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LIST OF BUREAU OF MINES
PUBLICATIONS AND ARTICLES

January 1, 1970, to December 31, 1974

With Subject 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 investigations 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 prevent 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
trade journals; in proceedings of conventions
and seminars; in reference books; and in other

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;% and the 5-year lists of Bureau publica-
tions and articles from January 1, 1960, to
December 31, 1964, and from January 1, 1965,
to December 31, 1969.° 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.

2 Out of print.
3 Out of print.
4+ Out of print.
3 Qut of print,



BUREAU PUBLICATIONS

Some Bureau of Mines 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 Mines, 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 any one 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
150 countries and areas are presented, together
with a review of the role of minerals in the
economies of these nations. Three separate vol-

2

umes are issued each year, as follows: Volume 1,
Metals, Minerals, 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 Investigations 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 divectly 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 nonrou-
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 surveys 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 industry and business community, regularly
informed of trends in the production, distribu-
tion, inventories, and consumption of minerals
and fuels. Frequency of issue depengds 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 vear 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.

Special Publications include the annual list of
Bureau of Mines 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.

Patents 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.”



LIBRARIES

Under the provisions 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.

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

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

(1) Reports of Investigations and Informa-
tion Circulars.

(2) Bulletins.

(3) Minerals Yearbooks.

State City Library and Type of Publication Received
Alabama _____________ Alexander City _________ Alexander City State Junior College, Thomas D. Russell Li-
brary (3).
Auburn _______________ Aubur‘{l University, Ralph Brown Draughon Library (1,2,3).
Birmingham __._________ Birmingham Public Library (1,2, 3).
Birmingham-Southern College, M. Paul Phillips Library (2,3).
Samford University, Harwell G. Davis Library (3).
Florence ... ___._________ Florence State University, Collier Library (3).
Gadsden _______________ Gadsden Public Library (2,3).
Huntsville _____________ University of Alabama, Huntsville Campus Library (2,3).
Jacksonville ____________ Jacksonville State University, Ramona Wood Library (3).
Maxwell A.F. Base ______ Air University Library (3).
Mobile _____________.___ Mobile Public Library (1,2,3).
Spring Hill College, Thomas Byrne Memorial Library (3).
University of South Alabama Library (1,2,3).
Montgomery ____._______ Auburn University at Montgomery Library (1, 3).
Normal _______________ Alabama Agricultural and Mechanical College, Drake Memorial

St. Bernard
Troy

Tuskegee Institute
University

Library (3).
St. Bernard College Library (3).
Troy State University, Lurleen B. Wallace Educational Re-
sources Center (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 ______________. Anchorage _____________ Alaska Methodist University Library (1, 3).
Anchorage Higher Consortium Library (1,2,3).
Fairbanks ______________ University of Alaska, Elmer E. Rasmuson Library (1,2, 3).
Juneaw ________________ Alaska State Library (3).
Arizona ______________ Coolidge _______________ Central Arizona College, Instructional Materials Center (3) .,
Flagstaft _______________ Northern Arizona University Library (2, 3).
Phoenix _______________ Department of Library and Archives (1,2, 3) .
Phoenix Public Library (1,2, 3).
Prescott _______________ Prescott College Library (3).
Tempe ________________ Arizona State University, Matthews Library (1,2,3).
Tucson ____ . __________ Tucson Public Library (3).
University of Arizona Library (1,2,3).
Yuma Yuma City-County Library (2, 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 (8).

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 ______________ Anaheim Public Library (3).

Arcata ______ . _____ Humboldt State College Library (1,2, 38).

Bakersfield _________.____ California State College Library (3).
Kern County Library System (1, 2, 3).

Berkeley _______________ University of California, General Library (1,2, 3).
University of California, Law Library, Ear] Warren Legal Cen-

ter (2).

Carson _ .. ______._______ Carson Regional Library (3).

Chico California State University, Chico Library (3).

Claremont _____________ Pomona College, Honnold Library (1,2, 3).

Compton ______________ Compton Library (1,2,3).

Concord __.___________.__ Contra Costa County Library (3).

Culver City ____________ Culver City Library (3).

Davis oo University of California at Davis, School of Law Library (1, 2, 3).

Downey _______________ Downey City Library (3) -

Fresno .. _ o California State University at Fresno Library (1, 2, 3).
Fresno County Free Library (1,2,3).

Fullerton ______________ California State College at Fullerton Library (2, 3).

Garden Grove ________.__ Garden Grove Regional Library (3).
Gardena Gardena Public Library (8).
Hayward California State College at Hayward Library (2,3).

Huntington Park ________ Huntington Park Library, San Antonio Region (3).
Inglewood _____________ Inglewood Public Library (2, 3).
Irvine . ___________ University of California at Irvine Library (1,2, 3).

La Jolla _______________ University of California at San Diego Library (1,2,38).

Lakewood Angelo Iacoboni Public Library (1, 3.

Lancaster Lancaster Regional Library (3).

California State College at Long Beach Library (1,2, 3).

