13.10 

in SME Mining Engineering Handbook, ed. by A. 
B. Cummins and I. A. Given. Society of Mining 
Engineers of the American Institute of Mining, 
Metallurgical, and Petroleum Engineers, Inc., New 
York, 1973, v. 1, pp. 13-125-13-134. A part of the 
major section "Roof and Ground Control," this art­
icle provides a concise summary of the principles, 
materials, and procedures used to stabilize ground 
around excavations in rock by installing bolts in 
holes specially drilled for them. The function of the 
bolts is to bind together a discontinuous rock mass 
through a fraction effect, a suspension effect, or a' 
combination of the two. The presentation covers the 
characteristics of bolts and anchors, recommended 
practices for installing bolts and testing installed 
bolts, and the design of systematic bolting patterns. 

OP 49-74. The Behavior of Salem Limestone in Cyclic 
Loading, by S. S. Peng, E. R. Podnieks, 

and P. J. Cain. Soc. Petrol. Eng. J., February 
1974 v. 14, No.1, pp. 19-24. Specimens of Salem 
lime~tone were loaded cyclicly at a frequency of 2 
cycles/sec in uniaxial cyclic compression, tension, 
and compression-tension. The number of cycles to 
failure, maximum deformation for each cycle, and 
load-deformation hysteresis loops were recorded. T~e 
fatigue life and fatigue limit values under cychc 

39-1 



OUTSIDE PUBLICATIONS 

compressive loading are comparable with those un­
der cyclic tensile loading, whereas under cyclic com­
pressive-tensile loading, the fatigue life and fatigue 
limit values are considerably lower. 

OP 50-74. Heap leaching Practice at the Carlin Gold Min-
ing Co., Carlin, Nev., by Ramon Pizarro, J. 

D. McBeth, and G. M. Potter. Proc. Solution Min. 
Symp., ed. by F. F. Aplan, W. A. McKinney, and 
A. D. Pernichele. 103d AIME Ann. Meeting, 
Dallas, Tex., Feb. 25-27, 1974, American Institute 
of Mining, Metallurgical, and Petroleum Engineers, 
Inc., New York, 1974, pp. 253-267. Heap leaching 
is used by the Carlin Gold Mining Co., Carlin, Nev., 
to supplement. conventional processing of gold ore 
by agitation leaching and countercurrent decanta­
tion. Selected open pit ore containing about 0.07 
ounce gold per ton is crushed to %, inch, dumped by 
truck on an asphalt pad, and leached by sprinkling 
with dilute cyanide solution for 7 days. The heap is 
then drained and removed by front-end loader to 
tailings disposal. About 70 percent of the gold is 
dissolved. Leach solution from the heap joins the 
pregnant solution from countercurrent decantation 
for gold recovery by zinc precipitation. Labor, equip­
ment, and reagent requirements for heap leaching 
are presented. 

OP 51-74. A Computer Model Study of Methane Migra-
tion in Coalbeds, by H. S. Price, R. G. 

McCulloch, J. C. Edwards, and F. N. Kissell. Can. 
Min. and Met. Bull., September 1~7-~, 10 pp. The 
methane emission from deep coal beds that are ac­
tively mined is a serious problem facing the mining 
industry today. Pinpointing the source of methane 
and predicting the emission of this gas from these 
coalbeds is necessary if preventive techniql!es. are to 
be effectively used to control methane emission. In 
general, because most coal beds have water assoc~ated 
with them, the system to be studied may be either 
single-phase (methane gas) or two-phase (methane 
and water,. Because coal mine geometry is complex 
and the fluids have variable properties as functions 
of pressure and methane concentration, the differ­
ential equations describing· the flow of methane and 
water are not amenable to analytic solution but 
must be solved numerically using high-speed compu­
ters. This paper presents the development of such a 
complex mathematical model along with some pz:e­
liminary applications of th~ mod~l to methane em.ls­
sion from one- and two-dimensIOnal coalbeds With 
and without water present. 

OP 52-74. Concentration, by Carl Rampacek. Subsec-
tion 27.7 in SME Mining Engineering 

Handbook, ed. by A. B. Cummins and 1.. A. Give~. 
Society of Mining Engineers of the AmerIcan Inst!­
tute of Mining, Metallurgical, and Petroleum Engi­
neers, Inc., New York, 1973, v. 2, pp. 27-56-27-69. 
As a general rule, except for so~e nonmetallic n;tin­
erals and fossil fuels that are mmed and used With­
out further processing, most raw o~es must. be 
subjected to some form of concentratlOn-phys!cal 
beneficiation or chemical and pyrometallurglcal 
treatment methods-to produce marketable-quality 
metal or mineral products. One or more concentrat­
ing steps usually are required. The choice o~ proc­
esses is dictated chiefly by the types of mmerals 
present and the complexity of their association in 
the ore. Some of the processes most commonly used 
and their fields of applicability are identified, and 
references for more detailed study are given. 

OP 53-74. 
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Nuclear-Device Mining Systems, by Paul L. 
Russell. Subsection 21.10 in SME Min-

ing Engineering Hapdbook, e.d .. by A .. B. Cummins 
and I. A. Given. Society of Mmmg Engmee;rs of the 
American Institute of Mining, Mettallurglcal, and 
Petroleum Engineers, Inc., New York, 1973, v. 2, pp. 
21-96-21-106. The ability to package. a vast 
amount of energy in a very sma~l. contamer, to­
gether with the demonstrated ability of nuclear 
explosives to fracture and break large volumes of 
rock efficiently and at costs below those of com'en­
tional explosives, makes ~h.e use of nuclear e:-::plo­
sives in underground mmmg systen;ts poten~lally 
atractive. Nuclear explosives are deSCrIbed, avallaI:>le 
cost data is presented, and a number of potential 
applications are discussed. No actual tests have been 
conducted in mining as of 1974. 

OP 54-74. Dolomite for Determining Atmosphere Control in 
Thermal Analysis, by John Ward Smith, 

Donald R. Johnson, and Max Miiller-Von~oo~. 
Thermochim. Acta, 1974, v. 8, pp. 45-56. Dolom~t~ s 
thermal decomposition is used to test th~ qualities 
of atmosphere control in thermal analY~ls. Atmos­
phere self-generation effects can ~e readily detected 
by thermogravimetry or differential thermal analy­
sis. 

OP 55-74. Diffusion of Methane Through Coal, by Edward 
D. Thimons and Fred N. Kissell. Fuel, 

v. 52, October 1973, pp. 274-280. Both meth~ne ~nd 
helium flow through solid coal by Knudsen diffUSIOn, 
even at relatively high pressures. Knuds~n perme­
abilities were determined for samples of Pittsburgh, 
Pocahontas No.3, and Oklahoma Hartshorne coals. 
The average permeability for dry methane wa;.s 
1.3 x 10-G cm~/sec for Pittsburgh coal, 20 x 10-n for 
Pocahontas No. 3 coal, and 13.8 x 10-n for Okla­
homa Hartshorne coal. A molecular-sieve effect ex­
ists for methane in all three coals examined and is 
very strong in Pittsburgh coal. If the methane is 
saturated with water vapor, the permeability de­
creases by a factor of 3 to 25, depending on the 
coal. The Knudsen permeability of solid coal disks 
seems to bear no relation to coalbed permeability. 
Lag-time measurements indicate systems of both 
larger and finer pores and the presence of blind 
pores. This effect is again more pronounced in the 
Pittsburgh coal. 

OP 56-74. In Situ Gasifocat:on and liquefaction Mining 
Systems, by Chi-shing Wang, John P. 

Capp, Malcolm T. Wane, and Stefan H. Boshko1. 
Subsection 21.9 in SME Mining- Engineering Hand­
book, ed. by A. B. Cummins and 1. A. Given. Society 
of Mining Engineers of the American Institute of 
Mining, Metallurgical, and Petroleum Engineers, 
Inc., New York, v. 2, 1973, pp. 21-78-21-96. This 
section deals with the current state-of-the-art in the 
underground gasification of coal and the underground 
retorting of oil shale. It gives a brief account of th~ 
chemical and pyrolytic reaction mechanisms of bo1jr 
processes and introduces a variety of in situ gasifi7 
cation and retorting methods that have been devel­
oped in the United States and many other countries. 

OP 57-74. The Mn2 (COho Catalyzed Hydrogenation and 
Hydroformylation of Olefons, by Thomas A. 

Weil Sol Metlin, and Irving Wender. J. Organo­
meta'llic Chern., v. 49, 1973, pp. 227-232 .. Mn~ 
(CO) 10 catalyzes the homogeneous hydrogenatIOn. of 
1- and 2-octene. In the presence of carbon omono.xl~e 
and hydrogen at temperatures up to 235 C, It IS 
also a homogeneous hydroformylation catalyst. Cy­
clohexene yields the expected product, cyclohexyl­
methanol, at 235 0 C, but at 200 0 C the major 
product is eyclohexylmethyl formate. 
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OP 58-74. Formation of Airborne-Respirable Dust at Belt 
Conveyor Transfer Points, by Lung Cheng. 

Am. Ind. Hygiene Assoc. J., v. 34, No. 12, December 
1973, pp. 540-546. A laboratory study of the forma­
tion of respirable dust by the dropping of broken 
bituminous coal from a belt conveyor is described. 
It was found that about 10 percent of the respirable 
dust adhering to the broken coal becomes airborne 
owing to dislodgement upon impact. The specific for­
mation of airborne dust is correlated empirically 
with the volume fraction of the falling coal, which 
is determined by the belt speed, the thickness of the 
coal layer on the belt surface, the material density, 
the bulk density, the angle of repose, the size of the 
broken coal, and the height of fall. Results are 
interpreted in terms of the shock dislodgement of 
dust particles adhering to the broken coal and the 
dispersion of the dislodged particles by the surge 
of air from the space gaps in the impacting pieces. 

OP 59-74. Boron and Boron Carbide by Vapor Deposition, 
by J. G. Donaldson, J. B. Stephenson, 

and A. A. Cochran. Electro-deposition and Surface 
Treatment, Elsevier Sequoia S.A. (Lausanne, Swit­
zerland), v. 2, 1973/74, pp. 149-163. Boron trichlor­
ide can be reduced by hydrogen at 1,300° C with a 
recovery of approximately 85 pct as elemental boron. 
The optimum Hz to BCl3 molar ratio was 30 under 
the test conditions used. No reaction between tung­
sten substrates and the boron deposits could be de­
tected. Other substrate materials tested, in order of 
increasing reactivity with the depositing boron, were 
fused silica, mullite, graphite, titanium, and nickel. 
Alumina reacted extensively with the chloride gases 
to form aluminum chloride. BBr:! can be reduced by 
hydrogen at slightly lower temperatures than can 
BCla, but this advantage is probably outweighed by 
the lower boron content, lower volatility, and higher 
cost of BBr3. When stoichiometric amounts of BCb 
and CH-l were reacted with an excess of H2 at 
1300° C deposits were obtained. An excess of 
CH. in the reaction mixture resulted in the 
codeposition of B.C and free carbon. B.C deposits 
contained 74.7 to 76.0 pct boron, compared with 
78.3 pct for pure B.C. The specific gravity of the 
B4 C was 2.32, which is 90 pct or more of the theo­
retical value. The Knoop microhardness of one B.C 
deposit on a mullite substrate was 3,472. A method 
of etching BJC was developed and used. Etching 
revealed that the B.C deposits had a columnar 
microstructure with the columns perpendicular to 
the substrate. When Bela was reduced with Hz at 
1,500° C with a graphite substrate, the depositing 
boron reacted with the graphite to produce uniform, 
strongly adherent coatings of B.C on graphite. The 
Knoop microhardness of two of these B.C coatings 
was 3,065 and 3,195, which corresponds to a Mohs 
hardness of approximately 9. Graphite coated with 
B.C has many physical and chemical properties that 
would be desirable in rocket nozzle applications. 

OP 60-74. Probabilistic Simulation of a Longwall Mine Sys-
tem in Hard Rock, by Bruce D. Hanson and 

A. Aly Selim. Proc. 12th Symp. Applications of 
Computers and Mathematics in the Minerals Indus­
try, ed. by T. B. Johnson and D. W. Gentry. Colo­
rado School of Mines, Golden, Colo., Apr. 8-12, 1~4, 
v. 2, 1974, pp. G-63-G--94. A computermodel capable 
of simulating the basic production unit in a variety 
of underground mine systems has been developed at 
the Bureau of Mines Twin Cities Mining Research 
Center. This paper describes the application of this 
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model to analyze the economic feasibility of using a 
longwall mine system for thin, flat-lying deposits 
in hard rock. The proposed system, which utilizes a 
mechanical mining machine, offers greater recovery 
as well as safer mining conditions in comparison to 
the current room-and-pillar system. 

OP 61-74. A Performance and Cost Model for Underground 
Drilling and Blasting, by Guy A. Johnson. 

Proc. 12th Symp. on the Applications of Computers 
and Mathematics in the .Minerals Industry, ed. by 
T. B. Johnson and D. W. Gentry, Colorado School 
of Mines, Golden, Colo., Apr. 8-12, 1974, v. 2, 1974, 
pp. G--95-G--152. A performance and cost model 
that describes percussive drilling and blasting has 
been developed for underground stoping and drifting 
situations. It predicts performance and costs from 
such inputs as mine design variables, machine param­
eters, and physical rock properties. Output of the 
model is in terms of footage drilled, tons broken, 
and costs per ton and per foot of advance. The drill­
blast model was tested at a mine site using mine 
production data. Output from the model duplicated 
the mine's results for the various situations tested. 
The performance and cost model utilizes recent 
rock mechanics research work of the Bureau of 
Mines and others. It combines mathematical models 
of percussive drilling and underground blasting with 
the essential element of cost. The model can be used 
to analyze alternative drill-blast designs, equipment 
mixes, and manpower allocations and the effects of 
rock hardness. 

OP 62-74. Contact Angle of Zinc on Some Ceramic Ma-
terials and Metals, by John E. Kelley and 

Henry M. Harris. J. Testing and Mat. v. 2, No.1, 
January 1974, pp. 40-43. Measurements were made 
of the contact angle of molten zinc drops on 15 
ceramic materials and 4 metals in high-purity helium 
and carbon monoxide atmospheres. Zinc of 99.9999-
percent purity did not wet the oxide materials, glass­
type coatings, or graphite; all contact angles were 
greater than 90 degrees at 500 0 to 700° C in helium 
and 500 0 to 800° C in carbon monoxide. Materials 
tested that were most resistant to wetting by zinc 
were ZnO sinter, glazed fireclay, graphite, and mull­
ite. 

OP 63-74. The System CaF2-CaO-AI20 3 Under One-Third 
Atmosphere of Helium, by Ralph H. Naf­

ziger. High Temperature Sci., v. 5, No.6, December 
1973, pp. 414-422. A least three eutectics, one peri­
tectic, and one ternary compound (11 CaO'7 
Ab03'CaF2) characterize the metallurgically impor­
tant system CaF2-CaO-Ab03 under one-third atmos­
'phere helium. Primary phases of con1mon fluxes 
used in the electroslag remelting process include 
CaF2, 11 CaO"7 Ah03'CaF2 (probably in solid solu­
tion with 12 CaO'7 Ah03), CaO, and CaO·Ah03. 
N early all of these .,fluxes crystallize to the three 
eutectics whose compositions (weight-percent) and 
temperatures were determined as (1) 43 CaF2-40 
CaO-17 Ab03, 1,193° ±5° C; (2) 51 CaF2-19 
CaO-30 Ab03, 1,352° ±7° C; and (3) 69 CaF2-6 
CaO-25 Ab03, 1,377° ±4 ° C. Small postulated phase 
fields of 3 CaO' Ab03 and CaO'Ah03 are due to 
reactions with CaF2. A two-Ijquid region and a 
stable compound (3 CaO'3 Ah03"CaF2) were not 
detected, in contrast to sealed capsule experiments 
described in the literature. The system in air would 
probably show slight modifications from the present 
results owing to phase hydrolysis. 

OP 64-74. Survey of Trace Metals in Distillate Fuels, by 
C. C. Ward. ASTM, Special Tech. Pub. 

333 



OUTSIDE PUBLICATIONS 

531, 1973, pp. 133-138. The amounts of trace metals 
in distillate fuels are receiving increased attention, 
especially those of metals that cause corrosion of 
gas turbine blades. Published information on the 
level of trace metals in distillate fuels is scarce, 
so members of Section D02.E on Burner, Diesel, and 
Gas Turbine Fuels Oils of ASTM Committee D-2 on 
Petroleum Products and Lubricants agreed to pool 
information available in individual laboratories. 
Twelve laboratories furnished data on 408 samples 
of kerosines, diesel fuels, burner fuels, aviation tur­
bine fuels, and gas turbine fuels. Data on trace 
metals content included that of sodium, potassium, 
vanadium, calcium, lead, magnesium, and copper. 
Some laboratories did not report data on all metals. 
This survey to pool information available on the 
amounts of trace metals in random samples of dis­
tillate fuels does not lend itself to statistical treat­
ment of the data. However, it does show that the 
level of trace metals in currently produced distillate 
fuels is much lower than the amounts presently 
allowed in ASTM Specification for Gas Turbine Oils 
(D 2880-71). 

OP 65-74. Fracture Surface Mapping With the Scanning 
Electron Microscope and Its Application to Fail­

ure Analysis, by R. J. Willard and G. R. Vandenbos. 
Scanning Electron Microscopyjl974, Part IV, ed. by 
O. Johari and I. Corvin, Proc. Part IV-Failure 
Analysis and the Scanning Electron Microscope, lIT 
Research Institute, Chicago, III., Apr. 10-11, 1974, 
pp. 987-994. The capabilities of the scanning elec­
tron microscope offer a simple direct method for 
systematically mapping microtopographic features 
on fracture surfaces that can provide clues about 
the origins, kinds, and movement directions of frac­
tures in laboratory test samples from a variety of 
deformed and/or fragmented materials. The method 
is particularly suitable for fractographic analysis of 
compositionally and structurally complex materials 
such as rocks, in which a fracture may have multiple 
origins and a surface topography without obvious 
visible features indicative of movement directions. 
The technique is illustrated by mapping fracture 
surfaces in blocks of bituminous coal broken under 
low velocity impact. Movement maps reveal that coal 
tends to fracture along natural planes of weakness, 
that the planes exhibit river features indicative of 
brittle fracture in tension, and that the fractures 
propagate from impacted area into and through the 
coal along the planes of weakness. 

OP 66-74. Mechanical Roof Pulling Technique for Evaluating 
the Effectiveness of Roof Bolting Systems, by 

Chi-shing Wang. Pro&. ADIE Ann. Meeting, Dallas, 
Tex., Feb. 23-28, 1974, SME Preprint No. 74-AM-
71, February 1974, 21 pp. The Federal Bureau of 
Mines has been developing the mechanical roof pull­
ing technique as a method for evaluating the effec­
tiveness and the comparative advantages and dis­
advantages of various roof bolting systems, based 
on the characteristic responses of bolted mine roo",s 
to a prescribed external loading system. Preliminary 
experiments were conducted in the Bureau's Safety 
Research Coal Mine \Ising a 12-foot- and a 16-foot­
span test rig. The experiments have proved the ca­
pability of the test rigs and sllggested the viability of 
the test method. This paper summarizes the test 
concept and the experimental results. 

OP 67-74. Underground Haulage Pipelines, by James T. 
Clancey and Claude A. Goode. Subsec­

tion 14.5 in SME Mining Engineering Handbook, 
ed .. by A. B. Cummins and I. A. Given. Society of 
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Mining Engineers of the American Instit';lte of 
Mining, Metallurgical, and Petroleum Eng1l1eers, 
Inc. New York, 1973, v. 1, pp. 14-27-14--34. The 
stat~-of-the-art of fluidic transportation systems, as 
applied to underground mining, is reviewed. The 
theory and formulations of fluid flow is devel0l!ed 
for such systems, and the elements of alternatl\'e 
equipment selection are given. Several hydraulic 
systems specifically designed for hoisting are dis­
cussed. 

OP 68-74. Stress Analysis of Hollow Cylindrical Inclusions, 
by Sidiq M. Dar and Robert. C;. Bates. J. 

Geotech. Eng. Div., Proc. Am. Soc. Clvll Eng., v. 
100, No. GT2, Proc. Paper 10364, February 1974, 
pp 123-138. Using elastic approach, the. theo~'etical 
derivations predict stre'sses and deformatIOns 111 any 
type of cylindrical liners buried underground as 
well as in the surrounding media. 

OP 69-74. Use of Polymers for Stabilizing Mineral Wastes, 
by Karl C. Dean and Ge~rge M. Potter. 

'Ch. in Recycling and Disposal of Solid Wastes-In­
dustrial Agricultural, Domestic, ed. by T. F. Yen. 
Ann A~bor Science Publishers, Inc., Ann Arbor, 
Mich., 1974, pp. 251-260. Both chemical and chem,i­
cal-vegetative methods have pr?ven succes?ful !n 
preventing wind and water erosl.on from mill tall­
ings accumulations. Elastomenc polymers are 
among the preferred materials for strictly chemical 
stabilization. Other allied uses of polymers that 
have been developed include applications to reagent 
stockpiles for improved storage, treatment of fine 
materials for transportation in open conveyances, 
and strengthening of soft, porous rocks by impr~gn~­
tion. Some polymeric chemica.ls are al.s? b~neficlal 111 
a combined chemical-vegetative stabilizatIOn proce­
dure, but resinous compounds thus far are pre­
ferred for such use. 

OP 70-74. Federal Coal Mine Health and Safety Act of 
1969, by Edward D. Doney. Subsection 

3.16.2 in SME Mining Engineering Handbook, ed. 
by A. B. Cummins and I. ~. Given .. Society of. ~in­
ing Engineers of the Amencan In~tltute of M1I1mg, 
Metallurgical, and Petroleum Engmeers, I~c., ~ew 
York, v. 1, 1973, pp. 3-42-3-51. The article l~ a 
svnopsis of Public Law 91-173 (Federal Coal Mme 
Health and Safety Act of 1969). It contains the 
purpose of the act, a descripti~n of the. ~itles under 
which it is administered, speclfic provlslons of the 
act under each title, and other general requirements 
of the' act with respect to the industry and the reg-, 
ulating agency including discussions of the int.er,re­
lationships between the various l!ha~es of mmmg 
and applicable health and safety obJectives. 

OP 71-74. Effect of Additives Upon the Gasification of 
Coal in the Synthane Gasifier, by Albert J. 

Forney: W. P. Haynes, S. J. G~sior, and ~. F. 
Kenny. Pres. at 167th Nat. Meet1l1g ACS, Dlv. of 
Fuel Chern., Los Angeles, Calif., Apr. 1-5, 1974, 
Preprints, v. 19, No.1, 1974, pp. 111-122 .. A~ditives 
such as limestone, hydrated hme, and qmcklime all 
have a positive effect on the gasification rate of coal. 
Limestone, in addition, raises the sintering temper­
atures and may lower the sulphur contained in the 
char from the gasifier. 

OP 72-74. The Enthalpies of Formation of Ethylcyclobutane, 
Methylenecyclobutane, and 1, l-Dimethylcyclo­

propane, by W. D. Good, R. T. Moore, A. G. Os­
born, and D. R. Douslin. J. Chern. Thermodynamics, 
v. 6, March 1974, pp. 303-310. The enthalpies 
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of combustion of ethylcycJobutane, methylencey­
clobutane, and 1,1-dimethyJcyclopropane were meas­
ured by oxygen-bomb combustion calorimetry. The 
follo"'ing values are reported for the standard en­
thalpy of combustion ::"H,.o (29~.15 K) /kcalth mol-' 
of these compounds in the IIqmd state: ethylcyclo­
butane, - (960.11 ±0.16); methylenecyclobutane, 
- (765.95 ±0.12); 1,1-dimethylcyclopropane, 
- (803.86 ±0.17. The enthalpy of vaporization of 
methylenecyclobutane was derived from vapor pres­
sure measurements, and enthalpies of vaporization 
of ethylcyclobutane and 1,1-dimethylcyclopropane 
were estimated. Values of the enthalpy of formation 
in the liquid and gaseous states were derived for all 
three compounds. Ring-strain energy was estimated. 
Some regularities and irregularities in the accepted 
values of enthalpies of combustion of the alkylcyclo­
propanes and alkylcyclobutanes indicate an error in 
a previous determination of the enthalpy of forma­
tion of methylcyclobutane. 

OP 73-74. Catalysis of Coal Gasiflcation at Elevated Pres-
sure, by W. P. Haynes, S. J. Gasior, and 

A. J. Forney. Pres. at 165th Nat. Meeting of ACS, 
Diy. of Fuel Chern., Dallas, Tex., Apr. 8-12, 1973, 
Preprints, v. 18, No.2, 1973, pp. 1-28; Adv. in Chern. 
Ser. 131, Coal Gasification, ACS, 1974, pp. 179-202. 
The Work on catalysis reviewed thus far does not in­
clude gasification at elevated pressures nor the use 
of volatile coals. The bench-scale work now reported 
compares the catalytic activity of various additives 
in the gasification of volatile coals with steam under 
pressure and studies other process parameters of in­
terest such as gasification temperature, type of con­
tact with the catalyst, degree of gasification, and re­
'peated use of a catalyst. Results of pilot plant gasi­
fication tests using additives are also reported. 

OP 74-74. Trace Components of Aviation Turbine Fuels and 
Exhausts, by R. W. Hurn, J. W. Vogh, F. 

W. Cox, and D. E. Seizinger. Proc. 2d Conf. on Cli­
matic Impact Assessment Program, November 1972, 
Dept. of Transportation Rept. No. DOT-TSC-OST-
73-4, 1973, pp. 194-198. The objective of this work 
is to provide information on the amounts of nonhy­
dl'ocarbon materials that may be present in aviation 
turbine fuels. A secondary objective is to determine 
the degree and manner in which trace components 
of the fuel can be associated with turbine emissions. 
Analysis of aviation turbine fuel samples gathered 
from four international airports is also presented. 

OP 75-74. Semimicro Procedure for the Determination of 
Hydrocarbon Types in Shale-Oil Distillotes, by 

Larry P. Jackson, Charles S. Allbright, and How­
ard B. Jensen. Anal. Chern., v. 46, No.4, April 
Hi74, pp. 604-607. Satm;ated hydrocarbons and ole­
fins were determined as groups in shale-oil distil­
lates by acid absorption and hydroboration. The 
content of aromatics was obtained by difference. 

OP 76-74. Recycling and Disposai of Waste Plastics, by 
James W. Jensen, James L. Holman, and 

James B. Stephenson. Ch. in Recycling and Dis­
posal of Solid Wastes-Industrial, Agricu!tural, Do~ 
mestic, ed. by T. F. Yen. Ann Arbor SCIence Pub­
lishers Inc., Ann Arbor, Mich., 1974, pp. 219-249. 
A processing system for waste plastics was devel­
oped at the Rolla Metallurgy Research Center, Rolla, 
:\10. A community collection campaign netted an 
800-pound sample of waste plastics for anal}'sis a?d 
experimental treatment, an~ samples o~ wlrestrw­
,ping wastes were also studIed. Separat~on~ by a~r 
classifier, hydraulic classifier, and other lICl.l,ud:me!:ha 

methods are described. Thermal dissociation of poly­
vinyl chloride to recycle HCI and char is discussed. 
Fabrication experiments showed several possible 
product areas in which recycled plastics could be 
utilized. A hydraulic separator was developed capa­
ble of processing up to 50 pounds per hour of mixed 
plastics and based on standard methods used in 
mineral processing industries. Pure fractions of 
polyethylene, polystyrene, and polyvinyl chloride 
were readily extracted from the mixed wastes with 
this laboratory separator. 

OP 77-74. Resin-Loaded Papers-A Versatile Medium for 
Sampling and Standardization, by Steph.en L. 

Law and William J. Campbell. In Advances m x­
Ray Analysis, Plenum Publishing Corp., v. 17, May 
1974, pp. 279-292. Resin-loaded papers composed of 
approximately 50 per~ent cepulose .and 5q percent 
ion-exchange or chelatmg resm prOVIde .an Ideal ma­
trix for many X-ray spectr?graphlc .analyses. 
Standards are prepared by multIple filtratIon of so­
lutions of known composition through the paper to 
achieve quantitative collection or by th~ u~e of a ra­
dio-tracer as a monitor for nonquantItatlve collec­
tion. Solutions prepared from unknown samples are 
processed in the same manner as the standards. Ad­
vantages of the resin-loaded papers are as follows: 
Reduction of interelement effects because standards 
and unknowns are present in a similar lqw X-raJ' 
absorbi'ng matrix; physical parameters such as me­
tallurgical history, grain size, ~nd surface prepa:r:a-
tion are eliminated; and samplmg errors are SIgnIf­
icantly reduced and sensitivity greatly increased by 
concentrating trace elements separated from. large 
samples. Application of these papers to a varle~y of 
metallurgical, geological, and water. samples WIll be 
summarized. The possible use of r~sm:loade~ papers 
as standards for air pollution momtormg WIll be ex­
amined. 

OP 78-74. Kinetics and Mechanism of the Accelerated Oxi-
dation of Low Carbon Scrap Steels, by S. E. 

Khalafalla and S. L. Payne. Oxidation of. Metals, v. 
7 No 3 December 1973, pp. 201-218. MIxed para­
b~lic ia~ determines the oxidation of ste~ls ~reated 
with oxidation promoters. The obser~ed ~metIcs are 
best explained with the Zener dIffUSIOn m<;>del, 
which assumes that the activation energy .for dlff~­
sion is spent in deforming the cry~tal lattIce elastI­
cally in the vicinity of the saddle pomt. 

OP 79-74. Sampling and Standards in a Recycled World, 
by H. E. Marl' III, W. J. Campbell, and 

D. L. Neylan. In Advances in X-Ray Analysis, 
Plenum Publishing Corp., v. 17, May 1974, pp. 
247-257. A number of procedures for fluorescent 
X-ray analysis have been introduced to accommo­
date the samples that are produced from research 
on the recovery of values from secondary metal 
sources. For some applications, standards are con­
veniently available such as those that can be pur­
chased from the National Bureau of Standards. For 
other applications, secondary standards must be 
prepared and analyzed by independent methods. The 
sample preparation procedures vary considerably. 
For monitoring process efficiency, sample prepara­
tion is often kept at a minimum such as simply 
pouring loose powders into disposable cups. For the 
most accurate analyses, sample preparation requires 
casting the alloys and finishing the surfaces. Matrix 
correction procedures are employed where concen­
trations of major constituents vary over wide 
ranges. 
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OP 80-74. Book Review of "Thermodynamics of Rock-Form-
ing Crystalline Solutions" by S. K. Saxena, by 

Ralph Naf~iger. Am. Mineral., v. 59, Nos. 3-4, 
March-April 1974, p. 389. The reviewer concludes 
~hat this book will be of considerable use and rec­
?mmends it to the geoscientists currently engaged 
In thermodynamic determinations. The book pre­
sents a useful consolidation of widely scattered con­
cept~ and examples for calculating the thermody­
namic properties of crystalline silicate solutions. 

OP 81-74. Crack Propagation and Fracture of Rock 
Specimen Loaded in Compression, by S. S. 

Pen&, and C. A. Ortiz. Proc. Internat. Conf. on Dy­
namic Crack Propagation, Lehigh Univ., Bethlehem, 
Pa., July 10-12, 1972, 1973, pp. 113-129. The stress 
di~tribution within a. prismatic specimen loaded uni­
ax:ally was determmed by the three-dimensional 
filllte element method. The stresses are nonuniform 
and vary from point to point. Prismatic specimens 
.)f Tennessee marble were loaded uniaxially. Pic­
tures of the two adjacent side surfaces were taken 
simultaneously at various deformation levels. Crack 
patterns in these pictures were then traced in the 
trall:sparency and compared for crack growth study. 
Gram boundary cracks were identified as Griffith 
cracks. A model consisting of a crack subjected to 
the combination of modes 1 ana 2 of basic crack 
surface displacement was developed. Quantitatively, 
the model was found applicable for describing the 
fracture processes of Tennessee marble specimens. 

OP 82-74. Nuovo sistema di brasatura ad alta temperatura 
(A New High-Temperatu5e Solder Sv,steml, by 

A. E. Schwaneke, W. L. Falke, and O. K. Crosser. 
Ingegneria Meccanica, v. 22-L.700, No 12, p. 11 
(Abstract only-in Italian). A new high-tempera­
ture soldering system has been developed for use on 
copper, copper alloys, and low carbon steel. The 
method is applicable to automobile radiators and 
home appliances. The system uses a unique sacrifi­
cial coating method to promote spontaneous wetting 
and spreading of zinc and zinc alloy solders on me­
tallic substrates. The 10-5-to-10-6-cm-thick, electro­
plated or sputtered, sacrificial nickel coating is 
absorbed by the molten filler alloy during soldering 
and produces a direct solder-substrate metallic 
bond. Preliminary measurements on butt joints with 
copper members give tensile strengths over 32,000 
psi at room temperature using 95 Zn-5AI alloy as 
solder. Spontaneous wetting, spreading, and capil­
lary penetration are extremely rapid and produce 
joints as easily as 50-50 tin-lead solders. Recrystal­
lization or annealing of the wrought copper joint 
members is negligible at the soldering temperatures 
of 450' to 490' C and lower. A list of typical fluxes 
and solder alloys is included. 

OP 83-74. Methane Flame Extinguishment With Layered 
Halon or Carbon Dioxide, by A. Strasser, I. 

Liebman, and J. M. Kuchta. Fire Technol., v. 10, 
No.1, February 1974, pp. 25-34. In quenching tests 
of downward propagation in stoichiometric meth­
ane-air mixtures based on flammability limits and 
flame speed data, Halon 1301 was about five times 
more effective, on a volumetric basis, than carbon 
dioxide as an extinguishant. 

OP 84-74. Mine Costs and Control, by Sheldon P. 
Wimpfen. Section 31 in SME Mining 

Engineering Handbook, ed. by A. B. Cummins and 
I. A. Given. Society of Min,ipg Engineers of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, v. 2 1973, 
pp. 31-2-31-50. Guideline data for capitai plant, 
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cost and for operating costs of mining and milling 
aye presented in detail for representative opera­
tIons. Included are detailed cost data for labor su­
pervision, supplies, and others as well as produ~tiv­
Ity data for typical operations. Typical cost sheets 
and report for,?s used by the mining industry are 
presented as gUIdes to the new operators. 

OP 85-74. Geochemistry of Oil-Field Water Applied to Ex-
ploration, by A. Gene Collins. Oil and Gas 

J., v. 72, No. 21, May 27, 1974, pp. 90-94. The Bu­
reau of Mines conducted a geochemical study of the 
Smackover Formation to determine what geochem­
ical relationships are useful in exploration for and 
production of oil and gas. Samples of oil, gas, brine, 
,and rock were collected and analyzed. It was con­
cluded that oil and gas detection indicators include 
the follow~ng: Dissolved gases in the water, a pres­
sure gradient <0.65 psi per foot of depth hydro­
static or near-hydrostatic water, CI-Ca type df water, 
S l S2A2 class of water, S04X 100/CI<in CI-Ca type 
of water, negative redox potential, temperature 69 0 

to 149 0 C, positive indication of a source rock or­
ganic acid salts dissolved in water, and iodide' and 
bromide concentrations of 1 mg/l and 300 mg/l re-
spectively, in the water. ' 

OP 86-74. Saline Groundwater. Produced With Oil and 
Gas, by A. Gene Collins. Environmental 

Pro~ection Techno!. Series, No. EPA-660/2-74-010, 
April, 1974, 68 pp. More than 60,000 saline water 
a~alyses were collected by the Federal Bureau of 
Mines for entry into automatic data processing svs­
tem. Screening of the data eliminated 30,000 ana­
lyses; ?O,OOO were entered into STORET, the data 
processing system formulated by the Environmental 
Protection Agency; and 10,000 additional analyses 
could be entered with additional funding. The water 
analyses are used in studies related to identifying 
the source of a brine, classifying groundwater for 
use in geochemistry, plotting local and regional sa­
linity maps, determining sources of pollution of fresh­
water and land by brines, and using saline water for 
desalination to produce freshwater and valuable min­
erals. Examples of each of these studies are given in 
this report. 

OP 87-74. Radial Distribution Analysis for Sorting, by Rob-
ert M. Doerr. Trans. Soc. Min. Eng., 

ADIE, v. 225, No.1, March 1974, pp. 4-9. A method 
was developed for determining points representative 
of the relationship between fragment size, grade, and 
po~ential recovery from a selected heterogeneous 
sohd such as an ore. These points, when combined with 
economic data and the mean grade of the solid, are 
useful in establishing the range of fragment size at 
which separation (as for preconcentration of an ore 
by techniques such as sorting) may be effective. If 
the fragments are too large, in many cases ade­
quately rich parts will not have been liberated; if 
too small, separation economics may be adversely 
affected, particularly in serial sorting operations. 
The method involves the use of a microscope to find 
data on the spatial relationships of the target phase 
in polished sections of a sample of the solid. A com­
puter is used to select appropriate "base" particles 
of the target phase, to establish the size-versus-grade 
relationship in a radial distribution analysis, and 
to find the potential recovery in beneficiations aimed 
at a selected concentrated grade. 

OP 88-74. Matching Calculated With Actual Waterflood 
Performance by Estimating Some Reservoir Prop­

ert:es, by R. V. Higgins and A. J. Leighton. J. 
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Petrol. Techno!., v. 26, May 1974, pp. 501-506. The 
Higgins-Leighton mathematical model was tested by 
comparing predicted with observed performance in a 
mature southern . California waterflood for which 
accurat.e reservoir data were not available. By using 
successIvely revised estimates for interstitial water 
and permeability distribution, an excellent history 
match was achieved. 

OP 89-74. Geothermal Energy and the Environment, by 
William L. Miller. Proc. Symp. on Geo­

thermal Energy and Colorado, Colorado Geo!. Survey 
Bull. 35, Colorado Department of Natural Resources, 
No. 35, May 1974, pp. 61-70. A comprehensive dis­
cussion of the environmental implications of develop­
ing geothermal energy resources is presented. 
Discussed are land uses, subsidence, seismic activ­
ity, blowouts, noise pollution, noxious gases, mineral 
salts, and fish and wildlife. 

OP 90-74. The Kinetics of Thin Oxide Film Formation on 
Iron Using Proton-Impact-Excited X-Ray Analysis, 

by P. B. Needham, Jr., H. W. Leavenworth, Jr., and 
T. J. Driscoll. J. Electrochem. Soc., v. 120, No.6, 
June 1973, pp. 778-783; discussion, No. 12, Decem­
ber 1973, pp. 1791-1792. Studies of the oxidation 
of high-purity iron samples at 224°, 285°, and 350° 
C have been conducted in an oxygen partial pressure 
of 4 X 10-6 torr for exposure times ranging from 
25 to 2,000 sec. The oxide films were measured and 
qu.antitatively analyzed for trace carbon impurities 
USIng proton-impact-excited characteristic X-rays. 
Analytical surface sensitivities to the equivalent of 
10-3 monatomic layers have allowed direct studies of 
ultrathin «50 A) oxide film kinetics. A two-stage 
logarithmic oxidation rate law was observed at all 
temperatures with the transition from the first to 
second stage occurring at oxide thicknesses of 25, 
36, and 52 A at 224°, 285°, and 3500 C, respectively. 
This observation is discussed in term of Uhlig's 
theory for logarithmic oxidation. Quantitative meas­
urements of carbon impurities on the iron surfaces 
show that an increase in the preoxidation surface 
coverage from 0.1 to 1.0 monolayer results in a sig­
nificant suppression of the oxidation process. In a 
discussion in a later issue of the journal, the auth­
ors respond to B. Chattopadhyay's use of their 
results to support his theory of metallic oxidation. 
The authors point out two errors in Chattopadhyay's 
theory that appear to invalidate his conclusions con­
cerning the relative effects of surface state charge 
and space charge on the electrical potentials across 
growing iron oxide layers. 

OP 91-74. Vapor-Pressure Relations for 15 Hydrocarbons. 
by Ann G. Osborn and Donald R. Douslin. 

J. Chem. Eng. Data, v. 19, No.2, April 1974, pp. 
114-117. Experimental values of. vapor pressure for: 
15 hydrocarbons are measured In the low-pressure 
range 0.1 to 25 mm Hg by means of the inclined-pis­
ton deadweight gage and in the range 71 to 2,025 mm 
Hg by means of comparative e?ulliometers .. Cor­
relations of the present results WIth selecte.d I1tera­
ture values are given in terms of Cox equatlons. 

OP 92-74. Correlation of the Chemical Thermodynamic Prop-
erties of Alkane Hydrocarbons, by D. W. Scott. 

J. Chern. Phys., v. 60, No.8, Apr. 15, 1~74, pp. 3144-
3165. An internally consistent correlatIOn was made 
of the extant experimentel data on the ~ntrop¥, h~at 
capacity, enthalpy of formation, and IsomenzatlOn 
equilibria of alkane hydrocarbons. Of the data select­
ed as reliable, all 41 values of entropy, 98 out of 100 
values of heat capacity, 52 out of 54 values of enthal-

py of formation, and all 15 values of enthalpy' of 
isomerization from equilibrium data were fitted WIthin 
the assigned experimental uncertainty. Working for­
mulas, tables, and equations are given whereby ther­
modynamic properties for selected temperatures be­
tween 200 and 1500 K can be calculated for any al­
kane hydrocarbon with a tractably small number of 
molecular conformations (say$34 =81). Compounds 
with more conformations can be included by use of 
appropriate substitution methods. Values so· obtain­
ed for the entropy, heat capacity, and enthalpy of 
formation at 298.15 K are tabulated for all alkanes 
C3 through CIO. Variance-covariance matrices from 
least squares adjustment of constants provide esti­
mates of the reliability of calculated property values. 
Gaps are noted in the data base that should be filled 
to permit improved correlations in the future. 

OP 93-74. Superconcentration of Commercial Magnetic Tac-
onite Concentrates by Cationic Flotation, by 

David L. Veith. Skillings' Min. Rev., v. 63, No. 23, 
June 1974, pp. 1, 6-9, and 23. Reasearch employing 
caustic scrubbing and catonic silica flotation on sam­
ples representing 41 MMtons/year of commercial 
magnetic concentrates resulted in superconcentrates 
containing < 2 percent Si02. 

OP 94-74. Manganese in the Ecosystem. by' Gilbert L. 
DeHuff Jr. Ch. in Manganese. National 

Research Council,' Committee on Medical and Bio­
logic Effects of Environmental Pollutants, 1973, 
pp. 3-50. Manganese is widely distri,bute? in c.on­
stantly changi~g complex !latu!,al re~a~lOns myolvmg 
physical, chemIcal, and bIOlogIC actIVIty. It IS used 
primarily in the production of ir:on al?d .steel, and 
its emission to the atmosphere IS prmclpally the 
result of this use, either directly or indirectly. Much 
of the published emission data is old and must be 
used with caution and with due consideration giyen 
to. various quali,fying factors, including 10catlOn, 
atmospheric conditions, dE;gree of control, and IJ?ethod 
of sampling and analYSIS. Manganese pollutIOn of 
the atmosphere is currently a local problem, .for t~e 
most part an in-plant rather than an ambIent-all' 
problem. For the 12-year period ending in 1965, 
average U.S. urban ambient-ai;r concentration :was 
approximately 0.10 I'g/m3• MaXImum concentratlons 
exceeded 10 p.g/m3 but appear to have been of that 
order of magnitude. Manganese pollution of water 
does not appear to be a serious matter, except unde:r 
very unusual local conditions. There are few report" 
of manganese contamination of soils. 

Of' 95-74. The Flammability Limits of Lean Fuel-Air Mixtures 
-Thermochemical and Kinelic Criteria for explo­

sion Hazards, by David Burgess and Martin Hertzberg. 
Pres. 20th Ann. Meeting, Anal. Instr. Symp., ISA, 
Pittsburgh, Pa., May 12-15, 1974, Reprint No. AID 
74414, pp. 61-69. The present state of knowledge of 
the flammability limits of lean fuel-air mixtures is 
reviewed concisely in terms of the experimental 
methods used, the effect of apparatus size, accuracy 
of data, methods of data presentation, and the sensi­
tivity of the limits to initial temperature and pres­
sure. The heat of combustion per mole of gas mix­
ture at the lean limit is a reliable thermochemical 
criterion for the flammability of organic fuels with 
comparable reactivities. The limit calorific value for 
the heavy paraffins is 11.5 ± 0.1 kcal/mole. However, 
kinetic effects strongly influence this value. Highly 
reactive fuels (hydrogen, acetylen~) require lower 
energy contents, whereas less reactive fuels (am­
monia) require higher values. Hydrogen-starved 
fuels (carbon monoxide, cyanogen) show marked 
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anomalies and are sensitive to impurities that can 
provide H-atom chain carriers. These kinetic effects 
are reflected in the experimentally measurable burn­
!ng ve.I0cit~ of the fuel. This parameter is a key 
IngredIent In the theory of flammable limits which 
is briefly sketched. Five competing processe~ dissi­
pate power from the combustion wave and quench it 
at SOme characteristic limit velocity. The prevalent 
consensus that the limits are controlled by natural 
~onvection is cl.ear~y demonstrated, and the complex 
Interplay of kInetIcs and thermochemistry follows 
logically therefrom. 

OP 96-74. The Outlook for Mercury in the United States, 
by V. Anthony Cammarota, Jr. Proc. 1st 

Internat. Mercury Cong., Univ. Barcelona, Barce­
lona, Spain, May 6-10, 1974, v. 1, May 1974, pp. 
93-98. The past several years have witnessed per­
haps the most turbulent times in the long history of 
mercury. The Environmental Protection Agency 
listed mercury as a hazardous pollutant. To prevent 
mercury contamination of waterways and aquatic 
life, some consumers curtailed or eliminated the use 
of mercury. The price in 1972 touched the lowest 
level in 22 years, with the result that the producing 
industry in the United States barely survives. This 
paper evaluates the outlook for mercury in the 
United States in the face of consumer disinterest, 
environmental control, and changing technology. 

OP 97-74. Transient Thermal Stresses in Rectangular Prism, 
by John B. Cheung, Kuppusamy Thiru­

malai, and Ta-Shen Chen. J. Eng. Mech. Div., Am. 
Soc. Civil Eng., v. 100, No. EM2, April 1974, pp. 
463-467. Fracture and fragmentation of brittle 
materials by heating are well-known but poorly 
understood phenomena. The process of thermal frag­
mentation, though not desirable in high temperature 
applications of ceramics, is used to break rocks and 
minerals. Fragmentation of corners of brittle mate­
rials by therrflal stress concentrations induced during 
surface heating is a commonly known phenomenon. 
This study was carried out to help understand the 
initial stress concentrations and resulting fragmenta­
tion during surface heating of brittle prism solids. 
The present study deals with an infinitely long rec­
tangular prism heated on its surface by a constant 
flux. The prism body is considered to be linearly 
elastic, homogeneous,' and isotropic. To simplify the 
analysis, a plane strain assumption is used. Experi­
ments were carried out on quartzite rock prisms sub­
jected to a sudden uniform heating to correlate the 
theoretical predictions. 

OP 98-74. Effects of Primer Type and Borehole Diameter on 
AN-FO Detonation Velocities, by Joseph L. 

Con!lon and James J. Snodgrass. Min. Congo J., V. 

60, No.6, June 1974, pp. 46-47, 50-52. Approxi­
mately 75 percent (or 2 billion pounds per year) of 
all explosives and blasting agents used in the United 
States is ammonium nitrate-fuel oil (AN-FO). Strip 
mining accounts for about 50 percent of the total 
AN-FO consumption, and construction, metal mining, 
and quarrying account for about 50 percent. The 
Federal Bureau of Mines, to help resolve some of 
the confusion about proper AN-FO untiIization, ini­
tiated an investigation to vary pertinent parameters 
that are under the control of the mine operator and 
to determine their effects on detonation velocity of 
AN-FO. This paper reports on those investigations. 

OP 99-74. Oil Shale and the Energy Crisis, by Gerald U. 
Dinneen and Glenn L. Cook. Techno!' 

Rev., V. 76, No.3, January 1974, pp. 26-33. Oil 
shale is a potential source of fuels to help meet the 
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energy crisis. This paper discusses the location, size, 
and characteristics of the resourc~; current a~~ .de­
veloping technology f0l:". prodUCIng and. utIltzmg 
shale oil; and recent polttlcal and economIc develop­
ments. 

OP 100-74. Thermoviscoelastic Properties of Rock at Ele-
vated Temperatures, by R. L. Fischer and 

J. B. Cheung. High Temperatures-High Pressures 
(Great Britain), V. 5, 1973, pp. 463-469. Rock~ ex­
hibit elastic behavior at room temperature and yls.co­
elastic behavior at elevated temperatures .. It !S Il!l­
portant to understand the latter for applIcatIOn In 
the thermal fragmentation of rocks. Te~t resul~s 
are presented on the short-time thermovlscoelastlc 
behavior of Charcoal granite and Dresser basalt 
at elevated temperatures. Optical means have been 
used to measure creep complianc,: of Dress.er .ba~alt 
and Charcoal granite rock specImens. WIthIn the 
temperature range of 850· to 1,000· C the temper3;­
ture-time-shift theory has been found to be apph­
cable. 

OP 101-74. Bed Level Determination With TIme Domain 
Reflectometry by Walter Fuchs and Paul 

M. Yavorsky. Chern. E~g., V. 81, No. 13, June 1~74, 
pp. 145-148. Most commercially available mOnIt?r 
systems for bed levels in chemical reac~ors ~r In 
storage bins have th~ drawback. that ~heIr calIbra­
tion is based on speCIfic propertIes, whIch are often 
very difficult if not impossible to determine, of the 
bed and bed material This report describes a method 
for a continuous monitoring of the levels of any 
kind of bed (liquid or granular, movi~g, fluid ?r 
fixed bed) utilizing the technique of tIme domal.n 
reflectometry. The transit time of an electromagnetIc 
pulse, which travels d?wnwar.d along an electrode 
inside the vessel and IS partIally reflected by the 
surface of the bed, is measured. The principal noyel 
feature of this method is the use of the propagatlO,n 
velocity of an electrical signal in a gas as the J;>asIs 
of measurement, making the calibrat~on ver~ reh.a?le 
and stable. An additional advantage IS the sImphclty 
of the necessary probe system in the interior of the 
reactor vessel or container. 

OP 102-74. Retorting Indexes for Oil-Shale Pyrolyses From 
Ethylene-Ethane Ratios of Product Gases, by 

I. A. Jacobson, Jr., A. W. Decora, and G. L. Cook. 
Preprints, Div. Fuel.Chem., ACS, V. 19,. NO'.2, 1971, 
pp. 183-191. A number called retortmg Index IS 
developed from the relationship of reciprocal tem­
perature versus log [(ethylene) / (ethane)]. The re­
torting index has the units of temperature. Its. mag­
nitude depends on both temperature an~ re~ldence 
time for the reactants in the heated zone m OIl shale 
retorting. 

OP 103-74. Effect of Low Concentrations of Silica, Alumina, 
Lime, and Lithia on the Magnetic Roasting of 

Hematite, by S. E. Khalafalla, G. W. Reimers, and 
M. J. Baird. Met. Trans., V. 5, May 1974, pp. 1013-
1018. The conversion of hematite to magnetite was 
investigated in a mixture of H2, H20, and N2. In the 
temperature range of 500· to 700 0 C, the mag!letic 
roast reaction gives a sigmoidal kinetic curve WIth a 
finite induction time. The induction time' decreases 
with rise in temperature and increases in the pres­
ence of alkali and alkaline earth oxides. The mag­
netic roast reaction was also studied in the presence 
of low concentrations of silica (quartz structure) 
and alumina (5.0 and 4.3 wt-pct, respectively, which 
correspond to 8.4 X 10-< g atom of Si or Al pe:r: gram 
of mixture). The addition of Si02 to hematIte de­
creases the induction time. At temperatures below 
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550 0 C, alumina increases the induction time; at 
higher temperatures, it has about the same effect as 
silica. For pellets containing Si02, a maximum in 
the relative decrease in induction time, A, was ob­
served at 578? C; for pellets containing Ah03, there 
was a steady increase in A with increasing tempera­
ture. Because the a~f3 quartz transition occurs at 
575 0 C, . the enhanced surface activity at 578 0 C in 
the presence of quartz is attributed to the Hedvall 
effect of solid-state chemistry. The induction period 
of the magnetic roast reaction was exceptionally 
prolonged in the presence of lithia. Mixing of hema­
tite with silica, alumina, and lithia (8.4 X 10-4 g atom, 
respectively, per gram of mixture) was found to 
eliminate the beneficial effect of quartz by inhibiting 
its a~f3 transformation. 

OP 104-74. Pulsed NMR Examination of Oil Sholes-Esti-
mation of Potential Oil Yields, by F. P. 

Miknis, A. W. Decora, and G. L. Cook. Preprints, 
Div. Fuel Chern., ACS, v. 19, No.2, 1974, pp. 86-91. 
A rapid method for assaying oil shales based on 
pulsed nuclear magnetic resonance techniques is dis­
cussed. Linear correlations were obtained between:' 
NMR measurements and Fischer assay oil yields for 
440 samples. 

OP 105-74. Innovations in Gold Met.allurgy, by G. M., 
Potter and H. B. Sabsbury. Secondary 

Raw Mater., March 1974, pp. 24-30. Low-cost 
methods of cyanidation have been developed for gold 
ore deposits too small, too low grade, or unsuited 
chemically or physically for treatment by conven~ 
tional procedures. Applicability of heap leaching has 
been demonstrated to suitably llorous and permeable 
ores, both in the laboratory and on a commercial 
scale, for recovering 60 to 95 percent of the gold 
from crushed or mine-run ore containing 0.06 to 0.6 
ounce gold per ton. An expanded-bed, multiple­
compartment, activated-carbon column developed by 
the Bureau of Mines is in use to recover the gold 
from recycling leach solutions. Recent engineering 
advances in handling pulp and carbon have made the' 
carbon-in-pulp process more attractive for cyanida­
tion of ores requiring fine grinding. Gold is removed 
from solution and the carbon is loaded by counter­
current flow of carbon and leach pulp through a 
senes of about four stirred contactors with a vibrat­
ing screen in each stage to separate the pulp and 
carbon. Loaded carbon is stripped of gold bv hot 
caust~c cyanide solution and reactivated by heating 
to 60 C before recycle to the gold absorption step, 
and gold is removed from the cycling strip solution 
by electrowinning. 

OP 106-74. Characteristics of Synthetic Crude From Crude 
Shale Oil Produced by In Situ Combustion Re­

torting, by R. E. Poulson, C. M. Frost, and H. B. 
Jensen. Preprints, Div. Fuel Chern., ACS, v. 19, 
No.2, 1974, pp. 175-182. The oil was found to be 
approximately 20 percent aromatic, 6 percent ole­
time, and 72 percent paraffinic (including naphthic) 
hydroc~rbons. The 2 percent polar materials pres­
ent were 55 percent pyrrole- and 45 percent pyridine­
type mtrogen compounds. 

OP 107-74. A Comparison of Shale Gas Oil Denitrification 
Reactions Over Co-Mo and Ni-W Catalysts, by 

H. F .. Silver, N. H. Wang, H. B. Jensen, and R. E. 
Poulson. Preprints, Div. Fuel Chern., ACS, v. 19, 

·No. 2, 1974, pp. 147-155. Relative to total nitrogen 
removal, rates of conversion' of quinoline-, indole-, 
amide-type nitrogen in a shale-oil heavy gas oil hydro­
genated using three different catalysts were measured. 

OP 108-74. Overview of the Role of Geologic Investigation 
and Rock Property Determination in Fragmenta­

tion Field Testing, by R. C. Steckley, E. R. Podnieks, 
P. G. Chamberlain, and J. M. Pugliese. ASTM Spe­
cial Tech. Pub. 554, 1974, pp. 100-115. This paper 
presents an overview of a systematic approach for 
the evaluation of the geology and rock properties of 
field sites used for fragmentation tests. Comprehen­
sive flow diagrams illustrate the steps involved in 
selecting sites for field tests and in evaluating the 
results of field rock fragmentation tests. These steps 
consist of regional test site selection, field site selec­
tion, geologic and fabric investigations, pre-test rock 
property determinations, fragmentation tests, post­
test geologic and fabric investigations, and post-test 
rock property determinations. A systematic ap­
proach, such as this one, is necessary if major rock 
excavation problems are to be solved. 

OP 109-74. Impact of Gasoline Prices on the Demond for 
Minerals for the Manufacture of Automobiles, 

by Phillip N. Yasnowsky and Donald S. Colby. Proc. 
Ann. Meeting, Council of Econ. AIME, Dallas, Tex., 
Feb. 23-28, 1974, pp. 61-74. The increase in world 
crude oil prices and the shortage of petroleum in the 
United States have caused increases in the price of 
gasoline. These prices are likely to continue to rise 
in the future. The motoring public might be expected 
to react to such higher gasoline prices by curtailing 
driving, using public transportation more intensively, 
or buying smaller automobiles. Whichever the reac­
tion, there will be impacts on the mineral industries. 
This paper looks at the potential impact reSUlting 
from a change to smaller size automobiles and a 
reduction in mileage. 

OP 110-74. High-Sulfur Cool for Generating Electricity, by 
James T. Dunham, Carl Rampacek, and 

T. A. Henrie. Science, v. 184, Apr. 19, 1974, pp. 
346-351. Continued use of petroleum and natural 
gas by the electric utility market at the present rate 
will aggravate the serious supply problems for these 
fuels. Programs underway to augment our oil and 
gas supplies and to diversify our energy base will 
have little impact for many years. In the meantime, 
fossil fuel-fired powerplants must supply a large 
part of our electrical power demands, and only coal 
is available in the United States in sufficient quantity 
to provide this energy. Pollution regulations restrict­
ing sulfur oxide emissions from powerplants have 
been 'one of the major deterrents to the use of the 
high-rank, high-sulfur coals of the Midwest and 
East. The cost of flue gas desulfurization will be 
high, ranging from 1.2 to 3.2 mill/kW-hr. The aver­
age cost increase to consumers is expected to be 
about 3 to 6 percent and in some instances as much 
as 15 percent. However, the added burden may not 
be as high as that of dependence on foreign oil, both 
in terms of price and reliability of supply. Combus­
tion of high-sulfur coal followed by stack gas cleanup 
appears to be the cheapest alternative for meeting 
our electricity needs in the next few decades. 

OP 111-74. Advanced Fragmentation Techniques, by David 
E. Fogelson. Advances in Rock Mech., 

Proc. 3d Congo Internat. Soc. Rock Mech., v. 1, pt. B, 
1974, pp. 1645-1663. Research on advanced frag­
mentation techniques is expanding to provide alter­
native fragmentation systems to overcome the dis­
advantages of conventional methods and to improve 
excavation rates. This paper reviews the state-of-the­
art of the thermal, hydraulic, and chemical tech­
niques and includes a description of an experimental 
tunnel excavated by projectile impact. 
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OP 112-74. Production of Synthetic Crude From Crude Shale 
Oil Produced by In Situ Combustion Retorting, 

by C. M. Frost, R. E. Poulson, and H. B. Jensen. 
Preprints, Div. Fuel Chern., ACS, v; 19, No.2, 1974, 
pp. 156--168. A premium synthetic crude oil was 
produced by catalytic hydrogenation of an in situ 
crude shale oil after selection of a suitable catalyst. 
The processes are described. 

OP 113-74. Vacuum Evaporation of Salt From Titanium 
Sponge, by S. D. Hill and R. V. Mrazek. 

Met Trans., v. 5, January 1974, pp. 53-58. The rate 
of salt removal from titanium sponge was deter­
mined using a thermogravimetric technique. Both 
magnesium- and sodium-reduced titanium sponge 
were used in the investigation. Measurements were 
made of the rate of salt removal by vacuum 
evaporation for a range of temperature, bulk density, 
and sponge surface areas. Removal of magnesium 
chloride was characterized by the presence of a long 
period of surface evaporation, or constant-rate dry­
ing, during which the major portion of the salt was 
evaporated. Sodium-reduced sponge showed no such 
constant-rate period. 

OP 114-74. Implication of Emission Controls for Fuel Econ-
omy, by R. W. Hurn. The Petroleum/ 

Petrochemical Industry and the Ecological Challenge, 
AIChE Symp. Ser., v. 69, No. 135, 1973, pp. 21-22. 
The paper calls attentio~ to th~ a.lternatives th~t ex~st 
for controlling automobtle emissions and provides in­
formation from which to better understand the im­
pact that each of the several control options may 
have on fuel economy and on the energy resource. 
The paper deals specifically and exclusively with the 
costs of emission controls in terms of the energy 
requirement; dollar costs are not examined. 

OP 115-74. Potential Effects of Direct Reduction on Mineral 
Requirements, by R. J. Leary and G. M. 

Larwood. Proc. 34th Ann. Min. Symp., sponsored 
by Minnesota Sec., AIME, and Min. Resources Res. 
Center, Univ. of Minnesota, Jan. 15-17, 1973, Duluth, 
Minn., 1973, pp. 76--84; Skillings' Min. Rev., v. 62, 
No. 28, July 14, 1973, pp. I, 6--7, 10-12; No. 29, 
July 21, 1973, pp. I, 6--9. Trends in consumption of 
minerals in iron and steel production were identified, 
and average and best practices were compared. The 
potential effects of direct-reduced material upon 
mineral supply needs were estimated for substi~ution 
in (1) blast furnace burdens and (2) electric-arc 
steelmaking charges. Collateral factors are analyzed, 
and principal metallurgical, industrial,. and environ­
mental consequences are discussed. Implicati?ns for 
the iron ore industry of the Great Lakes regIOn are 
mentioned: 

OP 116-74. Measurements of the Strength of Grain 
Boundaries in Rock, by George A. Savanick 

and Donald 1. Johnson. Internat. J: Rock Mech. Min. 
Sci. and Geomech. Abs., v. 11, No.5, May 1974, pp. 
173-180. A method has been developed for evaluat­
ing the strength of adhesion between materials at 
grain boundaries in rock. This method involves selec­
tively extracting a small (4.5-mm-diam., 1.7-mm-thick 
disk), two-phase sample from a rock and determining 
the tensile strength of the boundary between the 
minerals by pulling normal to the grain boundary. 
This technique has been successfully applied to the 
study of quartz-feldspar interfaces separated from 
graphic granite and the Rockville granite and to 
the study of pebble-matrix interface selectively ex­
tracted from the Calumet conglomerate. Indirect 
tensile tests of these grain boundaries have also 
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been performed, and thei~ results have been c.om­
pared with those of the direct p~ll test~. Examina­
tion of bicrystals broken at their grain boundary 
reveals that the bonds responsible for this adhesion 
operate over only a portion of the interfacial area. 
The significance of this work is that it demonstrates 
that strength tests can be conducted on small areas, 
for example, grain boundaries in rocks. This permits 
a determination of small-scale zones of strength or 
weakness, which may be related to the overall 
strength of the rock. 

OP 117-74. Energy in East Europe Through 1980, by V. V. 
Strishkov, G. Markon, and Z. E. 

Murphy. Trans. ASME, J. Eng. for Power, v. 96, 
ser. A, No.3, July 1974, pp. 292-306. This paper 
presents the results of a factual and comprehensive 
study of the potential of the energy industry in East 
Europe and its long-range objectives. ~he rep?rt 
cites the development of past and future interaction 
between domestic sources of energy. It also discusses 
the dependence of East European communist coun­
'tries on foreign sources of fuels and power. 

OP 118-74. Thermal Expansion Behavior of Intact and 
Thermally Fractured Mine Rocks, by K. Thi­

rumalai and S. G. Demou. Thermal Expansion-
1973, Proc. Am. Inst. Phys., No. 17, 1974, pp. 60-71. 
Rock is a complex brittle solid consisting of hetero­
geneous aggregates of polycrystalline minerals that 
are characteristically anisotropic. An estimation of 
rock damage induced by cyclic temperature changes 
is important for planning utilization of underground 
space for storing energy. A method of predicting the 
damage induced by temperature variations from the 
thermal dilation characteristics of intact and frac­
tured mine rocks was formulated and tested in this 
study. A dilatometer system capable of controlled 
heating and cooling rates was designed and used for 
the measurements. Test results of the thermal dila­
tion characteristics of granite rock types for heating 
up to and cooling from 400° C at different rates up 
to 50° C/min indicate that predominant damage 
takes place during initial exposure of intact rock to 
temperature cycling. The damage induced in granitic 
rocks reaches a steady state after three successh'e 
thermal cycles. 

OP 119-74. Equilibrium Composition of Simulated Coal 
Combustion Products: Relationship to Fireside 

Corrosion and Ash Fouling, by J. S. Wilson and M. W. 
Redifer. Trans. AS.:\IE, J. Eng. for Power, v. 96, 
ser. A, No.2, April 1974, pp. 145-152. A computer 
solution of chemical equilibrium composition is pre­
sented for high-temperature combustion reactions re­
lated to fireside corrosion and ash fouling. A simple 
calculation system, which models the injection of a 
sodium-potassium mixture through a flame, is solved 
for equilibrium compositions of temperatures from 
1,500° to 3,000° F at oxygen levels in the gas stream 
ranging from 0.1 to 17 percent and 1 atmosphere 
pressure. At equilibrium, principally alkali sulfates 
and hydroxides are produced in the model of a com­
bustion product atmosphere resembling that in a 
coal-fired boiler. A total of 42 reactions involving 40 
chemical species were treated in the reactant mix­
ture, and compositions for the entire system are 
includel1. 

OP 120-74. Platinum-Vanadium and Nickel Baths for Inert 
Gas Fusion Oxygen Determination, by Dean 

H. Bollman. Anal. Chern., v. 46, No.9, August 
1974, pp. 1191-1194. Low and inconsistent results 
were encountered with an unalloyed platinum bil,th 
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when analyzing thoriated and zirconiated tungsten 
for oxygen content by i~ert gas. ~usion. Data. are 
given to show that vanadIUm addltlOns to platInum 
baths made the recovery of oxygen easier from both 
of these tungsten-base alloys and also from titanium 
and FS-85 niobium alloys. Data are given to show 
that a nickel bath and wrap was superior to plati­
num for determining oxygen in zirconium and beryl­
lium. In addition, a nickel bath and wrap works w~ll 
for titanium and tungsten but not for FS-85 nIO­
bium alloy. The importance of carbon solubility in 
the melt and the role of tin are discussed. 

OP 121-74. Castability of Titanium and Seven Titanium 
Alloys, by E. D. Calvert, H. Kato, and 

R. A. Beal!. Proc. 4th Internat. Conf. Vacuum 
Met. Iron and Steel Inst. of Japan, Sec. 8, 1974, 
pp. 310-314. Casting experiments were conducted' 
to determine the effects of alloying on the castibility 
of titanium. Commercially pure titanium and seven 
alloys were examined. All of the alloys were found 
to be castable; however, minor changes in fluidity 
and mold filling characteristics can be effected by 
alloy composition. Data indicate that both silicon 
and molybdenum tend to decrease the flowabili~y of 
titanium, probably because they tend to drastIcally 
expand the freezing range. Manganese was demon­
strated to have a degrading influence on castibility, 
because of the rapid extraction of heat from the 
melt due to vaporization of manganese. Th~ is prob­
ably true for all high-vapor-pressure elements. On 
the other hand aluminum tends to raise the heat of 
fusion of tita~ium and as a consequence improves 
flowability. 

OP 122-74. Development of Technology for In Situ Oil 
Shale Processes, by Harry C. Carpenter 

and Harold W. Sohns. Colo. School Mines Quart., 
v. 69, No.2, April 1974, pp. 143-169. This report 
of research supporting the development of in s~tu 
retorting of oil shale include~ the e~ect~ of gas 
velocity and oxygen concentratIon on OIl YIelds, re­
torting advance rate, and oil quality. The effects of 
overburden pressure and system pressure are also 
considered. 

OP 123-74. Air Injection and Hot-Film Flow Logging for 
Evaluation of Roof Cracks in White Pine Mine, 

by Samuel S. M' Chan, Harold E. Thomas, and 
Nicholas Bada. Trans. Soc. Min. Eng., AIME, June 
1974, pp. 131-137. The Bureau Of Mines has devel­
oped a technique for locating and evaluating bedding 
plane cracks in mine roof by an air-injection and 
hot-film flow logging process. It is ultrasensitive to 
cracks and is especially useful for detecting the early 
stage of crack development. The required equipment 
is inexpensive and simple to operate. 

OP 124-74. Conversion of Manure to Oil by Catalytic 
Hydrotreating, by Yuan C. Fu, Eugene G. 

Illig, and Sol J. Metlin. Environmental Sci. & 
Techno!., v. 8, No.8, August 1974, pp. 737-740. 
Bovine manure is hydrogenated and liquefiied by 
hydrogen or synthesis gas at 330 0 to 425 0 C and 
2,000 to 3,000 psi in the presence of a recycle ma­
nure oil and a CoMo catalyst. 

OP 125-74. The Use of Nitride Intermediates in the Prep-
aration of Metals. A Study of the Reduction of 

Nb205 With NH3, by R. A. Guidotti and D. G. Kes­
terke. Met. Trans., v. 4, May 1973, pp. 1233-
1237. Nb205 reacts v"ith NH3 in a range of 600 0 

to 1,300 0 C to form three types of reaction prod­
ducts: at temperatures below 800 0 C, the o-oxyni­
tride phase (13.0 to 13.6 pct. N, 3 to 5 pct 0) 

is formed; between 800 0 and 850 0 C, Nb02 forma­
tion occurs; the formation of hexagonyl NbN phase 
(13.2 pct N) is favored at higher temperatures. The 
most rapid and complete reaction occurred at 1,200 0 

C using either molybdenum or alumina reactors re­
sulting in products with oxygen levels of SO.1 pct. 
With a two-step reduction in the A120a system, the 
reaction time was shortened from 50 to 4 hours. 

OP 126-74. Effect of Moisture on the Methane Capacity of 
American Coals, by James 1. Joubert, 

Clifford T. Grein, and Daniel Bienstock. Fuel v. 
53, No.3, July 1974, pp. 186-191. An investigation 
of methane sorption in bituminous coals ranging 
from low-volatile to high-volatile B has been carried 
out. Equilibrium sorption isotherms for dry and 
moist coal were measured at 30° C and at pressures 
up to 60 atm. The natural oxygen content of a coal 
plays a major role in determining its methane capac­
·ity. Capacities of high-oxygen coals undergo a much 
greater reduction when saturated with moisture 
than do low-oxygen coals. Measurements of adsorbed­
water saturation capacities clearly suggest that only 
adsorbed water affects the equilibrium capacity of a 
coal for methane; water present in excess of the 
adsorbed water has no effect on methane sorption. 
Excellent agreement has been found between the 
methane sorption data reported here and field meas­
urements of methane emission from coal samples 
obtained during borehole drillings. 

OP 127-74. Effect of Coal Breakage on Methane Emission, 
by Fred N. Kissell and Maurice Deul. 

Trans. Soc. Min. Eng., AIME, v. 256, June 1974, 
pp. 182-184. When coal is broken during mining, 
some of the methane trapped in the coal is released. 
Some recent investigations by the Bureau of Mines 
have shown that this methane released by breakage 
is only a small proportion of the total methane emis­
sion into the working section. 

OP 128-74. Micellar-Polymer Flooding Planned for Shallow 
Sands of EI Dorado Field, by Bill Linville. 

Am. Oil and Gas Reporter, v. 17, No.4, July 1974, 
pp. 6-7. On June 28, 1974, the Bureau of Mines 
announced a cooperative contract with Cities Service 
Oil Co. for a field demonstration of tertiary oil re­
covery from the El Dorado, Kans., oilfield by 
micellar-polymer flooding. The purpose of the test is 
to determine the technical and economic feasibility 
of tertiary oil recovery using methods of micellar­
polymer flooding. Two distinct micellar-polymer 
combinations will be tested. Tests should be com­
pleted by early 1978. Results will be published by 
the Bureau of Mines. 

OP 129-74. Combustion Control of Pollutants From Multi-
Burner Coal-Fired Systems, by C. McCann, J. 

Demeter, R. Snedden, and D. Bienstock. EPA 
Techno!' Ser., No. EPA-650j2-74-038, May 1974, 42 
pp. Staged combustion resulted in a 50-pct reduc­
tion in NOx emissions. A decrease in excess air low­
ered NOx emissions further but decreased carbon 
conversion efficiency. 

OP 130-74. Generalized Rayleigh Wave Propagation in 
Anisotropic Rock, by T. E. Ricketts. 

Internat. J. Rock Mech. Min. Sci. and Geomech. 
Abs., v. 11, No.6, June 1974, pp. 251-259. The sur­
face waves in an anisotropic semi-infinite solid are 
examined analytically for the case of transverse 
isotropy. Closed-form expressions for group velocity 
(rate of energy propagation) of surface waves are 
presented when the elastic symmetry axis lies in the 
free surface plane of the half-space. These relations 
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are evaluated for transversely isotropic Yule Marble 
and. compare1 with experimental results obtained 
preVIOusly usmg transient point loaciing on a large 
Yul~ Marble block used to model a semi-infi.lite 
medll.~m. ~he analysis and experiments assume that 
the directIOn of the axis of elastic symmetry does 
not vary in the media. 

OP 131-74. Adsorption of Methane on Dry Coal at Ele-
. vate~ Pressure, by Thomas C. Ruppel, 

Chfford T. Grem, and Daniel Bienstock. Fuel, v. 
5~, No. 3, Ju~y 1~74, pp. 152-162. Methane equilib­
num adsorptIOn Isotherms were determined for sev­
eral U.S. coal seams-Illinois No.6 (Herrin seam) 
O~la?o.ma Hartshorne, Pennsylvania Pittsburgh, and 
Vlrg!ma Pocahontas No. 3 seams-using a volu­
metnc method and an equation of state for methane 
Tl~e amount of methane adsorbed on crushed and 
dried coal was measured as a function of pressure. 
lotherms were measured at 30° C for the Illinois 
coal and at 0°, 30°, and 50° C for the others. Most 
measurements were made to 150 atm pressure but 
a few were made to 240 atm. ' 

OP 132-74. Solubilization of Coals by Reductive Aljylation 
by Heinz W. Sternberg and Charles L' 

Delle D?nne: Fuel, v. 53, N.o. 3, July 1974, pp. 172-': 
175. Bltummous and subbltuminous coals can be 
conver~ed to benze~e-soluble products by reductive 
akylatlOn; anthraCite could not. Anthracite anion 
could not be alkylated. 

OP 133-74. How We Reduced Our Plant's Energy Consump-
. tion by More Than 25 Percent, by Jerry A. 

Tipton and Warren F. Foster. Proc. Western Plant 
En!? Conf., Am. lnst. of Plant Eng., Anaheim, 
Cahf., June 18-20, 1974, pp. 1-1-2 to 1-14-2. A 
~o:n'prehe!lsive energy conservation program was 
Imtlated m 1970 at the Bureau of Mines Bartlesville 
Energy Research Center, Bartlesville, Okla., to re­
duce operational costs. The primary thrust of this 
progra~ i~~luded remodelil!-g one laboratory build­
mg, optImlzmg control settmgs of main generators 
a!ld absorpt~on r~fr!gerati0l!- units, adjusting fresh 
alr makeup m bUlldmg heatmg and air conditioning 
systems, adding ceiling insulation in several build­
ings, and reemphasizing routine window and door 
maintenance. The operational schedule of many cool­
ing and heating units was altered to take advantage 
of the decreased load during nonworking hours, and 
changes were made in lighting and electrical equip­
ment operation. The overall reduction of energy use 
was more than anticipated, and costs of operation 
even with inflated fuel prices, show a net decrease: 
Because of the variation of weather conditions 
~hanges it: laboratory functions, and other intang~ 
Ibles, specific results of each measure implemented 
are estimated. However, accurate values of the total 
energy savings were documented and are described 
gra phi~ally. 

OP 134-74. Statistical Analysis of Axial Data by J R 
Alldredge, M. A. Mahtab ~nd L' A' 

Panek. J .. Geol., v. 82, No.4, July 1974, PP. 519-524: 
A ~ethod IS presented for estimating the confidence 
r~gIOn for ~he .mean of a set of axes that are non­
cIrcularly dIstributed about the mean axis. The data 
(plotted on the upper hemisphere) are projected 
through LaJ?1bert's equal-area projection, onto th~ 
pl~ne. that IS tangent to the estimated mean An 
elllI?tIcal confidence region is constructed around the 
prOjected meat: uSi::,g bivariate normal theory. The 
confidence regIOn IS then projected back to the 
sphere .. ~he ~ethod is applied to the analysis of a 
set of Jomt orIentations. 
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C? 135-74. Coal Combustion Aspects of MHO Power Gen-
eration, by D. Bienstock, J. J. Lacey, 

P. D.Bergman, R. J. Demski, and J. ~I. Henry. 
Proc. 1st U.S.-U.S.S.R. Colloquium in MHD Power 
Generation, Feb. 25, 1974, 13 pp. The article is a 
review of the Bureau of Mines program utilizing 
coal as a fuel in the magnetohydrodynamic (MHD) 
generation of electrical power. 

OP 136-74. Use of Cryo~en:cs in Scrap Processing, by J. H. 
Bilbrey, Jr. Pro~. 4th Miner. Waste 

Utilization Symp., Chicago, Ill., May 7-8, 1974, pp. 
424-430. The need to meet strict pollution control 
regulations is providing an incentive to search for 
new, low-pollution scrap processing methods, and 
the availability of large volumes of liquid nitrogen 
at relatively low prices makes cryogenic processing 
more competitive with other processing methods on 
an economic basis. The Bureau of Mines has been 
conducting research on the use of cryogenic meth­
ods for reclaiming copper from scrap wire and in 
separating mixtures of nonferrous metals recovered 
from nonmagnetic residues from automobile shred­
ders. Some preliminary work has also been done "On 
cryogenic processing of automobile tires and scrap 
plastics. 

OP 137-74. Rate Coefficient for H+CH4-H~+CH.1 in the 
Temperature Range 1300-1700° K, bv Joan 

C. Biordi, John F. Papp, and Charles P. Lazzara. 
J. Chem. Phys., v. 61, No.2, July 15, 1974, pp. 741-
742. The rate coefficient for the title reaction has 
been determined from complete (that is, including 
atomic and radical species) microstructure studies of 
nearly stoichiometric methane-oxygen-argon flames 
burning at 0.04 atm. 

OP 138-74. Nomogram for Relating Particle and Particle 
Cloud Parameters, by Lung Cheng. J. Air 

Pollution Control Assoc., v. 24, No.7, July 1974, pp. 
680-681. Although most aerosol clouds are composed 
of polydisperse particles, a nomogram based upon 
monodisperse spherical particles has been found use­
ful for providing a convenient conversion of dust 
concentration units. 

OP 139-74. Analyzing Heavy Ends of Crude. Wilmington, 
Calif., by J. E. Dooley, D. E. Hirsch and 

C. J. Thompson. Hydrocarbon Processing, Y. 53', No. 
7, July 1974, pp. 141-146. This article discusses the 
characterization of the 370 0 to 535° C distillate from 
Wilmington, Calif., crude oil. 

OP 140-74. Coal's Increasing Role in the Fossil Fuel Indus-
try, by William E. Eckard. Pres. at 

49th Ann. Fall Meeting, Soc. Petrol. Eng., AnTE, 
Houston, Tex., Oct. 6-9, 1974 SPE Preprint 5093 
6 pp. The United States has a:bout 20 percent of th~ 
world's coal resources, enough to last several cen­
turies even at an expanded rate of consumption. Pro­
jected expansion of coal consumption for energy and 
fuels production. will require the solution of several 
major problems, including those related to mining 
methods, mine health and safety, economics, and coal 
process technology. 

OP 141-74. Recovery of Metals and Other Materials From 
Chromium Etching and Electrochemical Machin­

ing Wastes, by L. C. George and A. A. Cochran. Proc. 
4th Miner. Waste Utilization Symp., Chicago, Ill., 
May 7-8, 1974, pp. 346-353. Bench-scale research 
on the development of practical processes for the 
recovery of metals and other values from a wide 
variety of industrial wastes is described. New treat­
ment methods were successfully applied to two type~ 
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of waste. Spent chromium solutions that were used 
to etch and brighten brass parts were treated by 
simple processes to recover separate chromium oxide, 
copper, and zinc products. Other materials investi­
gated were electrochemical machining wastes, which 
normally are exceptionally slow in filtering. This 
characteristic was ameliorated by evaporating the 
wastes to dryness and diluting back to the original 
volume with hot water, which increased the filtration 
rate by factors ranging from 20 to 121. Filtration 
produced electrolyte solutions for recycling and mix­
tures of metal hydroxides. A typical hydroxide mix­
ture was reduced with hydrogen to produce an alloy 
containing more than 60 pct nickel. 

OP 142-74. Method for Recovery of Zinc and Lead From 
Electric Furnace Steelmaking Dusts, by L. W. 

Higley and H. H. Fukubayashi. Proc. 4th Miner. 
Waste Utilization Symp., Chicago, Ill., May 7-8, 
1974, pp. 295-302. About 1 to 2 pct of the charge to 
the electric steel furnace finds its way up the stack 
and is collected as particulate matter. The dust is 
rich in zinc, but there is no economic technology to 
recover this zinc and recycle the iron residue. Dis­
posal is a problem because the dust easily becomes 
airborne. The Bureau of Mines conducted laboratory 
research to develop a pyrometallurgical process for 
the recovery of zinc and lead from electric furnace 
steelmaking dust (25 pct Zn, 2.5 pct Pb). Tests on 
both powdered and pelletized flue dust were made in 
a quartz tube, electrically heated in the temperature 
range 1,050° to ..1,150° C. The dust was mixed with 
carbon and heated in an oxygen-free atmosphere. 
Ninety-nine pct of the zinc could be recovered, as a 
Prime Western grade, with only a single roast re­
duction treatment. By preroasting the dust in air,. 
90 pct of the lead was recovered as PbO, and 98 pct 
of the zinc was subsequently removed by roast-. 
reduction. The offgas, carbon monoxide, was burned. 
Further study indicated that this method could be 
successfully applied to other zinc-bearing dusts and 
slags. The process has been scaled up successfully to 
25-lb batches and seems to be adaptable to continu­
ous operation. 

OP 143-74. Effect of Certain Process Variables on Vapor 
Deposited Tungsten, by F. W. Hoertel. 

,Electrodeposition and Surface Treatment, Elsevier 
Sequoia S.A., Lausanne, Switzerland, v. 2, 1973/74, 
pp. 327-341. The effects of certain process variables 
on the grain size, grain type, and microhardness of 
vapor-deposited tungsten were established, and the 
near-optimum parameters and the efficacy of the va­
por deposition process were determined. No signifi­
cant change in the grain size or microstructure re­
sulted from ultrasonic vibration of the substrate 
during deposition, from variations in the hydrogen 
(H2) to tungsten hexafluoride (WF6) ratio, or from 
small increases in reaction chamber pressure. Near­
optimum conditions were continuous deposition at at­
mosphericpressure, a deposition rate of 2 mils thick­
ness per square inch of substrate area per hour, a 
temperature of 550° C, and a hydrogen to WF6 ratio 
of 4: 1. The addition, individually, of about 2 vol-pet 
of butane, 24 vol-pet of carbon dioxide, or 4 vol-pct 
of propane to the hydrogen and WF6 mixture pro­
duced deposits with the finest grain size for each 
gas. A corresponding increase in microhardness ac­
companied the decrease in grain size. The addition of 
these gases did not alter the columnar microstruc­
ture found in vapor-deposited tungsten. 

OP 144-74. Rhenium and Rhenium.Tungsten Deposition by 
Thermochemical Reduction of the Hexafluorides 

-A Preliminary Study, by F. W. Hoertel and J. G. 
Donaldson. Electrodeposition and Surface Treat­
ment, Elsevier Sequoia S.A .. Lausanne, Switzerland, 
v. 2, 1973/74, pp. 343-353. Consolidated rhenium de­
posits of high purity can be obtained by the hydro­
gen reduction of ReFs from the vapor phase, al­
though some rhenium always deposits as a loose, 
black powder. The temperature of the reaction zone' 
and the volume ratio of H2 to ReF6 significantly in-' 
fiuence the amount of massive rhenium deposited. 
The near-optimum parameters are a temperature of 
250° C and a volume ratio of H2 to ReF6 of 25 to 1. 
Operating at these gas ratios and temperature, with 
the equipment described, the best results were ob­
tained with the deposition chamber at atmospheric 
pressure; both increasing pressure (to 790 milli­
meters of mercury) and decreasing prissure (to 600 
millimeters of mercury) yielded excessive quantities 
of powdered rhenium. All tests at other than atmos­
pheric pressure were made at the near-optimum pa­
rameters. 

OP 145-74. Fuels and Emissions-Update and Outlook, 
1974, by R. W. Hurn and T. W. Cham­

berlain. Pres. at Nat. Combined Farm, Construction, 
and Ind. Machinery and Powerplant Meetings, SAE, 
Milwaukee, Wis., Sept. 9-12, 1974, SAE Preprint 
740694, 15 pp. A change has been observed in the 
amount and chemical makeup of automotive emis­
sions since the late 1960's. In general, the trend to­
ward decreased levels of the several categories of 
emissions is well known, but changes in the chemical 
character of the hydrocarbon component are less well 
~nown. The nature of these changes and implications 
for air pollution effects are discussed. Also, with 
supplies of motor fuel from petroleum sources in' 
increasing jeopardy, there is growing interest in the 
character of emissions to be expected in using alter­
native fuels. The more viable options for alternative 
fuels are identified, and emission characteristics of 
these fuels are described. 

OP 146-74. Tertiary Oil Recovery is Target of BuMines Proj-
ect, by Bill Linville. Am. Oil & Gas Re­

porter, v. 17, No.1, April 1974, pp. 46-47. The Bu­
reau of Mines energy research center in Bartlesville, 
Okla., has begun a field demonstration of a micellar 
slug treatment for tertiary oil recovery from the 
Bartlesville sand in Delaware-Childers field. The site 
of the demonstration is about 8 miles northeast of 
Nowata, Okla. The micellar slug will be followed by 
a polymer-thickened water for mobility control. The 
field investigation will provide information for in­
dustry to follow in attempts to recover larger per­
centages of proved oil reserves. 

OP 147-74. Low-Temperature Thermal Studies on Six Or-
gano-Sulfur Compounds, by J. F. Messerly, 

H. L. Finke, and S. S. Todd. J. Chem. Thermo­
dynamics, v. 6, No.7, July 1974, pp. 635-657. Low­
temperature calorimetric studies were made on pure 
samples of 3-methyl-1-butanethiol (12 to 370 K), 
3-methyl-2-butanethiol (12 to 370 K), 2-methylthia­
cyclopentane (12 to 370 K), 3-methyIthiacyclopen­
tane (12 to 336 K), cyclopentyl-1-thiaethane (12 to 
370 K), and phenyl-1-thiaethane (12 to 320 K). 
From the previous measurements the following ther­
modynamic functions at selected temperatures were 
calculated for the condensed phases :-f Gs (T)­
H(O)}/T, (Hs(T)-H(O)}, Ss(T), and es. By use of 
accurate vapor pressures from this laboratory, So (g, 
298.15 K) was obtained for each compound. From 
previously published values of t..Hfo for alI six com-
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pounds and the measured value of So (g, 298.15 Kr, 
f).Gro, and 10gloKrO were calculated. 

OP 148-74. Rock Breakage Research for Rapid Hard Rock 
Tunneling, by James J. Olson and Thomas 

C. Atchison. Proc. Symp. Rock Mech. and Tunnel­
ing Problems, Regional Engineering College, Kuruk­
shetra (Haryana), India, Dec. 16-21, 1973, pp. 131-
139. This paper describes the accomplishments in 
rock breakage resulting from the Rock Mechanics 
and Rapid Excavation Program. Funds for the pro­
gram were authorized by the Advanced Research 
Projects Agency of the Department .of Defense, and 
the program was managed by the Bureau of Mines, 
U.S. Department of the Interior. 

OP 149-74. An Underground Coal Gasification Experiment, 
Hanna, Wyoming, by Leo A. Schrider, 

James W. Jennings, Charles F. Brandenburg, and 
Dennis F. Fischer. Pres. at 49th Ann. Fall Meet­
ing, Soc. Petrol. Eng., AIME, Houston, Tex., Oct. 
6-9, 1974, SPE Preprint 4993, 25 pp. Background 
information on the Bureau of Mines underground 
coal gasification experiment at Hanna, Wyo., is 
given, and results of material balance calculations 
are discussed. The test results indicate that gas vol­
umes and gas heating values have fluctuated over a 
wide range depending on operating conditions. 

OP 150-74. Progress in Stabilizing Mineral Wastes, by 
M. B. Shirts, W. R. McDonald, M. W. 

Glantz, and G. M. Potter. Proc. 4th Miner. Waste 
Utilization Symp., Chicago, Ill., May 7-8, 1974, pp. 
269-273. Since 1965, the Bureau of Mines has pio­
neered the use of chemicals alone or in conjunction 
with vegetation as a means of stabilizing fine min­
eral wastes. This paper updates available informa­
tion on continuing long-term lield tests on selected 
uranium and copper mill tailings. Current research 
tests to improve plant growth on excessively acid 
tailings by use of leaching or neutralizing are dis­
cussed as well as the use of Indian rice grass, a na­
tive grass, in stabilizing tailings. 

OP 151-74. Feasibility of In Situ Retorting of Green River 
Oil Shale, Utilizing Nuclear Explosives for Frac­

turing, by H. W. Sohns. Proc. 3d Internat. Atomic 
Energy Agency-Peaceful Nuclear Explosive Panel, 
Vienna, Austria, Nov. 26-30, 1972 (pub. as Peaceful 
Nuclear Explosions III), pp. 99-121. Although hy­
draulic fracturing and chemical high explosives may 
be used to fracture shallow and thin beds, nuclear 
explosives may be required for adequate fracturing 
of the Green River oil shale in the center of the 
Piceance Basin of Colorado, where there are deposits 
as thick as 2,000 feet under as much as 1,000 feet of 
overburden. Experiments have been conducted at the 
Bureau of Mines Laramie Energy Research Center 
in batch-type retorts accommodating particle-size 
ranges expected to be present in a nuclear-explosive 
created chimney. Results of these tests have been 
somewhat encouraging and indicate that the .creation 
of adequate permeability through carefully designed 
and controlled fracturing techniques is a critical 
factor. 

OP 152-74. Production of Submicron Silicon Carbide Pow-
ders by Attrition Milling, by D. A. Stanley, 

L. Y. Sadler III, D. R. Brooks, and M. A. Schwartz. 
Proc. 2d Internat. Conf., Symp. Electrochem. Soc., 
Electrothermics and Met. Div., Boston, Mass., Oct. 
7-11, 1973 (pub. as Fine Particles-Second Inter­
national Conference), pp. 331-336. An attrition 
milling process developed by the Bureau of Mines 
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has been employed to produce submicromet.er oxide 
and carbide powders. Lower er:e:rgy re9Ulreme!lts 
and improved properties are antlclpate~ In fOl?mmg 
these powders i~to si,nt.ered cer~mic bodle~. ThiS pa­
per describes SIC millIng studies emp!oYl.ng coat;se 
rounded SiC and coarse Ottawa sand grmdIng media. 
Particle size less than 1 micrometer were achieved 
in approximately l4 ho~r, an~ particle sizes .a~out 
0.1 micrometer were achieved In 2 hours of m!lh~g .. 
The average rate of surface area generation in this 
powder for the first 3 hours of milling is 8 square 
meters per gram per hour for both silicon carbide 
and Ottawa sand media. 

OP 153-74. Analyzing Heavy Ends of Crude. Recluse, 
Wyo., by C. J. Thompson, J. E. Dooley, 

J. W. Vogh, and D. E. Hirsch. Hydrocarbon Proc­
essing, v. 53, No.8, August 1974, pp. 93-98. Com­
positional data on Recluse, Wyo., crude oil, one of 
the most paraffinic crude oils, is given. These data 
are useful in optimizing petroleum processing meth­
ods for improved utilization of petroleum. 

OP 154-74. The Economics of Coal Conversion Systems, by 
Paul Wellman and Sidney Katell. Pres. 

at 49th Ann. Fall Meeting, Soc. Petrol. Eng., AIME, 
Houston, Tex., Oct. 6-9, 1974, SPE Preprint 5097, 
15 pp. Cost studies of several systems being con­
sidered for converting coal to either liquid or gaseous 
fuels have been completed. Data are presented for 
two of the most promising systems developed by the 
Federal Bureau of Mines-the Synthane and the 
Synthoil processes. 

OP 155-74. Geochemistry of Oilfield WaterS. by A. Gene 
Collins. V. 1 in Developments in 

Petroleum Science, Elsevier Publishing Co., New 
York, 1974, 430 pp. This book was prepared in 
recognition of the importance of subsurface oilfield 
waters as they are related to the origin, migration, 
and maturation of oil and gas, and thus to the 
exploration and production of oil and gas as well 
as to the protection of the environment. The 16 chap­
ters of this book cover such topics as sampling, 
analysis, interpretation of analysis, significance of 
constituents, origin, classification, effects upon the 
origin of oil, silicate solubilities, and environmental 
impact. 

OP 156-74. Oil Shale, by G. L. Cook. Ch. in McGraw-
Hill Yearbook Sci. and Technol., Mc­

Graw-Hill Book Co., Inc., New York, 1974, pp. 320-
322. The possibilities for development of the oil 
shale resources of Colorado, Wyoming, and Utah 
are discussed in terms of resources, technology, and 
incentives. 

OP 157-74. Homogeneous Nucleation of Water Vapor, 
by W. G. Courtney, D. R. Forshey, and 

J. B. Greenshields. J. Colloid and Interface Sci., v. 
48, No.3, September 1974, pp. 508-511. The popu­
lar molecular model for cluster thermodynamics is 
shown to involve almost insurmountable problems 
owing to its extreme sensitivity to the interactions 
between the molecules in a cluster. 

OP 158-74. Development of Oil Shale in the Green River 
Formation. Report of the Committee on Environ­

ment and Public Planning, by Hollis Dole, Tom Beard, 
John Bredehoeft, G. U. Dinneen, John Donnell, John 
Rold, Paul Russell, Stanley Schumm, and Ellis 
Sedgely. The Geologist, v. 9, No.4, July 1974, pp. 
1-8. In the last two decades, U.S. petroleum de­
mand has increased at a rate greater than that of 
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domestic production. A domestic energy source that 
is under serious consideration to augment present 
supply is oil shale. The Green River Formation in 
Colorado, Utah, and Wyoming represents a potential 
resource containing about 2 trillion barrels of oil in 
shale that averages 15 gallons per ton or more than 
400 billion barrels in 30-gallon-per-ton shale. This 
report considers the technological and environmen­
tal aspects of developing this resource for use by the 
people of the United States. 

OP 159-74. Analyzing Heavy Ends of Crude. Swan Hills, 
Alberta, Canada, by J. E. Dooley. C. J. 

Thompson, D. E. Hirsch, and C. C. Ward. Hydro­
carbon Processing, v. 53, No.4, 1974, pp. 93-100. 
This article discusses the characterization of the 
370' to 535' C distillate from Swan Hills, Alberta, 
Canada, crude oil. 

OP 160-74. Atomic Absorption Determination of Rhenium 
in Ores and Concentrates, by E. V. Elliott, 

K. R. Stever, and H. H. Heady. Atomic Absorption 
Newsletter, v. 13, No.5, September-October 1974, 
pp. 113-117. The Federal Bureau of Mines has 
developed an accurate, sensitive, and reasonably 
rapid method for the determination of rhenium in 
ores, concentrates, and tailings. The sample is solu­
bilized by a novel fusion procedure or by a simple 
digestion technique. Rhenium in the resulting solu­
tion is extracted with a commercial quaternary 
amine in methyl isobutyl ketone, and the organic 
phase is aspirated directly into a nitrous oxide­
acetylene flame. An accuracy of about 1 percent is 
achieved, based on the analysis of an NBS standard 
sample. The detection limit for a 5-gram sample is 
about 1 part per million. 

OP 161-74. NMR Relaxation of 'Li and 'H in Appalachian 
Petroleum Reservoir Rocks Containing LiCI 

Solution, by L. C. Headley. Nature Phys. Sci., v. 242, 
No. 119, Apr. 9, 1973, pp. 87-88. Proton nuclear 
magnetic resonance (NMR) longitudinal relaxation 
in reservoir rock containing' water is recogonized 
as an indicator of rock permeability within a given 
reservoir. Cylindrical sandstone core samples, 1 
inch long by 0.75 inch in diameter, from several 
different Appalachian area reservoirs, were cleaned, 
dried, and saturated with a 14 M solution of LiCl in 
distilled water. In this study, it appeared that 'Li 
relaxation was a better predictor of surface areal 
pore volume ratio (and thus of permeability) than 
lH relaxation. 

OP 162-74. Coal Mine Noise Standard. Enforcement Under 
the Provision of the Federal Coal Mine Health 

and Safety Act, by Joseph A. Lamonica. Am. Ind. 
Hygiene Assoc. J., November 1972, pp. 761-765. 
Various aspects of implementing the nois~ stand­
ards in the coal mining industry are dlscussed. 
These aspects include a history of the noise regu­
lations training of mining industry and Bureau of 
Mines 'enforcement personnel, requirements of the 
industry and the Bureau, and the treatment of 
violations. Those areas that are partiCUlarly trouble­
some and the research they have generated are 
presented. 

OP 163-74. Catalytic Methanation, by G. Alex Mills and 
Fred W. Steffgen. Catalysis Rev., v. 

8, No.2, 1973, pp. 159-210. This article reviews the 
catalytic methanation of carbon monoxide and, to a 
lesser degree, carbon dioxide. Methanation to remove 
traces of carbon oxide from oxygen-rich gases, such 
as those used in ammonia plants, has been con-

sidered as well as methanation to produce a 
methane-rich gas, such as SNG (SUbstitute natural 
gas). Special catalytic problems related to metha­
nation to produce a methane-rich gas are discussed 
in an additional section on equipment and heat­
removal techniques. 

OP 164-74. Rapid Excavction Research-Elements of a 
New Excavation Technology, by James J. 

Olson. Ch. 100 in Proc. 1974 Rapid Excavation and 
Tunneling Conf., AIME, San Francisco, Calif., June· 
24-27, 1974, ed. by H. C. Pattison and E. D'Appo­
Ionia, v. 2, 1974, pp. 1503-1535. This paper reviews 
some of the significant research accomplishments 
obtained under a 3-year, $66 million research pro­
gram in rock mechanics and rapid excavation spon­
sored by the Defense Department Advanced Research 
Projects Agency (ARPA) and managed by the 
Bureau of Mines. In addition to the rock mechanics 
research, five major phases of excavation-systems 
analysis, geologic prediction, rock disintegration, 
ground support, and materials handling-were rep­
resented by the projects funded under the ARPA 
program. 

OP 165-74. Oxidative Thermal Degradation of Selected 
Polymeric Compositions, by K. L. Paciorek, 

R. H. Kratzer, J. Kaufman, and A. M. Hartstein. 
Am. Ind. Hygiene Assoc. J., March 1974, pp. 175-
180. Tests were performed on (1) polyvinyl chlor­
ide-containing materials, (2) neoprene compositions, 
(3) polyurethane foams, and (4) miscellaneous 
materials (including jute and fiberglass) using a 
stagnation burner arrangement. In the case of the 
chlorinated materials, significant quantities of hy-. 
drogen chloride were detected; its rate of evolution 
is strongly temperature dependent. Once glow oc­
cUl'red, carbon monoxide became the predominant 
toxic species formed. Urethane foams produced 
CFCL, and COo together with some HCI and chlor­
inated hydrocarbons. Jute compositions liberated 
methyl chloride as well as other prodUcts. A composi­
tion of resin reinforced with glass fibers ignited 
spontaneously at 487' C and produced significant 
quantities of carbon monoxide. 

OP 166-74. Critical Ceramic Raw Materials, by Murray A. 
Schwartz. Proc. Conf. Emerging Pri­

orities in Ceramic Eng. and Sci., Alfred Univ., Al­
fred, N.Y., Nov. 4-6, 1974 (pub. as Ceramic Engi­
neering and Science: Emerging Priorities, by 
Plenum Press, New York), pp. 105-122. Factors 
influencing availability of ceramic raw materials 
are discussed, including unprecedented industrial 
growth, depletion of high-grade minerals, increased 
competition from other industries and countries, 
costly environmental restrictions, inadequate trans­
portation facilities, labor shortages, energy short­
ages and costs, and adverse international situations. 

OP 167-74. Bureau of Mines Research on Vibrations From 
Underground Blasting, by James J. Snod­

grass and David E. Siskind. Ch. 102 in Proc. 1974 
Rapid Excavation and Tunneling Conf., AIME, San 
Francisco. Calif., June 24-27, 1974, ed. by H. C. 
Pattison and E. D'Appolonia, v. 2, 1974, pp. 1561-
1577. The Bureau of Mines investigated the effects 
of vibrations from underground blasting in four 
rock types to define blast parameters that affect 
vibration amplitudes and to establish means of 
predicting expected vibration levels. A summary of 
the work is presented, and the results of further 
analysis of the data are discussed. 
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OP 168-74. Oil Shale: Its Role in Solving the Energy Prob-
lem, by Harold W. Sohns. Proc. Symp., 

The Energy Problem: What Can Be Done, Texas 
Tech Univ., Lubbock, Tex., Feb. 20, 1974, pp. 18-24. 
This paper discussed the occurrence and characteris­
tics of oil shale, the principles and present develop­
ment of methods for obtaining oil from it, and the 
environmental impact and prospects of an oil shale 
industry. 

OP 169-:74. Development and Economics of Treating a 
Brass Foundry Waste, by G. V. Sullivan and 

E. G. Davis. Proc. 3d Internat. Pollution Eng. 
Cong., Chicago, Ill., Sept. 9-11, 1974 (pub. as Pollu­
tion Engineering Techniques), pp. 59-65. Results 
of Bureau of Mines studies show that mineral proc­
essing techniques can be used to recover both brass 
and sand from brass foundry wastes. Both recov­
ered products are suitable for recycling. In this in­
stance, about 90 percent of the waste was recovered 
for recycle. An evaluation of the process showed 
favorable economics. A cooperating foundry is cur­
rently introducing a recovery unit. 

OP 170-74. Single Fracture and Fragmentation of Brittle 
Solids Subiected to Thermal Shock. by K. Thi­

rumalai. Indian J. Technol., v. 11, No. 10, October 
1973, pp. 419-427. A new technique of inducing 
crushing of rocks and related brittle solids by a 
single fracture process using thermal shock prin­
ciples has been developed by the Bureau of Mines 
in cooperation with the U.S. Army Advanced Ma­
terial Concepts Agency. Thermal crushing of brittle 
solids is feasible by thermal shock techniques. Frag­
mentation is initiated by tensile thermal stress con­
centrations of material defects within the interior of 
the solid. The magnitude and distribution of thermal 
stresses and, therefore, the crushed product sizes 
can be controlled by varying the heating conditions. 
Increasing the thermal shock intensity reduces the 
size of the crushed fragments and the energy re­
quired for fragmentation. 

OP 171-74. Nahcolite and Dawsonite Resources in the 
Green River Formation, Piceance Creek Basin, 

Colorado, by Thomas N. Beard, Donald B. Tait, and 
John Ward Smith. Paper in Energy Resources of 
the Piceance Creek Basin, Colorado, Rocky Moun­
tain Association of Geologists-1974 Guidebook, 
1974, pp. 101-110. Resources of nahcolite .and 
dawsonite in oil shale of Colorado's Green RIver 
Formation are evaluated. Total resources of 29 
billion tons of nahcolite and 19 billion tons of 
dawsonite are present. 

OP 172-74. Rock Fragmentation by High Frequency Fatigue, 
by Patrick J. Cain, Syd. S. Peng, and 

Egons R. Podnieks. Proc. Adv. Rock Mech., 3d 
Congo Internat. Soc. Rock Mec~., V. 2, pt. A, ~974, 
pp. 367-372. The fatigue faIlure. chara~tel'lstJcs 
under high-frequency (10 kHz) cyclIc loadmg w~re 
determined for Tennessee marble, Charcoal gramte, 
and Sioux Quartzite. The fatigue strength for each 
rock type shows a correlation with the static 
strength. The analysis of the damping and internal 
heat generation indicated that nearly all o.f the 
power input was accounted for as a change m en­
thalpy. The thermal strain was calculated and 
found to range up to 30 pet of the dynamic strain 
amplitude. The specific energy required for failure 
was determined and possible applications are dis­
cussed. 
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OP 173-74. Vapor Deposition of Cobalt-Tungsten Alloys, 
by J. G. Donaldson. Electrodeposition 

and Surface Treatment, Elsevier Sequoia S.A., Lau­
sanne, Switzerland, V. 2, ~973/74, pp. 41~-434. 
Cobalt-tungsten binary depOSIts were formed III la­
boratory experiments by hydrogen reduction of the 
anhydrous mixed yapors of cobaltous chloride and 
tungsten hexachloride. The materials were sublimed 
in separately heated zones of a reaction tube and 
were transported in a stream of purified helium into 
the deposition section of the tube where the chlor­
ide gases were reduced to metal by a countercurrent 
flow of hydrogn. Heat-treating of the near stoi­
chiometric binary metallic deposits converted nearly 
all to the intermetallic compound Co.:W; however, 
small quantities of both cobalt and tungsten re­
mained. Mechanical tests showed that the tensile 
strength of heat-treated 75 pct cobalt-25 pct tung­
sten deposits was twice as high as that of similarly 
treated deposits of cobalt. 

OP 174-74. Vapor Deposition of Molybdenum-Tungsten 
Alloys, by J. G. Donaldson and H. Ken­

worthy. Electrodeposition and Surface Treatment, 
Elsevier Sequoia S.A., Lausanne, Switzerland, v. 
2, 1973/74, pp. 435-446. Binary alloys of molyb­
denum and tungsten were prepared by the Bureau 
of Mines in laboratory-scale experiments by hydro­
gen reduction of their vaporized hexafluorides. Near­
optimum deposition parameters were determined, 
and the nature of the deposited alloys was investi­
gated. Dense, homogeneous alloys were codeuosited 
between 650 0 and 750 0 C with a reduction efficiency 
of more than 75 pct. The alloy composition was uni­
form when the hydrogen ratio in the gas feed mix­
ture did not exceed three times the stoichiometric 
requirement. Regulating the proportions of the 
metal hexafluorides in the gas feed provided a large 
degree of control over the composition of the de­
posit. Hardness of the deposits nried directly ,dth 
the proportion of excess hydrogen in the gas feed 
and with the weight-percent of tungsten in the al­
loy. Hardness was not affected by deposition tem­
perature over the range of 650 0 to 750 0 C for 
specimens of similar composition. Extreme brittle­
ness and unsuitable physical shapes of the alloys 
prevented tensile strength measurements. 

OP 175-74. Fragmentation of Native Copper Ores With 
Hydraulic Jets. by J. N. Frank and P. D. 

Lohn. Proc. 2d Internat. Symp. Jet Cutting Tech­
nol., Apr. 2-4, 1974, St. John's College, Cambridge, 
England, Paper H3, 1974, pp. H3-29-H3-38. Re­
sults from an experimental program to examine 
mining of native copper ore with high pressure, 
continuous fluid jets are given. Variables that will 
influence the cutting rate and energy consumption 
of the mining process are considered. The variation 
of cutting depth and specific energy with both jet 
traverse speed and jet pressure is shown. Estimates 
are made of the reduction in energy consumption 
by adding mechanical cutting assistance to the ex­
cavation system. 

OP 176-74. Bureau of Mines Research on the Recovery and 
Reuse of Post-Consumer Scrap, by Robert S. 

Kaplan. AFS Trans., October 1974, pp. 487-494. 
The Bureau of Mines has a continuing research pro­
gram aimed at developing technology that can in­
crease the supply and utility of ferrous scrap. This 
research has resulted in the development of proc­
esses for separating incinerated urban refuse into 
its component llarts and for burning junk auto-
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mobiles smokelessly. In addition, methods have been 
devised for removing copper from high-carb.on iron 
and for detinning incinerated cans, thereby mcreas­
ing the utility of contaminated scrap. Other re­
search has shown that impurities such as copper 
and tin can be tolerated in cast steels and gray 
irons, provided that the tin content does not exceed 
0.08 pct. 

OP 177-74. The Energy Balance Theory and Rock Fracture 
Energy Measurements for Uniaxial Tension, 

by Warren W. Krech. Proc. Adv. Rock Mech., 3d 
Congo Internat. Soc. Rock Mech., V. 2, pt. A, 1974, 
pp. 167-173. A new application of the basic Grif­
fith theory of rupture of brittle solids, based. on 
direct measurement of fracture energy reqUlre­
ments, is presented. The energy balance hypothesis 
is demonstrated by direct experiment, and non­
recoverable energy used in fracturing rock is di­
rectly measured .. Ten rock types were tested in 
uniaxial tension under closed-loop control. Observa­
tion of test results and measurements of fracture 
energy are presented. 

OP 178-74. Separating Copper From Scrap by Preferential 
Melting. Laboratory and Economic Evaluation, 

by Vance G. Leak. M. M. Fine, and Henry Dolezal. 
Proc. 4th Miner. Waste Utilization Symp., Chicago, 
IlL, May 7-8, 1974, v. 4, pp. 409-416. A te.chnique 
for recovering copper and steel from metallIC scrap 
based on preferential melting in molten salt baths 
at 1,150' to 1,250' C is described. 

OP 179-74. New Device Colleels Coal-Mine Float Dust To 
Measure Explosive Hazards. by H. G. Lucas 

and J. W. Martin. Coal Age, v. 79, No. 10, October 
HJ74, p. 147. A roller-type device. was develope.d by 
the Bureau of ::'Irines that promIses to effectIVely 
sample coal mine float dust. Float dust is the air­
entl'ainable laver of fine coal that settles on the 
rock dust substrate in coal mine airways. Evaluat­
ing the potential hazard of float dust requires ac­
curate sampling of this thin-approximately 1/64 
inch-laver of coal dust, which is equivalent to 0.03 
ounce of float dust per cubic fo-ot of entryway. The 
prototype sampler is constructed from 40-mesh 
stainless steel screen formed into a cylinder 61 1 inches 
long by 37, inches in diameter. Seventeen 6-inch­
long by ~~ -inch-wide flights are soldered inside the 
screen with about ~2 inch of open screen between 
the flights. A dust-collection tray is suspended from 
the central axle of the cylinder so that the open 
side of the tray always remains upright. In labora­
tory tests, the rolling screen sampler made minimal 
impression in the dust surface and, therefore, re­
JilOVed a representative layer of re-entrainable 
solids. Extensive areas could also be rapidly covered 
by the sampler, thus increasing the recovery of 
sample material typical of the surface. 

OP 180-74. Mineral Profile of Oil Shales in Colorado Core 
Hole No.1, Piceance Creek Basin, Colorado, 

by "William A. Robb and John Ward Smith. Paper 
in Energy Resources of the Piceance Creek Basin, 
Colorado, Rocky Mountain Association of Geol­
ogists-1974 Guidebook, 1974, pp. 91-100. Relative 
amounts of eight minerals were plotted with oil 
yield to obtain a mineral profile of Colorado's Green 
River Formation. Positive relationships between 
organic matter and silicate minerals were demon­
strated statistically. 

OP 18) -74. Geochemistry of Oil-Shale Genesis in Colo­
rado's Piceance Creek Bcsin, by John "Ward 

Smith. Paper in Energy Resources of the Piceance 

Creek Basin, ColoradO, ROCky Mountain Association 
of Geologists-1974 Guidebook, 1974, pp. 71-80. A 
geochemical genesis pattern for oil shales in Col­
orado's Green River Formation is postulated to ex­
plain seven major observed characteristics of the 
deposit. 

OP 182-74. Reaction of Sodium With Dibenzothiophene. A 
Method for Desulfurization of Residua, 

by Heinz W. Sternberg, Charles L. Delle Donne, 
Raymond E. Markby, and Sidney Friedman. I&EC 
Process Des. and Develop., v. 13, No.4, October 
1974, pp. 433-436. Treatment of a petroleum resi­
duum containing 1.65 pct S with excess metallic 
sodium (3.1 mole of Nalmole of S) in the presence 
of hydrogen at 350' C decreases the sulfur content 
to 0.3 to 0.4 pct. To lower the sulfur content below 
0.1 pct requires 6 moles of Nalmole of S. Parallel 
experiments with dibenzothiophene dissolved in de­
cahydronapthalene resulted in >99 pct removal of 
sulfur to form primarily diphenyl. The rate of de­
sulfurization is inversely proportional to hydrogen 
pressure and proceeds even in its ·absence. In the 
absence of hydrogen, however, char formation is 
favored. 

OP 183-74. Soviet Coal Through 1980, by V. V. Strish-
kov, George Markon, and Zane E. Mur­

phy. Min. Congo J., v. 60, No. 10, October 1974, 
pp. 40-52. Soviet industrial expansion depends on 
coal as a source of power and raw materials for 
the metallurgical and chemical industries. A knowl­
edge of the coal resources and the outlook for pro­
duction of the U.S.S.R. therefore is essential for a 
critical evaluation of Soviet industrial potential. 
Although there is considerable literature on the 
Soviet coal industry, no single source provides an 
authoritative study of how the industry functions 
and how well it performs its job. This article is 
based on a review of sources published by the 
U.S.S.R. 

OP 184-74. Sulfur Utilization in Pollution Abatement, 
by T. A. Sullivan and W. C. McBee. 

Proc. 4th Miner. Waste Utilization Symp:, Chicago, 
Ill., May 7-8, 1974, V. 4, pp. 409-416. The develop­
ment of methods to use sulfur in preventing air and 
watel: .p.ollution from mineral processing wastes 
was mItIated as part of the Federal Bureau of 
Mines sulfur utilization program. Sulfur-based ma­
terials have been developed to form protective 
crusts or coatings on dry mill waste tailings to pre­
vent dusting and water erosion. The use of sulfur 
in impervious materials to contain acid leach liquors 
and prevent ground water pollution by waste liquors 
is described. 

OP 185-74. Water Jet Cutting and Excavation of Hard 
Rocks by Thermohydraulic Method, by K. Thi­

rumalai. Proc. 2d Internat. Symp. Jet Cutting 
Techno!., Apr. 2-4, 1974, St. John's College Cam­
bridge, England, Paper H6, 1974, pp. H6-63~H6-75. 
The Bureau of Mines has developed and tested a 
thermo~ydraulic J?eth~d for hard rock kerfing and 
excavatIon. Heatmg mduces structural weakness 
and subsurface damage in rocks and assists frag­
mentation by water jet impingement. Laboratory 
apd field test results show that this novel combina­
tiOn method overcomes cuttability limitations of the 
thermal energy process in hard rocks. 

OP 186-74. Combined Thermal Energy Processes for Hard 
RNk Frc:gmentation, by K. Thirumalai and 

John B. Cheung. Proc. Adv. Rock Mech., 3d Congo 
Internat. Soc. Rock Mech., V. 2, pt. B, 1974, pp. 
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1460-.1467. This pap~r d~scusses the principles and 
effectIver:ess of combInatIOn methods for breaking 
rocks USIng thermal energy to initiate subsurface 
frac.tures and r,?ck .weakening. The application po­
tentials of combInatIon processes are examined with 
examl?les of a thermohydraulic method for primary 
break mg' !,nd thermomechanical method for second­
ary ~r~akmg of hard rocks. Based on theoretical 
predictIons of water jet cutting of thermally weak­
ened rocks, a thermohydraulic combination process 
for hard rock kerfing is advanced. 

OP 187-74. Abating Noise: Achievements at Nominal Cost 
(A Case Study), by J. A. Tipton and J. 

M. Beaudry. Proc. 24th Nat. Plant Eng. and Main­
tenance Conf., Chicago, Ill., Mar. 12-15, 1973 (pub. 
as Techniques of Plant Engineering and Mainte­
nanc~), v. 24, .session 32, pp. 1-4. This case study 
descl'lbes a nOise problem in an engine test facility 
at the Bureau of Mh;es Bartlesville Energy Re­
search Cente,r, Bartlesville, Okla., and the techniques 
used for nOise abatement. A marked reduction in 
noise levels was achi~ved at very low cost, and the 
result was greatl,Y unproved working conditions 
for. employees, whICh produced higher morale, less 
fatIgue, and better research data. 
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OP 188-74. Stratigraphic Framework of Green River Forma-
tion Oil Shales in the Piceance Creek Basin, 

Colorado, by Laurence G. Trudell, Thomas N. Beard. 
and John Ward Smith. Paper in Energy Resources 
of the Piceance Creek Basin, Colorado, Rocky 
Mountain Association of Geologists-197-l Guide­
book, 1974, pp. 65-70. Featur.es of a. time-strati­
graphic framework for e:;aluatmg vertIcal and .geo­
graphic variations of 011 shales al'~ summal'lz.ed. 
Distribution of the minerals nahcolIte, dawsol1Ite, 
and halite is discussed. 

OP 189-74. A Study 01 Damage to a Residential Structure 
~rom B!ast Vibrations, by John F. 'Viss and 

Harry R. Nicholls. American Societr o~ Ch'il Ery.­
gineers, 1974, 73 pp. A primal'Y obJectIve of this 
test project was to study, under carefully c?ntr~lled 
conditions the effects of earthborne blast nbratIons. 
upon a re~idential structure. Another objective was 
to compare the propagation characteristics of earth· 
borne blast vibrations, when the explosive was deto­
nated in soil with the extensive information already 
available in' blasts in bedrock. The dynamic strain 
recordings in the interior walls confirmed that 
ground peak particle velocity is the best criterion 
of potential damage to residential structures. 
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mary _____________________________ IC 8595 
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crease ____________________________ RI 7871 
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plastics in, amount ____________________ TPR 79 
potential scrap ,'alue ___________________ TPR 79 
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solders in, cO;Tosion rate study _____ OP 159-73 

Automobile emissions, photochemical reactiYity 
of, leaded and lead-free gasolines, com-
parison , ___________________________ RI 7390 

Automobile cxhaust, hydrocarbons in, analysis, 
interprctation ~f gas chromatographic 
spectra __________________________ OP 58-73 

effect of fuel ,'olatility on _______________ RI 7291 
leaded and lead-free gasolines, comparison ____ RI 7390 
reactiYity, effect of gasoline front-end compo-

sition ____________________________ RI 7539 
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Automobile fuel systcms, e,'aporative losses from, 
measuring _______________________ OP 19-72 

Automobile hulks, sheared, ferrous scrap from __ OP 70-70, 
109-70 

Automobile incinerator, smokeless, design and 
operation ________________________ OP 30-74 

Automobile manufacture, mineral demand for, 
effect of gasoline price ____________ OP 109-74 

smaller cars, effect on mineral demand ____ OP 109-74 

Automobile scrap, cryogenic processing meth-
ods ____________________________ OP 136-74 

foundry iron from, laboratory tests ________ OP 68-70 



Automotive scrap, nonferrous, metal recovery 
from, cyrogenic system for ___________ RI 7716 

recycling, economic potential _____________ OP 56-72 
methods ____________________________ OP 95-71 
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with _____________________________ RI 7389 

shredded, aluminum recovery from, meth-
ods _____________________________ OP 33-74 
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by _________________________ OP 2-70, 54-70 
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Automotive emissions, changes in composition __ OP 145-74 
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lead-free fuels, smog chamber reacti\itv study __ RI 7803 
leaded fuels, smog chamber reactidty study ___ RI 7803 
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position __________________________ RI 7539 

single-bed three-component control catalyst 
system, performance data _________ OFR 46-73 

AutomotiYe exhaust, air poilu tants in, reduc-
ing, effect of engine type, rniew _____ OP 10-71 

effect of fuel factors, re\ic\\' __________ OP 10-71 
diesel, pollutants in, study ________________ RI 7530 
hydrocarbons in. role in photochemical smog 

formation ________________________ OP 57-72 
natural gas fuel. characteristics ___________ OP 172-71 
natural-gas fueled enginc. properties ________ TPR 48 
nitrogen oxides in. role in photochcmical 

smog formation ___________________ OP 57-72 
synthanc-fueled engine. properties __________ TPR 48 
using propanc fuel, properties ___________ OP 117-72 

Automotiyc exhaust cmlSSIOns. controlling, 
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composition on ____________________ RI 7423 

Automotiye fuels, e\'aporati\'e emissions. effect of 
fuel volatility ____________ RI 7iOi; OP 105-71 
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tics ______________________________ TPR 48 
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performance _______________________ TPR 48 

emission characteristics __________________ TPR 48 
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propanc-gasoline comparison ____________ OP 117-72 
propane-natural gas comparison __________ OP 117-72 
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synthane as, air-fuel ratio, effect on engine 
performance _______________________ TPR 48 

Automoti\e fuel systems. e\aporath'e losses, efIect 
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exhaust emissions, efIect of fuel mlatility on __ RI 7291 
Automotive hydrocarbon emissions, routine chro-

matographic analysis of ____________ OP 34-71 

Autoradiography, neutron-induced, lithium sili-
cate glasses _____________________ OP 106-70 

Aviation turbine exhausts, nonhydrocarbon trace 
components in ____________________ OP 74-74 

Aviation turbine fuels, analyses ____________ OP 74-74 
annual data _____________________________ PPS 84 

nonhydrocarbon trace components in ______ OP 74-74 

Azimuth protractor, direct-reading, measuring 
fracture orientation by ______________ IC 8617 
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B seam, Mesaverde formation, coal, gas in, 
composition _______________________ RI 7762 
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mentation for ______________________ RI 7546 

stabilization with portland cement, results __ RI 7327 
stabilization with various additives, results __ RI 7327 
support performance, clastic-plastic finite-

element analysis ____________________ RI 7850 
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calcium sulfate to hydrogen sulfide ____ RI 7355 
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Badger Creek oilfield, Colo., waterflooding proj-
ects ______________________________ Rl 7959 
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mine systems analysis _______________ OFR 4-74 

Badger Hill placer mine, -Calif., drilling methods, 
evaluation _______________ RI 7935; OFR 6-74 
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Tertiary gold-bearing gravels, investigation __ RI 7935; 
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Ball clay, annual data _______________ MY 1973 (v. I) 
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consumption _____________________________ B 650 
economic projection ________________________ B 650 
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technology _______________________________ B 650 
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strontium recovery from, sulfuric acid tech-
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lunar soil _________________________ RI 7814 

properties. effect of temperature-moisture 
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Beneficiation, brucite ore, continuous heavy-
liquid cyclone concentration. feasibility 
study _____________________________ RI 7948 

coarse kaolin, by continuous attrition grinding, 
closed-circuit tests __________________ RI 7771 
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Benzene derivath'es, vibrational spectra _____ OP 152-70 
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Benzo[b]thiophene, in petroleum, identification, 
methods ____________________________ B 659 
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metallurgy _______________________________ B 650 
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gas fusion method ________________ OP 120-74 
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solvent extraction of, method ______________ IC 8502 
technology _______________________________ B 650 
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electrolysis, dripping cathode method __ RI 7629 

liquid cathode method ________________ RI 7629 
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Beryllium metal, high-purity. preparation. Kroll 
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coal-fired lignite powerplant, design and 
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pable _____________________________ IC 8538 
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lithology _______________________________ IC 8473 
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effect of geologic properties on ________ OP 144-70 
effect of saline water use in ___________ OP 144-70 

Big Lime sand, lithology ___________________ IC 8473 
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Bins, gravity-flow, for fine lunar soils, design, ex-
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Bin hopper engineering, state-of-the-art report __ IC 8552 
Binary organic liquid, recovery, from binary 

organic vapor-air mixtures, computer 
program __________________________ RI 7563 

Binary solutions, analytical, two-phase equilibria, 
near critical point __________________ IC 8486 

Bioclastic limestone, physical properties ______ RI 7865 
Biosphere, manganese cycling in ___________ OP 94-74 
Bismuth, annual data ________________ MY 1973 (v. I) 

domestic supply _________________________ IC 8439 
lead-byproduct, supply, economic analysis ___ IC 8570 
legislation and Government programs _______ IC 8439 
potential resources _______________________ IC 8439 
production _____________________________ IC 8439 
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reserves ________________________________ IC 8439 
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Bismuth oxide, steel scrap pretreatment with, 
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Bisti, N. Mex., coal, washing characteristics ____ RI 7608 
Bits, coal-cutter, titanium diboride for, evalu-

ation __________________________ OFR 11-74 

for continuous mining machines, prices ___ OFR 71-73 
technology, state-of-the-art ___________ OFR 71-73 

impregnated diamond, effect of organic addi-
tives on __________________________ RI 7494 

Bit designs, new, recommendations for ______ OFR 71-73 
Bit manufacturers, technology, state-of-the-art 

report _________________________ OFR 71-73 
Bitumen, conversion of municipal waste to, 

method, patent _____________________ P 9-73 
conwrsion of sludge to, method, patent ______ P 9-73 
conversion ot waste to, method, patent _______ P 9-73 
cycloalkanes in, identification ____________ OP 132-71 
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briquets from, experimental, properties ____ OP 63-71 
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infrared spectrum ____________________ OP 95-70 
mass spectrum _______________________ OP 95-70 
proton magnetic resonance _____________ OP 95-70 
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ultraviolet spectrum __________________ OP 95-70 
visible spectrum ______________________ OP 95-70 

consumption ______________________________ B 650 
economic projection ________________________ B 650 
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high-temperature properties _________________ B 655 
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action ___________________________ OP 18-73 
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production _______________________________ B 650 
forecasting __________________________ OFR 10-74 

reserves __________________________________ B 650 
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selling prices ____________________________ IC 8641 
strip mines, capital investment and operating 

cosu _______________________ IC 8661 
model, cost analysis ____________________ IC 8535 

strippable reserves ______________ IC 8531; OFR 6-71 
technology _______________________________ B 650 
transportation ____________________________ B 650 
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uses _____________________________________ B 650 
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Black Hand Sandstone, Ohio, in situ strain 
measurement ______________________ RI 7575 

Black Hills area, geology ____________________ IC 8660 
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markets ______________________________ IC 8660 
water requirements _____________________ IC 8660 

mineral resources, study ___________________ IC 8660 

Black Hollow oilfield, Colo., waterflooding proj-
ects ______________________________ RI 7959 
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scription __________________________ IC 8543 

description _____________________________ IC 8543 
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appraisal _________________________ GS 6-70 
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occurrence and composition ________ OP 146-73 

Blast design, in quarrying limestone and dolo-
mite, minimizing detrimental geologic 
effects ___________________________ OP 47-73 

Blast effect, airblast-overpressure le\·els, con-
fined underground production blasts ___ RI 7574 

Blast furnace, experimental, effect of natural 
gas-oxygen injection, in stack, discus-
sion ___________________________ OP 170-70 

natural gas-oxygen ll1jection, in stack, 
effect on coke rate ________________ OP liO-70 

effect of ultrahigh blast temperatures in, 
discussion _______________________ OP 171-70 

natural gas-oxygen injection, in stack, effect 
on production rate _______________ OP liO-70 

in tuyeres, effect on coke rate and produc-
tion rate ________________________ OP 170-70 

ultrahigh blast temperatures in, effect on 
coke rate _______________________ OP 171-70 

effect on production rate ____________ OP 171-70 
fuel injection in, state-of-the-art __________ OP 88-72 

Blast furnace burden, direct-reduced iron in, 
effect on fuel consumption ___________ IC 8583 

effect on slag production ________________ IC 8583 

Blast furnace dusts, beneficiation, by coke flo-
tation ___________________________ OP 38-73 

separation into coke and iron oxide, using 
fuel oil-frother flotation system ______ OP 38-73 
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Blast furnace matte, lead, oxidation of, process, 
patent ____________________________ p 22-71 

Blast furnace slags, analysis, rapid wet chemical 
methods ___________________________ IC 8625 

Blast furnace smelting, pre reduced iron ore 
pellets ______________________________ B 651 

Blast noise, measuring, instrumentation for _____ TPR 78 
recommended levels ______________________ TPR 78 
standards for ____________________________ TPR 78 

Blast temperatures, ultrahigh, in blast furnace, 
effect on coke rate ________________ OP 171-70 
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Blast \·ibrations, damage to residential structure, 
study __________________________ OP 189-74 

mine roof, from underground blasts, study ___ RI 776! 
Blastho1es, in mines, damage around, relation to 

energy of explosives ________________ RI 7753 
large-diameter, in Lithonia granite, extent of 

fracturing around, study _____________ RI 7901 
loading methods _______________________ OP 13-74 
thermal drilling of, methods _____________ OP 25-7! 

Blasthole drilling, mechanical. underground min-
ing operations, state of the art ______ OP 26-74 

Blasting, bench, borehole design for, factors in-
fluencing ________________________ OP 64-72 

current and future trends, re\·ie\\· ________ OP 134-71 
design parameters in, field study ____________ RI 7iO! 
effect of millisecond delays ______________ OP 151-73 
in copper mine, fracturing, in Yicinitv of blast-

holes, study _______________________ RI 7753 
in granite, rock damage from ______________ RI 7751 

study ________________________________ RI 7653 
in limestone quarry, field tests _____________ RI 7704 
in quarrying dolomite, influence of geologic 

structures ________________________ OP 47-73 
in quarrying limestone, influence of geologic 

structures ________________________ OP 47-73 

in room-and-pillar mine, large-hole burn cut 
method, ad,·antages _________________ RI 7991 

quarry, noise from, measuring, instrumentation 
for ______________________________ TPR 78 

standards for ________________________ TPR 78 
noise from detonating cord, measuring, in-

strumentation for __________________ RI 7678 
reducing, methods ____________________ RI 7678 

pattern designs, empirical formulas for ___ --IC 8550 
suggestions for improving ______________ IC 8550 

rock bedding in, effect on fragmentation ___ RI 7863 
rock jointing in, effect 011 fragmentation ___ RI 7863 

safe distances _________________________ OP 151-73 
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oratory tests _______________________ RI 7409 
technological advances in, annual report _____ IC 8643 
trends in _______________________________ IC 8560 

underground, airblast-O\·erpressure le,·e!s, an-
alysis ____________________________ RI 7574 

measuring, field tests _________________ RI 7574 
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type of delay, effect __________________ RI 7356 
type of explosi,·e, effect _______________ RI 7356 

mine roof vibrations from, study _____ RI 7330, 7764 
vibration amplitudes, minimizing _________ RI 7937 

predicting __________________________ RI 7937 
vibrations from, research ______________ OP 167-74 

study _____________________ RI 7462; OP 142-71 

Blasting agents, borehole design for, factors in-
fluencing ________________________ OP 64-72 

commercial, properties __________________ OP 13-74 



Blasting agents, future trends _______________ IC 8560 
ingredients _____________________________ IC 8560 
properties ______________________________ IC 8560 
uses ___________________________________ IC 8560 

Blasting caps, safe distances, from radio fre-
quency energy sources ____________ OFR 49-74 

sensitivity, to electrostatic energy sources, 
study __________________________ OFR 49-74 
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Blasting cap sensiti,"ity, ammonium nitrate-based 

explosi,"e compositions, tests _________ RI 7840 
Blasting de, ices, permissible, list ________ IC 8493, 8597 
Blasting machine, 50-cap, de,"elopment pro-

gram __________________________ OFR 32-73 

Blasting methods, ne"" techniques, redew _____ IC 8547 
new trends in. revie,," ____________________ IC 8581 

Blasting slurries. future trends _______________ IC 8560 
ingredients _____________________________ IC 8560 
properties ______________________________ IC 8560 
uses ___________________________________ IC 8560 
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safe limits ___________________________ OP 22-74 
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safe levels ____________________ B 656; OP 121-73 

Bleeder systems, in coal mines. problems ______ OP 40-74 
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Bleeding, effecti'"e, for coal mine ventilation, 
fundamentals _____________________ OP 40-74 

Blending char. ,,-itl! high-,olatile A bituminous 
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Blister copper, production. from copper sulfide 
concentrate. continuous oxygcn smelt-
ing ______________________________ RI 7705 
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reinforced concrete, structural design 
data _____________________________ RI 7792 

Block ca, ing. in underground metal mines, ore 
handling system. analysis _______ OFR 62 (1)-

62 (2) -74 
mining, technology ____________________ OFR 36-74 
rock noises from, locating, instrumentation 

for ______________________________ RI 7798 

monitoring. microseismic source location ___ RI 7798 
Bobcat oilfield, Colo_, 'I"aterAooding project ____ RI 7959 
Boies corehole ::\0. 1, core samples, analyses ____ RI 7445 
Boilers, Latrobe \"alley, Australia. cleaning prac-

tices ______________________________ IC 8650 

Boiler slag, properties ______________________ IC 8640 
powerplant. uses _________________________ IC 8640 
uses ___________________________________ IC 8488 

Bolivia. mineral industry, annual reYie,,- ______ l\Iy 1973 
(v. III) 

mining la,\'s ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Borax-glass coatings. use, in pre'"ention of sur-
face hot shortness in copper-bearing 
steel _____________________________ RI 7682 

Bores, large-diameter, initial deformation around, 
measuring, instrumentation for ______ RI 7505; 

OP 72-71 
Boreholes, horizontal, in coalbeds, grouting ma-

terials for, e"aluation _____________ OFR 13-72 
surface, for degasification of coalbed, results __ RI 7657 
vertical and horizontal, role in coalbed de-

gasification ________________________ IC 8621 

Borehole deformation gage, automatic data ac­
quisition systems for, design and oper-
ation __________________________ OFR 67-73 

design modifications _____________________ RI 7894 

Borehole deYice, in situ determination, modulus 
of rigidity, coal, design and opera-
tion ___________________________ OFR 12-72 

Borehole diameter, factors influencing ________ OP 64-72 
for ammonium nitrate-fuel oil blasting agent, 

effect on detonation ,"elocity ________ OP 98-74 

Borehole inclinometer, multiplexed, develop-
ment __________________________ OFR 57-73 

Borehole inclinometer probe, automatic record-
ing, field test ______________________ IC 8585 

Borehole jack, NX, elastic modulUS determina-
tion, laboratory tests, results _________ RI 7855 

Borehole packer, compression-type, for sealing 
horizontal boreholes, in coalbeds _____ OP 16-73 

for horizontal holes drilled ahead of coal face, 
new type ________________________ OP 16-73 

for use in coal beds, design and develop-
ment ___________________________ OFR 6-72 

Borehole periscope, determination of attitude of 
joints in inclined boreholes, proce-
dure _____________________________ IC 8615 

Borehole shear strength tester, portable, for coal, 
in situ, design and operation ______ OFR 43-73 

Borer, coal-mining, product size analysis _______ RI 7687 
underground, horizontal, description ________ RI 7994 

Borescope. use. for determination of attitude of 
joints, in inclined boreholes __________ IC 8615 

Boring machine, cutters, dynamic forces in, 
measuring. instrumentation for ____ OFR 45-73 

Boride coatings, metallic, electrodeposition, meth-
od, patent _________________________ P 23-72 

Boride composites, nons parking, comparison with 
tungsten carbide tool material ______ OFR 1-74 

nonsparking tool materials from, potential __ OFR 1-74 
Boring machines, rock fragments produced by. 

size distribution, laboratory tests _____ RI 7882 
tunnel, performance, correlation with labora-

tory rock cutting data ______________ RI 7883 
Borneo, crude oil, analyses __________________ IC 8542 
Bornite, high-temperature enthalpy __________ RI 7435 

high-temperature entropy _________________ RI 7435 
leaching, with aqueous chlorine solution, 

copper extraction ___________________ RI 7801 

Boron, additions, in columbium alloys, effect ___ RI 7388 
annual data ______________________ MY 1973 (Y. I) 
annual review ________________________ OP 124-72 
chemical-industry use, Ohio River Basin _____ IC 8457 
consumption ______________________________ B 650 
economic projection _______________________ B 650 
in SmackoYer oilfield brine, determination ___ RI 7897 
production _______________________________ B 650 

recO\-ery, from boron trichloride, vapor depo-
sition method _______ '-____________ OP 59-74 

solvent extraction of, method ______________ IC 8502 
technology _______________________________ B 650 



Boron, uses ________________________________ B 650 
\'apor deposition, on graphite ___________ OP 136-70 

on tungsten _________________________ OP 136-70 
vapor deposition of coatings of, by hydrogen 

reduction of boron chloride ________ OP 148-70 
Boron carbide, coatings, on graphite, meth-

od ______________________ OP 136-70, 148-70 
recovery, from boron trichloride, vapor depo-

sition method ____________________ OP 59-74 
Boron compounds, uses _______________________ B 650 

Boron deposits, evaluation, well logging tech-
niques, literature review _____________ IC 8627 

Boron industry, problems _____________________ B 650 
Boron minerals, consumption __________________ B 650 

reserves __________________________________ B 650 

Boron trichloride, elemental boron recovery 
from, vapor deposition method ______ OP 59-74 

hydrogen reduction of, optimum parameters 
for ____________________________ OP 136-70 

Botswana, mineral industry, annual review ____ My 1973 
(v. III) 

mining laws ____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Bottom ash, powerplant, uses ________________ IC 8640 
properties ______________________________ IC 8640 
uses ___________________________________ IC 8488 

Bottom ash-fly ash mixtures, in rubber, effect 
on skid resistance ___________________ RI 7619 

Bradford Second sand, formation factor-porosity 
relationships _______________________ RI 7519 

Bradford Third sand, formation factor-porosity 
reiationships _______________________ RI 7519 

lithology _______________________________ IC 8473 

Brass, reclamation, from brass foundry waste, 
process _________________________ OP 167-74 

red, secondary, tin content, reducing, effecL_OP 194-71 
secondary, composition, determination, fluo-

rescent X-ray spectrography __________ RI 7635 
solders on, interfacial composition _______ OP 152-72 

Brass foundry waste, brass reclamation, process OP 167-H 
waste sand reclamation, process __________ OP 167-74 

Brass smelter, flue dusts, recO\'ery of metal 
values from _______________________ RI 7637 

Brass smelter dusts, lead recm'ery from, pyro-
metallurgical process ________________ RI 7880 

zinc recm'ery from, pyrometallurgical process __ RI 7880 
Brattice cloth, toxic combustion products from, 

laboratory-scale experiments _________ TPR 66 
Brazil, mineral industry, annual review ______ MY 1973 

(v. III) 
mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Breathing apparatus, personal, for coal-mine use, 
description ___________________ OFR 9 (1)-72 

self-contained, for mine rescue, instruction 
guide ______________________________ IG 23 

permissible, list ________________________ IC 8559 

self-contained oxygen-generating, instruction 
guide ______________________________ IG 22 

Breathing de\'ices, emergency, for mine rescue, 
proposed ________________________ OFR 4-70 

Breathing metabolic simulator, automated, de-
velopment _______________________ OFR 3-74 

Brecciated limestone, physical properties _______ RI 7865 
Brick, building, from high-glass municipal in-

cinerator residues, cost estimate _______ RI 7605 
fabrication __________________________ RI 7605 
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Brick. c1ay-,,'aste glass, properties ____________ RI 7701 
clay-waste glass mixtures, firing time ________ RI 7701 

heat requirements ______________________ RI 7701 
dry-pressed, from copper mill tailings, cost 

estimate __________________________ RI 7537 
properties __________________________ RI 7537 

manufacture, fly ash use in ________________ IC 8488 
production. from industrial mineral wastes, 

economic evaluation ________________ RI 7856 
steam-cure process ___________________ RI 7856 

using municipal incinerator residue glass 
fraction, economic study ____________ IC 8567 

Brines, geothermal, mineral extraction from, lit-
erature sun'ey ______________________ IC 8638 

hot, corrosion resistance of metals in, litera-
ture survey ________________________ IC 8601 

oilfield, atomic absorption analysis __________ RI 7861 
geochemistry _________________________ OP 85-74 
in Smackover Formation, analyses _________ RI 7897 
oil and gas indicators in _______________ OP 85-74 

petroleum, recoverable minerals in, composi-
tion ___________________________ OP l50-it 

\'alue ____________________________ OP 150-71 

petroleum-associated, recoverable minerals in, 
value __________________________ OP 149-70 

pollution potential, fresh water ___________ OP 86-74 
land _______________________________ OP 86-74 

recovery of mineral values from, ion-exchange 
methods, review _________________ OP 115-70 

synthetic, barium sulfate solubility in _____ OP 166-71 
strontium sulfate solubility in _________ OP 166-71 

Brine saturation, sandstone specimens, at extreme 
temperatures, effect on properties _____ RI 7571 

Briquets, experimental, bituminous coal, proper-
ties _____________________________ OP 63-71 

bituminous coal-char mixtures, properties __ OP 63-71 
bituminous coal-coke breeze mixtures, prop-

erties ___________________________ OP 63-71 

Briquet plants, dust emissions from, control 
methods for ______________________ OP 70-it 

Bristol Bay, Alaska, Ugashik beach sands, recon-
naissance _______________________ OFR 21-72 

British Honduras, mining laws ______________ IC 8482 
petroleum laws __________________________ IC 8482 

British Solomon Islands, mineral industry, an-
nual redew _______________ MY 1973 (v. III) 

mining laws ____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

Brock mine, Mont., escape plans __________ OFR 24-74 
fire hazards ________________________ OFR 24-74 
ventilation study ____________________ OFR 24-47 

Bromide, in oilfield brines, concentration, re-
lation to geologic age ______________ RI 7326 

in Smackover oilfield brine, determination ___ RI 7897 
Bromine, annual data ________________ MY 1973 (v. I) 

solvent extraction of, method ______________ IC 8502 

Bromine organic compounds, use, in heavy-liquid 
separation ____________________ RI 7655, 7656 

4-Bromobenzenethiol, infrared spectrum ____ OP 152-70 
4-Bromophenylmethylsulfide, infrared spec-

trum ___________________________ OP 152-70 

Bromotrifluoromethane, flame inhibition by, 
molecular beam mass spectrometric 
study ____________________________ RI 7723 

quenching tests, methane-air flames ________ OP 83-74 
Bromotrifluoromethane extinguisher, as igllltlOn-

quenching device, effecth'eness _______ OP 7-73 



Bronze, leaded tin, secondary, lowering tin con-
tent of, effect, laboratory study _______ RI 7659 

secondary, composition, determination, fluo-
rescent X-ray spectrography __________ RI 7635 

Brookville bed, Ohio, coal, washing characteris-
tics ______________________________ RI 7616 

Brown coal, Australian, combustion stability 
problems __________________________ IC 8650 

production ____________________________ IC 8650 
resenes ______________________________ IC 8650 
use, in powerplant boilers, problems ______ IC 8650 

use, in steam generators __________________ IC 8650 

Bruceton Experimental Mine, coal, compressive 
strength ________________________ OFR 58-73 

constituents ________________________ OFR 58-73 
cubical tests ________________ ~ ______ OFR 58-73 
petrographic study __________________ OFR 58-73 
properties _________________________ OFR 58-73 
tensile strength _____________________ OFR 58-73 
zonal tests __________________________ OFR 58-73 

Bruceton, Pa., Safety Research Mine, suneil-
lance and communication system, de-
scription ___________ OFR 17 (1) -74--17 (2)-74 

Bruceton vitrinite, dehydrogenation, phenanthri-
dine "ehide, various catalysts, re-
sults ___________________________ OP 106-73 

Brucite, continuous heavy-liquid concentration of, 
dibromomethane-trichloroethylene mix-
ture, feasibility study _______________ RI 7948 

heavy-liquid cyclone concentration of. methyl-
ene bromide-trichloroethane mixture ___ RI 7516 

Brunei, mineral industry, annual review _____ My 1973 
(". Ill) 

mining laws ____________________________ IC 8514 
petroleum la\\'s _________________________ IC 8514 

Buchanan County, ,"a., geologic structure, anal-
ysis ______________________________ RI 7869 

Bucket-wheel exca"ators, applications _________ IC 858) 
large-scale, for open pit mining ____________ IC 8650 
operation, computer program for ___________ IC 8580 
types, comparison ________________________ IC 8580 

Buffalo Creek, W. ,"a., dam failure, analy-
sis _________________ OFR 10 (I) -73, 10 (2) -73 

engineeling analyses ____ OFR 10 (I) -73, 10 (2) -73 
field and laboratory testing ______ OFR 10 (I) -73, 

10 (2) -73 
subsurface exploration and sam-

pling ______________ OFR 10 (I) -73, 10 (2) -73 

Buffalo field, "\0., coal resenes, strippable ____ IC 8538 
Building, residential, blast vibration damage, 

study __________________________ OP 189-74 

Building materials, fly ash use in ____________ IC 8488 
Bulgaria, energy economy ________________ OP 117-74 

fuel resources ________________________ OP 117-74 

mineral industry, annual revic\\' ____ My 1973 (v. III) 
Bulk materials, continuous analysis, plastic scin-

tillation counter for, cvaluation _______ RI 7920 

physical properties, measuring, laboratOi v 
methods for _______________________ OP 5-72 

Bulk material flow, from bin hoppers, state-of-
the-art report ______________________ IC 8552 

Bulk materials handling. undulaton comcyor, 
tests and evaluation _________ . ________ RI 7832 

Bulk materials handling systems, state-of-the-art OP 7-72 

Bulkheads, airtight, in abandoned coal mines, 
construction _______________________ RI 7581 

types ______________________________ RI 7581 

explosion-proof, concrete, specifications for ___ RI 7581 
gypsum, specifications for _______________ RI 7581 

Bulldog Mountain mine, Colo., escape plans __ OFR 24-74 
fire hazards ________________________ OFR 24-74 
ventilation study ____________________ OFR 24-74 

Bureau of Mines, coal gasification processes, 
progress in _____________________ OP 179-71 

coal research, annual report _______________ IC 8526 
coal mine safety research, summary _______ OP 135-72 
energy program, annual report ________ IC 8551, 8612 
energy research, annual report ______ IC 8526; SP 1-74 

summary, annual report ____________ SP 1-73, 3-72 
environmental activities, annual report ______ IC 8526 
materials handling research ______________ OP 129-70 
metallurgy research, summary, annual re-

port ____________________ SP 3-72, 1-73, 1-74 
mine environment control research _______ OP 129-70 
Minerals Availability System, description ____ IC 8654 
mineral deposit delineation research ______ OP 129-70 
mining and safety research, annual report ____ IC 8644 
mining research, annual report ____________ SP 1-74 

summary ___________________________ OP 129-70 
annual report ___________________ SP 3-72, 1-73 

oil-shale research, annual report _______ IC 8525, 8526 
petroleum research, annual report _____ IC 8525, 8526 
publications, energy program, annual re-

port _________________________ IC 8612, 8651 
list ___________________ SP 1-71, 4-72, 2-73, 2-74 

1965-69 ____________________________ SP 1-70 

rock and earth disintegration research _____ OP 129-70 
Safety Research Mine, suneillance and 

communication system, descrip-
tion _______________ OFR 17 (I) -74---17 (2) -74 

Bureau of Mines-Atomic Energy corehole No. I, 
core, lithologic description __________ RI 7357 

Bureau of Mines lignite gasification programs ___ IC 8650 
Bureau of Mines manual of test procedures for 

rocks _____________________________ IC 8628 

Bureau of Mines safety analysis center, organiza-
tion and operation of, system study __ OFR 36-73 

Bureau of Mines Solid 'Naste Program, sum-
mary ________________________ IC 8460, 8529 

Burgin mine, Utah, heat sources, evalua-
tion ________________________ OFR 19 (2) -74 

Burma, mineral industry, annual review _____ MY 1973 
(v. III) 

Burn cut, large-hole, in room-and-pillar mining 
operation, ad"antages _______________ RI 7994 

Burnett compressibility data, isothermal, reduc-
tion of, computer program for _______ IC 8491 

Burundi, mineral industry, annual review _____ MY 1973 
(v. III) 

mining la\\'s ____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Burner fuel oils, analyses ___________________ PPS 86 

Bush Dome resen'oir, Tex., injected helium, 
computing movement of __________ OP 171-71 

Butanes, chemical thermodynamic properties _____ B 666 
flow rate, through coal disks, measuring, 

method ___________________________ RI 7441 

n-Butane-air mixtures, rich, flame propagation 
in _____________________________ OP 136-71 

Butane-condensate fluid mixtures, phase-bound-
ary pressures, laboratory investigation __ RI 7759 



I,2-Butanediamine, carbon-nitrogen bond en-
ergy ____________________________ OP 39-70 

enthalpy of formation ___________________ OP 39-70 
nitrogen-fluorine bond energy ____________ OP 39-70 

Butene-I, with nitrogen oxide, sunlight photo-
oxidation, results __________________ OP 80-il 

I-Butene-aldehyde mixtures, nitrogen oxide­
sensitized photooxidation of, aldehyde-
olefin interaction in, study ________ OP 168-71 

Butyl rubber, sheet, ignitibility and flammabil-
ity _______________________________ RI 7593 

n-Butylbenzene, enthalpy of combustion _____ OP 162-73 
enthalpy of formation _________________ OP 162-73 

Byproducts, coal-burning powerplants, utiliza-
tion, patent ________________________ P 9-72 

Byproduct metals, copper system, cost analysis ___ IC 8569 
economic analysis ______________________ IC 8569 
output _______________________________ IC 8569 
prices ________________________________ IC 8569 
production methods ____________________ IC 8569 
supply _______________________________ IC 8569 

gallium, from alumina processing __________ IC 8570 
hafnium, from zircon processing ____________ IC 8570 
lead system, cost analysis _________________ IC 8570 

economic analysis ______________________ IC 8570 
output _______________________________ IC 8570 
prices ________________________________ IC 8570 
production methods ____________________ IC 8570 
supply _______________________________ IC 8570 

rare-earth system, supply, economic analysis ___ IC 8570 
rubidium, from lithium processing __________ IC 8570 
uranium system, economic analysis __________ IC 8570 
zinc system, cost analysis __________________ IC 8570 

output _______________________________ IC 8570 
prices ________________________________ IC 8570 
production methods ____________________ IC 8570 
supply _______________________________ IC 8570 

economic analysis ____________________ IC 8570 

c 
Cabs, protective, underground electrical face 

equipment, elastic plane frame anal-
ysis ______________________________ RI 7799 

Cables, trailing, in underground mining, testing 
techniques for ________________ OFR 70 (1) -73 

splice techniques, evaluation _______ OFR 70 (2) -73 
Cable faults, in electrical trailing cables, locator 

for, design and operation ______ OFR 42 (3)-/4 
in coal mines, locator for, description OFR 42 (4) -74 

Cable whip, in shuttle car trailing cables, reduc-
ing, simplified adjustment procedure ___ TPR 83 

Cache oilfield, Colo., waterflooding projects ____ RI 7959 
Cadmium, additions, in zinc electrowinning solu-

tions, effect _______________________ RI 7966 
annu~ data _____________________ 'ry 1973 (~ Q 
chemical-industry use, Ohio River Basin ______ IC 8457 
consumption _____________________________ B 650 
economic projection _______________________ B 650 
nickel removal from, process, patent ________ P 11-71 
price stability, study ___________________ OFR 2-70 
production _______________________________ B 650 

recovery, from electroplating wastes, poten-
tial ____________________________ OP 179-70 

waste-plus-waste process _______________ RI 7877 
from scrap batteries, cyclic leaching process __ RI 7566 

reserves __________________________________ B 650 
technology _______________________________ B 650 
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Cadmium, uses ______________________________ B 650 
zinc-byproduct. supply. economic analysis ____ IC 8570 

Cadmium-n-ethylethylenediamine complex, sta-
bility constants ____________________ RI 7694 

Cadmium-2- (ethylthio) -ethylamine complex, sta-
bility constants ____________________ RI 7694 

Cadmium industry, problems _________________ B 650 
Cadmium producers, list ____________________ IC 8570 
Cadmium sulfide powders, thermally treated, 

surface area measurements ___________ RI 7460 
computer program for ________________ RI 7460 

Calcite, distribution, in Green River Forma-
tion ___________________________ OP 180-74 

in oil shale, genesis ______________________ RI 7727 
Calcite powder, particle size reduction. by attri-

tion milling ______________________ OP 23-74 
Calcium, annual data _________________ MY 1973 (v. I) 

chemical-industry use, Ohio RiYer Basin _____ IC 8457 
consumption _____________________________ B 650 
determination, in respirable coal mine dust, 

methods ________________________ OFR 49-73 
economic projection _______________________ B 650 
in coal mine dust, determination, X-ray fluo-

rescence technique _________________ RI 7992 
in oilfield brines, analysis, atomic absorption 

method __________________________ RI 7861 

concentration, relation to geologic age _____ RI 7326 
in SmackO\'er oilfield brine, determination ___ RI 7897 
production _______________________________ B 650 
resen'es _________________________________ B 650 

separation, from alkali metals, by solvent ex-
traction, patent ________ ~ ____________ P 7-70 

technology _______________________________ B 650 
uses ____________________________________ B 650 

Calcium compounds, annual data ______ MY 1972 (Y. I) 
consumption ______________________________ B '650 
us~ _____________________________________ B 650 

Calcium fluoride, production. from byproduct 
fluosilic acid, cost evaluation __________ IC 8566 

from waste fluosilic acid, cost evaluation ___ RI 7502 
method ____________________________ RI 7502 

Calcium fluoride-lanthanum fluoride system, 
phase diagram ____________________ OP 65-72 

Calcium fluoride-yttria svstem, phase diagram ___ RI 7437 
Calcium industry, problems ___________________ B 650 
Calcium oxalate monohydrate, simultaneous 

thermal analyses of _________________ RI 7429 
Calcium phosphates, separation, from unaltered 

phosphate ores, flotation method ______ RI 7864 
Calcium sulfate, hydrous, microbial conversion, 

to hydrogen sulfide _________________ RI 7355 
Calculators, equation for use in calculating mine 

ventilation pressures ________________ IC 8594 
programable, for processing high-resolution 

mass spectrographic plates ___________ RI 7938 
Calibration system, for differential pressure 

transducer, patent ___________________ P 5-70 
California, Agua Tibia primitive area. mineral 

appraisal __________________________ GS 2-70 
Badger Hill pit, gold-bearing gravels, investi-

gation _____________________ OFR 4--74, 5-74 
Badger Hill placer mine, Tertiary gold-bearing 

gravels, investigation ______ RI 7935; OFR 5-74 
Badger Hill Tertiary-gravel project, rock-bolt 

anchorable, field tests ______________ RI 7578 
Calico district, silver-barite ores, laboratory 

beneficiation ______________________ RI 7730 

chromite resources, estimate _______________ IC 8465 
coal reserves, strippable _________ IC 8531; OFR 5-71 



California, Domingues oilfield, waterflood, calcu-
lated versus actual performance ______ OP 88-74 

Emigrant Basin primitive area, mineral ap-
praisal ___________________________ GS 1-70 

fuel and energy data _____________________ IC 8647 
gold-bearing gravels, geophysical measure-

ments ____________________________ RI 7584 

High Sierra Primitive Area, mineral resources GS 3-73 
iron ore markets, economic evaluation ______ IC 8511 
iron ore occurrences ______________________ IC 8511 
iron resources, economic evaluation ________ IC 8511 
land utilization, in mining industry ________ IC 8642 
lead resources ___________________________ IC 8646 
low-gravity oilfields, solvent stimulation, field 

tests _____________________________ RI 7978 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ l\1y 1973 (v_ II) 
natural gas, analyses ____________ IC 8443, 8475, 8554, 

8518, 8607 
offshore hydrocarbon production ___________ IC 8575 
oil, development wells, engineering cost study __ IC 8561 
oil recovery, potential, by waterflooding. out-

look _____________________________ IC 8455 

oilfields, production decline curves, equations 
for, evaluation _____________________ RI 7547 

production. crude oil and natural gas, prof-
itability analysis ____________________ IC 8561 

Salmon-Trinity Alps Primitive Area. mineral 
resources _________________________ GS 4-73 

San Joaquin Valley petroleum reserYoirs, water-
flooding. water sources for ___________ RI 7401 

steel industry ___________________________ IC 8511 
outlook ______________________________ IC 8511 

,rilmington asphalt. 2-quinolones in. tenta-
tive identification ________________ OP 162-71 

Wilmington crude oil, sulfur compounds in, 
iden tification ________________________ B 659 

Wilmington petroleum, high-boiling distil-
lates, compound type separation and 
characterization ____________________ RI 7893 

Californium-252, use, in prompt gamma ray anal-
ysis, sulfur content, coal, at high-tonnage 
flow rates _________________________ TPR 74 

Caliper logs, explosi\'ely shot wells, evaluation 
of _______________________________ RI 7874 

Calorimeter, amplifier controlled adiabatic, for 
measuring stored energy of deformation, 
metals __________________________ OP 87-71 

Cambodia, mineral industry, annual 
review ____________________ My 1973 (v_ Ill) 

mhling laws ____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

Camera, high-speed, measurement, e\'aluation of 
explosive fracturing. oil shale ________ RI 7874 

Cameroon, mineral industry, annual 
review ____________________ My 1973 (v. Ill) 

mining laws ____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Campbell County, \\'yo., coal, preparation char-
acteristics _________________________ RI 7525 

Camphor, desensitizer, in nitromcthane stability 
study, effect _____________________ OFR 1-70 

ignitibility and flammability _______________ RI 7593 
Canada, Alberta Swan Hills crude oil, heavy 

ends, analyses ___________________ OP 159-74 
Creighton mine, heat sources. e\'aluation OFR 19 (2) -74 
Esteyan lignite, mining and marketing meth-

ods ______________________________ IC 8471 
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Canada, lignite ash deposition, research ________ IC 8471 
mineral industry, annual review ____ My 1973 (v. Ill) 
mining laws ____________________________ IC 8482 
natural gas, analyses ____________ IC 8443, 8475, 8607 
petroleum laws __________________________ IC 8482 
respirable dust standards __________________ IC 8528 
South Swan Hills petroleum, separation and 

characterization studies _____________ RI 7821 
Steep Rock iron ore, reduction roasting tests __ OP 29-70 

Canopies, protective, for underground electric 
face equipment, elastic plane frame 
analysis ___________________________ RI 7799 

on underground mine equipment, structural 
analysis, computer program __________ IC 8546 

Canyon deposit, Wyo., coal reserves, strippable __ IC 8538 
Cap lamps, electric, permissible, list ___________ IC 8463 

power source, for personal dust sampler ___ OFR 18-74 
Cap sensitivity, ammonium nitrate-fuel oil mix-

tures, with aluminum _______________ RI 7840 
ammonium nitrate prills-fucl oil mixtures ___ RI 7840 
ammonium nitrate prills-nitromethane mix-

tures _____________________________ RI 7840 
Capillaries, fluid flow in, effect of electric field __ RI 7342 
Captain mine, Ill., coal, unit train operation, 

description ________________________ IC 8444 

Cars, obsolete, recycling, advances in technol-
ogy ____________________________ OP 100-73 

Carbazoles, in high-boiling petroleum dis-
tillates, identification, fluorescence 
spectrometry ____________________ OP 162-72 

Carbazole derivatives, reaction, with ferric 
chloride, in organic solvents ________ OP 81-71 

Carbides, grinding wheel abrasion, spark-shower 
radiance from, measuring ___________ RI 7902 

refractory, recovery, from cemented-carbide 
scrap, method _____________ OP 64-70, 179-70 

Carbide materials, refractory carbide reclama-
tion from, process, patent ___________ P 17-71 

Carbide powders, submicron, production, attri-
tion milling method ______________ OP 152-74 

Carbide tools, coal-cutting, spark radiance from, 
measuring ________________________ RI 7713 

Carbohydrates, extraction, from kerogen rocks, 
method _________________________ OP 44-70 

Carbon, additions, effect on vanadium purifica-
tion, in vacuum arc melting _______ OP 30-71 

additions to slag, in electroslag melting of 
molybdenum _____________________ 01' 60-71 

glassy, structure, analysis, Fourier transform 
technique _______________________ OP 11l-73 

industrial, consumption ____________________ B 650 
economic projection ______________________ B 650 
production _____________________________ B 650 

production-activated, in dual pulse jet engine, 
pa~nt ____________________________ p 17-72 

reserves _________________________________ B 650 
technology _______________________________ B 650 
uses ____________________________________ B 650 

as reductant, in chlorination of zirconium 
dioxide _________________________ OP 44-72 

Carbon black, annual data ____________ l\1Y 1972 (v_ I) 
exports, gulf coast ports __________________ IC 8508 

production, from low-temperature lignite 
pitch. method ____________________ OP 96-70 

from low-temperature lignite tar, method ____ B 663 
from pyrolysis of coal, cost ___________ OP 168-70 

method ___________________________ OP 168-70 
properties ________________________ OP 168-70 
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Carb0n content, organic, oil ShOllcs, estimating. 
nuclear lllagnetic reS(:l~allU.' ~pectroln~ 
etry __ ____________________________ RI 7523 

Carbon COt:nly. \\'yo., coal prep:Jration charac-
teristics ___________________________ RI 7525 

CariJon deposition. in oil resen'oir thermal proj-
ect, effect of \'ariabk., statistical anah-
ysis _________________ . ______________ RI 7443 

Carbon dioxice. as cOlllaminant, in methane-
filled proportional coullting tube __ J)P 1-10-70 

(umpr~"ibility factors ____________________ RI 74 I:! 
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detection, in simulatcd work atmospl1ere, port-
able gas detector, evaluation _________ RI 7811 
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ular sieve method ________________ OP 138-72 

in mine atmospheres, gas chromatography, 
rapid method _____________________ RI 769G 
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determination _____________ RI 7634; OP IS-n 

il~ automobile exbust, effect of gasoline addi-
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n1p,',uring, techniques for ________ OP 44-73, 165-73 
effect of fuel volatility ___________________ RI 7707 

in coal gases, determination, g:IS chrom;:to-
graphic method _____________________ RI 79G~~ 
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parameters _______________ . _________ Rl 7579 

methallation. proposed mechanism ________ OP 163-74 
production, from anaerobic microbial plant 

dewmposition, laboratory tests _______ RI 7690 
from sulfur dioxide reduction, with car-

bon monoxide ___________________ 0P 11:;-73 
glow discharges, helium-sulfur dioxide-carboll 

monoxide mixtures __________________ Rl 7747 
quenching tests, methane-air flames ________ OP 8~l-74 
reaction rate with coke. at high tempera-

tures ______________________________ RI 7476 

Carbon Dioxide _-\cceptor Coal Gasiflcati(ln 
Process, development status ___________ IC 8650 

Car/;on dioxide-carbon reaction, hy oxygen ex-
change. kinetics ______________________ B 664 

study __________________________________ B 664 

C;rbc'n dioxide-helium mix:ures. compressibility 
factors ___________________________ RI 7412 

Carbon dioxide-helium system, phase equilibria 
data ____________________________ 01' 16-70 
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laser _____________________________ 01' 89-72 
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Carbon fibers, three-dimensional crvstallin-
ity _______________________ OP 1';' -73. ll2-73 

two-dimensional lattice orientation __ 01' 1i-73, ll2-73 
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Carbon molecular sieve column, use, in separa-
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Carbon monoxide, catalytic reduction of sulfur 
dioxide with, on alumina __________ OP 42-72 
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in die,el exhaust, effect of modih-ing engim: 
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pl1l'sical properties _____________________ OP 97-73 
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dioxide ____________ . _____________ OP 44-72 
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Carbon monoxide indicator, instruction guide __ IG 13-18 
Carbon monoxide poisoning, symptoms ______ IG 13-18 
Carbon monoxidc reduction, sulfur dioxide re-

mO\'al by, in fixed-bed catalytic reac-
tor ______________________________ RI 7483 

Carbon monoxide-steam reaction, municipal 
refuse conversion to oil by ________ OP 114-71 
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Carbon-13 nuclear magnetic resonance, coals ___ OP 24-73 
diamonds _____________________________ OP 24-73 
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water saturation, study _________________ RI 7497 

Carbonate samples, heter~geneous, rock matrix 
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tion of coal, results, prediction equations 
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lyst-equipped engine, determination ____ RI 7837 
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in diesel exhaust. contributions to odor ______ RI 7632 
Carbonyl compounds, isolating. by conversion to 
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Carbonyl sulfide. decomposition. in electrical 
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intermediate, in sulfur dioxide reduction, 

iron-alumina catalyst ______________ 01' 11:;-73 
Carboml sullide-sulfur dioxide interaction, in 

thermal decomposition, with cata-
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Carbonylation, iron, in reduced ilmenite, lab-
oratory tests _______________________ RI ii 19 

Carboxylic acids, in asphalt. interaction with 
2-quinolones ____________________ 01' 162-71 

Carboxylic acid-2-quinolone interaction, infrared 
spectroscopic study ________________ OP 83-71 
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fuel volatility ______________________ RI liOj 
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teristics ___________________________ RI 7616 
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tion ___________________________ 01' 121-74 

titanium alloys, effect of alloy composition __ OP 121-74 

Catalysts, alumina-transition metal, sulfur diox-
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cobalt-molybdate, hydrodesulfurization, catalyst 
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study ___________________________ OP 73-74 
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emissions _________________________ RI 7988 
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~ons _____________________________ RI 7988 
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mand ____________________________ IC 8565 
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uranium oxide-alumina. for hydrocracking 
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monoxide-water reaction _____________ RI 7560 

thermal oxidative behavior in coal mines, lab-
oratory study ____________ RI 7872; OFR 1-73 

Cellulose acetate dust, explosion of, in closed 
vessels, factors affecting ______________ RI 7507 
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wastes ____________________________ RI 7856 
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mining laws ____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Central America, mining laws _______________ IC 8482 
petroleum laws __________________________ IC 8482 
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Centrifuge, submersible, bismuth remov"al, from 

molten lead, method ________________ RI 7602 
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low-temperature, cotton, infrared spectra ___ OP 80-70 

pine sawdust, infrared spectra ___________ OP 80-70 
properties, predicting, method ___________ RI 7561 

pulverized, combustion characteristics ____ OP 176-71 
combustion of, supplemental fuel require-

ments __________________________ OP 176-71 

combustion tests ____________________ OP 148-73 

Sunnyside, use, with bituminous coal, for coke 
production experiments, results _______ RI 7817 

use, in coking blend, effect ________________ RI 7599 
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tion blends, effect _________________ RI 7718 

Char gasification systems, applicability to am-
monia production _________________ OP 4-74 
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combustion of, supplemental fuel require-
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Charcoal, ignitibility and flammability ________ RI 7593 
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failure in, acoustic methods for monitoring __ OP 64-73 
fragmentation, dielectric heating ___________ RI 7424 

high-frequency cyclic loading technique __ OP 172-74 
physical properties _______________________ RI 7865 
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hydraulic testing machine __________ OP 62-72 
viscoelastic properties, at elevated tempera-

tures ___________________________ OP 100-74 
Charcoal Gray granite, heat content __________ RI 7503 

specific heat ____________________________ RI 7503 
Chemical equilibrium, multi phase, calculating, 

algorithm for ______________________ RI 7786 
Chemical industry, Ohio River Basin, mineral 

supply-demand situation _____________ IC 8457 
Chemical plants, investment and operating costs, 

bibliography _______________________ IC 8478 

Chemical reactions, in electrical discharges ___ OP 125-71 
Chemical stabilization, mineral wastes, methods 

and costs _________________________ OP 1-74 

Chemical techniques, rock fragmentation by, 
review _________________________ OP 111-74 

Chemiluminescence, determination, in ozone-
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light-indu~ed, in coal derivatives __________ OP 145-70 
in petroleum derivatives ______________ OP 145-70 

measurement of oxides of nitrogen by, in auto 
exhaust _________________________ OP 44-73 

Cherokee deposit. \\'vo" coal resen'es, strip-
pable _____________________________ IC 8538 

Chile, mineral industry, annual revicw _______ :\Iy 1973 
(v, III) 

mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

China, People's Republic of. mineral industry, 
annual review _____________ :\IY 1973 (v. III) 

Chino "J" copper ,,'aste dump core samples, 
leaching tests _____________________ OP 76-73 

Chiricahua wildcrness area, Ariz., mineral ap-
praisal ___________________________ GS 1-74 

Chloride. in SmackO\cr oilfield brine, deter-
mination _________________________ RI 7897 

metal, co-reduction, experimental work _____ RI 7934 
mixed iron-copper. production of ferric oxide 

from. oxidation method _____________ RI 7970 

Chlorination, columbite, fluidized-bed reactor __ OP 25-71 
gold, study ____________________________ OP 11-71 
platinum, study ________________________ OP 57-71 

Chlorination residues, titanium, columbium-
tantalum-zirconium separation from ___ RI 7671 

Chlorinator. nickel ducting used in, failure of, 
cause, investigation _______________ OP 198-71 

Chlorine, consumption _______________________ B 650 
economic projection ________________________ B 650 

from ferric chloride.. fluidized-bed reactor 
techniques ______________________ OP 146-72 

production _______________________________ B 650 
reserves __________________________________ B 650 

Chlorine, technology _________________________ B 650 
uses _____________________________________ B 650 

in oxidation of gold-bearing carbonaceous 
ores _____________________________ RI 7597 

Chlorine industry, problems __________________ B 650 
Chlorine metallurgy process, molybdenum ____ OP 139-71 

tungsten _____________________________ OP 139-71 

Chlorine trifluoride-sawdust mixtures, spon-
taneous ignition tests _______________ RI 7594 

Chlorofluorocarbon oil, polymeric, effect on de­
composition of hydrogen sulfide, in 
electrical discharge _________________ RI 7780 

4-Chlorophenylmethylsulfide, infrared spec-
trum ___________________________ OP 152-70 

Chlorostyrene, impregnation of rock with, meth-
ods ______________________________ RI 7542 

Christmas Island, mineral industry, annual re-
view _____________________ l\Iy 1973 (v. III) 

Chromatographic techniques, use, in character-
ization studies, high-boiling petroleum 
distillates ________________________ OP 17-74 

Chromatography. gas, analysis, complex hydro-
carbon-inorganic gas mixtures ______ OP 41-74 

gas-liquid, exhaust hydrocarbons, retention-
time method ______________________ RI 7700 

fuels and combustion products, proposed 
uniform standards ________________ OP 106-71 

sulfur compounds in petroleum ______________ B 659 
gel permeation, crude oil, high-molecular-

weight portion ____________________ OP 13-71 

high-boiling petroleum distillates ________ RI 7893 
qualitative characterization ____________ RI 7974 

high-boiling petroleum fractions __________ RI 7875 
high-molecular-weight petroleum fractions, 

characteristics ____________________ OP 15-71 
separation of _______________________ OP 15-71 

separation of petroleum acid concentrates 
by _____________________________ OP 102-71 

high-pressure liquid, determination of explo-
sive oil in dynamites ________________ RI 7795 

high-speed liquid, polythionates, determina-
tion ___________________________ OP 155-73 

inverse gas-liquid, asphalt, effect of parameter 
variations ________________________ OP 58-70 

liquid-liquid, separation of rare earths 
by _____________________________ OP 48-70 

liquid-solid, sulfur compounds in petroleum ____ B 659 
oximes, isolated from carbonyl compounds __ OP 187-71 
zone-melting, organic mixtures, method _____ OP 6-70 

Chromite. reserves ___________________________ B 650 
recovery. from steel foundry waste molding 

sands, method _____________________ TPR 36 
technology _______________________________ B 650 

Chromite deposits, U.S., estimate _____________ IC 8465 
Chromium, annual data _____________ :\Iy 1973 (v. I) 

chemical-industry use, Ohio River Basin _____ IC 8457 
consumption ______________________________ B 650 

determination, in low-allov steel, fluorescent 
X-ray spectrography' ________________ RI 7773 

economic projection _______________________ B 650 
imports, gulf coast ports _________________ IC 8508 
in steels from ferrous scrap, determination, 

method _________________________ OP 79-74 
production _______________________________ B 650 
recovery, costs __________________________ IC 8465 

from electrochemical machining sludge, 
method ________________________ OP 141-74 

from electroplating wastes, potential ____ OP 179-70 
from electroplating wastes. waste-plus-waste 

process __________________ RI 7877; OP 103-71 
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Chromium, recovery, from superalloy scrap, 
method _________________________ OP 165-70 

technology _______________________________ B 650 
ultra high-purity, preparation, from com-

mercial electrolytic chromium, molten-
salt electrolysis ___________________ OP 114-72 

u~s __________ ~ __________________________ B 650 

Chromium alloys, grinding wheel abrasion, 
spark-shower radiance from, measur-
ing ______________________________ RI 7902 

Chromium-alumina catalysts, sulfur dioxide re-
nlOval, study _______________________ RI 76-!7 

Chromium chloride, potential pyrite depressant, 
in coal flotation, laboratory study _____ RI 7518 

Chromium industry, problems ________________ B 650 
Chromium-iron alloys, corrosion resistance, in 

hot concentrated brines, literature sur-
vey ______________________________ IC 8601 

Chromium oxide, recovery, from spent chromium 
etching solutions _________________ OP 141-74 

Chromium resources, U.S., availability _________ IC 8465 
Chromium trioxide-sawdust mixtures, burning 

ra~ ~s~ _________________________ _ RI 7594 
spontaneous ignition tests _________________ RI 7594 

Chromo tropic acid method, measurement of 
aldehydes by, in auto exhaust ______ OP 44-73 

Chrysenes, in high-boiling petroleum distillates, 
identification, fluorescence spectrome-
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Cinnabar, mercury extraction from, electrooxida-
tion technique ____________ RI 7750; TPR 26; 

op 18-72, 58-72 
Circular cylinder, radially end-constrained, under 

triaxial loading, exact solution ______ OP 67-73 
exact theoretical solution, agreement with 

values of finite element study ________ OP 67-73 
Citrate absorption process, sulfur dioxide re-

moval, from flue gas, economic evalu-
ation ____________________________ OP 75-72 

Citrate process, hydrogen sulfide removal by, 
from industrial waste gases, process 
description ________________________ RI 7774 

removal of sulfur dioxide from flue gas, pilot 
plant study ______________________ OP 43-74 

Clarendon sand, lithology ___________________ IC 8473 
Clay. alumina production from, methods ______ IC 8648 

redsed cost estimates ___________________ IC 8648 
annual data ______________________ MY 1973 (v. I) 
chemical-mineral-industry use, Ohio River 