Long Beach Public Library (1,2, 3). :

Los Angeles ____________ California State College at Los Angeles, John F. Kennedy Me-
morial Library (1,2,3).

Los Angeles Public Library (1,2,3).

Loyola University of Los Angeles Library (38).

Occidental College, Mary Norton Clapp Library (3).

University of California at Los Angeles Library (1,2,3).

University of Southern California Library (1,2,38).

Geological Survey Library, US. Department of the Interior
2 3).

Menlo Park

Montebello ____________ Montebello Library (3).
Monterey ______________ Naval Postgraduate School Library (3).
Monterey Park _________ Bruggemeyer Memorial Library (3).
Northridge _____________ California State University at Northridge (1,2, 3).
Norwalk ___ o ___ Norwalk Library (8).
Oakland _______________ Oakland Public Library (1,2, 3).
Palo Alto ______________ Stanford University Library (1,2, 3).
Pasadeva ______________ Califern?’ia Institute of Technology, Millikan Memorial Library
1,2,3).
Pas(ademi Public Library (1,2,3).
Redding _______________ Shasta County Library (2, 3).
Redlands ______________ University of Redlands, Armacost Library (2, 38).

Redwood City __________ Redwood City Public Library (3).
Reseda ________________ West Valley Regional Branch Librar)’ (3) .
Richmond _____________ Richmond Public Library (3).
Riverside ______________ Riverside Public Library (1,2, 3) .
University of California at Riverside Library (1,2,3).
Sacramento ____________ California State Library (1,2, 3).
Sacramento City-County Library (2,3).
Sacramento State College Library (1,2,3).
San Bernardino _________ San Bernardino County Free Library (2,3).
San Diego _____________ California State University at San Diego, Love Library (1,2, 8).
San Diego County Library (3).
San Diego Public Library (1,2,3).



State City ’ Library and Type of Publication Received

Catifornia ____________ 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 (8).
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 (38).
Van Nuys ______________ Los Angeles Valley College Library (3).
Walnut _______________ Mount San Antonio College Library (3).
West Covina ___________ West Covina Library (3).

Colorado ___________.__ Alamosa _______________ Adams State College Learning Resources Center (1,2, 3).
Boulder _______________ University of Colorado Libraries (1,2, 8).

Colorado Springs ________ Colorado College, Charles Leaming Tutt Library (1,2,3).

Denver ________________ Burcau 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 (1,2,38).
University of Denver, Mary Reed Library (1,2,3).

Fort Collins ____________ Colorado State University, W. E. Morgan Library (1,2,3).

Golden ________________ Colorado School of Mines, Arthur Lakes Library (1,2, 3) .
Jefterson County Public Library (3).

Greeley _______________ University of Northern Colorado Library (1,8).

Gunnison ______________ Western State College, Leslie J. Savage Library (1,2, 3).

La Junta ______________ Otero Junior College, Wheeler Library (3).

Pueblo ________________ Pueblo Regional Library (1,2,3).
Southern Colorado State College Library (1,2,3).

U.S. Air Force Academy__ U.S. Air Force Academy Library (1, 3).

Connecticut __________ Bridgeport _____________ Bridgeport Public Library (1,2,8).

Danbury ______________ Western Connecticut State College, Ruth A. Haas Library (I,
2,3).
Hartford ______________ Connecticut State Library (1,2, 8).
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 Library (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 (1,

2,8).
District of Columbia ___ Washington ____________ Advisory Commission on Intergovernmental Relations Library
(1,2,3).

District of Columbia Public Library (3) .

Federal Deposit Insurance Corporation Library (8).
Georgetown University Library (2, 3).

National War College Library (3).

Office of Management and Budget Library (3).
Pentagon, Army Library (8).

U.S. Atomic Energy Commission Library (1, 3).

* Not a depository library.
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State

City

Library and Type of Publication Received

District of Columbia ___Washington ____________

Florida

Georgia

Hawaii

Idaho

Boca

Raton ____________

Daytona Beach _________
De Land ______________.

Gainesville _____________
Jacksonville ____________

Lakeland ______________
Leesburg . ____________
Miami ________________

Orlando _______________
Palatka _______________
Pensacola ______________

St. Petersburg __________
Sarasota _______________

“’imér Park ___________

Atbany ________________
Americus _____ . _______
Athens _______________..
Atlanta _______________

Augusta _______________

Brunswick
Carrollton
Dahlonega

Decatur _______________

Gainesville
Macon

Marietta ______________
Milledgeville ___________
Savannah ______________

Stateshoro _____________
Valdosta ______________

Hilo

U.S. Department of Agriculture, National Agricultural Library
2,3).

us. Dv)spartment of Commerce Library (1, 3).

U.S. Department of Housing and Urban Development, Library
and Information Division (3).

U.S. Department of the Interior, Central Library (1,2, 3).

U.S. Department of Justice, Main Library (38).

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).

University of Miami Library (1,2).

Florida Technological University Library (1,2, 3).