Basin _____________________________ IC 8457 
consumption ____________________________ _ B 650 
economic projection ________________________ B 650 
paper-coating grade, production, by ultra-

fine grinding of coarse kaolin ________ RI 7iil 
production _______________________________ B 650 

production of alumina from, cost estimates ___ RI 7758 
methods _____________________________ RI 7758 

resel\eS _________________________________ _ B 650 
B 650 

~~~;~:;;~~~~~==~~~~=~===~==~~===~==~=~===~~ ~~~ Ci:w ipdmtry, problems ______________________ B 650 
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Cleat, coal directional permeability relationship 

to, study __________________________ RI 7910 

Cliflland bed, Iowa, coal, washing characteris-
tics ______________________________ RI 7830 
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microseismic source locations _________ RI 7798 

Colo., escape plans ____________________ OFR 24-74 
fire hazards ________________________ OFR 24-74 

rock from, compressive strength. experimen-
tal results ___________________ OFR 29 (2)-74 

mechanical behavior, effect of fracture fill-
ing _________________________ OFR 29 (I) -74 

ventilation study ____________________ OFR 24--74 
Clinoptilolite, properties ____________________ RI 7744 
Clinton sand, formation factor-porosity re-

lationships ________________________ RI 7519 
lithologv _______________________________ IC 8-!73 
Ohio, c~re samples from ________________ OP 88-71 

oil production from __________________ OP 88-71 
production characteristics ______________ OP 188-71 
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waterfloa'd evalu;tion __________________ OP 7-70 
well-log data _________________________ OP 88-71 
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dust-collection system. for continuous-mining 
machine, el'aluation _________________ RI 7788 

dust control in, water infusion method ______ RI 7849 
effect of water infusion _________________ RI 7640 

dust suppression, pressure foam generating 
system _________________________ OFR 24-73 

electrical power systems, ground bed and mine 
floor resistance data ______________ OFR 35-73 

safety, evaluation ____________________ OFR 35-73 
electri~al trailing cables. fault locator for, de-

sign and operation ___________ OFR 42 (3) -74 
description ____________________ OFR 42 (4) -74 
evaluation _____________________ OFR 42 (3) -74 

electromagnetic environment, study _______ OFR 35-72 
electromagnetic location system, design and 

operation ______________________ OFR 68-73 
electromagnetic noise measurement. state of 

the an _________________________ OFR 2-74 

electromagnetic noise studies, assessment ___ OFR 17-73 
electromagnetic through-the-earth mine com­

munications, preliminary performance 
predictions _____________________ OFR 16-73 

emergency communications system, study ___ OFR 17-73 
employment ________________________ IC 8599, 8613 
environmental activities, research and tech-

nologic work. annual report __________ IC 8479 
fatalities _______________________________ IC 8599 
fires in, effect on ventilation systems _____ OFR 74-73 

influence on ventilation sys'tems, computer 
program for predicting __________ OFR 74-73 

fire suppression, pressure foam generating 
system _________________________ OFR 24-73 

400-hertz electrical power systems, cost com-
parisons __________________________ RI 7857 

flame propagation in, aerodynamic characteris-
tics, mathematical study _____________ RI 7908 

German, roof support el'aluation techniques __ IC 8645 
ground bed resistance data, power analyses, 

technology _____________________ OFR 35-73 
health seminar, proceedings _______________ IC 8568 
high methane emission in, geologic factors ___ RI 7769 
horizontal drilling techniques in, evalua-

tion ___________________________ OFR 34-72 

Coal mines, improved ground control, using 
shortcrete, evaluation of presen t tech-
no�ogy _________________________ OFR 54-73 

injuries __________________________ IC 8599, 8613 
methane control in, effect of water infusion ___ RI 7640 

water infusion method __________________ RI 7849 
methane emission from, survey _____________ IC 8659 
methane emission rate, during mining, 

study ____________________________ RI 7591 
effect of nearby gas and oil wells _________ RI 7658 
review ______________________________ ~IC 8558 

methane removal, surface borehole method, 
results ____________________________ RI 7657 

mine floor resistance data, power analyses, 
technology _____________________ OFR 35-73 

mUltiple-entry systems, design considera-
tions _____________________________ IC 8630 

new, methane control in, planning for _____ OP 62-71 
methane problems in, methods for evaluat-

ing ____________________________ OP 158-72 
noise levels in, measurement, instruction guide __ IG 10 
noise reduction, personal ear protection ___ OFR 19-73 
noise standards, enforcement ____________ OP 162-74 
nonfatal accidents in, im'estigation ______ OFR 38-73 
nongassy, desorption of gases, investigation ___ RI 7768 
pneumatic drill, muffler for, design and oper-

ation __________________________ OFR 28-73 

probable roof fall areas, predicting, by geo-
logical analysis _____________________ TPR 70 

protective canopies, underground electric face 
equipment, elastic plane frame anal-
ysis ______________________________ RI 7799 

respirable dust control, manual _______ OFR 25 (2) -73 
respirable dust in, physical and chemical prop-

erties _________________________ OFR 165-73 
respirable dust measurements, conversion factor 

for personal sampling equipment versus 
Mine Research Establishment sampling 
equipment ________________________ RI 7772 

roof and floor, bearing capacity, in situ tests __ RI 7406 
roof falls at working face, flexible material 

shields. for protection ____________ OFR 40-73 
roof instability, geologic factors ___________ RI 7769 
roof support, plastic liners for, feasibility __ OFR 60-73 

temporary, air-inflatable, development ___ OFR 56-73 
roof warning signals, study ______________ OFR 19-73 
rope haulage systems in, stUdy __________ OFR 47-73 
spontaneous combustion in, potential, remote 

sensing, infrared technique ___________ TPR 80 
strip, utilization, for sanitary landfill ________ IC 8498 
subsidence, monitoring, environmental action 

programs for ____________________ OFR 3-73 
support load determination, titanium load cells 

for, design and evaluation ___________ RI 7972 
surface, accidents, causes, study __________ OFR 48-74 

legal regulations, effects _______________ OP 32-70 
surface-underground communications, long-

wave electromagnetic methods, re-
search --------_________________ OFR 35-72 

toxic products, from combustion of fire-re-
sistant materials, laboratory-scale burn-
ing experiments ____________________ TPR 66 

trailing cables in, protection for, study OFR 42 (1)-
42 (2) -74 

transportation accidents in, causes __________ IC 8506 
pre\'ention ____________________________ IC 8506 

underground, automatic breathing metabolic 
simulator for, dewlopment ________ OFR 3-74 

capital investment and operating costs _____ IC 8641 
estimates -------____________________ IC 8632 



Coal mines. underground. correlation of natural 
facture geometry with roof falls. study __ RI 7763 

dust collection equipment. state-of-the-art 
evaluation _______________________ OFR 4-71 

economic evaluation. computer program 
for ______________________________ IC 8513 

electrical systems. grounding equipment. 
effectiveness _____________________ OFR 3-72 

environment, surveillance and communica-
tion system for, description ______ OFR 17 (1)-

17 (2) -74 
high-resistance grounded electric power sys-

tem, evaluation __________________ OFR 39-72 
isolated electrical distribution systems. 

evaluation ______________________ OFR 39-72 
long-range design for, technique _________ RI 7828 
methane control in. methods for, study ___ OFR 1-72 
methane emission rate study, effect of drill-

ing degasification holes _____________ RI 7703 
methane flow in, in situ diffusion para-

meter for _________________________ RI 7668 
measuring _____________________ RI 7649, 7667 

mine communication systems. survey __ OFR 38 (I) -74 
mine roof simulator, description _________ RI 7971 
miner location system, seismic, evalu-

ation _______________________ OFR 38 (2) -74 
survey ________________________ OFR 38 (1) -74 

noise in, reducing. research program 
for _____________________________ OFR 2-72 

proposed cost analysis for ________________ IC 8497 
respirable dust control, engineering methods 

for _________________________ OFR 25 (1) -73 

respirable dust sampling program, collected 
samples. processing and analyzing _____ IC 8536 

requirements ________________________ IC 8536 
respirable dust sampling program in. evalu-

ation _____________________________ TPR 32 
roof support. mobile shield for. design and 

operation ______________________ OFR 39-74 
roof warning signals, study ___________ OFR 46-74 
sampling fracture orientations, proce-

dures ____________________________ RI 7763 
subsidence in, predicting methods ________ IC 8571 
surface damage from subsidence, reducing ___ IC 8572 
ventilation air velocity. measuring. anemom-

eters for, evaluation ___ . __________ OFR 22-72 
ventilation system analysis. analogue-digital 

computer comparison _______________ RI 7665 
Coal mine accidents, fatality data base anal-

ysis ____________________________ OFR 22-73 
Coal mine atmospheres. contaminated, methods 

of detection, instruction guide __________ IG 16 
protection against. instruction guide ________ IG 16 

Coal mine bumps. cause _________________ OFR 53-73 
computer program for simulating _______ OFR 53-73 
control measures ______________________ OFR 53-73 
correlation with geologic and mining condi-

tions __________________________ OFR 53-73 
occurrence ___________________________ OFR 53-73 

Coal mine combustion products, analysis ______ RI 7872; 
OFR 1-73, 8-74 

from neoprene compositions, toxicity ________ RI 7977 
from polyvinyl chloride compositions, tox-

icity _____________________________ RI 7977 

from rigid urethane foams. toxicity _________ RI 7977 
from wood, treated, toxicity ______________ RI 7977 

untreated, toxicity _____________________ RI 7977 
identification _____________ RI 7872; OFR 1-73, 8-74 
identification and analysis ________________ RI 7977 
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Coal mine communications. low-frequency propa-
gation characteristics _____________ OFR 56-74 

ultrahigh-frequency propagation tests _____ OFR 56-74 
Coal mine design. geologic guidelines for ______ IC 8630 

ground control aspects ____________________ IC 8630 
panels, problems ________________________ IC 8630 
roof control aspects, development entries ____ IC 8630 

room-and-pillar sections ________________ IC 8630 
Coal-mine dust, see also Dust; Respirable dust 
Coal mine dust, airborne, collection by· steam, 

laboratory imestigation _____________ RI 7819 
collection by steam-water spray. laboratory 

investigation ______________________ RI 7819 
electrostatic behavior, on polymer surfaces. 

fundamental research ____________ OFR 55-73 
elemental composition. determination _______ RI 7992 
incombustible content, measuring, gamma-ray 

backscatter technique _______________ TPR 64 
laboratory tests ______________________ TPR 64 

incombustibles in. meter for. laboratory de-
sign and operation ______________ OFR 16-72 

percentage. determination ______________ RI 7992 
respirable. control methods for _____________ IC 8490 

evaluating, training manual for __________ IC 8503 
physical and chemical properties _______ OFR 50-73 
sampling, training manual for ___________ IC 8503 
sampling devices for ___________________ IC 8490 
sampling program data, computer program 

for _______________________________ IC 8504 
syposium on. proceedings ________________ IC 8458 

sampling requirements, Federal Coal :\Iine 
Safety Act _________________________ IC 8484 

water infusion as control measure __________ RI 7849 
Coal mine dust material, composition. analyses __ RI 7992 
Coal mine dust sampler. portable. develop-

ment ___________________________ OFR 6-73 
Coal mine dust standards. foreign countries ____ IC 8528 

U.S. ___________________________________ IC 8528 

Coal mine electromagnetic noise measurements, 
field measurement team ___________ OFR 14-73 

Coal mine emergency communication system, 
pager phone-public telephone inter-
connect, description _________________ RI 7976 

Coal-mine employment ________________ IC 85.15, 8556 
Coal mine equipment, accident reports. fatality 

data base analysis _______________ OFR 22-73 
Coal mine explosions. recovery procedures. in-

struction guide ______________________ IG 16 
seasonal trends, analysis _________________ OP 45-73 
surface organization and procedure, instruc-

tion guide -----_____________________ IG 16 
Coal mine explosion prevention, research. annual 

report ---_________________________ IC 8616 
Coal-mine face. ventilation eddy zones, gas in, 

calculating ________________________ RI 7991 
Coal-mine fatalities ___________________ IC 8555. 8556 

causes. analyses _____________________ OFR (4) 1-72 
data base analysis ____________________ OFR 22-73 
reducing. recommendations ___________ OFR 4 (1) -72 

Coal mine fires, abandoned mines, controlling. 
fire barrier method _________________ IC 8620 

flushing method _____________________ IC 8620 
fly ash injection method ______________ IC 8620 
loading out method __________________ IC 8620 
surface sealing method ________________ IC 8620 

control techniques ----_________________ OFR 3-71 
instruction guide -----------_____________ IG 16 

extinguishment, methods _______________ OFR 73-73 

instruction guide -------------___________ IG 16 



Coal mine fires, radiant heating, coal-dust cloudLRI 7439 
by approaching flames, hazard ________ RI 7439 

sealing, instruction guide ___________________ IG 16 
sources of ignition _______________________ IC 8620 
surface organization and procedure, instruc-

tion guide __________________________ IG 16 
unsealing, instruction guide _________________ IG 16 

Coal mine fire prevention, research, annual re-
port ______________________________ IC 8616 

Coal-mine float dust, collecting, device for, de-
scription _______________________ OP 179-74 

Coal mine gases, portable detectors for, evalu-
ation _____________________________ RI 7811 

Coal mine haulage, new concepts __________ OP 166-73 
system requirements ___________________ OP 166-73 

Coal mine health and safety, dust control re-
search, review ___________________ OFR 51-73 

progress report __________________________ IC 8543 
research, annual report ______________ IC 8612, 8651 

Coal ~fine Health and Safety Act, 1969, admin-
istration of, annual report ___________ SP 1-72 

effect on respirable dust concentrations ____ IC 8536 
health standards _______________________ IC 8503 
implementation ________________________ IC 8568 
noise level exposure, in underground coal 

mines, criteria for _________________ RI 7550 
noise standards, enforcement ___________ OP 162-74 
respirable dust provisions _______________ IC 8503 
respirable dust sampling program, evalu-

ation ____________________________ TPR 32 

respirable dust sampling requirements _____ IC 8484 
respirable mine dust sampling laboratory ____ IC 8520 

Coal-mine injuries ___________________ IC 8555, 8556 
Coal mine opening, in elastic multilayered ma-

terial, structural analvsis _____________ RI 7845 
Coal mine overburden, ele~trical transmission 

properties, field studies __________ OFR 61-74 
Coal mine refuse bank reclamation, with power-

plant fly ash, methods ______________ OP 1-73 
Coal mine rescue and survival, communication 

subsystem, description __________ OFR 9 (2) -72 
electromagnetic communication, assessment OFR 17-73 
mine disasters, surface-underground communi-

cation, longwave electromagnetic meth-
ods, research ___ ~ _______________ OrR 35-72 

program evolution and management ___ OFR 9 (4) -72 
rescue subsystem, description _________ OFR 9 (3) -72 
seismic location subsystem, description __ OFR 9 (2) -72 
summary __________________________ OFR 9 (5) -72 
sun'i\'al subsystem, description ________ OFR 9 (I) -72 

Coal mine research, roof bolt anchor perform-
ance, laboratorv tests ________________ RI 7748 

Coal mine roof rock,' freshly exposed, failure 
in, environmental factors, laboratory 
tests ___________________________ OFR 31-74 

Coal mine roof shale, slickensides from, chem-
ical analysis _______________________ RI 7858 

Coal mine safety, Bureau of ~Iines research in, 
summar)' _______________________ OP 135-72 

elevators, conveyance arrestment devices, in-
vestigation _____________________ OFR 18-73 

hazards associated with design of equipment, 
study __________________________ OFR 24-72 

methane emission rate, in isolated coal 
panels ____________________________ RI 7790 

portable gas detectors, evaluation __________ RI 7811 
protective cabs and canopies, on face equip-

ment, elastic plane frame analysis _____ RI 7799 
quick opening permissible electrical enclo-

sures __________________________ OFR 15-73 

Coal mine safety, research and technologic work, 
annual report ______________________ IC 8479 

Coal Mine Safety Act, 1969, implementation ____ IC 8568 
implementation of, progress ____________ OP 72-70 
synopsis _____________________________ OP 70-74 

Coal mine safety research, annual data ________ IC 8551 
Coal-mine spoil, acidic, fly ash use in reclaim-

ing _______________________________ RI 7504 

Coal mine spoil bank reclamation, with power-
plant fly ash, methods ______________ OP 1-73 

Coal mine stability, influence of natural joint-
ing ______________________________ IC 8630 

Coal-mine ventilation, instruction guide _________ IG 1 
Coal-mine waste piles, revegetation, with raw 

fly ash __________________________ OP 13-72 

Coal mine waste products, grain size distribu-
tion, study ________________________ RI 7964 

shear strength, study _____________________ RI 7964 
permeability, study ______________________ RI 7964 

Coal miners, dust exposure, in different coal 
seams ____________________________ TPR 75 

minimum luminance level requirements, vari-
ous tasks, study __________________ OFR 12-75 

national autopsy study ___________________ IC 8568 
respiratory impairment ___________________ IC 8568 

Coal mining, abandoned gas wells, in coal 
seams, finding, techniques ___________ IC 8578 

abandoned oil wells, in coal seams, finding, 
techniques ________________________ IC 8578 

accident analysis, by functional classifica-
tion ____________________________ OFR 9-73 

accident prevention ____________________ OFR 9-73 
air curtain respiratory protection device, for 

miner's hat _____________________ OFR 50-74 
airborne coal dust collection by steam, labora-

tory investigation ___________________ RI 7819 
airborne respirable dust formation, at belt 

conveyor transfer points, study ______ OP 58-74 
bit technology, in continuous mining ma-

chines, state-of-the-art report _______ OFR 71-73 
continuous, minimum luminance level re-

quirements, study ________________ OFR 12-74 
continuous mining machines, coal delivery 

r,ate, by arm-type loaders, investiga-
tIOn ____________________________ OFR 4-73 

water through the drum, dust suppression 
by - _____________________ OFR 53-74, 54-74 

conventional, minimum luminance level re-
quirements, study _______________ OFR 12-74 

product size analysis ___________________ RI 7687 
explosion-proof mmmg operation, systems 

analysis of - _____________________ OFR 28-72 
high-pressure water jets for, field tests ___ OFR 43-74 
hydraulic, new methods, review __________ OP 81-72 
illumination, minimum luminance levels for, 

o stu~y -----_____________________ OFR 12-74 
m seams mtersected by oil and gas wells, im-
o proved total fuel recovery, technique ___ IC 8619 
mcreased mechanization, review ___________ IC 8603 
laser entry alinement sensor system, design and 

and operation ________________ OFR 62 (5) -73 
10ngwall, ground control problems __________ IC 8630 

roof support problems - _________________ IC 8630 
support systems, commercial, characteris-

tia -------------_________________ IC 8630 
manpower for, demand, forecasting ______ OFR 10-74 

supply, forecasting ----_______________ OFR 10-74 
mechanical, in German coal mines, study _____ IC 8645 
methane concentration, at working face, anal-

ysis ------------------____________ RI 7885 
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Coal mmmg, metthane content, Pittsburgh coal-
bed, estimate ______________________ RI 7969 

methane emission during, effect of coal break-
age ____________________________ OP 127-74 

microminer dust generator, design and opera-
tion ___________________________ OFR 65-73 

noise dosimeters, personal, performance tests __ RI 7876 
personal dust sampler, development ______ OFR 18-74 
rope haulage systems in, study __________ OFR 47-73 
research and technologic work, annual re-

port ______________________________ IC 8479 

sealing horizontal holes driven ahead of face, 
borehole packer for _______________ OP 16-73 

shuttle car sensor system, description ___ OFR 62 (1) -73 
surface, land reclamation, methods and 

costs __________________________ OFR 59-74 
titanium diboride cutting tools, high-strength, 

incendivity tests __________________ OFR 1-74 
underground, electrical systems, analysis OFR 70 (2) -73 

economic evaluation ____________ OFR 70 (I) -73 
safety evaluation _______________ OFR 70 (I) -73 
technological evaluation _________ OFR 70 (1) -73 

environmental problems ______________ OFR 10-70 
fires, causes, review __________________ OFR 52-74 
fire detection systems, review __________ OFR 52-74 
ground control ______________________ OFR 10-70 
health and safety indexes for, develop-

'ment __________________________ OFR 37-74 
health problems ____________________ OFR 10-70 
in areas of hydrocarbon reservoirs, evalu-

ating hazards of ____________________ IC 8582 
lighting systems, conventional mining, de-

sign ___________________________ OFR 29-72 
longwall mining, design ____________ OFR 29-72 
mechanized mining, design __________ OFR 29-72 

materials handling system ____________ OFR 10-70 
mining methods _____________________ OFR 10-70 

portable luminaire for, design and opera-
tion ___________________________ OFR 58-74 

research and development programs, pro-
jected _________________________ OFR 10-70 

safety problems _____________________ OFR 10-70 

systems engineering applications _______ OFR 10-70 
Coal-mining machines, continuous, product size 

analysis ___________________________ RI 7687 

underground, automatic controls for, feasibil-
ity study ___________ OFR 62 (7) -73, 62 (8) -73 

information displays on, solid state devices 
for, applications ______________ OFR 62 (6) -73 

remote controls for, feasibility study __ OFR 62 (7) -73, 
62 (8-73 

remote control systems for, feasibility 
study _________________ OFR 62 (1) -62 (8) -73 

solid state motor controllers for, feasibility 
study _________________ OFR 62 (1) -62 (8) -73 

Coal mining methods _____________________ OP 31-74 
forecasting __________________________ OFR 10-74 

Coal mining system, shortwall, design for _____ OP 94-73 
mining equipment for ________________ OP 94-73 

Coal panels, isolation, in advance of mining, 
methane emission rate studies ________ RI 7790 

Coal particles, aerosol deposition, on charged 
plastic surface, study ______________ OP 35-73 

electrostatic charge on, preliminary investiga-
tion ___________________________ OP 152-73 

Coal particle-gas mixtures, heat transfer, in ex-
ternally heated tube, calculation pro-
cedure ____________________________ IC 8474 
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Coal plasticity, correlation with coke strength ____ B 661 
structural theory, proposed _________________ B 661 

Coal porosity, techniques for measuring, de-
velopment _____________________ OFR 38-72 

Coal preparation, ad\'ances in _______________ IC 8603 
anthracite, methods, past and present _____ OP 37-71 
dense-medium cyclones, performance charac-

teristics ___________________________ RI 7673 
fine-size coal, dense-medium cyclone tests, 

results ___________________________ RI 7982 
hydrocyclone coal washers, performance char-

acteristics _________________________ RI 7891 
methods ______________________________ OP 31-74 
research, annual report ________ IC 8551, 8612, 8651 
separation of fine pyrite, from coal, labora-

tory electrophoresis column for ______ RI 7960 
supplies for, cost patterns, changes in ______ OFR 5-70 

Coal preparation plants, noise control in, meth-
ods ___________________________ OFR 44-74 

refuse, physical properties _________________ RI 7964 
Coal products, new, research, annual data ______ IC 8551 
Coal production, by mining method ________ OP 136-72 

expansion, recruitment and training of new 
workers ________________________ OFR 21-73 

Coal program, Bureau of :\[ines, review _______ IC 8479 
Coal properties, determination, pulse counting 

system for gamma-ray spectroscopy ____ RI 7909 
effect of stress ________________________ OFR 45-74 
forecasting, computerized mo\'ing average tech-

nique ____________________________ RI 7842 
Coal pyrolysis, using laser irradiation, effectL_OP 86-70 
Coal pyrolysis products, carbon black ______ OP 168-70 

char ________________________________ OP 168-70 
gas _________________________________ OP 168-70 

Coal pyrolysis residue, scanning electron micro-
scopy of _________________________ OP 6-72 

Coal quality, predicting, from exploration data, 
equations for ______________________ RI 7399 

Coal rank, determination, by vitrinite compo-
nent reflectance measurement, investiga-
tion ____________________________ OP 62-72 

effect on product tar composition, study ____ OP Il2-70 
in laser-induced coal pyrolysis, effect _______ RI 7328 

Coal refuse, physical properties ______________ RI 7964 
Coal refuse banks, burning, extinguishing, meth-

od ----___________________________ IC 8485 
removing, after quenching, method ________ IC 8485 

removal, environmental action programs 
fur ----_________________________ OFR 3-73 

Coal refuse bank fires, causes ________________ IC 8515 
control techniques - _____________________ OFR 3-71 
environmental impact ____________________ IC 8515 
extinguishing ---________________________ IC 8515 

Coal refuse dam, failure, analysis _____ OFR 10 (I) -73, 
, 10 (2) -73 

Coal research, annual report ____ IC 8526; SP 1-73, 1-74 
nuclear applications in, review ___________ OP 51-71 

Coal reserves, characteristics ______________ OFR 10-70 
distribution ---_______________________ OFR 10-70 
strippable, Wyo_, estimate ________________ IC 8538 

Coal-rock dust deposits, dispersion of, wind 
tunnel studies _____________________ RI 7642 

Coal science, conference, summary __________ OP 97-70 
Coal seam, displacements induced by mining 

of - ___________________________ OFR 53-73 
intersected by oil and gas wells, improved total 

fuel recovery, technique _____________ IC 8619 
stresses induced by mining of ___________ OFR 53-73 
thickness, measuring, in situ, acoustic pulse-

echo technique, results ________ OFR 62 (5) -73 



Coal seams, uncharted oil and gas wells in, locat-
ing state-of-the-art report ____________ TPR 65 

Coal slurries, head loss data, analysis _______ OFR 65-73 
pipeline transport, Black "lesa mine ________ IC 8543 

Coal storage, research, annual report ____ IC 8551, 8651 
Coal strip mines, capital investment and oper-

ating costs ________________________ IC 8661 

Coal tar, chemiluminescence in, light-in-
duced __________________________ OP 145-70 

low-temperature, composition, effect of coal 
rank on ________________________ OP 112-70 

subbituminous, low-temperature, infrared spec-
tra _____________________________ OP 80-70 

use, in high-sulfur coal hydrodesulfurization 
study _____________________________ TPR 35 

Coal-tar pitch, heteroatom species in, high-
resolution mass spectra ____________ OP 101-70 

Coal technology, review ___________________ OP 31-74 
Coal tipple, railroad yards, accidents, causes ____ IC 8506 

prevention __________________________ IC 8506 

Coal transportation, Great Lakes watenvay sys-
tem ______________________________ IC 8461 

in vacuum, in horizontal pipelines, air and 
power requirements ________________ OP 7-74 

pneumatic, from mine face, technical feasibil-
ity _____________________________ OP 86-72 

horizontal, pilot plant for _____________ OP 85-72 
research, annual report ______________ IC 8551, 8651 

Coal utilization, changing patterns in, re-
\'iew ___________________________ OP 136-/2 

research and technologic work, annual re-
port _____________________________ IC 8479 

social restraints on, review ______________ 01' 136-72 
Coal 1\':1shers, hydrocycIone, performance char-

acteristics _________________________ RI 7891 
Coal, \,'ashing e'lll i pmcn t, cJense-medi um cye lones. 

performance characteristics ___________ RI 7673 
whirlpool process units, performance charac-

teristics ___________________________ RI 7673 
Coal wastc embankments, physical properties ___ RI 7964 
Coal workers' pneumoconiosis, high-incidence 

areas, respirable dust analysis ________ TPR 61 
Coalbeds. abandoned oil wells in, safety plugging 

of, demonstration __________________ TPR 56 
degasification, by means of large borehole ___ RI 7800 

experimcntal drilling methods for ______ OP 109-73 
horizontal anc! vertical boreholes for ______ IC 8621 

gas wells in, f1nding, techniques ___________ IC 8578 
horizontal drilling techniques in, evalua-

tion ___________________________ OFR 34-/2 

methane emission from. control techniques 
for ____________________________ 01' I I 1-72 

factors affecting _____________________ 01' I I 1-72 
methane emission rate. survey ______________ IC 8659 
methane flow in. during mining operations, 

mathematical model ______________ OFR 10-72 
methane remol'al. in acJl'ance of mining. I'er-

tical surface borehole method, re-
sults ___________________________ OP 156-72 

oil wells in, finding, techniques ____________ IC 8578 
plugging, method _____________________ T1'R 56 

radar exploration of, in ach'anee of mining, 
feasibility study __________________ OFR 5-72 

uncorrelated, Iowa, washing characteristics ___ RI 7830 
I'irgin, methane content, determination, direct 

method ___________________________ RI 7767 

Coalification, biochemical, gas produced, in 
simulated swamp el1\ironment _______ RI 7690 

experimental, laboratory study ____________ 01' 80-70 
gases produced during, experimental study ___ RI 7965 

Coalstrip mine, Mont., subbituminous coal, op-
erating methods ____________________ IC 8650 

Coatings, electrodeposited, porosity of, radiog-
graphic determination ______________ RI 7419 

Cobalt, annual data _________________ MY 1973 (v_ I) 
chemical-industry use, Ohio River Basin _____ IC 8457 
consumption _____________________________ B 650 
economic projection _______________________ B 650 
from ferronickel, electrochemical recovery ___ RI 7402 
from crude nickel, electrochemical recovery ___ RI 7402 
in tungsten carbide scrap, recovery, by alloying 

with zinc, process _________________ OP 84-73 
iron-byproduct, supply, economic analysis ____ IC 8570 
methanation catalysts, performance tests ____ OP 71-72 
production _______________________________ B 650 

recovery, from cemented-carbide scrap, meth-
od _____________________________ OP 64-70 

from electroplating wastes, waste-plus-waste 
method _________________________ OP 103-71 

from superalloy scrap, method ____ OP 165-70, 97-71 
method, patent ________________________ p 18-73 

reserves __________________________________ B 650 

separation from nickel, molten-salt electro-
lytic method _____________________ OP 19-71 

technology _______________________________ B 650 
uses _____________________________________ B 650 

as methanation catalyst, results ________ OP 163-74 

Cobalt alloys, corrosion rate, in chlorine-sulfur 
atmosphere, at high temperatures ____ OP 99-73 

Cobalt-base alloys, corrosion resistance, in hot 
concentrated brines, literature survey ___ IC 8601 

Cohalt caruonyi catalysis, polycyclic hydrocarbons, 
deuterium incorporation into _______ OP 28:"'74 

Coh«1t industry, problems ____________________ B 650 

Cobalt molybdate catalyst, in hydrogenation of 
shale oil, deposit percentages, effect of 
pressure __________________________ RI 7835 

catalyst life tests ________________________ RI 7557 
depleted uranium oxide additions to, effect on 

gasoline yield ____________________ OP 129-72 

Cobalt-molybdenum catalyst, effectiveness, in 
nitrogen remoyal, from shale oil frac-
tions __________________________ OP 112-74 

use, in dentrification of shale oil, results ___ OP 107-74 
Cobalt-nickel allovs, oxidation behavior, effect 

of alumin~lln additions on ___________ RI 7496 
vanadium additions to, effect on oxidation 

behavior __________________________ RI 7371 

Cobalt-samarium alloys, electrolytic preparation 
of, effect of electrolyte temperature ____ RI 7557 

Cobalt-60 source, monitoring coal bed, commer-
cial-scale pressurized gas producers ____ RI 7i93 

Cobalt-tungsten alloys, vapor deposition, hy-
drogen reduction, cobalt and tungsten 
halides _________________________ OP 173-74 

Coerci\'e force, samarium-cobalt magnets ______ RI 7784 
Coeur d'Alene district, acid mine water pollu-

tion, investigation _______________ OFR 13-74 
Crescent mine, rock behavior, in situ deter-

mination _________________________ RI 7962 

rock samples, physical properties _________ RI 7962 
mine tailings ponds, role in reducing discharge 

of heavy metal ions ___ OFR 61 (1) -73-61 (2) -73 
tailings pond system, study ______________ OP 93-73 

Coil reactor, gas-entrained, design and opera-
tion _____________________________ RI 7627 

iron ore flash reduction in, results ________ RI 7627 
Coke, analytical methods __________________ OP 18-71 

annual data _____________________ MY 1973 (v. I) 
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Coke, combustion stoichiometry ____________ OP 158-73 
from thermally cracked lignite pitch, effect 

of feed rate ______________________ OP 62-70 
from thermally cracked pitch, effect of tem-

perature _________________________ OP 62-70 

high-grade metallurgical, X-ray diffraction 
analysis of ________________________ RI 7888 

low-temperature, properties, predicting, meth-
od _______________________________ RI 7561 

metallurgical, experimental production, Sunny-
side coal and char, properties _________ RI 7817 

from bituminous coal-char blend, study ____ RI 7599 
scanning electron microscopy of __________ OP 6-72 

petroleum, exports, gulf coast ports _________ IC 8508 
physical properties ____________________ OP 158-73 
production, from low-temperature lignite tar, 

method ____________________________ B 663 

quality, effect of using preheated coal ______ RI 7630 
reaction rate with carbon dioxide, at high 

temperatures ______________________ RI 7476 
Coke breeze, briquets from, experimental, prop-

erties ___________________________ OP 63-71 

Coke breeze-char additions, in coal carbonizati{)I1 
blends, effect ______________________ RI 7718 

Coke carbonization, temperature, effect on layer 
diameter __________________________ RI 7888 

effect on stack height ___________________ RI 7888 
Coke char, briquets from, experimental, prop-

erties ___________________________ OP 63-71 

Coke-oven pitch, for electrode-binder use, mass 
spectrometric evaluation ___________ OP 100-70 

Coke quality, improving, effect of char additions 
to coking coal blends _______________ IC 8471 

Coke rate, in smelting prereduced iron ore pel-
lets ________________________________ B 651 

Coke strength, coal, predicting, Ruhr dilatometer 
method ___________________________ RI 7564 

correlation with coal composition ____________ B 661 
correlation with coal composition-coal plas-

ticity combination ____________________ B ti61 
correlation with coal plasticity ______________ B 661 
improving, using char and coke breeze ______ RI 7718 

Coke-strength index, coal, predicting. from ex-
ploration data _____________________ RI 7399 

Coke structure, X-ray diffraction analysis _____ RI 7888 
Coker oil, use, solvent stimulation, low gravity 

oilfields field tests _________ RI 7978; TPR 62 
Coking blends, char in, effect on coke quality ___ RI 7599 

Sunnyside bituminous and char, experimental 
coke from, properties _______________ RI 7817 

Colloids, magnetic, preparation, precipitated 
hydrous iron oxides ________________ TPR 59 

Colombia, crude oil, analyses ________________ IC 8542 
mineral industry, annual review ____ My 1973 (v. III) 
mining laws ____________________________ IC 8482 
petroleum laws _________________________ IC 8482 

Colonial mine, Ky., coal refuse bank, reclama-
tion, results _______________________ IC 8576 

Colorado, Allen mine, coal from, coking study ___ RI 7599 
Climax molybdenum mine, block caving in, 

microseismic source locations ________ RI 7798 
coal, analyses ____ RI 7346, 7467, 7490, 7588, 7712, 7848 

sulfur content' _________________________ RI 7467 
washability ___________________________ RI 7467 

coal reserves, strippable _________ IC 8531; OFR 6-71 
Colorado corehole No. I, oil-shale samples, 

compositional variations in __________ RI 7492 
Cortez coal, washing characteristics ________ RI 7608 
dawsonite, in Green River formation, evalu-

ation __________________________ OP 171-74 
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Colorado, Delta County, coal, washing character-
istics _____________________________ RI 7-!67 

Denver-Julesburg Basin, waterflooding proj-
ects data __________________________ RI 7959 

"E" bed, coal, washing characteristics _______ RI 7467 
fuel and energy data _____________________ IC 8647 
Gore Range-Eagles Nest primitive area, min-

eral appraisal ______________________ GS 4-70 
Green River Formation, lithology ___________ RI 7357 
Green Rive,' Formation carbonate minerals, 

genesis ___________________________ RI 7727 

Green River oil shale, core samples, anal-
yses ______________________________ RI 7H5 

dawsonite content ________________________ RI 7689 
nahcolite content ______________________ RI 7689 

Green River oil shale bitumen, aromatic 
hydrocarbons from, analysis _________ OP 66-73 

cycloalkanes in, identification _________ OP 132-71 
Green River oil-shale kerogen, thermal degra-

dation study ______________________ RI 7620 
Gunnison County, coal, washing characteris-

tics ______________________________ RI 7467 

Henderson project, rock stress in. in situ de-
termination _______________________ RI 7654 

Jackson County, coal, washing characteris-
tics ______________________________ RI 7467 

land utilization, in mining industry ________ IC 8642 
lead resources ___________________________ IC 8646 
Leadville district, geology _________________ IC 8464 

silver, production potential ______________ IC 8464 
silver mining in, drainage problems _______ IC 8464 

silver production, economic aspects _________ IC 8464 
Lenox bed, coal. washing characteristics _____ RI 7467 
Mahogany zone oil shales, carbonates in, 

genesis ___________________________ RI 7727 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ ~[y 1973 (Y. II) 
Montezuma County, coal, washing character-

istics _____________________________ RI 7608 

nahcolite, in Green River Formation, re-
sources, evaluation _______________ OP 171-74 

nahcolite-dawsonite-oil shale mine, proposed, 
economic analysis ____________ OP 32-72, 33-72 

nahcolite mine, proposed, economic anal-
ysis ___________________________ OFR 31-72 

natural gas, analyses ___________ IC 8443, 8475, 8518, 
8554, 8607, 8658 

North American Air Defense Command com-
plex, tunnel blast rounds, ground vibra-
tions from, determination ____________ RI 7653 

oil recovery, potential, by waterflooding, out-
look _____________________________ IC 8455 

Oliver bed, coal, washing characteristics _____ RI 7467 
Piceance Creek basin, oil shale. lithology ____ RI 7357 

saturated hydrocarbon constituents, geo-
chemical aspects ___________________ RI 7737 

oil shale correlations ____________________ RI 7357 
Pinnacle bed, coal, washing characteristics ___ RI 7467 
Rangely crude oil, methane diffusion in. tests __ RI 7359 
Rangely oilfield, gas diffusion rate in reservoir 

oil, investigation ___________________ RI 751 I 
Round Mountain district, silver extraction, 

from refractory ores, methods ________ RI 7736 
Round Mountain silver prospect, assay data, 

statistical analysis ___________________ RI 7486 
Routt County, coal, washing characteristics ___ RI 7467 
San Juan Basin, coal, washing characteristics __ RI 7608 
Schwartzwalder mine, surface resistivity meas-

urements, detection and delineation of 
faults by - _________________________ RI 7975 



Colorado, Uinta region, coal production ________ IC 8497 
coal resen'es ___________________________ IC 8497 

Wadge bed, coal, washing characteristics _____ RI 7467 
Wilson Mountains primitive area, mineral ap-

praisal ____________________________ GS 2-72 

Wolf Creek bed., coal, washing characteristics __ RI 7467 
Colorado Corehole 1\0. 1, mineral profile ____ OP 180-74 

oil-shale samples, compositional variations in __ RI 7492 
saturated hydrocarbons in, gas-liquid chromato-

graphic analysis ____________________ RI 7737 
Colorado corehole No.2, core samples, analyses __ RI 7445 
Colorado corehole No.3, core samples, analyses __ RI 7445 
Columbiana County, Ohio, coal, preparation char-

acteristics _________________________ RI 7616 

Columbite, chlorination, in fluidized-bed 
reactor __________________________ OP 25-71 

Columbium, annual data __________________ MY 1973 
(v. I) 

consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 

method, patent ________________________ p 25-73 
resenes __________________________________ B 650 

separation, from titanium chlorination residues, 
method ___________________________ RI 7671 

soh-ent extraction of, method ______________ IC 8502 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Columbiulll alloys, baron additions to, effect ____ RI 7388 
Columbium carbide-carbon alloys, fusion-cast, 

properties _________________________ RI 7479 
hot-pressed, properties ___________________ RI 7479 

Columbium-hafnium alloys, fabrication ________ Rl 7388 
properties ______________________________ RI 7388 

Columbium-hafnium-boron allo),s, fabrication __ RI 7388 
properties ______________________________ RI 7388 

Columbium-hafnium-tungsten alloys, fabrication _RI 7388 
properties ______________________________ RI 7388 

Columbium-hafnium-tungsten-boron alloys, fabri-
cation ____________________________ RI 7388 

properties ______________________________ RI 7388 
Columbium industry, problems ________________ B 650 
Columbium oxide, reduction, with ammonia, 

sllldv ___________________________ OP 125-74 

Columbium-;ilicon phase diagram, modified __ OP 134-70 
Columbium-silicon system, tetragonal compounds 

in _____________________________ OP 134-70 

Combustion, constant ,'olume, spherical flame, in 
spherical \essel, study _______________ RI 7839 

con\ecti\'ely mixed, fuel reser\"Oirs, study __ OP 164-73 
in waste dumps, occurrence, after detection of 

thermal anomalies __________________ TPR 68 
low-mlatile pu/v"erized char, study ________ OP 148-73 
puh-erized-coal. at low excess-air leyels, effect 

on nitrogen oxide emissions ________ OP 169-70 
research and technologic work, annual 

report ____________________________ IC 8442 

underground. shale oil retorting by, pilot 
study ____________________________ OP 2-71 

Combustion chamber, gas-fired, equilibrum prod-
uct composition, from high-tem peralllre 
reactions __________________________ IC 8606 

Combustion deposits, in gas-fired combustion 
chamber, efIect of alkali metals injected Ie 8606 

effect of sulfur compounds injected ________ IC 8606 
Combustion products, bigh-temperature, equili-

brium composition, computer program 
for calculating _____________________ IC 8606 

toxic, from burning of fire-resistant materials __ TPR 66 

Combustion research, annual report ______ IC 8539, 8644 
Combustion retorting, in situ, crude shale 

oil _____________________________ OP 112-74 

Comminution, nonmetallic minerals, wet attrition 
grinding process ____________________ RI 7641 

quartz, particle size and size distribution, ex-
perimental study ___________________ RI 7615 

thermal-treated nonmagnetic taconite ore, most 
effective temperature ________________ RI 7797 

Communications, coal mines, electromagnetic 
noise measurement, state of the art __ OFR 2-74 

emergency, in coal mines, electromagnetic 
through-the-earth, preliminary perform-
ance predictions _________________ OFR 16-73 

in coal-mine disasters, methods, study ____ OFR 35-72 
in mine disasters, proposed ______________ OFR 4-70 

Communication subsystem, in coal mines, descrip-
tion _________________________ OFR 9 (2) -72 

Communication system, coal-mine, 
description ____________ OFR 17 (1) -17 (2) -74 

electromagnetic location system, design and 
operation ______________________ OFR 68-73 

pager phone-public telephone interconnect, 
description ________________________ RI 7976 

specifications for ____________________ OFR 56-74 
system study ________________________ OFR 56-74 

in mines, auxiliary systems _____________ OFR 72-73 
carrier current system ________________ OFR 72-73 
paging system design ________________ OFR 72-73 
through-the-earth propagation _________ OFR 72-73 
wired telephone systems ______________ OFR 72-73 

underground mines, problems ________________ IC 8635 
Communications units, mine, permissible, list ___ IC 8463 
Compacting, particles, variables affecting, analy-

sis ________________________________ IC 8623 

Compaction, broken oil shale, during retorting, 
laboratory experiments ______________ RI 7860 

hydraulic backfill, vibrator for, evaluation ____ RI 7546 
Compressibility, effect, in gas drive calculations __ RI 7899 

helium, determination ________________ RI 7352, 7639 
helium-nitrogen mixtures _________________ RI 7639 
nitrogen ________________________________ RI 7639 

reduction of pressure-yolume-temperature data, 
computer program for _______________ IC 8491 

Compressibility apparatus, Burnett, distortion co-
efficient for ___ '-____________________ RI 7366 

design and operation ____________________ RI 7639 
Compressibility factors, helium-carbon dioxide 

mixtures, determination, Burnett 
method ___________________________ RI 7412 

Compressible flow, gas injection, in oil reservoirs, 
estimating oil reco\'ery, method _______ RI 7899 

Compton component, diffusely scattering sub-
stances, elimination, experimental ___ OP 150-70 

Computer, time-sharing, energy dispersion X-ray 
data processing in, im'estigation _____ OP 56-73 

use, for yentilation system analysis, analogue-
digital computer comparison ________ RI 7665 

Computer graphics, use, in analysis of pressure 
interference tests, in petroleum reser-
voir ____________________________ OP 116-73 

Computer model, methane migration in coal-
beds ____________________________ OP 51-74 

Computer program, air quality, in coal mines, 
predicting ______________________ OFR 37-72 

assay data analysis, low-grade gold deposit __ OFR 5-71 
atomic absorption calculations ____________ OP 73-71 

bucket-wheel exca"ator operation ____________ IC 8580 
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Computer program, calculating equilibrium com­
position, high-temperature combustion 
products __________________________ IC 8606 

calculation of mean and confidence limits, for 
lognormal distribution ______________ RI 7495 

carbon deposition, in thermal reco\"ery experi-
ment, optimizing parameters for ______ RI 7443 

centrifugal gas compressor, cost estimate ___ OP 120-71 
power requirements ___________________ OP 120-71 

cluster analysis, by convex hull method ______ RI 7565 
coal fracture orientation, stereographic analysis 

of ________________________________ IC 8454 

convex hull determination, in two-dimensional 
space _____________________________ RI 7565 

determination of attitude of joints, in inclined 
borehol~ __________________________ IC 8615 

digitized X-ray spectra, mathematical smooth-
ing of _____________________________ IC 8553 

discounted cash flow analysis _____________ OP 76-72 
discounted cash flow rate of return, crude oil 

development and production costs _____ IC 8561 
economic availability, Mesabi range iron ore __ IC 8480 
economic evaluation, underground coal mine __ IC 8513 
elastic strength, protecti\"e canopies, on under-

ground mine equipment ______________ IC 8546 
energy balance, U.S. ______________________ IC 8434 
e\'aluation of large complex mineral deposits __ RI 7828 
financial evaluation, low-grade gold deposits __ IC 8495 
for calculating properties of particulate solids 

systems _____________________________ B 658 
for clustering data points on sphere _________ IC 8624 
for simulating construction of particulate solids 

systems _____________________________ B 658 

for solution of two-phase equilibria data, 
binary mixtur~ ____________________ RI 7468 

for use in reduction of Burnett compressibility 
data ______________________________ IC 8491 

forecasting three-phase flow, in stratified reser-
mirs, after waterflooding __________ OP 100-72 

fracture orientation in rock, analysis ________ RI 7669 
generating finite-element models, mine struc-

ture ______________________________ IC 8510 

heavy ion ranges, in metals and metal oxide 
systems ___________________________ RI 7416 

isopressure determination, in oil fields _______ RI 7621 
linear elastic structures ________________ OFR 27-73 
liquid recovery, from binary organic vapor-air 

mixtures __________________________ RI 7563 

migration patterns, aqueous waste solutions, in 
disposal wells ___________________ OFR 27-74 

mine electrical power system, analysis __ OFR 70 (1)-
70 (2) -73 

mine planning, hazard e\'asion methods ______ TRP 58 
mining coal seams intersected by oil and gas 

wells, improving total fuel recovery ____ IC 8619 
minor elements, in low-alloy steel, from ferrous 

scrap _____________________________ RI 7773 

nonlinear regression analysis, least squares 
method ___________________________ IC 8649 

oil-well spacing patterns, pressure distribution 
in, determination ________________ OP 101-72 

one-dimensional stress wave analysis, in time-
dependent inelastic rock ____________ IC 8563 

open pit mine, optimal ultimate pit limit, de-
termination ________________________ RI 7553 

open pit mining system ________________ OFR 11-71 

pit slope stability evaluation, finite element 
stress analysis ______________________ RI 7685 
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Computer program, pit slope stability enluation, 
limiting equilibrium method _________ RI 7685 

plotting data points from multichannel analy-
zer, remote teletype method __________ IC 8nO 

predicting influence of mine fires. on ventila-
tion systems ____________________ OFR 74-73 

pressure distribution, in irregular), bounded 
petroleum resermirs ________________ RI 7666 

price optimum designs, heat exchangers ____ OP 108-70 
regression analysis, entraincd-bed carbonization 

of coal. prediction of product yields, 
under given operating conditions _____ RI 7843 

resources management. computational aspects 
of input-output analysis, with special 
reference to mineral industries _____ OFR 26-73 

respirable coal-mine dust sampling data ______ IC 8504 
rock-noise source location _________________ RI 7432 
rock structure behavior, microseismic data 

analysis _____________________________ B 665 
seismic refraction data analysis _____________ RI 7595 
seismic refraction modeling, for delineating 

mineral deposits ___________________ OP 79--73 
simulating coal mine bumps ____________ OFR 53-73 
static load analysis ____________________ OFR 27-73 
streamlines determination, in oilfields ______ RI 7621 
surface area measurements, thermally treated 

calcium sulfide powders _____________ RI 7460 
system pressure losses, in spiral-reinforced cir-

cular \cntilation tubing system _______ RI 7531 
three-dimcnsional structural systems, linear 

elastic static analysis ______________ OFR l5-i2 
transient gas flow. simulating, in vertically frac-

tured resenoir _____________________ RI 7890 
trapped miner location. seismic meth-

ods _________________________ OFR 41 (2) -74 
waterflooding, crude oil production from, profit-

ability ____________________________ IC 8652 
well-data retrieYaI system __________________ IC 8499 

Computer simulator, air quality, in coal 
mines __________________________ OFR 37-72 

Computerized simulation, particulate solids, in 
random three-dimensional systems, 
method ________________ ~ ____________ B 658 

in random two-dimensional systems, method __ B 658 
Concentrating table, wet, photoelectric concentra-

tor for, design and operation _________ RI 7623 
Concentration, entrained dust, from dust deposit 

by turbulent gas stream _____________ RI 7854 
Concrete, fly ash use in ___________ IC 8483, 8488, 8640 

fragmcntation, with- hydraulic jets, factorially 
designed experiment ________________ RI 7572 

pneumatically sprayed, for improved coal mine 
ground control, laboratory study ____ OFR 54-73 

pumpable, production, fly ash use in ________ IC 8640 
sulfur-basalt, strength tests ________________ RI 7349 

Concrete drift linings, in block caving stopes, 
structural design data ______________ RI 7792 

Condensate, role in petroleum industry, review __ IC 8Hl 
Condensate fluid systems. with added butane, 

phase-boundary pressure correlations __ RI 7759 
Condensate nuclei, measurement, in smog-chamber 

studies ____________________________ RI 7818 
Congo, mineral industry, annual review ______ MY 1973 

(v. III) 
mining laws _____________________________ IC 8610 
petroleum laws _________________________ IC 8610 

Connecticut, fuel and energy data ____________ IC 8647 
land utilization, in mining industry _________ IC 8642 
mined land reclamation __________________ IC 8642 



Connecticut, mineral industry, annual review __ MY 1973 
(Y. 11) 

Construction materials, in southeastern Florida, 
future a\'aiIability, recommendations ___ IC 8664 

Contaminants, in used crankcase oil, remoyal 
methods __________________________ RI 7973 

remoyal, from used crankcase oil, methods, 
bench·scale tests ____________________ RI 7925 

Continuous miner, operation, in coal mines, job 
safety guide for ______________________ IG 25 

Continuous mining machines, coal delivery rate, 
by gathering arm· type loaders ______ OFR 4-73 

Controls, front-end loaders, standardization, man-
ufacturers data _______________ OFR 34 (2) -73 

mining industry data ____________ OFR 34 (2) -73 
study _________________________ OFR 34 (1) -73 

Control methods, airborne dust in coal mines, re-
view ____________________________ OP 29-73 

Con trois standarization, underground electric face 
equipment, recommendation, manufac-
turers' responses _________________ OFR 15-74 

operators' responses ________________ OFR 15-74 
Controlled atmospheres, explosion-proof under­

ground coal mine, systems analysis __ OFR 28-72 
COl1\ex hulls. perimeters of. measuring. for de-

lineation of clustered points __________ RI 7565 
Com'eyances, man-carrying, wire-rope-suspended, 

safety catches for, imestigation _____ OFR 18-73 
Comeyors, coal-mine, accidents, causes ________ IC 8506 

pre\-cntion __________________________ IC 8506 
mine, permissible. list ____________________ IC 8463 
undulaton, tests and evaluation ____________ RI 7832 

Comeyor belts, in coal mines. design of, safety 
recommendations for ______________ OFR 24-72 

Conveyor systems, design, effect of physical prop-
erties of bulk materials ____________ OP 156-73 

preparatioll plants, accidents. causes ______ OFR 48-74 
Cook Inlet basin, Alaska, crude oil, characteris-

tics ______________________________ RI 7688 
production __________________________ RI 7688 

natural gas fields ____________________ OFR 35-74 
oilfields. resermir data __________________ RI 7688 

Coolie Car systems, rope-hauled, adaptability to 
underground coal mines ___________ OFR 47-73 

Copper, additions, in zinc electrowinning solu-
tions. effect ________________________ RI 7966 

annual data ______________________ MY 1973 (Y. I) 
blister. production. from copper sulfide concen-

trate, continuous oxygen smelting ____ RI 7705 
cemen t, oxidation, by flash roasting, \'ertical 

tube furnace, study ________________ RI 7794 
use, in iron,copper-carbon powder metallurgy 

alloy, study _______________________ RI 7348 

cemented, attached to iron, effect on reaction 
rate ______________________________ RI 7761 

chemical-industry use, Ohio RiYer Basin _____ IC 8457 
consumption ______________________________ B 650 

for automobile manufacture, effect of gasoline 
price increase ______________________ RI 7871 

corrosion resistance, in hot concentrated brines, 
literature sune), ___________________ IC 8601 

determination, in low-alloy steel. fluorescent 
X-ray spectrography ________________ RI 7773 

economic projection ________________________ B 650 
electrolytic, prnduction, from chalcopyrite con-

centrate, cost eyaluation _____________ RI 7957 
exports, gulf coast ports ___________________ IC 8508 
extraction, ferrothermic, process, patent ______ p 26-71 

from chalcopyrite, electrooxidation process _OP 58-72 

Copper, extraction, from chalcocite concentrate, 
method, laboratory-scale ____________ OP 25-70 

from Duluth Gabbro complex minerals, high-
temperature sulfatization method _____ RI 7475 

from nath'e copper ores, leach-soh'ent extrac-
tion-electrolytic procedures __________ OP 36-74 

from porphyry ore, by simulated in situ 
leaching techniques _________________ TPR 69 

from sulfide concentrates, lime-roasting leach-
ing process, laboratory tests ________ OP 131-72 

leaching copper sulfide minerals, with chlo-
rine in an aqueous system ____________ RI 7801 

formation, on steel surface, during reheating, 
prevention, method _________________ RI 7936 

gold recoyerable from, at various prices ______ IC 8598 
imports, gulf coast ports __________________ IC 8508 
in aluminum alloys, identification, chemical 

spot test for ______________________ RI 7544 

in hot-rolled medium-carbon steel, effect on 
selected mechanical properties ________ RI 7777 

in industrial waste, recovery percentage ______ IC 8622 
in oilfield brines, analysis, atomic absorption 

method ___________________________ RI 7861 

in scrap, separation from steel, preferential 
melting, in molten-salt bath __________ RI 7809 

in Smackm'er oilfield brine, determination ___ RI 7897 
in steels from ferrous scrap, determination, 

method __________________________ OP 79-74 

leaching, in situ, from fractured ore bodies, 
laboratory tests ___________________ OP 77-73 

molybdenum recm'erable from, at various 
prices ____________________________ IC 8598 

oxide, in copper mill tailings, distribution ___ RI 7498 
precipitation, from leach solutions, using 

shredded automobile scrap ______ OP 2-70, 54-70 
price stability, study ____________________ OFR 2-70 
primary, domestic, potential supply, economic 

appraisal __________________________ IC 8598 
production _______________________________ B 650 

from chalcopyrite concentrate, aqueous reduc-
tion method ______________________ RI 7953 

smelting methods, cost eyaluation _________ RI 7957 
from known deposits, at yarious prices ____ IC 8598 
from pelletized chalcocite concentrate, 

method ___________________________ OP 5-71 
production costs, concentrating _____________ IC 8598 

open pit mining ________________________ IC 8598 
refining ______________________________ IC 8598 
smciting ______________________________ IC 8598 
transportation _________________________ IC 8598 
underground mining ____________________ IC 8598 

range of hea\'y ions in, determination, com-
puter program for __________________ RI 7416 

reclamation, from electronic scrap, molten-salt 
electrolytic process _______________ OP 107-73 

recm'cry, from brass smelter flue dusts, 
method ___________________________ RI 7637 

from chalcocite concentrate, new process, 
laboratory tests ___________________ OP 155-71 

from chalcopyri te, ferric ch loride leach 
method ________________ RI 7474; OP 127-71 

from complex electronic scrap, potential 
processes for, inyestigation __________ OP 86-73 

from comerter slags, flotation method ____ RI 7562 
from electronic scrap, methods ___________ RI 7683 

moltcn-salt electroysis _________________ RI 7617 
from electroplating wastes, potential ____ OP 179-70 

waste-plus-waste process ____ RI 7877; OP 103-71 
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Copper. lTcoverv, from leaching Chino "J" waste 
clump core samples ________________ OP 76-73 

from military electronic scrap, smelting proc-
ess, im'estigation __________________ OP 86-73 

from mill tailing,s froth flotation-cyanide 
leaching method ___________________ RI 7868 

from mine waste, leach-flotation method __ OP 42-74 
from municipal incinerator waste ________ TPR 33 
from ores, detector-sorting device for, descrip-

tion ______________________________ RI 7904 

from oxide ore, ethylenediaminetetraacetic 
acid leaching method ______________ OP 112-71 

from porphyry strip mine waste, flotation-
leaching method __________________ OP 75-73 

from quenched converter slags, cost study __ RI 7562 
from scrap, cupric ammonium carbonate 

leaching method ____________________ RI 7554 
preferential melting in molten salt 

bath ___________________________ OP 178-74 
from scrap metal, method, patent _________ p 28-73 
from shredded nonferrous automobile scrap, 

at cryogenic temperatures ____________ RI 7716 
from slow-cooled COl1\'ener slags, cost study __ RI 7562 
from source materials, process, patent ______ P 1-72 
from spent chromium etching solution ___ OP 141-74 
from water-quenched converter slags, cost 

study --___________________________ RI 7562 
from zinc smelter residue, direct reduction 

melting method ____________________ RI 7754 
matte smelting method ________________ RI 7754 

process, patent _________________________ P 14-72 
sulfation roasting-leaching process, with iron 

oxide addition _____________________ TPR 67 
remm'al, from magnetic fraction of incinerated 

municipal refuse, cupric ammonium car-
bonate leaching _____________________ R 7776 

from molten ferrous scrap, sodium sulfate 
treatment, pilot plant study __________ RI 7914 

from ripped automoti\e scrap, methods ____ RI 7614 
from steelmaking dusts, study ____________ TRP 52 

reserves ---_______________________________ B 650 
scrap, markets ________________________ OFR 18-72 
secondary, recycling methods _______________ IC 8622 

separation from scrap, by preferential melt-
ing, economic evaluation _____________ RI 7809 

laboratory evaluation __________________ RI 7809 
sources _______________________________ IC 8622 

supplv-demand relationships ___________ OFR 18-72 
silver recoverable from, at various prices ______ IC 8598 
smelting methods fOl;, sulfur dioxide emissions 

in stack gases ______________________ RI 7957 
smelting practices, review __________________ IC 8527 
solders on, interfacial composition ________ OP 152-72 
solvent extraction of, method ______________ IC 8502 
stored energy of deformation, measuring, calori-

metric investigation ________________ OP 87-71 
sulfide, in copper-mill tailings, distribution ___ RI 7498 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Copper alloys, fluorescent X-ray spectrographic 
analysis of _________________________ RI 7635 

high-leaded tin bronze, lowering tin content of, 
effect, lahoratory study ______________ RI 7659 

preparation, fused-salt electrolysis ___________ RI 7629 
rapid identification, energy dispersion X-ray 

analysis ___________________________ RI 7878 

Copper-base alloys, corrosion resistance, in hot 
concentrated brines, literature sun'ey ___ IC 8601 

in municipal waste, analysis, methods ______ OP 79-74 
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Copper-base alloys, rapid analysis, energy disper­
sion X-ray method, use of time-sharing 
computer' with, investigation ________ OP 56-73 

Copper beneficiation, costs, ,-\laska versus Ari-
zona ______________________________ IC 8656 

Copper bullion, from smelted military electronic 
scrap, precious metal recO\'ery from, elec-
trolytic treatment __________________ OP 86-73 

Copper byproduct producers, list _____________ IC 8569 

Copper cementation, in revolving drum, kinetic 
study _____________________________ RI 7761 

on iron, effect of deposited copper, on subse-
quent cementation __________________ RI ii61 

study _________________________________ RI 7761 

Copper chloride, separation, from ferric oxide-
copper chloride mixtures _____________ RI 7970 

Copper coatings, electroc\eposited, porosity in, 
radiographic test for ________________ RI 7419 

Copper concentrate, molybdenum extraction from, 
electrooxidation technique ____________ RI 7802 

rhenium extraction from, electrooxidation tech-
nique ____________________________ RI 7802 

Copper conYerter slags, Hotation tests __________ RI 7562 
grindahility tests _________________________ RI 7562 

Copper deposits, evaluation, well logging tech-
nique, literature redew ______________ IC 8627 

grade and tonnage of ore, computing, compari-
son of methods ____________________ RI 7331 

polygonal method ____________________ RI 7331 
statistical method ____________ ~ _______ RI 7331 
triangular method ____________________ RI 7331 

in Permian red beds, mining methods and 
costs ______________________________ RI 7422 

production potential ____________________ RI 7422 

Copper fibers, rapid growth, by partitioning sul-
fur, in copper-iron-sulfide mineral _____ RI 7833 

Copper industry, beneficiation, supplies for, cost 
patterns, changes in _______________ OFR 6-70 

domestic, structure _______________________ IC 8598 

hydrometallurgy, supplies for, cost patterns, 
changes in ______________________ OFR 6-70 

mining, supplies for, cost patterns, changes 
in ______________________________ OFR 6-70 

problems _________________________________ B 650 
review ________________________________ OP 31-73 

Copper-iron duplex fibers, growth, method ____ RI 7833 
Copper-iron-sulfur system, phase diagram ______ RI 7833 
Copper-iron-oxygen system, phase equilibria __ OP 159-70 

X-ray diffraction imestigation ___________ OP 159-70 
Copper leaching processes, methods, summary __ OP 77-73 

reYiew _______________________________ OP 107-70 

Copper metal, use, in reduction of chalcoyprite 
concentrate, to copper sulfide ________ RI 7953 

Copper mill tailings, brick production from, 
method ___________________________ RI 7856 

copper recovery from, froth flotation-cyanide-
leaching method ____________________ RI 7868 

re\'egetation experiments _________ RI 7896; OP 89-73 
Copper mine, experimental blasting test, in prep-

aration for in situ leaching ________ OP 32-74 

open pit, mining methods and costs, Alaska 
versus Arizona ______________________ IC 8656 

Copper-n-ethylethyenediamine complex, stability 
constants __________________________ RI 8694 

Copper-2- (ethylthio) -ethylamine complex, stabil-
ity constants ______________________ RI 7694 



Copper mill wastes, dry-pressed brick from, pilot 
plant tests _________________________ RI 7537 

recovery of mineral values from ______ OP 2-70, 54-70 
stabilization, combined chemical-vegetative 

method _________________________ OP 147-73 
utilization _____________________________ OP 54-70 

Copper-mine dump, leach-liquid flow in, tritiated 
water as tracer ____________________ RI 7510 

Copper ore, Alaska, mining and milling methods 
and costs _________________________ IC 8602 

concentrating, methods and costs, .-\Iaska \'ersus 
Arizona ___________________________ IC 8656 

fragmentation, with hydraulic jets, experi-
mental program __________________ OP 175-74 

leaching methods, review ________________ OP 36-71 
low-grade, flow chart mine cost model for, 

development _____________________ OP 161-72 
low-sulfur, smelting method for, patent ____ P 12-70 
nath'e, simulated in situ leaching test ______ OP 36-i4 
porphyry, rhenium recovery from, methods ___ IC 8573 
red-bed, leach-precipitation-flotation study ____ RI 7375 
separation of copper-bearing from barren ore, 

detector-sorting device for ____________ RI 7904 
Copper oxides. range of heavy ions in. determina-

tion. computer program for __________ RI 7416 
Copper oxysulfate, enthalpy _________________ RI 7600 

entropy ________________________________ RI 7600 

thermal decomposition, effect of iron content 
on _______________________________ RI 7638 

thermal decomposition. effect of oxygen on ____ RI 7638 
kinetics _______________________________ RI 7638 

Copper powder. metallurgical-grade, from ce-
ment copper, preparation technique ____ RI 7548 

properties ___________________________ RI 7548 

preparation, from cement copper, economic 
evaluation _________________________ RI 7548 

Copper processing. byproduct metals from. 
costs ______________________________ IC 8569 

demand-supply patterns _________________ IC 8569 
prices ________________________________ IC 8569 
strategic importance _____________________ IC 8569 
uses __________________________________ IC 8569 

Copper products. obsolete. copper l'eCO\'ery from __ IC 8622 
projected __________ . __________________ IC 8622 

Copper scrap, cupric ammonium carbonate leach-
ing of, improved method _____________ RI 7554 

Copper smelting. sulfur dioxide emissions. con-
trol methods _______________________ IC 8527 

controlling, cost estimate _________________ IC 8527 
Copper steels., surface hot shortness in, reducing, 

borax-glass coating for _______________ RI 7682 
effect of silicon _______________________ RI 7682 
effect of silicon additions and controlled 

heating conditions __________________ RI 7936 
Copper sulfate. enthalpy ___________________ RI 7600 

entropy ________________________________ RI 7600 

thermal decomposition, effect of iron content 
on _______________________________ RI 7638 

effect of oxygen on ____________________ RI 7638 
kinetics ______________________________ RI 7638 

Copper sulfide, conversion to copper oxide. new 
oxidative roasting method _________ OP 126-70 

copper winning from, imprO\'ed process, devel-
opment of ________________________ RI 7339 

dissolution rates, various leaching methods, 
laboratory study _________________ OP 107-70 

oxidath'e roasting, iron additions in, effece_OP 126-70 
roasting, chemical reactions during _________ RI 7459 

Copper sulfide concentrate, blister copper from, 
continuous oxygen smelting process ____ RI 7705 

Copper sulfide minerals, initial stage sulfuric acid 
leaching kinetics, radiochemical tech-
niques for ________________________ RI 7823 

leaching, in situ, from fractured ore bodies, 
laboratory tests ___________________ OP 77-73 

with chlorine in aqueous system __________ RI 7801 
Copper-sulfur system, phase diagram _________ RI 7459 
Copper system byproducts, aluminum, economic 

analysis ___________________________ IC 8569 
arsenic, economic analysis _________________ IC 8569 
gold, economic analysis ___________________ IC 8569 
magnesium, economic analysis _____________ IC 8569 
molybdenum, economic analysis ____________ IC 8569 
platinum, economic analysis _______________ IC 8569 
rhenium, economic analysis ________________ IC 8569 
selenium, economic analysis _______________ IC 8569 
silver, economic analysis __________________ IC 8569 
tellurium, economic analysis _______________ IC 8569 
uranium, economic analysis ________________ IC 8569 

Copper tailings, stabilizing, methods ________ OP 150-74 
Copper waste dump core samples, leaching 

tests ____________________________ OP 76-73 

Copper waste dump leaching, laboratory 
tests ___________________________ OP 107-70 

Copper-zinc alloys, copper content, effect on 
properties _________________________ RI 7363 

creep resistance, improving, process, patent ___ P 11-73 
rolling reduction, effect on properties ________ RI 7363 
rolling temperature, effect on properties _____ RI 7363 

Copper-zinc removal, iron oxide scrap, pelletiza-
tion-chloridization method __________ OP 80-72 

Copper-zinc scrap, recovery from urban incinera-
tor residues, process description _______ IC 8533 

Copper-zinc separation, process for, patent ______ P 5-71 
Coprecipitation method, lead dispersion strength-

ening by __________________________ RI 7570 

Core samples, centrifugal wettability measure-
ments, laboratory tests ______________ RI 7873 

diamond-drill, preparation for assaying, al-
ternate methods ___________________ RI 7677 

evaluation of explosive fracturing, oil shale ___ RI 7874 
Corette powerplant, Mont., subbituminous coal-

burning, design and operation ________ IC 8471 
Cornstarch dust, explosion of, in closed vessels, 

factors affecting ____________________ RI 7507 
Coronenes, in high-boiling petroleum distillates, 

identification, fluorescence spectrome-
try ____________________________ OP 162-72 

Corrosion, commercial alloys, in simulated phos-
phate rock-acidulation environments ___ RI 7898 

external, in pulverized coal-fired superheat-
ers, mechanism ____________________ IC 8471 

heat-exchange tubes, in simulated coal-fired 
magnetohydordynamic system _______ OP 164-71 

in Australian powerplant boilers, problems ___ IC 8650 
in heat-exchange tubes, effect of potassium 

carbonate seeding ________________ OP 162-70 
nickel sheet, in zirconia chlorinator, study __ OP 198-71 

Corrosion environments, effect on metals and 
alloys, literature survey _____________ IC 8601 

Corrosion rate, commercial alloys, in chlroine-
sulfur atmosphere, at high tempera-
tures ____________________________ OP 99-73 

lead and zinc-base solders, in automobile cool-
ant systems _____________________ OP 159-73 

sulfide-coated steel, in neutral aqueous 
media ____________________________ RI 7847 
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Corrosion resistance, metals, in hot brines, Ii ter-
ature survey __________________________ IC 8601 

Cortez coal, Colo., washing characteristics ______ RI 7608 
Corundum, annual data ______________ :\Iy 1973 (v. I) 

consumption ______________________________ B 650 
economic projection _______________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Corundum industry, problems _________________ B 650 
Coshocton County, Ohio, coal, preparation char-

acteristics _________________________ RI 7616 

Costs, capital investment and operating, under-
ground bituminous coal mines, estimates ___ IC 8632 

Cost analysis, aluminum fluoride, production, 
from waste fluosilic acid _____________ IC 8566 

calcium fluoride, production, from waste fluo-
silic acid __________________________ IC 8566 

comparative cost of transporting fuels _______ IC 8614 
strip mines, model, bituminous coal ________ IC 8535 

lignite ______________________________ IC 8535 

Cost control, mining and milling plants, guide-
lines for ________________________ OP 84-74 

Cost engineering, crude oil development and pro-
duction costs ______________________ IC 8561 

discounted cash flow chart mine cost model, 
preliminary cost estimates __________ OP 130-73 

flow chart mine cost model, development and 
use ____________________________ OP 161-72 

municipal incinerator residues. glass fraction, 
uses for __________________________ IC 8567 

onshore oil wells, nomographs _____________ IC 8593 
research applications in ________________ OP 195-71 
underground bituminous coal mine _________ IC 8641 

Cost estimates, crude oil development and pro-
duction ___________________________ IC 8561 

magnetohydrodynamic-steam powerplants, using 
coal gasification systems _____________ RI 7796 

mineral recovery process, from urban inciner-
ator residues _______________________ IC 8533 

strip mining. bituminous coal ______________ IC 8661 
Costa Rica, mineral industry, annual review ____ :\IY 1973 

(v. III) 
mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Cotton duck, flame spread e\ aluation _________ RI 7625 
Covellite, conversion to digenite, by thermal 

decomposition ____________________ OP 50-71 
kinetics ____________________________ OP 184-71 
mechanism _________________________ OP 184-71 

leaching, with aqueous chlorine solutions, 
copper extraction __________________ RI 7801 

oxidati\'e roasting, new method __________ OP 126-70 
roasting of, chemical reactions _____________ RI 7459 

Cracks, in mine strata, detecting, by measurable 
surface temperature variations _____ OFR 52-73 

Crack propagation, controlled, straddle packer 
for measuring ___________________ OP 151-72 

Crankcase oil, used, reclaiming, methods, bench-
scale tests _________________________ RI 7925 

re-refining techniques for _______________ RI 7884 
techniques for re-refining, distillation-clay 

process ___________________________ RI 7973 
solvent clarification process ____________ RI 7973 
solvent-distillation process _____________ RI 7973 

Craters, explosive, scaling laws for, study ______ RI 7409 
Crater dimensions, effect of changes in explosive 

properties on, laboratory study _______ RI 7407 
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Cratering, in Tennessee marble plates, labora-
tory study _________________________ RI 7613 

Creep resistance, alloys, improving, method. 
patent _____________________________ P 7-73 

zinc alloys, cold-rolled and annealed ________ RI 7643 
hot-rolled and annealed ________________ RI 7643 

zinc-copper alloys. effect of copper content ___ RI 7363 
improving, process. patent _______________ P 11-72 

zinc-titanium-copper alloys, effect of copper 
content ___________________________ RI 7363 

Creep tester, torsion. electromechanical-servo­
mechanical instrumented, design and op-
eration ___________________________ RI 7456 

Creighton mine, Canada, heat sources, evalu-
ation _______________________ OFR 19 (2) -/4 

Crescent mine, Idaho, escape plans ________ OFR 24-/4 
fire hazards ________________________ OFR 24-74 
rock beha\'ior, in situ determination, meth-

ods ______________________________ RI 7962 
rock samples, physical properties _________ RI 7962 
ventilation study ____________________ OFR 24-74 

Wash., heat sources, evaluation _______ OFR 19 (2)-1-! 
Cresol, production, catalytic dealkylation. acids 

distilled from low-temperature lignite 
tar ________________________________ B 663 

Cresyl-diphenyl-phosphate. additions to gasoline. 
effect on automotive exhaust _________ TPR 40 

Crucibles, cold self-lined, induction melting of 
metals in, method. patent ____________ P 24-73 

Crude oil, see also Oil, crude; Petroleum 
Crude oil, analyses _________ B 659; RI 7532; OP 185-71 

characteristics ___________________________ RI 7532 
Cook Inlet basin, ."-laska, characteristics _____ RI 7688 
desulfurization methods, review __________ OP ll-i2 
development and production costs, economics 

of, study __________________________ IC 8561 
foreign oilfields, analyses __________________ IC 8542 

geologic origin ________________________ IC 8542 
high-Btu gas from, melhod _____________ OP 139-72 
high molecular-weight portion, characteriza-

tion of, gel permeation chromatographv 
technique ________________________ OP 13-71 

production, by waterflooding, profitability 
analysis ___________________________ IC 8652 

effect of increased drilling _______________ IC 8634 
rate of gas diffusion in, testing, method _____ RI 7359 
Smackover Formation, analyses _____________ RI 7897 

compositional variations ________________ RI 7897 
sulfur compounds in, identification ___________ B 659 
sulfur content, versus sulfur in distillates, dis-

tribution chart __________________ OP 163-72 
sulfur in, quantity and distribution __________ B 659 
synthetic, preparation, from shale oil frac-

tions ___________________________ OP 112-74 

U.S., chemical characteristics _____________ OP 30-72 
physical characteristics _________________ OP 30-72 

viscous, solvent stimulation for secondary re-
covery, field tests ___________ RI 7978; TPR 62 

laboratory tests ____________________ OP 173-71 

Crude oil production, sulfur content ________ OP 11-72 
Crude oil reserves, effect of increased drilling ___ IC 8634 

sulfur content _________________________ OP 11-72 

Crude oil resources, domestic, de\'elopment, 
forecast ___________________________ IC 8634 

Crude oil samples, foreign oil fields, origin _____ IC 8542 
Crushing, brittle solids, thermal shock, experi-

mental _________________________ OP 170-1-! 

Cryogenics, use, in scrap processing ________ OP 136-74 



Cryogenic systems, nonferrous scrap metal recla-
mation by. study ___________________ RI 7716 

tire, rubber, and metal reclamation by, feasi-
bility ____________________________ RI 7716 

Cryolite-base electrolyte, molten, electrolytic 
preparation of zirconium and hafnium 
diborides. method, patent ____________ p 22-73 

Cryostat, low-temperature gradient gas bath, de-
scription ________________________ OP 133-71 

Crystals, absorbing uniaxial, optical properties, 
determination. method _____________ OP 77-70 

Crystal lattice, hafnium. anisotropic thermal ex-
pansion ________________________ OP 177-70 

Crystal structure, hematite, refinement ________ RI 7384 
Crystalline minerals, glass-bonded. production, 

method, patent _____________________ P 8-70 
Crystalline solution, rock-forming. thermo-

dynamics, book review _____________ OP 80-74 
Crystallinity, three-dimensional, carhon fibers __ OP 112-73 
Crysylic acids, production. from low-temperature 

libnite tar, method ___________________ B 663 
Cuba, crude oil. analyses ____________________ IC 8542 

mineral industry, annual redew ____ ~IY 1973 (Y. III) 
Cuhical test cell, for multiaxial testing of ge-

ologic materials __________________ OP 83-73 
Cupola furnace. automobile scrap processing in, 

laboratory tests ___________________ OP 68-70 

Cupric ammonium carbonate leaching. scrap cop-
per, study _________________________ RI 7554 

Cupric sulfate. potential pyrite depressant, in 
coal flotation. laboratory studY RI 7518 

Cuprite, analysis. nuclear quadrupole resonance 
spectrometric method ______________ OP 24-72 

Cuprous cyanide, heat capacity ______________ RI 7499 
heat of formation ________________________ RI 7499 

Cuprous oxide, production, process. patent _____ P 4-73 
Cune fitting method. least squares, in pe-

troleum engineering. rCYiew __________ IC 8449 
Cut-and-fill mining. underground metal mines, 

ore handling system. analysis ____ OFR 62 (1)-
62 (3) -74 

Cutting bits, ,,·aterflushed. on continuous mllllllg 
machines, dust suppression by ______ OFR 54-74 

Cutting machines. in coal mitH's. design of. 
safe tv recommendations for _______ OFR 24-72 

mine use ~f. description _________________ OP 19-74 
Cuntna Range. Minn., iron oxide pellets from, 

sulfatization-reduction process, e\'alua-
tion ______________________________ RI 7652 

Cuyuna Range manganiferous iron ore, Minn., 
ambient pressure leaching of _________ RI 7501 

autoclave leaching of ___________________ RI 7501 
iron oxide pellets from. sulfatization-

reduction process ___________________ RI 7749 
manganese oxide pellets from, sulfatization-

reduction process ___________________ RI 7749 
manganese recovery from, sulfatization-reduc-

tion process. naluation ______________ RI 7652 
upgrading. magnetic roast-acid leach tech-

nique ____________________________ RI 7411 

Cyanide, leaching operations with for gold re-
cm'en. safet\' precautions __________ OP 50-74 

recovery. from electroplating wastes. waste-
plus-waste process __________________ RI 7877 

C\'anide wastes, metal recovery from. waste-
. plus-waste method ____ ~ ___ TPR 27; OP 130-72 

Cyclic sultides. identification. in petroleum ______ B 6">9 
synthesis. methods _________________________ B 6:;9 

Cyclic thiols, identification, in petroleum ________ B 659 

Cycloalkanes, in Green River oil-shale bitumen, 
mass spectra ____________________ OP 132-71 

Cycloalkanethiols, chemical thermodynamic prop-
erties _______________________________ B 654 

Cycloalkyl sulfides, identification, in petroleum ____ B 659 
Cyclohexane, desensitizer, in nitromethane sta-

bility study, effect ________________ OFR 1-70 
Cyclohexene, hydroformulation, with manganese 

carbonyl, products ________________ OP 57-74 
Cyclones, dense-medium, coal-washing equip-

ment, performance characteristics _______ RI 7673 
washing fine coal in, results _____________ RI 7982 

nylon, for respirable dust sampling, evalua-
tion ______________________________ RI 7367 

penetration characteristics __________ OFR 51-74 
Cyclone burner, in lignite-burning powerplant, 

description ________________________ IC 8543 
Cyclopentyl-l-thiaethane, heat capacity ______ OP 147-74 
Cyclopropylamine, enthalpy of combustion ___ OP 193-71 

enthalpy of formation __________________ OP 193-il 

Cylinders, hollow, in an elastic medium, stress 
analysis _________________________ OP 68-74 

sample, X-ray absorption factor, analytical 
solution _________________________ OP 77-72 

Cyprus, mineral industry, annual review ______ MY 1973 
(v. III) 

mining laws ____________________________ IC 8544 
petroleum laws __________________________ IC 8544 

Czechoslovakia, energy economy, ___________ OP 117-74 
fuel resources _________________________ OP 117-74 
mineral industry, annual redew ____ My 1973 (Y. III) 
respirable dust standards _________________ IC 8528 

D 

D.2 lands. selected tracts, salient mineral and 
transportation data for __ ~ _________ OFR 9-74 

Dacite, compression testing, in simulated lunar 
environment ______________________ RI 7983 

fracture morphology, effect of moisture and 
temperature ______________________ OP 10-72 

polymer-impregnated, strength tests ________ RI 7542 
properties, effect of temperature-moisture con-

ditions, laboratory study ____ '-______ OP 103-72 
Dade County, Fla., limestone resources _____ OP 126-73 
Dahomey, mineral industry, annual review ___ MY 1973 

(v. III) 
mining concessions _______________________ IC 8610 
offshore legislation ______________________ IC 8610 
petroleum concessions ____________________ IC 8610 

Dam, coal refuse, failure, analysis _______ OFR 10 (1) -73, 
10 (2) -73 

earth, mine tailings use in, theoretical de-
sign ___________________________ OP 181-71 

Damping, pulsation, in personal despirable dust 
collectors, effect ____________________ RI 7636 

Damping alloy, use, in rotation chuck of pneu-
matic rock drill, effect on noise reduc-
tion ___________________________ OP 118-73 

Damping capacity, magnesium alloys, effect of 
preferred orientation _______________ OP 8-72 

Data acquisition system, automatic, for coal mine 
instruments, design and operation ___ OFR 67-73 

for processing high-resolution mass spectro-
graphic plates _____________________ RI 7938 

for underground strain-gage applications ___ Rl 7734 
requirements for ______________________ OP 6-74 
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Data acquisition system, automatic, use, with un-
derground strain gage _____________ OP 120-73 

slow-speed, design and operation ___________ RI 7374 
Data processing, with programable calculator, high-

resolution mass spectrographic plates ___ RI 7938 
Dawsonite, determination, in oil shale, evalua-

tion of methods for _________________ RI 7781 
distribution, in Green River Formation ______ OP 7781 
in oil shale, estimating, method ____________ RI 7689 
in oil-shale cores, analyses _________________ RI 7445 
natural, thermal decomposition, results ____ OP 92-73 
resources, in Green River Formation, evalu-

ation ___________________________ OP 171-74 
synthesis, method ________________________ RI 7664 

thermal decomposition, results _________ OP 92-73 
thermal decomposition, under experimental 

conditions, results ________________ OP 92-73 
Dawsonite-oil shale-nahcolite mine, proposed, 

economic analysis ___________ OP 32-72, 33-72 
Deafness, noise-induced, in mineral industry 

penonncl _________________________ IC 8564 

Decanes, chemical thermodynamic properties ____ B 666 
I-Decanethiol, chemical thermodynamic proper-

ties _____________________________ OP 26-70 

Decarboxylation, selective, coal aromatic acids, 
by transition metal complexes, meth-
od ____________________________ OP 166-70 

Dechlorination, ferric chloride, with oxygen, lab-
oratory study ____________________ OP 146-72 

Decline curves, oil production, equations for, 
evaluation ________________________ RI 7547 

Decline-curve analysis, least-squares method tech-
niques for, review __________________ IC 8449 

Decline-curve equation, semilog, relative errors 
in ______________________________ OP 70-70 

Decomposition, carbonyl sulfide, in electrical dis-
charge, optimizing _________________ RI 7698 

Deep City mine, South _-\frica, clustered points, 
analysis of ________________________ RI 7656 

Deep River crude oi\' sulfur compounds in, 
identification ________________________ B 659 

Defects, surface, copper steel, reducing, during 
reheating, method _'- _______________ RI 7936 

Deflagrations, phenomenology ______________ OP 29-72 
propagation, in coal mine passageways, aero-

dynamic characteristics ______________ RI 7908 
Deformation, initial, around mine opening, 

measuring, technique for ___ RI 7505; OP 72-71 
underground openings, monitoring, photo-

graphic techniques for _____________ RI 7912 
Deformation borehole gage, calibration and op-

eration ___________________________ IC 8618 
three-component, accessories for ____________ IC 8618 

drilling equipment for _________________ IC 8618 

Degasification, coal mines, through vertical shafts, 
method ___________________________ IC 8621 

coal beds, factors affecting _______________ OP 111-72 
from experimental boreholes ___________ OP 109-73 
surface borehole method, results _________ RI 7657 
techniques for ______________________ OP 111-72 

Pittsburgh coalbed, virgin area, from base of 
large vertical borehole ______________ RI 7800 

Dehumidification, in deep mines, study ___ OFR 19 (3) -74 
Dehydrogenation, catalytic, coal, effect of air 

oxidation on ___________________ OP 116-70 

effect of catalyst variables ___________ OP 106-73 
hydrogen yicld ____________________ OP 117-71 

coal macerals, hydrogen yields _________ OP 158-70 
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Dehydrogenation, catalytic, coal maceral-whole 
coal comparison, results ____________ OP 117-71 

Delaware, fuel and energy data ______________ IC 8647 
land utilization, in mining industry ________ IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ :'.[)t 1973 (\-. II) 

Delta County, Colo., coal, washing characteris-
tics ______________________________ RI 7467 

Denmark (including Greenland), mineral in-
dustry, annual review ______ MY 1973 (v. III) 

Denmark, mining laws ______________________ IC 8631 
petroleum laws __________________________ IC 8631 

Densification, clectrokinetic, mill tailings, equip-
ment for __________________________ RI 7892 

laboratory experiments ________________ RI 7900 
Density, liquid lead ______________________ OP 122-72 

liquid tin, measuring, maximum-bubble-
pressure method ___________________ RI 7372 

molten metals, measuring, improved meth-
ods ______________________________ RI 7340 

Deoxidation, steel, aluminizing dross use for, 
feasibility study ____________________ TPR 55 

Desilication, silicate minerals, with sulfur and 
carbon, study ______________________ RI 7950 

Desorption-adsorption rates, methane, on fine 
coal, apparatus for measuring ________ RI 7697 

Destressing, burst-prone stope pillar, Galena 
mine, method ____________________ OP 85-73 

stope pillars, blasting method ______________ TPR 39 
Desulfovibrio desulfuricalls, use, in sulfate re-

duction studies ____________________ RI 7355 
Desulfurization, bituminous coal, pyrite depres-

sants, in flotation process, laboratory 
Mudy _____________________________ RI 7518 

coal, in conversion to oil, method __________ TPR 35 
stack gases, solid waste from, potential uses 

for _______________________________ IC 8633 

sulfur compound concentrates, hydrogenolysis 
technique ___________________________ B 659 

Desulfurization solid waste, from lime-limestone 
process, generation, forecast __________ IC 8633 

potential uses _________________________ IC 8633 

Desulfurization system, post-combustion, electric 
utility plants, costs _________________ IC 8633 

retrofit, electric utility plants, costs _________ IC 8633 
Detector-sorting device, for separation of copper-

bearing from barren ore, description ___ RI 7904 
separation of copper-bearing from barren ore 

by _______________________________ RI 7904 

Detergent, anionic, as additive in diamond drill-
ing quartzite, effect _________________ OP 8-70 

antistatic, effectiveness, in plastic chambers for 
aerosol studies __________________ OP 104-72 

Detonations, phenomenology _______________ OP 29-72 

propane in air, following pipeline break, in-
vestigation ________________________ RI 7752 

velocity, increasing, methods _____________ OP 13-74 

Detonation phenomena research, annual repore_IC 8644 
Detonation properties, explosh-es, calculating, 

equation of state for ________________ RI 7905 
Detonation research, annual report ___________ IC 8539 
Detonation velocity, ammonium nitrate-fuel oil 

blasting agent, effect of borehole di-
ameter __________________________ OP 98-74 

effect of primer ______________________ OP 98-74 
Deuterium, nuclear spin isomers, chromato-

graphic separation of, at cyrogenic 
temperatures _____________________ OP 16-71 



Devil's Hill dacite, properties, effect of tem­
perature-moisture conditions, lahoratory 
study __________________________ OP 103-72 
experiments _______________________ RI 7900 

mill tailings, laboratory experiments ______ RI 7892 
Dewatering, electrokinetic, metal-mine mill tail-

ings, laboratory experiments __________ RI 7900 
mill tailings, laboratory experiments _______ RI 7892 

Dialkyl sulfides, in petroleum, identification, 
methods ____________________________ B 659 

Diamond, cutting elements. in percussive bits, 
tests ____________________________ OP 48-71 

carbon-13 nuclear magnetic resonance spectra_OP 24-73 
industrial, annual data _____________ MY 1973 (v. I) 
industrial, consumption _____________________ B 650 

economic projection _____________________ B 650 
production _____________________________ B 650 
reserves ________________________________ B 650 
technology _____________________________ B 650 
URS ___________________________________ B 650 

Diamond bits, impregnated, effect of additives 
on performance ____________________ OP 8-70 

Diamond-drill sampling, calculating ore grade by, 
statistical analysis __________________ RI 7508 

Diamond drilling, in basalt, effect of using 
surfactant solutions ________________ OP 13-73 

quartzite, effect of organic additives, study ___ RI 7494 
Diamond industry. problems __________________ B 650 
Diaphragms, composite, use, in electrowinning 

titanium from titanium tetrachloride ___ RI 7648 
Diaromatics, in high-boiling petroleum distil-

lates, analyses ______ OP 139-74, 153-74, 159-74 
in high-boiling distilbtes. separation and char-

acterization studies _______________ OP 157-73 
separation. from high-1Joiling petroleum dis-

tillau·,. method __________ RI 7770, 7893, 7945 
Diaromatic compounds. in high-hoiling petro-

leum fractions. gel permeation chro-
matography-mass spectra analysis _____ RI 7875 

Diaromatic concentrates. from high-boiling petro-
leum distillates, compound type identifi-
cation ____________________________ RI 7974 

Diatomite, annual data ______________ ~fY 1973 (V_ I) 
chemical-industry use. Ohio River Basin _____ IC 8457 
consumption _____________________________ B 650 
economic projection _______________________ B 650 
plOdllCtiol1 _______________________________ B 650 
resen'es __ . ________________________________ B 650 
technology _______________________________ B 650 
US5 _____________________________________ B 650 

Diatomite indus'''''. prohlems. __________________ B 650 

Dibenzothiophene_ desulfurization_ sodium re-
action technique _________________ OP 182-74 

in petroleum, identiiifalion. methods __________ B 659 
Dibromoethane. use, in hea,y-Iiquid concentra-

tion, high-clay potasll ores ___________ RI 7724 

Dibromomethane-trichloroetlwlcne mixture, for 
heavy-liquid concentration of hrucite ___ RI 7948 

Dichlorodifluoromcth:me-air mixtures, for respi-
rator testing, usc ___________________ RI 7431 

Diqcloalkyl sulfides. anal)lical correlations ____ RI 7351 
mass spectra ___________________________ RI 7351 

Dideuterioalkanes, linear dcinal, mass spectra __ OP 38-72 
Dielectric heating. rock, fragmentation by ______ RI 7424 
Diesel. closed-cycle, cOl1SlImables. compatibility 

with mine atmospheres ___________ OFR 40-72 
shuttle car, e,'aluation ________________ OFR 40-i2 

open-cycle, shuttle car, c\'aluation ________ OFR 40-72 

Diesel-driyen equipment, for use in underground 
noncoal mines, permissible, list _______ IC 8463 

Diesel engines, exhaust emissions, effect of engine 
parameters ______________________ OP 177-71 

effect of fuel characteristics ____________ OP 177-71 
effect of modifying engine parameters _____ RI 7579 

operation, in underground areas, reducing 
pollutant emissions _________ OP 41-72, 147-72 

ventilation requirements _______ OP 41-72, 147-72 
2-cycle, direct-injection, exhaust emission data __ RI 7530 
4-cycle, direct-injection, naturally aspirated, 

exhaust emission data ______________ RI 7530 
turbocharged, exhaust emission data _____ RI 7530 

precombustion-chamber, turbocharged, ex-
haust emission data ________________ RI 7530 

Diesel engine emissions, pollutants in, measur-
ing, instrumentation for _____ OP 44-73, 165-73 

Diesel exhaust, offensive odors in, source, 
study ___________________________ OP 20-70 

photochemical reactivity, preliminary tests ____ RI 7514 
Diesel exhaust emissions, air pollutants in, 

study _____________________________ RI 7530 

Diesel exhaust odorants, identification, experi-
mental program ____________________ RI 7632 

Diesel oil, fuel for high-speed land vehicles, 
feasibility study __________________ OP 149-72 

Diethylbenzenes, enthalpies of combustion ___ OP 162-73 
enthalpies of formation ________________ OP 162-73 

Di (2-ethylhcxyl) phosphoric acid, use, in rare-
earth element separation ___________ OP 189-71 

in selective stripping solvent extraction 
process ___________________________ RI 7663 

Differential thermal analysis, shortite, in Green 
River oil shale ____________________ RI 7862 

Differential thermal analysis-thermogravimetry-
emlved gas analysis apparatus, for oil 
shales and solid fuels _______________ RI 7429 

Diffusion, liquid thermal, sulfur compound sepa-
ration by, technique __________________ B 659 

l-l'-bis (Difluoroamine) -heptane, enthalpy of 
combustion ______________________ OP 40-70 

enthalpy of formation __________________ OP 40-70 
nitrogen-fluorine thermochemical bond en-

ergy ____________________________ OP 40-70 

1,3-Difluorobenzene, chemical thermodynamic 
properties ________________________ OP 12-71 

Digenite, covellite tonYersion to, kinetics ____ OP 184-71 
mechanism _________________________ OP 184-71 
thermal decomposition ________________ OP 50-71 

Digital computer, calculating mine yentilation 
pressure losses by ___________________ IC 8594 

ventilation system analysis, for underground 
mines, advantages __________________ RI 7665 

Digital simulation, calculating mine ventilation 
pressure losses by __________________ IC 8594 

Dilatomcter-plastometer tests, coal, repeatability, 
statistical study ____________________ RI 7394 

Dimension stone industry, problems ___________ B 650 
Dimethyl sulfoxide, sulfur-33 nuclear magnetic 

resonance spectrum _______________ OP 143-72 
2,2-Dimethylbutane, enthalpy of combustion ___ OP 67-70 

enthalpy of formation ___________________ OP 67-70 
I,l-Dimethylcyclopropane, enthalpy of combus-

tion ____________________________ OP 72-74 
enthalpy of formation __________________ OP 72-74 

2,3-Dimclhylinclole, enthalpy of combustion ___ OP 39-72 
Dimethylnaphthalenes, enthalpies of combus-

tion ___________________________ OP 161-73 

enthalpies of formation _________________ OP 161-73 
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2,5-Dimethylpyrrole, enthalpy of comhustion __ OP 39-72 
2,4-Dinitroaniline, ignitibility and flammability __ RI 7593 
2,4-Dinitrophenylhydrazone method, determina-

tion of aldehye compounds by, in auto 
exhaust _________________________ OP 44-73 

determination of ketone compounds by, in auto 
exhaust __________________________ OP 44-73 

Diodes, suppression of neutral currents, in trail-
ing cables, evaluation ___________ OFR 14-74 

Diorite concrete, dynamic properties, determina-
tion, method ____________________ OP 114-70 

Direct reduction processes, iron ore, effect on 
future mineral requirements ______ OP 115-74 

effect of gangue content _________________ IC 8583 
effect on ferrous scrap markets ___________ IC 8583 
environmental consequences _____________ IC 8583 
expansion of, effect on iron and steel in-

dustry ____________________________ IC 8583 
fluidized-bed reactor ___________________ IC 8583 
rotary kiln ____________________________ IC 8583 
shaft kiln ____________________________ IC 8583 
substitutibility of fuels _________________ IC 8583 

Disaggregation, chemical, clay mineraI-contain-
ing rock, patent ____________________ p 6-70 

Discounted cash flow analysis, computer pro-
gram for ________________________ OP 76-72 

offshore hydrocarbon lease bonus bids _______ IC 8609 
Discounted cash flow rate of return, nomo-

graphs ___________________________ IC 8593 

offshore U.S. petroleum industry ___________ IC 8557 
underground bituminous coal mines, esti-

mares ____________________________ IC 8632 

Discriminant analysis, prediction of oil well pro-
ductivity by, method _____________ OP 143-71 

Disk cutter, groove cutting experiments, in gran-
ite, results ________________________ RI 7881 

in limestone, results ____________________ RI 7881 
in marble, results ______________________ RI 7881 
in quartzite, results ____________________ RI 7881 

in igneous rock, performance tests __________ RI 7961 
in metamorphic rock, performance tests _____ RI 7961 
in rock, performance, prediction equations 

for ______________________________ RI 7961 

rock, sedimentary and metamorphic, labora-
tory tests _________________________ RI 7410 

rock disintegration characteristics, predict-
ing ______________________________ RI 7410 

rock fragments produced by, size distribu-
tion, laboratory tests ________________ RI 7882 

Dispersion, coal-rock dust deposits, wind tunnel 
studies ___________________________ RI 7642 

Dispersion strengthening, iron-aluminum alloys 
ternal oxidation method ____________ RI 7876 

lead, coprecipitation method _______________ RI 7570 

Displacement, determination, in an elastic cylin­
drical specimen, with prescribed radial 
displacements along the ends, exact 
theoretical solution _______________ OP 67-73 

Displacement pulses, free-surface, effect of 
changes in explosive properties on, lab-
oratory study ______________________ RI 7407 

Disposal systems, subsurface, for liquids, re-
quirements ________________________ IC 8636 

Distillates, high-boiling, petroleum, diaromatics 
from, silica-alumina gel absorption col-
umn method ____________ RI 7770, 7893, 7945 

monoaromatics from, silica-alumina gel 
absorption column method ___ RI 7770, 7893, 7945 
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Distillates, high-boiling, petroleum, polyaromatic­
polar compounds from, silica-alumina 
gel absorption column method _______ RI 7770, 

7893, 7945 
saturates from silica-alumina gel absorp-

tion column method ______ RI 7770, 7893, 7945 
Distillate fuels, trace metals in, survey ______ OP 64-74 
Distillation, isothermal, crude oil, laboratory-

scale, results ________________________ B 659 

molecular, crud~ oil fractions, laboratory-
scale, results _________________________ B 659 

Disulfide, in petroleum, enthalpy of combus-
tion ____________________________ OP 92-72 

identification, methods ___________________ B 659 
Distortion, in high-pressure compressibility ap-

paratus, determination ______________ RI 7366 
Dithiaalkanes, chemical thermodynamic proper-

ties ________________________________ B 654 

Diurnal variations, evaporative losses, from auto-
mobile tanks ______________________ RI 7707 

Dixanthogens, infrared reference spectra _______ RI 7963 
Dolomite, blasting practices in, influence of 

geologic structures ________________ OP 47-iS 
distribution, in Green River Formation ____ OP 180-74 
impact-abrasion tests, coal-cutter materials, 

. incendivity ________________________ RI 7930 
in air, thermal decomposition, results ______ OP 54-74 
in carbon dioxide atmosphere, thermal de-

composition, results _______________ OP 5-1-74 
in oil shale, genesis ______________________ RI 7727 
uncalcined, use, with waste glass, for glass 

wool manufacture ________________ OP 15-74 
use, for determination of atmosphere control 

in thermal analysis _______________ OP 54-74 
Dolomite powder, particle size reduction, by 

attrition milling __________________ OP 23-74 
Dolomite quarries, blast pattern design, em-

pirical formulas for _________________ IC 8550 
suggestions for improving ________________ IC 8550 

Dominiguez oilfield, Cal.. waterflood. calculated 
versus actual performance __________ OP 88-74 

Dominican Republic, mineral industry, annual 
review ____________________ My 1973 (v. III) 

mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Dosimeters, wearable, acoustical tests _________ RI 7876 
performance tests ______________________ RI 7876 

Downhole camera surveys. evaluation of explo-
sive fracturing. oil shale ____________ RI 7874 

Dozers, accidents. causes _________________ OFR 48-74 
Dredging systems. for gold placer mining. cost 

data _____________________________ IC 8462 
types _________________________________ IC 8462 

Dresser basalt. fragmentation, dielectric heat-
ing ______________________________ RI 7424 

heat content ____________________________ RI 7503 
physical properties _______________________ RI 7865 
specific heat ____________________________ RI 7503 

thermal crushing. by surface heating, re-
sults ____________________________ OP 81-73 

viscoelastic properties, at elevated tempera-
tures ___________________________ OP 100-74 

Drift linings, concrete, in block caving stopes, 
structural design data ______________ RI 7792 

Drills, percussive, penetration rate, predict-
ing ______________________________ OP 1-71 

with independent rotational system, lab-
oratory tests _______________________ RI 7692 



Drill, pneumatic, damping alloy rotation chuck 
for, effect on noise reduction _______ OP 118-73 

muffler for, design and operation ______ OFR 28-73 
noise from, suppressing, progress report ___ OP 141-72 
noise level, decreasing, muffler for ________ RI 7998 

rotary, horizontal, use, for burn cuts, in room-
and-pillar mining __________________ RI 7994 

Drill bits, percussive, diamonds as cutting ele-
ment in, tests ____________________ OP 48-71 

Drill cuttings, oil-well, pollution potential ____ OP 31-71 
Drill equipment, borehole packers, for horizon-

tal drillholes, design and develop-
ment ___________________________ OFR 6-72 

Drill hole probe, radioisotopic X-ray, lead ore 
deposit delineation by ______________ RI 7611 

Drillability, rock, determination, methods ____ OP 24-74 
engineering properties related to ________ OP 24-74 
with percussh'e drill, field tests __________ RI 7684 

Drilling, blind, ventilation shafts __________ OFR 29-73 
bucket, in Tertiary gravel, evaluation ______ RI 7935; 

OFR 6-74 
churn, in Tertiary gold-bearing gravels, in-

vestigation ________________________ RI 7935 
in Tertiary gravel, e\'aluation __________ OFR 6-74 

exploratory, offshore-onshore, comparison ____ IC 8575 
field, annual footage _____________________ IC 8634 
in rock, mechanics of penetration ________ OP 24-74 

penetration rate, factors _______________ OP 24-74 
long-hole exploratory, research program ___ OP 14-73 
new trends in, review ____________________ IC 8581 
percussive, rock penetration rate, predicting ___ RI 7396 

surface operations, equipment and methods, 
description _______________________ OP 18-74 

raise, ventilation shafts ________________ OFR 29-73 
rotary, for strippable coal resen'es, coal con-

tinuity determination _____________ OFR 7-73 
in Tertiary gravel, evaluation ___ RI 7935; OFR 6-74 
surface operations, equipment and methods, 

description _______________________ OP 18-74 
shaft, novel techniqiles _________________ OFR 29-73 
wildcat, annual footage ___________________ IC 8634 

Drilling and blasting methods, underground 
stopes and drifts, performance and cost 
model __________________________ OP 61-74 

Drilling devices, percussive, downhole, state-of-
the-art report ___________________ OFR 37-73 

Drilling equipment, permissible, with integral 
dust-collecting systems, list ___________ IC 8463 

Drilling fluids, oil-welI, pollution potential ___ OP 31-71, 
35-72, 70-73 

Drilling machines, permissible, lists __________ IC 8463 
surface, equipment and methods, description OP 18-74 
underground, types _____________________ OP 26-74 

Drilling methods, new techniques, review _____ IC 8547 
Drilling methods and costs, underground blast-

holes ___________________________ OP 26-74 

Drilling mUds, oil-well, polIution potential ___ OP 31-71, 
70-73 

Drilling rate, percussive, in rock, predicting ____ RI 7396 
Drilling system, for rock, functional require-

ments ___________________________ OP 24-74 

Drilling techniques, for mine rescue operations, 
proposed ________________________ OFR 4-70 

horizontal, state-of-the-art report ________ OFR 34-72 
Drop-weight testing, explosives, new instrumenta-

tion for, results ____________________ RI 7670 

sensitivity, ammonium nitrate-based explosive 
compositions ______________________ RI 7840 

Dross, aluminizing, use, as steel deoxidizer, feasi-
bility study _______________________ TPR 55 

separation, from debismuthized lead, sub-
mersible centrifuge method ___________ RI 7602 

Dry Cheyenne deposit, Wyo., coal reserves, 
strippable _________________________ IC 8538 

Dry ice, use, as cryogen, in nonferrous scrap 
metal recovery, study ______________ RI 7716 

Dry Valley phosphoria, multiple-zone mining and 
beneficiation, cost estimate ___________ RI 7512 

Duluth Gabbro, compression testing, in simulated 
lunar environment _________________ RI 7983 

Duluth Gabbro complex minerals, copper ex-
traction from, method ______________ RI 7475 

nickel extraction from, method _____________ RI 7475 
DUnite, thermal diffusivity, at elevated tempera-

tures and reduced pressures __________ RI 7954 
Dust, see also Respirable dust 
Dust, airborne, in coal mines, current research 

for control of, review _____________ OP 29-73 
trona, determining concentration of, meth-

od _______________________________ RI 7506 

blast furnace, beneficiation by fuel oil-frocher 
flotation system __________________ OP 38-73 

coal, spontaneous electrostatic precipitation, 
on polymer surfaces ______________ OFR 55-73 

coal mine, analysis and statistical evalua-
tion ___________________________ OFR 13-73 

elemental composition, determination _____ RI 7992 
incombustible content, determination, lab-

oratory tests ______________________ TPR 64 

measuring, gamma-ray backscatter tech-
nique ______________________________ TPR 64 
sampling methods, simplifying ______ OFR 13-72 

incombustibles in, meter for, laboratory de-
sign and operation _______________ OFR 16-72 

coal-mine float, collecting device for, descrip-
tion ___________________________ OP 179-74 

tlue, brass smelter, recovery of metal values 
from _____________________________ RI 7637 

fuel-briquetting plants, control methods for __ OP 70-71 
incombustible, in coal mines, reducing number 

of samples, effect on sampling erroc_OFR 13-73 
mineral, electrostatic separation, photoelectric 

charging method ___________________ RI 7610 
respirable, adhering to run-of-face bituminous 

coals, amount, investigation __________ RI 7765 
airborne, formatio}l, at belt conveyor transfer 

points, laboratory study ___________ OP 58-74 
coal-mine, quartz content, determination, 

infrared technique _________________ IC 8545 
symposium on, proceedings ____________ IC 8458 

collected in two coal mines, physical and 
chemical properties _____________ OFR 165-73 

collecting, cyclone for, evaluation _________ RI 7367 
elutriator for, evaluation _____________ RI 7367 

collecting system for, on continuous-mining 
machine, evaluation ________________ RI 7788 

collection by steam, laboratory investigation RI 7819 
collection by steam-water spray, laboratory 

investigation _______________________ RI 7819 

concentration, computer simulator for 
measuring ______________________ OFR 37-72 

in mines ____________________________ IC 8458 

in personal samplers, effect of pulsation 
damping __________________________ RI 7636 

current research for control of, in coal 
mines, review ____________________ OP 29-73 

exposure, coal miners, in different coal seamL_ TPR 75 
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Dust, respirable, in coal mines, analytical pro.-
cedure ________________________ OFR 165-73 

control methods for _____________ OFR 25 (1)-73 
sampling procedures ______________ OFR 165-73 

in conventionally mined coal ____________ RI 7687 
in machine-mined coal __________________ RI 7687 
in mine environment, measuring ________ IC 8568 

reducing ____________________________ IC 8568 

in underground coal mines, sampling pro-
gram, evaluation ___________________ TPR 32 

measuring, methods ____________________ IC 8458 
modified personal gravimetric sampling 

equipment, results, conversion factor for 
Mine Establishment gravimetric sam-
pling equipment measurements ______ RI 7772 

nylon cyclone for sampling ___________ OFR 51-74 
permissible mine equipment for detection 

of _______________________________ IC 8528 

permissible mine equipment for sampling ___ IC 8536 
rock dust concentration in, microanalysis ___ RI 7979 
sampling for, instrumentation ____________ IC 8503 

procedure __________________________ IC 8503 
standards for _________________________ IC 8528 
suppression, with steam, at coal cutting site, 

laboratory study ___________________ RI 7628 
with water, at coal cutting site, labora-

tory study ________________________ RI 7628 
suppression at cutting site, with steam ___ OP 139-73 
volatile matter in, microanalysis __________ RI 7979 

steel furnace, recycling methods, study ______ TPR 52 
steelmaking, lead and zinc removal from, 

method ___________________________ RI 7927 

prereduced iron pellet production from, 
method ___________________________ RI 7927 

upgrading methods, for recycling ________ OP 79-72 
Dust clouds, coal, radiant heating of, in coal 

mine fires, equations for computing ____ RI 7439 
Dust collection devices, continuous mining equip-

ment, evaluation ___________________ RI 7788 
Dust collection equipment, coal mines, state-of-

the-art report _____________________ IC 8458 
underground coal mines, design, recommenda-

tions ___________________________ OFR 4-71 

Dust collectors, coal-mine, pulsation damping 
in, effect __________________________ RI 7636 

underground, future research on, recom-
mendations ______________________ OFR 4-71 

pilot plant-tests ___________________ OFR 4-71 
Dust concentration, in stack gases, determina-

tion, methods for, comparison _____ OP 123-73 
Dust contro\, coal cutting site, with steam, 

laboratory study ___________________ RI 7628 
coal mine, dust-collection system, on continuous 

mining machine, evaluation _________ RI 7788 
effect of water infusion _________________ RI 7640 
foam use in, laboratory study ________ OFR 10-71 
methods ______________________________ IC 8490 

continuous mining machine, wet-head type OFR 54-74 
wet-head versus spray type ___________ OFR 53-74 

in longwall mining, water infusion method ___ RI 7849 
in mines, review ______________________ OP 160-72 
relation to bit design, in continuous mining 

machines _______________________ OFR 71-73 

respiratory, air curtain respiratory device 
for ____________________________ OFR 50-74 

Dust control program, in coal mines, implement-
ing, practical problems ______________ IC 8458 

Dust control research, Bureau of Mines, re-
view _______________ . ____________ OFR 51-73 
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Dust control research, contract, review ______ OFR 51-73 
small-sized continuous mining machine for, 

design and operation ____________ OFR 65-73 
Dust control research projects, priority in. in-

dustry advisory group for _________ OFR 51-73 
Dust control technology, research in, review __ OFR 51-73 
Dust deposits, coal, dispersion, wind tunnel 

studies ___________________________ RI 7642 
rock, dispersion, wind tunnel studies ________ RI 7642 

Dust dispersion, in channel, by turbulent gas 
stream, calculating. method __________ RI 7854 

Dust explosions, in closed vessels, effects of 
vessel size and shape ________________ RI 7507 

Dust explosion research, annual report _______ IC 8539 
Dust feeder, multiple-orifice. for fine particles, 

design and operation ________________ RI 7944 
Dust hazards. in mines. review _____________ OP 160-72 
Dust meter, mine, using backscatter, low-energy 

gamma rays, patent __________________ P 3-70 

Dust monitor, electrogasdynamic. measuring flow 
rate of fly ash in stack gases ________ OP II-73 

recording size distribution of fI~' ash in 
stack gases ______________________ OP II-73 

patent _______________________________ P 20-72 

Dust particles, airborne, collection, bv wa ter 
sprays, efficiency, theoretical equation 
for _____________________________ OP 98-73 

suppressing, with water sprays, efficiency __ OP 139-73 
electrostatic separation, photoelectric charging 

method ___________________________ RI 7610 
electrostatic trapping of. on polymer surfaces, 

by spontaneous electron transfer ___ OFR 55-73 
Dust prevention, in mining, re\'iew _________ OP 160-72 
Dust respirators, problems ___________________ IC 8458 

Dust samplers, permissible, list _______________ IC 8463 
personal, cap lamp-powered, design and 

operation _______________________ OFR 18-74 
pulsation dampers for, investigation _______ RI 7545 
self-powered, design and operation _____ OFR 18-i4 

portable, development __________________ OFR 6-73 
respirable mine dusts, types _____________ OP 123-71 

Dust sampling, in coal mines, legal requirements __ IC 8484 
Dust sampling devices, coal-mine _____________ IC 8490 
Dust standards, permissible, in mines, review __ OP 160-72 
Dust suppression, effect of high-pressure water 

jet, in coal mining _______________ OFR 43-74 
in coal mines. pressure foam generating sys-

tem ___________________________ OFR 24-73 

Dynamites, explosive oil in. determination, using 
high pressure liquid chromatography __ RI 7795 

Dysprosia, use, as high-temperature thermistor 
material, characteristics ______________ RI 7458 

E 

"E" bed, Colo., coal, washing characteristics ____ RI 7467 
Eagle mine, Colo., escape plans ___________ OFR 24-74 

fire hazards ________________________ OFR 24-74 
ventilation study ____________________ OFR 24-74 

Eagle-Picher Shullsburg mine, production blast-
ing in, mine-roof vibrations from _____ RI 7462 

Earth disintegration research, summary ______ OP 129-70 
Earth Resources Technology Satellite, high alti-

tude remote sensing for minerals ______ IC 8603 
Earth resistivity field system, for shallow earth 

measurements, design and operation ___ RI 7942 



East Canton oilfield, Ohio, reservoir and pro-
duction characteristics ____________ OP 188-71 

waterflood evaluation __________________ OP 7-70 
East North-Central region, fuel and energy data __ IC 8647 
East Pakistan, natural gas, analyses ____________ IC 8518 
East South-Central region, fuel and energy data __ IC 8647 
Eastern province, coal strip mines, capital invest-

ment and operating costs ____________ IC 8661 
Ecology, manganese in ecosystem, study ______ OP 94-74 
Economic analysis, alumina production from 

anorthosite, methods ________________ IC 8648 
alumina production from clay, methods _____ IC 8648 

sulfurous acid-sulfuric acid process ________ RI 7758 
coal gasification system _________________ OP 154-74 
copper smelting methods. with sulfur dioxide 

control ___________________________ RI 7957 

without sulfur dioxide control ___________ RI 7957 
costs, underground bituminous coal mines ____ IC 8632 
crude oil, recovery, by waterflooding. profit-

ability ____________________________ IC 8652 
crude oil production. profitability __________ IC 8561 
development wells, engineering cost study ___ IC 8561 
gas combustion retorting of oil shale ______ TPR 81 
heavy oil deposits, thermal recovery methods 

and costs _______________________ OFR 60-74 

hydrocarbon lease bonus bids. offshore acre-
age ______________________________ IC 8609 

iron-ore direct reduction processes. effect on 
iron and steel industry ______________ IC 8583 

junk automobile recycling system ___________ IC 8596 
mixed potassium-cesium seeding, magneto-

hydrodynamic combustion plasma _____ RI 7717 
pipeline gas, production, from coal _______ OP 103-73 
primary copper. potential supply, from do-

mestic resources ____________________ IC 8598 
steel mill products. demand _______________ IC 8451 
surface damage, from underground mining __ OFR 7-72 
system for mining and converting oil shale. 

gas combustion retort ______________ TPR 44 
Economic model. Pacific and Mountain States. 

interindustry relationships _________ OFR 2-71 
Economic projections. mineral industries ________ B 650 
Ecuador. crude oil, analyses _________________ IC 8542 

mineral industry, annual redew ____ My 1973 (v, III) 
minhlg ~ws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Egypt. Arab Republic of. crude oil. analyses ____ IC 8542 
mineral industry. annual review ___ MY 1973 (\', III) 
mining laws ___________________________ IC 8544 
petroleum laws ________________________ IC 8544 

El Sah'ador, mineral industry, annual redew ___ MY 1973 
(\'. III) 

mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Elastic modules. rock, determination, pulse 
method ___________________________ RI 7831 

resonance method ____________________ RI 7831 
with :i-lx borehole jack, laboratory tests, 

results ___________________________ RI 7855 

Elastic symmetry, rock. determination. ultra-
sonic method ____________________ OP 115-71 

Eldorado oilfield. Kans" tertiary oil recovery, 
micellar'polymer flooding project ___ OP 128-74 

Electric arc furnace, carbon steel production, 
from prereduced pellets, acid practice ___ RI 7981 

Electric arc furnace charges, direct reduced iron 
in. effect __________________________ IC 8583 

Electric cable. in underground mining equip-
ment, flammability _______________ OFR 52-74 

Electric cable, mine, shuttle car reel for, controls 
for, tests _____________________ OFR 42 (I) -74 

on continuous mining machines, cable reel 
system for, design _____________ OFR 42 (2) -74 

trailing, in mines, protection for, meth-
ods _________________________ OFR 42 (1) -74 

Electric discharge, intrinsically safe, standardiza-
tion, present status ______________ OFR 23-73 

Electric equipment, underground coal mines, 
grounding systems for, study ______ OFR 30-72 

Electric face equipment, underground mining, 
s tandardiza tion of con troIs for, pre-
liminary recommendations ________ OFR 15-74 

Electric fields, effect, on fluid flow in porous 
media ____________________________ RI 7342 

Electric furnace, smelting processes, experimen-
tal design techniques for, applica-
tions ____________________ "" ________ IC 8468 

optimizing, response-surface method ______ IC 8468 
smelting variables, fractional factorial design 

for evaluating ______________________ IC 8468 
two-level factorial design for evaluating ____ IC 8468 

submerged-arc, secondary pig iron production 
from shredded automobile scrap ______ RI 7808 

Electric furnace smelting processes, optimizing, 
experimental designs for __________ OP 123-70 

Electric furnace steelmaking, carbon steel, from 
prereduced pellets, acid practice _____ RI 7981 

Electric ignition, intrinsically safe, standardiza-
tion, present status ______________ OFR 23-73 

Electric measuring instruments, intrinsically safe, 
present status ___________________ OFR 23-73 

Electric power generator, magnetohydrodynamic, 
open-cycle, vortex, experimental in-
Yestigation ________________________ RI 7699 

Electric power systems. 400-hertz, for coal mining 
operations. potential safety increase. 
study ____________________________ RI 7857 

('ost e\:aluation _______________________ RI 7857 
high-resistance grounded, in coal mines, evalu-

ation __________________________ OFR 39-72 
Electric shock, effect on humans ___________ OFR 39-72 
Electric vehicles, coal mine haulage systems, 

relative safety merits _____________ OFR 40-72 
Electrical accidents, underground coal mines, 

analysis ________________________ OFR 30-72 

Electrical discharges, chemical reactions in, 
discussion _______________________ OP 132-70 

fuel reactions in. discussion ______________ OP 132-70 
primary and secondary shunt paths for dis-

sipating, patent _____________________ P 5-72 
Electrical distribution systems, isolated, in under-

ground coal mines, evaluation _____ OFR 39-72 
feasibility ________________________ OFR 39-72 

Electrical enclosures, explosion proof, for use in 
coal mines, design _______________ OFR 15-73 

operation ________________________ OFR 15-73 

Electrical equipment, coal mine, trailing cables, 
inducive effects in, statistical evalu-
ation __________________________ OFR 14-74 

Electrical grounding. coal mine equipment, effec-
tiveness, study __________________ OFR 30-72 

Electrical power analyzer, three-phase ac con-
tinuous, design and operation ______ OFR 35-73 

Electrical resistivity field system, for shallow 
earth measurements, design and oper-
ation _____________________________ RI 7942 

Electrical resisti\'ity survey, exploshe-fractured 
zone, in oil shale ___________________ RI 7874 
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Electrical resistivity technique, detecting rubble 
zones in oil shale by ________________ RI 7674 

Electrical systems, underground coal mines, 
computer simulation ___________ OFR 70 (2) -73 

evaluation ______________________ OFR 70 (I) -73 
Electricity, generation, in onsite plant, powered 

by underground gasification of coal. dis-
cussion ___________________________ TPR 84 

Electrochemical machining wastes, electrolyte 
recovery from, method ___________ OP 141-74 

Electrochemical reaction rate, anodic dissolution, 
vanadium metal, in vanadium chloride-
sodium chloride electrolyte ___________ RI 7986 

Electrode binder, production, from low-temper-
ature lignite tar, method ______________ B 663 

Electrode-binder pitch, mass spectrometric eval-
uation of _______________________ OP 100-70 

Electrodeposits, adhesion strength, measuring, 
methods _________________________ OP 35-70 

Electrodeposition, coatings, porosity in, radio-
graphic test for ____________________ RI 7419 

metal recovery by. method. patent __________ P 1-73 
metallic boride coatings. method. patent _____ p 23-72 

Electrogasdynamic dust monitor. patent _______ P 20-72 
Electrogasdynamic precipitator, continuously 

measuring fly ash flow rate. in stack 
gases ___________________________ OP 11-73 

recording fly ash size distribution in stack 
gases ____________________________ OP 11-73 

Electrokinetic densification. metal-mine mill tail-
ings. laboratory experiments _________ RI 7900 

Electrolinking. fracturing by. in oil shale. field 
tests _____________________________ RI 7397 

Electrolysis. fused-salt. vanadium, from vanadium 
carbide ___________________________ RI 7484 

high-temperature. oxygen extraction, silicate-
fluoride electrolyte _________________ RI 7587 

lead chloride. lead metal recovery from _____ RI 7913 
molten-salt. aluminum recovery. from alumi-

num-silicon alloys __________________ RI 7603 
preparation of high-purity chromium by __ OP 114-72 
separation of nickel and cobalt by ______ OP 19-71 
titanium. from titanium subchlorides ______ RI 7919 
vanadium metal. anodic dissolution rate ____ RI 7986 

Electrolytes. molten-salt. refractory metal halide 
additions to. method. patent _________ P 19-71 

Electrolyte solutions. strong. barium sulfate solu-
bility in __________________ OP 61-71. 166-71 

strontium sulfate solubility in ____ OP 61-71. 166-71 
Electrolytic cell. for yttrium-magnesium alloy 

preparation. design and operation _____ RI 7722 
Electromagnetic communication. in underground 

mines. application of vocoder. for speech 
bandwidth compression ____________ OFR 7-74 

Electromagnetic communication systems, through-
the-earth. for mines. research ______ OFR 16-74 

Electromagnetic environment. coal mines, study 
OFR 35-72 

Electromagnetic interactions. effect on blasting 
caps. study _____________________ OFR 49-74 

Electromagnetic location tests, in deep hardrock 
mine, results ___________________ OFR 28-74 

Electromagnetic location system, for use in coal 
mines. design and operation _______ OFR 68-73 

Electromagnetic location transmitter. full-wave. 
trapped miner location system ___ OFR 41 (4) -74 

Electromagnetic mine communication systems. 
through-the-earth. sun'ey ______ OFR 38 (I) -74 

Electromagnetic noise. bibliography ________ OFR 12-73 
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Electromagnetic noise measurements. data gaps. 
field measurement research ________ OFR 14-73 

for electromagnetic coal mine emergency com-
munications systems. data on ______ OFR 14-73 

instrumentation _____________________ OFR 14-73 
noise data gaps _____________________ OFR 14-73 

in coal mines, assessment _______________ OFR 17-73 
state of the art ______________________ OFR 2-74 

Electromagnetic noise propagation. bibliog-
raphy __________________________ OFR 12-73 

Electromagnetic signal transmission. mine to sur-
face, field studies ________________ OFR 61-74 

Electromagnetic through-the-earth mine com­
munications. preliminary performance 
predictions _____________________ OFR 16-73 

Electrometallurgy. beryllium-copper alloys. prep-
aration. fused-salt electrolysis ________ RI 7629 

new techniques _________________________ IC 8603 
Electromotive force measurements. indium oxide, 

free energy of formation ____________ RI 7549 
Electron microprobe. color composite scanning. 

zinc smelter condenser analysis by ____ OP 59-72 
Electron microscopy. scanning. metallurgical 

cokes ____________________________ OP 6-72 
rock fracture surface mapping with ______ OP 65-74 

supersensitive light meter for. description __ OP 40-71 
Electron paramagnetic resonance spectrometry. 

composition of iron in coal dust ______ RI 7726 
Electron-probe microanalysis. literature sur-

vey _____________________________ OP 65-70 

Electrorefining. titanium. from titanium sub-
chlorides. in molten sodium chloride ___ RI 7919 

Electro-osmosis. dewatering mill tailings, by. 
equipment and procedures ___________ RI 7892 

Electrooxidation. carbonaceous gold ores. effect 
on gold recovery from ______ RI 7573; OP 85-il 

gold-bearing carbonaceous ores, pilot-plant 
study ____________________________ RI 7597 

mercury recovery by. from cinnabar _______ OP 18-72 
molybdenite ores, effect on molybdenum re-

cm'ery ____________________________ TPR 47 

molybdenum extraction, from low-grade mo-
lybdenite concentrate ________________ RI 7802 

rhenium extraction, from low-grade molyb-
denite concentrate __________________ RI 7802 

silver mill tailings. effect on mercury recov-
ery ______________________________ RI 7660 

effect on sih'er recovery _________________ RI 7660 
sulfide ores. technology _________________ OP 58-72 

Electrooxidation process. mercury extraction from 
cinnabar ore _______________________ RI 7750 

Electrophoresis. pyrite separation from fine coal, 
laboratory tests _______________ RI 7440. 7960 

use. in coagulation and .precipitation of phos-
phate slimes. study _________________ RI 7816 

Electroplating wastes, cyanide recm'ery from. 
waste-plus-waste process _____________ RI 7877 

metal recovery from. waste-plus-waste proc-
ess ____________ RI 7877; TPR 27; OP 130-72 

potential recovery of metallic values from. 
methods ________________________ OP 179-70 

Electrorefining. cobalt, from crude nickel metaL_RI 7402 
high-purity nickel. from crude nickel metal ___ RI 7402 
high-purity nickel and cobalt. from ferro-

nickel ____________________________ RI 7402 

molten-salt, carbo thermic-reduced vanadium OP 140-71 
electronic scrap ________________________ RI 7617 

yttriu~. fro~ I?w-melting yttrium-base alloys. 
ll1veStlgatIOn _______________________ RI 7710 



Electroslag melting, titanium, effect of melting 
parameters _______________________ °p 12-70 

slag composition _____________________ OP 12-70 
zirconium, method ______________________ OP 22-72 

Electroslag remelting, stainless steel, effect on 
imperfections ____________________ OP 154-73 

Electrostatic attraction, aerosol, walls of plastic 
chamber, study ___________________ OP 49-73 

Electrostatic precipitation, coal dust, on polymer 
surfaces, study __________________ OFR 55-73 

Electrostatic precipitator, high-temperature, op-
erating characteristics _____________ OP 113-70 

ionized fields in, applications to secondary-
materials separation ________________ RI 7509 

Electrostatic separation, granular materials, use 
of ionized field in, equations for ______ RI 7509 

industrial materials, use of ionized field in, 
equations for ______________________ RI 7509 

secondary materials, use of ionized field in ___ RI 7509 
separation of minerals by, methods ________ OP 52-74 

Electrotransport, impurities, in rare-earth metals, 
using high pulsed current, results _____ RI 7480 

Electroyiscous effect, in porcelain, with sub-
micron size pores __________________ OP 8-71 

Electrowinning, aluminum, from aluminum chlo-
ride, method ______________________ RI 7353 

beryllium, from beryllium oxide ___________ RI 7629 
anode materials, tests _________________ RI 7347 
operating conditions, tests _____________ RI 7347 

process, patent ________________________ P 16-72 
misch metal, from treated bastnasite concen-

trate _____________________________ RI 7398 
molten-salt, magnesium-yttrium alloys ______ RI 7722 
tungsten carbide, from wolframite _________ RI 7344 
tungsten metal, from wolframite ___________ RI 7344 
zinc, effect of addith'es, to electrolyte ________ RI 7966 

effect of impurities, in electrolyte ________ RI 7966 
Ele\'ation, measurement, eyaluation of explosiye 

fracturing, oil shale _________________ RI 7874 
Eleyators, in coal mines, con\'eyance arrestment 

dedces, imestigation _____________ OFR 18-73 
Eluex process, imprm'ed, review ____________ OP 115-70 
Elutriation, air, shredded automoth'e nonmag-

netic reject scrap, results ____________ TPR 31 
water, shredded automotive scrap rejects, re-

sults _____________________________ TPR 53 
E1utriator, horizontal-plate, for respirable dust 

sampling, eyaluation ________________ RI 7367 
Embankments, tailing ponels, stability, monitor-

ing, instrumentation for ___________ OP 19-73 
Embrittlement, nickel sheet, in zirconia chlorina-

tor, cause, investigation ____________ OP 198-71 
Emergency communication, coal mine, pager 

phone-public telephone interconnect sys-
tem, operational description _________ RI 7976 

Emergency mine communication, electromagnetic, 
preliminary performance predictions OFR 16-73 

electromagnetic noise measurements, assess-
ment __________________________ OFR 17-73 

Emergency mine communications research, an-
nual report _______________________ SP 1-74 

Emery, annual data ______ . ___________ MY 1973 (\'. I) 
consumption _____________________________ B 650 
economic projection _______________________ B 650 
production _______________________________ B 650 
resenes _________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Emery industry, problems ____________________ B 650 

Emigrant Basin pnmlu"e area, Calif" mineral 
appraisal _________________________ GS 1-70 

Emissions, automotive, measuring, instrumenta-
tion ____________________________ OP 44-73 

techniques for _____________________ OP 44-73 
automotive exhaust, effect of fuel volatility 

on _______________________________ RI 7707 
measuring ___________________________ ~OP 44-73 

evaporative, effect of fuel volatility on ______ RI 7707 
turbine, measuring _____________________ OP 44-73 

Emission controls, effect on fuel economy ____ OP 113-74 
in automobiles, effect of gasoline composi-

tion ___________________________ OP 145-74 

effect on fuel economy _______________ OFR 23-74 
Emulsions, oil-brine, ultrasonic energy forma-

tion of, tests ____________________ OP 128-71 
ultrasonically formed, effect on oil recov-

ery, laboratory tests ______________ OP 128-71 
Energy, alternative fuel sources, research in, 

annual report ______________________ IC 8643 
demand, forecasting ___________________ OFR 10-74 
demand and supply, by States and regions ____ IC 8434 
future supply, approaches _________________ IC 8543 

options _______________________________ IC 8543 
sources, forecasting ___________________ OFR 10-74 
urban refuse as source, methods for utiliza-

tion ____________________________ OP 80-73 
Energy balances, V,S_, by regions _____________ IC 8434 

by States _____________________________ IC 8434 
Energy balance theory, application, fracture en-

ergy requirements, determination ___ OP 177-74 
Energy consumption, reducing, program for __ OP 133-74 
Energy flows, V,S" between regions ___________ IC 8434 

between States _________________________ IC 8434 
Energy markets, Eastern V,S" supplying low-

sulfur fuels to, comparative transpor-
tation costs, study __________________ IC 8614 

Midwestern V,S" supplying low-sulfur fuels to, 
comparative transportation costs, study __ IC 8614 

Energy needs, intermediate, 1975-85 ________ OFR 30-73 
long-term, 1980-2000 __________________ OFR 30-73 
short-term, 1972-80 ____________________ OFR 30-73 

Energy of deformation, storeel, metals, measuring, 
amplifier controlled adiabatic calori-
metric __________________________ OP 87-71 

Energy recovery, preheating ferrous scrap, with 
basic oxygen furnace offgas __________ RI 7929 

Energy relationships, research, annual report ___ IC 8612, 
8651 

Energy resources, geothermal, development, en-
vironmental effects, discussion _______ OP 89-74 

Energy sources, enyironmental impact, re-
view ____________________________ OP 45-71 

Engines, small, internal combustion, exhaust 
emissions from, experimental study __ OP 125-73 

utility, exhaust emissions from, investiga-
tion _____________________________ OP 4-72 

spark-ignition, methane-hydrogen mixtures as 
fuel, experimental tests ___________ OP 132-72 

Engine test facility, noise abatement, low-cost, 
description ______________________ OP 187-74 

Engineering geologists, role in planning under-
ground excavation _________________ OP 46-73 

Emironment, air quality control _____________ IC 8543 
effect of mineral processing on ______________ B 650 
effect of mining on _____________ • _________ B 650 
effect on rock properties, laboratory study __ OP 103-72 
hazardous, automatic breathing metabolic sim-

ulator, for remote control tests ______ OFR 3-74 
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Em'ironment, uranium mine, aerosols in, charac-
teristics ________________________ OFR 57-74 

Environment simulation, controlled-atmosphere 
test chamber for ___________________ RI 7859 

Environmental activities, research, annual re-
port ____________________ IC 8551, 8612, 8651 

Environmental controls, effect on coal markets OP 82-73 
technological acl\'ances in, annual report _____ IC 8643 

Environmental effects, geothermal energy re-
sources de\'elopment, discussion ______ OP 89-74 

iron ore direct reduction processes __________ IC 8583 
seepage from mill-tailings ponds, study _____ RI 7939 

Environmental engineering, review ___________ IC 8603 
Ell\'ironmental impact, Green Rh'er oil shale 

development ____________________ OP 158-74 
oil- and gas-well drilling _______________ OP 155-74 
oil-shale industry _____________________ OP 168-74 
petroleum-associated water, disposal prac-

tices ___________________________ OP 155-74 
petroleum production __________________ OP 155-74 

Em'ironmental pollution, from oil and gas wells, 
potential ________________________ OP 70-73 

Environmental quality, anthracite region, Pa., 
study ___________________________ OFR 3-71 

Em'ironmental studies, annual report _________ SP 1-73 
Environmental surveys, refuse bank removal __ OFR 3-73 

subsidence monitoring __________________ OFR 3-73 
Eocene rocks, Green Ri\'er oil shales, geology ___ RI 7775 
Epoxy, thermal oxidath'e behavior in coal mines, 

laboratory study _________________ OFR 1-73 
use, in mine roof state, bonding potential ___ RI 7836 

in underground support, field tests _______ RI 7836 
laboratory tests ______________________ RI 7836 

Epoxy-anchor grout, use. in cemented gravel, 
effectiveness _______________________ RI 7578 

Epoxy resin, use, in strain analysis, matrix lim-
itations _________________________ OP 17-71 

Epoxy resin system. for mine roof reinforce-
ment, instrumentation for ___________ RI 7907 

specifically designed, for mine roof reinforce-
ment ____________________________ RI 7907 

Equation of state, detonation calculations, 
ammonium nitrate-fuel oil explosh'e __ RI 7905 

pentaerythritol tetranitrate __ . ____________ RI 7905 
trinitrotoluol _________________________ RI 7905 

helium and helium mixtures ______________ RI 7468 
medium-density high-temperature conditions OP 127-73 

Equatorial Guinea, mining and petroleum laws __ IC 8610 
Equatorial Guinea and Fernando Po. mineral 

industry, annual review _____ MY 1973 (v. III) 
Equilibria, isomeric, predicting. imprO\ed calori-

metric basis _____________________ OP 170-71 
two-phase. analytical binary solutions, near 

critical point _______________________ IC 8486 

Equilibrium composition, coal combustion prod-
ucts, simulated __________________ OP 119-74 

Eqilibrium constants, n-ethylethylenediamine-
transition metal ion complexes ________ RI 7694 

2- (ethylthio) -ethylamine-transition metal ion 
complexes _________________________ RI 7694 

Equilibrium data, calculated, hypothetical open-
cycle magnetohydrodynamic generator, 
direct coal-fired ____________________ IC 86Il 

liquid vapor, consistency, testing. thermo-
dynamic equation for, discussion _____ OP 77-71 

Equilibrium electron density, coal combustion 
mixtures, computer study and com-
parison with experiment __________ OP 48-73 
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Ergonomics, in mining, relation to safety ___ OFR 24-72: 
OP 128-72 

mining applications, bibliography ________ OFR 27-72 
mining equipment controls, standardization, 

effect on operator ________________ OP 108-73 
Erionite, properties _______________________ RI 7iH 
Escape plans, underground hardrock mines, 

study __________________________ OfR 2!-74 

Esters, organic, thermal oxidative beha\ior in 
coal mines, laboratory study _________ RI 787~ 

Este\'an lignite, mining and marketing methoc\, __ IC 84i1 
Ethane, as contaminant, in methane-filled pro-

portional counting tube ___________ OP 140-70 
determination, in gas mixtures, carbon molecu-

lar sie\'e method _________________ OP 138-72 
flow rate, through coal disks. measuring. metll-

od _______________________________ RI 7HI 

pressure-volume-temperature relations ____ OP 110-73 
Ethanethiol. chemical thermodynamic proper-

ties _____________________________ OP 26-70 

Ethiopia, mineral industry, annual re\'iew ____ My 197:1 
(\'. III) 

mmmg laws ____________________________ IC R610 
offshore legislation _______________________ IC 8610 
petroleum la\\'s __________________________ IC 8610 

Ethyl disulfide, sulfur-33 nuclear magnetic n"o-
nance spectrum __________________ OP 143-72 

Ethylcyclobutane, enthalpy of combusti0n ____ OP 72-74 
enthalpy of formation __________________ OP 72-74 

Ethylene glycol. addith'e, in diamond drilling. 
effect _____________________ Rl 7494: OP 8-70 

Ethylene glycol dinitrate. in dvnamite, deter­
mination, using high-pressure liquid 
chromatography ____________________ RI '7i95 

low-"elocity detonation. theoretical descrip-
tion ___ . __________________________ OP 3-73 

Ethylene-ozone chemiluminescence detector, de-
sign and operation _________________ RI 7650 

Ethylene-steam reaction, in ozonizer discharge, 
organic gas and liquid products 
from ___________________________ OP 174-70 

Ethylenediamine. carbon-nitrogen thermochem-
ical bond energy _________________ OP 39-70 

enthalpy of formation __________________ OP 39-70 
nitrogen-fluorine thermochemical bond en-

ergy ____________________________ OP 39-70 

senSItIzer, in nitromethane stability stlldy. 
effect ___________________________ OfR 1-70 

n-Ethylethylenediamine-transition metal ion com-
plexes, stability constants ___________ RI 7694 

Ethylenediaminetetraacetic acid, copper ore 
leaching with, method ___________ OP II2-7I 

2- (Ethylthio) -ethylamine-transition metal ion 
complexes, stability constants _________ RI 7694 

Europe, crude oil, analyses _________________ IC 8542 
East, coal reserves _____________________ OP IIi-74 

crude oil reserves ____________________ OP 117-74 
energy balance ______________________ OP 117-74 

projected _________________________ OP 117-74 
energy resources _____________________ OP 117-74 
hydropower _________________________ OP 117-74 
natural gas reserves __________________ OP 117-74 
nuclear power ______________________ OP 117-74 

mining laws _____________________________ IC 8631 
petroleum laws __________________________ IC 8631 

Europium oxide. catalytic acti"ity, for oxida-
tion of hydrogen, study ______________ RI 7841 

Evaporation, from automobile fuel systems. 
measuring _______________________ OP 19-72 



Evaporites, enluation, well logging techniques, 
literature review ___________________ IC 8627 

Emll'ed gas analysis, shortite, in Green River oil 
shale _____________________________ RI 7862 

Excavating' equipment, bucket·wheel, applica-
tions _____________________________ IC 8580 

open pit mining with, computer program 
for ____________________________ OFR 11-71 

operation, computer program ____________ IC 8580 
front-end 10:H\crs, control standardization, maIl-

ufacturers data _______________ OFR 34 (2) -73 
mining industry data ___________ OFR 34 (2) -73 
study _________________________ OFR 34 (I) -73 

Exca,'ation. bulk materials from, physical 
properties, effect on design of conveyor 
systems _________________________ OP 156-73 

rapid, in hard rock, research ____________ OP 164-74 
state-of-the-art report ________________ OP 66-72 

rock. disk-cutter experiments _____________ RI 7410 
disk cutters for, performance, prediction 

equations for ______________________ RI 7961 
role of engineering geology in __________ OP 46-73 

tunnelillg, addsory conference on, proceed-
ings ___________________________ OFR 13-70 

technology, impn)\'Cment in, needs ______ OFR 12-70 
inadequacies ______________________ OFR 12-70 

tunneling operations, Flathead project ______ IC 8662 

Exhaust. <lllt()\1lo:i,c. oxidation rate, determina-
tion. laboratorv test reactor for ____ OP 135-73 

oxygena tes in, using simple hydrocarbon 
fuels ____________________________ OP 26-72 

oxygenate measurement in, from automoth'e 
engine equipped with monolithic plati-
num catalyst _______________________ RI 7837 

diesel. offensive odors in, source, study ____ OP 20-70 
Exhamt aldchHles, rcactidty _______ RI 7527; OP 16-72 
Exhaust emi;,iollS, aircraft auxiliary power 

units. characteristics ________________ RI 7735 
aircraft turbine engines, measuring ________ RI 7634; 

OP 15-72 
automotive. effect of gasoline additives on ____ TPR 40 
coal gas-fueled engine. study ____________ OP 132-73 
diesel. effect of engine parameters ________ OP 177-71 

effect of fuel characteristics ___________ OP 177-71 
effect of fuel-injection chat'actcristics ______ RI 7579 
effect of intake' air conditions ___________ RI 7579 
odors in, contribution of carbonyl compo-

nents ________ ..: ____________________ RI 7632 

contribution of phenol components ______ RI 7632 
gasoline-natural gas. comparison ___________ RI 7806 
pollution control of. catalytic com'crlers for, 

platinum content ___________________ IC 8565 
prime mm'er, for hybrid yehiclc, characteris-

tics ______________________________ RI 7988 

propanc-fueled engines, effect of ignition-
timing tests ______________________ OP 64-71 

preliminary study ____________________ OP 64-71 

pure hydrocarbons. effect of equh'alence ratio 
on ______________________________ OP 4-71 

effcct of fuel composition on ____________ OP 4-71 
effcct of mixture tcmperaturc on ________ OP 4-71 

small utility engines, im'estigation __________ OP 4-72 

small utility internal combustion engines, 
experimental study _______________ OP 125-73 

spark-ignition engine. effect of fuel composi-
tion, laboratory study _______________ RI 7423 

Exhaust gas. automotiyc. carbonyls in, levels, 
cSlima ting, study ___________________ RI 7675 
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Exhaust gas, noncarbonyls in, levels, estimating 
study _____________________________ RI iGi5 

diesel engines, effect of opera tion in confined 
space ___________________ RI 7757; OP 168-73 

engines, rebreathing, in confined space, haz-
arcl _____________________ RI 7757; OP 168-73 

gasoline engines, effect of operation in con-
fined space ________________________ Rl 7757 

recirculation, effect on nitrogen oxide emis-
sions _____________________________ RT 7988 

in diesel engines, effect _________________ RI 7579 
sampling methods, instrumentation for ____ OP 014-73, 

168-73 
Exhaust hydrocarbons, analysis, gas-liquid 

chroma tography ____________________ RI 7700 
Exhaust reactidty, association of automoti,'e fuel 

composition with __________________ RI 7756 
effect of lc\'e!s of polyalkylbenzenes in fuel ___ RI 7756 
gasoline-natmal gas, comparison ___________ RI 7C06 

Exhaust reactors, thermal, analytical study ___ OP 131-73 
design nriables, effect on warmup ______ OP 136-73 
experimental study ___________________ OP 1~1 .. J3 
unchokecl warmup behador ___________ OP 1~6-73 

Exinite, dchydrogenation of, hydrogcn yield __ OP 1"~ .. 70 
Explosimeter, instruction guide ________________ IG 14 

Explosions, hromotrifluoromcthane as suppressant, 
effecti,'eness _______________________ OP 7-73 

coal dust, pre\'cntio\l, ue\'elopment of system 
for, progrcss report _____________ OFR 11l-'i~ 

suppression, by passive water barriers ______ RI 7~;'! 

minimum extinguishant _______________ RI 77K'2 
coal mine. concentration of entrained dust 

after. calculating, method ___________ RI 7854 
gas and elmt, in closed yesscls, factors affect-

ing ______________________________ RI 7507 

gas mixtures, hy sparks, from coal cuttcr 
metals, laboratory im'estigation _______ RI 7713 

in coal mines, eliminating, explosion-proof 
mining operation, systems analysis ___ OFR 28-72 

in marhle plates, high-speed photography oC_RI 7613 
in U.S. coal mines, pre"elllion, methods ______ IC 8600 
intrinsically safe, standardization, prescnt 

status ____ -> ____________________ OFR 23-73 

nuclcar, in undcrground mining systems, po-
tential applications ________________ OP 53-74 

phenomenology ________________________ OP 29-7~ 

propane-air, following pipeline break, in-
Yestigation ________________________ RI 77.'52 

quenching, methods, exploratory study ___ OFR 21-74 
research and technologic work, annual re-

port _________________________ IC 8442, 8492 
suppression of, research, annual report ______ IC 8616 
underwater, seismic effects _________________ RI 73~7 
yibrations from, damage to residential struc-

ture, study ______________________ OP 189-74 

Explosion characteristics, hydrazine nitrate _____ IC 8452 
Explosion hazard, dust, coal-mine shuttle-car 

runways, controlling, methods ________ RI 7446 
lean fuel-air mixtures, kinetics, study ______ OP 95-74 

thermochemistry, study ________________ OP 95-74 
Explosions research, annual report __________ IC 8641; 

SP 1-73, 1-74 
Explosion test facility, coal dust explosion re-

search, description _______________ OFR 41-73 
Explosion trends, U.S. coal mines, historical 

summary __________________________ IC 8600 

Explosionproofing, mine bulkheads, require-
ments ____________________________ RI 7581 
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Explosh'es, aluminized, properties _____________ IC 8560 
ammonium nitrate-fuel oil, post-detonation 

gases, toxic fumes from ____________ RI 7867 
use, in rock, fracture effects ______________ RI 7901 

card gap sensitivity tests __________________ IC 8605 
commercial, properties __________________ OP 13-74 
condensed, detonation properties, calculating, 

equation of state for ________________ RI 7905 
conventional, hard rock fracturing with, cost 

estimates __________________________ RI 7391 
method ____________________________ RI 7391 

current and future trends, review ________ OP 134-71 
damage around blastholes, relation to energy 

of explosives _______________________ RI 7753 
drop-weight impact tester for, force-time re-

lationships study ___________________ RI 7670 
instrumentation _______________________ RI 7670 

fracturing, in vicinity of blastholes, study ____ RI 7753 
industrial, consumption ______________ IC 8547, 8581 
liquid, detonability, in oil shale formations ___ RI 7874 

detonation, in fracture systems, effect ____ OP 39-71 
low-velocity detonation, mechanism _______ OP 3-73 
for oil shale fracturing, field tests ________ RI 7874 

laboratory tests ______________________ RI 7874 
nuclear, hard rock fracturing with, cost esti-

mates ____________________________ RI 7391 

research, on use in oil-shale processing ___ OP 91-70 
permissible, list ____________________ IC 8493, 8597 

test methods for evaluating _____________ IC 8541 
projectile impact sensitivity tests ___________ IC 8605 
properties, evaluating, test methods for ______ IC 8541 
research and technologic work, annual re-

port _________________________ IC 8442, 8492 
safety regulations _______________________ OP .13-74 
small-diameter confined charges, rock break-

age by, performance characteristics __ OFR 55-74 
technology, impact of blasting agents on _____ IC 8560 
underground use, in blasting permafrost ____ RI 7356 
urea stabilized gelled slurry, patent __________ P 2-73 
use, in fracturing oil shale formations, e\'al-

uation ____________________________ RI 7729 
types _______________________________ RI 7729 

water-gel, future trends __________________ IC 8560 
ingredients ___________________________ IC 8560 
properties ____________________________ IC 8560 
uses _________________________________ IC 8560 

Explosive atmospheres, sampling in, safe equip-
ment for, list of publications on ____ OP 93-72 

Explosh'e blasting, in limestone and dolomite 
quarries, effect of geology ___________ IC 8550 

field studies __________________________ IC 8550 
suggested improvemep.ts _________________ IC 8550 

Explosive charges, shaped, in horizontal bore-
holes, effect on coal permeability ___ OFR 14-72 

Explosive compositions, ammonium nitrate-based, 
sensitivity _________________________ RI 7840 

Explosive cratering, scaling experiments, labora-
tory tests _________________________ RI 7409 

Explosive fracture stimulation, gas wells, re-
sults ____________________________ OP 57-70 

Exp10sh'e fracturing, downhole camera survey, 
blast effects _______________________ RI 7874 

in presplit crack, in rock, results ___________ RI 7874 
oil shale, evaluation, seismic method ________ RI 7874 

field tests _____________________________ RI 7397 
oil shale formations, effect _________________ RI 7874 

Explosive fracturing-solvent Injection experi-
ment, heavy oil reservoir ____________ TPR 60 
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Explosive oi\' in dynamite, using high-pressure 
liquid chromatography _~ ____________ RI 7795 

Explosive properties, effect, on crater dimen-
sions, laboratory study ______________ RI 7407 

on free-surface displacement pulses, labora-
tory study _________________________ RI 7407 

Explosh'e reaction, characteristics ___________ OP 13-74 
Explosives research, ammonium nitrate-fuel oil, 

toxic fumes from post-detonation gases __ RI 7867 
annual report _____________________ IC 8539, 8644 

Explosive sensith'ity, n-halomethylamines ____ OP 22-70 
Explosive slurries, future trends ______________ IC 8560 

ingredients _____________________________ IC 8560 
uses ___________________________________ IC 8560 

Explosive systems, automated continuous, hard 
rock tunneling potential ____________ OP 8-74 

Extinguishing, fully developed coal dust explo-
sions, system for, progress report ____ OFR 41-73 

Extraction, progressh'e, from coal samples, with 
pyridine _________________________ OP 81-70 

soh'ent, chemistry ________________________ IC 8502 
metallurgical, practices and trends ________ IC 8502 

Extractive metallurgy. for ores and concen-
trates, methods ___________________ OP 52-74 

nitrate recovery, from titanium leach effluent __ RI 7733 
Extraterrestrial mineral separation. simulated, 

investigation _______________________ RI 7404 
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Face equipment, electric. underground mines. 
controls. proposed standardization OFR 15-74 

Face \'entilation. coal-mine, eddy zones. gas in, 
calculatirtg. theory _________________ RI 7991 

Failure analysis. rock. with scanning electron 
microscope _______________________ OP 65-74 

Fairbanks mining district, Alaska. gold-lode de-
posits. potential ____________________ IC 8604 

Fatalities, coal mine _________ IC 8555, 8556, 8599. 8613 
causes. analyses ___________________ OFR 4 (I) -72 
reducing. recommendations _________ OFR 4 (1)-72 

coal mine accidents, fatality data base anal-
ysis ___________________________ OFR 22-73 

electrical accidents, in coal mines, analysis __ OFR 30-72 
nonmetallic mineral il1dustries ____ IC 8481, 8591-8592 
quarries ______________________ IC 8562. 8586-8588 

Fatigue failure, in rock. characteristics, under 
high-frequency cyclic loading ______ OP 172-74 

Fatty acids, extraction, from kerogen rock, meth-
ods _____________________________ OP 44-70 

Faults, delineation. in uranium deposits, sur-
face resistivity measurement technique __ RI 7824 

detection. in uranium deposits, geophysical 
methods for __________ ...: ____________ RI 7824 

surface resistivity measurement technique __ RI 7824 
identification, airborne side-looking radar 

method ___________________________ RI 7869 

Fault locator, for trailing cables, in coal mines, 
description __________________ OFR 42 (4) -74 

Fayalite, formation, in reduction of hematite to 
magnetite _________________________ RI 7720 

Federal Coal Mine Health and Safety Act, 1969, 
administration of, annual report ______ SP 1-72 

implementation ________________________ IC 8568 
progress __________________________ OP 72-70 

respirable dust sampling program, evalu-
ation ____________________________ TPR 32 

respirable dust sampling requirements _____ IC 8484 



Federal Coal Mine Health and Safety Act, 1969, 
respirable mine dust sampling laboratory ___ IC 8520 
synopsis ____________________________ OP 70-74 

Federal Metal and Nonmetallic Mine Safety Act, 
administration of, annual report ______ SP 2-72 

Federal No.2 coal mine, W. Va., methane emis-
sion rate, effect of gas and oil wells ____ RI 7658 

water infusion tests ____________________ RI 7640 
Feeder, multiple.orifice, for fine particles, de-

sign and operation __________________ RI 7944 
Feldspar, annual data ______________ MY 1973 (Y. I) 

consumption _____________________________ B 650 
economic projection _______________________ B 650 
production _______________________________ B 650 

recovery, from waste gr'anite fines, flotation 
method ___________________________ RI 7651 

resenes __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Feldspar industry, problems __________________ B 650 
Feldspar powder, roll forming into strips, 

method ___________________________ RI 7463 

Feldspar-quartz bicrystals, extraction, from rock, 
method ___________________________ RI 7709 

Feldspathic sand, recovery, from waste granite 
fines, method ______________________ RI 7928 

Feldspathic sandstone, physical properties _____ RI 7865 
Felix deposit, Wyo., coal resen'es, strippable ____ IC 8538 
Fernando Po, mineral industry, annual re\'iew __ MY 1973 

(v. III) 
Ferric chloride, anhydrous, reaction, with car-

bazole derivatives, in organic solvents __ OP 81-71 
dechlorination, with oxygen, laboratory study 

OP 146-72 
potential pyrite depressant, in coal flotation, 

laboratory study ___________________ RI 7518 
Ferric chloride leach, copper recovery from 

chalcopvrite bv __________________ OP 127-71 
sulfur recovery by. from chalcopyrite _______ RI 7474 

Ferric oxide, from ferric chloride, fluidized-bed 
reactor technique ________________ OP 146-72 

production, from mixed iron-copper chlorides, 
oxidation method __________________ RI 7970 

Ferric sulfate leach process. lead recovery from 
galena concentrate by _______________ RI 7360 

sulfur recovery from galena concentrate by ___ RI 7360 
Ferroallovs, annual data ______________ MY 1973 (v. I) 
Ferrofluid, preparation, from fine-particle wustite, 

method ___________________________ RI 7i02 
Ferrous scrap, annual data ____________ MY 1973 (v. I) 

from junk automobiles, research _________ OP 170-73 
junk automobile. demand _________________ IC 8596 
molten, copper removal from, sodium sulfate 

treatment, pilot plant study __________ RI 7914 
preheating. using basic oxygen furnace offgas, 

results ____________________________ RI 7929 
recovery and reuse, research _____________ OP 176-74 
recovery from urban incinerator residues, 

process description __________________ IC 8533 
reductant, for nonmagnetic iron ores OP 70-70, 109-70 
refining, research ______________________ OP 170-73 
selective oxidation, sheared automobile hulks, 

method ___________________ OP 70-70, 109-70 
steels from, minor elements in, fluorescent 

X-ray analysis ____________________ OP 79-74 

Fertilizer, exports, gulf coast ports ____________ IC 8508 
manure, burned residues, properties ________ TPR 46 
production. from phosphate mineral flotation 

tailings, method ___________________ RI 7864 

Fibers, metallic, rapid growth, by partitioning 
,sulfur, in copper-iron-sulfide mineral __ RI 7833 

Fiber glass, thermal oxidative behavior in coal 
mines, laboratory study _____________ RI 7872 

toxic gases, from thermal oxidation degra-
dation __________________________ OP 165-74 

Fiji Islands, mineral industry, annual review __ MY 1973 
(v. III) 

mining laws ____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

Filters, balanced, for silver Ka X-rays _______ OP 138-70 
membrane, substrate for scanning electron 

microscopy, evaluation _____________ OP 53-72 
respirator, high-efficiency, sodium chloride 

penetration, determination, method ___ OP 3-74 
penetration tests, using sodium chloride 

aerosol ________________________ ,;, __ RI 7403 

Filtration, phosphate slimes-aluminum sulfate 
solution mixtures, tests _____________ RI 7816 

Finch bed, Wyo., coal, washing characteristics ___ RI 7525 
Finite element analysis, circular inclusions, 

stresses and strains in, method ________ RI 7967 
complex structures, simplifying, methods for __ RI 7838 

Finland, mineral industry, annual review ______ MY 1973 
(v. III) 

mining laws _____________________________ IC 8631 
petroleum laws _________________________ IC 8631 

Fires, abandoned coal mines, controlling, meth-
ods ______________________________ IC 8620 

extinguishing, methods _________________ IC 8620 
bromotrifluoromethane as suppressant, effec-

tiveness __________________________ OP 7-73 
coal-mine, control techniques ____________ OFR 3-71 

controlling, methods and costs ____________ IC 8524 
potential, infrared scanners for detecting hot 

spots _____________________________ TPR 80 
coal refuse bank, control techniques ______ OFR 3-71 
free ambient, convectively mixed combustion 

of fuel reservoirs _________________ OP 164-73 
in coal mines, air behind, temperature ____ OFR 74-73 

effect on ventilation sYStems __________ OFR 74-73 
fumes behind, temper~ture ___________ OFR 74-73 
ventilation disturbances; predicting, meth-

od ____________________________ OFR 74-73 
in trucks used in mines, causes _______ OFR 25 (I) -74 

fire sensing and extinguishing systems for, 
design and operation __________ OFR 25 (2) -74 

in underground coal mines, causes, review __ OFR 52-74 
mine, extinguishing, passive water barrier, 

effectiveness _______________________ RI 7815 
rock-covered, in coal mines, extinguishment, 

methods _______________________ OFR 73-73 
suppression of, research, annual report ______ IC 8616 

Fire and explosion research, annual report ____ IC 8644; 
SP 1-74 

Fire clay, annual data _______________ MY 1973 (v. I) 
Fire control, in abandoned bituminous coal 

mines, administration _______________ IC 8620 
coal-refuse fires, methods __________________ IC 8515 

Fire control projects, abandoned bitljminous coal 
mines, list _________________________ IC 8620 

Fire con trol systems, for trucks in mines, de· 
sign and operation ____________ OFR 25 (2) -74 

requirements for _________________ OFR 25 (I) -74 

Fire detectors, in underground coal mines, re-
view __________________________ OFR 52-74 

Fire extinguishing systems, in underground coal 
mines, review ___________________ OFR 52-74 

Fire fighting, underground coal mines, review OFR 52-74 
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Fire hazards, in underground coal mine, re-
,iew __________________________ OFR 52-74 

in nnderground hard rock mines ________ OFR 24-74 
pc,ucntial, gelled and emulsified hydrocarbon 

fuels ____________________________ OP 43-71 

Fire protection systems, automatic, for mine 
haulage equipment, requirements ___ OFR 34-74 

tests ____________________________ OFR 33-74 

Fir!' resistant materials, toxic product data, 
laboratory-scale burning experiments ___ TPR 66 

fi;-" sel1'lllg systems, for trucks in mines, design 
and operations _______________ OFR 25 (2) -74 

requirements for _________________ OFR 25 (I) -74 
fire suppression, in coal mines, pressure foam 

generating system ________________ OFR 24-73 
Fireclay condensers, in horizontal zinc-reduction 

smelter, deposits on, analysis ________ OP 59-72 
First. Berea sand, lithology __________________ IC 8473 
First Cow Run sand, lithology _______________ IC 8473 
Fischer-Tropsch synthesis, gasoline, hot-gas re-

cycle process _____________________ OP 70-72 
Flame, above liquid fuel pools, flow and thermal 

strudme, study __________________ OP 164-73 
coal dust-air, inhibitors for, evaluation ______ RI 7552 
gas burner, air pollution from, reducing, 

nlethods ____________________________ B 653 
reaction kinetics _________________________ B 653 

hydrogen flare stack diffusion. combustion 
characteristics ______________________ RI 7457 

in coal-mine galleries, radiant heating of coal-
dust clouds by _____________________ RI 7439 

methane-air. quenching tests, carbon dioxide 
extinguishant ____________________ OP 83-/4 

Halon 1301 extinguishant ____________ OP 83-/4 
methane-oxygen-argon, radical species profile 

for ____________________ RI 7766; or 167-73 
propagating through methane-air mixtures in 

mines, Halon 1301 as extinguishing 
agent ____________________________ RI 7515 

quenching methods. exploratory study ____ OFR 21-74 
research and technologic work, annual re-

port ________________________ IC 8442, 8492 
spherical, propagation, in spherical vessel, un-

der constant volume, equations ________ RI 7839 
Flame inhibition, by bromotrifluoromethane, 

study _____________________________ RI 7723 
Flame inhibitors, evaluation _____________ OFR 21-74 

laser irradiation, as rapid screening process, 
evaluation ______________________ OFR 42-73 

time-of-flight mass spectrometry studies ___ OFR 63-73 
Flame ionization detector, hydrocarbon measure-

ment by, in auto exhaust ___________ OP 44-73 
service life measurements, respirator cartridges, 

in various organic vapors ___________ OP 5-74 

Flame photometric detector, use, in determina-
tion of sodium chloride aerosol pene-
tration, through respirator filters ____ OP 3-74 

FI2me propagation, in layered methane-air sys-
tems, study ______________________ OP 61-70 

wnstant volume, differential equations for ___ RI 7839 
in coal mine passageway, induced aerodynam-

ics, mathematical study ______________ RI 7908 
methane-air explosions, measuring, instru-

mentation _________ "- _______________ RI 7779 
study _________________________________ RI 7766 

Flame safety lamp, oxygen deficiency testing 
with, instruction guide ____________ IG II, 15 

Flame sampling, molecular beam-mass spec-
trometer system for ______________ OFR 21-74 
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inhibitor mixtures, infrared emiSSIon 
spectra ___________________________ RI 7956 

ultraviolet-visible emission spectra ________ RI 7956 
Flame spread, ventilation cloth. evaluation _____ RI 7625 

ventilation tubing, e\'aluation ______________ RI 7625 

Flame structure, methane-ongen-argon flames, 
chemically inhibited, molecular beam 
mass spectrometric study ____________ RI 7723 

molecular beam mass spectrometric study ___ RI 7723 
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atmospheres _______________ OP H-70, 15-70 
cellulose acetate, in oxygen-enriched atmos-

pheres ____________________ OP 14-70, 15-70 
fabrics, in oxygen-enriched atmospheres ____ OP 14-70, 

15-70 
nylon, in oxygen-enriched atmospheres ____ OP 14-70, 

15-70 
paper, in oxygen-enriched atmospheres ____ OP 14-70. 

15-70 
pine strips, in oxygen-enriched atmospheres __ OP 14-70, 

15-70 
plexiglas, in oxygen·enriched atmospheres ___ OP 14-70, 

15-70 
polyvinyl chloride, in oxygen-enriched atmos-

pheres ____________________ OP 14-70, 15-70 
rubber, in oxygen-enriched atmospheres ____ OP 14-70, 

1.1-70 
solids. classification test methods for ________ RI 7593 

Flammability hazard. flammable liquids trans-
portation. flashpoint determination ___ OP 42-71 

Flammability limits. aircraft fuels. review ____ OP 41-71 
fuel-air mixtures. lean, kinetics ___________ OP 95-74 

Flare stack diffusion flames, hydrogen. combus-
tion characteristics __________________ RI 7-n7 

Flash reduction, fine iron ore, in coil reactor ___ RI 76'27 
Flash roasting. cement copper. for acid leaching 

experiments _______________________ RI 7794 

Flashpoint, flammable liquids, determination. 
Tagliabue method _________________ OP 42-71 

Flathead tunnel. construction. study __________ IC Rfifi2 
Flathead tunnel project. geology _____________ IC 86fi2 

ground support. study ___________________ IC 8602 

Flattener, portable, for automobile hulks, im-
pact on recycling system _____________ IC 8')96 

Flood damage. Buffalo Creek dam failure __ OFR 10 Il)-
10 (2) -73 

Floor tile, production, using municipal incinera-
tor residue glass fraction. economic 
study _____________________________ IC 8567 

Florida, Dade County, limestone resources ___ OP 126-73 
land utilization, in mining industry _________ IC 8642 
limestone resources. investigation _________ OP 51-70 
mined land reclamation ___________________ IC 864'2 
mineral industry, annual review _____ ;\IY 1973 (v. II) 

production _________________________ OFR 20-74 
natural gas. analyses _________________ IC 8518, 8607 
phosphate flotation plants, rutile recovery 

from, potential __________________ OFR 26---72 
phosphate industry, economic significance ____ IC 8653 

investigation __________________________ IC 84:;9 

land use conflicts ____________________ FXR 1-71 

phosphate mining, land reclamation after ___ FXR 1-71 
regulations for ______________________ FXR 1-71 

phosphate rock slimes, dewatering. freezing 
technique for ______________________ RI 7~;20 

method -----_______________________ RI 7816 



Florida, southeastern, limestone resources, effect of 
urban growth ______________________ IC 8664 

population, future growth _______________ IC 8664 
'Vashington County, limestone resources, in-

vestigation _______________________ OP 51-70 
Flotation, acid-cationic, mica recovery by ____ OP 161-70 

alkaline-anionic-cationic, mica recovery by __ OP 161-70 
anionic, iron-ore gangue, effect of tapioca flour 

content ___________________________ RI 7618 

biotite, from waste granite fines ___________ RI 7928 
carbonate minerals, from unaltered phosphate 

ores ______________________________ RI 7864 

cationic, commercial magnetic taconite con-
centrates, to supergrade product ______ RI 7852; 

OP 93-74 
silica, supergrade iron orc concentrate pro-

duction by _______________________ OP 63-72 
copper recoYery by, from converter slags _____ RI 7562 
feldspar, from waste granite fines ______ RI 7651, 7928 
froth, beneficiating copper mill tailings by ___ RI 7868 

bituminous coal, hydrolyzed metal ions, as 
pyrite depressants, laboratory study ____ RI 7518 

continuous, with distributed rate constant, 
transfer function, equation for _______ OP 95-73 

trends. rcdew _________________________ IC 8547 

two-stage, pyrite removal from coal, pilot 
plant tests _________________________ RI 7822 

glass sand, from waste granite fines ________ RI 7928 
kyanite. from quartzite-kyanite ore __________ RI 7376 
lead sulfides, compounds used in, infrared 

spectra ___________________________ RI 7963 
mica, acid cationic method __________________ B 662 

alkaline anionic cationic method ___________ B 662 
nonmagnetic taconite, innovative procedures 

for, cost reductions _________________ RI 7826 
water reuse in, pilot plant study ________ OP 27-71 

phosphate-bearing waste pond material, study __ RI 7601 
phosphate ore. study ____________________ RI 7601 
phosphate washer wastes, study ____________ RI 7601 
pyrite. from coal, two-stage technique, labora-

tory study ________________________ TPR 51 
red-bed copper ore. methods ______________ RI 7375 
separation of kyanite and garnet from Idaho 

or~ ______________________________ RI 7745 

separation of minerals by, methods ________ OP 52-74 
sylvite ores. high-clay, new technique ______ OP 54-72 

Flotation cell, froth. continuous mechanical, 
dmamic mathematical model _______ OP 20-74 

Flotation 'plants, distribution ________________ IC 8547 
phosphate. heavy minerals in circuit, study OFR 26-72 

Flotation practices, iron-ore, current, redew ___ OP 82-70 
Flotation l'eagents, consumption ______________ IC 8547 

lead sulfide ores. infrared reference spectra ___ RI 7963 
Flow. spiral. in pipes, head loss ____________ OP 86-71 
Flow cell, radial, patent _____________________ P 4-72 
Flow chart-mine cost model, for estimation of 

capital and operating costs _________ OP 130-73 
Flow field, laminar, particle interaction in, 

study ___________________________ OFR 5-73 

Flow initiation, lunar soil, simulated, in bin-
hopper ___________________________ RI 7577 

Flow measurement, in fractured oil shale, using 
radioactive tracer, field test __________ RI 7791 

Flow rates, fine solids, multiple-orifice feeder for, 
design and operation _______________ RI 7944 

light hydrocarbon gases, through coal, labora-
tory study _________________________ RI 7441 

Flowabilitv, fine soils. from bins, in lunar en-
vironment, tests for _________________ RI 7543 

Flowability, simulated lunar soils, in gravity-flow 
bins, study _______________________ OPl05-73 

Flue dust, brass smelter, lead recovery from. 
laboratory tests ____________________ RI 7880 

recovery of metal values from ___________ RI 7637 
zinc recovery from, laboratory tests _______ RI 7880 

foundry, lead extraction from, method _____ OP 2-70, 
54-70 

zinc extraction from, method _______ OP 2-70, 54-70 
zinc recovery from, double vacuum dis-

tillation technique ________________ OP 34-74 
Flue gas, electrostatic precipitation of fly ash in, 

effect of gas temperature ____________ IC 8543 
mercury in, comparison with mercury con-

tent of coal _______________________ TPR 54 

powerplant, sulfur and nitrogen oxide re-
moval from, vapor reaction with am-
monia __________________________ OP 27-72 

sulfur dioxide removal from, citrate process, 
pilot plant study _________________ OP 43-74 

evaluation _________________________ OP 75-72 
solid oxide sorbents for _________________ RI 7582 

sulfur removal from, mineral waste utilization 
for, evaluation ___________________ OP 119-72 

Fluid-bed combustion, bed materials for, suit-
ability tests ______________________ OP 23-72 

coals for, suitability tests _________________ OP 23-72 
Fluid flow, in boreholes, measuring, hot-film 

flow log technique ______________ OP 144-71 
Fluidized-bed dryer, for fine coal, use of ultra-

sonic energy in, effect _____________ OP 131-71 
Fluidized-bed reactor, for gaseous direct re-

duction of iron ore, design and opera-
tion _____________________________ RI 7622 

iron ore reduction in, optimum operating 
conditions _________________________ RI 7461 

Fluidized-bed separation, particulate solids of 
varying densities, method, patent _____ P 26-73 

Fluidizer, gas-solids, cOll\'erging-diverging type, 
patent ____________________________ P 3-71 

Fluorescence spectrometric analysis, high-boiling 
petroleum distillates, separation methods 
for samples _____________________ OP 162-72 

Fluoride, recovery, from phosphate rock, in­
creasing. digestion with phosphoric acid RI 7980 

Fluoride-silicate mixtures, oxygen electrowin-
ning from, research ______________ OP 155-70 

Fluoride systems, molten. density ____________ RI 752R 
electrical conducth'ity ___________________ RI 7528 
heat of actiYation ______________________ RI 7528 
isothermal conductiYity _________________ RI 7528 
molar volume _________________________ RI 7528 
phase diagrams ________________________ RI 7.'j2S 

Fluorine. byproduct, potential sources ________ IC 85()6 
consumption _____________________________ B 6:iO 
economic projection ________________________ B 650 
extraction, from low-grade fluorspar ores, pre-

liminary study _____________________ RI 7866 
production _______________________________ B 650 
uses _____________________________________ B 650 

Fluorite, ultrafine grinding, wet attrition grind-
ing process ________________________ RI 7641 

4-Fluorobenzenethiol, infrared spectrum _____ OP 152-70 
Fluorohydrocarbons, zeolite absorption capacity 

for ______________________________ RI 7744 

Fluorspar, annual data _______________ ;\fV 1973 (v, I) 
annual review ________________________ OP 125-72 
consumption _____________________________ B 650 
economic projection _______________________ B 650 
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Fluorspar, imports, gulf coast ports ____________ IC 8508 
production _______________________________ B 650 
technology _______________________________ B 650 
reserves __________________________________ B 650 

Fluorspar deposits, evaluation, well logging tech-
niques, literature review _____________ IC 8627 

Fluorspar industry, problems __________________ B 650 
Fluorspar-lime-alumina system, under helium at-

mosphere, phase diagram __________ OP 63-74 
Fluorspar ore, low-grade, beneficiation, froth 

flotation method ___________________ RI 7866 

Fluorspar ore concentrate, pyrohydrolysis, fluo-
rine recovery by ___________________ RI 7866 

Fluorspar powder, particle size reduction, by 
attrition milling __________________ OP 23-74 

Fluosilic acid, corrosion rate, commercial alloys, 
evaluation ________________________ RI 7898 

recovery from phosphate rock, digestion with 
phosphoric acid ____________________ RI 7980 

waste, aluminum fluoride production from, 
cost evaluation _____________________ IC 8566 

calcium fluoride production from, cost eval-
uation ____________________________ RI 7502 

method _____________________________ RI 7502 

calcium production from, cost evaluation ___ IC 8566 
Flux, fluorspar-lime-alumina system, under helium 

atmosphere, phase diagram ________ OP 63-74 
for sacrificial metal coating system, for solder-· 

ing ______________________________ TPR 29 

use, in steel furnaces, effect of direct reduction 
techniques ________________________ IC 8583 

Fly ash, absorptive properties, for paper mill 
effluent, experimental results _________ IC 8640 

agricultural uses _________________________ IC 8483 
beneficiation ____________________________ IC 8488 
brickmaking uses ________________________ IC 8483 
collection, from combustion of \Vestern coals, 

methods __________________________ IC 8543 
consumption ____________________________ IC 8488 
from low-sulfur coals, collecting, liquid scrub-

ber methods _______________________ IC 8543 
high-alkali, use in wet scrubber for sulfur di-

oxide removal ______________________ IC 8650 
in concrete, advantages ____________________ IC 8483 

disadvantages __________________________ IC 8483 

in flue gas, resistivity, effect of gas tempera-
ture ______________________________ IC 8543 

lignite-burning powerplant, electrostatic pre-
cipitation of _______________________ IC 8543 

lignite, research, summary _________________ IC 8488 
use, in brickmaking ____________________ IC 8471 
utilization, research _____________________ IC 8471 

summary ___________________________ IC 8488 

low-alkali, use, in wet scrubber, for sulfur di-
oxide removal ______________________ IC 8650 

low-sulfur subbituminous coal, electrical re-
sistivity, reducing, method ___________ IC 8543 

electrostatic precipitation of _____________ IC 8543 
wet scrubbers for, tests _________________ IC 8543 

marketing problems ______________________ IC 8640 
mercury in, comparison with mercury content 

of coal ___________________________ TPR 54 
mineral filler uses _______________________ IC 8483 
:'Iforwell coals, characteristics ______________ IC 8650 
performance, predicting, methods __________ IC 8488 
powerplant, soil-making potential, in mined-

land reclamation ___________________ IC 8640 
production _____________________________ IC 8488 
properties ______________________________ IC 8650 
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Fly ash, properties, for revegetation of coal mine 
refuse banks _______________________ OP 1-73 

raw, effect on acidity of coal-mine spoil ______ RI 7504 
use as rubber additive, effect on skid re-

sistance ___________________________ RI 7619 
effect on wear resistance ______________ RI 7619 

reclamation of acidic coal-mine spoil with, 
experiments _______________________ RI 7504 

research _______________________________ IC 8488 

sintered, as soil conditioner _______________ RI 7381 
use, as rubber additive, effect on skid re-

sistance ___________________________ RI 7619 
effect on wear resistance _______________ RI 7619 

soil stabilization uses _____________________ IC 8483 
U.S. production _________________________ IC 8640 
us~ ___________________________________ IC 8488 

as fertilizer, research ___________________ IC 8488 
as filler. in bituminous paving ___________ IC 8488 
for coal mine refuse bank reclamation ____ OP 1-73 
for lightweight aggregate _______________ IC 8483 
in ceramics industry, technical aspects _____ IC 8488 
in concrete. for buildings _______________ IC 8488 
in portland cement ____________________ IC 8640 
in reinforced concrete. effect on steel cor-

rosion ____________________________ IC 8488 

in revegetation of coal mine waste piles __ OP 13-72 
in road-base materials __________________ IC 8650 

utilization ______________________________ IC 8640 
current research _______________________ IC 8640 
in cement, research _____________________ IC 8650 
remote filling of mine voids. methods ______ IC 8488 

Yallourn coals, characteristics ______________ IC 8650 
Fly ash-bottom ash mixtures, in rubber, effect 

on skid resistance __________________ RI 7619 
Fly ash deposits. cyclone-fired steam generator, 

analysis _________________________ OP 180-71 

Fly ash emissions, controlling, methods for _____ IC 8543 
in stack gases, measuring flow rate, electro-

gasdynamic application ____________ OP 11-73 
recording size distribution, electrogasdynamic 

application ______________________ OP 11-73 

Fly ash-ferric oxide pellets. sintered, for hydrogen 
sulfide removal. from producer gas ___ OP 31-70 

Fly ash injection, method and apparatus, 
patent _____________________________ P 1-70 

Fly ash-iron oxide pellets, use, in hydrogen 
sulfide removal, from hot producer 
gas _______________________________ RI 7947 

Fly ash-metal oxide pellets, use, in hydrogen 
sulfide removal. from hot producer gas __ RI 7947 

Fly ash-red mud pellets, use, in hydrogen sul-
fide removal. from hot producer gas ___ RI 7947 

Fly ash removal, stack gases, research, annual 
report ____________________________ IC 8612 

Fly ash utilization. applications ______________ IC 8483 
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Gem stones, annual data ______________ MY 1973 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology _______________________________ B 650 
types ____________________________________ B 650 
uses _____________________________ ~ _______ B 650 

Gem stone industry, problems _________________ B 650 
Gemini 5 flight, photographs from, open pit 

mine, interpretation of ______________ IC 8530 
Geochemistry, oil shale genesis, Piceance Creek 

basin __________________________ OP 181-74 

saturated hydrocarbons constituents, Green 
Rh'er oil shale _____________________ RI 7737 

Geographical techniques, surface, detection and 
delineation of faults, in uranium 
deposits __________________________ RI 7824 

Geologic formations, aYailability, for subsurface 
waste injection, literature review ______ IC 8636 

parameters related to macroscopic behavior ___ IC 8628 
response to explosive charges _______________ IC 8628 

Geologic mapping, direct reading azimuth pro-
tractor, for measuring dip and azimuth 
of fracture plane ___________________ IC 8617 

Geologic materials, cubical test cell, for multi-
axial testing of physical properties ____ OP 83-73 

Geologic structure, effect, on coal mining op-
erations ___________________________ RI 7869 

on rock fragmentation, in quarry blasting __ RI 7863 
Geologic structure analysis, airborne side-looking 

radar system for ___________________ RI 7869 
Geologic structure-stress field relationships, 

study _____________________________ RI 7365 

Geology, role, in rock fragmentation field tests_OP 108-74 
structural, coal mine opening, in elastic multi-

layered material ___________________ RI 7845 
subsurface, probable areas of roof fall, pre-

dicting ___________________________ TPR 70 

Geophysical activity, offshore-onshore, com-
parison ___________________________ IC 8575 

Geophysical prospecting, delineation of lead ores, 
by radioisotopic X-ray drill hole probe-RI 7611 

Geophysical techniques, surface, for detection and 
delineation of faults, in uranium mines __ RI 7975 

Georgetown area, Ohio, coal refuse bank, recla-
mation, results _____________________ IC 8576 

Georgia, Atlanta area, geologic structure-ground 
stress relationships, study ____________ RI 7365 

Atlanta metropolitan area, surface mining in, 
socioeconomic aspects _______________ IC 8477 

fuel and energy data _____________________ IC 8647 
heavy minerals, in sand and gravel operations, 

occurrence ________________________ RI 7517 
recowrability ________________________ RI 7517 

kyanite ore, benefication study _____________ RI 7376 
land utilization, in mining industry _________ IC 8642 
Lithonia granite, fracturing in, blast-induced, 

stUdy _____________________________ RI 7901 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (v. II) 

production _________________________ OFR 20-74 
mineral production, review _____________ OP 126-71 
mining operations, in urban areas, State legis-

lation on _________________________ IC 8477 
zoning ordinances ____________________ IC 8477 
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Georgia, natural gas, analyses ________________ IC 8443 
umber ore, manganese extraction from ferrous 

sulfate-sulfur acid leach process _______ RI 7695 
waste granite fines, feldspar reco\'ery from ____ RI 7928 

glass sand recoyery from ____________ · _____ RI 7928 

Geothermal brines, extraction and disposal, en-
vironmental impact _________________ IC 8638 

metals in, corrosion resistance, literature 
survey ____________________________ IC 8601 

residual, mineral extraction from, feasibility ___ IC 8638 
Geothermal energy resources, development, en-

vironmental effects, discussion _______ OP 89-74 
Germanium, additions, in zinc electrowinning so-

lutions, effect ______________________ RI 7966 
annual data ______________________ MY 1973 (Y. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

zinc-byproduct, supply, economic analysis ____ IC 8570 
Germanium industry, problems _~ ______________ B 650 
Germany, erude oil, analyses _________________ IC 8542 

coal mines, roof support eyaluation techniques __ IC 8645 
East, energy economy ___________________ OP 117-74 

fuel resources _______________________ OP 117-74 

mineral industry, annual redew __ :\IY 1973 (v. III) 
Federal Republic of. fly ash, consumption ____ IC 8640 

lignite deposits, open pit mining, spoil recla-
mation methods ____________________ IC 8650 

open pit mining methods ______________ IC 8650 
mechanical coal mining, study ____________ IC 8645 
mines, respirable dust control methods in __ IC 8490 
mineral industry, annual review __ MY 1973 (v. III) 
mining laws ___________________________ IC 8631 
natural gas, analyses ____________________ IC 8554 
petroleum laws ________________________ IC 8631 
respirable dust standards ________________ IC 8528 
respirable mine dust, research projects on __ IC 8490 
silicosis research projects ________________ IC 8490 

Getchell mine, I\'ev., gold, sample assay data, sta-
tistical analysis _____________________ RI 7383 

Ghana, mineral industry, annual review MY 1973 (\'. III) 
mining laws _____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Gilsonite, gasification characteristics, in micro-
wave discharge, in argon ____ OP 156--71, 157-71 

Ginger Hill mine, Pa., coal refuse bank, reclama-
tion, results _______________________ IC 8576 

Glacial till pebbles, A-axis orientation, analysis, 
computer program for _______________ RI 7669 

Glacier Primitive area, Wyo., mineral appraisaL_GS 1-71 
Glade sand, lithology _______________________ IC 8473 

Glass, colorless, recovery from mixed waste glass, 
electronic color-sorting machine for ____ TPR 45 

in Apollo 15 dusts, infrared structural char-
acterization _______________________ OP 5-73 

mixed waste, separating of colorless glass from, 
elctronic color-sorting machine for _____ TPR 45 

reco\'ery, from municipal incinerator waste ___ TPR 33 
from raw urban refuse __________________ RI 7760 

from urban incinerator residues, process 
description ________________________ IC 8533 

recycled, aluminum determination in, method_RI 7592 
waste, flux for common clay, in brickmaking, 

effect on firing time and temperature __ RI 7701 
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Glass, waste, from municipal incinerator residues, 
building brick from _________________ RI 7605 

glass wool manufacture from, process RI n08 
Glass cloth, woven, flame spread evaluation ____ RI 7625 

Glass fabric, Teflon-coated, use, as flexible per-
sonnel protective shield, at mine face. 
tests ___________________________ OFR 40-73 

Glass fraction, municipal incinerator residue, uses 
for, economic study ________________ IC 8567 

Glass sand, reco\'ery, from waste granite fines, 
flotation method ___________________ RI 7651 

Glass scrap, iron in, determination, method ___ OP 79-i4 

Glass spheres, production, using municipal illCin-
era tor residue glass fraction, economic 
study _____________________________ IC 8567 

Glass wool, from glass fraction of municial it1Cin-
era tor residue, experimental process foc_RI 7i08 

properties ____________________________ RI 7708 

production, from "'aste glass, economic e\'alu-
ation ___________________________ OP 15-14 

method ___________________________ OP 15-i4 

using municipal incinerator residue glass 
fraction, economic study _____________ IC 8567 

Glow discharges, helium-sulfur dioxide-carbon 
monoxide mixtures, ionic and neutral 
reactions, mass spectroscopy studies ____ RI 7747 

in helium-sulfur dioxide mixtures, positi\'e ion 
species __________________________ OP 60-72 

sulfur dioxide dissociation ______________ OP 60-72 

Glycerin, as additive in diamond drilling quartz-
ite, effect _________________________ OP 8-70 

additi\'e, in diamond drilling, effect _________ RI 7494 

Gneiss, compressi\'e strength, properties related 
to, experiment?-l results ________ OFR 29 (2)-74 

mechanical behaYior, effect of fracture 
filling ______________________ OFR 29 (I) -74 

Geothite, entropy __________________________ RI 7369 
heat capacity, low-temperature _____________ RI 7369 

Gold, annual data ___________________ MY 1973 (v. I) 
chloride volatilization of, investigation ______ RI 1489 
collection, from acid solutions, ion-exchange 

resin method ______________________ RI 7358 
consumption _____________________________ B 650 

copper-byproduct, economic analysis ________ IC 8569 
dentistry uses ________________________ OFR 64-73 

detection limit, by radiOisotopic X-ray analysis 
OP 146--70 

determination, fire-assay emISSIOn spectro-
graphic method __________________ OP 104-70 

distribution in ore, study _________________ RI 7508 

dredged from placer deposits, treating, 
methods __________________________ IC 8462 

economic projection _______________________ B 650 
end use data _________________________ OFR 64-73 

extraction, from carbonaceous ores, malonitrile 
leach method ______________________ RI 7464 

pilot-plant study _____________________ RI 7597 

from oxide ores, malonitrile leach method __ RI 7464 
Government r~gulations on ________________ IC 8447 
in Alaska beach sands, reconnaissance ____ OFR 21-i2 

in ores, accuracy of determination, sources of 
error ____________________________ OP 90-73 

determination, semiconductor detector-radio-
isotopic excitation method __________ OP 1-72 

in scrap solder, determination, neutron activa-
tion analysis ______________________ OP 21-71 

in Tertiary gravels, imestigation __ RI 7935; OFR 6--74 



Gold, in trace quantities, determination, neutron 
activation method __________________ OP 7-71 

X-ray spectrography __________________ OP 7-71 
industry uses _________________________ OFR 64-73 
jewelry uses _________________________ OFR 64-73 
lode, quartz-type deposit, rotary drilling ex-

ploration of _____________________ OFR 23-72 
placer, mining for, methods ________________ IC 8517 

regulatiOns for selling ___________________ IC 85 I 7 
placer deposits, appraising, methods for ______ IC 8462 
placer mining, dredging systems for _________ IC 8462 

problems _____________________________ IC 8517 
prices _______________________________ OFR 64-73 
production _______________________________ B 650 
projected use _________________________ OFR 64-73 
reclamation, from electronic scrap, molten-

salt electrolytic process ____________ OP 107-73 
recovery, as copper byproduct, at various 

prices ____________________________ IC 8598 
from carbon stripping solution _________ OP 105-74 
from carbonaceous ore, oxidation pretreat-

ment and cyanidation, pilot-plant study--RI 7597 
oxidation process for improving ________ RI 7573 
patent __________________________ p 7-71, 7-72 

from dilute solutions, process, patent _______ p 3-72 
from electronic scrap, methods ___________ RI 7683 

molten-salt electrolysis ________________ RI 7617 
from low-grade ores, heap leaching-zinc pre-

cipitation method _________________ OP 50--74 
methods and costs _________________ OP 10'5-74 

from ores, method, patent _______________ P 20--73 
from porphyry strip mine waste, flotation 

method _________________________ OP 75-73 

from refractory carbonaceous ores, electro-
oxidation technique _______________ OP 85-71 

from refractory tailings dumps, study ______ RI 7395 
from scrap, costs _______________________ IC 8447 

methods ____________________________ IC 8447 

from scrap electronic solders, by fused-salt 
electrolysis _______________________ OP 18-70 

re~rves __________________________________ B 650 

resources, Black Hills area _________________ IC 8660 
technology _______________________________ B 650 
U.S. commercial demand _______________ OFR 64-73 
uses _____________________________________ B 650 
world use ____________________________ OFR 64-73 

Gold-bearing gravels, geophysical measurement, 
techniques for _____________________ RI 7584 

Gold-bearing gravel deposits. mine systems anal-
ysis for _________________________ OFR 4-74 

potential, inwstigation _________________ OFR 5-74 
Gold bromides, dissociation _________________ RI 7513 

"apors over, composition __________________ RI 7513 
vaporization ____________________________ RI 7513 

Gold chlorides, dissociation __________________ RI 7513 
"apms m'er, composition __________________ RI 7513 
"aporization ____________________________ RI 7513 

Gold-chlorine system, equilibrium data _______ OP 11-71 
kinetics _______________________________ OP 11-71 

Gold claims, placer, locating, instructions for ___ IC 8517 
Gold deposi ts, assay data, statistical analysis ____ RI 7495 

exploring for, humus sampling tech-
nique _______________________ RI 7417, 7425 

low-grade, financial evaluation, probabilistic 
analYsis method_ _ __________________ IC 8495 

sensiti~,ity analysis method _____________ IC 8495 
preliminary imestigation ______________ OFR 5-71 
reconnaissance ______________________ OfR 14-70 

Gold deposit, submicron, sample assay data, sta-
tistical analysis _____________________ RI 7383 

Gold industry, problems ______________________ B 650 
review ________________________________ OP 31-73 
secondary, description _____________________ IC 8447 

Gold lode deposits, Alaska, investigation ______ RI 7555 
petrography ___________________________ RI 7555 

central Alaska, potential __________________ IC 8604 
Gold metallurgy, innovations in, description __ OP 105-74 
Gold ore, carbonaceous, chemical oxidation of, 

results ____________________________ RI 7573 
electrolytic oxidation process for _________ OP 85-71 
electrooxidation of, results _______________ RI 7573 
gold recovery from, methods _____________ RI 7597 

process for, patent ____________________ P 7-71 
oxidized, gold reco,'ery, by cyanidation, im-

provement in ______________________ RI 7573 

diamond-drill sampling of, methods for, 
evaluation ________________________ RI 7508 

low-grade, cyanide leaching of, description __ OP 50--74 
gold recovery from, carbon-in-pulp proc-

ess _____________________________ OP 105-74 
heap leaching, results ________________ OP 105-74 

Gold placers, cyanide leaching of, laboratory 
e"aluation ________________________ RI 7559 

occurrence _____________________________ IC 8517 

Gold-silver deposits, evaluation, well logging 
techniques, literature review __________ IC 8627 

Gold-silver mineralization, vein extensions, core 
drill sample assays ________________ OFR 3-70 

Goniometer, two-circle, for marking angular co­
ordinates, on spherical specimens, de-
scription ________________________ OP 85-70 

Gordon sand, formation factor-porosity relation-
ships _____________________________ RI 7519 

lithology _______________________________ IC 8473 
Gordon Stray sand, lithology _________________ IC 8473 
Gore Range-Eagles l"est primith'e area, Colo., 

mineral appraisal ___________________ GS 4-70 
Gossans, Alaska, inYestigation ______________ OFR 8--71 
Government policy, effect on mineral industry __ OP 59-70 
Grain boundaries, in rock, strength, measuring, 

method ________________________ OP 116-74 

Granadiorite, disk cutter performance in, labora-
tory experiment ____________________ RI 7961 

thermal diffusivity, at elevated temperatures 
and reduced pressures _______________ RI 7954 

Granite, apparent tensile strength, effect of speci-
men volume _______________________ RI 7846 

compressive strength. properties related to ex-
perimental results _____________ OFR 29 (2) -74 

crystalline interfaces in, tensile strength de-
termination, method ________________ RI 7709 

cyclic temperature changes in, damage from, 
predicting ______________________ OP 118-74 

disk cutter muck from, size distribution, labora-
tory tests _________________________ RI 7882 

explosions in, crater scaling experiments, lab-
oratory tests _______________________ RI 7409 

fractures in, blast-produced, study __________ RI 7901 
fragmentation, by dielectric heating techniques __ RI 7424 
groove cutting experiments in, with disk cutter, 

results ____________________________ RI 7881 
heat content ____________________________ RI 7503 
internal friction in, effect of temperature 

variation ________________________ OP 67-72 
laboratory rock cutting tests _______________ RI 7883 
mechanical behavior, effect of fracture 

filling ______________________ OFR 29 (I) -74 
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Granite, postblast cores, comprehensh-e strength __ RI 7751 
preblast cores, comprehensive strength _______ RI ii51 

tensile strength ________________________ RI 7751 
quartz-feldspar interfaces in, adhesion strength, 

measuring ______________________ OP 116-74 

rock failure mechanism, using servocontrolled 
hydraulic testing machine __________ OP 62-72 

specific heat ____________________________ RI 7503 

stress-strain behavior, stiff testing machine foc_RI 7624 
underground blasting in, vibrations from, 

measuring ________________________ RI 7937 

uniaxial stress-strain behavior, experimental de-
termination _____________________ 0 P 144-73 

waste fines, feldspar recovery from, flotation 
method ___________________________ RI 7651 

method ____________________________ RI 7928 

glass sand recovery from, flotation method ___ RI 7651 
method ___________________________ ~RI 7928 

Granite gneiss, modulus of rigidity, determina-
tion, in situ dilation test method ____ OP 173-70 

Granite pegmatite, drillabiIity, field tests _______ RI 7684 
Granite pillars, model, compressive strength, 

effect of end constraint _____________ OP 13-70 
Granodiorite, physical properties _____________ RI 7865 

thermal expansion measurements _________ OP 91-72 
Granular materials, flammability tests _________ RI 7593 

hydraulic transportation of, numerical model 
for, research on __________________ OFR 5-73 

Granular mixes, explosive, card gap sensitivity 
tests ______________________________ IC 8605 

projectile impact tests __________________ IC 8605 
Graphite, annual data ________________ MY 1973 (v. I) 

boron carbide coatings on, vapor deposition 
method ___________________ OP 136-70, 59-74 

carbon-13 nuclear magnetic resonance spectra __ OP 24-73 
consumption ______________________________ B 650 
economic projection _______________________ B 650 
K emission band, comparison ____________ OP 103-70 
production _______________________________ B 650 

pyrolitic, optical properties, determination, 
method ___________________ OP 136-70, 59-74 

structure ____________________________ OP 91-73 
reserves __________________________________ B 650 

substrate, vapor deposition of boron on, 
results _________________________ OP 148-70 

technology _______________________________ B 650 
u~s _____________________________________ B 650 

Graphite industry, problems __________________ B 650 
Gravel, annual data _________________ MY 1973 (v. I) 

consumption ______________________________ B 650 
economic projection _______________________ B 650 
frozen, blasting in. effects _________________ RI 7356 

mining in, preliminary study ____________ OP 9-74 
underground room in, stability ____ OP 182-71, 9-74 

gold-bearing, geophysical measurements, tech-
niques for ________________________ RI 7584 

production _______________________________ B 650 
re~rves __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Gravel industry, problems ____________________ B 650 

Gravimeter, use, in delineating gold-bearing 
gravel areas _______________________ RI 7584 

Gravity concentration, separation of minerals by, 
methods _________________________ OP 52-74 

Gravity flow, bulk materials, from bin hoppers, 
state-of-the-art report _______________ IC 8552 

Gray granite, laboratory cutting tests __________ RI 7883 
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Graylin-Xorthwest oilfield. Colo., waterflooding 
projects ___________________________ RI 7959 

Great Lakes, water levels, effect on mineral trans-
portation costs _____________________ IC 8461 

Great Lakes bulk cargo fleet, L.S., projected, 
character and composition ___________ IC 8461 

Great Lakes waterway system, bulk mineral com-
modities, transportation of ___________ IC 8461 

U.S. vessel fleet, composition _____________ IC 8461 
operating costs _______________________ IC 8461 

bulk mineral transport on, factors influencing __ IC 8461 
physical and hydrological characteristics ______ IC 8461 

Great Plains province, coal strip mines, capital 
investment and operating costs ________ IC 8661 

lignite carbonization, study ________________ RI 7386 
Greece, mineral industry, annual review 

:\IY 19i3 (v. III) 
mining laws ____________________________ IC 8631 
petroleum laws __________________________ IC 863 I 

Green River Basin, northern, black water, oc-
currence and composition _________ OP 146-73 

\Vasatch Formation, New Fork Tongue, artesian 
aquifer, evaluation _______________ OP 145-73 

Green River Formation, core lithology ________ RI i775 
dawsonite resources, e\-aluation ___________ OP 171-H 
lithology ______________________________ RI 73,;7 
minerals in, thermal behavior, study _______ OP 27-73 
mineral distribution in _________________ 01' 180-H 
nahcolite resources, evaluation ___________ OP lil-74 
oil shale, core samples, compositional vari-

ations in __________________________ RI H92 
geochemical genesis pattern ____________ OP 181-74 

oil shale correlations _____________________ RI 7357 
Wilkins Peak :\fember, black water, occurrence 

and composition _________________ OP 146-73 

Green River Formation kerogen. analyses ____ OP 49-71 
Green River Formation minerals, genesis ______ RI 7727 
Green River Formation oil shale, alumina in, 

determination _____________________ RI 7445 
behavior, under heat and stress, laboratory 

tests _____________________________ RI 7576 

dawsonite content, estimating, from oil yield 
assay data _________________________ RI 7689 

dawsonite in, determination _______________ RI 7445 
development, environmental aspects ______ OP 158-74 

technological aspects _________________ OP 158-74 
explosive fracturing. field tests _____________ RI 7874 
gaylussite in, thermal properties __________ OP 129-73 
heat contents ___________________________ RI 7482 
hydraulic fracturing. field tests _____________ RI 7596 
hydraulically induced fractures, preferential 

orientation ________________________ RI 7596 
in situ combustion experiment, pilot study __ oP 2-71 
in situ retorting, field experiments __________ RI 7783 
in situ retorting experiment, evaluation ____ OP 34-72 
lithology _______________________________ RI 7681 

nahcolite content, estimating, from oil yield 
assay data _________________________ RI 7689 

nahcolite in, determination ________________ RI 7445 
nuclear explosive-fractured, in situ retorting, 

feasibility study __________________ OP 151-74 
nuclear-explosive fracturing in, proposed _____ IC 8471 
oil yields _______________________________ RI 7681 

organic material, compositional variations ____ RI 7820 
saturated hydrocarbons in, gas-liquid chroma-

tographic analysis __________________ RI 7737 
shortite in. thermal characteristics __________ RI 7862 
simulated in situ processing. results _________ RI 7922 
stratigraphy ____________________________ RI 7681 



Green Rh'er Formation oil shale, structural de­
formation, under heat and compressive 
stress, laboratory tests _______________ RI 7576 

structural response to heat, laboratory tests __ OP 122-70 
structural response to stress, laboratory tests 

OP 122-70 
thermal degradation, low-temperature, product 

composition characterization _________ RI 7924 
time-stratigraphic correlations ___________ OP 188-74 
Uinta Basin, core analyses _________________ RI 7693 

Green River oil shale bitumen, aromatic hydro-
carbons from, analyses ____________ OP 66--73 

cycloalkanes in, mass spectra ____________ OP 132-71 
Green River kerogen, low-temperature pyrolysis 

of, reaction products, characterization __ RI 7924 
preheating of, effect on product yield _______ RI 7620 
thermal degradation of, rate of product 

formation ________________________ RI 7620 

Green River site I, rubble zones, in fractured oil 
shale, resistivity tests ________________ RI 7674 

Greenland, mineral industry, annual review 
MY 1973 (v. III) 

mhling laws ____________________________ IC 8631 
petroleum laws __________________________ IC 8631 

Greensand, annual data ______________ MY 1973 (v. I) 
Grindahility, copper converter slags, slow-cooled 

versus quenched slags _______________ RI 7562 
low-grade hematite, effect of thermal treat-

ment ____________________________ RI 7567 

nonmagnetic taconite, effect of cooling rate __ 01' 153-71 
effect of mesh level __________________ OP 153-71 
effect of ore chemical condition ________ OP 153-71 
effect of reduction roasting ____________ OP 153-71 

thermal-treated nonmagnetic taconite ore, 
most effective temperature ___________ RI 7797 

Grindabili ty index, coal, predicting. from ex-
ploration data _____________________ RI 7421 

Grinding. attrition, coarse kaolin, to paper-
coating grade. method ______________ RI 7771 

Ground control, coal mines, rapid-setting shot-
crete. e\'aluation of present technology 

OFR 5+-73 
in mines. hnlraulic backfill for, effect of 

quality' of material _________________ RI 7850 
nell' methods. rn'iew _____________________ IC 8547 

Ground control research, annual report ________ 5P 1-74 
Ground displacement. measuring, horehole in-

clinometer for __________________ OFR 57-73 
Ground fault. protection sYStem, laboratory studv 

OFR 35-73 
Ground movement, above underground mines, 

damage to surface structures __________ IC 8572 
predicting. methods ____________________ IC 8571 

Ground stresses, in rock. determination, equip-
ment for _______________________ OFR 44-73 

Ground support, Flathead tunnel project _______ IC 8662 
improvement, impregnation of polymers in 

porous rock _____________________ OP 152-71 
permanent. railroad tunnel ________________ IC 8662 
technological achances in, annual report _____ IC 8643 
temporary, railroad tunnel _________________ IC 8662 

Ground support and control in mines, trends ___ IC 8603 
Ground support systems, re\'iew ____________ OP 56--71 

Ground vibrations, from blasting, measuring. 
method _________________________ OP 22-74 

safe limits ___________________________ 01' 22-74 

Ground water. contamination, from tailings 
ponds. minimizing, methods ________ OP 155-72 

saline, analyses ________________________ OP 86--i4 

Ground water system, under tailings pile, effect 
of water movement through ______ OFR 13-74 

Grout, for sealing horizontal boreholes in coal-
beds, composition ________________ OFR 13-72 

evaluation _________________________ OFR 13-72 

Grouting, thin-mortar, sealing explosive-fractured 
shale, application __________________ RI 7874 

Guadeloupe, mining laws ___________________ IC 8482 
petroleum laws __________________________ IC 8482 

Guatemala, mineral industry, annual review 
MY 1973 (v. Ill) 

mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Guernsey County, Ohio, coal, preparation char-
acteristics _________________________ RI 7616 

Guidance, lateral, sensors for, in mine shuttle 
cars, description ______________ OFR 62 (2) -73 

Guinea, mineral industry, annual review MY 1973 (v. III) 
mining legislation _______________________ IC 8610 

Gulf coast, mineral commodities, export-import 
situation, outlook __________________ IC 8508 

export-import study ____________________ IC 8508 

Gulf coast ports, rates and charges, mineral com-
modities __________________________ IC 8508 

transfer facilities, ores and minerals _________ IC 8508 
Gulf Intracoastal \Vaterway, barge transportation 

on, mineral commodities _____________ IC 8431 
Gulf of Mexico, nomograph, for· estimating 

hydrocarbon lease bonus bids ________ IC 8609 
offshore hydrocarbon production ___________ IC 8575 
petroleum industry in, composition _________ IC 8557 
petroleum production, costs _______________ IC 8557 

Gum, formation, in gasoline, effect of fuel 
component reactivity _________________ B 660 

effect of fuel composition ________________ B 660 
Gunnison County, Colo., coal, washing char-

acteristics ___________________________ RI 7467 

Guyana, mineral industry, annual review 
MY 1973 (v. Ill) 

mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Gypsum, annual data ________________ MY 1973 (v. I) 
chemical-industry use, Ohio River Basin _____ IC 8457 
consumption _____________________________ B 650 
economic projection _______________________ B 650 
production _______________________________ B 650 
resources, Black Hills area ________________ IC 8660 
reserves __________________________________ B 650 

sulfur recovery from, process, patent ________ P 16--71 
technology _______________________________ B 650 
uses _____________________________________ B 650 

with phosphate slimes, in coagulation studies, 
in electrolytic solutions ______________ RI 7816 

Gypsum industry, problems ___________________ B 650 

H 

Hafnium, additions, in columbium alloys, effecC_RI 7388 
annual data ______________________ MY 1973 (v. I) 
consumption _____________________________ B 650 

crystal lattice, anisotropic thermal expansion 
OP lii-70 

economic projection _______________________ B 6.'50 
production _______________________________ B 650 
reserves __________________________________ B 650 
solvent extraction of, method ______________ IC 8502 
technology _______________________________ B 650 

titanium-byproduct, supply, economic analysis __ IC 8570 
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Hafnium, uses ______________________________ B 650 
Hafnium diboride, electrolytic preparation, molten 

cryolite-base electrolyte method, patenL_P 22-73 
Hafnium industry, problems __________________ B 650 
Hafnium-iridium system, phase relations ____ OP 133-70 
Haiti, mineral industry, annual review __ :\IY 1973 (v_ III) 

mining laws ____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Halide systems, electrolytes, for preparing low-
oxygen yttrium, evaluation ___________ RI 7710 

Halogens, in flue gas, effect of low excess-air levels, 
in pulverized-coal combustion ______ OP 169-70 

in petroleum, research, review ___________ OP 163-73 
ll-Halomethylamines, explosive sensitivity ____ 01' 22-70 
Halon, see also Bromotrifluoromethane 
Halon, inhibitor for coal dust-air flames, evalua-

tion ______________________________ RI 7552 

use, in extinguishing Aerozine-50 fires _____ OP 33-70 
Halon 1301, quenching tests, methane-air flames 

OP 83-74 
Halon 1301 extinguisher, dispersion pattern, 

tests _____________________________ RI 7515 

use against methane-air flames, evaluation __ RI 7515 
Hammers, down-the-hole, recent developments 

in ____________________________ OFR 37-73 

Hamsters_ biological effects of tremolite talc, 
experimental studies ________________ IC 8639 

Hanna basin, Wyo_, coal reserves, strippable ____ IC 8538 
Hanna Coal Co_, Ohio, coal-storage facility, unit 

train operation, description ___________ IC 8444 
Hanna coal gasification experiment, underground, 

results __________________ TPR 82, OP 149-74 
Hanna coalfield, \Vyo_, fracture trace analysis __ TPR 73 

oriented cores from for underground gasifi-
cation evaluation ___________________ TPR 73 
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Lignite reserves, N. Dak., strippable, estimate ___ IC 8537 
Lignite symposium, proceedings _________ IC 8543, 8650 
Lignite tar, low· temperature, processing and util· 

ization _____________________________ B 663 
products, processing methods for ____________ B 663 
utilization of products from _______________ B 663 

Lime, annual data __________________ MY 1973 (v. I) 
determination, in blast furnace slags, rapid 

wet chemical method ________________ IC 8625 
dolomitic, a:':";ili,;:, self·fluxed taconite con· 

centrate pellets, effect ______________ OP 47-74 
slaked, additive in coal gasification, effect __ OP 71-74 
use, in brick manufacture, from industrial 

was~s ____________________________ RI 7856 

in solvent extraction of metals, review __ OP 115-70 
in steelmaking, from prereduced iron ore 

pellets, effect on slag ________________ RI 7981 

Lime·limestone desulfurization processes, electric 
utility plants, solid waste from, disposal 
methods ___________________________ IC 8633 

solid waste generation from ______________ IC 8633 

Lime scrubbing systems, in flue gases, utilization 
of sludge from ____________________ IC 8640 

Lime·soda sinter process, gelation in, relation to 
alumina·silica mole ratio ____________ RI 7434 

Limestone, additive in coal gasification, effect __ OP 71-74 
bedding in, effect on breakage, in bench blast· 

ing ______________________________ RI 7863 
blasting in, in situ tests __________________ RI 7704 
blasting practices in, influence of geologic struc· 

tures ____________________________ OP 47-73 

chemical·industry use, Ohio River Basin _____ IC 8457 
demand, Dade County, Fla. ______________ OP 126-73 

disk cutter muck from, size distribution, labora· 
tory tests _________________________ RI 7882 
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Limestone, disk cutter performance in, laboratory 
experiments _______________________ RI 7961 

dynamic properties, determination, method _OP 114-70 
fatigue limits, under cyclic compressive loading, 

tests ____________________________ OP 10-73 
under tensile loading, tests ____________ OP 10-73 

groOl·e cutting experiements in, with disk eut· 
ter, results ________________________ RI 7881 

heat content ___________________________ RI 7503 
impact·abrasion tests, coal·cutter materials, in· 

cellcliYity __________________________ RI 7930 
in mine drainage treatment, discussion ____ OP 17-70 
internal friction in, effect of temperature yaria-

tion _____________________________ OP 67-7'2 
jointing in, effect on breakage, in bench blast· 

ing ______________________________ RI 7863 

laboratory rock cutting tests ______________ RI 7883 
neutralization of dilute acid waste water by, 

process, patent _____________________ p 23-71 
quarrying methods ____________ IC 8664; OP 126-73 
specific heat ____________________________ RI 7503 
transportation of, on Great Lakes waterway 

system ____________________________ IC 8461 
under cyclic loading, behaYior ____________ OP 49-74 
underground blasting in, \·ibrations from, meas· 

uring _____________________________ RI 7937 

uniaxial stress·strain beha\·ior, experimental de-
termination _____________________ OP 144-73 

Limestone industry, in urban area, effect of 
population growth on __ ------------IC 8496 

Limestone pillars, model, compressiye strength, 
effect of end constraint ____________ OP 13-70 

Limestone powders, shear properties, tests ______ RI 7731 
Limestone quarries, blast pattern designs, em-

pirical formulas for ________________ IC 8550 
suggestions for improYing ________________ IC 8550 
environmental implications ______________ OP 126-73 

Limestone resources, Dade County, Fla. ______ OP 126-73 
Washington County, Fla., im·estigation _____ OP 51-70 

Limestone scrubbing system, in flue gases, utiliza· 
tion of sludge from ________________ IC 8640 

Limestone sources, in southeastern Florida .. ayail-
ability, effect of urban growth ________ IC 8664 

future a\·ailability, recommendations for ____ IC 8664 
Limestone treatment, acid mine water neutrali· 

zation by, cost estimate ______________ RI 7368 
plant design __________________________ RI 7368 

Lincoln County, Wyo., coal, preparation charac· 
teristics ___________________________ RI 7525 

Liner backpacking support system, stresses and 
displacements in, theoretical equations 
for ____________________________ OP 140-73 

Liner backpacking system, flexible, for under· 
ground support, field tests ________ OP 137-73 

Liquefaction, coal, to nonpolluting fuel oil, 
hydrodesulfurization process ________ OP 65-73 

Liquefied natural gas, spillage on water, hazards 
RI 7448 

Liquefied petroleum gases, exports, gulf coast 
ports _____________________________ IC 8508 

role in petroleum industry, review _________ IC 8441 
Liquefied refinery gas, role in petroleum indus-

try, re\·iew ________________________ IC 8441 

Liquids, explosive, card gap sensith·ity tests ____ IC 8605 
projectile impact tests ___________________ IC 8605 

industrial waste, subsurface injection disposal 
methods __________________________ IC 8636 



Liquids, organic, recoYery from binary organic 
vapor-air mixtures, computer program 
for _______________________________ RI 7563 

volume, measuring, methods a,'ailable for __ op 186-71 
Liquid metals, surface tension, measuring, im-

proved method ____________________ RI 7340 

Liquid saturation, finite-difference computations 
of, controlling instability in, method 

RI 7487; op 36-70 
near producing well borehole, computing, con-

trolling instability in _______________ RI 7487 
Liquid-solid flow, in noncircular pipes, effect of 

pipe geometry _____________________ RI 7725 
Lithium, annual data ________________ MY 1973 (v. I) 

consumption ______________________________ B 650 
economic projection ________________________ B 650 

in oilfield brines, analysis, atomic absorption 
method ___________________________ RI 7861 

concentration, relation to geologic age ______ RI 7326 
in Smackover oilfield brine, determination ____ RI 7897 
nuclear magnetic resonance relaxation, in 

petroleum reservoir rock containing 
lithium chloride solution __________ OP 161-74 

production _______________________________ B 650 
reserl'es, __________________________________ B 650 
technology ________________________________ B 650 
us~ _____________________________________ B 650 

Lithium fluoride·calcium fluoride system, molten, 
electrical conducti"ity and density ____ RI 7528 

Lithium fluoride-cerium fluoride system, molten, 
electrical conductivity and density ______ RI 7528 

Lithium fluoride-lanthanum fluoride system, 
molten, electrical conducti,'ity and den-
sity ______________________________ RI 7!J2R 

Lithium fluoride-potassium fluoride system, 
molten, electrical conducti,'ity and den-
sity _______________________ , _______ RI 7528 

Lithium fluoride-samarium fluoride system, 
molten, electrical conducti,'ity and den-
sity ______________________________ RI 7528 

Lithium fluoride-sodium fluoride system, molten, 
electrical cOllducti,'ity and density ____ RI 7528 

Lithium fluoride-sodium fluoride-potassium fluo-
ride svstcm, molten, electrical conducti,'-
ity and density ____________________ RI 7528 

Lithium fluoride-sodium fluoride-uranium fluo-
ride system, molten, electrical conductiv-
ity and density ____________________ RI 7528 

Lithium fluoride-sodium fluoride-yttrium fluo-
ride system, molten, electrical conductiv-
ity and density ____________________ RI 7528 

Lithium fluoride-thorium fluoride system, IPolten, 
electrical conducti,ity and densit) ____ RI 7528 

Lithium fluoride-uranium fluoride system, mol-
ten, electrical conductivity and density __ RI 7528 

Lithium fluoride·yttrium fluoride system, molten, 
electrical comluClil'ity and density RI 7528 

Lithium hydride, self-ignition experiments ____ RI 7593 
Lithium industry, problems __________________ B 650 

Lithium ions, nuclear magnetic resonance relax-
ation, in water solutions, in porous mate-
rials ___________________________ OP 160-71 

Lithium-nickel fluoride batteries, research and de-
vcJopment ______________________ OFR 39-73 

Lithium oxalate, heat of formation __________ RI 7450 
heat of solution ________________________ RI 7450 

l.ithium silicate glasses, neutron-induced auto-
radiography of __________________ OP 106-70 

Lithium system byproducts, rubidium, supply, 
economic analysis __________________ IC 8570 

Lithology, Green River oil shale ______________ RI 7681 
Lithonia granite, apparent tensile strength, effect 

of specimen ,'olume ________________ RI 7846 
blast-produced fractures in, study __________ RI 7901 

Little Bea,'er oilfield, Colo., waterflooding 
projects _______________________ . ___ RI 7959 

Load cells, titanium, for support load determina-
tion, in mines, design and evaluation __ RI 7972 

Loaders, arm-type, continuous coal mining ma-
chines, coal delivery rate, investigation 

OFR 4-73 
front-end, controls standardization, study __ OP 108-73 

safety problems ___________________ OFR 34 (1) -73 
Loading machines, permissible, list ___________ IC 8463 
Location tests, electromagnetic mine communica-

tions, results ____________________ OFR 28-74 
LocomotiYes, storage-battery, permissible, list ___ IC 8463 
Lode deposits, gold, Alaska, investigation ____ RI 7555 
Logging wastes, quantities, estimate __________ IC 8549 

Longwall mining, coal, bleeder systems for, dis-
cussion __________________________ OP 40-74 

roof support problems __________________ IC 8630 

coal mines, bearing capacity, roof and floor, 
in situ tests ________________________ RI 7406 

dust and methane control in, water infusion 
method ___________________________ RI 7849 

dust control in, machine design and operation 
for _______________________________ IC 8458 

ground control problems __________________ IC 8630 

in thin deposits, in hard rock, economic feasi-
bility, analysis ____________________ OP 60-74 

roof control in, mine-structure analysis of __ OP 68-72 
LongwaJl support systems, commercial, character-

istics _____________________________ IC 8630 

Lost Spring field, Wyo., coal reserves, strippable _IC 8538 
Louann salt, analysis ______________________ RI 7897 

Louisiana, fuel and energy data ______________ IC 8647 
land utilization, in mining industry ________ IC 8642 
mined land reclamation __________________ IC 8642 

mineral industry, annual review _____ MY 1973 (I'. II) 
natural gas, analyses __________ IC 8443, 8475, 8518, 

8554, 8607, 8658 
oil recol'ery, potential, by waterflooding, out-

h)ok ______________________________ IC 8455 

oilfield brines, analyses ___________________ RI 7326 

petroleum-associated waters, geochemistry ____ RI 7326 

south, oil, de,'elopment wells, engineering cost 
study _____________________________ IC 8561 

production, crude oil and natural gas, profit-
ability analysis _____________________ IC 8561 

southwestern, gas fields, formation water sam-
ples, chemical composition __________ OP 4-73 

LOlTidge mine, ,V. \'a., seismic miner detection 
and location system field tests ______ OFR 30-74 

Low-sulfur fuels, for eastern energy markets, com-
parati,'e transportation costs __________ IC 8614 

for midwestern energy markets, comparath'e 
transportation costs _________________ IC 8614 

Low-temperature research, nonferrous scrap metal 
reclamation, at cryogenic temperatures _RI 7716 

Lower-Ford beds, Iowa, coal, washing character-
istics _____________________________ RI 7830 

Lower Freeport bed, coal, methane emission rate _IC 8558 
pyrite remOl'al, two-stage froth flotation, 

pilot plan t tests ____________________ RI 7822 
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Lower Freeport bed. coal. respirable coal mine 
dust from. selected properties. deter-
mination _______________________ OFR 50-73 

sulfur reduction potential ________________ RI 7633 
Ohio. coal. washing characteristics __________ RI 7616 

Lower Hartshorne bed. coal. gas in. composition _RI 7762 
methane emission rate __________________ IC 8558 

Lower Kitanning bed. coal. grindability. predict-
ing. method _______________________ RI 7421 

methane emission. geologic factors __ -' _____ RI 7769 
methane emission rate _________________ IC 8558 
porosity study samples ________________ OFR 38-72 
respirable coal mine dust from. selected 

properties. determination __________ OFR 50-73 
roof instability. geologic factors __________ RI 7769 
sulfur reduction potential _______________ RI 7633 
water control problems. geologic factors ___ RI 7769 

Ohio. coal. washing characteristics _________ RI 7616 
Pa.. coal. methane emission rate. in long-

wall section _______________________ RI 7591 
Loyalhanna sand. lithology __________________ IC 8473 
Lubricating oils. new. analyses ______________ RI 7884 

used. analyses ___________________________ RI 7884 
reclaiming. methods ____________________ RI 7925 

re-refining techniques for _____________ RI 7884 
waste. properties _________________________ RI 7973 

re-refined. comparison with yirgin lubricating 
oil ____________________________ ~ __ RI 7973 

properties ___________________________ RI 7973 

Lubricating oils and greases. exports. gulf coast 
por~ _____________________________ IC 8508 

Lucas County. Iowa. coal. hydrocarbon gases 
from. low-temperature eHllution. study _RI 7965 

preparation characteristics _____________ RI 7830 
Lucky Friday mine. Idaho. hydraulic backfill 

project. eyaluation _________________ RI 7546 
model tunnel liner. field tests __________ OP 137-73 
rock deformation. around large-diameter 

bore. measuring __________ RI 7505; op 72-71 
rock noises in. broad-band microseismic 

monitoring of ____________________ OP 164-70 
titanium load cells. support load determina-

tion. field tests _____________________ RI 7972 
Luminaire. portable. underground coal mines. 

design and operation ____________ OFR 58-74 
Lunar drill. percussi,·e. diamonds as cutting ele-

ment in. tests ____________________ OP 48-71 
Lunar enyironmcnt. simulated. gradty flow of 

powder in, study _________ RI 7577; OP 105-73 
Lunar materials. simulated. oxygen extraction 

from. electrolytic method __________ OP 155-70 
Lunar rock. simulated. compression testing ____ RI 7983 

dielectric constants ____________________ RI 7915 
dissipation factors ______________________ RI 7915 
effect of temperature-moisture conditions. 

laboratory study _________________ OP 103-72 
elastic and attenuation symmetries ______ OP 115-71 
fracture morphology, effect of moisture and 

temperature ______________________ OP 10-72 
properties. determination. ultrahigh vacuum 

system technique __________________ OP 47-71 
thermal diffusi,·ity. at ele,'ated temperatures 

and reduced pressures ______________ RI 7954 
thermal-expansion beha,'ior ____________ OP 52-71 
thermal expansion measurements ________ OP 91-72 

Lunar soil. simulated. gra"ity flow of. in bin-
hopPlrs __________________________ RI 7577 

mechanical properties ___________________ RI 7543 
shear testing. in ultrahigh vacuum ______ RI 7814 
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Luxembourg. mineral industry. annual redew 
MY 1973 (\', III) 

Lytle sand. lithology ________________________ IC 8473 
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Macerals. coal. in laser-induced coal pyrolysis. 
effect _____________________________ RI 7328 

Madison limestone. ro.:k m'ltrix acoustic travel 
time. research __________________ OFR 11-73 

'Williston Basin. core analyses ____________ or 22-71 
eyaluation ____________________________ RI 7497 
log interpretations ____________________ OP 22-71 

Magma mine. Ariz.. heat sources. e,'aluation 
OFR 19 (2) -74 

Magnesia. carbothermic reduction process. de-
scription _________________________ or 35-74 

continuous hea\'y-liquid cyclone separation. 
from brucite ore. feasibility study ____ RI 7948 

determination. in blast furnace slags. rapid 
wet chemical method ________________ IC 8625 

recO\'cry. from brucite. by hea\'y-liquid concen-
tration ____________________________ RI 7516 

Magnesium. additions. to zinc-aluminum alloys. 
effect __________________________ ~ __ RI 7491 

annual data ______________________ MY 1973 (". I) 
carbo thermic process. magnesium vapor in. 

quenching. effect of carbon monoxide _OP 35-74 
chemical-industry use. Ohio Ri\'er Basin ____ IC 8457 
consumption ______________________________ B 650 
copper-byproduct. economic analysis ________ IC 8569 
determination. in respirable coal mine dust. 

methods ________________________ OFR 49-73 
economic projection ________________________ B 650 
in aluminum alloys. identification. chemical 

spot test for _______________________ RI 7544 
in coal mine dust. determination. neutron ac-

ti,'ation technique __________________ RI 7992 
in oilfield brines. analysis. atomic absorption 

method ___________________________ Rf 7861 

in Smacko\'er oilfield brine. determination __ RI 7897 
in zinc-aluminum alloys. effect on creep resist-

ance _____________________________ RI 7538 
effect on properties ____________________ RI 7538 

micron-size particles. laser-irradiated. ignition 
characteristics ____________________ or 61-72 

incendidty characteristics ____________ OP 61-72 
production _______________________________ B 650 
resen'es __________________________________ B 650 

separation. from alkali metals. by soh'cnt ex-
traction, patent _____________________ P 7-70 

technology _______________________________ B 650 
uses _____________________________________ B 650 

Magnesium alloys. damping capacity. effect of 
preferred orientation ________________ OP 8-72 

high-purity. molten-salt electrowinning ______ RI 7722 
Magnesium chloride. hydrous. decomposition. 

steam pyrohydrolysis technique ________ RI 7922 
Magnesium compounds. annual data ____ My 1973 (v. I) 
Magnesium fluoride-lanthanum fluoride system. 

phase diagram ____________________ OP 65-72 

Magnesium fluoride-yttrium fluoride system. 
high-temperature thermal analysis ____ or 34-73 

Magnesium impurities. removal. from phosphate 
rock concentrates. selective leaching 
methods __________________________ RI 7362 

Magnesium industry. problems _________________ B 650 



Magnesium oxide, production, from hydrous mag­
nesium chloride, steam pyrohydrolysis 
technique _________________________ RI 7922 

Magnesium powder, ignitibility and flammability __ RI 7593 
Magnesium reduction, \'anadium dichloride, pro-

duction of high-purity vanadium by __ op 28-73 
Magnesium-silicon, in aluminum alloys, identifi-

cation, chemical spot test for ________ RI 7544 
Magnesium-thorium alloys, preparation, magne-

sium reduction of thorium tetrachloride 

Magnesium vapor, quenching, in carbothermic 
reduction of magnesia, effect of carbon 

RI 7569 

monoxide ________________________ OP 35-74 

Magnesium-yttrium alloys, molten-salt electro-
winning of ________________________ RI 7722 

Magnets, permanent, samarium-cobalt, fabrica-
tion, method ______________________ RI 7784 

Magnetic colloid, magnetic ledtation force in, 
experimental confirmation __________ OP 73-73 

preparation, disproportionation of fine-particle 
wustite ___________________________ RI 7702 

:\fagnetic field. effect, on pore geometry deter-
mination. in porous media ________ OP 163-71 

Magnetic fluid, preparation, from pyrophoric fine-
particle wustite, method _____________ RI 7702 

peptizatioll technique ___________________ TPR 59 
use, selective separation of particles, by density 

OP 73-73 
Magnetic separation, separation of minerals by, 

methods _________________________ OP 52-74 
thermal-treated taconite ore, investigation ____ RI 7797 

Magnetic separator, alternating-current, matrix-
type, design and operation ___________ RI 7746 

high-intensity wet, force distribution in, equa-
tions for __________________________ RI 7661 

pulsed magnetic fields in, applications _______ RI 7746 
Magnetic susceptibility, pyrite, effect of crushing 

on _____________________________ OP 128-70 

:\[agnetite, artificial. from scrap-iron ore roast 
process ___________________________ RI 7389 

conversion of hem a tite to, magnetic roasting 
technique, effect of additives _______ OP 103-74 

hematite reduction to, effect of silica contenL_RI 7720 
kinetics _______________________________ RI 7720 

particle size distribution, hydrosizing-nuclear 
sensing technique ___________________ RI 7879 

synthetic, use, in iron-ore pellets ______________ B 651 
use, in iron-ore pellets ______________________ B 651 

Magnetic concentrates, upgrading, cationic flota-
tation technique __________ RI 7852; OP 93-74 

;\fagnetic concentrate pellets, preheating of, 
effect _____________________________ RI 7612 

effect on metallization _________________ OP 63-73 
effect on properties ____________________ OP 63-73 

;\fagnetite ore, underground blasting in, vibra-
tions from, measuring _______________ RI 7937 

:\fagnetite pellets, green, polymer impregnation 
tests, compressi\'e strength ___________ OP 61-73 

den~ty ____________________________ OP 61-73 
porosity ___________________________ OP 61-73 

Magnetite-quartz mixture, particle size distribu-
tion, hydrosizing-nuclear sensing tech-
nique _____________________________ RI 7tl79 

Magnetofluids, manufacture, patent ___________ P 19-73 
~Iagnetohydrodynamics, low air-pollution po-

tential __________________________ OP 143-73 

Magnetohydrodynamics, power for high-speed 
land vehicles, feasibility study ______ OP 149-72 

Magnetohydrodynamic generator, design, at below 
stoichiometric air-fuel ratios _________ OP 78-70 

design of, effect of high-temperature coal prop-
erties on ____________________________ B 655 

open-cycle, vortex, experimental investigation __ RI 7699 
operation, effect of air-fuel level ___________ OP 78-70 

Magnetohydrodynamic power generation, air pol-
lution aspects ____________________ OP 135-74 

coal combustor for, development __________ OP 135-74 
from coal, research, annual report ___________ IC 8612 
high-temperature coal combustion, potassium 

carbonate-seeded, experimental results __ RI 7361 
mixed potassium-cesium seeding for, economic 

analysis ___________________________ RI 7717 
nitrogen oxides in, reducing, method ______ OP 165-71 
open-cycle, mixed potassium.cesium seeding in, 

cost estimate ______________________ OP 36-73 
results ____________________________ OP 36-73 

performance prediction, algorithm for _______ RI 7786 
research, annual data _____________________ IC 8551 
seed recO\uy __________________________ OP 135-74 
sulfur oxides in, reducing, method ________ OP 165-71 

Magnetohydrodynamic power generation system, 
fired with coal combustion products, 
thermodynamic data _________________ IC 8611 

Magnetohydrodynamic power generator, coal-fired, 
seed recO\'ery-sulfur removal system __ OP 143-73 

Magnetohydrodynamic powerplants, coal-fired, cost 
evaluation _________________________ RI 7796 

coal gasifier-combustor system for, cost e\'alua-
tion ______________________________ RI 7796 

description ____________________________ RI 7796 
open-cycle, sulfur recovery, from spent seed, 

kinetics __________________________ OP 89-70 

Magnetohydrodynamic-steam powerplants, open-
cycle, coal-burning, economic enlua-
tion ____________________________ OP 143-73 

Magnetohydrodynamic system, simulated, heat-
exchange tube corrosion, study ______ OP 162-70 

simulated coal-fired, corrosion of heat-exchange 
tubes ___________________________ OP 164-71 

Magnetometer, use, in delineating gold-bearing 
gravel areas ________________________ RI 7584 

Mahaska County, Iowa; coal, preparation char· 
acteristics _________________________ RI 7830 

Mahogany zone oil shales, genesis _____________ RI 7727 
Maine, fuel and energy data _________________ IC 8647 

land utilization, in mining industry _________ IC 8642 
lead resources ___________________________ IC 8646 
mined land reclamation ___________________ IC 8642 
mineral industry, annual re\'iew _____ MY 1973 (v. II) 

Malachite, heat of formation ________________ RI 7851 
heat of solution _________________________ RI 7851 

Malagasy Republic, mineral industry, annual re-
view _____________________ MY 1973 (v. III) 

mining laws _____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Malawi, mineral industry, annual review 
MY 1973 (v. III) 

mining laws _____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Malaysia, mineral industry, annual review 
MY 1973 (Y. III) 

mining laws _____________________________ IC 8514 
petroleum laws __________________________ IC 8514 
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Maleic anhydride, production, from low-tempera-
ture lignite tar, method ________________ B 663 

)'fali, mineral industry, annual review __ MY 1973 (v, III) 
mining laws _____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Malonitrile, gold extraction by, from carbona-
ceous ores _________________________ RI 7464 

from oxide ores ________________________ RI 7464 
),falta, petroleum laws ______________________ IC 8631 
Mammoth bed, Iowa, coal hydrocarbon gases 

from, low-temperature evolution, study __ RI 7965 
Manganese, acid leaching of, from siliceous ores 

and slags, process, patent ______________ p 8-71 
airborne, blast furnaces as source __________ OP 94-74 

concentration ________________________ OP 94-74 
electric furnaces as source ______________ OP 94-74 

annual data ______________________ MY 1973 (v, I) 
annual review _________________________ OP 108-72 
chemical-industry use, Ohio River Basin _____ IC 8457 
comumption _____________________ B 650; OP 94-74 
determination. in blast furnace slags. rapid wet 

chemical method ____________________ IC 8625 
in low-alloy steel. fluorescent X-ray spec-

trography _________________________ RI 7773 
economic projection ________________________ B 650 
extraction. from umber ores. ferrous sulfate-

sulfur acid leach process _____________ RI 7695 
centrifuge tests _______________________ RI 7695 
cocurrent extraction ___________________ RI 7695 

imports, gulf coast ports ___________________ IC 8508 
in aluminum alloys. identification. chemical 

spot test for _______________________ RI 7544 
in ecosystem, study ______________________ OP 94-74 
in oilfield brines. analysis. atomic absorption 

method ___________________________ RI 7861 
in Smackover oilfield brine, determination ____ RI 7897 
in steels from ferrous scrap, determination. 

method __________________________ OP 79-74 
leaching, from low-grade ore, with pyrite _____ RI 7501 

with sulfuric acid and carbonaceous rea-
gents _____________________________ RI 7501 

production _______________________________ B 650 
properties _____________________________ OP 94-74 
recovery, from manganiferous iron ore. method_RI 7411 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

~fanganese carbonate. additions to iron ore pel-
lets. effect on properties ______________ RI 7870 

Manganese carbonyl, catalyzed hydrogenation. 1-
octene. results ____________________ OP 57-74 

2-octene. results ______________________ OP 57-74 
cyclohexene hydroformulation with. product 

distribution ______________________ OP 57-74 
Manganese chloride. additions to iron ore pellets, 

effect on properties _________________ RI 7870 

Manganese deposits. evaluation. well logging tech-
niques, literature review ______________ IC 8627 

ocean-floor ____________________________ OP 94-74 

Manganese dioxide. additions to iron ore pellets. 
effect on properties _________________ RI 7870 

Manganese industry. problems _________________ B 650 
review ________________________________ OP 31-73 

Manganese nodules. Atlantic Ocean. processing 
methods __________________________ RI 7473 

marine. calcareous. processing. experimentaLOP 110-70 
process development studies ______________ RI 7473 
siliceous. processing. experimental _______ OP 110-70 

Pacific Ocean. processing methods ___________ RI 7473 
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Manganese ore, low-grade, manganese leaching 
from, methods _____________________ RI 7501 

metallurgical-grade, recovery, from low-grade 
manganiferous iron ore ______________ RI 7652 

world production _______________________ OP 94-74 
Manganese oxide pellets, from low-grade manga-

niferous iron ore, sulfatization-reduction 
process ___________________________ RI ii49 

Manganese silicate. silica remm'al from. method __ RI 7950 
Manganese sulfate, additions to iron ore pellets, 

effect on properties _________________ RI 78iO 
Manganiferous ores, additions to iron ore pellets, 

effect on properties _________________ RI 7870 
Mankato stone, drillability, field tests __________ RI 7684 
Manley Hot Springs area, Alaska, gossans, im'csti-

gations __________________________ OFR 8-71 

Manpower, bituminous coal industry, demand, 
forecasting ______________________ OFR 10-74 

supply, forecasting ___________________ OFR 10-H 
coal industry, projections, 1970-80 _________ 0FR 21-73 

Manufacturers, permissible blasting de\'ices, list __ IC 8597 
permissible explosives, list _________________ IC 8597 

Manure, animal, quantities, estimate ___________ IC 8549 
burned residues, pelletized, use as fertilizer ___ TRP 46 
com'ersion to oil, catalytic hydrotreating meth-

od _____________________________ OP 1~4-74 
disposal, combustion method _______________ TPR 46 

Maps, mines, microfilmed, repository for, descrip-
tion ______________________________ IC 8657 

Map o\'erlays, Alaska, oil and gas well drilling 
locations _______________________ OFR 69-73 

productive oil and gas field 10catiollS _____ OFR 69-73 
showing mineral deposit locations, principal 

minerals, and numbers and types of 
claims _________________________ OFR ~0-73 

Marble, disk cutter muck from, size distribution, 
laboratory tests _____________________ RI 7882 

generalized Rayleigh wa\'e propagation in, 
study ___________________________ OP 130-74 

groo\'e cutting experiments in, with disk cutter, 
results ____________________________ RI 7881 

internal friction in, effect of temperature varia-
tion _____________________________ OP 67-7~ 

stress-strain behavior, stiff testing machine for __ RI 7624 
ultrafine grinding, wet attrition grinding proc-

en _______________________________ RI 7641 

uniaxial stress-strain beha\'ior, experimental de-
termination _____________________ OP 144-73 

Marble pillars, model, compressive strength, effect 
of end constraint __________________ OP 13-70 

Marine mining, placer materials, preliminary 
engineering studies __________________ RI 7373 

Marine nodules, manganiferous, processing, ex-
perimental ______________________ OP 110-70 

Marion County, Iowa, coal, preparation char-
acteristics _________________________ RI 7830 

Marquette range taconite. processing, reuse of 
water in. method _________________ OP 180-70 
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tion correction ___________________ OP 30-70 

atomic number effect, correction for ____ OP 30-70 
fluorescence, correction for ___________ OP 30-70 
sand\\'ich sample technique for ________ OP 30-70 

rock dust concentration, in airborne coal elust-
rock dust mixtures __________________ RI 7979 

\'olatile matter, in airborne coal dust-rock dust 
mixtures __________________________ RI 7979 

Microbial cOn\'ersion, hydrous calcium sulfate, to 
hydrogen sulfide ____________________ RI 7355 

Microdesulfurization, sulfur compounds, in petro-
leum, technique _____________________ B 659 

Microfilm, anthracite mines, abandoned, maps, 
ca~log ____________________________ IC 8519 

mine maps, repository for, description ______ IC 8657 
Microcracks, in rock, characteristics, scanning elec-

tron microscope study ______________ OP 11-74 
Microfracture-stress field orientations, in rock, 

comparison ________________________ RI 7365 

Microhydrogenation, sulfur compounds in petro-
leum, identifying ________________ OP 172-70 

Microorganism, protein production, by growth on 
water-extracted coal, patent __________ P 14-70 

Microphone, worn on human body, response \'ari-
ations ____________________________ RI 7810 

Microscope, scanning-electron, dust sampling 
membrane filters for, e\'aluation ______ OP 53-72 

Microscopy, scanning-electron, sample-mounting 
method, rapid ___________________ OP 105-70 

Microseismic activity, in block caving, locating, 
computer for calculating ____________ RI 7798 

Microseismic methods, for rock behavior monitor-
ing. instrumentation for _______________ B 665 

rock stability determination by, data analysis 
techniques for _______________________ B 665 

instrumentation for ______________________ B 665 
Microseismic monitoring, broad-band, rock noises, 

in underground mines, field tests ____ OP 164-70 
burst-prone mine areas, method ____________ TPR 39 

Microseismic systems, for rock stability determina-
tion, components _____________________ B 665 

cos~ ___________________________________ B 665 

rock noise location by, impro\'ed technique ___ RI 7626 
Mid-Continent Coal and Coke Corp, No, 4 mine, 

openings in, temperature profiles around, 
measuring, method _______________ OFR 17-72 

Middle Atlantic region, fuel and energy data __ Ie 8647 
Middle Kittanning bed, coal, sulfur reduction po-

rent~1 ____________________________ RI 7633 

Ohio, coal, washing characteristics __________ RI 7616 
Mid,,'est Region coal, sulfur reduction potential _RI 7633 
Mill tailings, copper reco\'ery from, froth flota-

tion-cyanide leaching technique ______ RI 7868 
dewatering, electrokinetic method __________ RI 7892 
mercury reco\'ery from, electrooxidation tech-

nique ____________________________ RI 7660 

metal-mine, electrokinetic dewatering, labora-
tory experiments ___________________ RI 7900 

silver reco\'ery from, electrooxidation technique 
RI 7660 

Mill-tailings dams, seepage characteristics, deter-
mination, linite-element method ______ RI 7477 

Mill tailings ponds, seepage characteristics, deter-
mination, finite-element method ______ RI 7939 

Mill waste, stabilization, study ________ OP 2-70, 54-70 
stabilization methods ___________________ OP 79-71 

Milling methods and costs, lead, primary ______ IC 8646 
uranium ore __________________________ OP 68-71 

Milling plants, capital costs ________________ OP 84-74 
controlling costs, guidelines for ____________ OP 84-74 
operating costs _________________________ OP 84-74 

Milling wastes, mineral, reclamation methods _OP 102-73 
stabilization, chemical methods ________ OP 102-73 

chemical-\'egetati\'e methods __________ OP 102-73 
\,egetati\'e methods _________________ OP 102-73 

stabilization methods, comparative costs __ op 88-73, 
102-73 
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Milling wastes, stabilization. reyiew __________ OP 88-73 
Milton R. Young generating station, N. Dak., con-

struction and equipment costs ________ IC 8543 
design and operation ____________________ IC 8543 

Mines. abandoned. fly ash for remote filling of 
mids in __________________________ IC 8488 

block ca,·e. concrete drift linings in, structural 
design data for ____________________ RI 7792 

capital costs _. __________________________ OP 84-74 

coal. new, methane problems in, methods for 
predicting _______________________ OP 158-72 

controlling costs, guidelines for ____________ OP 84-74 
deep. heat sources, illYestigation ______ OFR 19 (2) -74 
dust control in, reyiew __________________ OP 160-72 
electromagnetic communication, yocoder. for 

speech bandwidth compression ______ OFR 7-74 
in permafrost, ground support problems ___ OP 182-71 
metal, ,·entilation practices in, sun'ey ______ OFR 3-72 
operating costs ________________________ OP 84-74 
surface, reclamation project ________________ IC 8456 
underground, adibatic compression as heat 

source, e"aluation ____________ OFR 19 (2) -74 
air·cooling practices ______________ OFR 19 (3) -74 
blasting as heat source, eyaluation __ OFR 19 (2) -74 
cement curing as source of heat, eyaluation 

OFR 19 (2) -74 
dehumidification practices _________ OFR 19 (3) -74 
equipment as heat source, eyaluation _OFR 19 (2) -74 
ground water as heat source. e"aluating 

OFR 19 (2) -74 
long·range design for, technique __________ RI 7828 
metabolism of workers, as heat source, eyal· 

uation ______________________ OFR 19 (2) -74 
oxidation of sulfides and timber, as heat 

source, e"aluation _____________ OFR 19 (2) -74 
sen' ice lines as heat source, e,'aluation 

OFR 19 (2) -74 
wall rock as heat source. e"aluating __ OFR 19 (2) -74 

underground hardrock, escape plans ______ OFR 24-74 
"entilation studies __________________ OFR 24-74 

Mine airways, friction factors in ____________ OP 38-74 
Mine and mill wastes, utilization and stabiliza-

tion, research in, summary __________ RI 8595 
Mine atmosphere, air·sealed mine. monitoring __ RI 7606 

contaminated, emergency procedures in, in-
struction guide ______________________ IG 19 

methods of detection. instruction guide ______ IG 16 
protection against, instruction guide ________ IG 16 

constituents, gas chromatographic analysis of, 
rapid method ______________________ RI 7696 

Mine atmosphere samples, collecting. disposable 
hypodermic syringes for, tests ________ OP 60-70 

Mine breathing. effect of atmospheric pressure 
on _______________________________ RI 7606 

Mine bursts, monitoring, microseismic method __ TPR 39 
Mine cables, splices in, testing techniques for 

OFR 70 (I) -73 
trailing, inducti,·e effects in, statistical eyalua-

tion ___________________________ OFR 14-74 

Mine communication. electromagnetic, trapped 
miner location system, design and opera-
tion ________________________ OFR 41 (4) -74 

electromagnetic location system, design and 
operation ____________________ OFR 41 (I) -74 

electromagnetic noise measurement, state·of-
the-art report ____________________ OFR 2-74 

electromagnetic signal transmission, mine to 
surface, field studies ______________ OFR 61-74 

electromagnetic system for, description ____ OFR 28-74 
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Mine communication. extending, interconnection 
new and existing systems, methods _____ IC 8635 

seismic. in underground mines. sun'ey _OFR 38 (I) -74 
seismic signals, miner location by, methods 

OFR 41 (2)-i4 
through-the-earth electromagnetic, sun'ey _____ OFR 38 

(I) -74 
workshop report _____________________ OFR 16-H 

two·way, with face machine operators'descrip-
tion ______________________________ IC 8635 

with rO\'ing operators. description _________ IC 8635 
ultrahigh frequency wireless radio. descrip· 

tion ______________________________ IC 8635 
underground, problems ___________________ IC 8635 

types _________________________________ IC 8635 

Mine cOIl\'eyor belts, fire-resistant, toxic combus' 
tion products ______________________ TPR 66 

Mine deyelopments. new, list ________________ IC 8581 
i\line disaster, sur\"i,·al and rescue research, an-

nual report ________________________ IC 86H 
sun'iyal techniques. proposed ____________ OFR 4-70 

Mine dust. incombustible content. sampling 
methods. simplifying _____________ OFR 13-73 

respirable. characterization. scanning electron 
microscope method _______________ OP 123-il 

coal· mine. sample processing laboratory. de· 
sign and operation __________________ IC 8520 

collecth'e dey ices ____________________ OP 1:Z3-71 
control methods _______________________ IC lH90 
free silica in, analysis __________________ IC 8:;:Z1 
sampling. legal requirements ____________ IC 8484 

Mine dust analyzers, gamma ray· backscatter-
"olumetric methods. comparison ______ TPR 64 

determination of major clements by ____ OFR 49-73 
Mine dust concentration instrument, portable, 

de"e!opment _____________________ OFR 6-i3 
Mine dust meter, using backscatter. low·energy 

gamma rays. patent __________________ P 3-70 
Mine emergencies, barricading procedures. in-

struction guide ______________________ IG 19 
escape procedures, instruction guide __________ IG 19 

Mine employees, uranium, alpha radiation 
hazards. reducing. methods __________ HB l-iO 

Mine em'ironment control research. summary 
OP 129-70 

Mine equipment, electric motor-drh'cn, non per­
missible, requirement for cOll\'ersion to 
permissible ______________________ OP 153-iO 

underground, information displays on. solid 
state de,'ices for. applications ___ OFR 62 (6)-i3 

Mine explosions. gas and dust, historical sum-
mary _____________________________ IC 8600 

recoyery procedures, instruction guide _________ IG 16 
surface organization and procedure, instruction 

guide ______________________________ IG 16 

Mine fires, abandoned bituminous coal mines, 
controlling, methods ________________ IC 8620 

extinguishing methods __________________ IC 8620 
abandoned strip mines, possible causes, atti-

tudinal sun'ey ____________________ OFR i-71 
controlling, instruction guide ________________ IG 16 
extinguishing. fly ash use for ______________ IC 8488 

instruction guide ________________________ IG 16 
passi"e water· barrier, effecti,'eness ________ RI 781:; 

sealing. instruction guide ___________________ IG 16 
surface organization and procedures. instruc-

tion guide __________________________ IG 16 

toxic products, from fire· resistant meterials, 
yaried airflow conditions ____________ TPR 66 



Mine fires, unsealing, instruction guide __________ IG 16 
Mine floor, bearing capacity, in coal mine, in 

situ tests ____________ . ______________ RI 7406 
Mine-Aoor rubble, coal, binding agent for con-

solidating. effecti\·eness ______________ RI 7446 
Mine gas~s, coal-mine working face, effect of poor 

mixing, study ______________________ RI 7987 
dangerous, effccts, instruction guide __________ 1(; 19 
dctection of, instnimentation for ____________ IC 8548 
facc-\·entilation eddy zonc, study ____________ RI 7991 
in coal mines, emission rates, effect of oil and 

gas wells __________________________ RI 7658 

methane concentration peaks, during coal 
mining, analysis ____________________ RI 7885 

methanc emission rate, in coal mines, suney __ IC 8659 
radon content, measuremcnt, portable detector 

for _______________________________ RI 7741 
removal, from Pittsburgh coal bed virgin area, 

from base of vertical borehole _________ RI 7800 
virgin coal beds, determination, direct method __ RI 7767 

Mine haulagc, coal mines, accidents, causes ______ IC 8506 
prevention ________________ " ___________ IC 8506 

shuttle car power systems, relati\'e safety, sys-
tems analysis ____________________ OFR 40-72 

~rine haulage quipmcnt, automatic fire protec-
tion systcm for, requiremcnts ______ OFR 34--74 

tcsts _______________________________ OFR 33-74 

~Iinc haulage systcms ,ropc, fcasibility study __ OFR 47-73 
~Iine health and safety, research, annual report __ OP 1-73 

\Vest Germany, mines, respirable dust control 
in ________________________________ IC 8490 

~Iine injuries, relationship to design of mining 
equipment, iI1\cstigation __________ OFR 24-72 

~Iine lamps, electric, permissible. list __________ IC 8463 
~Iine maps, microfilmed, repository for, description 

IC 8657 
Millc 19. hans., coal refuse bank, reclamation, 

results ____________________________ IC 8576 

~Iine openings, tempcrature profiles around, 
measuring, method _______________ OFR 17-72 

~fille paging telephones, underground mines, 
description _________________________ IC 8635 

~Iine pillar, burst-prone, destressing, method __ OP 85-73 
~rine planning, for methane control, methods __ OP 62-71 

hazard evasion in, computer program for _____ TPR 58 
optimal ultimate open pit design, three­

dimensional dynamic programing method 
RI 7553 

underground uranium mines, for alpha radi-
ation control ______________________ HB 1-70 

velHilation guide ______________________ HB 1-71 
~rine pumps, permissible, list ________________ IC 8463 

~!ine reclamation rescarch, annual report ______ SP 1-74 
~rine rescue, electromagnetic communication sys-

tems, research ___________________ OFR 16-74 
miner location system, seismic, e\·aluation 

OFR 38 (2) -74 
underground coal mines, types ______ OFR 38 (I) -74 

~line rescue and surd\·al, electromagnetic location 
experiments, in deep hardrock mine __ OFR 28-74 

emergency mine communication. electromag-
netic, prcliminary performance prc-
dictions ________________________ OFR 16-73 

seismic miner detection and location system, 
field tests _______________________ OFR 30-74 

~rine rescue and suryi\·al tcchniques, proposed __ OFR 4-70 
~rine rescue apparatus, instruction guide _________ IG 21 

Mine rescue apparatus, self-contained breathing 
apparatus, instruction guide ____________ IG 23 

self-contained oxygen-generating, instruction 
guide _______________________________ IG 22 

Mine rescue principles, instruction guide ________ IG 16 
Mine rescue techniques, communications systems 

OFR 4--70 
drilling systems ________________________ OFR 4--70 
emergency breathing devices ______________ OFR 4--70 
refuge chambers ________________________ OFR 4--70 

Mine Research Establishment gravimetric dust 
sampler, results, conversion factor for 
modified personal gravimetric sampling 
equipment measurements ____________ RI 7772 

Mine rock, fractured, thermal expansion behavior 
OP 118-74 

intact, thermal expansion behavior _______ OP 118-74 
Mine roof, bearing capacity, in coal mines, in situ 

tests ______________________________ RI 7406 

bedding plane cracks in, locating and evalu-
ating, technique for _______________ OP 123-74 

reinforcement, epoxy resin system for ________ RI 7907 
stability of, estimating, mine-structure analysis 

method __________________________ OP 68-72 

unsupported, detecting failure in, infrared tech-
nique, field study ___________________ RI 7886 

Mine-roof bolts, installing __________________ OP 48-74 
testing ________________________________ or 48-74 

Mine-roof bolting, in Tertiary-gra\'el materials, 
cost estimate _______________________ RI 7578 

field tests _____________________________ RI 7578 

;\line-roof control, polymer impregnation machine 
for, design ____________ OFR 59 (2) -59 (3) -73 

effect of ultrasonic energy __________ OFR 59 (4) -73 
feasibility _________________ OFR 59 (1) -59 (2) -73 

;\1ine-roof simulator, conceptual description ____ RI 7971 
existing facilities _________________________ RI 7971 
system capabilities, definition ______________ RI 7971 

;\[ine-roof stability, coal mines, structural analysis 
methods ___________________________ IC 8630 

;\line-roof stabilization, methods ____________ OP 48-74 
;\Iine-roof support, effectiveness, evaluating. me-

chanical roof pulling technique ______ or 66-74 
helix pressure gage, monitoring roof-bolt load 

conditions ______________________ OFR 40-74 
polymeric materials for ___________________ RI 7836 
rock bolt, pumpable, polymer-grouted, new 

concept _________________________ OP 104--73 
roof-bolt bearing plates, tension loss in, study 

OP 23-71 
Mine-roof support systems, review __________ OP 56-71 
Mine-roof Yibrations, from production blasts, 

study _____________________________ RI 7462 
from underground blasts, study ____________ RI 7330 

Mine safety, coal, low-gas-content, investigation of 
methane and hydrocarbon gases in, 
method ___________________________ RI 7768 

progress report ________________________ IC 8543 
coal dust-rock dust mixtures, incombustible 

content, determination ______________ RI 79·16 
coal-mine, surveillance and communication sys-

tem for, description _____ OFR 17 (I) -17 (2) -74 
coal mines, underground, health and safety in-

dexes for, de\·e!opmenl ____________ OFR 37-74 
coal mine dust, incombustibles in, determina-

tion ______________________________ RI 7992 

coal mining operations in areas of hydrocarbon 
rescrnJirs, safety procedures for ________ IC 8582 
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Mine safety, continuous miner operation, coal 
mines, instruction guide _______________ IG 25 

continuous-recording methanometer, for ex-
haust fan monitoring ________________ RI 7951 

control of coal-dust explosion hazard, in 
shuttle-car roadways, methods ________ RI 7446 

controlling radiation in uranium mines, meth-
ods _________________________ HB 1-70, l-il 

degasification, coalbed, from base of large bore-
hole ______________________________ RI 7800 

detection of potential spontaneous combustion, 
infrared scanner technique ___________ TPR 80 

diesel engines, operation in underground mines, 
\·entilation requirements _____ OP 41-72, 147-72 

cngines, rebreathing exhaust gases, in confined 
spaces, hazard ___________ RI 7757; OP 168-72 

crgonomics, bibliography _______________ OFR 27-72 
explosion-proof bulkheads, recommendations 

for constructing ____________________ RI 7581 
extinguishing coal dust-air explosions, mini-

mum extinguishant _________________ RI 7782 
50-cap blasting machine, development program 

OFR 32-73 
fires, in abandoned coal mines, controlling, 

methods __________________________ IC 8620 

fire and explosion pre\·ention research, annual 
report ____________________________ IC 8616 

frictional ignitions, in coal mining, reducing, 
recommendations ___________________ RI 7930 

front-end loaders, standardization of controls, 
study _______________________ OFR 34 (I) -73 

hazard evasion, in mine planning, computer 
program for _______________________ TPR 58 

methane concentration peaks, during coal 
mining, analysis ____________________ RI 7885 

methane control, methods for ______________ IC 8621 
methane detector, use of, instruction guide ______ IG 8 
mine atmospheres, gas chromatographic analysis 

of, rapid method ____________________ RI 7696 
mine communication systems, types survey 

OFR 38 (1) -74 
mine haulage equipment, automatic fire protec-

tion systems for, requirements ______ OFR 34-74 
~sU _____________________________ OFR 33-74 

mine ventilation guide, for uranium mines ___ HB 1-71 
mining engineering relationship to, seminar __ IC 8585 
ore handling systems, in underground metal 

mines, analysis _________ OFR 62 (1) -62 (3) -74 
passive water barriers, for coal dust explosion 

suppression ________________________ RI 7815 
for mine fire control ____________________ RI 7815 

prevention of methane explosions, methods ___ IC 8600 
roof bolts, installing and testing, methods ___ OP 48-74 
roof bolting systeII;1s, evaluating mechanical 

roof pulling technique ______________ OP 66-74 
roof control, instruction guide ________________ IG 17 
roof support, mobile shield for, design and 

operation _______________________ OFR 39-74 

rope haulage systems, accident frequency rate 
OFR 47-73 

safety plugging of abandoned oil wells, in coal-
beds ______________________________ TPR 56 

standardization of controls, continuous miners 
OFR 25-72, 15-74 

sulfur-based coatings, sealing mine walls with, 
laboratory study _________________ OFR 31-73 

supporting mine walls with, laboratory study 
OFR 31-73 
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Mine safety, transportation accidents, causes ____ IC 8506 
prevention ____________________________ IC 8506 

trapped miner location systems, study _OFR 41 (1) -74 
trucks, fire sensing and extinguishing systems 

for, design and operation _______ OFR 25 (2) -74 
requirements ___________________ OFR 25 (1)-74 

underground coal mines, proposed research and 
de\·elopment ____________________ OFR 10-70 

Mine Safety Act, Metal and Nonmetallic, admin-
istration d, annual report ___________ SP 2-72 

:\Iine safety devices. purt::blf' radon detector ___ RI 7741 
Mine safety. instruction, princip.es and methods, 

instruction guide ____________________ IG 24 
Mine safety instructors, cooperative, from indus-

try, for mine safety courses, qualifica-
tions _______________________________ IG 24 

Mine safety training instructor. desirable charac-
teristics for, instruction guide __________ IG 24 

Mine safety research, annual report __________ IC 8539 
Mine shafts. drilled. list __________________ OFR 29-73 

rectangular. impro\·ing ventilation in. model 
study ____ " ______________________ OFR 36-72 

ventilation. state-of-the-art report ______ OFR 29-73 
Mine shuttle cars. lateral guidance systems for, 

description ___________________ OFR 62 (2) -73 
tests ____________________________ OFR 62 (1) -73 

obstacle detection sensors for, description 
OFR 62 (2) -73 

obstacle detection systems in. tests ____ OFR 62 (1) -73 
scnsor systems. field demonstration ____ OFR 62 (3) -73 

tests ____________________________ OFR 62 (3) -73 
description ______________________ OFR 62 (2) -73 

Mine 60, Pa.. coal refuse bank, reclamation, 
rcsults ____________________________ IC 8576 

Mine-structure analysis, applications, to mine 
safety problems ___________________ OP 68-72 

Mine subsidence. controlling, costs ____________ IC 8507 
extent _________________________________ IC 8507 
predicting. methods ______________________ IC 8571 
prc\·enting. effect of hydraulic backfill, prelim-

inary analysis _____________________ RI 7850 

Mine support, compressive loads in, titanium load 
cells for, evaluation _________________ RI 7972 

Mine support systems research. annual report __ IC 8644 
Mine systems analysis, Tertiary gOld-bearing 

gra\·el deposit ____________________ OFR 4-74 

Mine tailings. engineering properties ________ OP 181-71 
use, in highway em~ankment construction __ OP 181-71 

Mine tailings ponds. minimizing pollution from, 
methods ______________ OFR 61 (1) -61 (2) -73 

reducing discharge of heavy metal ions, ef-
fectiveness _____________ OFR 61 (1) -61 (2) -73 

Mine-type structures, numerical analysis ____ OFR 27-73 
structural mechanics, computer program ___ OFR 27-73 

Mine ventilation, in underground uranium mines, 
for radon-daughter control, methods __ HB 1-71 

reducing radon-daughter hazard __________ HB 1-70 
pressure losses, calculating, desk top calculator 

method ___________________________ IC 8594 
. digital computer method ______________ IC 8594 

principles _____________________________ OP 38-74 
regulation of airflow across gobs, survey _____ RI 7805 
relation to methane concentration at working 

face ______________________________ RI 7885 

relation to prevention of methane ignitions __ IC 8600 
required fan speed, determining, method ___ OP 38-74 

Mine \·entilation analysis, sulfur hexafluoride as 
tracer gas for ______________________ RI 7917 



Mine ventilation guide, for uranium mine opera-
tors ______________________________ HB 1-71 

Mine \'entilation research, annual report ______ IC 8644 
Mine \'entilation system, spiral-reinforced tubing, 

friction loss tables __________________ RI 7531 
sulfur hexafluoride as tracer in, study ________ RI 7916 

Mine walls, sealing, sulfur-based coatings for, 
laboratory study _________________ OFR 31-73 

supporting, sulfur-based coatings for, laboratory 
study __________________________ OFR 31-73 

Mine waste, copper-bearing, copper recovery 
from, leach-flotation method _________ OP 42-74 

porphyry strip mine, copper recovery from, 
flotation-leaching method ___________ OP 75-73 

stabilization methods _________ OP 2-70, 54-70, 79-71 
tailing ponds, treatment of, study __________ OP 93-73 

Mine water, acid, Bureau of Mines research in, 
summary ________________________ OP 120-72 

coal mine, effect of air sealing ____________ RI 7354 
eflluent from air-sealed mine, effect of oxygen 

Ic\'el _____________________________ RI 7606 
reduction of volume, methods ____________ OP 17-70 
uranium recovery from, countercurrent ion-

exchange method ___________________ RI 7471 
Mine water pollution, Coeur d'Alene district, 

imestigation ____________________ OFR 13-74 
Mine water research, limestone treatment, cost 

estimate __________________________ RI 7368 
plant design __________________________ RI 7368 

Mine workers, underground, efficiency, effect of 
heat, literature SlIney __________ OFR 19 (I) -74 

Mined areas, ~, Dak" ecology of, study ______ OP 27-i4 
reclamation methods _____________________ IC 8471 

Mined lands, coal, reclamation ______________ IC 8650 
rehabilitating, methods, re\'iew ______________ IC 8581 

Miners, continuous, control panels, standardiza-
tion of, studv __________________ OFR 25-72 

in coal mines, design of, safety recommenda-
tions for ________________________ OFR 24-72 

standardization of controls, preliminary rec-
ommendations ___________________ OF~ 15-74 

underground coal-mine, noise level exposure, 
measuring _________________________ RI 7550 

Miner detection and location system, seismic, 
field tests _______________________ OFR 30-74 

Miner location system, seismic, underground coal 
mines, detecting isolated miners by 

OFR 38 (2) -74 
types, underground coal mines, sun'ey __ OFR 38 (1) -74 

Miner's hat, air curtain respiratory protection de-
vice for, design and operation ______ OFR 50-i4 

Miner's lamp, flame safety, instruction guide _____ IG 15 
Minerals, beneficiation, automatic control sys-

tems ______________________________ IC 8603 

high-intensity wet magnetic separation, force 
distribution in ____________________ RI 7661 

demand, for automobile manufacture, effect of 
gasoline price ____________________ OP 109-74 

extraction, from geothermal brines, feasibility _IC 8638 
literature sun'ey ______________________ IC 8638 

glass-bonded crystalline, production, method, 
patent ___________________________ P 8-70 

in Colorado Corehole No_ I, distribution __ OP 180-74 
in iron and steel industry, consumption, effect 

of direct reduction of iron ore ________ IC 8583 
in unreserved public lands in Alaska, mineral 

appraisal and transportation data ____ OFR 9-74 
in petroleum-associated brines, reco\'ery of, 

processes ________________________ OP 149-70 

Minerals, in petroleum-associated brines, value 
OP 149-70 

in w'orld economy, annual review __ MY 1973 (v_ III) 
industrial, ultrafine grinding of, wet attrition 

grinding process ____________________ RI 7641 
nonferrous, in industrial wastes, recovery meth-

ods ____________________________ OP 100-71 

production, N. Mex" water requirements for _OP 10-74 
Raman spectroscopy of, sampling techniques 

for ______________________________ OP 33-73 

recoverable, in petroleum disposal brines, com-
position ________________________ OP 150-71 

nlue ____________________________ OP 150-71 
recovery, from urban refuse, methods ______ OP 80-73 
silicate, desilication, with sulfur and carbon, 

study _____________________________ RI 7950 
Minerals Availability System, description ______ IC 8654 
Mineral beneficiation, in \'acuum, investigation __ RI 7404 
Mineral commodities, barge transportation of __ IC 8431 

costs _________________________________ IC 8431 
outlook _______________________________ IC 8431 

bulk, water transportation of, costs __________ IC 8461 
Great Lakes waterway system __________ IC 8461 

gulf coast exports of, study _________________ IC 8508 
gulf coast imports of, study ________________ IC 8508 
nonfuel, price behavior, stUdy ____________ OFR 2-70 
waterborne transportation, costs ____________ IC 8508 

Mineral deposits, Alaska pipeline corridor, in-
vestigation _________________________ IC 8626 

Black Hills area, study ____________________ IC 8660 
delineation, seismic refraction method, com-

puter program for _________ RI 7595; OP 79-73 
financial evaluation, probabilistic analysis 

method ___________________________ IC 8495 
sensitivity analysis method _______________ IC 8495 

marginal, evaluation of, computer program for _CI 8495 
mining methods for, selecting _____________ OP 46-74 
open pit mining, methods ________________ OP 46-74 
placer mining, methods __________________ OP 46-74 
underground mining, methods ____________ OP 46-74 

Mineral deposit delineation research, summary __ OP 129-70 
Mineral deposit evaluation, weil logging tech-

niques, literature review ______________ IC 8627 
Mineral deposit locations, Alaska, quadrangle map 

overlays ________________________ OFR 20-73 
Mineral dusts, electrostatic separation, photo-

electric emission method _____________ RI 7610 
Mineral economics, copper mining, Kennicott, 

Alaska ____________________________ IC 8602 

mining and milling methods and costs, Alaska 
. versus Arizona _______________ .:. ______ IC 8656 

Mineral exploration, new trends, review ___ IC 8547, 8581 
Mineral extraction, subsurface, subsidence from, 

measuring, methods _______________ OP 176-70 
Mineral fertilizer, world demand, outlook ______ IC 8459 

role of U.S, phosphate industry ____________ IC 8459 
Mineral fiiler, fly ash use as __________________ IC 8483 
Mineral industries, annual review _______ MY 1973 (v. I) 

Black Hills area, evaluation ________________ IC 8660 
corporate diversification in, impact _______ OFR 11-70 
corporate structure, changes in, effect _____ OFR 11-70 
effect of public policy on _________________ OP 59-70 
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Naphtha, exports. gulf coast ports ____________ IC 8508 
high-Btu gas from. method ______________ OP 139-72 
hydrogenated shale-oil. catalytic reforming oL_OP 2-73 

impro\'ing refinement of, study ___________ RI 7i40 
produced from refining shale oil. properties ___ RI 7844 
sulfur compounds in. identification ____________ B 659 

:'\ational parks. :'\orth Cascades National Park. 
mineral appraisal ___________________ GS 2-73 

:'\atural gas. analyses 
IC 8443. 8475. 8518. 8554. 8607. 8658 

annual data ______________________ MY 1973 (Y. I) 
as automoth'e fuel. engine emission characteris-

tics ____________________ TPR 48; OP 172-il 
as low-emission automoti\'e fuel. experimental 

study _____________________________ RI 7806 

Bureau of Mines publications. bibliography ____ IC 8534 
consumption ______________________________ B 650 
data bank. proposal for ___________________ OP 9-72 
domestic demand and supply. forecast ______ IC 8471 
economic projection ________________________ B 650 
enYironmental impact. reYiew _____________ OP 45-71 
exploration for. geochemical methods ______ OP 155-74 
from boreholes in coalbeds. experimental pro-

duction _________________________ OP 109-73 

helium, bearing. analyses 
IC 8443. 8475. 8518. 8554. 8607. 8658 

hydrogen-enriched. as automotive fuel. engine 
emission characteristics ______________ TPR 48 

liquefied. spillage on water. hazards. study _____ RI 7448 
pollution potential from ___________ OP 35-72. 70-73 
production _______________________________ B 650 

from ,'ertical boreholes. in gassy coalbed ___ RI 7968 
Project Gasbuggy chimney well. projected pro-

duction _________________________ OP 139-70 

quenching efficiency. in carbo thermic magnesi-
um process. effect of carbon monoxide 

OP 35-74 
recO\'ery. stimulation. explosive fracturing, field 

tests ____________________________ OP 40-72 

reformed. use. in gaseous direct reduction. low-
grade iron ore. in fluid-bed reactor ____ RI 7622 

resen'es __________________________________ B 650 

Smackover Formation. analyses _____________ RI 7897 
stimulation and production. technical assess-

ment __________________________ OFR 30-73 
sulfur content. Alaska __________________ OFR 35-74 
supplemental. from coal. Bruceton process __ OP 165-72 
synthetic. from coal. outlook _______________ IC 8650 

manufacture of. feed stocks for _________ OP 139-72 
methods __________________________ OP 139-72 

petroleum-to-gas processes _____________ OP 159-72 
Synthane process _____________________ OP 159-72 
technology. progress report _____________ OP 159-72 

technology ________________________________ B 650 
uses _____________________________________ B 650 

as fuel injectant in blast furnace _________ OP 88-72 
in quenching. for carbothermic magnesium 

process. cost ______________________ OP 35-74 
Natural gas exploration. radiometric prospecting. 

applications. literature sun'ey _________ IC 8579 
Natural Gas industry. problems ________________ B 650 
Natural gas liquids. annual data _______ MY 1973 (Y. I) 

consumption ____________________________ IC 8441 
extraction ______________________________ IC 8441 

production of. cost estimates _______________ IC 8441 

Natural gas-oxygen injection. in blast furnace 
stack. effect on coke rate ___________ OP 170-70 



Natural gas-oxygen injection, in blast furnace 
stack, effect on production rate ______ OP 170-70 

in blast-furnace tuyeres, effect on coke rate __ OP 170-70 
effect on production rate ______________ OP 170-70 

J\"atllral gas resea~ch, annual report 
IC 8526, 8551; SP 1-73 

l'\atural gas reserves, East Europe ___________ OP 117-74 
Natm-al gas resources, domestic, development, 

forecast ___________________________ IC 8634 
Natural gas storage, with zeolites, study ________ TPR 38 
Nauru and Ocean Island, mineral industry, an-

nual review ________________ MY 1973 (v_ III) 
Nebraska, fuel and energy data _______________ IC 8647 

land utilization, in mining industry __________ IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (v_ II) 
natural gas, analyses ______________________ IC 8607 
oil recovery, poten tial, by waterflooding, ou t-

look ______________________________ IC 8455 

Neodymium, recovery, liquid-liquid chromatogra-
phy technique ____________________ OP 48-70 

NeodYluium-samarium-gadolinium separation, liq-
uid-liquid chromatographic method ___ OP 189-71 

Xeodymium-samarium separation, soh-ent extrac-
tion method _______________________ RI 7524 

Neon, determination, in helium-4, chromato-
graphic separation ________________ OP 130-71 

separation, from gas mixtures, method and ap-
paratus, patent ______________________ P 9-70 

Neoprene, thermal oxidative behavior in coal 
mines, laboratory study ______________ RI 7872 

Neoprene compositions, combustion, toxic prod-
ucts from _________________________ RI 7977 

toxic gases, from oxidati\'e thermal degradation 
OP 165-74; OFR 8-74 

Xepal, mineral industry, annual review 
MY 1973 (", III) 

mining laws _____________________________ IC 8544 
petroleum laws __________________________ IC 8544 

J\"epheline syenite, annual data ________ MY 1973 (v, I) 
Nephelometer, use, in analytical smog-chamber 

experiments, e\'aluation ______________ RI 7818 
Xetherlands, crude oil, analyses _______________ IC 8542 

mineral. industry, annual review _____ MY 1973 (v, III) 
mining laws _____________________________ IC 8631 
petroleum laws __________________________ IC 8631 
respirable dust standards __________________ IC 8528 

Xetherlands Antilles, mineral industry, annual 
review ____________________ MY 1973 (v, III) 

Xetwork analysis theory, use, for design of under-
ground mine layout _________________ RI 7828 

Xetwork flows, use, in design of underground 
mine layout _______________________ RI 7828 

:\'eutron acti\'ation analysis, elements, in coal 
mine dusts ________________________ RI 7992 

Xeutral oils, production, distillation of low-tem-
perature lignite tar ___________________ B 663 

Neutral Zone, crude oil, analyses ______________ IC 8542 

Neutralization, acid mine water, methods and 
costs ____________________________ OP 17-70 

acid waste waters, limestone process, patent ___ P 23-71 
J\"eutron acth'ation, gold, in trace quantities, de­

termination, using selective ion-exchange 
paper ____________________________ OP 7-71 

:\'e\'ada, brucite ore, heavy-liquid cyclone concen-
tration of, study ____________________ RI 7516 

Candelaria district, silver extraction from re-
fractory ores, methods _______________ RI 7736 

Nevada, Carlin Gold Mining Co_, gold, heap 
leaching practice __________________ OP 50-74 

fuel and energy data ______________________ IC 8647 
Getchell mine, gold, sample assay data, statisti-

cal analysis ________________________ RI 7383 
gold deposit, submicron, assay data, statistical 

analysis ___________________________ RI 7383 
iron ore markets, economic evaluation ________ IC 8511 
iron ore occurrences ______________________ IC 8511 
iron resources, economic evaluation __________ IC 8511 
Kennecott Copper Corp_ Tripp-Veteran pit, 

unstable slope study ________________ RI 7470 
land utilization, in mining industry __________ IC 8642 
lead resources ___________________________ IC 8646 
mineral industry, annual review _____ MY 1973 (v_ II) 
mined land reclamation ___________________ IC 8642 
natural gas, analyses ______________________ IC 8518 

New Caledonia, mineral industry, annual review 
MY 1973 (y, III) 

mining laws _____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

New England region, fuel and energy data ______ IC 8647 
New Guinea, mineral industry, annual review 

MY 1973 (v, III) 
mining laws _____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

New Hampshire, fuel and energy data _________ IC 8647 
land utilization, in mining industry _________ IC 8642 
lead resources ___________________________ IC 8646 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (v. II) 

New Hebrides, mineral industry, annual review 
MY 1973 (". III) 

mining laws _____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

New Jersey, fuel and energy data _____________ IC 8647 
Jauel utilization, in mining industry _________ IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (Y. II) 

New Mexico, Ambrosia Lake district, uranium re-
eO\'ery, from mine waters, method _____ RI 7471 

Bisti, coal, washing characteristics ____________ RI 7608 
Black Range primitive area, mineral appraisal _GS 6-70 
Chace Canyon, coal, washing characteristics ___ RI 7608 
coal, analyses __________________ RI 7346, 7588, 7712 

noncaking subbituminous, gasification, stirred-
bed producer ______________________ TPR 77 

coal resen'es, strippable _________ IC 8531; OFR 6-71 
fuel and energy data ______________________ IC 8647 
land utilization, in mining industry __________ IC 8642 
lead resources ___________________________ IC 8646 
McKinley, coal, washing characteristics _______ RI 7608 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (", II) 

water requirements for _________________ OP 10-74 
natural gas, analyses 

IC 8443, 8475, 8518, 8554, 8607, 8658 
Newcomb, coal, washing characteristics _______ RI 7608 
oil recovery, potential, by waterflooding, out-

look ______________________________ IC 8455 

Permian basin high-clay potash ores, beneficia-
tion study _________________________ RI 7724 

potash industry, problems _________________ IC 8487 
potash ores, high-clay, benefication techniques OP 54-72 
San Juan Basin, coal, washing characteristics __ RI 7608 
Section 23 mine, uranium, diamond-drill cores, 

statistical analysis ___________________ RI 7558 
Standing Rock, coal, washing characteristics __ RI 7608 
Star Lake, coal, washing characteristics ______ RI 7608 
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C\"ew Mexico. York Canyon coal mine. failure in 
unsupported roof. detecting. remote sens-
ing infrared technique _______________ RI 7886 

C\"ew South Wales. Australia. mining laws _______ IC 8514 
petroleum laws ________________________ IC 8514 

C\"ew Ulm quartzite. drillability. field tests _____ RI 7684 
Xew York. fuel and energy data ______________ IC 8647 

land utilization. in mining industry __________ IC 8642 
lead resources ___________________________ IC 8646 
mined land reclamation ___________________ IC 8642 
mineral industry. annual review _____ MY 1973 (v. II) 
natural gas. analyses _______ IC 8443. 8518. 8607. 8658 
oil recovery. potential. by waterflooding. out-

look ______________________________ IC 8455 

:\Iew Zealand. mineral industry. annual review 
MY 1973 (v. III) 

mining laws _____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

C\"ewcomb. N. Mex .• coal. washing characteristics 
RI 7608 

:\Ticaragua. mineral industry. annual review 
MY 1973 (v. III) 

mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Nickel. additions. in zinc electrowinning solutions. 
effect _____________________________ RI 7966 

annual data ______________________ MY 1973 (v. I) 
consumption ______________________________ B 650 

for automobile manufacture. effect of gaso-
line price increase ___________________ RI 7871 

corrosion properties. investigation _________ OP 198-71 
corrosion rate. in chlorine-sulfur atmosphere. at 

high temperatures _________________ OP 99-73 
determination. in low-alloy steel. fluorescent 

X-ray spectrography _________________ RI 7773 
economic projection ________________________ B 650 
extraction. from Duluth Gabbro complex 

minerals. high.temperature sulfatization 
method ___________________________ RI 7475 

high-purity. from crude nickel. electrochemical 
recovery ___________________________ RI 7402 

from ferronickel. electrochemical recovery __ RI 7402 
in steels fro·m ferrous scrap. determination. 

method __________________________ OP 79-74 
methanation catalysts. performance tests ____ OP 71-72 
production _______________________________ B 650 

world _______________________________ OP 48-72 

recovery. from electroplating wastes. potential 
OP 179-70 

waste-plus-waste process _____ RI 7877; OP 103-71 
from scrap batteries. cyclic leaching process __ RI 7566 
from superalloy scrap. me hods ___ "':OP 165-70. 97-71 
from waste phosphate liquor. patent _______ P 10-72 
from waste phosphate sludge. laboratory tests 

RI 7533; OP 129-71 
from waste phosphate solution. by solvent 

extraction _________________________ RI 7336 
method. patent ____ . _____________________ P 18-73 

removal from cadmium. process. patent _______ P 11-71 
reserves __________________________________ B 650 

sacrificial coating. zinc alloy solder system __ OP 123-72 
scrap. markets ________________________ OFR 18-72 
secondary. supply-demand relationships ___ OFR 18-72 
separation from cobalt. molten-salt electrolytic 

method __________________________ OP 19-71 

supply-demand patterns __________________ OP 48-72 
technology ________________________________ B 650 
uses _____________________________________ B 650 

as methanation catalyst. results _________ OP 163-74 
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Nickel. use. as sacrificial coating. with high-
temperature zinc solders ____________ OP 82-74 

for bath for inert gas fusion oxygen determi· 
nation __________________________ OP 120-i4 

Nickel-alkyl-phosphate. additions to gasoline. 
effect on automotive exhaust __________ TPR 40 

Nickel alloy. coal-cutter materials. incendivity. 
impact-abrasion tests ________________ RI 7930 

grinding wheel abrasion. spark-shower radiance 
from. measuring ____________________ RI 7902 

Nickel-base alloys. corrosion rate. in chlorine-
sulfur atmosphere. at high temperatures 

OP 99-73 
corrosion resistance. in hot concentrated brines. 

literature survey ___________________ IC 8601 
Nickel coating. electrodeposited. porosity in. radio-

graphic test for _____________________ RI i419 
Nickel-cobalt alloys. oxidation behavior. effect of 

aluminum additions on ______________ RI 7496 
vanadium additions to. effect on oxidation be-

havior ____________________________ RI 7371 

Nickel deposits. evaluation. well logging tech-
niques. literature review _____________ IC 8627 

Nickel electrodeposits. on copper substrates. ad-
hesion. measuring. method __________ OP 35-70 

Nickel-n-ethylethylenediamine complex. stability 
constants __________________________ RI 7694 

Nickel-2- (ethylthio) -ethylamine complex. stability 
constants __________________________ RI 7694 

Nickel industry. problems _____________________ B 650 
Nickel-molybdenum catalyst. effectiveness. in nitro-

gen removal. from shale oil fractions __ OP 112-74 
Nickel ore lateritic. silica removal from. method 

RI 7950 
Nickel oxide ores. mining and processing costs __ IC 8469 

primary. domestic. availability ______________ IC 8469 
Nickel sheet. in zirconia chlorinator. brittle fail-

ure of. cause _____________________ OP 198-71 
corrosion of. cause ___________________ OP 198-71 

Nickel sulfides. role. in brittle failure. nickel sheet 
OP 198-71 

Nickel sulfide ores. mining and processing costs __ IC 8469 
Nickel-tungsten catalyst. effectiveness. in nitrogen 

removal, from sale oil fractions _____ OP 112-74 
use. in denitrification of shale oil. results ___ OP 107-i4 

Niger. mineral industry. annual review :\[Y 1973 (v. III) 
mining laws _____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Nigeria. crude oil. analyses ___________________ IC 8542 
mineral industry. annual review _____ MY 1973 (v. III) 
mining laws _____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Niobium. see also Columbium 
Niobium. annual data ________________ MY 1973 (v. I) 

production. method. patent ________________ P 25-73 
Niobium oxide. reduction. with ammonia. study 

OP 125-74 
Nitrates. chemical-industry use. Ohio River Basin 

IC 8457 
recovery. from titanium leach effiuent. solvent 

extraction technique ________________ RI 7733 

Nitric acid-sawdust mixtures. spontaneous igni-
tion tests __________________________ RI 7594 

Nitric acid-sulfuric acid-sawdust mixtures. spon-
taneous ignition tests ________________ RI 7594 

Nitric oxide. emissions. car and fuel effects on __ RI 7756 
in automotive emissions. measuring. techniques 

for ______________________________ OP 44-73 



Nitric oxide, in exhaust emissions, natural gas 
automoti,-e fuel ____________________ RI 7806 

in stack gases, effect of potassium carbonate 
seeding on _________________________ RI 7361 

Nitrides, dissolution, rapid technique for _____ OP 73-72 
use, as intermediate in preparation of metals OP 125-74 

Nitride defects, in magnesium-reduced titanium 
sponge, causes, study _________________ RI 7933 

control, study _________________________ RI 7933 
possible sources, investigation __________ OP 128-73 

in titanium ingots, sources, investigation ___ OP 128-73 
Nitride inclusions, in titanium ingots, from 

magnesium-reduced sponge, investigation 
OP 128-73 

Nitrogen, annual data ________________ MY 1973 (v_ I) 
as contaminant, in methane-filled proportional 

counting tube ____________________ OP 140-70 
compressed, thermal conductivity ___________ RI 7541 
compressibility factors ____________________ RI 7639 
consumption ______________________________ B 650 
determination, in mine atmospheres, gas 

chromatography, rapid method ________ RI 7696 
in uranium nitride, method _____________ OP 29-71 
in vanadium nitrides, method ___________ OP 29-71 

diffusion behavior, in titanium-titanium nitride 
system ____________________________ RI 7943 

diffusion coefficients, tentative, in titanium-
titanium nitride system ______________ RI 7943 

diluent, in hydrogen sulfide, in electric dis-
charge, effect _______________________ RI 7780 

economic projection ________________________ B 650 
equation of state, medium-density high-

temperature conditions ____________ OP 127-73 
in coal gases, determination, gas chromato-

graphic method _____________________ RI 7903 
in microwave discharge, reaction of coal ____ OP 18-73 
in petroleum, emission spectrography, con-

trolled-atmosphere plasma arc ________ OP 9-71 
research, review ______________________ OP 163-73 

in shale oil, effect of hydrogenation at low 
space velocity ______________________ RI 7738 

liquid, use, as cryogen, in nonferrous scrap 
metal recovery, study ________________ RI 7716 

Prandtl numbers _________________________ RI 7541 
production _______________________________ B 650 
quenching efficiency, in carbothermic mag-

nesium process, effect of carbon monoxide 
OP 35-74 

from oil-shale fractions, catalysts for, effec-
tiveness _________________________ OP 112-74 

removal. from shale oil, during hydrogenation, 
effect of pressure ___________________ RI 7835 

from shale gas oil, effect of catalyst type __ OP 107-74 
method ___________________________ OP 107-74 

from synthetic crude shale oil, method ___ OP 106-74 
reserves __________________________________ B 650 
solubility, in alpha vanadium ____________ OP 137-71 
technology ________________________________ B 650 
uses _____________________________________ B 650 

in quenching, for carbothermic magnesium 
process, cost ______________________ OP 35-74 

!'I:itrogen atoms, reaction, with organic com-
pounds. in electrical discharges ______ OP 125-71 

!'I:itrogen bases. in hydrocracked shale-oil naphtha, 
identification _____________________ OP 28-70 

Nitrogen compounds, in petroleum, thermody-
namic data ______________________ OP 116-72 

in synthetic crude shale oil, characteristics __ OP 106-74 

Nitrogen compounds, organic, enthalpies of com-
bustion __________________________ OP 39-72 

thermal reactions ______________________ RI 7529 
production, from coal, in microwave discharge 

with nitrogen _____________________ OP 18-73 
removal, from crude shale oil, effect of process-

ing variables _____________________ OP 114-73 
thermodynamic properties _______________ OP 200-71 

Nitrogen dioxide, in automotive emissions, meas-
uring, techniques for _______________ OP 44-73 

reduction, in powerplant stack gas, by am-
monia, laboratory study ____________ OP 27-72 

Nitrogen dioxide detector, instruction guide _______ IG 5 
Nitrogen-helium system, vapor-liquid equilibria 

data ______________________________ RI 7468 

viscosity, various temperatures and pressures __ RI 7405 
Nitrogen industry, problems ___________________ B 650 
Nitrogen oxides, determination, rapid, phenol-

disulfonic acid method _____________ OP 32-71 
from gas burner flames, reducing _____________ B 653 
in aircraft turbine engine exhaust, determi-

nation ____________________________ RI 7634 
measuring ___________________________ OP 15-72 

in automobile exhaust, effect of engine param-
eters on, review ___________________ OP 10-71 

effect of gasoline additives on ____________ TPR 40 
in automotive emissions, effect of fuel volatility 

RI 7707 
in automotive exhaust, role in photochemical 

smog formation ___________________ OP 57-72 
in automotive fuels, rate of formation, smog 

chamber reactivity study _____________ RI 7803 
in diesel exhaust, effect of modifying engine op-

erating parameters __________________ RI 7579 
test data ______________________________ RI 7530 

in exhaust, automobiles with emission controls 
OFR 23-74 

automobiles with emission controls discon-
nected _________________________ OFR 23-74 

from propane-fueled engines ___________ OP 117-72 
in exhaust emissions, aircraft auxiliary power 

units _____________________________ RI 7735 
effect of exhaust gas recirculation _________ RI 7988 
in propane automotive fuel tests __________ RI 7672 . 
reducing, effect of catalytic converter equip-

ment __________________________ OFR 46-73 

in flue gas, effect of low excess-air levels, in pul-
verized-coal combustion ___________ OP 169-70 

in fossil fuel combustion, control technology for 
IC 8543 

in jet-engine exhausts, measuring __________ OP 53-70 
in magnetohydrodynamic power generation, re-

ducing, method __________ :.. _______ OP 165-71 

in post-detonation toxic fumes, ammonium 
nitrate-fuel oil mixtures _____________ RI 7867 

in stack gases, lignite-fired powerplants, field 
tests ______________________________ IC 8650 

reduction, in magnetohydrodynamic power 
generatio[l ______________________ OP 143-73 

role in smog formation, irradiation chamber 
tests _____________________________ RI 7433 

Saltzman analysis of, kinetic evaluation _____ OP 56-70 
Nitrogen oxide emissions, controlling, methods for . 

IC 8543 
from multiburner coal-fired furnace, reducing. 

flue gas recirculation, results ________ OP 129-74 
reduced excess air, results ____________ OF 129-74 
staged combustion, results ____________ OP 129-74 
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:,\itrogen tetroxide, sensitizer, in nitromethane 
stability study, effect _______________ OFR 1-70 

:'\itrogen tetroxide-sawdust mixtures, spontaneous 
ignition tests ______________________ RI 7594 

:,\itroglycerin, desensitized, detonation, in gas well, 
fracturing effect ___________________ OP 40-72 

detonability, in simulated reservoirs, tests ____ RI 7874 
explosi\-e fracturing with, in presplit rock, re-

sulm ______________________________ RI 7874 

in dynamite, determination, using high-pressure 
liquid chromatography ______________ RI 7795 

liquid, detonation, in formation fracture system, 
effect ____________________________ OP 39-71 

in gas-producing formation, effect ______ 01' 39-71 
low-velocity detonation, theoretical description 

01' 3-73 
use, in natural fracture system, results _______ RI 7874 

:'\itroglycerin-ethylene glycol, underwater explo-
sion of, seismic effects ________________ RI 7387 

:'\itroglycerin-ethylene glycol dinitrate, detonabil-
it)', in simulated reservoirs, tests _______ RI 7874 

:'\itromethancs, desensitizing agents, study ____ OFR 1-70 
low-velocity detonation, theoretical description 

op 3-73 
shock sensitivity, study __ ----------------OFR 1-70 
stability study, progress reports ___________ OFR 1-70 
thermal sensitivity, study ________________ OFR 1-70 
underwater explosion of, seismic effects ______ RI 7387 

:,\itroparaffins, desensitizing agents, study _____ OFR 1-70 
shock sensitivity, study __________________ OFR 1-70 
stability study, progress reports ___________ OFR 1-70 
thermal sensitivity, study ________________ OFR 1-70 

,,"oble County, Ohio, coal, preparation char-
acteristics _________________________ RI 7616 

:'\oble metals, in ores, determination, problems __ OP 90-73 
lise, as methanation catalysts, results _______ OP 163-74 

:'\oise, Bureau of :\fines research in ___________ IC 8£)68 
from detonating cord, in quarry blasting, meas-

uring, instrumentation for ____________ RI 7678 
reducing, methods for _________________ RI 7678 

from pneumatic rock drill, abating, muffler 
for _______________________________ RI 7998 

suppressing, methods __________________ OP 50--73 
in coal cleaning plants, controlling, methods 

OFR 44-74 
in underground coal mines, environmental 

sun-ey, equipment for _______________ RI 7550 
method _____________________________ RI 7550 

reducing, research program for _________ OFR 2-72 
industrial, effect on hearing loss ____________ IC 8564 

exposure to, effects _____________________ IC 8564 
measuring, equipment for _______________ IC 8564 
protecth-e equipment for personnel ________ IC 8564 

pneumatic rock drill, suppressing, progress re-
port ____________________________ OP 141-72 

rock, source, locating, least squares method ___ RI 7626 
:'\oise abatement, in coal cleaning plants, 

methods ________________________ OFR 44-74 

low-cost, in engine test facility, description _OP 187-74 
:'\oise control, coal mines, methods for, instruc-

tion guide __________________________ IG 10 
research activities ____________________ OP 162-74 

in residences, mineral-based insulating mate-
rials for, cost _______________________ IC 8466 

economic potential ____________________ IC 8466 
muffler for pneumatic drill, design and op-

eration _________________________ OFR 28-73 
="oise control research, annual report ________ IC 8644 

Noise dosimeters, personal, performance tests ___ RI 7876 
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="oise exposure, measuring, microphone worn on 
human bodv, effect of location ________ RI 7810 

Noise field, highly directional. effect of placement 
of microphone, worn on human body __ RI 7810 

Noise lewl, high-pressure water jet, in coal 
mining _________________________ OFR 43-74 

measurement, sound le\-el meter for, instruction 
guide ______________________________ IG 10 

permissible, in coal mines _______________ OP 162-74 
"oise propagation, bibliography __________ OFR 12-73 
"oise reduction, mineral-based insulating mate-

rials for, cost ______________________ IC 8466 
economic potential _____________________ IC 8466 

rock drill, with damping alloy rotation chuck 
for, effect _______________________ OP !I8-73 

,",oise research, annual report ________________ 5P 1-74 
"olichucky Resen'oir, Tenn_, mica recO\'ery, from 

silt deposits _______________________ RI 7488 

"omogram, relating particle-particle cloud pa-
rameters ________________________ OP 138-74 

="omograph, crude oil recoyery, by waterflooding, 
profitability analysis ________________ IC 8652 

discounted cash flow rate of return, onshore oil 
wells _____________________________ IC 8593 

estimating offshore petroleum lease bonus bids 
IC 8609 

i\'onanes, chemical thermodynamic properties _____ B 666 
,",onfelTous alloys, grinding wheel abrasion, 

spark-shower radiance from, measUTing _RI 7902 
:-;-onferrous metals, in municipal waste, analysis, 

methods _________________________ OP 79-74 

recO\'ef)', from shredded automotiye scrap, air 
elutriation method __________________ TPR 31 

from urban wastes ____________________ OP 94-71 
recycling, opportunities in, discussion ______ OP 91-71 
secondary, production __________________ OP 58-71 

sources _____________________________ OP 58-71 
,",on ferrous metals, industrv, rc\'iew __________ OP 31-73 
="onferrous scrap, collecti~n methods, literature 

redew _________________________ OFR 19-72 
future demand, forecast _________________ OP 101-71 
mineral resources in, discussion __________ OP 101-71 
refining, new techniques for ______________ OP 93-71 
reuse, literature suryey ________________ OFR 19-72 

,",onferrous scrap industry, supply-demand rela-
tionships _______________________ OFR 18-72 

="onmetal compounds, in petroleum, research, 
redew __________________________ OP 163-73 

:-;-onmetal deposits, eYaluation, well logging tech-
niques, literature re\'iew ____________ IC 8627 

="onmetal elements, in organic compounds, band 
emission spectrography of ___________ OP 9-71 

in petroleum research, redew ____________ OP 103-i3 

,",on metallic materials research, annual report 
5P 1-74 

Nonmetallic minerals, production, l\", Mex_, water 
requirements for __________________ OP 10-74 

Nonmetallic mineral industries, accidents, causes 
IC 8591, 8592 

employment ________________________ IC 8591, 8592 
fatalities ___________________________ IC 8591, 8592 
injuries ____________________________ IC 8591. 8592 

nature of ________________________ IC 8591, 8592 
sources of ________________________ IC 8591, 8592 

injury-frequency rate ________________ IC 8591, 8592 
injury-se\'erity rate __________________ IC 8591, 8592 

Nonmetallic minerals program, heayy minerals, 
recm'ery, from sand and gra\"el opera-
tions ______________________________ TPR 22 



Nonmetalliferous minerals, kyanite and garnet, 
separation from Idaho ores, gravity-flo-
tation process ______________________ RI 7745 

ultrafine grinding of, wet attrition grinding 
process ___________________________ RI 7641 

Nonpermissible mine equipment, cOJ)Yersion to 
permissible, requirements for _______ OP 153-70 

NORAD, Colo., underground complex, blasting 
in, vibrations from _________________ RI 7937 

North American Air Defense Command com-
plex, tunneling, in granite, blast rounds 
for, study _________________________ RI 7653 

North Carolina, fuel and energy data __________ IC 8647 
heavy minerals, in sand and gravel operations, 

occurrence, ________________________ RI 7517 
recoverability ________________________ RI 7517 
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coal reserycs, strippable, estimate __________ IC 8537 
fuel and energy data ____________________ IC 8647 
land utilization, in mining industry ________ IC 8642 
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rock fracturing capability ________________ OP 53-74 
Nuclear explosivcs, fracturing of oil shale by, 
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pulsed, predicting oil yields from oil shale by 
RI 7984; OP 104-74 
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RI 7523 
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n·Octane, enthalpy of combustion __________ OP 140-72 
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Odor components, in diesel exhaust, study ____ OP 20-70 
Offgas, basic oxygen furnace, use, in preheating 
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demand ___________________________ IC 8457 
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waterflood evaluation ___________________ OP 7-70 
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limestone, chemical-industry use, supply and 

demand ___________________________ IC 8457 

Lower Kitanning bed, coal, washing character· 
istics _______________________________ RI 7616 
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oil fields in, development ________________ OP 88-71 
geology _____________________________ OP 88-71 
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and demand _______________________ IC 8457 

southeast, coal production, effect of em'iron-
mental controls on, projection ______ OFR 1-71 
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strip mined lands, reclamation, methods and 

costs ___________________________ OFR 59-74 

strontium, chcmical-industry use, supply and 
demand ___________________________ IC 8457 
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underground coal reserve base ______________ IC 8655 
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effect of temperature __________________ OP 62-70 
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laboratory study _________________ OP 169-71 
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patent _____________________________ P 9-73 
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light, from hydrocarbonization of coal, study 

OP 51-73 
from pyrolysis of industrial and municipal 

wastes ____________________________ RI 7428 

low-sulfur, cellulose conversion to, method ___ RI 7560 
lubricating, waste, research ________________ RI 7925 
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ports _____________________________ IC 8508 
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optimum gas saturation for _________ RI 7911 

Oil recovery, effect of ultrasonically formed emul-
sions on, laboratory tests __________ OP 128-71 

gas injection pressure, effect of oil and gas 
compressibility _____________________ RI 7899 

predicting, application of pilot flooding to ____ IC 8637 
centrifugal wettability measurements _____ RI 7873 

shallow resern>ir, explosive fracturing-solvent 
injection experiment ________________ TPR 60 
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flooding project __________________ OP 128-74 

Oil reservoirs, coal mining operations in areas 
of, safety procedures for ____________ IC 8582 

fracture system in, predicting, method ______ RI 7500 
gas diffusion rate in, mathematical simulation 

RI 7511 
heavy, fractured, oil reco\'ery, results ________ TPR 60 
low-permeability. waterflood projects, results __ RI 7465 
low-gravity, soh'ent stimulation of, field tests __ TPR 62 
model, gas flood efficiency improvement, by 

polymer injection ___________________ TPR 23 
partially depleted, five-spot waterflood, three-

phase flow in, computer prediction of 
OP 100-72 

potential oil recovery, by waterflooding, pre-
dicting ____________________________ IC 8455 

waterflooding, matching calculated with ob-
sen'ed performance ________________ OP 54-73 

Oil shale, as energy source, outlook _________ OP 74-72 
assaying, pulsed nuclear magnetic resonance 

method _________________ RI 7984; OP 104-74 
behavior, under heat and stress, laboratory tests 

RI 7576 
broken, compaction, during retorting, labora-

tory experiments ___________________ RI 7860 
permeability changes, during retorting, lab-

oratory experiments ________________ RI 7860 
burned, heat content ____________________ RI 7482 
carbonate minerals in, identification, infrared 

spectroscopy ______________________ OP 55-70 
characteristics _________________________ OP 168-74 

research, annual report __________________ IC 8612 
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Oil shale. classification. by ongm and compo-
nents ____________________________ OP 44-74 

commercial de,·elopment. outlook ________ OP 157-72 
core samples. compositional variations in ____ RI 7492 

dawsonite in. determination _____________ RI 7445 
nahcolite in. determination ______________ RI 7445 
oil yield. determination ________________ RI 7445 

dawsonite content. estimating. from oil yield __ RI 7689 
definition _____________________________ OP 44-74 

determination of dawsonite in. evaluation of 
methods for _______________________ RI 7781 
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methods for ________________________ RI 7781 

development. em·ironmental aspects _______ OP 158-74 
technological aspects __________________ OP 15R-74 

economic deposits _______________________ OP 44-74 
electrical fracturing tests. results ____________ RI 7874 
e,·aluation. well logging techniques. literature 

review ____________________________ IC 8627 
explosive fracturing in. evaluation ___________ RI 7729 

methods ______________________________ RI 7729 
explosi\·ely fractured. seismic hologram. experi-

mental ____________________________ RI 7607 
fractured. fragmented zone. evaluation methods 

RI 7729 
in situ combustion in. results ___________ OP 151-74 

fractures in. evaluating. hot-film flow log tech-
niques __________________________ OP 144-71 

fracturing. enluating. radioactive tracer pulse 
method ___________________________ RI 7791 

field tests _____________________________ RI 7397 
fracturing tests. evaluation ________________ RI 7397 
gas combustion retorting of. economic analysis 

TPR 81 
gasification characteristics. in microwave dis-

charge. in argon ___________ OP 156-71. 157-71 
geochemical genesis pattern ______________ OP 181-74 
geochemistry ____________________________ RI 7727 
Green River Formation. time-stratigraphic cor-

relations ________________________ OP 188-74 
high-Btu gas from. methods _____________ OP 139-72 
in situ processing. developments in technology 

OP 122-74 
research. annual report _____________ IC 8612. 86,;1 

in situ recovery methods _________________ OP 99-74 

in situ retorting. compaction. during retorting. 
laboratory experiments ______________ RI 7860 

evaluating. hot-film flow log technique ___ OP 144-71 
field experiments _______________________ RI 7783 
permeability changes. laboratory experiments 

RI 7860 
in situ retorting experiment. evaluation _____ OP 34-72 

evaluation of combustion process __________ RI 7783 
kerogen recovery from. centrifugal separation 

method ___________________________ RI 7378 
lithology _______________________________ RI 7357 

mine-run. batch retort for. design and operation 
TPR 30 

retorting. in batch-type pilot plant. results __ RI 7995 
retorting characteristics __________________ TPR 30 

mining methods and costs _________________ TPR 44 

nahcolite content. estimating. from oil yield as-
say data ___________________________ RI 7689 

nuclear explosions in. potential applications __ OP 53-74 
nuclear explosive-fractured. in situ retorting. 

feasibility study __________________ OP 151-74 
occurrence ___________________________ OP 168-74 

research. annual report __________________ IC 8612 
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current technology ________ 01' 36-72. 99-74. 168-H 
oil yields _______________________________ RI 7681 
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resources _____________________________ OP 156-74 
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disposal problems ____________________ OP 151-7I 
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graphic analysis ____________________ RI 7737 

simultaneous thermal analyses of ____________ RI 7429 
spent, disposal methods _________________ OFR 32-74 

heat content ___________________________ RI 7482 
properties __________________________ OFR 32-74 

stratigraphy _____________________________ RI 7681 

structural response to heat. laboratory tests __ OP 122-70 
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technology, present state _________________ OP 156-74 
thermal analysis apparatus, design and opera-
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state-of-the-art report __________________ OP 56-74 
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tory study _______________________ OP 169-71 
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system for ______________________ OP 121-70 

Oil shale characteristics, research, annual report 
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Oil shale cores, deformation, in response to heat 
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permeability. effect of heat and stress, labora-
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response to heat, laboratory tests __________ OP 122-70 
response to stress. laboratory tests ________ OP 122-70 
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economic analysis __________________ OP 32-72 
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problems ________________________ OP 90-70 

development, planning program __________ OP 157-72 
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oil in place, amount ____________________ OP 99-74 
size _________________________________ OP 157-72 

Oil shale formations. explosive fracturing, effect 
RI 7874 

Oil shale industry. endronmental impact ____ OP 168-74 
Oil shale minerals, genesis _________________ RI 7727 

soda ash recm·ery from, economic analysis __ OFR 31-72 
Oil shale-nahcolite-dawsonite mine, proposed, 

economic analysis _________________ OP 33-72 

Oil shale occurrence, research, annual report ___ IC 8651 
Oil shale organic material. chemical structure, 

differences in, study ________________ RI 7820 



Oil shale pyrolysis, kinetics, second order effects 
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Oil shale research, annual report ________ IC 8525, 8551; 
SP 1-73, 1-74 

Bureau of Mines, bibliography ____________ IC 8448 
description ____________________________ IC 8448 

relation to proposed nuclear projects ______ OP 91-70 
Oil shale retort, in situ, waste water from, 
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on saturation ___________________ OFR 20-72 
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gases ___________________ RI 7921; OP 102-74 
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degradation, reaction products, charac-
terization _________________________ RI 7924 

Oil shale wastes, control and management, re-
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Oil spills, identifying source of, data for ____ OP 32-72 
Oil vaporization, during gas cycling at high 

pressures, calculating, method ________ OP 3-70 
during oil-reservoir steam flooding, calculations 
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during steamflooding, estimating method __ OP 116-71 
Oil wells, abandoned, in coal seams, finding, 

techniques _________________________ IC 8578 
in coalbeds, plugging. imestigation ______ OP 23-73 

chemical treatment of, pollution potential __ OP 35-72 
coal seams intersected by, improyed total fuel 

recovery, technique _________________ IC 8619 
completion practices. pollution potential ___ OP 31-71 
drilling fluids in, pollution potential ______ OP 35-72 
encountered in coal mining, evading, computer 

program for _______________________ TPR 58 
environmental pollution potential ________ OP 70-73 
in coalbeds. plugging. method ______________ TPR 56 

safety plugging of, demonstration ________ TPR 56 
information storage and retrieval, computer 

program for _______________________ IC 8499 
lost, in coal seams, locating. state-of-the-art 

report ____________________________ TPR 65 
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gation ___________________________ OP 23-73 

near coal mines. effect on methane emission 
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spacing patterns. pressure distribution in, cal-
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Oil fields, Colo., waterflooding projects _________ RI 7959 
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IC 8561 
fuel and energy data ______________________ IC 8647 
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Olefin, as fuel, in spark-ignition engine laboratory 
tests ______________________________ RI 7423 

fuel front-end, effect on reacth'ity of auto-
motive emissions ___________________ RI 7707 

in shale oil, analysis, method _____________ OP 154-71 
in shale-oil distillates, determination, acid ab-

sorption method ___________________ OP 75-74 
hydroboration method _______________ OP 75-74 

manganese carbonyl-catalyzed hydrogenation 
and hydroformulation ______________ OP 57-74 

precursor, identification, from linear vicinal 
dideuterioalkane mass spectra ________ OP 38-72 

production, from neutral oil, distilled from 
low-temperature lignite tar, method ______ B 663 

straight-chain, deuterium-labeled, mass spectra 
OP 38-72 

deuterium labeling of, analytical aspects __ OP 154-71 
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Olefin, straight chain, deuterium labeling of, 
mass spectra aspects _______________ OP 154-71 

Olefins-aldehyde, interactions, in nitrogen oxide-
sensitized photooxidation, study _____ OP 168--71 

Olefin-aromatic mixtures, as fuel, in spark-igni-
tion engine, laboratory tests __________ RI 7423 

Olefin derivath"es, linear vicinal dideuterioaI-
kanes, mass spectra ________________ OP 38--72 

Oli\"er bed, Colo., coal, washing characteristics ___ RI 7467 
Oman, mineral industry, annual review _MY 1973 (v. III) 

petroleum laws __________________________ IC 8544 

Onshore oil wells, development costs, economic 
e\"aluation _________________________ IC 8593 

Onshore petroleum, development, economics of, 
study _____________________________ IC 8561 

production, economics of, study _____________ IC 8561 
Ontario mine, Utah, escape plans __________ OFR 24-74 

fire hazards _________________________ OFR 24-74 
\"entilation study ____________________ OFR 24-74 

Opaque oxides, in Apollo 15 dusts, infrared struc-
tural characterizations _______________ OP 5-73 

Open-cycle magnetohydrodynamic topping stage­
closed-cycle bottoming cycle, investiga-
tion ____________________________ OP 149-72 

Open pit mine, optimal ultimate pit limit, de­
termination, three-dimensional program-
ing method ________________________ RI 7553 

Open pit mining, explosives use in ____________ IC 8560 
using bucket wheel exca\"ators, mathematical 

model for ______________________ OFR 11-71 

Open pit mining operations, satellite monitoring 
of ________________________________ IC 8530 

Open pit slope, stability, analysis of rock blocks, 
method _________________________ OP 106-72 

Open-pit slope walls, stability, evaluating, micro-
seismic technique _________________ OP 21-70 

Optical properties, absorbing uniaxial crystals, 
determination, method _____________ OP 77-70 

Optical sensors, obstacle detection by, in mine 
shuttle" car system _____________ OFR 62 (1)-73 

Optical sorter, electronic, color sorting of waste 
glass by ___________________________ TPR 45 

Ore, analysis, radioisotopic excitation-semiconduc-
tor detector method ________________ OP 1-72 

beneficiation, effect of fragment size. radial dis-
tribution analysis __________________ OP 84-74 

carbonaceous, gold extraction from, malonitrile 
leach method _____________________ RI 7464 

gold recovery from, patent ________________ P 7-72 
heavy-metal, carbanion leaching of, method, 

patent ____________________________ P 15-70 

noble metals in, determination, accuracy, de-
pendence on analytical method _______ OP 90-73 

oxide, gold extraction from, malonitrile leach 
method ___________________________ RI 7464 

Ore bodies, fractured, copper sulfide minerals, 
dissolution of, laboratory tests _______ OP 77-73 

in lead-silver mine, discovering, mathematical 
model as guide _____________________ RI 7989 

irregularly shaped, stress in, predicting. method 
RI 7645 

stress in, predicting, geometric method _______ RI 7838 
Ore deposit, grade and tonnage, computing, 

methods for _______________________ RI 7331 
Ore grade, calculating, by diamond-drill sam-

pling, statistical analysis _____________ RI 7508 
Ore handling systems, underground, efficiency, 

analysis _______________ OFR 62 (1) -62 (3) -74 
safety, analysis _____________ OFR 62 (1) -62 (3) -74 

454 

Oregon, chromite resources. estimate ___________ IC 8465 
fuel and energy data _____________________ IC 8647 
land utilization. in mining industry __________ IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry, annual reYiew _____ MY 1973 (v. II) 

Organic compounds, in respirable coal-mine 
dusts, detection, high-resolution mass 
spectrometry _______________________ TPR 61 

transition metal-containing, stability constants, 
determination ______________________ RI 7825 

Organic constitutents, in respirable coal dust, 
methods of analysis, a{l\"ances in ______ OP 30-73 

Organic liquid, binary, recO\"ery, from binary or-
ganic \"apor-air mixtures _____________ RI 7563 

Organic materials, characteristic carbon-13 nuclear 
magnetic resonance shifts in organic ma-
terials, note ______________________ OP 25-73 

Organic mixtures, zone-melting chromatography 
of, method ________________________ OP 6-70 

Organic syntheses, in electrical discharges, equip-
ment for ________________________ OP 125-71 

use of electrical discharges for ____________ OP 125-il 
Organic vapor-air mixtures. organic liquid con-

densation from. computer program _____ RI 7563 
Organic wastes, oil and gas production from, 

technical assessment ______________ OFR 30-73 
use for fuel _____________________________ IC 8603 

Organometallic, in aqueous solution, absorption 
enhancement effect ________________ OP 121-il 

Orient ;'\0. 5 mine. Ill", coal, unti-train operation, 
description ________________________ IC 8444 

Orogrande district, Idaho. lo\\"-grade gold de-
posits, investigation, humus sampling 
technique _________________________ RI 7425 

Osmium, annual data ________________ MY 1973 (v. I) 
determination, in ores and heavy sands. fire 

assay-emission spectrographic method _OP 127-72 
Outlier \"alues. removal, from analytical data, 

method ___________________________ RI 7472 

Overcoring. deformation measurements, effect of 
new gage design ____________________ RI 7894 

equipment and techniques, for rock stress de-
termination ________________________ IC 8618 

Overcoring process, stress analysis, finite element 
method ___________________________ RI 7894 

O\"erpressures, airblast, from underground blasts, 
recommendations for reducing ________ RI 7574 

from confined underground production blasts, 
analysis ___________________________ RI 7574 

Oxalates. heats of formation _________________ RI 7450 
Oxalic acid, heat of formation ________________ RI 7450 

heat of solution __________________________ RI 7450 
Oxidant, in automotive emissions, smog chamber 

reacth"ity study _____________________ RI 7803 
Oxidation. accelerated, steel scrap. study _______ RI 7332 

steel strips, effect of lead on, laboratory study 
OP 125-70 

effect of molybdenum on, laboratory study 
OP 125-70 

effect of vanadium on, laboratory study __ OP 125-70 
catastrophic, iron alloys ___________________ RI 7332 

scrap steels, in carbon dioxide-carbon mon-
oxide gas mixtures _________________ OP 85-72 

iron chloride, in iron chloride-copper chloride 
mixtures __________________________ RI 7970 

magnesium chloride, by steam pyrohydrolysis, 
results ____________________________ RI 7922 

selective, ripped automobile scrap, results _____ RI 7614 
sheared automobile scrap, results __________ RI 7614 



Oxidation, steel scrap, accelerating, by oxide 
promoter pretreatment _____________ OP 85-72 

Oxidation acceleration, steel scrap, surface im-
pregnation technique, patent _________ P 25-71 

Oxidation characteristics, cobalt-nickel alloys, ef-
fect of vanadium additions on _________ RI 7371 

Oxidation rate, cobalt-nickel alloys, effect of alu-
minum additions ___________________ RI 7496 

Oxides, mixed, in blast furnace slags, determina-
tion, rapid wet chemical method _______ IC 8625 

solid, sulfur dioxide sorbents, for flue gases, 
evaluation _________________________ RI 7582 

Oxide copper, in mill tailings, distribution ______ RI 7498 
Oxide film, formation on iron, kinetics, discussion 

OP 90-74 
proton-impact-excited X-ray technique ___ OP 90-74 

Oxide powders, roll forming of, for ceramic strip_RI 7463 
Oxidizer-sawdust mixtures, burning rate tests ____ RI 7594 
Oxidizing catalyst, for spark ignition engine, effect 

on exhaust emissions ________________ RI 7988 

Oxidizing materials, classification test methods 
for _______________________________ RI 7594 

Oximes, chromatographic analysis __________ OP 187-71 
in automotive exhaust gas, levels, estimating, 

study _____________________________ RI 7675 

Oxime derivatives, conversion of carbonyl com-
pounds to, method ________________ OP 187-71 

Oxygen, consumption __________________________ B 650 
detection, in simulated work atmosphere, porta-

ble gas detector, evaluation ___________ RI 78Il 
determination, in mine atmospheres, gas chro-

matography, rapid method ___________ RI 7696 
dilution requirements, for inerting aircraft fuel 

tanks, review _____________________ OP 41-71 
economic projection ________________________ B 650 
electrowinning, from lunar simulated silicate 

rocks ____________________ RI 7587;OP 155-70 
in automoti\-e emissions, measuring, techniques 

for ______________________________ OP 44--73 

in coal gases, determination, gas chromato-
graphic method ____________________ RI 7903 

in crude oil, emission spectrography, controlled-
atmosphere plasma arc ______________ OP 9-71 

in petroleum, research, review ____________ OP 163-73 
production _______________________________ B 650 
l-eserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Oxygen atoms, concentration profile, through re-
action zone, methane-oxygen-argon flame 

OP 167-73 
in methane-ox~-gen·argon flames, in situ meas-

urement __________________________ RI 7766 
reaction, with organic compounds, in electrical 

discharges _______________________ OP 125-71 

Oxygen content, metals, determination, inert gas 
fusion method, nickel bath foc ______ OP 120-74 

platinum-\-anadium bath for _________ OP 120 74 
Oxygen deficiency, measuring, instruments for ___ IC 8548 

testing for, flame safety lamp, instruction guide __ IG 11 
Oxygen-enriched atmosphere, flammability of ma-

terials in ___________________ OP 14-70, 15-70 

Oxygen exchange, carbon dixoide-carbon reaction 
by, study ____________________________ B 664 

Oxygen industry, problems ____________________ B 650 

Oxygen smelting, continuous, copper sulfide con-
centrate, process description __________ RI 7705 

Oxygenates, carbonyl, in exhaust gas, levels, esti-
mating, study ______________________ RI 7675 

in automotive exhausts, effect of platinum type 
catalyst, experimental measurements ___ RI 7837 

from automobiles with and without oxida-
tion catalysts, comparison ____________ RI 7837 

untreated, experimental measurement ______ RI 7837 
using simple hydrocarbon fuels __________ OP 26-72 

in automotive exhaust gas, levels, estimating. 
study _____________________________ RI 7675 

noncarbonyl. in exhaust. levels. estimating. 
study _____________________________ RI 7675 

Oxyreaction process, for strengthening molybde-
num alloys ________________________ RI 7958 

for strengthening tungsten alloys. description __ RI 7521 
Oyster shell, powdered. inhibitor for coal dust-air 

flames. evaluation ___________________ RI 7552 

Ozone detector. chemiluminescence. comparison 
with Mast and potassium iodide methods _RI 7650 

Ozone-ethylene chemiluminescence detector, de-
sign and operation __________________ RI 7650 

Ozonizer discharge. ethylene-steam reaction in. 
organiC gas and liquid products from __ OP 174--70 
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P.R. Spring tar sand deposit. Utah. core samples. 
properties _________________________ RI 7923 

Pacific Islands, Trust Territory of. mineral indus-
try, annual review ___________ My 1973 (v. II) 

Pacific island possessions, mineral industry. an-
nual review ________________ MY 1973 (v. II) 

Pacific region, fuel and energy data ___________ IC 8647 
Pacific States, economic analysis, interindustry 

model for _______________________ OFR 2-71 

Pakistan, mineral industry, annual review ____ My 1973 
(v. III) 

mining laws _____________________________ IC 8544 
natural gas, analyses ______________________ IC 8475 
petroleum laws __________________________ IC 8544 

Palladium_. annual data ______________ MY 1973 (v. I) 
coatings, thick, obtaining, process, patent ____ P 17-70 
determination, fire-assay emission spectrographic 

method _________________________ OP 104--70 

in ores, accuracy of determination. sources of 
error ____________________________ OP 90-73 

Palladium alloys, coatings. thick. obtaining. 
process, patent _____________________ P 17-70 

Panama, mineral industry, annual review ______ MY 1973 
(v. III) 

mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Panama Canal Zone, mineral industry, annual 
review ____________________ MY 1973 (v. II) 

Panther tipple project, Pa., coal refuse bank, 
reclamation, results _________________ IC 8576 

Paper, recovery, from raw urban refuse _______ RI 7760 
from unburned urban refuse. air elutria-

tion method _______________________ TPR 34 

Paper-plastics separation. unburned urban refuse. 
high-tension electrodynamic separator __ TPR 63 

Papua. mining laws ________________________ IC 8514 
petroleum laws __________________________ IC 8514 

Papua and New Guinea, mineral industry, an-
nual review _______________ I\lY 1973 (v. III) 

Paraffin, as fuel. in spark-ignition engine labora-
tory tests __________________________ RI 7423 
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Paraffin, production, from neutral oil, distilled 
[rom low-temperature lignite tar, method _B 663 

Paraffin-aromatic mixtures, as fuel, in spark-
ignition engine laboratory tests _______ RI 7423 

Paraffin-olefin mixtures, as fuel, in spark-ignition 
engine laboratory tests _______________ RI H23 

Paraguay, mineral industry, annual review ____ My 1973 
(v. III) 

mining laws ____________________________ IC 8482 

petroleum laws __________________________ IC 8482 

Particles, angular. packing, theoretical and ex-
perimental studies __________________ IC 8623 

packing properties, predicting, computer sim-
ulation method ______________________ B 658 

solid, packing, experimental study ___________ IC 8623 
theoretical study _____________________ IC 8623 

Particle acceleration, in underground blasting. 
study _____________________________ RI 7-lG2 

Particle distributor, crushed coal blending by. 
description ________________________ RI 7646 

rotary, for minimizing particle size segregation 
in bins, patent _______ ~ ______________ p 9-71 

Particle feeder, constant-head. for fine solids, 
design and operation ________________ RI 79H 

Particle interactions. in relations to hydraulic 
transport, numerical model _________ OFR G-73 

Particle packing, mathematical analyses ________ IC H623 
Particle-particle cloud parameters. in aerosols. 

nomogram for relating ____________ 01' 138-74 

Particle size, coal, in laser-induced pyrolysis, effect 
RI 732S 

coal dust, in propagating methane-coal dust-air 
mixtures, effect on flame speed ________ RI 79,;(; 

segregation, minimizing. rotary particle distrib-
utor for, patent _____________________ 1' 9-7 I 

Particle size analysis. in subsieve range, discus-
sion ____________________________ 01' 5')-71 

rapid, hydrosizing-radiation attenuation method 
RI 7R79 

Particle size distribution. bimineral materials. 
hydrocyclone-nudear attenuation tech-
nique ____________________________ RI 7879 

homogeneous materials. hydrocyclone-nuclear 
attenuation technique _______________ RI 7879 

mine-run oil shale. in retorting experiment. 
results ____________________________ RI 7995 

quartz. impact-crushed. experimental study ___ RI 7615 
Particle velocity, in underground blasting. de-

termination _______________________ RI 7462 

measurement, evaluation of explosiv'e fractur-
ing, oil shale ______________________ RI 7874 

Particulates, dry, flow rates. at constant pressure. 
to feeder, study ____________________ RI 7944 

in exhaust emissions. aircraft auxiliary power 
uniu _____________________________ RI 7735 

in fossil fuel combustion, control technology 
for _______________________________ IC 8543 

in stack gases, field tests ___________________ IC 8650 
stack gas, determination, methods for, compari-

son ____________________________ OP 123-73 

Particulate emissions, controlling. methods for __ IC 8543 
Particulate solids, varying densities. separation, 

fluidized-bed method, patent __________ 1' 26--73 

Particulate systems, properties. calculating, com-
puter simulation methods ______________ B 658 

Pasayten wilderness area, \Vash., mineral ap-
praisal ___________________________ GS 1-72 
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Peat. annual data ___________________ :\IY 1973 (v, I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
resen'es __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Peat industry, prohlems _______________________ B 650 

Pegmatite, crystalline interfaces in, tensile 
strength, determination, method _______ RI 7709 

Pegmatite ores, mica flotation from. process 
development ________________________ B 662 

weathered. mica recovery from, flotation 
processes ________________________ 01' 161-70 

Pellets, chalcocite concentrate, fluidized-bed treat-
ment of. for copper smelting feed _____ OP 5-71 

high-iron. production. from steelmaking dusts. 
methods _________________________ OP 79-72 

iron ore. effect of dolomitic lime additi\'e. pilot 
plant tests _______________________ 01' 47-i4 

manganese additions to. effect on prop-
erties _____________________________ RI i870 

mctallization. effect of prehcating _________ RI 7612 
monomer imprcgnated. thermal catalytic 

polymerization. method _____________ 01' 61-i3 
preheating of. effect on metallization _____ 01' 63-73 
prereduced. blast furnace smelting of ________ B 651 

effect of sulfur content ________________ 01' 4-70 
laboratory scale production ______________ B 651 
pilot-plant production __________________ B 651 
production. economic ev'alliation __________ B 651 
production costs ____________________ OP 38-71 
production methods _________________ 01' 38-71 
properties ____________________________ B 651 

iron oxide-tar. preparation. from waste ma-
terials. method ___________________ OP 175-70 

preredllcecl. carbon steel production from. acid 
practice ___________________________ RI 7981 

from iron and steelmaking wastes. with re-
mo\al of lead and zinc _____________ 01' 42-73 

production. from steelmaking dusts. method _RI 7927 
prerecluced iron ore. production mcthod. 

patent _____________________________ 1' 6--71 
utilization ___________________________ 01' 38-71 

Pellet-automobile scrap charges, in cupola furnace. 
resul ts ___________________________ OP 196-71 

Pelletizing, fine iron ore concentrate. organic 
polymers as binding agents. technical 
feasibility ________________________ OP 61-73 

Pend Oreille mine, 'Vash., escape plans _____ OFR 24---74 
fire hazards _________________________ OFR 24-74 
ventilation study ____________________ OFR 24-74 

Penetration. wedge-shaped tools, in granular ma-
terials, study _______________________ RI 7739 

Pennsylvania. aluminum, chemical-industry use, 
supply and demand _________________ IC 8457 

anthracite. analyses ___ RI 7346, 7490, 7712. 7588, 7848 
high-temperature properties _______________ B 655 

anthracite region, development planning for _OFR 3-71 
environmental problems _______________ OFR 3-71 

present economic situation, study _______ OFR 3-71 
Appalachian area, oil-producing formations, 

lithology __________________________ IC 8473 
Appalachian oil reservoirs, gasflooding. second-

ary recov'ery prediction _____________ OP 83-70 
asbestos, chemical-industry use. supply and 

demand ___________________________ IC 8457 



PennsylYania, barite, chemical-industry use, sup-
ply and demand ____________________ IC 8457 

bauxite, chemical-indmtry use, supply and de-
mand _____________________________ IC 8457 

boron, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Bradford Third sand, lithology _____________ IC 8473 
Butler County, surface mine reclamation 

project ___________________________ IC 8456 
cadmium, chemical-industry use, supply and 

demand ___________________________ IC 8457 

calcium, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Cedar Avenue mine fire, controlling, methods _IC 8524 
chemical industry in, mineral supply-demand 

situation __________________________ IC 8457 

chromium, chemical-industry use, supply and 
demand ___________________________ IC 8457 

Clarendon sand, lithology __________________ IC 8473 

clay, chemical-industry use, supply and demand IC 8457 
Clymer Borough project, coal refuse bank, 

reclamation, results _________________ IC 8576 

coal, analyses ________ RI 7346, 7490, 7588, 7712, 7848 
unit-train operation, description ____________ IC 8444 
coal reserves, strippable _________ IC 8531; OFR 6-71 

coal waste disposal areas, reclama tion methods 
and cosU __________________________ IC 8576 

cobalt, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

copper, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Dewdrop sand, lithology ___________________ IC 8473 

diatomite, chemical-industry use, supply and 
demand ___________________________ IC 8457 

fire control projects, abandoned bituminous 
coal mines, list _____________________ IC 8620 

fuel and energy data ______________________ IC 8647 
Gartland sand, lithology ___________________ IC 8473 

Ginger Hill mine, coal refuse bank, reclama-
tion, results ________________________ IC 8576 

Glade sand, lithology _____________________ IC 8473 

gypsum, chemical-industry use, supply and de-
demand ___________________________ IC 8457 

Huber mine, anthracite, washing characteris-
tics ______________________________ RI 7361 

Imperial Keystone project, coal refuse bank, 
reclamation, results _________________ IC 8576 

iron, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Kidney bed, anthracite, washing characteris-
tics ______________________________ RI 7364 

Lackawanna basin, anthracite mines, micro-
filmed maps _______________________ IC 8453 

land utilization, in mining industry _________ IC 8642 
Laurel Run mine fire, controlling, methods ___ IC 8524 
lead, chemical-industry use, supply and de-

mand _____________________________ IC 8457 

Lewis Run sand, lithology _________________ IC 8473 

limestone, chemical-industry use, supply and 
denland ___________________________ IC 8457 

Lower Freeport bed, coal, pyrite remm'a!, two-
stage froth flotation _________________ RI 7822 

Lower Kittanning bed, coal, geologic study ___ RI 7769 
Lytle sand, lithology ______________________ IC 8473 

magnesium, chemical-industry use, supply and 
demand ___________________________ IC 8457 

Pennsylvania, manganese, chemical-industry use, 
supply and demand _________________ IC 8457 

mercury, chemical-industry use, supply and 
demand ___________________________ IC 8457 

mica, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Mine 60, coal refuse bank, reclamation, re-
sults ______________________________ IC 8576 

mined land reclamation ___________________ IC 8642 
mineral industry, annual review ____ My 1973 (v, II) 
Moraine State Park, surface mine reclamation, 

costs _____________________________ IC 8456 
methods ____________________________ IC 8456 

natural gas, analyses __ IC 8443, 8475, 8518, 8554, 8607 
nitrates, chemical-industry use, supply and de-

mand _____________________________ IC 8457 

North Strabane project, coal refuse bank, 
reclamation, results _________________ IC 8576 

northeastern, development planning for, study 
OFR 3-71 

environmental action programs, refuse bank 
removal _________________________ OFR 3-73 

mine fire control projeCts ________________ IC 8524 
present economic situation _____________ OFR 3-71 
subsidence monitoring ________________ OFR 3-73 

;\'orthern anthracite field, abandoned mines, 
microfilmed maps ___________________ IC 8453 

oil recovery, potential, by waterflooding, out-
look ______________________________ IC 8455 

Panther tipple project, coal refuse bank, 
reclamation, results _________________ IC 8576 

phosphate rock, chemical-industry use, supply 
and demand _______________________ IC 8457 

phosphorus, chemical-industry use, supply and 
demand ___________________________ IC 8457 

Pittsburgh bed, characteristics, forecasting, 
technique _________________________ RI 7842 

coal, high-temperature properties ___________ B 655 
thickness and cOmpOSitIOn, paleotopo-

graphic-structural controls on _______ OP 174-71 
pyrite removal, two-stage froth flotation __ RI 7822 

Pittsburgh seam soal, ash distribution in, pre-
dicting, method ____________________ RI 7377 

sulfur distribution in, predicting, method ___ RI 7377 
potash, chemical-industry use, supply and de-

mand _____________________________ IC 8457 

potassium, chemical-industry use, supply and 
demand ___________________________ IC 8457 

salt, chemical-industry use, supply and de-
Inand _____________________________ IC 8457 

Sartwell sand, lithology ___________________ IC 8473 

silica, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

sodium carbonate, chemical-industry use, sup-
ply and demand ____________________ IC 8457 

sodium sulfate, chemical-industry use, supply 
and demand _______________________ IC 8457 

strontium, chemical-industry use, supply and 
demand ___________________________ IC 8457 

Sugar :\'otch mine, anthracite, washing charac-
teristics ___________________________ RI 7364 

sulfur, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

talc, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Throop mine fire, controlling, methods ______ IC 8524 
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Pennsylvania, titanium, chemical-industry use, 
supply and demand _________________ IC 8457 

underground coal reserve base ______________ IC 8655 
Unity Township project, coal refuse bank, 

reclamation, results _________________ IC 8576 
Venango First sand, lithology ______________ IC 8473 
Venango Second sand, lithology ____________ IC 8473 
vermiculite, chemical-industry use, supply and 

demand ___________________________ IC 8457 

Wanamie No_ 19 mine, anthracite, washing 
characteristics ______________________ RI 7364 

Warwick No_ 3 coal mine, fracture orientations, 
sampling, methods __________________ RI 7763 

Washington County, Pittsburgh coal bed, 
methane content, estimate ____________ RI 7969 

western, mine subsidence, controlling, cost 
estimate __________________________ IC 8507 

extent ______________________________ IC 8507 

Western Middle anthracite field, abandoned 
anthracite mines, microfilmed maps ____ IC 8519 

zinc, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Pentadienes, chemical thermodynamic prop-
erties ___________________________ OP 69-70 

Pentaerythritol tetranitrate, detonation proper-
ties, calculating _____________________ RI 7905 

use, in laboratory blasting tests _____________ RI 7407 
Pentanes, chemical thermodynamic properties _____ B 666 

isomeric, enthalpies of combustion _________ OP 67-70 
enthalpies of formation ________________ OP 67-70 

n-Pentane, enthalpy of combustion __________ OP 67-70 
enthalpy of formation ___________________ OP 67-70 

l-Pentanethiol, chemical thermodynamic proper-
ties _____________________________ OP 26-70 

Peptization technique, magnetic fluid preparation 
by _______________________________ TPR 59 

Perchloric acid-sawdust mixtures, spontaneous ig-
nition tests ________________________ RI 7594 

Percussive drills, underground blastholes, oper-
ating characteristics ________________ OP 26-74 

with independent rotational system, laboratory 
tests ______________________________ RI 7692 

Percussh-e drilling and blasting methods, under-
ground, performance and cost model __ OP 61-74 

Peristaltic conveyor, potential for coal mine 
haulage _________________________ OP 166-73 

Perlite, annual data __________________ MY 1973 (v_ I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Perlite industry, problems _____________________ B 650 
Permafrost, blasting in, study ________________ RI 7356 

heated rooms excavated in, effectiveness of 
polyurethane foam insulation _________ RI 7392 

underground room in, stability ______ OP 182-71, 9-74 
monitoring, instrumentation for ________ OP 9-74 

Permanent magnets, samarium-cobalt, prepara-
tion ______________________________ RI 7784 

Permeability, changes in, during oil shale retort-
ing, laboratory experiments ___________ RI 7860 

coal, effect of shaped explosive charges, investi-
gation __________________________ OFR 14-72 

effect of stress on ____________________ OFR 45-74 
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Permeability, coal, to air, determination _____ OFR 22-74 
to gas, study ________________________ OFR 22-74 
to water, study ______________________ OFR 22-74 

coalbeds, determination ___________________ RI 7667 
in situ diffusion parameter _______________ RI 7668 
study _______________________________ OP 55-74 

directional, in coal beds, relationship to cleat 
orientation, study ___________________ RI 7910 

gas, tight sandstone cores, effect of overburden 
pressure _________________________ OP 51-72 

effect of water saturation _____________ OP 51-72 
Pocahontas No.3 coal bed, determination _____ RI 7649 
sandstone, increasing, by combustion of liquid 

incendiaries, laboratory tests __________ RI 7586 
sandstone cores, tight, effect of overburden 

pressure ________________________ OP 145-71 
effect of water saturation ____________ OP 145-71 

Permeametry, low·pressure, surface area, consoli-
dated porous media _________________ RI 7583 

rock ________________________________ RI 7583 

Permian red beds, copper-bearing, production po-
tential ____________________________ RI 7422 

Permissible blasting devices, list _________ IC 8493, 8597 
Permissible explosives, list ______________ IC 8493, 8597 
Permissible mine equipment, air compressors, 

list _______________________________ IC 8463 
air sampling pumps, list ___________________ IC 8463 
automatic data acquisition system, design and 
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ll-Propylcyclohexane, enthalpy of combustion _OP 131-70 
enthalpy of formation __________________ OP 131-70 

n-Propylcyclopentane, enthalpy of combustion _OP 78-71 
enthalpy of formation ___________________ OP 78-71 

Prospecting, gold-bearing gravels, geophysical 
methods __________________________ RI 7584 

radiometric, applications, oil and gas reservoirs, 
literature survey ____________________ IC 8579 

Protein, production, from microorganism growth 
on water-extracted coal, patent ________ P 14-70 

Proton-excited X-ray-Auger electron spectra __ OP 164-72 
Proton-excited X-ray Auger electron spectroscopy 

analysis correlation, oxygen on poly-
crystalline iron surfaces ____________ OP 164-72 

Prudhoe Bay crude oil, Alaska, analysis ______ OP 185-71 
high-boiling distillate from, composition _OP 157-73 

separation and characterization methods 
OP 157-73 

Public lands, unreserved, in Alaska, recommen-
dations for use, after mineral appraisal 

OFR 9-74 
Puerto Rico, mineral industry, annual review 

MY 1973 (vo II) 
mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Pulsation damping device, in personal respirable 
dust samplers, criteria for ____________ RI 7545 

Pulse height analyzer, multichannel, plotting 
data points from, computer program for 

IC 8470 
Pulse-jet system, dual, for the combustion of 

high-ash fuel, patent ________________ P 12-73 

Pulverizing, lignite, effect of in-the-mill drying __ RI 7631 
effect of moisture content ________________ RI 7631 
effect of predrying _____________________ RI 7631 

Pumice, annual data _________________ MY 1973 (vo I) 

compression testing, in simulated lunar en-
vironment _________________________ RI 7983 

consumption ______________________________ B 650 

dynamic properties, determination, method _OP Il4-70 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Pumice-ferric oxide pellets, sintered, for hydrogen 
sulfide removal, from producer gas ___ OP 31-70 
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Pumice industry, problems ____________________ B 650 
Pumps, air-sampling, permissible, list __________ IC 8463 
Pumpkin Buttes field, Wyoo, coal reserves, strip-

pable _____________________________ IC 8538 

Purple K, use, in suppression of coal dust ex-
plosions, results _________________ OFR 41-73 

Putrescibles, recovery from raw urban refuse ___ RI 7760 
Pyridines, monosubstituted, carbon-13 nuclear 

magnetic shieldings ________________ OP 94-70 
hydrogen-I nuclear magnetic shieldings ___ OP 94-70 
ortho substituents in, electrical effects ____ OP 94-70 

production, from low-temperature lignite tar, 
method _____________________________ B 663 

solvent extraction of coal with, extract compo-
sition ___________________________ OP 81-70 

Pyridine extracts, from coal, composition _____ OP 88-70 
from reduced coals, composition ___________ OP 88-70 

Pyrite, additive, in cobalt extraction from 
laterite, effect ______________________ TPR 57 

in nickel extraction from laterite, effect ____ TPR 57 
annual data ______________________ :\IY 1973 (vo I) 
distribution, in Pittsburgh seam ____________ RI 7827 
in coal, quantitative X-ray diffraction analysis, 

computerized system ________________ TPR 71 
reducing, laboratory flotation study ________ RI 7518 

in coal seams, estimating, from drill core data, 
statistical method ______________ RI 7679, 7680 

iron oxide from, hot stack gas processing 
method _________________________ OP 102-72 

leaching, with aqueous chlorine solution, iron 
extraction _________________________ RI 7801 

magnetic susceptibility, effect of crushing on 
OP 128-70 

removal from coal, centrifugal-electrostatic 
method ___________________________ RI 7332 

dry separation process _________________ OP 12-72 
patent ______________________________ P 13-70 

separation, from coal, two-stage froth flotation 
technique, laboratory study __________ TPR 51 

from fine coal, centrifugal-electrostatic method 
OP 15-73 

electrophoretic-specific gravity method, lab-
oratory tests _______________________ RI 7440 

sulfur recovery from, hot stack gas processing 
method _________________________ OP 102-72 

upgrading, on wet concentrating table, photo-
electric concentrator for _____________ RI 7623 

Pyritic sulfur, removal, from coal, electrophoretic 
separation method __________________ RI 7960 

Pyrohydrolysis, fluorine extraction, from fluorspar 
concentrate ________________________ RI 7866 

steam, hydrous magnesium chloride decom-
position by, feasibility study __________ RI 7922 

Pyrolysis, coal, by laser irradiation, effects _____ OP 86-70 
products from, study _______________ OP 118-72 

industrial refuse, products from ____________ RI 7428 
low-temperature, long-term, of cellulose, effect 

OP 80-70 
of cotton, effect _____________________ OP 80-70 
of pine sawdust, effect ________________ OP 80-70 

municipal refuse, products from ____________ RI 7428 
oil shale, kinetics, second order effects ________ RI 7889 
solid wastes, product yield, study _________ OP 183-71 

Pyrometallurgy, copper, from chalcopyrite con-
centrate, cost evaluation _____________ RI 7957 

new techniques __________________________ IC 8603 

technologic trends in, review ______________ IC 8581 



PyrometalJurgy, technological advances in, annual 
report ____________________________ IC 8643 

Pyrometallurgy research, annual report ___ SP 1-73, 1-74 
Pyrophoric materials, self-ignition tests ________ RI 7593 
Pyrophyllite, annual data _____________ :\Iy 1973 (v. I) 

consumption ______________________________ B 650 
economic projection ________________________ B 650 
entropy ________________________________ RI 7369 
heat capacity, low· temperature _____________ RI 7369 
production _______________________________ B 650 
reserves __________________________________ B 650 

ultrafine grinding, wet attritIOn grinding 
process ___________________________ RI 7641 

uses _____________________________________ B 650 

Pyrophyllite industry, problems ________________ B 650 

Pyrrhotite-quartz separation, matrix·type magnetic 
separator for _______________________ RI 7746 

Pyrrole, vibrational assignment _____________ 01' 69-71 

Q 

Qatar, crude oil, analyses ____________________ IC 8542 
mineral industry, annual review ____ My 1973 (v. III) 
petroleum laws __________________________ IC 8544 

Quarries, blast pattern designs, empirical formulas 
for _______________________________ IC 8550 

suggestions for improving ________________ IC 8550 
employment _____________________________ IC 8562 
fatalities ________________________________ IC 8562 
injuries ________________________________ IC 8562 

Quarry blasting, fragmentation in. blast design 
parameters. field study _______________ RI 7704 

noise from. measuring, instrumentation ______ TPR 78 
standards for __________________________ TPR 78 

noise from detonating cord, measuring. instru· 
mentation for ______________________ RI 7678 

reducing. methods for _________________ RI 7678 
rock bedding in. effect on fragmentation _____ RI 7863 
rock jointing in, effect on fragmentation ____ RI 7863 
vibrations from, field tests ________ B 656; 01' 121-73 

Quarry industry. accidents. causes ________ IC 8586-8588 
employment ________________________ IC 8586-8588 
fatalities ___________________________ IC 8586-8588 
injuries ____________________________ IC 8586-8588 

nature of _________________________ IC 8586-8588 
sources of ________________________ IC 8586-8588 

injury.frequency rate _________________ IC 8586-8588 
injury·severity rate ___________________ IC 8586-8588 

Quarrying, explosives use in _________________ IC 8560 

Quartz, carbothermal reduction. under vacuum, 
kinetics _________________________ 01' 148-72 

distribution, in Green River Formation ____ OP 180-74 
impact-crushed, particle size and size distribu· 

tion, experimental study ____________ RI 7615 
in respirable coal·mine dust, determination, 

infrared technique __________________ IC 8545 
particle size distribution, hydrosizing·nuclear 

sensing technique ___________________ RI 7879 
recovery, from waste granite fines, flotation 

method ___________________________ RI 7651 

Quartz crystal, annual data ___________ :\IY 1973 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology _______________________________ B 650 
URS _____________________________________ B 650 

Quartz crystal industry, problems _______________ B 650 

Quartz-feldspar bicrystals, extraction, from rock. 
method ___________________________ RI 7709 

Quartz·feldspar interfaces, in granite. adhesion 
strength, measuring _______________ 01' 116-74 

Quartz.graphite mixtures, carbothermal reduc-
tion, in Yacuum, study _____________ OP 89-70 

Quartz-ilmenite separation, matrix-type magnetic 
separator for _______________________ RI 7746 

Quartz-iron oxide separation, matrix-type mag-
netic separator for __________________ RI 7746 

Quartz monzonite, compressive strength, proper-
ties related to, experimental results 

OFR 29 (2) -74 
disk cutter performance in, laboratory experi-

ment _____________________________ RI 7961 

fracture patterns in, geometry, analysis ______ RI 7715 
mechanical behavior, effect of fracture fill-

ing _________________________ OFR 29 (1) -74 
Quartz-pyrrhotite separation, martix-type mag-

netic separator for _________________ RI 7746 
Quartz veins., gold-bearing, rotary drilling explo-

ration _________________________ OFR 23-72 

Quartzite, diamond drilling of, effect of addi-
tives _____________________________ OP 8-70 

effect of organic additives, study __________ RI 7494 
disk cutter muck from, size distribution, labo-

ratory tests ________________________ RI 7882 

disk cutter performance in, laboratory experi-
ments ____________________________ RI 7961 

fragmentation, by dielectric heating technique _RI 7424 
groove cutting experiments in, with disk cutter, 

results ____________________________ RI 7881 
heat content ____________________________ RI 7503 
internal friction in, effect of temperature 

variation ________________________ OP 67-72 
physical properties _______________________ RI 7865 
samples, thermal stress. effect _____________ OP 97-74 
specific heat ____________________________ RI 7503 

thermal crushing, by surface heating, results _OP 81-73 
Quartzite-kyanite ore, beneficiation study ______ RI 7376 
Queensland. Australia, crude oil, analyses _____ IC 8542 

mining laws ___________________________ IC 8514 
petroleum laws ________________________ IC 8514 

Quenching, explosions, methods, exploratory 
study _____ T ____________________ OFR 21-74 

flames, methods, exploratory study _______ OFR 21-74 
Quicklime, additive in coal gasification, effect __ OP 71-74 
Quinoline. ultrasonic solvation of coal in _____ OP 87-70 
2-Quinolones, in asphalt, interaction with car-

boxylic acids ____________________ OP 162-71 
tentative identification ________________ OP 162-71 

2-Quillolone-carboxylic acid interaction, infrared 
spectroscopic study ________________ OP 83-71 

R 

Radar, airborne side-looking. use, for geologic 
structure analysis ___________________ RI 7869 

use, in coal beds, in advance of mining, feasibil-
ity study ________________________ OFR 5-72 

Radial distribution analysis, ore beneficiation, 
effect of fragment size ______________ OP 87-74 

Radial flo,,' cell. patent ______________________ P 4-72 

Radial reinforcement pressures, low, effect on 
strengthening fractured rock pillars ____ RI 7755 

Radiance, spark-shower, metal grinding sparks, 
study _____________________________ RI 7902 

469 



Radiant heating. coal-dust clouds. in mine fires. 
equations for computing _____________ RI 7439 

Radiation. in underground uranium mines. con-
trolling. methods ______________ HB 1-70. 1-71 

Radiation halos. hydrocarbon reservoirs. occur-
rence. literature survey ______________ IC 8579 

Radiation hazards research. annual report ______ SP 1-74 
Radiation probe, thermal, for pulverized coal-fired 

furnaces, design and construction ______ RI 7427 
tests _______________________________ RI 7427 

Radical species, in methane-oxygen-argon flame, 
concentration profiles _____________ OP 167-73 

Radio frequency energy, effect of blasting caps, 
study __________________________ OFR 49-74 

Radioactive gas tracer system, proportional COllnt-
ing tube, methane-filled, effect of con-
taminant gases ___________________ 01' 140-70 

Radioactive tracers, carbon-14 labeled compo-
nents, contribution to deposit formation, 
imestigation _____________________ OP 119-70 

carbon monoxide reactions, in lower atmos-
phere, experimental study __________ OP 35-71 

cyclon-produced, use. in trace-element deter-
mination _________________________ OP 7-71 

tritiated water. in copper-dump leaching 
process, hydrodynamic study __________ RI 7510 

use, in gasoline storage stability tests __________ B 660 
Radioactive tracer pulse method, for evaluating 

fracturing of underground oil shale for-
mations ___________________________ RI 7791 

Radioactive tracer test, explosive fractured zone. 
in oil shale ________________________ RI 7874 

Radioactivity prospecting, applications, in oil and 
gas exploration, literature sun'ey ______ IC 8579 

Radiography, electrodeposit porosity __________ RI 7419 
Radioisotopic X-ray analyzer, portable, copper 

alloy analyses by, tests _______________ RI 7635 

Radiometric prospecting. applications, oil and gas 
exploration, literature survey _________ IC 8579 

Radium, annual data _______________ MY 1973 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production ________________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 6,,0 

uranium-byproduct. supply, economic analysis 
IC 8570 

uses _____________________________________ B 650 

Radium industry, problems ____________________ B 650 

Radon, in uranium mines, detection of, methods _RI 7741 
Radon daughters, attached to aerosols, character-

istics, field tests __________________ OFR 57-74 
laboratory tests ____________________ OFR 57-74 

in underground uranium mines, employee ex-
posure to ____________________ HB 1-70, 1-71 

reducing, methods ___________________ HB 1-71 
reducing, methods ________________ HB 1-70, 1-71 

Railroad cars, dropping operations, accidents, 
causes __________________________ OFR 48-74 

Railroad-car incinerator, smokeless, design and 
operation ________________________ OP 30-74 

Railroad tunnel, construction, study __________ IC 8662 
Raman spectra, coals ______________________ OP 45-72 

structural variations in minerals, from Apollo 
rock samples, study ________________ OP 52-73 
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Raman spectroscopy, minerals, sampling tech-
niques for _______________________ OP 33-73 

Raney nickel catalyst, use, in microdesulfurization 
technique ___________________________ B 659 

Rangely crude oil, methane diffusion in, tests ___ RI 7339 
Rangley oiltield, Colo,. gas diffusion rate in 

reservoir oil, investigation ___________ RI 75 11 
waterflooding projects ___________________ RI 7959 

Rapid excavation, Government research programs 
in _______________________________ 01' 8-74 

in hard rock, research and de\clopment ______ OP 8-73 
rock breakage research ________________ OP 148-74 

rock, disk-cutter experiments ______________ RI 7410 
role of engineering geology in ____________ OP 46-73 
technological advances in, annual report _____ IC 8643 

Rapid excavation research. accomplishmentL_OP 163-74 
standard suite of rocks for _________________ RI 7865 

Rapid tunneling, need for probe drilling, in 
advance of mechanical mole ________ 01' 14-73 

Rare earths, cerium, tetr'l\'alent. reduction, 
method ___________________________ RI 790G 

recovery. from bastnasite, sulfuric acid tech-
nique ____________________ , ________ RI 7990 

separation, liquid-liquid chromatographic tech-
nique ___________________________ OP 48-70 

Rare-earth elements, consumption ______ B 6:;0; IC 8476 
distribution _____________________________ IC 8476 
economic projection _______________________ B 6:,0 
forms __________________________________ IC 8-176 
h~tory _________________________________ IC 8-t76 
imports and exports ______________________ IC 8-176 
legislation and GO\'Crnmcnt programs ________ IC 8476 
light-group. differential extraction, in quater-

nary ammonium cOl11pound-chelating 
agent systems ______________________ RI 7524 

production _______________________________ B 650 
properties ______________________________ IC 8476 
reserves __________________________________ B 650 
resources _______________________________ IC 8476 
separation, ion-exchallge method, patent _____ P 21-71 
strategic factors __________________________ IC 8-176 
supply _________________________________ IC 8476 
technology ________________________ B 650; IC 8-176 
uses _____________________________ B 6,,0; IC 8476 

Rare-earth elements industry, problems __________ B 650 
Rare-earth element mixtures, liquid-liquid duo-

matographic separation ____________ 01' 189-71 
Rare-earth industry, SJ:ructure ________________ IC 8476 

Rare-earth materials, research and development _IC 8476 
Rare-earth metals. annual data ________ :\IY 1973 (v. I) 

high-purity, preparation methods ___________ RI 7466 
high-purity samarium, preparation methods __ RI 7466 
impurities in, electrotransport of, pulsed cur-

rent method _______________________ RI 7480 

mixed. electrowinning of. from treated bast-
nasite concentrate ___________________ RI 7398 

purification, method, patent ________________ P 6-73 
solvent extraction of, method _______________ RI 8502 

Rare-earth minerals, annual data ______ MY 1973 (v, I) 
Rare-earth mixtures. light group, samarium oxide 

recovery from, selective stripping solvent 
extraction _________________________ RI 7663 

Rare-earth oxides, catalytic activity, for oxidation 
of hydrogen, study __________________ RI 7841 

Rare-earth research. conference proceedings __ 01' 142-70 
Rare-earth system byproducts, supply, economic 

analysis ___________________________ IC 8570 



Rare-earth system coproducts, supply, economic 
analysis ___________________________ IC 8.')70 

Rate coefficient, hydrogen-methane reaction, in 
methane-oxygen-argon flames, determina-
tion ____________________________ 01' 137-74 

Rayleign waye propagation, in rock, study ____ 01' 130-i4 
Reaction detector, on drop-weight impact ap-

paratus, results _____________________ RI 7670 
ReactiYe metals, purification, process, patellt ____ I' 12-72 
Reactivity, photochemical, automotive emissions, 

effect of fuel volatility on ____________ RI 7707 
diesel exhaust, preliminary tests __________ RI 75 H 
exhaust. gasoline-natural gas au tomoth'e 

fuels, comparison ___________________ RI 7806 
Reactor, fluidized-bed. for alkalized alumina reo 

generation, design and operation ______ RI 7414 
mathematical evaluation _______________ RI i4IS 

for sulfur dioxide sorption, design and opera· 
tion ______________________________ RI 7414 

mathematical evalution ________________ RI 7415 
laboratory test, exhaust oxidation rates, study 

01' 13:;-73 
Reclamation, Colstrip mine, plan for __________ IC 86:;0 

German lignite, open pit mining. spoil reclama-
tion methods ______________________ IC 8650 

strip-mined lands ________________________ IC 8603 
costs _________________________________ IC 8535 
methods and costs ___________________ OFR 59-74 
State laws on __________________________ IC 8535 

surfacc mine. costs _______ , ________________ IC 84:;6 
mNhods ______________________________ IC 8456 

C,S, mined lanel. review __________________ IC 8642 

Reclamation laws, strip mined lanel.s ________ OFR 59-74 
Reclusc crude oil, hean ends. analyses ______ OP 1'i3-74 
Recluse, "'yo .. petroleum, high-boiling distillates, 

compound type separation and charac-
terization _________________________ RI 7945 

Rectifiers, silicon-controlled, underground mining 
machinE'S. feasibility studY ______ OFR 62 Ii) -73 

Recycling, advances in ______________________ IC 8603 

brass smelter dust. for lead and zinc recO\'Cry __ RI 7880 
metallurgy. annual report _________________ SP 1-73 
outlook ______________________________ 01' 153-72 
plastic wastes, methods _________________ 01' 76-74 

Red .. \sl1 mine, Pa .. fire control project ________ IC 8524 

Red bed. Permian, copper deposits in. production 
potential __________________________ RI 7422 

Red bed copper deposit, beneficiation study ____ RI 7375 
Red brass, secondary, reducing tin content of. 

effect on properties ______________ 01' 194-71 

Red Desert deposit. "'yo" coal resen'es. strip-
pablc _____________________________ IC 8538 

Red Fork sand, Okla" waterflood projects, evalua-
tion ______________________________ RI 7465 

Red muds, from alumina production, utilization __ RI 7454 
Jamaican, potential catalyst for sulfur dioxide 

reduction ________________________ 01' 43-72 

silica remo,'al from, method _______________ RI 7950 
Surinam, potential catalyst for sulfur dioxide 

reduction ________________________ 01' 43-72 

utilization, for sulfur removal from flue gas, 
eYaluation ______________________ OP 119-72 

Red mud pellets, sintered, for hydrogen sulfide 
removal, from producer gas _________ 01' 31-70 

Reduction, flash, fine iron ore. in coil reactor ___ RI 7627 
Reduction roast·ammonia leach process. nickel 

recovery, from weathered serpentine ___ TPR 57 

Reduction roasting, hematite, in carbon monoxide-
carbon dioxide atmosphere, kinetics ____ RI 7720 

nonmagnetic taconite ore, investigation ______ RI 7797 
Refining, crude shale oil, in situ retorted, methods 

for _______________________________ RI 7844 

improved, hydrogenated shale oil naphtha, 
study _____________________________ RI 7740 

Reflectance, vitrinite component, coal classifica-
tion by, investigation ______________ OP 62-72 

Reflectance scanning, automated microscopic, 
coal, petrographic analysis by ______ OP 141-71 

Reflectance scanning microscope system, auto· 
mated, design and operation _______ OP 141-71 

Reflectometry, time domain, bed level determina-
tion by _________________________ OP 101-74 

Refractories, consumption, by cement industry __ IC 8494 
by ceramics industry ____________________ IC 8494 
by chemical industry ____________________ IC 8494 
by ferrous metal industries _______________ IC 8494 
by glass industry _______________________ IC 8494 
by nonferrous metal industries ___________ IC 8494 
by petroleum industry __________________ IC 8494 
by public utilities ______________________ IC 8494 
effect of technological changes on __________ IC 8494 " 

expor~ _________________________________ IC 8494 

sales distribution, by consuming industry _____ IC 8494 
types and uses ___________________________ IC 8494 

Refractory carbides, reclamation, from carbide 
materials, process, patent _____________ 1' 17-71 

Refractories industry, shifts in demand, effect of 
technologic~l changes ________________ IC 8494 

trends __________________________________ IC 8494 

Refractory metal alloys, columbium alloys, deyel-
opmellt ___________________________ RI 7388 

Refractory metal halides. addition to molten·salt 
electrolytes, method. patent ____________ 1' 9-71 

Refractory ores, silver extraction from, sulfur 
dioxide-sodium chloride leaching process 

RI 7736 
sulfurous acid·sodium chloride system ______ RI 7736 

Refracton silver ores, argentojarosite, synthesis. 
description ______________________ 01' 169-73 

Refuge chambers. in mines. proposed ________ OFR 4-70 
Refuse, incinerated urban, recovery of scrap metal 

from ___________________________ 01' 176-74 

industrial. plastics in, separation and recycling 
methods __________________________ RI 7955 

municipal, conversion to oil, method ________ TPR 25 
incinerated, copper and tin removal, from 

magnetic fraction ___________________ RI 7776 
pyrolysis, product yield __________________ RI 7428 

municipal incinerator. l'eCOyery of mineral 
values from, cost e,'alution ___________ IC 8533 

process description ____________________ IC 8533 

urban, incinerator residues, products from __ 01' 96-73 
nonferrous, metal recovery from, methods 

ane! costs ________________________ 01' 94-71 

plastics in, separation and recycling meth-
ods ______________________________ RI 7955 

quantities, estimate _____________________ IC 8549 
raw, products from ___________________ 01' 96-73 

unburned, combustibles recovery from, air 
classification method ________________ TPR 34 

metal recoyery from, air classification 
method ___________________________ TPR 34 

non combustibles recoven' from, air classi· 
fication method ____________________ TPR 34 
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Refuse, Yortex incinerator for, pilot-scale tests __ OP 90-72 
Refuse and solid waste disposal problems, research 

in ________________________________ IC 8603 

Refuse banks, burning, quenching and removing, 
method ___________________________ IC 8485 

coal, burning, extinguishing, methods ________ IC 8515 
design suggestions for ___________________ IC 85 l;i 

Refuse disposal, coal-mine waste, methods ______ IC 8576 
municipal, case studies ____________________ IC 8498 

Refuse reclamation, coal waste piles, methods and 
cos~ ______________________________ IC 8576 

resul~ ________________________________ IC 8576 

Regression analysis, low-grade gold deposit assay 
data ____________________________ OFR 5-71 

nonlinear, computer program for ___________ IC 8649 
percussive drilling penetration rate, predicting, 

feasibility _________________________ RI 7396 
Relative permeability, imbibition, calculating, 

method __________________________ OP 20-72 

Remote control, shuttle car systems, feasibility 
OFR 62(1)-62(3)-73 

Remote control devices, underground mining ma-
chinery, feasibility study __ OFR 62 (I) -62 (8) -73 

Remote control sensors, for mine shuttle cars, 
development _________________ OFR 62 (I) -73 

Remote control systems, underground mining ma-
chinery, feasibility study __ OFR 62 (I) -62 (8) -73 

Remote sensing, infrared technique, loose rock, 
in coal mine roof ___________________ RI 7886 

Repository, microfilmed mine maps, description _IC 8657 
Reprocessing, waste lubricating oils, techniques 

for _______________________________ RI 7884 

Re-refining, used crankcase oil, methods, bench-
scale tests _________________________ RI 792,; 

Research, current, control of airborne dust, in 
coal mines, review ________________ OP 29-73 

Rescue hole, in simulated mine rescue test, de-
cription ______________________ OFR 9 (3)-72 

Reservoir engineering, e\'aluation of waterflood-
ability, by pilot-flood data analysis ____ IC 8637 

laboratory waterflood tests ________________ RI 7873 

Reservoir evaluation, discriminant analysis method 
OP 143-71 

Resermir properties, research, annual report ___ IC 8612 
Reservoir rock, fracture orientation in, predicting, 

method _________________________ OP 107-71 

surface area, determination, low-pressure per-
meametry technique ________________ RI 7583 

Reservoir simulator, immiscible two phase, use, 
in predicting migration patterns, aqueous 
waste solutions __________________ OFR 27-74 

Residual fuel oils, direct hydrodesulfurization, 
operating parameters for _____________ RI 7418 

imports, gulf coast ports ___________________ IC 8508 
low-sulfur, transportation costs _____________ IC 8614 

Venezuelan, hydrodesulfurization characteristics 
RI 7557 

Residues, municipal incinerator, recovery of 
mineral values from, cost evaluation ____ IC 8533 

process description ____________________ IC 8533 

Resin, chelating, mercury recovery, from aqueous 
solutions by, method ______________ OP 175-71 

ion-eXChange, gold collection by, from acid 
solutions __________________________ RI 7358 

Resin-loaded paper, mercury determination with 
OP 134-73 

X-ray spectrography applications __________ OP 77-74 
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Resin system, epoxy, for mine roof reinforcement 
RI 7907 

utility, as roof support, in underground mines 
OFR 60-73 

Resistivity, flv ash, in flue gas, effect of gas tem-
perature __________________________ IC 8543 

rubble zones, in oil shale, detecting, electrical 
resistivity technique _________________ RI 7674 

Resistivity measurements, surface, uranium de-
posits, detection of faults, results ______ RI 7975 

Resource Classification Manual, data coding 
directions _________________________ IC 8654 

:\linerals Availability Systems, data collection 
for _______________________________ IC 8654 

Resources management, computational aspects, 
applied to resources management ___ OFR 26-73 

Respirable coal dust, minor and trace elements 
in, spark-source mass spectroscopy inves-
tigation ___________________________ TPR 42 

Respirahle dust, see also Dust, respirable 
Respirable dust, adhering to run-of-face bitumi-

nous coals, amount, inyestigation ______ RI 7765 
airborne, formation, at belt COl1\'emr transfer 

points, laboratory study ____________ OP 58-74 
coal-mine, quartz content, determination, in-

frared technique ____________________ IC 8545 
sampling data, computer program for ______ IC 8504 
sampling methods, training manual for ____ IC 8503 

collection system, for continuous-mining ma-
chine, evaluation ___________________ RI i788 

dust concentration instrument, development _OFR 6-73 
exposure, coal miners, in different coal seams _ TPR 75 
in coal mines, current research for control of, 

review __________________________ OP 29-73 
in mine environment, reducing _____________ IC 8568 

sampling _____________________________ IC 8568 

in underground coal mines, samplhlg program, 
evaluation _________________________ TPR 32 

in U.s, coal mines, assessing ________________ IC 8458 
major elements in, rapid analysis methods, 

feasibility _______________________ OFR 49-73 
methods of analysis, advances in ___________ OP 30-73 
nylon cyclone for sampling, flow rate ______ OFR 51-74 
physical and chemical properties _________ OFR 50-73 
protection against, life-support systems for, dis-

cus~on ____________________________ IC 8458 

sampling, horizontal-plate elutriator for, evalu-
ation _____________________________ RI 7367 

legal requirements ______________________ IC 8484 
membrane filters for scanning electron mi-

croscopy, evaluation _______________ OP 53-72 
nylon cyclone for, evaluation _____________ RI 7367 

suppression, at coal cutting site, with steam, 
laboratory study ____________________ RI 7628 

with water, laboratory study ___________ RI 7628 
Respirable dust collection equipment, coal mines, 

state of the art _____________________ IC 8458 

Respirable dust concentrations, conversion factor, 
for Mine Research Establishment and 
modified personal gravimetric sampling 
equipment measurements ____________ RI 7772 

measurements, comparison with :\1ine Research 
Establishment and modified personal 
gravimetric sampling equipment results _RI 7772 

Respirable dust control, by sprays, in coal mines _IC 8458 
by ventilation, in coal mines _______________ IC 8458 
by water, in coal mines ____________________ IC 8458 
by wetting agents, in coal mines ____________ IC 8458 



Respirable dust control, correct ventilation for, 
manual _____________________ OFR 25 (2) -73 

diluting with air, manual ____________ OFR 25 (2) -73 
dust collectors for __________________ OFR 25 (1) -73 
engineering methods for _____________ OFR 25 (1) -73 
in longwall mining, machine design and opera-

tion for ___________________________ IC 8458 
water infusion method __________________ RI 7849 

limiting dispersion, manual __________ OFR 25 (2) -73 
preventing dispersion, manual ________ OFR 25 (2) -73 
ventilation methods for ______________ OFR 25 (I) -73 
water and wetting agents for _________ OFR 25 (1) -73 

Respirable dust control research, review ____ OFR 51-73 
Respirable dust research, annual report ___ IC 8539, 8644; 

SP 1-74 
Respirable dust sampler, permissible __________ IC 8536 

personal, design and operation __ IC 8458; OFR 18-i4 
pulsation dampers for, imestigation _______ RI 7545 

Respirable dust sampling, instrumentation, re-
view ___________________________ OFR 51-73 

Respirable dust sampling program. collected 
samples, processing and analyzing ______ IC 8536 

equipment for ___________________________ IC 8536 
requirements ____________________________ IC 8536 

Respirable dust standards, foreign countries ____ IC 8528 
U_S, ___________________________________ IC 8528 

Respirable mine dust, control methods ________ IC 8490 
free silica in, analysis _____________________ IC 8521 

sample processing laboratory, design and opera-
tion ______________________________ IC 8520 

sampling de'ices for ______________________ IC 8490 

Respirable mine dust levels. classifying, methods _IC 8490 
Respirators, Bureau of ~lines approved, list ____ IC 8559 

chemical-cartridge. Freon I 13 as test material 
for _______________________________ RI 7380 

chemical-cartridge half mask facepiece, leakage 
tests ______________________________ RI 7431 

coal-mine dust. approved, description _______ IC 8509 
list ________________________________ IC 8509 

dust. requirements and practices ____________ IC 8568 
types _________________________________ IC 8568 

for use in mine rescue operations. types. in-
struction guide _______________________ IG 16 

permissible, list __________________________ IC 8559 

self-rescuer, for use in carbon monoxide atmos-
pheres, instruction guide _____________ IG 2, 3 

Respirator cartridges, service life, in various 
organic vapors, determination, hydrogen 
flame ionization detection ____________ OP 5-74 

Respirator filter penetration, determination, using 
sodium chloride aerosol ______________ RI 7403 

Respiratory equipment, automated breathing 
metabolic simulator, development ____ OFR 3-74 

Retort furnace, oil shale, design ______________ TPR 30 

Retorting, in situ, broken oil shale, effect on com-
paction ___________________________ RI 7860 

effect, on permeability _________________ RI 7860 
in oil shale, evaluating, hot-film flow log 

technique _______________________ OP 144-71 
state-of-the-art report ________________ 01' 56-74 

Retorting index, ethylene-ethane ratio, relation-
ship, to oil-shale retort temperatures __ RI 7921; 

OP 102-74 
Retorting temperature, oil-shale retorts, relation-

ship to ethylene-ethane ratio _________ RI 7921; 
OP 102-74 

Revegetation, coal mine refuse banks, fly ash use 
for ______________________________ OP 1-73 

Revegetation, coal waste piles, methods and 
cos~ ______________________________ IC 8576 

results ________________________________ IC 8576 

fine mineral tailings, methods ____________ OP 147-73 
mineral-processing waste piles ____________ OP 79-71 
surface mine reclamation area ______________ IC 8456 
surface-mined land, use of fly ash in ________ RI 7504 

Rhenium, annual data _______________ My 1973 (v_ I) 
availability, U.S. _________________________ IC 8573 
consumption ______________________________ B 650 

copper-byproduct, economic analysis _________ IC 8569 
demand :. _______________________________ IC 8573 

determination, fire-assay emiSSIOn spectro-
graphic method __________________ OP 104-70 

in ores, concentrates, and tailings, atomic 
absorption technique ______________ OP 160-74 

economic projection _______________________ B 650 

extraction. from low-grade molybdenite concen-
trate, electrooxidation technique ______ RI 7802; 

TPR 47 
prices __________________________________ IC 8573 
production _______________________________ B 650 
recovery, cost estimates ____________________ IC 8573 

technology ____________________________ IC 8573 
reserves __________________________________ B 650 

in porphyry copper desposits _____________ IC 8573 
in porphyry-type molybdenum deposits _____ IC 8573 

resources _______________________________ IC 8573 

solvent extraction of, method _______________ IC 8502 
technology _______________________________ B 650 
uses _____________________________________ B 650 

vapor deposition, by hydrogen reduction of 
rhenium hexafluoride _____________ OP 114--74 

Rhenium industry, problems ___________________ B 650 
Rhenium-tungsten alloy, vapor deposition, from 

mixed rhenium and tungsten hexafluoride 
OP 144--74 

Rhode Island, fuel and energy data ___________ IC 8647 
land utilization, in mining industry _________ IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (v, II) 

Rhodesia, mineral industry, annual review ____ My 1973 
(v. III) 

mining laws _____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Rhyolite, altered, thermal expansion measure-
ments ___________________________ OP 91-72 

fracture patterns in, geometry, analysis ______ RI 7715 
thermal diffusivity, at elevated temperatures 

and reduced pressures _______________ RI 7954 
Rhyolite porphyry, mechanical behavior, effect of 

fracture fiIiing _________________ OFR 29(1)-74 
Rib, bad, conditions contributing to, instruction 

guidc ______________________________ IG 17 
Rib control, instruction guide, ________________ IG 17 
Rib falls, causes, instruction guide ______________ IG 17 
Ripper. coal-mining, product size analysis ______ RI 7687 
Ripper-shredder, for junk automobile disposal, 

discussion ________________________ OP 41-70 

Road tars, weathered, heteroatom species in, high-
resolution mass spectra ____________ OP 101-70 

high-resolution mass spectrometric study 
OP 102-70 

Roadbase material, waste from lime-limestone 
desulfurization process, as ingredient ___ IC 8633 

Roast-leach procedure, copper recO\'cry, from 
chalcopyrite by ____________________ TPR 67 

Rock, acoustic emission, during failure, monitor-
ing _____________________________ OP 64-73 
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Rock, acoustic emiSSIOn, in fracturing process, 
monitoring _______________________ OP 64-73 

anisotropic, generalized Rayleigh wave propa-
gation in, study __________________ OP 130-74 

stress in, detennination, borehole-deforma-
tion method _______________________ OP 9-70 

behavior, in cyclic loading, study __________ OP 10-73 
blast-produced fractures in, extent, study _____ RI 7901 
brittle, fracture strength, effect of intermediate 

principal stress __________________ OP 163-70 
radially end-constrained cylinder, initiation of 

failure in ________________________ OP 68-73 

true uniaxial stress-strain behavior, experi-
mental determination _____________ OP 144-73 

brittle porous, time dependent behavior, in 
uniaxial compression tests ___________ OP 9-73 

uniaxial compression tests on, results ______ OP 9-73 
chemical disaggregation of, patent ___________ p 4-71 
circular tunnel in, support-rock, interaction 

analysis ___________________________ RI 7526 

clay mineral-containing, chemical disaggrega-
tion of, patent ______________________ p 6-70 

coal-mine roof, failure in, causes, laboratory 
tests ___________________________ OFR 31-74 

compressive strength, properties related to, 
experimental results ___________ OFR 29 (2) -74 

crystalline interfaces in, tensile strength, deter-
mination, method __________________ RI 7709 

cutting characteristics, using rolling disk cut-
ters, laboratory tests ________________ RI 7882 

with disk cutter, predicting, laboratory ex-
periments _____________________ ::. ___ RI 7881 

defonnation behavior, in situ, study for design 
of ground support system ________ OFR 44-73 

disk cutters for, performance, prediction equa-
tions for __________________________ RI 7961 

drillability, determination, methods ________ OP 24-74 
engineering properties related to ________ OP 24-74 
independently rotated percussive drill, labo-

ratory tests ________________________ RI 7692 
drilling in, penetration rate, factors ________ OP 24-74 
drilling rate in, with percussive drill, predict-

ing, method _______________________ OP 1-71 
drilling system for, functional requirements _OP 24-74 
dynamic properties, determination, Hopkinson 

bar technique ____________________ OP 114-70 
elastic moduli, determination, pulse method __ RI 7831 

resonance method ____________________ RI 7831 
statistical comparison, pulse and resonance 

methods __________________________ RI 7831 

elastic wave velocity, during failure, monitor-
ing _____________________________ OP 64-73 

fracture orientation in, analyzing, computer 
program for _______________________ RI 7669 

fracture patterns in, geometric parameters, 
analysis ___________________________ RI 7715 

fracture process in, mechanics ___________ OP 142-72 

fracture surface mapping, with scanning elec-
tron microscope ___________________ OP 65-74 

fragmented, fabric analysis of ______________ RI 7706 
fragmentation, chemical methods for ______ OP 14-74 

experimental blasting tests ______________ OP 32-74 
high-frequency fatigue technique _______ OP 172-74 
principles, summary ___________________ OP 16-74 

geologic structure-stress field relationships, 
geometric _________________________ RI 7365 

grain boundaries in, strength, measuring, method 
OP 116-74 

474 

Rock, hard, disk cutting, laboratory experiments_RI 7961 
kerfing and excavation, thermohyclraulic 

method _________________________ OP 185-74 
stress-strain behavior, stiff testing machine 

for _______________________________ RI 7624 

thin deposits in, economic feasibility of long-
wall mining ______________________ OP 60-74 

tunneling techniques, research __________ OP 164-74 
high-stress zones in, detecting, broad-band 

microseismic method ______________ OP 164-70 
igneous, apparent tensile strength, effect of 

specimen volume ___________________ RI 7846 

instability in, detecting, broad-band microseismic 
method _________________________ OP 164-70 

determining, microseismic method _________ RI 7432 
internal friction in, effect of temperature \"aria-

tion _____________________________ OP 67-i2 

longitudinal pulse velocity, effect of tempera­
ture-moisture conditions, laboratory study 

OP 103-72 
loose, around underground mine openit~gs, 

detection, surface temperature variations 
OFR 52-73 

detecting, method, patent ________________ P 16-73 

in coal mine roof, detecting, remote sensing 
infrared technique __________________ RI 7886 

in underground mines, detecting, infrared 
devices for ______________________ OP 181-70 

lunar, infrared spectroscopic studies ________ OP 52-73 
Raman spectroscopic studies ____________ OP 52-73 

lunar simulated, dielectric constants _________ RI 7915 
dissipation factors ______________________ RI 7915 

mechanical behavior. effect of alteration OFR 29 il) -74 
effect of joint fillings ______________ OFR 29 (1)-74 

mechanical properties _____________________ IC 8628 
related to elasticity _____________________ IC 8628 
related to interfacial phenomena __________ IC 8628 
related to plasticity and strength __________ IC 8628 
related to plasticity of surface _____________ IC 8628 

medium, disk cutting, laboratory experiments _RI 7961 
mine, thermal expansion behavior ________ OP 118-74 
modulus of rigidity, effect of fracturing on, 

borehole dilation test method ______ OP 173-70 
multiple thermal analysis apparatus, design 

and operation ____________________ OP 74-71 

nonhomogeneous, mine openings in, single and 
multiple, structural analysis ___________ IC 8510 

nonmechanical properties, related to electricity 
and magneticity ____________________ IC 8628 

related to thermal actidty _______________ IC 8628 

percussive drilling rate in, predicating, from 
drill power ________________________ RI 7396 

from rock properties __________________ RI 7396 
physical properties _______________________ IC 8628 

plutonic, dynamic properties, determination, 
method _________________________ OP 114-70 

polymer-impregnated, preliminary survey ____ RI 7542 
porous, ground-support imprm-ement in, by 

polymer impregnation _____________ OP 152-71 

radially end-constrained circular cylinder, 
elastic stress distribu tion, effect of con-
fining pressure ________________ , ____ OP 69-73 

reservoir, brine-saturated, extreme temperatures 
in, effect on properties _______________ RI 7571 

extreme temperatures in, effect on properties 
RI 7571 



Rock, sedimentary, iodine-rich, algae in, micro-
paleontological examination ________ OP 149-71 

silicate, aluminum extraction from, patent _____ p 4-70 
simulated lunar, compression testing _________ RI 7983 

elastic and attenuation symmetries ______ OP 115-71 
oxygen extraction from, high-temperature 

electrolytic method __________________ RI 7587 
properties, determination, in ultrahigh 

vacuum __________________________ OP 47-71 

thermal diffusivity, at ele\'ated temperatures 
and reduced pressures _______________ RI 7954 

thermal expansion measurements ________ OP 91-72 
slope walls in, design, factors influencing ___ OP 156-70 
Smackover Formation, analyses _____________ RI 7897 
soft, disk cutting, laboratory experiments _____ RI 7961 

stress-strain beha"ior, stiff testing machine 
for _______________________________ RI 7624 

stiffness modulus, effect of temperature-moisture 
conditions, laboratorv study ________ OP 103-72 

stress in, measuring, borehole deformation gage, 
new design for _____________________ RI 7894 

stress determination, overcoring equipment for IC 8618 
o\'ercoring techniques _________________ IC 8618 

stress in, absolute state, measuring, methods, 
discussion ________________________ OP 12-74 

surface, effect of tt:mperature variations on ___ RI 7589 
thermal-expansion behavior, in vacuum en-

vironment _______________________ OP 52-71 

time-dependent inelastic, stress ,,'ave analysis. 
for computer program _______________ IC 8563 

tunnels in, machine bored, state of the art __ 01' 66-72 
uniaxial compressi\'e strength, effect of tem­

perature-moisture conditions, laboratory 
study ____________________________ OP 103-72 

underground fractured zones in, seismic holo-
gram of, field experiment ____________ RI 7607 

\'iscoelastic properties, at ele\'ateu temperatures 
OP 100-74 

wall, in underground mines, source of heat, 
literature sun C) ______________ OFR 19 (I) -74 

"-aw wlocity in, determination ____________ RI 7831 
with planes of weakness, strength of. estimat-

ing, laboratory tests _________________ RI 7H9 

Young's modulus, effect of temperature-moisture 
conditions. laboratory study ________ OP 103-72 

Rock behavior, in cyclic loading, tests ________ 01' 49-74 
in situ determination, initial deformation 

method ___________________________ RI 7962 

o\'ercore stress relief method ____ . ________ RI 7962 
physical property measurement method ____ RI 7962 

time-dependent aspects, measurement, senocon-
trolled hydraulic testing machine _____ 01' 62-72 

Rock block, geometry, equations for _________ OP 106-72 
stability, in open pit slopes ______________ OP 106-72 

Rock bolt, explosi\'e-anchored. in cemented 
gravel, field tests ___________________ RI 7578 

types, description ________________________ RI 7578 

usc, in fractured model pillars, effect ________ RI 7568 
Rock-bolt systems, in cemented gravel, cost 

estimates __________________________ RI 7578 
field tests _____________________________ RI 7578 

Rock bolting, principles ___________________ 01' 48-74 

Rock breakage, explosiYc fragmentation, re\'iew 
OP 148-74 

hydraulic impact, reyie\\' ________________ OP 148-74 

small-diameter confined explosi\'e charges, per-
formance characteristics ___________ OFR 55-7-1 

Rock breakage, thermal energy processes, review 
OP 148-74 

thermal methods for, feasibility study ______ OP 81-73 
theory _________________________________ RI 7874 
water jets, performance characteristics _____ OFR 55-74 

Rock breakage methods, novel, potential _______ OP 8-74 
Rock bursts, controlling, methods __________ OP 120-70 

detecting, methods _____________________ OP 120-70 
locating, methods ______________________ OP 120-70 
monitoring, broadband microseismic system __ TPR 39 
predicting, methods ____________________ OP 120-70 
types ________________________________ OP 120-70 

Rock-covered fires, in coal mines, extinguishment, 
methods _______________________ OFR 73-73 

Rock crushing, thermal methods for, feasibility 
study ___________________________ OP 81-73 

Rock cutting apparatus, muck from, size distribu-
tion, laboratory tests ________________ RI 7882 

Rock cutting device, full-scale experimental, for 
tunneling machine research __________ RI 7787 

instrumentation _______________________ RI 7787 
Rock cutting machines, field tests _____________ RI 7883 

laboratory tests __________________________ RI 7883 
Rock damage, from small charge blasting, high 

intensity explosi\'e, in granite _________ RI 7751 
Rock deformation, in situ determination, methods 

RI 7962 
initial, around mine opening, instrumentation 

for measuring ______________________ RI 7505 
measuring, technique for _____ RI 7505; OP 72-71 

monitoring equipment for, design and operation 
OP 72-71 

Rock disintegration, applied research contracts for 
OP 8-73 

research and development, future plans ______ OP 8-73 
Rock disintegration research, summary ______ OP 129-70 
Rock drills, improvements in ________________ IC 8603 

pneumatic, damping alloy rotation chuck for, 
effect on noise reduction ___________ OP 1I8-73 

noise control for, methods ______________ OP 50-73 
noise from, muffler for, results ____________ RI 7998 

suppressing, progress report __________ OP 141-72 
Rock drillability, with percussi\'e drill, field tests 

RI 7684 
Rock drilling, thermal methods _____________ OP 25-74 
Rock dust, for coal mines, elements in, determi-

nation, technique for ________________ RI 7992 

in airborne coal dust-rock dust mixtures, de-
termination, microanalysis ____________ RI 7979 

inhibitor for coal dust-air flames, evaluation __ RI 7552 
Rock dusting, incombustible content, sampling 

methods, simplifying ______________ OFR 13-73 
Rock failure, direct shear test, energy measure-

ments for, laboratory tests __________ OP 21-73 
in model pillars, effect of end constraint ____ OP 13-70 
torsion tests, energy measurements for, labora-

tory tests ________________________ OP 21-73 

uniaxial compression test, energy measure-
ments for, laboratory tests __________ OP 21-73 

uniaxial tensile energy measurements for _______ 21-73 
Rock fracture, energy measurements for uniaxial 

tension _________________________ OP 177-74 

in mine roof strata, bonding, with epoxies, 
results ____________________________ RI 7836 

with polyesters, results ________________ RI 7836 

oil- and gas-bearing, predicting, from surface 
structural features __________________ RI 7500 
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Rock fracture, post-failure, low radial reinforce­
ment pressure, ,dth gooch rubber sleeve 

RI 7755 
study of, servocontrolled hydraulic testing 

machine _________________________ OP 62-72 

Rock fracture energy measurements, using closed-
loop servocontrolled test systems _____ OP 21-73 

Rock fracture energy values, measuring, new tech-
niques for ________________________ OP 21-73 

Rock fracture mechanics, Tennessee marble, 
loaded uniaxially, laboratory study ___ OP 81-74 

Rock fragmentation, advanced techniques, review 
OP 111-74 

effect of bedding, in bench blasting __________ RI 7863 
effect of jointing, in bench blasting __________ RI 7863 
field tests, geologic investigation role ______ OP 108-74 

role of rock property determination _____ OP 108-74 
hydraulic jet, research __________________ OP 113-73 
in quarry blasting, effect of blast design, in situ 

tests ______________________________ RI 7704 
nuclear explosives, cost estimates ___________ RI 7391 
small Charge blasting in granite, results ______ RI 7751 
thermal, effect of reduced pressure _________ OP 52-71 

internal heating technique _______________ RI 7424 
thermohydraulic method _________ OP 185-74, 186-74 
thermomechanical method _______________ OP 186-74 
with hydraulic jets _____________________ OP 175-74 

Rock fragmentation research, annual report ____ SP 1-74 
Rock Island No. I bed, Ill., coal, hydrocarbon 

gases from, low· temperature evolution, 
study _____________________________ RI 7965 

Rock joints, optical diffraction analysis of ______ RI 7706 
Rock masses, surrounding drifts, deformation 

measurements of _________________ OFR 44--73 
Rock mass behavior and control, research, annual 

report ____________________________ SP 1-73 

Rock matrix acoustic travel time, heterogeneous 
carbonate samples, estimating ______ OFR 11-73 

Rock mechanics, confining pressure, effect, on 
elastic stress distribution, in radially end-
constrained circular cylinder ________ OP 69-73 

cubical test cell, for multiaxial testing of geo-
logic materials ____________________ OP 83-73 

effect on mine design ____________________ OP 46-74 
failure initiation, in radially end-constrained 

cylinder, brittle rock, study __________ OP 68-73 
in situ determination of rock beha"ior, methods 

RI 7962 
mine openings, design of __________________ IC 8585 
NX borehole jack, modulus determinations, 

laboratory tests, results ______________ RI 7855 
relaxation and behavior of failed rock, using 

servocontrolled hydraulic testing machine 
OP 9-73 

rock breakage research, review __________ OP 148-74 
rock crushing, thermal methods for, feasibility 

study ____________________________ OP 81-73 

rock deformation beha\'ior, in situ, study __ OFR 44--73 
rock structure behavior, monitoring, microseis-

mic techniques _______________________ B 665 
roof bolt anchor performance, effect of speci-

men radius on, laboratory tests ________ RI 7748 
slickensides, from coal mine roof shale, chem-

ical analysis _______________________ RI 7858 
stress, in inclusions, predicting, method ______ RI 7838 

in rock, in situ, determining, methods _____ RI 7894 
stresses and strains, in circular inclusions, ana-

lytical method _____________________ RI 7967 
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Rock mechanics, survey equipment, borehole in-
clinometer probe ___________________ IC 8585 

tunnel support structure, with consideration of 
support-rock interaction ____________ OP 71-73 

Rock mechanics and rapid exca\"ation program, 
Advanced Projects Research Agency, re-
view _____________________________ OP 8-73 

Rock movement, measuring, borehole inclinom-
eter for ________________________ OFR 57-73 

Rock noises, in unierground mines, broad-band 
microseismic moni:oring of, tests ____ OP 164--70 

monitoring, instrumentation fOI ______________ B 665 
source, locating, least squares method _" _______ RI 7626 

microseismic techniques _______________ RI 7432 
Rock pillars, fractured, strengthening, by small 

radial reinforcement pressures ________ RI 7755 
model, compressh"e strength, effect of end con-

straint ___________________________ OP 13-70 
Rock properties, determination, role in rock 

fragmentation field tests ___________ OP 108-74 
geomechanical, coal measure strata, determina-

tion, methods ______________________ IC 8630 
physical, determination, for rapid excavation 

research ___________________________ RI 7865 
related to anisotropy _____________________ IC 8628 
related to inelastic deformation _____________ IC 8628 
related to petrofabric homogeneity __________ IC 8628 
related to strength of surface ______________ IC 8628 
reference manual _________________________ IC 8628 

Rock salt deposits, C\"aluation, well logging tech-
niques, literature review _____________ IC 8627 

Rock sample, fractured, application of low 
radial reinforcement pressures, effect on 
strength increase ___________________ RI 7755 

porous, surface areas, determination, low-
pressure permeametry technique ______ RI 7583 

spherical, goniometer for marking coordinates 
on ______________________________ OP 85-70 

Rock specimens, loaded in compression, crack 
propagation and fracture, study ______ OP 81-74 

Rock spheres, dry, velocity anisotropy in, rela-
tionship to rock fabric ______________ OP 11-74 

saturated, velocity anisotropy in, relationship 
to rock fabric ____________________ OP 11-74 

Rock Springs, Wyo., oil shale, explosive fractur-
ing, field tests _____________________ RI 7874 

Rock Springs No. I bed, Wyo., coal, washing 
characteristics ______________________ RI 7525 

Rock Springs No. 7 bed, Wyo., coal, washing 
characteristics ______________________ RI 7525 

Rock Springs No. 7Y2 bed, Wyo .. coal, washing 
characteristics ______________________ RI 7525 

Rock Springs No. 9 bed, Wyo., coal, washing 
characteristics ______________________ RI 7525 

Rock Springs No. 15 bed, Wyo., coal, washing 
characteristics ______________________ RI 7525 

Rock Springs sites 4 and 5, rubble zones, in frac-
tured oil shale, resistivity tests ________ RI 7674 

Rock strata pressures, in coal mines, determina-
tion, methods ______________________ IC 8630 

Rock strength, improving, monomer-polymer sys-
tem, preliminary sun"ey ______________ RI 7542 

Rock stress, in quarries, effect of temperature 
yariations _________________________ RI 7589 

in situ determination, methods ____________ RI 7962 
reducing, in stope pillars, blasting method ____ TPR 39 

Rock structures, behavior, microseismic tech· 
niques for monitoring ________________ B 665 



Rock surface, in underground excavations, defor­
mation, monitoring, photographic tech-
nique _____________________________ RI 7912 

Rock tests, reference manual ________________ IC 8628 
Rock testing, moire method of strain analysis, 

dev~lopment and potential __________ OP 12-73 
Rock tunneling, technology, improYements in, 

needs __________________________ OFR 12-70 
inadequacies ________________________ OFR 12-70 

Rock types, standard suite, for rapid excavation 
research __________________________ RI 7865 

Rockville granite, apparent tensile strength, effect 
of specimen volume _________________ RI 7846 

drillability, field tests _____________________ RI 7684 
heat content ____________________________ RI 7503 
specific heat _____________________________ RI 7503 

Rolamite car, potential for coal mine haulage __ OP 166-73 
Roland-Smith bed, \"yo., coal, washing character-

istics _____________________________ RI 7525 

Roll forming, ceramic strips, from oxide powders, 
method ___________________________ RI 7463 

Romania, energy economy ________________ OP II 7-74 
fuel resources _________________________ OP I I 7-74 
mineral industry, annual redew ____ l\IY 1973 (v. III) 

Roof, bad, conditions contributing to, instruction 
guide ______________________________ IG 17 

coal mine, unsupported, displacement measure-
ments ____________________________ RI 7886 

failure in, detecting, infrared technique __ RI 7886 
inspection and testing. instruction guide _______ IG 17 
proper examination, instruction guide _________ IG 17 

Roof bolts, changes in load conditions, helix pres-
sure gage for design and operation __ OFR 40-74 

characteristics __________________________ OP 48-74 
grouted polymer, pumpable, advantages ___ OP 104-73 

costs _____________________________ OP 104-73 
new roof control concept ____________ OP 104-73 

installing ______________________________ OP 48-74 
steel, resin-grouted, costs ________________ OP 104-73 
resting ________________________________ OP 48-74 

Roof bolt anchors, characteristics ____________ OP 48-74 
performance, effect of specimen size of coal 

measure rock, laboratory tests _________ RI 7748 
Roof bolting, bearing plate, tension loss, study __ OP 23-71 

drill for, noise from, abating, muffler for _____ RI 7998 
principles _____________________________ OP 48-74 

Roof bolting systems, effectiveness, evaluating, 
mechanical roof pulling technique ___ OP 66-74 

Roof conditions, dangerous, in underground 
mines, detection, by measurement of tem-
perature differences ______________ OFR 52-73 

Roof control, coal mines, polymer impregnation 
machine for, design ______ OFR 59 (2) -59 (3) -73 

effect of ultrasonic energy ________ OFR 59 (4) -73 
feasibility _____________________ OFR 59 (1) -73 

instruction guide __________________________ IG 17 

pump able roof bolt, fully grouted polymer, 
design and operation ______________ OP 104-73 

technological advances in, annual report _____ IC 8643 
Roof control research, annual report __________ IC 8539 
Roof cracks, in mines, evaluating, air injection-

hot film flow logging technique for __ 01' 123-74 
Roof drills, in coal mines, design of, safety recom-

mendations for __________________ OFR 24-72 
Roof falls, causes, instruction guide _____________ IG 17 

coal mine, slickensides in, chemical analysis __ RI 7850 
prevention, at coal mine working face, with 

flexible personnel protective shield __ OFR 40-73 

588-3'iG 0 - 75 - 31 

Roof falls, probable areas, of, predicting, in ad-
vance of mining, geological analysis ____ TPR 70 

protection from, in underground mines, mobile 
shield for, design and operation _____ OFR 39-74 

Roof fall accidents, major causes, instruction guide IG 17 
Roof instability, cause, geologic factors ________ RI 7769 
Roof pulling method, mechanical, for evaluating 

roof bolting systems, description _____ OP 66-74 
Roof rock, coal-mine, failure in, causes, labora-

tory tests _______________________ OFR 31-74 

Roof rock type, changes in, mapping, in relation 
to probable roof fall areas ____________ TPR 70 

Roof shale, coal mine, slickensides from, chemical 
analysis ___________________________ RI 7858 

Roof stability, calculating, effect of bedding ____ IC 8630 
effect of jointing _______________________ IC 8630 
effect of lateral thrust ___________________ IC 8630 

evaluating, horizontal roof strain measurements 
IC 8630 

Roof support, in coal mines, mobile shield for 
design and operation _____________ OFR 39-74 

in German coal mines, e\'aluation techniques 
IC 8645 

in mines, plastic liners for, feasibility ______ OFR 60-73 
instruction guide __________________________ IG 17 
new methods, re\'iew ______________________ IC 8547 
temporary, air-inflatable, development ____ OFR 56-73 
types, instruction guide _____________________ IG 17 

Roof talk, interpretation, in individual mines _OFR 46-74 
Roof testing methods, limitations, instruction 

guide _______________________________ IG 17 

Roof warning signals, in coal mines, study __ OFR 19-73 
interpreting, dangers of roof fall conditions _OFR 46-74 

Roofing granule wastes, brick production from, 
method ___________________________ RI 7856 

Room-and-pillar mining, technology ________ OFR 36-74 
underground metal mines, ore handling sys-

tems, analysis __________ OFR 62 (I) -62 (3) -74 

Room-and-pillar mmmg systems, designing, 
method ________________________________ RI 7436 

Rope, wire, clip installation, standards for _____ RI 7789 
Rope haulage systems, in coal mines, study __ OFR 47-73 
Rotary drill, horizontal, use, for burn cuts, in 

room-and-pillar mining ______________ RI 7994 
underground blasiholes, operating character-

istics ____________________________ OP 26-74 

Round Mountain sil\'er prospect, Colo., assay 
data, statistical analysis ______________ RI 7486 

Roundup No.3 bed, Mont., subbituminous coal, 
high-temperature properties ____________ B 655 

Routt County, Colo" coal, washing character-
istics _____________________________ RI 7467 

Rubble zones, in oil shale, detecting, electrical 
resisth'ity technique _________________ RI 7674 

Rubhlization, simulated, core samples, effect on 
oil recO\uy ________________________ TPR 60 

Rubber, skid resistance, effect of fly ash additive _RI 7619 
wear resistance, effect of fly ash addith'e ______ RI 7619 

Rubidium, annual data ______________ MY 1973 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
lithium-byproduct, supply, economic analysis __ IC 8570 
production _______________________________ B 650 
resen'es __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Rubidium industry, problems __________________ B 650 
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RuIn dilatometer, predicting coke strength of 
coal by, method ____________________ RI 7564 

Rumania, mineral industry, annual review 
MY 1969 (Y. 1\') 

Ruthenium, annual data ______________ MY 1973 (Y. I) 
determination, in ores and heavy sands, fire 

assay-emission, spectrographic method 
op 127-72 

use, as methanation catalyst, results ______ OP 163-74 
Rutile, byproduct recovery, from sand washing 

plants, cost estimates ________________ IC 8540 
quantity ____________________________ IC 8540 

imports, gulf coast ports ___________________ IC 8508 
occurrence, in sand and gravel operations, 

Southeastern United States ___________ RI 7517 
production, from ilmenite, method, patent ____ p 21-73 
recovery, from phosphate flotation circuit, po-

tential _________________________ OFR 26-72 

from titanium-enriched high-iron smelter 
slag, laboratory study ________________ RI 7742 

synthesis, from ilmenite, method ____________ RI 7985 
synthetic, manufacture of, patent ___________ P 13-73 

production, from ilmenite, method ________ TPR 37 
production, from ilmenite concentrate, car-

bonyl process ______________________ RI 7719 
Rutile substitutes, proposed processes for, litera-

ture survey ________________________ IC 8450 

Rwanda, mineral industry, annual review 
MY 1973 (\'. III) 

mining laws ____________________________ IC 8610 

Ryan Lode properties, Fairbanks mining rlistrict, 
rotary drilling exploration ________ OFR 23-72 

s 
Sabah, Malaysia, mmmg laws ________________ IC 8514 

petroleum laws _________________________ IC 8514 
Safety, automatic breathing metabolic simulator, 

for tests in hostile environments ____ OFR 3-74 
Safety analysis center, organization and operation 

of, study ________________________ OFR 36-73 
Safety catches, man-carrying conveyances, per-

formance _______________________ OFR 18-73 
requirements _______________________ OFR 18-73 
wire-rope-suspended, in\'estigation ______ OFR 18-73 

Safety criteria, standardization, variations ___ OFR 23-73 
Safety engineering, coal-mine face \'entilation, 

eddy zones, study ___________________ RI 7991 
coalbed gas content determination, direct 

method ___________________________ RI 7767 

degasification virgin coalbed, from base of 
large borehole ___________ ~---------RI 7800 

intrinsically safe, standardization _________ OFR 23-73 
methane concenlTations, at coal-mine face, 

statistical analysis __________________ RI 7987 

mine ventilation ,!nalysis, with sulfur hexa-
fluoride as tracer gas _______________ RI 7917 

shuttle car power systems, for underground 
coal mines, research ______________ OFR 40-72 

sulfur hexafluoride, as gaseous tracer, in mine 
ventilation systems __________________ RI 7916 

Safety,regulations, explosives _______________ OP 13-74 

Safety Research Coal Mine, mechanical roof pull-
ing technique, tests ________________ OP 66-74 

St. Cloud Gray Granodiorite, apparent tensile 
strength, effect of specimen volume ____ RI 7846 

elastic moduli, determination ______________ RI 7831 
physical properties ______________________ RI 7865 

478 

Salem limestone. properties, effect of tempera-
ture-moisture conditions ___________ OP 103-72 

under cyclic loading, behavior ____________ OP 49-74 
Saline waters, analyses ____________________ OP 86-74 

classifications ___________________________ OP 86-74 
fresh water production from ______________ OP 86-74 
minerals production from ________________ OP 86-74 
petroleum-associated, recoverable chemicals in, 

value ___________________________ OP 149-70 

Salinity, in mineral wastes, effect on plant growth 
RI 7896 

Salmon River breaks primithe area, Idaho, min-
eral appraisal ______________________ GS 4-72 

Salmon-Trinity Alps Primitive Area, Calif., 
mineral resources ___________________ GS 4-73 

Salt, annual data ____________________ \IY 1973 (Y. I) 
barge transportation of ____________________ IC 8-131 
chemical-industry use, Ohio Rh'er Basin ______ IC 8457 
removal rate, from titanium sponge, vacuum 

evaporation method ______________ OP 113-7-1 
technology ________________________________ B 650 

Salt industry, problems _______________________ B 650 
Saltzman reaction, factor for, in oxides of nitro-

gen analysis ______________________ OP 56-70 
Samarium, annual data ______________ \IY 1973 (L I) 

recovery, liquid-liquid chromatography tech-
nique ___________________________ OP -18-70 

Samarium-cobalt alloys, electrolytic preparation 
of, effect of electrolyte temperature ____ RI 7556 

Samarium-cobalt permanent magnet, fabrication, 
method ___________________________ RI 778-1 

Samarium fluoride, lithium fluoricie electrOlyte, 
temperature, effect, in samarium-cobalt 
alloy preparation ___________________ RI 7556 

Samarium metal, high-purity, production, method, 
patent ____________________________ P 10-70 

purification, vaporization-sublimation methods, 
comparison ______________ RI 7-166; OP -13-70 

Samarium-neodymium-gadolinium separation, liq­
uid-liquid chromatographic method __ OP 189-71 

Samarium oxide, recovery, from light-group rare-
earth mixture, solvent extraction method 

RI 7663 
Samples, scanning electron microscopy, rapid 

mounting method ________________ OP 105-70 

Sample preparation, in sealed tubes, for nuclear 
magnetic spectroscopy ______________ OP 10-70 

Sampling, cutoff point, in statistical data collect-
ing, method _______________________ IC 8516 

in explosive atmospheres, safe equipment for, 
list of publications on _____________ OP 93-72 

in mines, intrinsically safe equipment for, list 
of publications on _________________ OP 93-72 

mine-atmosphere, syringes for, tests ________ OP 60-70 
respirable coal-mine dust, legal requirements __ IC 8-184 

Sampling procedure, incombustible dust, in coal 
mines, reducing number of samples, 
effect __________________________ OFR 13-73 

Sampling program, underground, personal sam­
pling equipment, com:ersion to equiva­
lent concentration measured with Mine 
Research Establishment sampler _______ RI 7772 

San Joaquin Valley, Calif., petroleum reservoirs, 
waterflooding, water sources for _______ RI 7401 

San Juan, N. Mex., coal, washing characteristics _RI 7608 
teristics ___________________________ RI 7608 

San Juan Basin, Colo., coal, washing character-
istics ______________ ..: ______________ RI 7608 



San Juan County, N. :\fex., coal, washing charac-
teristics ___________________________ RI 7608 

San Juan Ridge, Calif., gold-bearing gravels, in-
wstigation _______________________ OFR 5-74 

San Manuel copper mine, Ariz., fracture patterns, 
geometry, analysis __________________ RI 7715 

heat sources, evaluation ____________ OFR 19 (2)-74 
rock from, mechanical behavior, effect of 

fracture filling ________________ OFR 29 (I) -74 
Sand, consumption ___________________________ B 650 

economic projection ________________________ B 650 
production _______________________________ B 650 

reclamation, from brass foundry waste, process 
OP 167-74 

reserves __________________________________ B 650 
shear properties, tests ____________________ RI 7731 
technology _______________________________ B 650 
u~s _____________________________________ B 650 

Sand and gravel, annual data ___________ My 1973 (v. I) 
barge transportation of ___________________ IC 8431 
Black Hills area, reserves __________________ IC 8660 

Sand and gravel industry, in urban area, effect 
of population growth on ____________ IC 8496 

problems _________________________________ B 650 

Southeastern United States, rutile recovery, 
cost estimates ______________________ IC 8540 

quantity ____________________________ IC 8540 

Sand and gravel mixtures, Tertiary, shear prop-
erties, tests ________________________ RI 7731 

Sand and gravel operations. heavy minerals in, 
occurrence and recO\erability ________ TPR 22 

Sandstone, impact-abrasion tests, coal-cutter 
materials, inccndivitv ________________ RI 7930 

disaggregation, using ultra~onic energy, labora-
tory test ________________________ OP 92-70 

dynamic elastic constants _______________ OP 133-73 
dynamic properties, determination, method _OP 114-70 
fracture orientation in, factors controlling, 

laboratory tests __________________ OP 133-73 
gas permeability, effect of overburden pres-

sure _____________________________ OP 51-72 
effect of water saturation _______________ 01' 51-72 

hydraulic fracturing, initiation, laboratory tests 
RI 7813 

orientation, laboratory tests ______________ RI 7813 
in situ strain in, measuring, methods for, study 

RI 7575 
permeability __________________________ OP 133-73 

altering. by combustion of liquid incendiaries 
RI 7586 

by hydrazine treatment ________________ RI 7586 
by muffle-furnace heating _____________ RI 7586 

polymer-impregnated. strength tests _________ RI 7542 
reservoir, at extreme temperatures, hardness __ RI 7571 

impact toughness _____________________ RI 7571 

brine-saturated, at extreme temperatures, 
properties _________________________ RI 7571 

tensile strength ______________________ RI 7571 

rock failure mechanism, using seryocontrolled 
hydraulic testing machine ___________ 01' 62-72 

sonic velocity _________________________ 01' 133-73 
tensile strength _______________________ OP 133-73 

thermal-chemical alteration of. effect on perme-
ability ____________________________ RI 7586 

uniaxial stress-strain behavior, experimental 
determination ___________________ OP 144-73 

Sandstone cores, fluid flow in, effect of electric 
field _____________________________ RI 7342 

Sandstone cores, tight, permeability, effect of 
o\'erburden pressure on ____________ OP 145-71 

effect of water saturation on _________ OP 145-71 
Sandstone pillars, model, compressive strength, 

effect of end constraint ____________ OP 13-70 

Sandstone samples, surface area, measuring, low-
pressure permeametry technique __ ": ___ RI 7583 

Sarawak, Malaysia, mining laws ______________ IC 8514 
petroleum laws ________________________ IC 8514 

Sartwell sand, lithology _____________________ IC 8473 

Saskatchewan, Canada, crude oil, analyses _______ IC 8542 
Satellites, as remote sensors, for air pollution 

detection __________________________ IC 8577 

Saturates, separation, from high-boiling petroleum 
distillates, method _________ RI 7770, 7893, 7945 

Saturate fractions, heavy-end petroleum distillates, 
mass spectral analyses _____________ OP 133-72 

Saturation, liquid, near boreholes, computing, 
algorithm for _____________________ OP 36-70 

Saudi Arabia, crude oil, analyses ____________ IC 8542 
mineral industry, annual rev'iew ____ My 1973 (v. III) 
mining laws _____________________________ IC 8544 
natural gas, analyses ______________________ IC 8475 
petroleum laws __________________________ IC 8544 

Sawtooth primitive area, Idaho, mineral ap-
praisal ____________________________ GS 5-70 

Scaling rate, copper steels, effect of silicon con-
tent, study ________________________ RI 7936 

Scandium, annual data _______________ MY 1973 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 

uranium-byproduct, supply, economic analysis 
IC 8570 

uses _____________________________________ B 650 

Scandium industry, problems __________________ B 650 
Scanner, infrared, handheld, detection of hot 

areas in \\'aste dumps by _____________ TPR 68 
optical, air pollution detection by __________ IC 8577 

Scheelite, electrowinning, tungsten from, methods. 
comparison ________________________ RI 7580 

preparation of tungstic oxide from, hydro-
chloric acid method ________________ RI 7580 

two-phase separation method ____________ RI 7580 
Schist, compressive strength, properties related 

to, experimental results ________ OFR 29 (2) -74 
mechanical behavior, effect of fracture filling 

OFR 29 (1) -74 
uniaxial stress-strain behavior, experimental 

determination ____________________ OP 144-73 

Schist ores, mica flotation from, process develop-
ment _______________________________ B 662 

School-Badger deposit, coal reserves, strippable __ IC 8538 
Schwartzwalder mine, Colo., faults in, detection 

and delineation, surface resistivity meas-
urements __________________________ RI 7975 

Scintillation counters, plastic, detection prompt 
gamma rays, efficiency, investigation ___ RI 7920 

plastic-sodium iodide, comparison __________ RI 7920 
Scrap, aluminum-alloy, electrolytic refining of __ OP 98-71 

identification methods _________________ OP 92-71 

automobile, foundry iron from, laboratory tests 
OP 68-70 

479 



Scrap, automobile, reductant for nonmagnetic 
taconite, process ____________________ RI 7389 

zinc recovery from, methods ____________ OP 34-/4 
automotive, recycling, advances in technology 

OP 100-73 
economic potential __________________ OP 56-72 
methods ___________________________ OP 95-71 

shredded, nonferrous metal recovery from, 
air classification method _____________ TPR 31 

utilization of, research ______________ IC 8460, 8529 
battery, cadmium recovery from, cyclic leaching 

process ____________________________ RI 7566 

cemented-carbide, recovery of refractory carbide 
from ___________________________ OP 179-70 

recycling process, alloying zinc with cobalt 
binder __________________________ OP 84-73 

copper, cupric ammonium carbonate leaching 
of _______________________________ RI 7554 

copper-alloy, identification methods ________ OP 92-71 
rapid identification, energy dispersion X-ray 

analysis ___________________________ RI 7878 
cryogenic processing of, experiments _______ OP 136-74 
electrical, nonferrous metal recovery from, 

methods ___________ . ______________ OP 95-71 

electronic, aluminum recovery from, molten-salt 
electrolysis ________________________ RI 7617 

base-metal recovery [rom, molten-salt elec-
trolysis ___________________________ RI 7617 

copper recovery from, smelting process, in-
vestigation _______________________ OP 86-73 

precious metal recovery from, cost analysis __ RI 7683 
methods ___________________ RI 7683; OP 96-71 
molten-salt electrolysis _________________ RI 7617 

reclamation of aluminum from, molten-
salt electrolytic process ____________ OP 107-73 

reclamation of metal values from. molten-
salt electrolytic process ____________ OP 107-73 

smelting process, investigation _________ OP 86-73 
ferrous, accelerated oxidation in carbon dioxide-

carbon monoxide mixtures, effect of anti-
mony oxide pretreatment ___________ OP 85-72 

effect of bismuth oxide pretreatment ___ OP 85-72 
annual data ____________________ ~ry 1973 (v. I) 
from incinerated municipal refuse, reducing 

copper impurities in, method _________ RI 7776 
reducing tin impurities in, methods ______ RI 7776 

from junk automobiles, research ________ OP 170-73 
selective oxidation of, method ___________ RI 7614 

minor constitutents, determinations, X-ray 
fluorescent spectrography ____________ RI 7773 

molten, copper removal from, sodium sulfate 
treatment, pilot plant study _________ RI 7914 

No.2 bundles, from junk automobiles, sup-
ply _______________________________ IC 8596 

preheated, with basic oxygen furnace offgas, 
effect on furnace charge _____ -'- ________ RI 7929 

preheating, using basic oxygen furnace offgas, 
results ____________________________ RI 7929 

reductant, for nonmagnetic iron ores ____ OP 70-70, 
109-70 

refining, research _____________________ OP 170-73 

shredded automobile hulks, demand _______ IC 8596 
supply ______________________________ IC 8596 

technology __________________________ IC 8596 

steels from, minor elements in, fluorescent 
X-ray analysis _____________________ OP 79-74 

utilization, research __________________ OP 170-73 
gold, recovery techniques __________________ IC 8447 
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Scrap, gold, sources _________________________ IC 8447 
gold recovery from, study __________________ IC 8447 
heavy-melting, from rotary-kiln processing of 

automoti"e scrap, properties __________ RI 7614 
iron oxide, copper-zinc removal, pelletization-

chloridization method ______________ OP 80-72 
junk auto shredder rejects, upgrading, methods 

TPR 53 
metallic, copper and iron recovery from, 

methods and costs ________________ OP 178-74 
nonferrous, collection methods, literature re-

view ___________________________ OFR 19-72 
refining, new techniques for ____________ OP 93-71 
reuse, literature survey _______________ OFR 19-72 
utilization __________________________ OFR 18-72 

recovery and reuse, research _____________ OP 176-74 
secondary nonferrous metal production from, 

estimate _________________________ OP 58-71 
new methods for ______________________ OP 58-71 
outlook _____________________________ OP 58-71 

shredded automobile, separation methods for, im-
provements in ___________________ OP 110-72 

from junk automobiles, prices ____________ IC 8596 
supp~ ______________________________ IC 8596 

shredded automobile, secondary pig iron from, 
cost estimate _______________________ RI 7808 

method _____________________________ RI 7808 

steel, oxidation acceleration, in metavanadate 
solutions __________________________ RI 7332 

in molybdate solutions ________________ RI 7332 
surface impregnation techniques, patent 

P 25-71 
oxidation kinetics. laboratory study _____ OP 125-70 

superalloy, metal recovery from, chemical 
processing methods __________ OP 165-70, 97-71 

remelting methods __________________ OP 97-71 
titanium, inductoslag melting of, techniques 

OP 55-72 
titanium alloy chips, cleaning, procession unit 

for, description ____________________ RI 7711 
titanium-chip, processing _________________ OP 99-71 

Scrap electronic solders, gold recovery from, by 
fused-salt electrolysis _______________ OP 18-70 

Scrap industry, nonferrous, organization _____ OFR 18-72 
supply-demand relationships __________ OFR 18-72 

Scrap metal, as mineral resource, re\'iew ______ OP 90-71 
copper and steel recovery from, method. patent 

P 28-73 
nonferrous, identification methods _________ OP 92-71 

reclamation, at cryogenic temperatures. study 
RI 7716 

technology and research, introduction to ____ OP 89-71 
Scrap solder, gold-bearing, neutron activation 

analysis _________________________ OP 21-71 
Scrap steel, low-carbon, accelerated oxidation, 

kinetics __________________________ OP 78-74 
mechanism ________________________ OP 78-74 

Scoria, dynamic properties, determination, method 
OP 114-70 

oxygen extraction from, high-temperature elec-
trolytic method _____________________ RI 7587 

Scoria concrete, dynamic properties, determina-
tion, method ____________________ OP 114-70 

Scrubber, continuous-mining machine dust collec-
tion system, evaluation _______________ RI 7788 

liquid, for fly ash collection, from flue gas, 
effect of pressure drop _______________ IC 8543 

wet, sulfur dioxide removal by, pilot plant 
tesU ______________________________ IC 8650 



Scrubbing, caustic, use, in cationic flotation, 
magnetic taconite concentrate ________ RI 7852; 

OP 93-74 
Sea water, analysis ___________________________ B 659 

Sea-water brines, metals in, corrosion resistance, 
literature survey ____________________ IC 8601 

Seafloor sediments, penetration, by axisymmetric 
tubes, laboratory tests ______________ RI 7451 

Seal, for rotary kiln, patent __________________ P ll-70 
Sealing, abandoned coal-mine areas, methods ____ RI 7581 
Searlesite, in Green River Formation oil shale __ RI 7693 
Second Cow Run sand, lithology ______________ IC 8473 
Second Venango sand, Pa_, increased oil produc-

tion in, cause ______________________ RI 7536 

Secondary metals research, cadmium recovery 
from storage-battery waste ___________ RI 7566 

Secondary oil recO\'ery, Alaskan oilfields ________ RI 7688 
Clinton sand, methods ___________________ OP 88-71 
Colorado waterflooding projects, data _______ RI 7959 
error in gas drive calculations, model solution 

for correction ______________________ RI 7899 

gasflooding, feasibility, predicting __________ OP 83-70 

pilot flooding, application to potential water-
floodability, evaluation ______________ IC 8637 

potential, waterflooding, selected resen-oirs ____ IC 8455 
solvent stimulation, low gravity oil resen-oir, 

field tests, results ___________________ TPR 62 

low gravity oilfie1ds, field tests ____________ RI 7978 
steam flooding, laboratory tests ___________ OP ll6-71 
thermal, carbon deposition experiments, statis-

tical analysis _______________________ RI 7443 

in situ combustion project, reappraisal _____ RI 7536 
three-phase flow, in stratified reservoirs, after 

waterflooding ____________________ OP 100-72 

waterflood, effect of gas saturation __________ RI 7911 
waterflood projects, low-permeability resen-oir, 

evaluation _________________________ RI 7465 
performance ___________________________ RI 7469 
water supply __________________________ RI 7469 

waterflooding, calculated versus actual perform-
ance ____________________________ OP 88-74 

preliminary performance estimate ________ 01' 7-70 
profitability analysis ____________________ IC 8652 

predicting performance of, constant injection 
rate method _____________________ OP 167-70 

graphical method ___________________ OP 99-72 

water sources for, availability and suitability 
RI HOI 

Secondary resource recovery research, annual 
report ____________________________ SP 1-74 

Section 23 mine, ~,:\Iex., uranium, diamond 
drill cores from, statistical analysis ____ RI 7558 

Sedimentation, phosphate slime-aluminum sulfate 
solution mixtures, tests ______________ RI 7816 

Seed recovery-sulfur remo\'al system, in mag­
,netohydrodynamic gasifica tion -com bustion 
system ___________________________ 01' 37-73 

Seepage, tailings-pond, characteristics, deter-
mination, finite-element method ______ RI 7477 

through slime zone, determination, finite-
element method ____________________ RI 7939 

Seismic communication, in mine environments, 
use of piezoelectric transducer, feasibility 
study __________________________ OFR 33-73 

Seismic delineation, evaluation of explosive frac-
turing, oil shale ____________________ RI 7874 

Seismic detection systems, underground coal 
mines, locating isolated miners by, evalu-
ation ________________________ OFR 38 (2) -74 

survey __________________________ OFR 38 (I) -74 

Seismic energy propagation, from underground 
blasts _____________________________ RI 7764 

Seismic hologram, explosive-fractured zone, in oil 
shale _____________________________ RI 7874 

first-arrival technique, underground objects 
OP 72-73 

synthetic, computer-generated, improving image 
contrast, method ___________________ RI 7721 

Seismic holography, fractured zone, in oil shale, 
field experiment ______________________ RI 7607 

phase contrast enhancement, without spatial 
filters, technique ___________________ RI 7721 

Seismic methods, use, in evaluating fractured 
zones in oil shale formations __________ RI 7729 

Seismic miner detection and location system, field 
tests ___________________________ OFR 30-74 

Seismic noise, bibliography _______________ OFR 12-73 

Seismic noise propagation, bibliography _____ OFR 12-73 
Seismic refraction, data analysis, computer pro-

gram for __________________________ RI 7595 

field measurements, interpretation, computer 
program for ______________________ OP 79-73 

use, in delineating gold-bearing gravel areas 
RI 7584 

Seismic sound source, directional multiple-elec-
trode, patent ________________________ P 5-73 

Seismograph, refraction, use, in delineating gold-
bearing gravel areas _________________ RI 7584 

Selenium, annual data _______________ MY 1973 (v. I) 
consumption ______________________________ B 650 
copper-byproduct, economic analysis ________ IC 8569 
economic projection _______________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Selenium industry, problems ___________________ B 650 

Self-rescuer, for carbon monoxide atmosphere, in-
struction guide ______________________ IG 2-3 

using, instruction guide _____________________ IG 19 

Senegal, mineral industry, annual review _____ MY 1973 
(v. III) 

mining laws _____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Sensitivity tests, explosiYes, description ________ IC 8541 
hazardous materials, description ____________ IC 8541 

Separation, electrostatic, dust particles, photo-
electric charging method ____________ RI 7610 

magnetogravimetric, nonmagnetic solids ____ OP 73-73 
Separators, high-intensity wet magnetic, force dis-

tribution in, equations for ____________ RI 7661 

matrix of cubes, effect on force values _____ RI 7661 
matrix of spheres, effect on force values ____ RI 7661 

high-tension electrodynamic, for paper-plastics 
separation _________________________ TPR 63 

Serpentine, cobalt extraction from, effect of pyrite 
additive __________________________ TPR 57 

reduction roast-ammonia leach process _____ TPR 57 
nickel recovery from, reduction roast-ammonia 

leach process ____________ , ___________ TPR 57 
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Sewage disposal, subsurface injection method ____ IC 8522 
Sewage sludge, reductant, for nonmagnetic iron 

ores _____________________________ OP 70--70 

use, in vegetative reclamation, fine-sized mineral 
wastes ____________________________ RI 7896 

Sewage solids, municipal, quantities, estimate ____ IC 8549 

Seward Peninsula, Alaska, gold lode deposits, 
investigation _______________________ RI 7555 

Sewickley bed, coal, sulfur reduction potential __ RI 7633 
Ohio, washing characteristics _____________ RI 7616 

Shafts, bored, ventilation, drilling equipment 
for ____________________________ OFR 29-73 

drilling operations _________________ OFR 29-73 
grouting methods _________________ OFR 29-73 
hole lining techniques ______________ OFR 29-73 
in coal provinces, unique problems ___ OFR 29-73 
site selection and preparation ________ OFR 29-73 

Shaft drilling, ventilation shafts, state-of-the-art 
report _________________________ OFR 29-73 

Shale, carbonaceous, unweathered, vanadium ex-
traction from, method _______________ RI 7932 

coal-mine roof, failure in, causes, laboratory 
tests ___________________________ OFR 31-74 

weathered dolomitic, vanadium extraction from, 
cost estimates ______________________ RI 7932 

roast-leach-solvent extraction process _____ RI 7932 
underground blasting in, vibrations from, meas-

uring _____________________________ RI 7937 

Shale gas oil, denitrification, over cobalt-molybde-
num catalyst, results ______________ OP 107-74 

over nickel-tungsten catalyst, results _____ OP 107-74 
Shale oil, characteristics, research, annual report __ IC 8612 

crude, hydrocracking of, gasoline yield, effect of 
pressure ___________________________ RI 7835 

nitrogen removal rate, effect of pressure __ RI 7835 
sulfur removal rate, effect of pressure ____ RI 7835 

hydrodenitrification, effect of processing vari-
ables ___________________________ OP 114-73 

in situ combustion-retorted, catalytic hydro-
genation of _____________________ OP 106-74 

upgrading, process for ______________ OP 112-74 
nitrogen compounds, rate of removal, effect 

of processing variables _____________ OP 1I4-73 
produced by in situ retorting, product yields 

RI78H 
refining methods ______________ RI 7844, OP 99-74 
refining tests ________________________ OP 153-72 

from in situ retorting experiment, properties __ RI 7783 
from in situ retorting tests, composition ____ OP 153-72 
from oil shale, commercial production, out-

look ____________________________ OP 36-72 

present processing methods ____________ OP 168-74 
technology ___________________________ OP 36-72 

gas combustion retorting of, economic analysis _ TPR 81 
gasoline from, catalytic reforming method ____ OP 2-73 
hydrocracking, depleted uranium as catalyst, 

evaluation _______________________ OP 40-73 

effect of depleted uranium catalyst ______ OP 129-72 
hydrogenated, improving refinement of, study _RI 7740 
hydrogenation, liquid products, properties ____ RI 7738 

over cobalt molybdate catalyst, at low space 
velocity, results ____________________ RI 7738 

in situ retorted, refining, fractionation method 
RI 7844 

hydrostabilization method ______________ RI 7844 
mining and processing methods ______________ B 650 
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Shale oil, modification, research, annual report __ IC 8612 
olefinic fraction, analysis of, method ______ OP 154-71 
outlook __________________________________ B 650 

potential oil yield, predicting, pulsed nuclear 
magnetic resonance method __________ RI 798-1; 

OP 104-74 
production _______________________________ B 650 
production costs ________________________ 01' 99-74 
properties ______________________________ RI 7540 

recovery, from deep oil-shale deposits, by 
nuclear fracturing, problems ________ OP 90-70 

from in situ retorting, pilot study ________ 01' 2-71 
from in situ retorting experiment _________ RI 7783; 

OP 34-72 
from oil shale, processing methods and costs 

OP 32-72, 33-72 
from retorting shale in batch-type pilot 

plant, effect of oxygen content in retort-
ing gas ___________________________ RI 7995 

effect of particle size __________________ RI 7995 
effect of superficial gas velocity _________ RI 7995 

recovery methods, current technology _______ OP 99-7-1 
research __________________________________ B 650 
reserves __________________________________ B 650 

synthetic crude, characteristics ____________ OP 106-74 
technology ________________________________ B 650 

present state ________________________ OP 156-74 

yield, gas combustion retorting process ______ RI 75-10 
Shale oil characteristics, research, annual report __ IC 8651 
Shale-oil distillates, aromatics in, determination, 

method __________________________ OP 75-1-1 

compound type analysis, subtraction and gas 
chromatographic readout ___________ OP 94-72 

olefins in, determination, method __________ OP 75-7-1 

saturated hydrocarbons in, determination, 
method __________________________ OP 75-7-1 

Shale oil industry, environmental impact _____ OP 99-1-1 
Shale oil modification, research. annual report __ IC 8651 
Shale-oil naphtha, hydrocracked, nitrogen bases 

in, identification __________________ OP 28-70 
Shear properties, coal, tests _________________ RI 7731 

limestone powders, tests ___________________ RI 7731 
sand ___________________________________ RI 7731 

sand and grayel mixtures, tertiary, tests ______ RI 7731 
Shear strength, simulated lunar soil, testing, 

equipment for ______________________ RI 78H 
procedures for testing __________________ RI 7814 

Sherman Tunnel mine, Colo., escape plans __ OFR 24-7-1 
fire hazards _________________________ OFR 24-74 
ventilation study ____________________ OFR 24-7-1 

Shields, flexible materials, at coal mine working 
face, desirable properties __________ OFR 40-73 

for personnel prote~tion, at coal mine work-
ing face, tests ___________________ OFR 40--73 

Shock damage, from small charge blasting in 
granite ___________________________ RI 7751 

in vicinity of blastholes_ from mine blasting, 
study _____________________________ RI 7753 

Shock sensitivity, explosives and hazardous ma-
terials, test methods for _____________ IC 8541 

nitromethanes, study ____________________ OFR 1-70 
nitroparaflins, study ____________________ OFR 1-70 

Sh;rtite, in Green River Formation oil shale ____ RI 7693 
thermal characteristics __________________ RI 7862 

Shortwall coal mining system, design for ______ OP 94-73 
mining equipment for ___________________ OP 94-73 



Shotcrete, for improved coal mine ground con­
trol, laboratory evaluation of present 
technology ______________________ OFR 54-73 

mechanical properties, laboratory tests ____ OFR 54-73 
physical properties, laboratory tests ______ OFR 54-73 
rapid-setting, potential for improved coal mine 

ground control __________________ OFR 54-73 
Shrinkage stoping, in underground metal mines, 

ore handling system, analysis _____ OFR 62 (1)-
62 (3) -74 

Shullsburg mine, Wisc., underground blasting in, 
vibrations from __________ RI 7937; OP 142-71 

Shuttle cars, design of, safety recommendations 
for ____________________________ OFR 24-72 

diesel, in underground mines, evaluation __ OFR 40-72 
electric cable-reel powered, evaluation ____ OFR 40-72 
information displays on, solid state devices 

applications __________________ OFR 62 (6) -73 
mine, trailing cables for, reel control, tests 

OFR 42 (I) -74 
permissible, list __________________________ IC 8463 
rechargeable battery-motor powered, evalua-

tion ___________________________ OFR 40-72 

trailing cables in, cable whip, reducing, sim-
plified adjustment procedure __________ TPR 83 

Shuttle-car roadways, coal-mine, dust explosion 
hazard on, controlling _______________ RI 7446 

Sicily, mining laws ________________________ IC 8631 
petroleum la\\'s __________________________ IC 8631 

Side-rail system, potential for coal mine haulage 
OP 166--73 

Side-wheel drive system, potential for coal mine 
haulage _________________________ OP 166-73 

Sierra Leone. mineral industry, annual l'eview 
MY 1973 (y. Ill) 

mining bws ____________________________ IC 8610 

offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Silica, attrition-milled. hexane adsorption on, 
tests ____________________________ OP 21-74 

caustic extraction, from iron oxide concentrate, 
autoclaYe method __________________ RI 7812 

chemical-industry use. Ohio River Basin _____ IC 8457 
copper-iron compound impregnated, sulfur 

dioxide sorption by, e\'aluation ________ RI 7582 
determination, in blast furnace slags. rapid wet 

chemical method ___________________ IC 8625 

effect. in hematite reduction to magnetite ____ RI 7720 
flotation, cationic ether primary amine, from 

commercial magnetic taconite ________ RI 7852; 
OP 93-74 

free, in respirable mine dusts, analysis ______ IC 8521 
determination, infrared technique _______ IC 8545 
methods of analysis, achances in _______ 01' 30-73 

fused, thermal diffusivity, at elevated tempera-
tures and reduced pressures __________ RI 7954 

in magnetic iron ore concentrate, reducing. 
cationic flotation method ___________ 01' 63-72 

recover\'. from steel foundry waste molding 
s~nds. method ______________________ TPR 36 

removal, from silicate minerals. with sulfur and 
carbon, study ______________________ RI 7950 

Silica-alumina mole ratio, in lime-soda sinter 
process, effect ______________________ RI 7434 

Silica catalyst. effect on thermal decomposition 
products. carbonyl sulfide __________ OP 150-73 

Silica-lithia system, phase diagram __________ OP 106-70 

Silica powder, particle size reduction, by attrition 
milling __________________________ OP 23-74 

Silica sand, use, with phosphate slimes, in coagu-
lation studies, in electrolytic solutions __ RI 7816 

Silicate-fluoride mixtures, oxygen electrowinning 
from, research ___________________ OP 155-70 

Silicate-graphite mixtures, carbothermal reduc-
tion, in vacuum, study _____________ OP 89-70 

Silicate minerals, biological action ____________ IC 8639 
crystalline interfaces in, tensile strength, deter-

mination, method ___________________ RI 7709 
in Apollo 15 dusts, infrared structural char-

acterization _______________________ OP 5-73 
Silicate rocks, oxygen extraction from, high-

temperature electrolytic method ______ RI 7587 
Silicon, additions, to copper steel, during reheat-

ing, for reduction of surface hot short-
ness ______________________________ RI 7936 

annual data ______________________ MY 1973 (v. I) 
consumption ______________________________ B 650 

determination, in low-alloy steel, X-ray fluores-
cent spectrography __________________ RI 7773 

in respirable coal mine dust, methods ___ OFR 49-73 
economic projection ________________________ B 650 
in coal mine dust, determination, neutron acti-

vation technique ___________________ RI 7992 
in copper-bearing steels, effect on surface hot 

shortness __________________________ RI 7682 

in hot-rolled medium-carbon steel, effect on 
selected mechanical properties ________ RI 7777 

in steels from ferrous scrap, determination, 
method __________________________ OP 79-74 

production _______________________________ B 650 
recovery, from aluminum-silicon alloys, molten-

salt electrolysis _____________________ RI 7603 
from electronic scrap, molten-salt electrolysis 

RI 7617 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Silicon industry, problems ____________________ B 650 
Silicon carbide, annual data ___________ ~lY 1973 (v, I) 
Silicon carbide powders, submicron, production, 

attrition milling method ___________ OP 153-74 
Sillimanite resources, Northwest _____________ RI 7426 
Silver, additions, in zinc electrowinning solutions, 

effect _____________________________ RI 7966 

annual data ______________________ I\lY 1973 (v, I) 
Black Hills area, production _______________ IC 8660 
consumption ______________________________ B 650 

copper-byproduct, economic analysis ________ IC 8569 
economic projection ________________________ B 650 

extraction, from refractory ores, electrooxida-
tion method _______________________ RI 7736 

hydrometallurgical leaching ____________ RI 7736 
from sulfide ores, electrooxidation process 

OP 58-72 
in ores, determination, radioisotopic X-ray 

analysis method ___________________ OP 24-71 
semiconductor detector-radioisotopic excita-

tion method ______________________ OP 1-72 
production _______________________________ B 650 

production potential, Leadville mining district 
IC 8464 

proposed mining methods, Leadville district __ IC 8464 
reclamation, from electronic scrap, molten-salt 

electrolytic process ________________ OP lOi-i3 
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Sih·cr, reco,·ery, as copper byproduct, at various 
prices _____________________________ IC 8598 

from electronic scrap, methods ___________ RI 7683 
molten-salt electrolysis ________________ RI 7617 

from electroplating wastes, potential ____ OP 179-70 
waste-plus-waste method _____________ OP 103-71 

from mill tailings, electrooxidation technique 
RI 7660 

from porphyry strip mine waste, flotation 
method __________________________ OP 75-73 

from silver-barite ores, cyanidation, labora-
tory study ________________________ RI 7730 

salt roasting and cyanidation, laboratory, 
study _____________________________ RI 7730 

from zinc smelter residue, direct reduction 
melting method ____________________ RI 7754 

matte smelting method ________________ RI 7754 
re~rves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Silver-barite ores, beneficiation, cyanidation, lab-
oratory study ______________________ RI 7730 

salt roasting and cyanidation, laboratory 
study _____________________________ RI 7730 

Silver Bell Oxide porphyry copper deposit, grade 
and tonnage of ore, computing, compari-
son of methods ____________________ RI 7331 

Silver bromide, molten, vapors over, composition 
OP 146-71 

properties _______________________ OP 146-71 
thermodynamic data ______________________ RI 7430 

Silver chloride, molten, equilibrium vapors over, 
composition ______________________ OP 47-70 

properties _________________________ OP 47-70 
thermodynamic data _____________________ RI 7430 

Silver deposits, exploring for, humus sampling 
technique _________________________ RI 7417 

Silver-gold deposits, evaluation, well logged tech-
niques, literature review _____________ IC 8627 

Silver-gold mineralization, vein extensions; core 
drill sample assays ________________ OFR 3-70 

Silver industry, problems _____________________ B 650 
review ________________________________ OP 31-73 

Silver Ka X-rays, balanced filters for ________ OP 138-70 
Silver-lead mine, ore bodies in, discovery, mathe-

matical model as guide ______________ RI 7989 
Silver ores, analysis, semiconductor detector-radio-

isotopic excitation method ___________ OP 1-72 
assay data, statistical analysis _______________ RI 7486 
refractory, argentojarosite, synthesis, descrip-

tion ____________________________ OP 169-73 
leaching studies ________________________ RI 7736 

Silver reserves, Leadville mining district, Colo ___ IC 8464 
Silver solder, use, in adhesion tests, nickel deposit 

on copper ________________________ OP 35-70 
Silver sulfide, silver extraction from, electro-

oxidation process _________________ OP 58-72 
Silver Summit mine, Idaho, rock, in situ deforma-

tion measurement, method _________ OFR 44-73 
Simulator, air-quality, coal mines, computer pro-

gram for _______________________ OFR 37-72 
Singapore, mineral industry, annual review 

MY 1973 (v. III) 
mining laws _____________________________ IC 8514 

Sink-float methods, shredded automotive scrap re-
jects, upgrading, results ______________ TPR 53 

Sioux Quartzite, fragmentation, dielectric heating 
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RI 7424 
high-frequency cyclic loading technique __ OP 172-74 

Sioux quartzite, laboratory cutting tests ________ RI 7883 
physical properties _______________________ RI 7865 
thermal crushing, by surface heating, results 

01' 81-73 
Size separation, particulate material, statistical 

screening technique ________________ 01' 20-71 

Sizing screens, efficiency, calculating. equations 
for _____________________________ OP 20-71 

Slags, blast furnace, analysis, rapid wet chemical 
methods __________________________ IC 8625 

bottom, powerplant waste. uses _____________ IC 8640 

copper converter, slow-cooled, copper recovery 
from, flotation method ______________ RI 7562 

water-quenched, copper recovery from, flota-
tion method _______________________ RI 7562 

high-iron titanium-enriched.. rutile recovery 
from, method ______________________ RI 7HZ 

iron and steel, annual data _________ l\IY 1973 (v. I) 
phosphorus furnace, ceramic floor tile produc-

tion from, method __________________ RI 7829 
ceramic wall tile production from, method __ RI 7829 

steel, disposing of, cost estimates ___________ IC 8-140 
methods ____________________________ IC 8440 

titania, rutile reco,·ery from, method ________ TPR 37 
Slag composition, electroslag remelting, stainless 

steel ___________________________ OP 154-73 

Slag materials, for electroslag melting of molyb-
denum __________________________ OP 60-71 

for electroslag melting of titanium, composition 
OP 141-70 

Slickensides, coal mine roof shale, chemical 
analysis ___________________________ RI 7858 

Slimes, Florida phosphate, coagulation and pre­
cipitation, in aluminum sulfate solu-
tions _____________________________ RI i8\(i 

uranium recovery from, fluid-bed ion-exchange 
countercurrent column for, cost esti-
mates ___________________________ OP 78-73 

techniques _________________________ OP 78-73 
Slime zone, tailings pond, seepage-environmental 

analysis ___________________________ RI 7939 

Slope, unstable, detecting. microscismic and dis-
placement methods _________________ RI 7470 

Slope stability, analysis, methods _________ RI 7341, 7343 
determination, microseismic and displacement 

methods __________________________ RI 1470 

evaluating, finite element of stress analysis ____ RI 7341 
limiting equilibrium method _____________ RI 7341 
stiffness matrix method _________________ RI 7343 

in rock, design, factors influencing ________ OP 156-iO 

open pit walls, evaluating, microseismic tech-
nique ___________________________ OP 21-70 

tailing ponds embankments, analysis method 
OP 65-71 

Slope walls, instability in, detecting, microseismic 
and displacement methods ___________ RI 7470 

stability, factors influencing ______________ OP 156-70 
Sludge, conversion to bitumen, method, patent ___ P 9-73 

conversion to heavy oil, method, patent _______ P 9-73 
from lime-limestone scrubbing process, for flue 

gas, analysis _______________________ IC 8640 

lime, from stack gas scrubbing, disposal 
methods ___________________________ IC 8633 

potential uses ________________________ IC 8633 

limestone, from stack gas scrubbing, disposal 
methods ___________________________ IC 8633 



Sludge. limestone. from stack gas scrubbing, 
potential uses ______________________ IC 8633 

powerplant waste, properties _______________ IC 8640 
uses __________________________________ IC 8640 

sewage, conversion to oil, method ___________ TPR 25 
Slurries, coal. head loss data analysis ________ OFR 66--73 

pipeline transport, from Black Mesa mine ___ IC 8543 
explosive, card gap sensitivity tests __________ IC 8605 

projectile impact tests __________________ IC 8605 
industrial waste, subsurface injection disposal 

methods __________________________ IC 8636 
pipeline transport, effect of pipe geometry ____ RI 7725 

Slurry blasting agents, future trends __________ IC 8560 
ingredients ______________________________ IC 8560 
properties ______________________________ IC 8560 
uses ___________________________________ IC 8560 

Slurry explosi\'e, urea stabilized gelled. patent ____ P 2-73 
Slurry-Am" head loss. effect of pipe shape ______ OP 2-72 
Slurry pipelining. data bank ____________ OFR 2 (I) -73 

computer output __________________ OFR 2 (2) -73 
Smackover Formation, brine samples from 

analyses _________________________ OP 85-74 
gases from, geochemistry __________________ RI 7897 
geochemistry ____________________________ RI 7897 
hydrocarbons in, origin ___________________ RI 7897 
liquids from, geochemistry _________________ RI 7897 
oils, composition _______________________ OP 85-74 
oilfield brines from, geochemistry ___________ RI 7897 
rocks from, geochemistry __________________ RI 7897 

Smelter gases. sulfur dioxide remo\'al from. cost 
estimates __________________________ IC 8527 

technology ____________________________ IC 8527 
sulfur recovery from. methods ____________ OP 38-70 

Smelter slag. high-iron, titanium-enriched, effect 
of phospate additions _______________ RI 7742 

rutile recovery from, laboratory study ____ RI 7742 
effect of boron trioxide additions __________ RI 7742 

Smelter wastes. stabilization methods ________ OP 79-71 
utilization, research in. summary ____________ RI 8595 

study _______________________________ OP 54-70 

Smelting. autogenous, copper sulfide concentrate. 
process description __________________ RI 7705 

copper, sulfur oxide emissions. control methods 
IC 8527 

lead, new method, laboratory tests __________ RI 7925 
sulfur oxide emissions, cOlltrol methods ____ IC 8527 

low-sulfur copper orcs, method, patent _______ P 12-70 
zinc, sulfur oxide emissions. control methods __ IC 8527 

Smelting methods. iron ore __________________ IC 8574 
Smelting methods and costs. lead. primary ______ IC 8646 
Smelting processes. electric-furnace, experimental 

design techniques for, applications ____ IC 8468 
optimizing. experimental designs for ____ OP 123-70 

Smith-Local deposit, Wyo., coal reserves, strippa-
ble _______________________________ IC 8538 

Smog chambers, aerosol behavior in, instrumen-
tation for _________________________ RI 7818 

emissions from leaded and lead-free fuels, 
reactivity study _____________________ RI 7803 

ozone detector for, design and operation ______ RI 7650 
Smog formation, role of hydrocarbons in. irradia-

tion chamber tests __________________ RI 7433 

role of nitrogen oxides in. irradiation chamber 
tests ______________________________ RI 7433 

Smoke, in diesel exhaust, effect of modifying 
engine parameters __________________ RI 7579 

test data _____________________________ RI 7530 

Smoke meter, use, in analytical smog-chamber 
experiments, evaluation _____________ RI 7818 

Smoke photometer, measuring condensate nuclei, 
in smog-chamber studies _____________ RI 7818 

Snowfall, on spent oil-shale residues, water pollu-
tion potential ___________________ OFR 20-72 

Snubbers, in personal respirable dust samplers, 
efficiency, effect of parameters _________ RI 7545 

Soapstone, annual data ______________ MY 1973 (v. I) 
consumption ____________________________ B 650 

economic projection _______________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Soapstone industry, problems __________________ B 650 
Soda ash. recovery, from nahcoEte, processing 

methods and costs _____ OP 31-72, 32-72, 33-72 
from spent oil shale. processing methods and 

costs ______________________ OP 32:-72, 33-72 
Sodium, annual data _________________ MY 1973 (v. I) 

as reductant, in Kroll process beryllium metal 
preparation _____________________ OP 147-70 

consumption ______________________________ B 650 
economic projection ________________________ B 650 
in lignite, effect on fouling rate _____________ IC 8471 
in oilfield brines, analysis, atomic absorption 

method ___________________________ RI 7861 

in Smackover oilfield brine, determination ____ RI 7897 
production _______________________________ B 650 
reserves __________________________________ B 650 
self-ignition experiments __________________ RI 7593 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Sodium-23. in porous media, containing sodium 
chloride solution, nuclear magnetic reso-
nance relaxation _________________ OP 117-73 

Sodium aluminate, production. from thermal de-
composition of dawsonite ___________ OP 92-73 

Sodium bicarbonate, inhibitor for coal dust-air 
flames, e\'aluation ___________________ RI 7552 

Sodium borates, crystalline, thermodynamic prop-
erties _____________________________ RI 7551 

Sodium borohydride, ignitibility and Aamma-
bility _____________________________ RI 7593 

Sodium calcium carbonate, production, in dis-
sociation of shortite _________________ RI 7862 

properties ___ ~ ________________________ OP 118-71 
thermal synthesis of ____________________ OP 118-71 

Sodium carbonate, chemical-industry use, Ohio 
River Basin ________________________ IC 8457 

injection, in gas-fired combustion chamber, 
effect _____________________________ IC 8606 

recovery, from brines and seawater, ion-exchange 
method, review __________________ OP 115-70 

from gypsum, ion-exchange method, review 
OP 115-70 

technology ________________________________ B 650 

Sodium chlorate-sawdust mixtures, burning rate 
resb ______________________________ RI 7594 

Sodium chloride, aerosol, penetration, through 
respirator filters, determination. flame 
photometric detector ________________ OP 3-74 

use. in respirator filter penetration tests ____ RI 7403 
inhibitor for coal dust-air flames, evaluation __ RI 7552 
molten, density measurement. suspended-sinker 

method __________________________ OP 60-73 
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Sodium chloride-titanium dichloride-titanium 
trichloride mixtures, molten, density 
measurement, suspended-sinker method 

op 60-73 
Sodium chromate, enthalpy _________________ RI 7691 

entropy ________________________________ RI 7691 
heat capacity ____________________________ RI 7691 

Sodium compounds, annual data ______ :\IY 1973 (v. I) 
Sodium concentration, in lignite seams, predict-

ing, from exploration data ___________ RI 7420 
Sodium feldspar, distribution, in Green River 

Formation ______________________ OP 180-/-! 
Sodium ferrite, thermodynamic properties ______ RI 7535 
Sodium fluoaluminate, extinguishing coal dust-air 

explosions, efficacy __________________ RI 7782 
Sodium fluoride-cerium fluoride system, molten, 

electrical conductivity and density _____ RI 7528 
Sodium fluoride-lanthanum fluoride sYstem. mol-

ten, electrical conductivity an~1 density __ RI 7528 
Sodium fluoride-potassium fluoride-potassium nio-

bium fluoride fused-salt system, temper-
ature-solubility diagram ____________ OP 82-71 

Sodium fluoride-samarium fluoride system, mol-
ten, electrical conductivity and density __ RI 7528 

Sodium fluoride-thorium fluoride system, molten, 
electrical conductivity and density ____ RI 7,j28 

Sodium fluoride-uranium fluoride system, molten, 
electrical conductivity and density ____ RI 7528 

Sodium fluoride-yttrium fluoride system. molten. 
electrical conductivity and density _____ RI 7528 

Sodium hydride, self-ignition experiments ______ RI 7593 
Sodium hypochlorite, use, in oxidation of gold-

bearing carbonaceous ores ____________ RI 7597 
Sodium industry, problems ___________________ B 6,jO 
Sodium lactate, usc, in microbial production of 

hydrogen sulfide ____________________ RI 7355 
Sodium metal, technology _____________________ B 650 
Sodium metavanadate, aqueous solution, use, in 

steel scrap oxidation ________________ RI 7332 
Sodium methylate, ignitibility and flammability _RI 7,;93 
Sodium minerals, processing, economic analysis 

OFR 31-72 
Sodium molybdate, aqueous solution, use. in steel 

scrap oxidation ____________________ RI 7332 

Sodium nitrate-sawdust mixtures, burning rate 
tests _____________________________ RI 7594 

Sodium oxalate, heat of formation ____________ RI 7,tiO 
heat of solution _________________________ RI 7450 

Sodium peroxide-sawdust mixtures, burning rate 
tests ______________________________ RI 7594 

Sodium-potassium mixture, injection, in high­
temperature coal combustion, product 
equilibrium composition ___________ OP 119-74 

Sodium salt electrolyte, molten, use, electrolytic 
preparation, titanium and zirconium 
diborides, patent ____________________ p 27-73 

Sodium sulfate, additions, to molten ferrous 
scrap, for copper removal, pilot plant 
Mudy _____________________________ RI 7914 

chemical-industry use, Ohio River Basin ____ IC 8457 
Sodium sulfite, infrared reference spectra ______ RI 7963 
Sodium thiosulfate, infrared reference spectra ___ RI 7963 
Sodium titanates, enthalpies _________________ RI 7778 

Gibbs free energy ________________________ RI 7778 
heats of formation _______________________ RI 7778 
heats of solution _________________________ RI 7778 
thermodynamic properties ___ , ______________ RI 7778 

Sodium xanthates, infrared reference spectra ____ RI 7963 
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Soils, fine, mechanical behavior in lunar environ-
ment, in gra\'ity-flow bins __________ OP 105-73 

manganese in, occurrence ________________ OP 94-74 
simulated lunar, shear strength, procedures for 

testing ____________________________ RI 7814 
Soil beneficiation, fly ash use for ______________ IC 86 .. 0 
Soil conditioner, sil~tered fly ash as ___________ RI 7381 
Soil mechanics, penetration, wedge,shaped tools, 

in granular matc'rials, study _________ RI 7739 
shear properties, granular and powdery ma-

terials, tests _______________________ RI li31 

Soil stabilization, electrokinetic dewatering and 
consolidation, metal-mine mill tailings __ RI 7900 

fly ash use in ___________________________ IC 8483 

Solders, corrosion rate, in antifreeze solution __ OP 159-73 
in corrosive \\'ater ____________________ OP 159-73 
in rust inhibitor solution _____________ OP 159--73 

on brass, interfacial composition _________ OP 152-72 
on copper, interfacial composition ________ OP 152-72 
scrap, gold-bearing, neutron activation analysis 

of ______________________________ OP 21-71 

scrap electronic, gold reco\'ery from, method 
OP 18-70 

Solder alloys, zinc-base. for sacrificial metal coat-
ing system _________________________ TPR 29 

Solder system, high temperature. dC\dopment 
OP 123-72 

new, description ______________________ OP 82-74 
soft, high-temperature, sacrificial coating 

method ___________________________ TPR 29 
Soldering method, patent ___________________ P 18-72 

Solids, brittle, fragmentation, by thermal shock. 
feasibility _______________________ OP 170-74 

rupture, fracture energy requirements ____ OP 177-i4 
single fracture, by thermal shock, feasibility 

OP 170-7-l 
cast, explosive, card gap sensitivity tests ______ IC 8605 

projectile impact tests ___________________ IC 8605 

partiClllate, \'arying densities. separation, fluid-
ized-bed method, patent _____________ P 26-73 

YOlume, measuring, methods a\'ailable for __ OP 186-il 
Solid fuels, simultaneous thermal analyses of ____ RI 7429 
Solid-liquid flow, in noncircular pipes, effect of 

pipe geometry ____________________ RI i7'25 

spiral, in pipes, head loss ________________ OP 86-71 

Solid sap, static analysis program, for three-
dimensional structures ____________ OFR 15-72 

Solid state motor controllers, for underground 
coal miriing machines, feasibility study 

OFR 6'2 (7) -73 
Solid \\'aste. see also \Vaste, solid 
Solid waste, automobile hulks, ferrous scrap from 

OP 70-70 
reduction roasting of nonmagnetic taconite 

with ______________________________ RI 7389 

automobile scrap, recycling methods ________ OP 95-71 
coal refuse piles, reclamation, with raw fly ash 

OP 13-72 
coll\'ersion, to pipeline gas, process, patent _____ P 8-73 
current research grants, list ___________ IC 8460, 8529 
electronic scrap, metal reco\'ery from, methods 

OP 96-71 
enYironmental impact, review ____________ OP 45-71 

from oil-shale processing, disposal problems _OP 151-71 
incinerator refuse, recO\'ery of metal and min-

erai \'alues from, cost e\aluation ______ IC 8533 



Solid waste, industrial, mineral values in, recov-
ery methods _____________________ OP 100-71 

pyrolysis, product quality _______________ RI 7428 
product yield ________________________ RI 7428 

recovery of metallurgical values from, 
methods ________________________ OP 179-70 

industrial mineral wastes, brick production 
from _____________________________ RI 7856 

junk automobiles, disposal methods ________ OP 41-70 
recycling system for ____________________ IC 8596 

mineral, stabilization, methods, summary ____ OP 3--72 
study _________________________ OP 2-70, 54-70 

utilization, study ________________ OP 2-70, 54-70 
mixed colored glass, color sorting, electronic 

optical sorter for ___________________ TPR 45 

municipal, carbonization of, products from __ OP 66-70 
pipeline gas from, cost ________________ OP 17-72 
plastics in, reprocessing methods __________ TPR 50 
pyrolysis, product yield __________________ RI 7428 

product quality ______________________ RI 7428 
municipal refuse, conversion to oil, method 

OP 110-71, 114-71 
organic, low-sulfur oil from, method ________ RI 7560 
plastics, reprocessing, study ______________ OP 119-71 
iJ)Tolysis of, product yield _______________ OP 183-71 

recycling and disposal, Bureau of Mines re-
search, summary ___________________ IC 8595 

research program, summary ________________ IC 8460 
retrievable resources in, redew ____________ OP 96-73 
steel slag, disposing of, methods ____________ IC 8440 
trash dumping, in abandoned strip mines, at-

titudinal suney __________________ OFR 7-71 
urban refuse, metal recm'ery from, methods and 

costs ____________________________ OP 94-71 
raw, reco\'ery of ,-alues from, methods ____ OP 101-73 

Solid waste disposal, burning coal refuse banks, 
quenched, removal __________________ IC 8485 

incineration, case studies __________________ IC 8498 
mill tailings, electrokinetic densification, labo-

ratory experiments __________________ RI 7892 
sanitary landfills. case studies _______________ IC 8498 

Solid waste incinerator residues. analysis spectro-
chemical method __________________ OP 84-70 

Solid waste products. inorganic. analysis. spectro-
chemical method _________________ OP 84-70 

Solid waste program. huilding bricks. dry-pressed. 
from copper mill tailings _____________ RI 7537 

from high-glass municipal incinerator resi-
dues. experimental __________________ RI 7605 

conversion of urhan refuse to oil. method ____ TPR 25 
incinerator for junk automobiles. design and 

operation _________________________ TPR 21 

metals and minerals from urban refuse. eco-
nomics ___________________________ TPR 33' 

metal recovery. from waste phosphate sludge 
RI 7533; OP 129-71 

phosphate recovery. from waste phosphate sludge 
RI 7533; OP 129-71 

recovery of chromite and silica from foundry 
waste molding sands ________________ TPR 36 

urban refuse. unburned. metal and nonmetal 
separation from. preliminary tests _____ TPR 34 

Solid waste research program. summary ________ IC 8529 
Solid waste utilization. research. annual data ___ IC 8551 
Solubility. in potassium hafnium fluorine-potas-

sium zirconium fluorine-hafnium system. 
im'estigation _______________________ RI 7785 

sulfates. in strong electrolytes ____________ OP 166-71 
in synthetic brines ___________________ OP 166-71 

Solubility, tetrabromoethane, in water. effect of 
temperature _______________________ RI 7656 

Solubilization. coals. by reductive alkylation. study 
OP 132-74 

Solution mining. new methods. review ________ OP 22-73 
simulated. copper extraction from porphyry 

ores by ___________________________ TPR 69 

Solvation. ultrasonic. coal, in quinoline _______ OP 87-70 
Solvents. effectiveness. in production stimulation. 

viscous crude oils. laboratory tests ___ OP 173--71 
use. in fractured heavy-oil reservoir, prelim-

inary results _______________________ TPR 60 

Solvent extraction. cerium. from tri-n-butyl phos-
phate _____________________________ RI 7906 

chemistry _______________________________ IC 8502 
coal. process, patent ______________________ P 12-71 

light-group rare-earth elements. quaternary 
ammonium compound-chelating agent 
systems ___________________________ RI 7524 

metallurgical applications. practices and trends 
IC 8502 

nickel, from waste phosphate solution ______ RI 7336 
recovery of phosphate and metals. from waste 

phosphate sludge by ________________ RI 7662 

selective-stripping. samarium oxide recovery by 
RI 7663 

zinc. from waste phosphate solution _________ RI 7336 
Solvent stimulation. low gravity oil reservoirs. 

field tests. results ___________________ TPR 62 
low gravity oilfields. field tests. results _______ RI 7978 

Somali Republic. mineral industry. annual review 
MY 1973 (v. III) 

Sorbents. solid oxide. sulfur dioxide removal. 
from flue gases. evaluation ___________ RI 7582 

Sorel slag. rutile recovery from. laboratory experi-
ments ____________________________ RI 7742 

Sorption. methane. in bituminous coals. effect of 
moisture _______________________ OP 126-74 

Sound control, in residences. mineral-based insu-
lating materials for. cOSL ____________ IC 8466 

economic potential ____________________ IC 8466 
Sound source. seismic. directional multiple-

electrode. patent ____________________ P 5-711 
Sound velocity. in compressed fluids. measuring. 

methods _______________________ OP 151-170 
in helium. measuring. method ____________ OP 151-70 

South Africa. Republic of. Deep City mine. clus-
tered points. analysis of _____________ RI 7565 

gold-deposit assay data. statistical analysis ___ RI 7495 
mineral industry. annual review __ MY 1973 (v. III) 
mining laws ___________________________ IC 8610 
offshore legislation _____________________ IC 8610 
petroleum laws ________________________ IC 8610 

South America. crude oil. 'analyses ____________ IC 8542 
South Atlantic region fuel and energy data _____ IC 8647 
South Australia. Australia. mining laws ________ IC 8514 

petroleum laws ________________________ IC 8514 

South Carolina. fuel and energy data _________ IC 8647 
heavy minerals. in sand and gravel operations. 

occurrence ________________________ RI 7517 
recoverability ________________________ RI 7517 

land utilization. in mining industry ________ ,...IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry. annual review ____ My 1973 (v. II) 

production _________________________ OFR 20-74 
waste granite fines. feldspar and quartz recov-

ery from. method __________________ RI 7651 

South-Central States. barge transportation, min-
eral commodities ___________________ IC 8431 
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South Dakota, Black Hills area, mineral indus-
tries, evaluation ____________________ IC 8660 

outlook _____________________________ IC 8660 
mineral resources, study _________________ IC 8660 

fuel and energy data _____________________ IC 8647 
Homestake mine, calculating ore grades, dia-

mond-drill sampling methods _________ RI 7508 
diamond-drill core samples, assaying, alter-

nate methods ______________________ RI 7677 

land utilization, in mining industry _________ IC 8642 
lignite carbonization, statistical analysis ______ RI 7386 
lignite reserves, strippable ________ IC 8531; OFR 6-71 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review _____ MY 1973 (v. II) 

South-West Africa, Territory of, mineral industry, 
annual review _____________ MY 1973 (v. III) 

mining laws ____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Southern Rhodesia, mineral industry, annual re-
view _____________________ MY 1973 (v. III) 

Southern Yemen, mining laws _______________ IC 8544 
petroleum laws __________________________ IC 8544 

Spaceborne photography, open .pit mining opera-
tions _____________________________ IC 8530 

strip mining operations ___________________ IC 8530 

Spain, mineral industry, annual review __ MY 1973 (v. III) 
mining laws ____________________________ IC 8631 
petroleum laws __________________________ IC 8631 

Spanish Africa, mining laws _________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Spanish Sahara, mineral industry, annual review 
MY 1973 (v. III) 

Sparger technique, extinguishment of rock-covered 
fires, in coal mines _______________ OFR 73-73 

Sparks, abrasion, from coal cutter materials, in 
explosive gas mixtures, radiance-incen-
divity relationship __________________ RI 7713 

frictional, aluminum alloys-rusty steel impact, 
methane ignition by ________________ OP 2-74 

between metals and rusty steel, ignition of 
methane by, study _________________ OP 41-73 

Spark-ignition engines, methane-hydrogen mix-
tures, as fuel, results ______________ OP 132-72 

Spark-shower radiance, metal grinding sparks, 
study ____________________________ RI 7902 

Spectra, Raman, coals _____________________ OP 45-72 

Spectral emittance, molten transition metals ___ RI 7743 
Spectrography, band emission, nonmetal elements, 

in organic compounds ______________ OP 9-71 
emission, photographic calibrations for, com-

puter method ______________________ RI 7447 

Spectrometry, correlation, air pollution detection 
by _______________________________ IC 8577 

electron paramagnetic resonance, composition 
of iron in coal dust ________________ RI 7726 

fluorescence, high-boiling petroleum distillates 
OP 162-72 

interferometric, air pollution detection by ____ IC 8577 
mass, helium impurity determination by _____ RI 7444 

high-boiling petroleum distillates _________ RI 7893 
sulfur compounds, in petroleum ____________ B 659 

mass spectral, high.boiling petroleum fractions 
RI 7875 

nuclear magnetic resonance, estimating oil 
yields, from oil shales _______________ RI 7523 

high-boiling petroleum distillates _________ RI 7893 
petroleum distillates, high-boiling __________ RI 7821 
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Spectrometry, time-of-flight mass, calibration 
curves for, construction ___________ OP 124-73 

X-ray emission, composition of iron in coal 
dust _____________________________ RI 7726 

Spectrophotometry, atomic absorption, analysis of 
oilfield brines by ___________________ RI 7861 

Spectroscopy, absorption, sulfur compounds, in 
petroleum ___________________________ B 659 

sulfur compound identification by, methods ___ B 659 
atomic emission, coal ash ________________ OP 55-73 
emission, noble metals __________________ OP 104-70 
gamma·ray, fast pulse processing, description __ RI 7909 
infrared, carbonate minerals, in oil shale ___ OP 55-70 

sulfur compounds in petroleum, identification __ B 659 
mass, alkyl aryl sulfides ___________________ RI 7604 

ion species, in direct-current discharges in 
helium-sulfur dioxide mixtures _______ RI 7590 

ultraviolet, sulfur compound identification by, 
methods ____________________________ B 659 

Speech bandwidth, compression techniques for, 
vocoder, in mine electromagnetic com-
munication ______________________ OFR 7-74 

Sphalerite, enthalpy _______________________ RI 7940 
entropy ________________________________ RI 7940 
thermodynamic properties ________________ RI 7940 

Splices, in trailing cables, testing techniques for 
OFR 70 (I) -73 

Spodumene, continuous heavy-liquid separation 
of, study __________________________ RI 7379 

Spoil banks, coal, burning, extinguishing, methods 
IC 8515 

natural revegetation, comparison with un-
mined areas ______________________ OP 27-74 

reclamation methods and costs ___________ IC 8576 
coal strip-mining, ecology ______________ OP 27-74 

revegetation potential ___________________ OP 27-74 
strip-mined coal, natural revegetation of, study 

OP 27-74 
Sponaneous combustion, potential, in coal mines, 

infrared scanners for detecting ________ TPR 80 

Spring Valley bed, Wyo., coal, washing character-
istics _____________________________ RI 7525 

Squaw sand, lithology ______________________ IC 8473 

Sri Lanka, mineral industry, annual review 
MY 1973 (v. III) 

Stability, nitromethanes, study _____________ OFR 1-70 
nitroparaffins, study ____________________ OFR 1-70 
pit slope, evaluation, computer program for __ RI 7685 
slope, open pit walls, evaluating, microseismic 

technique ________________________ OP 21-70 
rock blocks, in open pit slope, analysis ____ OP 106-72 
tailings dams, monitoring, instrumentation for 

OP 19-73 
Stability constants, metal coordination compounds, 

determination _____________________ RI 7825 

Stabilization, chemical, coal mine roof, surface 
impregnation equipment for ____ OFR 59 (I) -73 

tailing~, sulfur use for ________________ OP 184-74 
coal mine roof, surface equipment for, design 

OFR 59 (3) -59 (4) -73 
surface in\pregnation equipment for, design 

OFR 59 (3) -59 (4) -73 
feasibility study ________________ OFR 59 (2) -73 

mine and mineral wastes, methods ________ OP 79-71 
mineral milling wastes, methods and costs __ OP 102-73 
mineral wastes, chemical methods 

OP 2-70, 54-70, 69-74 
chemical-vegetative methods ____________ OP 69-74 
fine-sized, chemical methods _____________ RI 7896 



Solubilization, mineral wastes, fine-sized, com-
parative costs ______________________ RI 7896 

vegetative methods ___________________ RI 7896 
vegetative methods _________ OP 2-70, 54-70, 69-74 

Stack emissions, lignite-fired powerplants, sulfur 
dioxide in _________________________ IC 8650 

wet scrubbing, tests ______________________ IC 8543 

Stack gas, electric utility plants, lime-limestone 
desulfurization system for ____________ IC 8633 

particulates in, determination, American Society 
of Mechanical Engineers method ____ OP 123-73 

Environmental Protection Agency method 
OP 123-73 

powerplant, sulfur dioxide removal from, by 
ammonia, laboratory study __________ OP 27-72 

simulated, iron sulfide reaction with sulfur di-
oxide in, study __________________ OP 102-72 

Stack gas purification, research, annual data ____ IC 8551 
Stack height, effect of coke carbonization tem-

perature on _______________________ RI 7888 

Stainless steel, coal-cutter materials, incendivity, 
impact-abrasion tests ________________ RI 7930 

corrosion rate, in chlorine-sulfur atmosphere, 
at high temperatures ______________ OP 99-73 

corrosion resistance, in hot concentrated brines, 
literature survey ____________________ IC 8601 

electroslag remelting of, reduction in imper-
fections _________________________ OP 154-73 

slag composition _____________________ OP 154-73 

grinding wheel abrasion, spark-shower radi-
ance from, measuring _______________ RI 7902 

Standardization, safety criteria, variations ____ OFR 23-73 
Standing Rock, N. Mex., coal, washing charac-

teristics ___________________________ RI 7608 

Star Lake, N. Mex., coal, washing characteristics 
RI 7608 

Star mine, Idaho, heat sources, evaluation __ OFR 19 (2) -74 
rock noises in, broad-band microseismic 

monitoring of ___________________ OP 164-70 

Stark County, Ohio, coal, preparation character-
istics _____________________________ RI 7616 

StatistIcal analysis, assay data, gold deposits ____ RI 7495 
lognormal and normal distributions, appli-

cations, comparison _________________ RI 7495 
Round Mountain sih-er prospect _________ RI 7486 

assay results, effect of ore sample preparation 
methods on _______________________ RI 7677 

diamond-drill sampling, gold deposit _______ RI 7508 
drill core data, coal deposits, sulfur and ash 

content ______________________ RI 7679, 7680 
lignite carbonization, yields from ___________ RI 7386 
methane concentration, fluctuations in, at coal-

mine face _________________________ RI 7987 
outlier values, removal of, from analytical data, 

method __________________________ RI 7472 

predicting sulfur and ash distribution in coal 
seams by _________________________ RI 7377 

predicting washability characteristics of coal 
by ' _______________________________ RI 7377 

reservoir productivity prediction, discriminant 
analysis method __________________ OP 143-71 

sample assay data, gold-mine _______________ RI 7383 
thermal recoYery, petroleum, parameters for __ RI 7443 
tightly clustered axial data ______________ OP 134-74 
uranium deposit diamond-drill cores ________ RI 7558 

Statistical geometry, particulate solids, loose ran-
dom coverings _______________________ B 658 

loose random packings ___________________ .,.B 658 

Staurolite, annual data _______________ MY 1973 (vo I) 

Steam, collection of airborne coal dust by, lab-
oratory investigation ________________ RI 7819 

low-pressure, use, in respirable dust suppres-
sion, at generation point ____________ RI 7628 

use, for coal dust suppression, at cutting site, 
experimental study _______________ OP 139-73 

Steam generator, cyclone-fired, deposit formation, 
study ___________________________ OP 180-71 

fly ash reactions, study _______________ OP 180-71 

Steam-spray scrubbers, collection of airborne coal 
dust by, laboratory investigation ______ RI 7819 

Steam flooding, oil-reservoir, oil vaporization dur-
ing, calculations for _______________ OP 127-70 

oil vaporization during, estimating, method __ OP 116-71 
Steel, abrasive sparks from, in explosive gas mix-

tures, incendivity __________________ RI 7713 
radiance, measuring ____________________ RI 7713 

annual data ______________________ MY 1973 (vo I) 

adherent iron sulfide coating, anaerobic heat 
treatment with sulfur _______________ RI 7847 

barge transportation of ___________________ IC 8431 

carbon, production, from prereduced iron ore 
pellets, acid practice ________________ RI 7981 

coal-cutter materials, incendivity, impact-abra-
sion tests _________________________ RI 7930 

consumption _____________________________ B· 650 

for automobile manufacture, effect of gaso-
line price increase __________________ RI 7871 

copper, surface hot shortness, reducing, effect 
of silicon additions and controlled heat-
ing conditions _____________________ RI 7936 

copper-bearing, reducing surface hot short-
ness of, borax-glass coatings __________ RJ. 7682 

effect of silico~ content _______________ RI 7682 

corrosion, in concretes, effect of fly ash addi-
tions _____________________________ IC 8488 

corrosion resistance, in hot concentrated brines, 
literature survey ___________________ IC 8601 

demand, long-run projections _______________ IC 8451 
quantitative economic analysis ____________ IC 8451 

deoxidizing, aluminizing dross for, feasibility 
study _____________________________ TPR 55 

from ferrous scrap, minor elements in, fluores-
cent X-ray analysis ________________ OP 79-74 

grinding wheel abrasion, spark-shower radi-
ance from, measuring _______________ RI 7902 

hot-rolled, medium-carbon, copper in, effect on 
selected mechanical properties ________ RI 7777 

silicon in, effect on selected mechanical 
properties _________________________ RI 7777 

imports, effect on domestic steel industry ____ OP 87-72 

in scrap, separation from copper, preferential 
melting, in molten-salt bath __________ RI 7809 

low-alloy, minor elements in, determination, 
fluorescent X-ray spectrography _______ RI 7773 

silicon in, effect on selected mechanical 
properties ______________________ . __ RI 7777 

low-carbon scrap, accelerated oxidation, kinetics 
OP 78-74 

mechanism _______________________ OP 78-74 

recovery, from scrap, by preferential melting, 
in molten-salt bath _________________ RI 7809 

from scrap metal, method, patent _________ P 28-73 
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Steel, rusty, frictional impact of aluminum alloys 
on, methane ignition by _____________ OP 2-74 

stainless, corrosion rate, in chlorine-sulfur at-
mosphere, at high temperatures ______ OP 99-73 

electroslag remelting of, slag composition __ OP 154-73 
reduction in imperfections ___________ OP 154-73 

uses _____________________________________ B 650 

Steel bar, production, from carbon steel ingots, 
acid practice method _______________ RI 7981 

Steel furnace dusts, prereduced pellets from, with 
removal of lead and zinc. method ____ OP 42-73 

Steel industry. improvements in furnace technology 
IC 8583 

materials substitution in. trends ____________ IC 8583 
problems _________________________________ B 650 

Steel mill products, demand. long-run projections 
IC 8451 

quantitative economic analysis ____________ IC 8451 
Steel processing. waste pickle liquor. underground 

injection of. in deep wells. in sandstone 
formation. feasibility ________________ RI 7804 

Steel products. imported. effect on domestic steel 
industry _________________________ OP 87-72 

Steel scrap. accelerated oxidation of. in meta-
vanadate solutions __________________ RI 7332 

in molybdate solutions __________________ RI 7332 
foundry-grade. from automobile scrap. labora-

tory tests ________________________ OP 68-70 
oxidation kinetics. laboratory study _______ OP 125-70 
use, in hot-rolled medium-carbon steel. effect 

of copper content __________________ RI 7777 
effect of silicon content ________________ RI 7777 

Steel slag, annual data _______________ ~fY 1973 (v. I) 
disposing of. cost estimates ________________ IC 8440 

methods ______________________________ IC 8440 

Steelmaking. basic oxygen, operating variables in, 
effect _____________________________ RI 7345 

thermal energy recovery, preheating ferrous 
scrap with basic oxygen furnace offgas __ RI 7929 

Steelmaking dusts, beneficiation, study _________ TPR 52 
high-iron pellets from, treatment procedures for 

TPR 52 
recovery of lead and zinc from, method ____ OP 142-74 
upgrading, for recycling _________________ OP 79-72 

Steelmaking waste, lead and zinc removal from, 
method ___________________________ RI 7927 

prereduced iron pellet production from, method 
RI 7927 

prereduced pellets from, with removal of lead 
and zinc, method __________________ OP 42-73 

Steep Rock iron ore, reduction roasting, results 
OP 29-70 

Steward mine, ]\10nt., escape plans _________ OFR 24-74 
fire hazards _________________________ OFR 24-74 
heat sources, evaluation ____________ OFR 19 (2) -74 
ventilation study ____________________ OFR 24-74 

Stibnite, antimony extraction from, electrooxida-
ion process ______________________ OP 58-72 

electrolytic oxidation, patent _______________ P 15-73 

Stibnite area, Idaho, gold-antimony geochemical 
anomalies, humus sampling investiga-
tions _____________________________ RI 74 I 7 

Stiff-loading machines, for rock testing, design 
and operation _____________________ RI 7624 

Stimulation, natural gas recovery, explosive frac-
turing. field tests __________________ OP 40-72 

StOCkpiling, bulk materials. effect of physical 
properties of. analysis _______________ OP 5-72 

Stone, annual data __________________ MY 1973 (v. I) 
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Stone, Black Hills area, production ___________ IC 8660 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Stone industry, crushed and broken stone, prob-
lems _______________________________ B 650 

problems ___________________________ - _____ B 650 

Stope pillar. burst-prone. destressing, method __ OP 85-73 
Stoping. shrinkage, in underground metal mines. 

ore handling system. analysis 
OFR 62 (I) --62 (3) -74 

sublevel open. technology _______________ OFR 36-74 
Storage stability. gasoline. predicting. method ____ B 660 

high-temperature fuels. effect of additives on. 
im-estigation _______________ OP 73-70. Il9-70 

effect of fuel constituents on, investigation 
OP 76-70. Il9-70 

turbine aircraft fuels. radiotracer studv ______ RI 7493 
Straddle packer. miniature, measuring 'borehole 

deformation with ________________ OP 151-72 
Strain. circular inclusions. in rock. two-dimen-

sional analysis method ______________ RI 7967 
Strain gage. electrical resistance, in situ strain 

measurement by ____________________ RI 7575 
photoelastic. in situ strain measurement by ___ RI 7575 
underground, automatic data acquisition system 

for, description ___________________ OP 120-73 
Strain-gage measurements. automatic data acqui-

sition system for. design and operation _RI 7734 
Strain-gage network, epoxy-embedded, design and 

construction _______________________ RI 7442 
stress analysis by _______________________ RI 7442 

Strain orientation. in situ, measuring techniques 
for, compaorison _____________________ RI 7575 

Strain rosettes. for internal strain measurements, 
construction ______________________ OP 17-71 

evaluation ___________________________ OP 17-71 

Strainwire technique. single-strand, eYaluation _OP 71-71 
extensions and refinements _____________ OP 17-71 
internal. heating effects ________________ OP 53-71 

strengthening effects _________________ OP 53-71 
Stratigraphy, Green River oil shale, correlation 

with time _______________________ OP 188-74 

Streaming potential. in porcelain. with submicron 
size pores _________________________ OP 8-71 

Streamlines. determination. in oilfields. computer 
program for _______________________ RI 7621 

Strength. elastic. of protecth'e canopies, plane 
frame analysis _____________________ RI 7799 

Stress, circular inclusions. in rock, two-dimen-
sional analysis ,method _______________ RI 7967 

Stresses, determination, in an elastic cylindrical 
specimen. with prescribed radial dis­
placements along the specimen ends, ex-
act theoretical solution _____________ OP 67-73 

miniature straddle packer for _________ OP 151-72 
effect on permeability of coal ___________ OFR 45-74 
in mountainous topography, in' situ deter-

mination __________________________ RI 7654 

in oil shale samples. effect, tests __________ OP 122-70 
in ore bodies of irregular shape, predicting, 

method ___________________________ RI 7645 

in rock, absolute state, measuring, methods, 
discussion ________________________ OP 12-74 

determination, borehole-deformation method 
OP 9-70 



Stresses, in rock, determination, methods for __ OP 142-72 
effect of annual temperature Yariations ____ RI 7589 
effect of diurnal temperature Yariations ____ RI 7589 
in situ, determination, equipment and tech-

niques for _________________________ IC 8618 

measuring, borehole deformation gage for, 
new design ________________________ RI 7894 

surface rosette method _________________ RI 7894 
in underground tunnel supports, calculating __ RI 7526 

matrix structural analysis ____________ OP 71-73 
measuring, photos train technique, evalua-

tion _____________________________ OP 71-71 

single-wire strain-gage technique, evalua-
tion _____________________________ OP 71-71 

thermal, rock fragmentation by, dielectric heat-
ing method _______________________ RI 7424 

Stress analysis, coal mine opening, in elastic 
mUltilayered material _______________ RI 7845 

experimental, single-strand strainwire tech-
nique ______________________ OP 53-71, 71-71 

hollow cylindrical inclusions, within elastic 
medium _________________________ OP 68-74 

inclusions, geometric method ______________ RI 7838 
mining systems, geometric method __________ RI 7838 
ore bodies, geometric method ______________ RI 7838 

irregUlarly shaped, technique for _________ RI 7645 
roof bolt anchor performance, in coal measure 

rock, effect of specimen size ___________ RI 7748 
using epoxy-encased strain-gage networks _____ RI 7442 

Stress direction, paleotectonic, in rock, determina-
tion, method _______________________ RI 7706 

Stress distribution, elastic. in radially end­
constrained circular cylinder, effect of 
confining pressure _________________ OP 69-73 

Stress fields, measuring, relation to coal mine 
design ____________________________ IC 8630 

Stress field-geologic structure relationships, study 
RI 7365 

Stress field-microfracture orientations, in rock, 
comparison ________________________ RI 7365 

Stress relaxation gage, patent ________________ P 20-71 
Stress relief, instrumentation for ______________ IC 8618 
~chniques ______________________________ IC 8618 

Stress relief measurements. underground test sites, 
in mountainous topography __________ RI 7654 

Stress rosette, use, for displacement measure-
ments, method _____________________ RI 7894 

Stress-strain behavior, hard rock cores, deter-
mination, stiff testing machine for ____ RI 7624 

soft rock cores, determination, stiff testing 
machine for _______________________ RI 7624 

Stress wa,-e analysis, one-dimensional, time­
dependent inelastic rock, computer pro-
gram for __________________________ IC 8563 

Strip mines. accidents, causes ______________ OFR 48-74 
coal, capital iIH'estment and operating costs __ IC 8661 

operating methods _____________________ IC 8650 
optimal ultimate pit limit, determination, 

three-dimensional dynamic programing 
method ___________________________ RI 7553 

Strip mine waste piles, revegetation, with raw fly 
ash _____________________________ OP 13-72 

Strip-mined areas, ecology __________________ OP 27-74 
revegetation, comparison with unmined areas 

OP 27-74 
Strip mining. bituminous coal, cost estimates ___ IC 8535 

coal. bnd reclamation, methods and costs __ OFR 59-74 
methods ______________________________ IC 8650 

land reclamation, outlook _________________ IC 8650 

Strip mll1l11g, lignite, cost estimates ___________ IC 8535 
lignite deposits, potential _________________ IC 8537 

Strip mining operations, satellite monitoring of __ IC 8530 
Strontium, annual data ______________ MY 1973 (v. I) 

chemical-industry use, Ohio River Basin ____ IC 8457 
consumption ______________________________ B 650 
economic projection ________________________ B 650 

in oilfield brines, analysis, atomic absorption 
method ___________________________ RI 7861 

concentration, relation to geologic age _____ RI 7326 
in Smackover oilfield brine, determination ____ RI 7897 
production _______________________________ B 650 

recovery, from bastnasite, sulfuric acid tech-
nique _____________________________ RI 7990 

resen'es __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Strontium fluoride-lanthanum fluoride system, 
phase diagram ____________________ OP 65-72 

Strontium fluoride-strontium oxide system, phase 
diagram ___________________________ RI 7853 

Strontium fluoride-yttrium fluoride system, high-
temperature, thermal analysis ________ OP 34-73 

Strontium fluoride-yttria system, phase diagram _RI 7853 
Strontium industry, problems _________________ B 650 
Strontium sulfate, solubility, in strong electrolyte 

solutions, measuring _________ OP 61-71, 166-71 
Structural analysis, concrete drift linings, in block 

caving stopes ______________________ RI 7792 

protective canopies, for underground mine 
equipment, computer program ________ IC 8546 

Structural geology, direct reading azimuth pro-
tractor, measuring fracture orientation __ IC 8617 

Structural systems, three-dimensional, analysis, 
computer program for ____________ OFR 15-72 

Structures, linear elastic, static load analysis __ OFR 27-73 
residential, blast vibration damage, study __ OP 189-74 
surface, above underground mines, damage to _IC 8572 

Styrene, impregnation of rock with, methods ____ RI 7542 
recovery, from wastes, methods _____________ RI 7955 
waste, recycling and dispo~al methods ______ OP 76-74 

Subsidence, mine, damage to surface structures, 
reducing __________________________ IC 8572 

predicting, methods ____________________ IC 8751 
surface, from underground mineral exploita-

tion, damage from _________________ OFR 7-72 
economic aspects ___________________ OFR 7-72 
remedies for _______________________ OFR 7-72 
theories ___________________________ OFR 7-72 

from underground mining, laws on ______ OFR 7-72 
in mined areas, causes __________________ IC 8507 

control methods ______________________ IC 8507 
controlling, costs ______________________ IC 8507 
future damage _______________________ IC 8507 

over subsurface mineral extraction, measur-
ing, methods and equipment _______ OP 176-70 

Subsidence monitoring, em-ironmental action pro-
grams for ________________________ OFR 3-73 

Subsidence rates, in mining, effect, on transfer 
of overburden weight _______________ IC 8630 

Substituted thiophenes, in petroleum, identifica-
cation ______________________________ B 659 

Sucrose, conversion, to low-sulfur oil, carbon 
monoxide-water reaction _____________ RI 7560 

Sudan, mineral industry, annual review _______ MY 1973 
(y, III) 

mining laws _____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 
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Sugar Notch mine, Pa., anthracite, washing char-
acteristics _________________________ RI 7364 

Sulfate, in mill solutions, effect on uranium pre-
cipitation, with hydrogen peroxide ____ RI 7931 

in Smackover oilfield brine, determination ____ RI 7897 
waste, use, surfacing parking lot ____________ IC 8640 

Sulfate wastes, from powerplants, uses _________ IC 8640 
Sulfatization, high-temperature selective, low-

grade copper-nickel minerals __________ RI 7475 
Sulfatization-reduction process, iron oxide re-

cm'ery, from low-grade manganiferous 
iron ore __________________________ RI 7749 

low·grade iron ore treatment by, evaluation __ RI 7652 
manganese oxide recovery, from low-grade 

manganiferous iron ore ______________ RI 7749 

Sulfides, effect, in reduction-induration of iron-
ore pellets ________________________ OP 4-70 

in petroleum, enthalpies of combustion ____ OP 92-72 
identification ____________________________ B 659 

organic, mass spectra _____________________ RI 7604 

Sulfide copper, in mill tailings, distribution ____ RI 7498 
Sulfide ores, metal recovery from, electrooxidation 

process __________________________ OP 58-72 
Sulfur, annual data _________________ MY 1973 (v. I) 

barge transportation of ___________________ IC 8431 
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consumption ______________________________ B 650 
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chemical method ___________________ IC 8625 
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cal response surface regression analysis _RI 7377 

in Pittsburgh seam ____________________ RI 7827 
economic projection ________________________ B 650 
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in electrical discharge _______________ RI 7780 
in crude oil, identification _________________ B 659 
production, from sulfur dioxide reduction, 

with carbon monoxide ____________ OP 115-73 
glow discharges, helium-sulfur dioxide-

carbon monoxide, mixtures __________ RI 7747 
recovery, from base-metal smelters, methods 

OP 38-70 
from galena, leach-electrolysis method ___ RI 7913 
using buffered sulfur dioxide-hydrogen sul-

fide process ________________________ RI 7774 
reduction of sulfur dioxide to, from waste 

gases _____________________________ IC 8608 
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statistical method ______________ RI 7679, 7680 
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rinator, study ____________________ OP 198-71 
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in nature, occurrence _______________________ B 659 
in petroleum, beneficial effects _______________ B 659 
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removal from fine coal, dry separation 
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leaching method ____________________ RI 7474 
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OP 115-70 

process, patent _______________________ P 16-71 
from nonferrous metals, method __________ RI 7474 
from spent seed, in magnetohydrodynamic 

powerplants ______________________ OP 79-70 
in hot stack gas· pyrite system, laboratory 
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removal, from flue gas, mineral waste use for, 
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oxide-pumice pellets _______________ OP 31-70 
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uses _____________________________________ B 650 

in pollution abatement ________________ OP 184-74 
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Sulfur-33 nuclear magnetic resonance spectra, 
sulfur compounds ________________ OP 143-72 
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analytical correlations __________________ RI 7351 
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identification ___________ B 659; RI 7974; OP 5-70 
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in petroleum fractions, separating, adduction 
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organic, chemical thermodynamic properties ____ B 654 
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low-temperature thermal studies _______ OP 147-74 
mass spectra __________________________ RI 7604 
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Q-switched laser-induced reactions of, with 
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tion ______________________________ RI 7349 
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vironmental legislation on supply-demand 
relationship ______________________ OP 82-73 
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OP 2-73 
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pyritic, U.S. coals ________________________ RI 7633 
U.S. coals _______________________________ RI 7633 
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Sulfur dioxide, catalytic reduction, iron-alumina 
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with carbon monoxide, on alumina, active 
sites for _________________________ OP 42-72 
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lar sieve method _________________ OP 138-72 

dissociation, in direct-current discharges, study _RI 7590 
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dioxide mixtures __________________ OP 60-72 
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in copper smelting ______________________ IC 8527 
control methods, cost estimate __________ IC 8527 

in lead smelting _______________________ IC 8527 
in zinc smelting _______________________ IC 8527 
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by carbon monoxide reduction, in catalytic 
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furization process ___________________ IC 8633 
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tion, chemistry of __________________ IC 8608 
by liquefaction, chemistry of ____________ IC 8608 
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subsidence, predicting, methods _______ IC 8571 

Surface hot shortness, in copper steels, reducing. 
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Surface tension, liquid tin, maximum-bubble-
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494 

Sun'eillance and communication system. coal-
mine, description _______ OFR 17 (I) -\ 7 (2) -74 
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coal-to-gas plant ______________________ OP 139-72 
combined pretreatment and gasification ____ OP 39-73 
conversion of coal to substitute naural gas, re-

search and de\'e!opment ___________ OP 39-73 
description ____________________________ OP 82-72 
development __________________________ OP 160-73 
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silver recovery from, electrooxidation tech-
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Tailings dams, construction, technology ______ OP 19-73 
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impact on hydrologic environment __ OFR 13-74 
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mination ________________________ OP 65-il 

water flow through, calculating, methods __ OP 65-71 
for concentrator effiuents, outflow from, con-

stituents _________________________ OP 93-73 
ground water contamination from, minimizing. 

methods ________________________ OP 155-72 
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trator wastes, and mine drainage, outflow 
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seepage, characteristics, determination, finite-
element method ____________________ RI 7477 

slime zone, seepage-environmental analysis ___ RI 7939 
stabilizing, methods and costs ______________ OP 1-74 
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Tailings pond systems, discharge of heavy metal 
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pe,troleum laws __________________________ IC 8514 
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economic projection ________________________ B 650 
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reserves _______________________________ . ___ B 650 
technology ________________________________ B 650 
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process ____________________________ RI 7641 
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Talc dusts, characterization __________________ IC 8639 
Talc industry, problems ______________________ B 650 
Talc symposium, proceedings ________________ IC 8639 
Talc workers, mining and milling, mortality ex-

perience __________________________ IC 8639 

Tanker transportation, low-sulfur residual fuel 
oils, comparative transportation costs __ IC 8614 

Tantalum, annual data _______________ MY 1972 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 

method, patent ________________________ P 25-73 
resen'es __________________________________ B 650 

separation, from titanium chlorination residues, 
method ___________________________ RI 7671 

solvent extraction of, method ______________ IC 8502 
technology _______________________________ B 650 
uses _____________________________________ B 650 

Tantalum industry, problems _________________ B 650 
Tantalum-silicon system, tetragonal compounds 
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mining laws ____________________________ IC 8610 
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from pyrolysis of industrial and municipal 
wastes ____________________________ RI 7428 
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use, as fuel injectant in blast furnace ______ OP 88-72 
Tar acids, production, from low-temperature 
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physical properties ____________________ OP 19-70 
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explosive fracturing-solwnt injection experi-
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technical assessment ______________ °FR 30-73 

oil recovery from. research. annual report 
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Tasmania. Australia. mining laws _____________ IC 8514 
Technical writing course. description ________ OP 44-71 
Technology transfer seminar. proceedings __ IC 8585. 8621 
Tectonics. principal stress direction, determina-

tion ______________________________ RI 7706 

Telecommunication sYstems, in coal mines, 
analysis ____ ~ ___________________ OFR 72-73 

Telephones. paging. in underground mines, de-
scription __________________________ IC 8635 

Telephone communication, coal mine, pager 
phone-public telephone interconnect, de-
scription __________________________ RI 7976 

Tellurium, annual data ______________ My 1973 (v. I) 
consumption ______________________________ B 650 
copper-byproduct, economic analysis ________ IC 8569 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses ________________________ , _____________ B 650 

Tellurium industry, problems __________________ B 650 
Temperature. annual \·ariations. effect on rock 

stress, in granite quarries ____________ RI 7589 
cryogenic, sandstone samples, effect on prop-

erties _____________________________ RI 7571 

diurnal variations, effect on rock stress, in 
granite quarries ____________________ RI 7589 

elevated. in coal mine pillars and faces, detec-
tion, infrared scanners ______________ TPR 80 

standstone samples. effect on properties ____ RI 7571 
in coal mines, computer simulator for meas-

uring __________________________ OFR 37-72 
Temperature differences, on surface of mine 

opening, detecting loose rock by ____ OFR 52-73 
Temperature gradients. around coal-mine open-

ings, measuring, method ___________ OFR 17-72 

Temperature-moisture simulator, for coal mines, 
computer program for ____________ OFR 37-72 

Tennessee, coal, analyses _RI 7346, 7490, 7588, 7712. 7848 
unit-train operation, description __________ IC 8444 

coal resen'es, strippable __________ IC 8531; OFR 6-71 
fuel and energy data ____________________ IC 8647 
land utilization, in mining industry _________ IC 8642 
mined land reclamation __________________ IC 8642 
mineral industry, annual redew ____ My 1973 (v. II) 

production _________________________ OFR 20-74 

~olichucky Resermir, mica, reco\'ery from silt 
deposits, method ____________________ RI 7488 

natural gas, analyses _____________________ IC 8475 
phosphate-bearing wastes, flotation study ____ RI 7601 
phosphate industry, investigation __________ IC 8459 
phosphate ore, high-grade, flotation study ____ RI 7601 

high-silica, flotation study _______________ RI 7601 
underground coal resen-e base ____________ IC 8655 

Tennessee marble, compressional wave velocity, 
effect of water saturation on ________ OP 11-74 

disk-cutter performance in ________________ RI 7410 
laboratory experiments __________________ RI 7961 

elastic moduli, determination ______________ RI 7831 
failure in, acoustic methods for monitoring __ OP 64-73 
fracture processes. laboratory study ________ OP 81-74 
fragmentation. high-frequency cyclic loading 

technique _______________________ OP 172-74 
heat content ____________________________ RI 7503 
laboratory rock cutting tests ______________ RI 7883 
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hydraulic testing machine __________ OP 62-72 
specific heat ____________________________ RI 7303 

Tensile properties, titanium, skull-cast. laboratory 
e\'aluation _________________________ RI 7949 

wrought, laboratory evaluation ___________ RI 7949 
titanium alloys, skull-cast, laboratory e\'alua-

tion ______________________________ RI 7949 
wrought, laboratory e\'aluation __________ RI 7949 
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laboratory tests ____________________ RI 7846 

Tertiary Channel project, mine systems analysis 
OFR 4-74 

Tertiary gravels, gold-bearing, investigation 
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rock-bolt support in, field tests ____________ RI 7578 
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slug treatment ___________________ OP 146-74 

Test chamber. controlled-atmosphere, for evalua-
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tion ______________________________ RI 7859 

Tetrabromoethane. solubility, in water. effect 
of temperature ___ ~ __ ~ ______________ RI 7656 

use. in continuous heavy-liquid concentration 
of kyanite _________________________ RI 7481 

in continuous heavy-liquid separation of 
spodumene ________________________ RI 7379 

Tetrabromoethane-water-2-propanol system. ter-
nary phase diagram _________________ RI 7655 

Tetraethyllead, chemical thermodynamic prop-
erties ____________________________ OP 49-72 
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vibrational assignment __________________ OP 49-72 

Tetraethyllead-hydrocarbon reaction, during stor-
age. study __________________________ B 660 
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of spheres. computer program for ______ B 658 
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OP 140-72 

enthalpy of formation __________________ OP 140-72 
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tion ______________________________ IC 8650 

Bush Dome reservoir, injected helium, comput-
ing movement of _________________ OP 171-71 

fuel and energy data ______________________ IC 8647 
land utilization, in mining industry _________ IC 8642 
lignite resen-es. strippable ________ IC 8531; OFR 6-71 
mined land reclamation ___________________ IC 8642 
mineral industry, annual redew ____ My 1973 (v. II) 
natural gas, analyses _____________________ IC 8443 

8475.8518,8554,8607,8658 
oil recovery, potential, by waterflooding, out-

look ______________________________ IC 8455 

Permian copper-bearing red beds, production' 
potential __________________________ RI 7422 

south, oil, development wells, engineering cost 
studv _____________________________ IC 8561 

production, crude oil and natural gas, profit-
ability analysis _____________________ IC 8561 

W'asson crude oil, sulfur compounds in, identi-
fication _____________________________ B 659 



Texas, west, crude oil recovery, by waterflooding, 
profitability analysis _________________ IC 8652 

oil, development wells, engineering cost study 
IC 8561 

production, crude oil, profitability analysis __ IC 8561 
Thailand, crude oil, analyses _________________ IC 8542 

mineral industry, annual review ____ My 1973 (v. III) 
mining laws ____________________________ IC 8514 
petroleum laws __________________________ IC 8514 

Thallium, annual data _______________ MY 1973 (v. I) 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology _______________________________ B 650 
uses _____________________________________ B 650 

zinc.byproduct, supply, economic analysis ____ IC 8570 
Thallium industry, problems __________________ B 650 
Thermal analysis, atmosphere control in, use of 

dolomite for determining ___________ OP 54-74 
determination of dawsonite in oil shale, evalu-

ation _____________________________ RI 7781 

determination of nahcolite in oil shale, evalua-
tion ______________________________ RI 7781 

in earth science, history __________________ OP 27-73 
new applications ______________________ OP 27-73 

multiple, oil shale, apparatus for, design and 
operation ________________________ OP 74-71 

oil shale _______________________________ RI 7429 
solid fuels ______________________________ RI 7429 

Thermal anomalies, in waste dumps, detection, 
handheld infrared scanner ___________ TPR 68 

Thermal conductivity, nitrogen, compressed ____ RI 7541 
Thermal decomposition, oil shale, rate constants, 

study _____________________________ RI 7889 

.Thermal decomposition systems, mechanism of, 
in oil shale pyrolysis, description ______ RI 7889 

Thermal difference techniques, use, in detection 
of loose rock, in well ventilated under-
ground openings _________________ OFR 52-73 

Thermal diffusion, liquid, sulfur compounds in 
petroleum, separation of ______________ B 659 

Thermal diffusivity, simulated lunar rocks _____ RI 7954 
Thermal drilling systems, description ________ OP 25-74 
Thermal energy, rock fragmentation by, methods 

OP 185-74, 186-74 
Thermal exhaust reactors, design variables, effect 

on warmup ______________________ OP 136-73 
unchoked warmup behavior ______________ OP 136-73 

Thermal methods, rock crushing by, new concept, 
study ___________________________ OP 81-73 

Thermal neutrons, monitoring of moisture in 
coal by, method ____________________ RI 7807 

Thermal reactors, steady-state performance, limit-
ing factors ______________________ OP 131-73 

Thermal recovery methods, carbon deposition 
experiments, parameters for, statistical 
analysis ___________________________ RI 7443 

combustion of liquid incendiaries, in sandstone 
cores _____________________________ RI 7586 

Thermal stability, sulfur compounds, in petro-
leum, determination __________________ B 659 

sulfur types in petroleum ___________________ B 659 
turbine aircraft fuels, radiotracer study ______ RI 7493 

Thermal stability, tests, high-temperature fuels, 
after storage _________ OP 73-70, 76-70, 119-70 

before storage ____________ OP 73-70, 76-70, 119-70 

Thermal techniques, rock fragmentation by, re-
view ___________________________ OP 111-74 

Thermistors, sintered dysprosia, characteristics ___ RI 7458 
sintered yttria, characteristics ______________ RI 7458 

Thermochemistry, liquid state specral emissiv-
ities, transition metals _______________ RI 7743 

Thermodynamic consistency, liquid-vapor phase 
equilibria data, equation for testing ___ OP 63-70 

Thermodynamic data, see also Specific element or 
compound 

Thermodynamic data, acrylonitrile _________ OP 116-72 
air preheaters, in direct coal-fired magnetohy-

drodynamic power generation systems ___ IC 8611 
alkane hydrocarbons ______________ B 666; OP 92-74 
alkanethiols _______________________________ B 654 
alkylcyclopropanes _____________________ OP 158-71 
alkylindans ___________________________ OP 192-71 
aluminum-nickel system ___________________ RI 7993 
aluminum-silicon system __________________ RI 7895 
l-aminopropane _________________ OP 25-72, 116-72 
2-aminopropane _________________ OP 25-72, 116-72 
basalt __________________________________ RI 7503 
2,3-benzothiophene ______________________ OP 92-72 
bornite _________________________________ RI 7435 
1,2-butanediamine ______________________ OP 39-70 
n-butylbenzene ________________________ OP 162-73 
chalcopyrite _____________________________ RI 7435 
copper oxysulfate ________________________ RI 7600 
copper sulfate __________________________ RI 7600 
cuprous cyanide _________________________ RI 7499 
cyclohexanethiol ________________________ OP 92-72 
cyclopentyl-l-thiaethane ___________ OP 92-72, 147-74 
cyclopropylamine ______________________ OP 193-71 
dibenzothiophene _______________________ OP 92-72 
diethylbenzenes ________________________ OP 162-73 
1,3-difluorobenzene ______________________ OP 12-71 
l,l-dimethylcyclopropane ________________ OP 72~74 
dimethylnaphthalenes __________________ OP 161-73 
2,3-dimethyl-2-butanethiol ________________ OP 92-72 
2,2-dimethyl-l-propanethiol _______________ OP 92-72 
2,4-dimethyl-3-thiapentane ________________ OP 92-72 
ethanethiol ____________________________ OP 26-70 
ethylcyclobutane ________________________ OP 72-74 
ethylenediamine ________________________ OP 39-70 
goethite ________________________________ RI 7369 
grani te _________________________________ RI 7503 
Green River oil shale ____________________ RI 7482 
hexafluorobenzene ______________________ OP 12-71 
cis-hexahydroindan ______________ OP 170-71, 115-72 
trans-hexahydroindan ____________ OP 170-71, 115-72 
hydrocarbons in petroleum, recent research on, 

review ____________________________ OP 3-71 
indan ________________________________ OP 192-71 
indium oxide ___________________________ RI 7549 
2-isopropylthiophene ____________________ OP 92-72 
limestone _______________________________ RI 7503 
lithium oxalate _________________________ RI 7450 
malachite _______________________________ RI 7851 
methane, compressed gaseous _____________ OP 59-73 
2-methylalkanes _________________ OP 178-71, 197-71 
2-methyl-2-aminopropane __________ OP 25-72, 116-72 
methylbutane __________________________ OP 67-70 
2-methyl-l-butanethiol ___________________ OP 92-72 
3-methyl-l-butanethiol ____________ OP 92-72, 147-74 
3-methyl-2-butanethiol ____________ OP 92-72, 147-74 
methylenecyclobutane ___________________ OP 72-74 
methylethylcyclohexanes _________________ OP 131-70 
methylethylcyclopentanes _________________ OP 78-71 
3-methylheptane ________________________ OP 43-73 
3-methylpentane ________________________ OP 43-73 
2-methyl-2-pentanethiol __________________ OP 92-72 
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Thermodynamic data, methyl-iso-propylbenzenes 
op 162-73 

methyl-n-propylbenzenes ________________ OP 162-73 
2-methylthiacyclopentane __________ OP 92-72, 147-74 
3-methylthiacyclopentane ________________ OP 147-74 
nitrogen compounds, organic ______________ OP 39-72 
phenylmethanethiol _____________________ OP 92-72 
phenyl-l-thiaethane ____________________ OP 147-74 
piperidine ____________________________ OP 200-71 
potassium oxalate ________________________ RI 7450 
n-propycylopentane _____________________ OP 78-71 
pyrophyllite _____________________________ RI 7369 
quartzite _______________________________ RI 7503 
silver bromide ___________________________ RI 7430 
sih'er chloride ___________________________ RI 7430 
sodium borates, crystalline _________________ RI 7551 
sodium chromate _________________________ RI 7691 
sodium ferrite ___________________________ RI 7535 
sodium titanates _________________________ RI 7778 
sphalerite _______________________________ RI 7940 
tetraethyllead __________________________ OP 49-72 
tetrahydrofuran ________________________ OP 14-71 
2,2,5,5-tetramethyl-3,4-dithiahexane _________ OP 92-72 
2,2,4,4-tetramethyl-3-thiapentane ___________ OP 92-72 
thiaalkanes _______________________________ B 654 
thiacycloalkanes ___________________________ B 654 
thiophenes _______________________________ B 654 
titanium-aluminum alloy __________________ RI 7834 
triethylamineborane _____________________ OP 27-40 
vanadium subnitride _____________________ RI 7585 
water, vapor pressure ___________________ OP 1I3-71 
wurtzite _______________________ ' _________ RI 7940 

ThermOdynamic properties, aluminum-nickel sys-
tem ______________________________ RI 7993 

Thermogalvanic cells, equations for ionic mobili-
ties _____________________________ OP 49-70 

equations for special states ________________ OP 49-70 

Thermogravimetric analysis, shortite, in Green 
River oil shale _____________________ RI 7862 

Thermogravimetry-differential thermal analysis-
evoh'ed gas analysis apparatus, for oil-
shale and solid-fuel analysis __________ RI 7429 

Thermohydraulic kerfing method, hard rock, 
description ________________ OP 185-74, 186-74 

hard rock, field tests ____________ OP 185-74, 186-74 
Thermophysical properties, simulated lunar 

rocks _____________________________ RI 7954 

Thiaalkanes, chemical thermodynamic properties __ B 654 
Thiacycloalkanes, chemical thermodynamic prop-

erties _______________________________ B 654 

Thiacyclobutane, Q-switched laser-induced reac-
tions, with oxygen _________________ OP 67-71 

Thiacyclopentane, Q-switched laser-induced reac-
tions, with oxygen _________________ OP 67-71 

Thiaindans, in petroleum, identification _________ B 659 
Thienothiophenes, in petroleum, identification ____ B 659 
Thiols, in petroleum, en thai pies of combustion 

OP 92-72 
identification ____________________________ B 659 

synthesis, methods _________________________ B 659 

Thiophenes, chemical thermodynamic properties __ B 654 
in petroleum, determination, techniques ____ OP 37-72 

en thai pies of combustion ______________ OP 92-72 
identification ____________________________ B 659 

techniques for ______________________ OP 37-72 
sulfur-33 nuclear magnetic resonance spectra 

OP 143-72 
synthesis, methods _________________________ B 659 
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Thiophenes, with oxygen, Q-switched laser-
induced reactions _________________ OP 47-72 

Tholeiitic basalt, compression testing, in simu-
lated lunar environment _____________ RI 7983 

thermal diffusivity, at ele\'ated temperatures 
and reduced pressures _______________ RI 7954 

thermal expansion measurements __________ OP 91-72 
Thorium, annual data _______________ MY 1973 (v, I) 

annual review _________________________ OP 126-72 
consumption ______________________ B 650; IC 8476 
distribution _____________________________ IC 8476 
economic projection ________________________ B 650 
forms _______________________________ IC 8476 
history _________________________________ IC 8476 
imports and exports ______________________ IC 8476 
legislation and Government programs ________ IC 8476 
production _______________________________ B 650 
properties _______________________________ IC 8476 
research and de\-elopment __________________ IC 8476 
resen'es __________________________________ B 650 
resources ________________________________ IC 8476 
soh'ent extraction of, method ______________ IC 8502 
strategic factors _________________________ IC 8476 
supply _________________________________ IC 8476 
technology ________________________ B 650; IC 8476 
uses _____________________________ B 650; IC 8476 

Thorium industry, problems __________________ B 650 
structure ________________________________ IC 8476 

Thorium-magnesium alloys, preparation, mag-
nesium reduction of thorium tetrachlo-
ride ______________________________ RI 7569 

Thorium metal, production, from thorium-
magnesium alloy, vacuum distillation ___ RI 7569 

Thorium nitrate tetrahydrate, conversion, to 
thorium and oxide, method ___________ RI 7569 

Thorium oxalate, chlorination, in fluidized-bed 
reactor ___________________________ RI 7569 

Thorium oxide, chlorination, fluidized-bed re-
actor _____________________________ RI 7569 

Thorium tetrachloriGe, preparation, by chlorina-
tion of thorium oxide _______________ RI 7569 

Threemile Canyon area, Utah, P,R, Spring tar 
sand deposit, core samples, properties __ RI 7923 

Throop mine fire, Pa" controlling, costs ________ IC 8524 
methods ____________________________ IC 8524 

Tibbs Creek area, Goodpaster River, Alaska, 
gold-bearing quartz veins in, reconnais-
sance __________________________ OFR 14-70 

Tile, ceramic, utilization of phosphorus furnace 
slag for, method ____________________ RI 7829 

Tiller bed, coal, methane emission rate ________ IC 8558 
Timberwork, in rectangular mine shafts, 

rearrangement, for'ventilation improve-
ment ___________________________ OFR 36-72 

Time-of-flight spectra, mass-electron \'olt calcula-
tion, peaks in spectrum, method ____ OP 124-73 

Tin, additions, in zinc electrowinning solutions, 
effect _____________________________ RI 7966 

annual data ______________________ MY 1973 (v. I) 
consumption ______________________________ B 650 
content, high-leaded tin bronze, reducing, effect 

RI 7659 
determination, in low-alloy steel, X-ray fluo-

rescent spectrography ________________ RI 7773 
economic projection ________________________ B 650 
imports, gulf coast ports ___________________ IC 8508 
in scrap solder, determination, neutron acti-

vation analysis ____________________ OP 21-71 



Tin, in steels from ferrous scrap, determination, 
method __________________________ OP 79-74 

liquid, density, determination, maximum-
bubble-pressure method _____________ RI 7372 

surface tension, determination, maximum-
bubble-pressure method ______________ RI 7372 

production _______________________________ B 650 

range of heavy ions in, determination, com-
puter program for __________________ RI 7416 

recovery, from municipal incinerator waste ____ TPR 33 
removal, from magnetic fraction of incinerated 

municipal refuse, arc melting of as-
receh'ed scrap, under oxidizing condi-
tions _____________________________ RI 7776 

oxidation in air, plus shredding ________ RI 7776 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Tin bronzes, leaded, lowering tin content of, 
effect, laboratory study ______________ RI 7659 

Tin content, in secondary red brass, reduction of, 
effect on properties _______________ OP 194-71 

Tin deposits, evaluation, well logging techniques, 
literature review ___________________ IC 8627 

Tin industry, problems _______________________ B 650 

Tin-lead solders, gold-bearing, neutron acth-a-
tion analysis of __________________ OP 21-71 

on brass. interfacial composition __________ OP 152-72 
on copper. interfacial composition ________ OP 152-72 

Titania, extraction, from Surinam red mud ____ RI 7454 
Titania slag, low-iron, synthetic rutile recovery 

from, method ______________________ TPR 37 
use, in ru tile synthesis ____________________ RI 7985 

Titaniferous ores, titanium dioxide recovery from, 
processes, literature sun'ey ___________ IC 8450 

Titanium, annual data ______________ MY 1973 (v. I) 
castability, effect of alloy composition ____ OP 121-74 
consumption ______________________________ B 650 

corrosion resistance, in hot concentrated brines, 
literature suney ____________________ IC 8601 

economic projection ________________________ B 650 
electroslag-melted, corrosion rate _________ OP 141-70 

properties ___________________________ OP 141-70 
wrought shapes from, properties ________ OP 24-70 

electroslag melting of, effect of slag composi-
tion _____________________________ OP 12-70 

electrowinning. from titanium tetrachloride, 
using composite diaphragms __________ RI 7648 

electrowon, properties _____________________ RI 7648 
!cacher effluent from, nitrate recovery from, 

soh'ent extraction technique __________ RI 7733 
liquid, spectral emissi\'ity _________________ RI 7743 
mineral-industry use, Ohio River Basin ______ IC 8457 
molten, explosi\'e hazard, in water ________ OP 144-72 
oxygen in, determination, nickel bath for inert 

gas fusion method ________________ OP 120-74 
price behavior. study ____________________ OFR 2-70 
production _______________________________ B 650 
reaction rate, with titanium chlorides, in 

molten salts ______________________ OP 23-70 
reserves __________________________________ B 650 
secondary, future supply ___________________ IC 8532 
supply _________________________________ IC 8532 

separation, from titanium chlorination residues, 
method ___________________________ RI 7671 

skull-cast, tensile properties, laboratory evalua-
tion ______________________________ RI 7949 

technology ________________________________ B 650 
uses _____________________________________ B 650 

Titanium, vacuum arc-melted, corrosion rate __ OP 141-70 
properties __________________________ OP 141-70 

wrought, tensile properties, laboratory evalua-
tion ______________________________ RI 7949 

Titanium alloys, aluminum as alpha stabilizer 
OP 137-72 

castability, effect of alloy composition _____ OP 121-74 
reaction rate, with titanium chlorides, in 

molten salts _______________________ OP 23-70 
skull-cast, laboratory evaluation _____________ RI 7949 
vanadium as beta stabilizer ______________ OP 137-72 
wrought, laboratory evaluation _____________ RI 7949 

Titanium alloy chips, cleaning, processing unit 
for _______________________________ RI 7711 

impurity removal, magnetic separation _______ RI 7711 
solvent degreasing method _______________ RI 7711 

nonmagnetic impurity removal, anodic solu-
tion in sulfuric acid _________________ RI 7711 

properties ______________________________ RI 7711 

Titanium alloy ingots, from co-reduction of 
chlorides of titanium, aluminum, and 
vanadium, properties ________________ RI 7934 

production, from sponge produced from co­
reduction of chlorides of titanium, 
aluminum, and vanadium ____________ RI 7934 

Titanium alloy sponge, from co-reduced titanium 
chloride, aluminum chloride, and vana-
dium chloride, pioneering experiment __ RI 7934 

Titanium-aluminum alloy, thermodynamic prop-
erties _____________________________ RI 7834 

Titanium boride, nonsparking tool material, 
tests ___________________________ OFR 11-74 

Titanium boride-nickel-copper composites, for 
nons parking tool material, evaluation 

OFR 11-74 
Titanium diboride, coal-cutter materials, incen-

didty, impact-abrasion tests __________ RI 7930 
electrolytic preparation, using molten sodium 

salt electrolyte, patent _______________ P 27-73 
use, for nonsparking tool material ________ OFR 1-74 

Titanium diboride composites, high-strength, non­
sparking cutting tools from, potential 

OFR 1-74 
Titanium chloride, co-reduction, '''ith aluminum 

and vanadium chlorides, results ______ RI 7934 
in molten-salt mixtures, density measurements 

OP 60-73 
titanium reaction rate with, in molten salts __ OP 23-70 

Titanium dioxide, recoYery, from ilmenite, 
processes, literature survey ____________ IC 8450 

from sand washing plants, Southeastern 
United States ______________________ IC 8540 

from titaniferous ores, methods, literature 
survey ____________________________ IC 8450 

Titanium dioxide content, synthetic rutile from 
ilmenite __________________________ RI 7985 

Titanium industry, problems __________________ B 650 
secondary, problems ______________________ IC 8532 

Titanium inp-ots, electroslag-melted, preparation 
OP 24-70 

wrought shapes from, properties ________ OP 24-70 
nitride defects in, control, study ____________ RI 7933 

source, study ________________ RI 7933; OP 128-73 

vacuum arc-melted, from titanium alloy chips, 
properties _________________________ RI 7711 

Titanium-iron alloys, reaction in molten-salt mix-
tures, kinetics ____________________ OP 23-70 

Titanium load cells, for support load determina-
tion, in mines, design and evaluation ___ RI 7972 
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Titanium metal, reaction, with titanium sub­
chlorides, in molten sodium chloride, 
kinetics ___________________________ RI 7919 

Titanium mononitride, preparation __________ RI 7943 
Titanium oxide, conversion, to rutile, laboratory 

experiments _______________________ RI 7742 

Titanium-oxygen alloys, reaction, in molten-salt 
mixtures, kinetics __________________ OP 23-70 

Titanium plate, hot-rolled, nitride defects in, 
magnesium-reduced sponge as source ___ RI 7933 

Titanium powder, ignitibility and flammability _RI 7593 
Titanium scrap, future supply _______________ IC 8532 

inductoslag melting of, equipment for ______ OP 55-72 
techniques ___________________________ OP 55-72 

reclaiming, technology ____________________ IC 8532 
sources _________________________________ IC 8532 

Titanium scrap chips, processing ____________ OP 99-71 
Titanium sponge, inductoslag melting of, equip-

ment for _________________________ OP 55-72 
techniques ___________________________ OP 55-72 

magnesium-reduced, nitride defects in, sources, 
imestigation _____________________ OP 128-73 

nitride inclusions in, possible source, study __ RI 7933 
salt remm'al rate, vacuum evaporation 

method _________________________ OP 113-74 

sodium-reduced, salt removal rate, vacuum 
evaporation method ______________ OP 113-74 

Titanium subchlorides, titanium metal reaction, 
in molten sodium chloride, kinetics ____ RI 7919 

Titanium system byproducts, hafnium supply, 
economic analysis ___________________ IC 8.~70 

Titanium tetrachloride, electrowinning titanium 
from, using composite diaphragms ____ RI 7648 

Titanium-titanium nitride, diffusion reactions, 
study _____________________________ RI 7943 

Titanium-titanium nitride system, phase diagram 
RI 7943 

Titanium-tungsten carbide alloy coal-cutter 
materials, incendivity, impact-abrasion 
tests ______________________________ RI 7930 

Tobago, mineral industry, annual review 
MY 1973 (v, III) 

Togo, mineral industry, annual review _MY 1973 (y, III) 
mining laws _____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
petroleum laws __________________________ IC 8610 

Toluene, desensitizer, in nitromethane stability 
study, effect ______________________ OFR 1-70 

flow rate, through coal disks, measuring, 
method ___________________________ RI 7441 

Tools, nonsparking, coal mine applications ___ OFR 1-74 
wedge-shaped, penetration, in granular mate-

rials, study ________________________ RI 7739 
Tool material, nonsparking, titanium diboride as, 

e\'aluation ______________________ OFR 11-74 

Tool steels, grinding wheel abrasion, spark-
shower radiance from, measuring ______ RI 7902 

Topography, effect on stress distribution ______ RI 7654 
Toxic fumes, post-detonation, ammonium nitrate-

fuel oil mixtures ___________________ RI 7867 

Toxic gas, detection, controlled-atmosphere test 
chamber for _______________________ RI 7859 

formation, from combustion of neoprenes ____ RI 7977 
from combustion of polyvinyl compositions _RI 7977 

from combustion of urethane foam __________ RI 7977 
from combustion of wood, treated ___________ RI 7977 

untreated _____________________________ RI 7977 
in coal mine combustion products, analysis __ RI 7872; 

OFR 1-73 
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Toxic gas, in coal mine combustion products, 
identification ________________ RI 7872; OFR 1-73 

Toxic gas analyzers, portable, eYaluation, in 
controlled-atmosphere test chamber ____ RI 7859 

Toxic products, from combustion of fire-resistant 
materials __________________________ TPR 66 

thermal oxidative degradation, neoprene com-
o positions _________________________ OFR 8-74 

polyvinyl compositions ________________ OFR 8-74 
treated and untreated woods ___________ OFR 8-74 
urethane foams ______________________ OFR 8-74 

Trace components, non hydrocarbon, in aviation 
turbine exhausts __________________ OP 74-74 

in aviation turbine fuels ______________ OP 74-74 

Trace elements, in coal, determination, spark 
source mass spectrometry ____________ RI 7714 

mercury, determination, analytical methods 
for _______________________________ RI 7609 

in coal ash, spark-source mass spectrometry 
of ________________________________ TPR 42 

in coal particles, spark-source mass spec-
trometry of ________________________ TPR 42 

in respirable coal dust, methods of analysis, 
ad\'ances in ______________________ OP 30-73 

spark-source mass spectrometry of ________ TPR 42 
Trace metals, in anatIon turbine exhausts, 

study ____________________________ OP 74-74 
in aviation turbine fuels, study __________ OP 74-74 
in coal, wet-digestion procedure, for atomic 

absorption analysis ________________ OP 53-73 
in distillate fuels, sun'ey _________________ OP 64-74 

Tracer gas, sulfur hexafluoride, in mine ventila-
tion system study ___________________ RI 7916 

use, in mine \'entilation analysis __________ RI 7917 
Tractors, in underground coal mines, design of, 

safety recommendations for ________ OFR 24-72 
permissible, list __________________________ IC 8463 

Trailing cables, electrical, in coal mines, cable 
fault locators, design and operation 

OFR 42 (3) -74 
fault locator for, description ______ OFR 42 (4) -74 
evaluation _____________________ OFR 42 (3) -74 

in mines, reel control for, tests _____ OFR 42 (1) -74 
in mine shuttle cars, cable whip in, reducing 

simplified adjustment procedure ______ TPR 83 
on continuous mining machines, cable reel 

system for, design _____________ OFR 42 (2) -74 

Training aids, mine safety courses, types, instruc-
tion guide __________________________ IG 24 

Transducer, differential-pressure, calibration sys-
tem for, patent ______________________ P 5-70 

piezoelectric, for seismic communication, design 
and operation ___________________ OFR 33-73 

pressure, hydraulic cell for calibrating, patent _P 24-72 
Transfer stations, coal-mine, accidents, causes ___ IC 8506 

prevention __________________________ IC 8506 

Transition metals, interstitial compounds of, as 
fuel-cell catalysts _____________________ B 652 

liquid state, spectral emissivities ____________ RI 7743 

Transition metal-alumina catalysts, sulfur dioxide 
removal, study _____________________ RI 7647 

Transition metal-2-aminoethyl sulfide complexes, 
stability constants, determination ______ RI 7825 

Transition metal-1,8-diamino-3,6-dithiaoctane com-
plexes, stability constants, determina-
tion ______________________________ RI 7825 

Transition metal-diethylenetriamine complexes, 
stability constants, determination ______ RI 7825 



Transition metal-triethylenetetramine complexes, 
stability constants, determination ______ RI 7825 

Transport, hydraulic, particle interactions, nu-
merical model for study of _________ OFR 5-73 

yertical hydraulic, minerals, discussion _____ OP 67-74 
waterborne, 'mineral commodities, costs ______ IC 8508 
'Vestern coal, methods, description __________ IC 8543 

Transportation costs, low-sulfur fuels, eastern 
energy markets ____________________ IC 8614 

midwestern energy markets ______________ IC 8614 
Trapped miner communication system, post-

disaster rescue operations ______ OFR 41 (3) -74 
Trapped miner location, electromagnetic signal 

transmission, mine to surface, field 
study __________________________ OFR 61-74 

Trapped miner location system, communication 
system, for normal mine operation 

OFR 41 (3) -74 
post-disaster rescue operations ______ OFR 41 (3) -74 

electromagnetic, design and operation __ OFR 41 (1) -74 
full·wa\·e location transmitter, design and 

operation ____________________ OFR 41 (4) -74 
seismic, design and operation _________ OFR 41 (2) -74 

Tremolite, biological action __________________ IC 8639 
Tricalcium phosphate, extinguishing coal dust-air 

explosions, efficacy __________________ RI 7782 
Trichloroethylene, use, in heayy-liquid concentra-

tion, high-clay potash ores ____________ RI 7724 
Trichlorotrifluoroethane, use, as test material for 

Chemical-cartridge respirators _________ RI 7380 
Triethylamineborane, low· temperature thermo-

dynamic properties ________________ OP 27-70 
Trimethylamineborane, low-temperature thermo-

dynamic properties ________________ OP 27-70 
Trimethylolpropane trimethacrylate, impregna-

tion of rock with, methods ___________ RI 7542 
Trinidad and Tobago, mineral industry, annual 

review ____________________ My 1973 (\'. III) 
petroleum laws __________________________ IC 8482 

Trinitrotoluene, pelletized, use, in oil shale 
fracturing _________________________ RI 7874 

underwater explosion of, seismic effects ______ RI 7387 
Trinitrotoluol, detonation properties, calculating 

RI 7905 
Tripoli, annual data ________________ MY 1973 (v. I) 
Trisodium phosphate, recovery, from waste 

phosphate sludge, laboratory tests _____ RI 7533; 
OP 129-71 

Trommel, for rotary kiln, patent ____________ p 11-70 
Trona black water, Green River Formation, oc-

currence and composition __________ OP 146-73 
Trona dust, airborne, concentration of, deter-

mining, midget-impinger method ______ RI 7506 
Trucial States, petroleum concessions __________ IC 8544 
Trucks, in mines, fire sensing and extinguish-

ing systems for, design and operation 
OFR 25 (2) -74 

requirements ___________________ OFR 25 (1) -74 
permissible, list __________________________ IC 8463 

Tubes, heat-exchange, corrosion, in simulated 
coal-fired magnetohydrodynamic system 

OP 164-71 
effect of seeded gas _________________ OP 164-71 
effect of tube composition ___________ OP 164-71 

Tube·wall methanation reactors, applications of 
mathematical model to ______________ RI 7941 

Tuff, time-dependent behaYior, using servo· 
controlled hydraulic testing machine __ OP 9-73 

polymer-impregnated, strength tests _________ RI 7542 

Tungsten, additions, in columbium alloys, effecC_RI 7388 
annual data ______________________ MY 1973 (v. I) 
chlorination kinetics ____________________ OP 139-71 
consumption ______________________________ B 650 

electrowinning, from scheelite, methods, com-
parison ___________________________ RI 7580 

economic projection ________________________ B 650 
mining and milling methods and costs ______ IC 8500 
oxygen in, determination, nickel bath for inert 

gas fusion method ________________ OP 120-74 
platinum-vanadium bath for inert gas 

fusion method ___________________ OP 120-74 
production _______________________________ B 650 

range of heavy ions in, determination, com-
puter program for __________________ RI 7416 

recovery, from superalloy scrap, method ___ OP 165-70 
from wolframite, electrowinning method __ RI 7344 

reserves __________________________________ B 650 

solvent extraction of, method ______________ IC 8502 
substrate, vapor deposition of boron on, 

results __________________________ OP 148--70 
technology ________________________________ B 650 

U.S., availability, at various prices __________ IC 8500 
uses _____________________________________ B 650 

as methanation catalyst, results ________ OP 163-74 
vapor-deposited, effect of process variables __ OP 143-74 

Tungsten alloys, grinding wheel abrasion, spark-
shower radiance from, measuring ______ RI 7902 

high-temperature forging, under vacuum, lab-
oratory apparatus for _____________ OP 107-72 

oxyreaction-processed, high-temperature 
strength properties __________________ RI 7521 

strengthening, oxyreaction process for ________ RI 7521 
Tungsten carbide, electrolytic preparation of, 

method, patent ____________________ P 15-71 
recovery, from wolframite, electrowinning 

methods __________________________ RI 7344 

Tungsten carbide-cobalt scrap, recycling process 
for _____________________________ OP 84-73 

Tungsten carbide-cobalt-titanium carbide-tanta-
lum carbide scrap, recycling process for 

OP 84-73 
Tungsten-cobalt alloys, vapor deposition, hydro-

gen reduction, cobalt and tungsten 
halides _____ ~ ___________________ OP 173-74 

Tungsten deposits, eyaluation, well logging tech-
niques, literature review _____________ IC 8627 

Tungsten industry, problems __________________ B 650 
review ________________________________ OP 31-73 

Tungsten.molybdenum alloys, chlorination ki-
netics __________________________ OP 139-71 

vapor deposition, hydrogen reduction, tungsten-
molybdenum hexafluorides _________ OP 174-74 

Tungsten powder, dispersion-strengthened, prepa-
tion, freeze-drying technique _________ RI 7485 

electrowon, consolidation and fabrication ____ RI 7385 
mechanical properties ___________________ RI 7385 

freeze-dried, properties ___________________ RI 7485 
preparation, freeze-drying technique _________ RI 7485 

Tungsten resources, U.S., grade ______________ IC 8500 
quantity ______________________________ IC 8500 

Tungsten sheet, electrowon, evaluation ________ RI 7385 
Tungstic oxide, from scheelite, preparation, 

hydrochloric acid method ____________ RI 7580 
two-phase separation method ___________ RI 7580 

Tunisia, mineral industry, annual review 
. MY 1973 (v. III) 

m1l11l1g laws ____________________________ IC 8610 
offshore legislation _______________________ IC 8610 
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Tunisia, petroleum laws ____________________ IC 8610 
Tunnels, cut-and-cover construction, technology, 

improvement in, needs ____________ OFR 12-70 
inadequacies ______________________ OFR 12-70 

immersed, technology, improvement in, needs 
OFR 12-70 

inadequacies ______________________ OFR 12-70 
in rock, support-rock interaction, analysis ____ RI 7526 
railroad, in rock, problems ________________ IC 8662 

Tunnel boring, in igneous rock, disk cutter for, 
experiments _______________________ RI 7961 

in metamorphic rock, disk cutter for, experi-
ments ____________________________ RI 7961 

new techniques, re"iew ___________________ IC 8581 
Tunnel boring machine, automation, effects ___ OP 8-74 

cutters, dynamic forces in, measuring, instru-
mentation for ___________________ OFR 45-73 

full-scale experimental rock cutting device, 
for tunneling machine research _______ RI 7787 

operation, problems ______________________ OP 8-74 
performance, correlation with laboratory rock 

cutting data _______________________ RI 7883 
Tunnel boring technology, rock, disk-cutter ex-

periments _________________________ RI 7410 
Tunnel liner, model, flexible backpacking system, 

field tests ______________________ OP 137-73 
Tunnel lining design, unreinforced concrete, 

drifts in block caving stopes _________ RI 7792 
Tunnel-relaxation method, ground control eval-

uation by ________________ RI 7505; OP 72-71 
Tunnel stability, estimating, mine-structure 

analysis method __________________ OP 68-72 
Tunnel stress relaxation gage, automatic data 

acquisition system for use with ______ OP 120-73 
measuring rock deformation by ___ RI 7505; OP 72-71 

Tunnel support-rock interaction, matrix struc-
tural analysis _____________________ OP 71-73 

Tunnel support structure, matrix analysis of, 
method ___________________________ RI 7526 

Tunnel support system, flexible liner back-
packing, field tests ________________ OP 137-73 

Tunneling, advisory conference on, proceed-
ings .:. __________________________ OFR 13-70 

demand for __________________________ OFR 12-70 

hard rock, potential for automation ________ OP 8-74 
water jets for, potential ______________ OP 113-73 

in granite, blast rounds, designing, prediction 
equations for ______________________ RI 7653 

ground vibrations, nature and intensity __ RI 7653 
in hard rock, machines for, description ____ OP 66-72 
rapid, in hard rock, new rock breaking tech-

niques __________________________ OP 164-74 
research and development in ____________ OFR 12-70 
soft-ground, technOlogy, inadequacies ____ OFR 12-70 

improvements in, needs ____________ OFR 12-70 
Tunneling machine, continuous spiral drill-blast, 

research and development requirements 
OP 8-74 

interaction between disk cutter grooves in 
rocks, field applications ______________ RI 7881 

research ______________________________ RI 7881 

rapid excavation in hard rock, state-of-the-art 
report ___________________________ OP 66-72 

rock fragments produced by, size distribution _RI 7882 
Tunneling machine research, disk cutter muck, 

size distribution, laboratory tests ______ RI 7882 
experimental full-scale research rock cutting 

de"ice ____________________________ RI 7787 
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Tunneling operations, simulated, cyclic loading. 
laboratory tests ___________________ OP 10-32 

Tunneling technology. rock, improvement in, 
needs __________________________ OFR 12-70 

inadequacies ________________________ OFR 12-70 
Turbine aircraft fuels, storage stability, effect of 

additiYes __________________________ RI 7493 
effect of components ___________________ RI 7493 

thermal stability, effect of additi,'es ________ RI 7493 
effect of components ____________________ RI 7493 

Turf soils, poorly drained, fly ash use on, 
results ____________________________ RI 7381 

Turkey, mineral industry, annual review 
MY 1973 (\'. III) 

mining laws ____________________________ IC 8544 
petroleum laws __________________________ IC 8544 

Tuscarawas County, Ohio, coal, preparation 
characteristics ______________________ RI 7616 

Twin-Bottom Ross-Bottom Red Ash beds, coal, 
methane emission rate _______________ IC 8558 

Twin Buttes mine, Ariz" satellite photographs of, 
interpretation ______________________ IC 8530 

u 
Uganda, mineral industry, annual review 

MY 1973 (", III) 
mining laws ____________________________ IC 8610 
petroleum laws __________________________ IC 8610 

Ugashik beach sands, Alaska, reconnaissance __ OFR 21-72 
Uinta Basin, Green Ri,'er oil shale, core 

analyses ___________________________ RI 7693 
tar sand deposits, core samples, properties ____ RI 7923 

Vinta region, coal production ________________ IC 8497 
coal reserves _____________________________ IC 8497 
proposed underground coal mine, cost analysis _IC 8497 

Ultrafines, industrial minerals, wet attrition 
grinding process ____________________ RI 7641 

Ultrahigh frequency wireless radio, for mine 
communications, description __________ IC 8635 

Ultrasonic energy, effect on polymer impregna-
tion rate, in coal mine roof control 
studies ______________________ OFR 59 (4) -73 

emulsion formation by, oil-brine mixtures __ OP 128-71 
sandstone disaggregation by, laboratory test _OP 92-70 
use, in fine coal drying, enluation ________ OP 131-71 

Ultrasonic piezoelectric transducer cartridge, pa-
tent _______________________________ P 1-71 

Ultrasonic pulse method, elastic moduli deter­
mination, cOqlparison with acoustic reso-
nance method ______________________ RI 7831 

Ultrasonic pulse velocity apparatus, monitoring 
failure in rock by _________________ OP 64-73 

Ultraviolet, nondispersi\'e, measurement of nitro-
gen dioxide by, in auto exhaust ______ OP 44-73 

Ultraviolet-visible emission spectra, propagating 
methane-coal dust-air mixtures, study __ RI 7956 

Umber ore, manganese extraction from, ferrous 
sulfate-sulfuric acid leach process _____ RI 7695 

Underground borer, horizontal, description ____ RI 7994 
use, for bum cuts, in room-and-pillar mining 

Underground gasification, coal, research, utiliza­
tion of the directional properties of 

RI 7994 

coal, study ________________________ TPR 73 

Underground mmmg, coal, lighting require-
ments, investigation _______________ OFR 29-72 

lighting systems, machine-mounted, design 
OFR 29-72 



Underground mmmg, coal, lighting systems, 
portable, design ___________________ OFR 29-72 

damage to surface structures, reducing, meth-
ods _______________________________ IC 8572 

subsidence in, predicting, methods ___________ IC 8571 
Underground opening, in elastic multilayered 

material, structural analysis __________ RI 7845 
Underground reservoirs, irregularly bounded, 

pressure distribution, calculating, method 
RI 7666 

isopressures in, calculating, computer pro-
gram for __________________________ RI 7621 

streamlines in, calculating, computer program 
for _______________________________ RI 7621 

Undersea exploration, for minerals ___________ IC 8603 
Undersea mining, adyances in, review _________ IC 8603 

new trends in, reyiew _____________________ IC 8547 
trends in, re\'iew _________________________ IC 8581 

Underwater explosions, seismic effects _________ RI 7387 
Undulatory conyeyor, potential for coal mine 

haulage _________________________ OP 166-73 
U.S.S.R., anthracite, production _____________ OP 57-73 

atomic powerplants _____________________ OP 57-73 
bituminous coal, production ______________ OP 57-73 
coal. consumption ______________________ OP 183-74 

production ____________________ OP 50-72, 183-74 
reseryes ____________________________ OP 183-74 

coal exports ___________________________ OP 138-74 
coal mining technology _________________ OP 183-74 
coal resources __________________________ OP 57-73 
coal preparation _______________________ OP 183-74 
energy, from coal, outlook _______________ OP 183-74 
fuel exports ___________________________ OP 50-72 

outlook _____________________________ OP 50-72 
fuel peat. production ___________________ OP 50-72 
fuel resern:s ___________________________ OP 50-72 
lignite, production ______________________ OP 57-73 
mineral industry, annual review ____ My 1973 (Y. III) 
mineral production _____________________ OP 105-72 
natural gas, production __________________ OP 50-72 
petroleum, production ___________________ OP 50-72 
respirable dust standards __________________ IC 8528 
shale oil, production ____________________ OP 50-72 

l'nit-train haulage. coal. technology __________ IC 8444 
Cnited Arab Emirates, mineral industry, annual 

reyiew ____________________ MY 1973 (Y. III) 
petroleum concessions _____________________ IC 8544 

United Kingdom, fly ash, consumption ________ IC 8640 
use for land reclamation _________________ IC 8640 

mineral industry, annual reyiew ____ My 1973 (v. III) 
mining laws _____________________________ IC 8631 
petroleum laws __________________________ IC 8631 
natural gas, analyses ______________________ IC 8607 
respirable dust standards __________________ IC 8528 

United Power Association plant, -:-.:. Dak .. lignite-
fired, operating experience ___________ IC 8471 

l.'nited States, fuel and energy data ___________ IC 8647 
mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Unity Township project, Pa., coal refuse bank, 
reclamation, results _________________ IC 8576 

l'pper Freeport bed, coal, gasification, stirred-bed 
gas producer _______________________ IC 8650 

methane emission rate __________________ IC 8558 
sulfur reduction poten tial ________________ RI 7633 

Ohio, coal, preparation characteristics _______ RI 7616 
\\'. \'a., coal, hydrocarbon gases from, low-

temperature emlution, study _________ RI 7965 

Upper Kittanning bed, coal, gas in, composition _RI 7762 
Upper Yolta, mineral industry, annual re\'iew 

MY 1973 (v. III) 
mining laws _____________________________ IC 8610 

Urad mine, Colo., escape plans ___________ OFR 24-74 
fire hazards _________________________ OFR 24-74 
ventilation study ____________________ OFR 24-74 

Uranium, annual data _______________ MY 1973 (Y. I) 
as energy source, enyironmental impact. re-

view ____________________________ OP 45-71 

Black Hills area. production _______________ IC 8660 
reserves _______________________________ IC 8660 

consumption ________________________ ...: _____ B 650 

copper-byproduct, economic analysis _________ IC 8569 
depleted, use, as catalyst, for hydrocracking 

shale oil ________________________ OP 129-72 
economic projection ________________________ B 650 
mining and milling methods and costs _______ IC 8501 

precipitation, from mill solutions, optimum 
conditions, study ___________________ RI 7931 

production _______________________________ B 650 

recoyery, by improved ion-exchange techniques, 
cost estimates _____________________ OP 78-73 

from acid-leach solution, fluid-bed ion-
exchange column method ___________ OP 78-73 

ion-exchange method ________________ OP 68-71 
from Chattanooga Shale, cost analysis _____ IC 8501 
from copper leach solutions, cost analysis __ IC 8501 
from mine water, countercurrent ion-

exchange method ___________________ RI 7471 

from slime pulps, fluid-bed ion-exchange 
method __________________________ OP 78-73 

from slime slurries, ion-exchange method __ OP 68-71 
from wet-process phosphoric acid, cost anal-

y~s _______________________________ IC 8501 
recoyery method, patent ___________________ P 14-73 
reseryes __________________________________ B 650 
soh'ent extraction of, methods _____________ IC 8502 
technology ________________________________ B 650 
U.S., ayailability, at various prices ___________ IC 8501 
US5 _____________________________________ B 650 

Uranium-carbon-oxygen-nitrogen system, phase 
relations __________________ OP 117-70, 118-70 

Uranium deposits, detection and delineation of 
faults, surface geophysical techniques __ RI 7824 

surface resisth'ity measurements ___________ RI 7824 
diamond-drill cores from, chemical·radiometric 

assays, comparison __________________ RI 7558 
statistical analysis ______________________ RI 7558 

eyaluation, well logging techniques, literature 
reyiew ____________________________ IC 8627 

surface resistivity measurements, detection of 
faults by __________________________ RI 7975 

uranium mineralization analysis ____________ RI 7558 
Uranium industry, problems ___________________ B 650 

Uranium leach plant residues, chemical stabili-
zation method for _________________ OP 89-73 

Uranium mill wastes, recovery of mineral values 
from _______________________ OP 2-70, 54-70 

Uranium mines, safety in, research, annual re-
port ______________________________ IC 8644 

transit air, times through, measuring, using 
sulfur hexafluoride as tracer gas _______ RI 7917 

underground, alpha radiation in, controlling, 
methods ________________ '-_________ HB 1-70 

radon-daughter control in, methods ______ HB 1-71 
Uranium mine atmospheres, radon content, port-

able detector for ____________________ RI 7741 
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Uranium miners, radon-daughter exposure, mon-
itoring. methods ___________________ HB 1-71 

reducing. methods ________________ HB 1-70, 1-71 
Uranium mining. radon-222 daughters, attached 

to aerosols, characteristics __________ OFR 57-74 
Uranium nitride, nitrogen determination in, 

method __________________________ OP 29-71 

Uranium ores, estimating grade of, from core 
samples, methods ___________________ RI 7558 

ion-exchange processing, cost estimate ______ OP 68-71 
solvent extraction, cost estimate ___________ OP 68-71 

Uranium ore slurries, fluid-bed ion-exchange 
countercurrent column for __________ OP 78-73 

Uranium oxide, depleted, as catalyst, for hydro-
cracking shale oil _________________ OP 40-73 

Uranium oxycarbides, electrical resisth'ity ____ OP 130-70 
hot hardness __________________________ OP 130-70 
thermal diffusivity _____________________ OP 130-70 

Uranium resources, U,S" grade _______________ IC 8501 
quantity ______________________________ IC 8501 

Uranium system byproducts, radium, supply, 
economic analysis ___________________ IC 8570 

scandium, supply, economic analysis _________ IC 8570 
vanadium, supply, economic analysis ________ IC 8570 

Uranium wastes, stabilizing, chemical meth-
ods ____________________________ OP 150-74 

Urban growth, effect on local mineral indus-
tries ______________________________ IC 8496 

in southeastern Florida, effect on sources of 
construction materials _______________ IC 8664 

Urban refuse, conversion to oil, method _____ OP 114-71 
incinerated, recovery of metal scrap from ___ OP 176-74 
metal, mineral, and energy recovery from, 

research program, summary ___________ IC 8595 
plastics in, reprocessing, experimental methods 

for _______________________________ TPR 50 

raw, combustible fraction, potential as paper 
pulp process material _____________ OP 101-73 

glass fraction, separation, method _______ OP 101-73 
metal fraction, separation, method ______ OP 101-73 
separation of glass from, method _________ RI 7760 
separation of light-gage iron from, method __ RI 7760 
separation of massive metals from, method __ RI 7760 
separation of plastics from, method ________ RI 7760 
separation of putrescibles and waste combus-

tibles from, method ________________ RI 7760 
shredded, composition _________________ OP 101-73 

recovery of values from, method ______ OP 101-73 
separation, elutriation method ________ OP 101-73 

recycling of, methods ____________________ OP 80-73 

Urea-formaldehyde, thermal oxidath'e behavior 
in coal mines, laboratory study ______ OFR 1-73 

Urethanes, thermal oxidative behavior in coal 
mines, laboratory study ____________ OFR 1-73 

Urethane foams, rigid, combustion, toxic products 
from _____________________________ RI 7977 

thermal oxidative behavior in coal mines, 
laboratory study ____________________ RI 7872 

thermal oxidative degradation, toxic products 
OFR 8-47 

Uruguay, mineral industry, annual review _____ My 1973 
(v, III) 

mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 

Utah, bricks, dry-pressed, from copper mill tail-
ings, laboratory tests ________________ RI 7537 

Burgin mine, heat sources, evaluation __ OFR 19 (2) -74 
coal, analyses ________ RI 7346, 7490, 7588, 7712, 7848 
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Utah, coal resen'es, strippable ______ IC 8531; OFR 6-71 
crude oil, analyses ________________________ RI 7532 

characteristics __________________________ RI 7532 
sulfur content _________________________ RI 7532 

fuel and energy data _____________________ IC 8647 
gasfields in _____________________________ RI 7532 

Geneva coal mine, electromagnetic location sys-
tem prototype, design and operation _OFR 68-73 

Green Rh'er Formation oil shale, core analyses _RI 7693 
land utilization, in mining industry __________ IC 8642 
lead resources ___________________________ IC 8646 
Mercur tailings dumps, gold recovery from, 

methods, study _____________________ RI 7395 
mined land reclamation ___________________ IC 8642 
mineral industry, annual re\'iew ____ My 1973 (v, II) 
natural gas, analyses ____________ IC 8443, 8475, 8518, 

8554, 8607, 8658 
oil recovery, potential, by waterflooding, out-

look ______________________________ IC 8455 
oilfields in ______________________________ RI 7532 
Project Utah EX-I Corehole, core analyses ____ RI 7693 
Sunnyside coal, blended with char, experi-

mental coke from ___________________ RI 7817 
Threemile Canyon area, P,R. Spring tar sand 

deposit, core samples, properties _______ RI 7923 
Uinta region, coal production _____________ IC 8497 

coal resen'es ___________________________ IC 8497 
proposed underground coal mine, cost anal-

y~s _______________________________ IC 8497 

Utilization, land, by mining industry, re\'iew ____ IC 8642 

v 
Yacuum, thermal-expansion behavior of rock in 

OP 52-71 
ultrahigh, shear testing, simulated lunar soil, 

results ____________________________ RI 7814 

Yacuum apparatus, laboratory, high-temperature 
refractory metal forging ___________ OP 107-72 

Yacuum-arc melting furnace, consumable-elec-
trode, effect of pressure differences ___ OP 52-72 

Vacuum carbothermal reduction, siliceous min-
erals, study ______________________ OP 89-70 

Vacuum chamber, ultrahigh, for high-pressure 
X-ray diffractometry, design and opera-
tion ____________________________ OP 138-71 

Vacuum system, mineral separation in, investi-
gation ____________________________ RI 7404 

ultrahigh, for determination of properties of 
simulated lunar rocks, design and opera-
tion _____________________________ OP 47-71 

infrared-visible window for, design _______ OP 45-70 
Vacuum transport, crushed coal, in horizontal 

pipelines, air and power requirements __ OP 7-74 
Valders limestone, laboratory rock cutting tests __ RI 7883 
Valders white rock, disk-cutter performance in __ RI 7410 

laboratory experiments __________________ RI 7961 

Valence state of iron in coal dust, characteriza-
tion ______________________________ RI 7726 

y-Valeroactone, identification, in waste water 
from in situ oil retort ______________ RI 7918 

Valley Camp No.3 mine, W. Va., coal, unit-train 
operation, description _______________ IC 8444 

Vanadium, annual data ______________ MY 1973 (Y. I) 
alpha, solubility of nitrogen in __________ OP 137-71 
beta stabilizer, in titanium-aluminum-vanadium 

allovs ___________________________ OP 137-72 



Vanadium, carbothermic reduced, molten-salt 
electrorefining of _________________ OP 140-71 

consumption ______________________________ B 650 
ductile, preparation, from vanadium carbide, 

fused-salt electrolysis ________________ RI 7484 
economic projection ________________________ B 650 
effect on oxidation of steel scrap, laboratory 

study ___________________________ OP 125-70 
extraction, from unweathered carbonaceous shale, 

roast-leach-solvent extraction process ___ RI 7932 
from weathered Nevada dolomitic shale, 

roast-leach-solvent extraction method ___ RI 7932 
high-purity, from carbo thermic-reduced vana-

dium oxide electrorefining method ___ OP 140-71 
preparation, by magnesium reduction of 

vanadium dichloride _______________ OP 28-73 
in mill solutions, effect on uranium precipita-

tion, with hydrogen peroxide ________ RI 7931 
liquid, spectral emissiYity _________________ RI 7743 
preparation, molten-salt electrolysis of vana-

dium carbide _____________________ OP 32-73 
production _______________________________ B 650 

purification, by consumable-electrode arc melt-
ing, results _______________________ OP 30-71 

by electron-beam melting, results ________ OP 30-71 
by vacuum melting techniques, compari-

son _____________________________ OP 30-71 
effect of additions ___________________ OP 30-71 

resen'es __________________________________ B 650 
solvent extraction of, method _______________ IC 8502 
technology ________________________________ B 650 

uranium-byproduct, supply, economic analysis _IC 8570 
us~ _____________________________________ B 650 

Vanadium additions, to cobalt-nickel alloys, effects 
on oxidation behavior _______________ RI 7371 

Vanadium alloy, high hot-strength, composition 
OP 154-70 

Vanadium-base alloy, high-temperature, develop-
ment _____________________________ RI 7393 

properties _____________________________ RI 7393 
patent _________________________________ p 10-71 

Vanadium carbide, preparation of vanadium 
from, fused-salt electrolysis __ RI 7484; OP 32-73 

Vanadium chloride, co-reduction, with titanium 
and aluminum chlorides, results ______ RI 7934 

Vanadium chloride-sodium chloride electrolyte, 
vanadium metal in, electrochemical dis-
solution rate ______________________ RI 79R6 

Vanadium dichloride, high-purity \'anadium from, 
by magnesium reduction ____________ OP 28-73 

Vanadium industry, problems __________________ B 650 
reYiew ________________________________ OP 31-73 

Vanadium metal, anodic dissolution rate, in 
molten-salt electrolyte _______________ RI 7986 

Vanadium-molybdenum-titanium-carbon-silicon-
yt\rium alloy, high-temperature proper-
ties _______________________________ RI 7393 

Vanadium nitrides, nitrogen determination in, 
method __________________________ OP 29-71 

Vanadium-oxygen system, phase relations, vana-
dium-rich region _________________ OP 112-70 

Vanadium subnitride, enthalpy of formation ____ RI 7585 
free energy of formation __________________ RI 7585 

Vapors, equilibrium, over molten silver chloride, 
composition ______________________ OP 47-70 

properties __________________________ OP 47-70 

Vapors, organic, effect, on respirator cartridge 
life, using hydrogen flame ionization de-
tection ___________________________ OP 5-74 

over molten silver bromide, composition ___ OP 146-71 
properties __________________________ OP 146-71 

Vapor chemistry, gold compounds ___________ RI 7513 
Vapor deposition, boron, by hydrogen reduction 

of boron trichloride ______________ OP 148-70 
on graphite _________________________ OP 136-70 
substrate materials for _________________ OP 59-74 

boron carbide, method __________________ OP 148-70 
cobalt-tungsten alloys, hydrogen reduction 

method _________________________ OP 173-74 

molybdenum-tungsten alloys, hydrogen reduc-
tion method _____________________ OP 174-74 

rhenium, by hydrogen reduction of rhenium 
hexafluoride _____________________ OP 144-74 

rhenium-tungsten alloy, by hydrogen reduction 
of rhenium hexafluoride ___________ OP 144-74 

tungsten, effect of process variabl~ _______ OP 143-74 
Vapor-liquid equilibrium data, equations for cal-

culating ___________________________ RI 7468 
helium-nitrogen-methane system ____________ RI 7598 

Vapor pr~sure, hydrocarbons, experimental values 
OP 91-74 

measuring, methods available for ________ OP 186-71 
Vaporization, oil, during gas cycling at high 

pr~sures, calculating, method _______ OP 3-70 

Vaporizing, lead sulfide concentrate, for reduction 
to metallic lead, method _____________ RI 7925 

Vegetative stabilization, mineral wast~, methods 
and costs _________________________ OP 1-74 

Vehicle emissions, influence of volatile fuel com-
ponents on, study ___________________ RI 7291 

Vein mining, underground min~, technology 
OFR,36-74 

Velocity, sound, in compressed fluid, measuring, 
method _________________________ OP 151-70 

in helium, measuring, method __________ OP 151-70 

Velocity anisotropy, in dry rock spheres, relation 
to rock fabric ____________________ OP 11-74 

in saturated rock spheres, relation to rock 
fabric ___________________________ OP 11-74 

Veh'a lignite, slagging fixed-bed gasification of __ RI 7408 
Venango First sand, lithology ________________ IC 8473 

"enango Second sand, formation factor-porosity 
relationships _______________________ RI 7519 

lithology ________________________________ IC 8473 
Pa" in situ combustion project, reappraisal ___ RI 7536 

Venezuela, crude oil, analys~ ________________ IC 8542 
mineral industry, annual re\'iew ____ My 1973 (v, III) 
mining laws _____________________________ IC 8482 
petroleum laws __________________________ IC 8482 
residual fuel oils, hydrodesulfurization character-

istics _____________________________ RI 7557 

Ventilation, coal mine, air quality simulator, 
computer program for ____________ OFR 37-72 

anemometers for measuring air velocity, 
evaluation ______________________ OFR 22-72 

'continuous-recording methanometer, for ex-
haust fan monitoring ________________ RI 7951 

effective bleeding for, fundamentals ______ OP 40-74 
ill sealed areas, methods _________________ RI 7581 
instruction guide __________________________ IG 1 
relation to pre\'ention of methane ignitions _IC 8600 
theory and principle ____________________ IC 8458 

coal-mine face, eddy zon~, size, estimating, 
method ___________________________ RI 7991 
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Yentilation, face, dust, control by, in coal mines, 
state of the art _____________________ IC 8458 

in mines, airflow measurements ____________ OP 38-74 
in rectangular mine shafts, improving, by 

rearranging timberwork, model study 
OFR 36-72 

mechanical, in mines, fans for, characteristics 
OP 38-74 

methane concentration fluctuations, at coal-
mine face, statistical analysis ________ RI 7987 

mine, design, direct method of methane content 
determination ______________________ RI 7767 

natural, in mines, characteristics __________ OP 38-74 
radon-daughter control by, in underground 

uranium mines _______________ HB 1-70, 1-71 
respirable dust control by, in coal mines, study _IC 8548 
restricted, engine operation in, carbon mon-

oxide buildup ___________ RI 7757; OP 168-73 
underground hardrock mines, study ______ OFR 24--74 
underground metal mines, safety recommenda-

tions ____________________________ OFR 3-72 
sun'ey ______________________________ OFR 3-72 

underground mines, effect of mine fires on, 
study __________________________ OFR 74-73 

Ventilation analysis, underground mines, sulfur 
hexafluoride as tracer gas for ________ RI 7917 

Yentilation cloth, flame spread evaluation ______ RI 7625 
Ventilation fans, mine, capacity, friction loss 

tables for determination of ___________ RI 7531 
Ventilation pressure, mine, equation for use with 

desk top calculator _________________ IC 8594 
equation for use \vith digital computer ____ IC 8594 

Ventilation systems, mines, analysis, analogue-
digital computer comparison __________ RI 7665 

digital computer method ______________ RI 7665 
fluid network analyzer method __________ RI 7665 

sulfur hexafluoride tracer use, study ______ RI 7916 
Ventilation tubing, flame spread e\'aluation ____ RI 7625 
Vermiculite, annual data _____________ MY 1973 (v, I) 

chemical-industry use, Ohio RiYer Basin _____ IC 8457 
consumption ______________________________ B 650 
economic projection ________________________ B 650 
production _______________________________ B 650 
reserves __________________________________ B 650 
technology ________________________________ B 650 
uses _____________________________________ B 650 

Vermiculite industry, problems _________________ B 650 
Vermont, fuel and energy data _______________ IC 8647 

land utilization, in mining industry __________ IC 8642 
mined land reclamation ___________________ IC 8642 
mineral industry, annual review ____ My 1973 (v. II) 

Vesicular basalt, compression testing, in simulated 
lunar environment __________________ RI 7983 

Vessels, closed, explosion development in, factors 
affecting __________________________ RI 7507 

"ibrations, air, from blasting, measuring ________ B 656; 
OP 121-73, 22-74 

safe levels __________________ B 656; OP 121-73 
safe limits _________________________ OP 2~-74 

blast, damage to residential structure, study 
OP 189-74 

blasting, effects on structures ______ B 656; OP 121-73 
from quarry blasting, measuring, instrumenta-

tion for __________________ B 656; OP 121-73 
safe le\'els __________________________ OP 121-73 

from underground blasting, research ______ OP 167-74 
study ______________________________ OP 142-71 
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Vibrations, ground, from blasting, measuring ____ B 656; 
OP 121-73 

safe levels __________________ B 656; OP 121-73 
from tunnel blasting in granite, determina-

tion ______________________________ RI 7653 
from underwater explosions _____________ RI 7387 

mine-roof, from production blasts, study _____ RI 7462 
from underground blasts, study ______ RI 7330, i764 

Vibration amplitude, from ammonium nitrate-
fnel oil blasts ______________________ RI 7330 

from dynamite blasts _____________________ RI 7330 

Vibration levels, safe, for residential structures ___ B 656; 
OP 121-73 

underground blasting, minimizing ___________ RI 7937 
predicting _____________________________ RI 7937 

Victoria, Australia, crude oil, analyses _________ IC 8542 
mining laws ___________________________ IC 8514 
petroleum laws ________________________ IC 8514 

Vietnam, North, mineral industry, annual review 
MY 1973 (\'. III) 

South, mineral industry, annual redew ______ MY 1973 
(\'. III) 

mining laws ___________________________ IC 8514 
petroleum laws ________________________ IC 85 I4 

Yinyls, recovery, from wastes, methods ________ RI 7955 
waste, recycling and disposal methods ______ OP 76-74 

Virgin Islands, mineral industry, annual review 
MY 1973 (v. II) 

Virginia, Beatrice mine, coal, methane flows and 
pressures in, measuring ______________ RI 7649 

Buchanan County, geologic structure analysis __ RI 7869 
coal, analyses _________ RI 7346, 7490, 7588, 7712,7848 
coal resen-es, strippable _________ IC 8531; OFR 6-71 
fuel and energy data ______________________ IC 8647 
land utilization, in mining industry _________ IC 8642 
lead resources ___________________________ IC 8646 
mined land reclamation ___________________ IC 8642 
mineral industry. annual re\'iew _____ MY 1973 (\'. II) 
natural gas, analyses _____________________ IC 8518 
Pocahontas No, 3 bed, coal, drilling degasifica-

tion holes in. experimental study ______ RI 7703 
methane and dust control in, method ____ RI 7849 
methane control study, borehole method __ RI 7657 
methane flows and pressures, measuring __ RI 7667 

underground coal reserve base _____________ IC 8655 
Viscoelastic properties, rock, at elevated tempera-

tures ___________________________ OP 100-74 

Viscosity, crude oil. in petroleum resen'oirs, re-
ducing, by solvent stimulation ______ OP 173-71 

helium.nitrogen system, \'arious temperatures 
and pressures ______________________ RI 740,~ 

Visual aids, instruction guide _________________ IG 20 
Vitrinite, dehydrogenation, hydrogen yield ___ OP 158-70 

comparison with whole-coal dehydrogena-
tion ____________________________ OP 117-71 

phenanthridine vehicle, various catalysts, re-
sults ___________________________ OP 106-73 

Vocoders, use, for speech bandwidth compression, 
in mine electromagnetic communications 

OFR 7-74 
Volatile matter, in airborne coal dust-rock mix-

tures, determination, microanalysis ____ RI 7979 
Volatility, automotive fuels, relation to evapora-
. tive emissions ____________________ OP 105-71 

Volume, measuring, methods available for ____ OP 186-71 
true, determining, by weight in gaseous atmos· 

phere, method _____________________ RI 7413 



Vortex generator, magnetohydrodynamic, open· 
cycle, design _______________________ RI 7699 

test results __________________________ RI 7699 

Vugular porosity, in oil shale, locating, caliper 
logging system for ________________ OP 121-70 

w 
\\'ackenroder's solution, polythionates in, separa· 

tion and determination, high·speed liquid 
chromatography __________________ OP 155-73 

Wadge bed, Colo., coal, washing characteristics __ RI 7467 
'",'anamie :-:0. 19 mine, Pa., anthracite, washing 

characteristics ______________________ RI 7364 

'",'apello County, Iowa, coal, preparation charac· 
teristics ___________________________ RI 7830 

'Yarning signals, acoustic, in coal mines, study 
OFR 19-73 

\\'arwick No.3 coal mine, fracture orientations, 
sampling methods __________________ RI 7763 

Wasatch Formation. core lithology ____________ RI 7775 
\rasau argillite. drillability, field tests _________ RI 7684 
Wasau quartzite, drillability, field tests ________ RI 7684 
"'ashabilitv characteristics, coal, predicting, re· 

gression analysis method _____________ RI 7377 
V.S. coals ______________________________ RI 7633 

Washakie Basin, carehole :-:0. I. core samples, 
lithologic description ________________ RI 7775 

oil yields ___________________________ RI 7775 
carehole :-:0. lA, core samples, lithologic de· 

scription __________________________ RI 7775 

\\'ashakie Basin Corehole ;\;0. 2, core samples, 
oil yields __________________________ RI 7775 

\\'ashington, chromite resources, estimate ____ ~_IC 8465 
coal resen'es, strippable __________ IC 8531; OFR 6-71 
Cresent mine, heat sources, evaluation __ OFR 19 (2) -74 
fuel and energy data _____________________ IC 8647 
land utilization, in mining industry __________ IC 8642 
lead reseources __________________________ IC 8646 
mined land reclamation __________________ IC 8642 
mineral industry, annual reYiew ____ My 1973 (v. II) 
:-:orth Cascades :-:ational Park, northern part, 

geologv ___________________________ GS 2-73 
mineral resources ____________________ GS 2-73 

Pasayten wilderness area, mineral appraisal ___ GS 1-72 
Washington County, Pa., Pittsburgh coalbed. 

methane content, estimate ____________ RI 7969 
'\'asson, Tex., crude oil, sulfur compounds in, 

identification ________________________ B 659 
\\' asson crude oil. alkylbenzothiophenes in, iden' 

tification __________________________ OP 5-70 
\\'astes, acid, ferrous iron-containing, neutraliza· 

tion. process, patent _________________ P 24-71 
alumina-plant, alumina recovery from, meth· 

ods ______________________________ RI 7454 
iron recovery from. methods _____________ RI 7454 

animal. cO!wersion to oil, catalytic hydrotreat· 
ing method _____________________ OP 124-74 

aqueous industrial, in disposal wells, migration 
patterns of, predicting, method ____ OFR 27-74 

brass foundry, brass and sand recovery from, 
process _________________________ OP 167-74 

cellulosic, conversion to oil, method ________ TPR 25 
conYers ion to bitumen, method, patent _______ P 9-73 
conversion to heav)" oil, method, patent ______ P 9-73 
electroplating. metal recovery hom. waste-plus-

waste method _____ TPR 27; OP 103-71, 130-72 

Wastes, fine-sized mineral, from chemical plants, 
stabilizing methods ________________ OP 89-73 

from flotation plants, stabilizing methods 
OP 89-73 

incinerator, metal, and mineral recovery from, 
continuous processing plant __________ TPR 33 

industrial, aluminizing dross, use, as steel de· 
oxidizer, feasibility study ____________ TPR 55 

cemented·carbide scrap, recovery of metal-
lurgical "alues from, methods _______ OP 64-70 

recycling process for _________________ OP 84-73 
copper mill tailings, building bricks from, 

laboratory tests _____________________ RI 7537 
electronic scrap, precious metal recovery 

from, methods _____________________ RI 7683 

fine-sized, reclamation, chemical and vegeta· 
th'e methods _______________________ RI 7896 

granite fines, feldspar recovery from, method 
RI 7928 

glass sand recovery from, method ________ RI 7928 
iron and steelmaking, prereduced pellets 

from ____________________________ OP 42-73 

liquid, subsurface injection, feasibility study 
OFR 26-74 

subsurface injection disposal methods, 
survey ____________________________ IC 8636 

metal recovery from, methods __________ OP 141-74 
metal recovery from electroplating wastes, 

method _______________ ~---------OP 103-71 
waste-plus-waste process _______________ RI 7877 

nonferrous mineral values in, recovery meth· 
ods, summary ____________________ OP 100-71 

phosphate sludge, iron recovery from, sol· 
vent extraction methods _____________ RI 7662 

metal reco\"ery from, reduction-sinter 
process _________________ RI 7533; OP 129-71 

sodium phosphate recovery from, reduc-
tion-sinter pro mess _______ RI 7533; OP 129-71 

trisodium phosphate reco\"ery from, sol-
vent extraction method ______________ RI 7662 

zinc recm'erv from, solvent extraction 
method __ ' _________________________ RI 7662 

plastics in, separation and recycling methods_RI 7955 
pyrolysis. products ______________________ RI 7428 

product yield ______________________ OP 183-71 
recm'ery of metallurgical values from, meth· 

ods ____________________________ OP 179-70 
steel furnace dusts, recycling methods, study _ TPR 52 
steel foundry waste molding sands, chromite 

and silica reco\"ery from _____________ TPR 36 
steel processing waste pickle liquor, sub· 

surface disposal. sun'ey ______________ RI 7804 
titanium chlorination residues, columbium· 

tantalum-titanium-zirconium separation 
from, method ______________________ RI 76il 

utilization of, research __________________ IC 8460 
iron·bearing, refining, method, patent _______ P 19-72 
iron oxide, reduction, to reacth'e sponge iron, 

in fluidized-bed reactor ____________ OP 175-70 
junk automobiles, incinerator for, design and 

operation _________________________ TPR 21 
lubricating oil, reclaiming used crankcase oil, 

methods, bench-scale tests ____________ RI 7925 
re-refining, techniques for ________________ RI 7973 

metal-containing, neutralization, method, pat· 
ent _______________________________ P 10-73 

mine, utilization of, research __________ IC 8460, 8529 
mineral, electric furnace phosphorus slags, 

ceramic tile production from, method __ RI 7829 
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Waste, mineral, stabilizing methods ________ OP 150-74 
using polymers _____________________ OP 69-74 

mineral industry, \'egetative stabilization meth-
ods ____________________________ OP 147-73 

mineral milling, chemical stabilization methods 
op 88-73 

chemical-vegetative stabilization methods __ op 88-73 
physical stabilization methods ___________ OP 88-73 
vegetative stabilization methods __________ OP 88-73 

municipal, carbonization of, products from __ OP 66-70 
com'ersion to oil, method ______________ OP 110-71 
copper content _________________________ IC 8622 
disposal costs __________________________ IC 8498 
disposal methods _______________________ IC 8498 
extraction of fuel values from, research ____ IC 8460, 

8529 
extraction of mineral values from, research 

IC 8460, 8529 
hydrogenation of, products from ________ OP 66-70 
incineration of, products from ___________ OP 66-70 
metals from, analysis, methods __________ OP 79-74 
plastics in, reprocessing methods, experi-

mental study ______________________ TPR 50 
pyrolysis, products ___________ RI 7428; OP 183-71 
zinc content ___________________________ IC 8622 

municipal incinerator residue, recovery of 
mineral values from ________________ IC 8533 

waste glass, glass wool manufacture from __ OP 15-74 
nickel-based alloy grindings, metal separation 

and recovery from, method ________ OP 165-70 
nickel-cadmium battery, cadmium recm'ery 

from, cyclic leaching process __________ RI 7566 
open pit, copper-bearing, copper recm'ery from, 

leach-flotation method ______________ OP 42-74 
organic, agricultural, quantites, estimate _____ IC 8549 

energy potential, review _________________ IC 8549 
low-sulfur oil from, carbon monoxide-water 

reaction ___________________________ RI 7560 
methane production from, anaerobic diges-

tion method ______________________ OP 72-72 
net fuel gas potential, estimate ___________ IC 8549 
net oil potential, estimate ________________ IC 8549 
oil and gas production from, technical as-

sessment ________________________ OFR 30-73 
oil from, processes ____________________ OP 149-73 
quantities _____________________________ IC 8549 
sources _______________________________ IC 8549 

substitute natural gas from, processes ____ OP 149-73 
plastic, recycling and disposal methods ______ OP 76-74 
recycling potential, review ________________ OP 90-71 
sewage water, subsurface injection of ________ IC 8522 

treatment for reuse _____________________ IC 8522 
'Vaste, solid, see also Solid waste 

solid, automobile scrap, recycling methods __ OP 95-71 
zine recovery from, methods ___________ OP 34-74 

brass smelter flue dusts, recovery of metal 
values from _______________________ RI 7637 

coal-mine waste, disposal methods _________ IC 8576 
coal mine waste embankments, physical prop-

erties _____________________________ RI 7964 

conversion to pipeline gas, process, patent ___ P 8-73 
electric scrap, nonferrous metal recovery 

from, methods ____________________ OP 96-71 
electronic scrap, nonferrous metal reco\'ery 

from, methods ____________________ OP 96-71 

reclamation of metal values from ______ OP 107-73 
generation, from lime flue gas desulfuriza-

tion system ________________________ IC 8633 
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Waste, solid, generation, from limestone flue gas 
desulfurization system _______________ IC 8633 

glass from municipal incinerator residues, 
glass wool manufacture from _________ RI 7708 

use in brickmaking ___________________ RI nOI 
industrial mineral wastes, brick production 

from, steam-cure process ____________ RI 7856 
junk automobiles, recycling system for _____ IC 8596 
manure, combustion disposal, method ______ TPR 46 
military electronic scrap, recovery of metal 

nlues from, potential processes for __ OP 86-73 
municipal incinerator residues, glass fraction, 

uses for, economic study _____________ IC 8567 
municipal waste, aluminum recovery from, 

methods _________________________ OP 33-74 
oil shale ash, disposal problems ________ OFR 32-74 

properties ________________________ OFR 32-74 
oil shale-processing, disposal problems ___ OP 151-71 
pipeline gas from, cost _________________ OP 17-72 
polyvinyl chloride, recycling methods _____ OP 84-72 
recycling methods research, summary ______ IC 8529 
research program, summary ______________ IC 8460 
retrievable resources in, re\'iew __________ OP 96-73 
scrap iron oxide, reclaiming method ____ OP 80-72 
shredded automobile scrap, aluminum re-

cm'ery from, methods ______________ OP 33-74 
trash, detection of hot areas in, handheld 

scanners ___________________________ TPR 68 
urban refuse, raw, recovery of values from, 

methods ________________________ OP 101-73 
recycling methods ___________________ OP 80-73 

zinc smelter residues, recovery of zinc, cop-
per, silver, and iron from, processes foc_RI 7754 

solid mineral, use for removal of sulfur from 
flue gases, e\'aluation ______________ OP 119-72 

steelmaking, lead and zine removal from, 
method ___________________________ RI 7927 

prereduced iron pellet production from, 
method ___________________________ RI 7927 

steelmaking dusts, lead and zinc recovery from. 
method _________________________ OP 142-74 

recycling methods _____________________ OP 79-72 
tailings piles, stabilization of, research _______ IC 8460, 

8529; OP 79-71 
tailings ponds, stabilizing, methods and costs 

OP 1-74 
urban, glass recovey from, color-sorting machine 

for _______________________________ TPR 45 

plastics in, separation and recycling methods 
RI 7955 

unburned, plastic-paper separation, high-
tension electrodynamic separator for ___ TPR 63 

Waste combustibles, recovery from raw urban 
refuse ____________________________ RI n60 

Waste disposal, coal refuse bank removal, en-
vironmental action programs for ____ OFR 3--73 

solid, phosphate rock slime, dewatered, by 
freezing technique, laboratory tests ____ RI 7520 

subsurface, technology for ________________ IC 8522 
Waste dumps, hot areas in, detection, handheld 

infrared scanners ___________________ TPR 68 
Waste gas, sulfur dioxide removal from, methods 

Ie 8608 
'Waste glass, flux for common clays, in brick-

making, effect on firing temperature ___ RI 7701 
effect on firing time ___________________ RI 7701 

glass wool production from, method ________ OP 15-74 
Waste injection, subsurface, liquids and slurries, 

case histories _______________________ IC 8636 



Waste-injection systems, subsurface, geology ____ IC 8636 
Waste lubricating oil, re-refining techniques ____ RI 7884 
Waste pickle liquor, injection, into sandstone 

formation, feasibility ________________ RI 7804 

Waste ponds, phosphate-bearing materials from, 
flotation study _____________________ RI 7601 

Waste products, industrial, reco\'ery and reuse of 
\'alues in, research, summary _________ IC 8595 

"'aste solutions, titanium, nitrate recoI'ery from, 
soh-ent extraction technique __________ RI 7733 

'Vaste treatment, electrokinetic dewatering and 
consolidation, metal-mine mill tailings 

RI 7900 
mill tailings, dewatering, electrokinetic method 

RI 7892 
new methods ____________________________ IC 8603 

"Taste water, acid fraction of, from in situ oil-
shale retort, ,-Yaleroactone in, identi-
fication ___________________________ RI 7918 

,rater, acid mine, Bureau of Mines research in, 
summary ________________________ OP 120-72 

neutralization of, discussion ____________ OP 17-70 
acid waste, limestone neutralization of, process, 

pa~nt ____________________________ p 23-71 

artesian. in l\'orthern Green River Basin, e\'alu-
ation ___________________________ OP 145-73 

as addi tive in diamond drilling quartzi te, effect 
OP 8-70 

black. northern Green Ri,'er Basin, occurrence 
and composition _________________ OP 146-73 

possible origin _____________________ OP 146-73 
effluent. from Synthane process, pollution po-

tential ____________________________ TPR 76 

electrical properties, in porcelain with sub-
micron size pores ___________________ OP 8-71 

extinguishment of coal mine fires by, problems 
OFR 73-73 

flow properties. in porcelain with sub-micron 
size pores _________________________ OP 8-71 

for petroleum reselToir waterflooding. aYail-
ability ____________________________ RI 7401 

suitability _____________________________ RI 7401 
formation. from gas fields. chemical composi-

tion ______________________________ OP 4--73 

in polymer-impregnated rock. effect on strength 
properties _________________________ RI 7542 

industrial waste. injection in disposal wells, 
migration patterns. mathematical method 

OFR 27-74 
manganese in. occurrence _________________ OP 94-74 
movement through tailings piles. impact on hy-

drologic enl'ironment _____________ OFR 13-74 
oilfield. geochemistry ____________________ OP 85-74 

oil and gas indicators in _______________ OP 85-74 
petroleum,associated. geochemistry __________ RI 7326 
reclamation. in flotation of nonmagnetic taco-

nites. pilot plant study ____________ OP 27-71 
recovered, from phosphate rock slimes, after 

freezing treatment. quality ____________ RI 7520 
reuse. in nonmagnetic taconite processing. 

treatment methods ________________ OP 180-70 
runoff. from oil-shale retorting residues. pollu-

tion potential ___________________ OFR 20-72 
sewage. reuse ____________________________ IC 8522 

subsurface injection of __________________ IC 8522 
SmackOl'er Formation. classification _________ RI 7897 

origin ________________________________ RI 7897 

source, identifying. methods ______________ OP 86-74 
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Water, subsurface, discharge rate, tailings pond, 
determination, finite element method ___ RI 7939 

tetrabromoethane solubility in, effect of tem-
perature __________________________ RI 7656 

use, in respirable dust suppression, at genera-
tion point ___ -.: _____________________ RI 7628 

vapor pressure ________________________ OP 113-71 

Water barrier. passive, effecti\'eness, in suppress-
ing dust explosions __________________ RI 7815 

in extinguishing mine fires _____________ RI 7815 

'Vater control, in mines, research, annual report IC 8644 
\Vater control problems, in coal mines, geologic 

factors ____________________________ IC 7769 

'Vater infusion, dust control by, in longwall 
mining ___________________________ RI 7849 

in coalbeds, dust control by, study __________ RI 7640 
methane control by, study _______________ RI 7640 

in respirable dust control, in longwall mining _IC 8458 
parameters ____________________________ IC 8458 

into coal fractures of actil'e face, packers for 
sealing horizontal holes, new type ____ OP 16-73 

methane control by, in longwall mining _____ RI 7849 
Water-injection project, closed system, cost esti-

mate _____________________________ IC 8455 

Water jets, high-pressure, extinguishment of rock-
co\'ered fires in coal mines by ______ OFR 73-73 

use, in coal mining __________________ OFR 43-74 

rock breakage by, performance characteristics 
OFR 55-74 

rock cutting by, thermohydraulic method __ OP 185-74 
use, for hard rock tunneling. feasibility study 

OP 113-73 
potential _________________________ OP 113--73 

VlTater-mineral interface, internal reflection spec-
troscopy study ___________________ OFR 47-74 

Water pollution. control. fly ash use in ________ IC 8488 
mine drainage, reducing. method ___________ RI 7354 
potential, snowfall on oil-shale retorting resi-

dues ___________________________ OFR 20-72 

Water quality. effluent from air-sealed mine ____ RI 7606 
'Vater reclamation. for reuse in taconite ore 

processing. description _____________ OP 180-70 

'Vater requirements, N, Mex" for minerals in-
dustries __________________________ OP 10-74 

'Vater saturation, determination, well log-core 
analysis comparison _______________ OP 22-71 

reservoir rock, determination ______________ RI 7497 

''''ater sprays. collection of airborne coal dust 
with. experimental study __________ OP 139-73 

collection of airborne dust by, efficiency, theo-
retical equation for ________________ OP 98-73 

confined in duct, collection of airborne dust by, 
efficiency _________________________ OP 98-73 

open. collection of airborne dust by, efficiency 
OP 98--73 

Water supply, Colorado waterflooding projects __ RI 7959 
'Vater transport, bulk mineral commodities. 

Great Lakes waterway system, study ____ IC 8461 
\Vater \'apor. homogeneous nucleation of, theo-

retical rate, note _________________ OP 157-74 

VlTaterflood, calculated wrsus actual performance, 
using original field data ____________ OP 88-74 

using red sed field data ________________ OP 88-74 
constant-rate, predicting performance of, 

method __________________________ OP 66-71 

five-spot, partially depleted reserl'Oirs, three-
phase flow in, forecasting __________ OP 100-72 
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'Waterflood, five-spot, predicting performance of, 
graphical method _________________ OP 99-72 

predicting performance of, at highest constant 
injection rate, method _____________ OP 167-70 

'Vaterflood evaluation, engineering factors in ___ OP 7-70 
'Vaterflood performance, calculated, matching 

with actual performance ___________ OP 54-73 
geologic factors in _______________________ OP 7-70 
preliminary estimate ____________________ OP 7-70 

Waterflood projects, Wyo., performance _______ RI 7469 
Waterflooding, crude oil recovery by, profitability 

analysis ___________________________ IC 8652 

effect of emulsions as buffer solutions, labora-
tory tests ________________________ OP 128-71 

. effect of geologic properties ______________ OP 144-70 
low-permeability oil reservoir, evaluation _____ RI 7465 
maximum oil recovery by, optimum gas satura-

tion, im'estigation __________________ RI 7911 
miscible-fluid, micellar slug treatment _____ OP 146-74 
petroleum reservoirs, water sources for, avail-

ability ____________________________ RI 7401 
suitability ___________________________ RI 7401 

potential, evaluation. pilot flood data anlysis __ IC 8637 
potential oil recovery by, predicting _________ IC 8455 

'Wa\'e, computer program. one-dimentional stress 
wave analysis, in time-dependent inelas-
tic rock ___________________________ IC 8563 

Wa\'e velocity, in rock, determination __________ RI 7831 
Wax, exports, gulf coast ports _______________ IC 8508 
Weed oil, soh'ent stimulation, low gravity oil-

fields, field tests ____________________ RI 7978 
"'cir sand, lithology _______________________ IC 8473 
Wells, waste disposal, costs __________________ IC 8636 

design for ____________________________ IC 8636 

Well logs, use, in correlating lithologic units, in 
gra\'el deposits _____________________ RI 7584 

'VeIl log and core analyses, formation evaluation 
by, comparison _____________________ RI 7497 

Well log systems, three-arm caliper, detecting 
leached zones, in oil shale __________ OP 120-70 

'Well logging techniques, for mineral deposit e\'al-
uation, literature review _____________ IC 8627 

'VeIl surveys, oil and gas wells, uncharted, in 
coal seams, research _________________ TPR 65 

'VeIl-treatment chemicals, oil-well, pollution po-
tential ___________________________ OP 31-71 

Wellbore, enlarging tests, hydrazine use in, effect 
RI 7382 

West Malaysia, mining laws _________________ IC 8514 
petroleum laws __________________________ IC 8514 

West North-Central region, fuel and energy 
data ______________________________ IC 8647 

'Vest South-Central region, fuel and energy 
data ______________________________ IC 8647 

'Vest \,irginia, aluminum, chemical-industry use, 
supply and demand _________________ IC 8457 

Appalachian area, oil-producing formations, 
lithology __________________________ IC 8473 

asbestos, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

barite, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

bauxite, chemical-industry use, supply and 
demand ___________________________ IC 8457 

Berea sand, lithology _____________________ IC 8473 
Big Injun sand, lithology _________________ IC 8473 

waterflooding, effect of geologic properties 
on _____________________________ OP 144-70 
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West \,irginia, Big Lime sand, lithology ________ IC 8473 
boron, chemical-industry use, supply and de-

mand _____________________________ IC 8457 

Buffalo Creek dam failure, analysis __ OFR 10 (I) -73, 
cadmium, chemical-industry use, supply and __ l0 (2) -73 

demand ___________________________ IC 8457 

calcium, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

chemical industry in, mineral supply-demand 
situation __________________________ IC 8457 

chromium, chemical-industry use, supply and 
demand ___________________________ IC 8457 

clay, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

coal, analyses ________ RI 7346, 7490, 7588, 7712, 7848 
unit-train operation, description __________ IC 8444 

coal mine, methane emission rate, effect of 
nearby oil and gas wells ______________ RI 7658 

coal reserves, strippable __________ IC 8531; OFR 6-71 
cobalt, chemical-industry use, supply and de-

mand _____________________________ IC 8457 

copper, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

diatomite, chemical-industry use, supply and 
demand ___________________________ IC 8457 

Eastern Associated Coal Corp, coal mine, 
methane emission rate study __________ RI 7658 

electromagnetic location system prototype, for 
coal mines, design and operation ____ OFR 68-73 

Federal Xo, 2 coal mine, methane emission rate 
study _____________________________ RI 7658 

fire control projects. abandoned bituminous 
coal mines, list _____________________ IC 8620 

First Cow Run sand, lithology ______________ IC 8473 
"Fourth" sand, lithology ___________________ IC 8473 
fuel and energy data _____________________ IC 8647 
Gordon sand, lithology ___________________ IC 8473 
Gordon Stray sand, lithology ______________ IC 8473 
gypsum, chemical-industry use, supply and de-

mand _____________________________ IC 8457 

Idamay mine No, 44, coal refuse bank, reclama-
tion, results ________________________ IC 8576 

industrial liquid wastes, subsurface injection 
of, feasibility study _______________ OFR 26-74 

iron, chemical-industry use, supply and de-
mand _____________________________ IC 8457 

Joanne mine, coal refuse bank, reclamation, 
results ____ :.. _______________________ IC 8576 

Keener sand, lithology ____________________ IC 8473 
land utilization. in mining industry __________ IC 8642 
lead, chemical-industry use, supply and demand 

IC 8457 
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