St. Johns River Junior College Library (3).

University of West Florida, John C. Pace Library (3).

Charlotte County Library (3).

St. Petersburg Public Library (3).

Sarasota Public Library (3).

Florida Agricultural and Mechanical University, Coleman Me-
morial Library (2, 8).

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 Ear] Carter Library (2,3).

University of Georgia Libraries (1,2, 3).

Atlanta Public Library (1,2, 3).

Atlanta University, Trevor Arnett Library (3).

Emory University, Robert W. Woodruff Library (2, 3).

Georgia Institute of Technology, Price Gilbert Memorial Library
1,2,3).

Georgia State Library (3).

Georgia State University Library (1,2, 8).

Augusta College Library (1,2, 3).

Brunswick Public Library (3).

West Georgia College Library (1,2,3).

North Georgia College, Stewart Library (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 (8).

University of Hawaii Library (2, 3).
Chaminade College of Honolulu Library (3).
Hawaii State Library (8).

University of Hawaii Library (1,2,3).
Leeward Community College Library (8).

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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Illinois

Indiana

Caldwell ______________ College of Idaho, Terteling Library (2,3).
Moscow _______________ University of Idaho Library (1,2, 3).
Pocatello __._.___________ Idaho State University Library (1,2,3).
Rexburg . __ _________ Ricks College, David O. McKay Library (1,2, 38).
Twin Falls _____________ College of Southern Idaho (3).
Bloomington ___________ Hlinois Wesleyan University Libraries (2).
Carbondale ____________ Southern Illinois University, Morris Library (1,2, 3) .
Carlinville _____________ Blackburn College, Lumpkin Library (3).
Carterville _____________ Shawnee Library (2, 3).
Champaign ____________ University of Illinois, College of Law Library (2,3).
Charleston _____________ Eastern Illinois University, Booth Library (1,2, 3).
Chicago _ ... ________ 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. M. Cudahy Memorial Library
2, 3).
Northe)astern 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). ’
De Kalb ______________ Northern Illinois University, Swen Franklin Parson Library (1,
2,3).
Decatur ___ . ___ Decatur Public Library (3).
Edwardsville ___________ Southern Illinois University, Lovejoy Memorial Library (1,2, 3).
Elsah ___ _____ o _____ Principia College, Marshall Brooks Library (8).
Evanston ______________ Northwestern University Library (1,2, 3).
Freeport _______________ Freeport Public Library (3).
Galesburg _____________ Galesburg Public Library (8).
Jacksonville ____________ MacMurray College, Henry Pfeiffer Library (3).
Lake Forest ____________ Lake Forest College, Donuelley Library (1,2,3).
Lebanon ______________ McKendree College, Holman Library (3).
Lisle _________ _ ______ Illinois Benedictine College, Theodore Lownik Library (3).
Macomb _______________ Western Illinois University Library (1,2, 3).

Moline ________________ Black Hawk College, Learning Resources Center (3).

Monmouth ____________ Monmouth College Library (2,3).

Normal _______________ Hlinois State University at Normal, Milner Library (1,2, 3).
Palos Hills ____________ Moraine Valley Community College Library (3) .

Peoria ___________.____ Bradley University Library (3).

Peoria Public Library (1,2,3).

River Forest Rosary College Library (3).

Rockford ____________._ Rockford Public Library (3).
Springfield _____________ Illinois State Library (1,2, 3).
Urbana _______________ University of Illinois at Urbana Library (1,2,3).
Wheaton ______________ Wheaton College Library (3).
Anderson ______________ Anderson College, Charles E. Wilson Library (3).
Bloomington ___________ Indiana University Library (1,2,3).
Crawfordsville __________ Wabash College, Lilly Library (3).
Evansville _____________ Evansville and Vanderburgh County Public Library (1,2,3).
: Indiana State University Library (1,8).
Fort Wayne ____________ Public Library of Fort Wayne and Allen County (1,2, 3).
Indiana-Purdue Universities, Regional Campus Library (3).
Gary I Gary Public Library (3).
Indiana University, Northwest Campus Library (2,3).
Greencastle ____________ De Pauw University, Roy O. West Library (1,2, 3).
Hammond _____________ Hammond Public Library (2,38).
Hanover _______________ Hanover College Library (8).
Huntington ____________ Huntington College Library (3).
Indianapolis ___________ Butler University, Irwin Library (3).
Indiana State Library (1,2,3).
Indianapolis Public Library (1, 3) .
Kokomo _______________ Indiana University, Kokomo Campus Library (3).
Lafayette ______________ Purdue University Library (1, 2,3).
Muncie _______________ Ball State University Library (1,2, 3).

Muncie Public Library (3).

Notre Dame University of Notre Dame, Memorial Library (1,2,3).

Rensselaer _____________ St. Joseph’s College Library (2,3).
Richmond _____________ Earlham College, Lilly Library (2, 3).
Morrison Reeves Library (3).
South Bend ____________ Indiana University at South Bend Library (3).
Terre Haute ___________ Indiana State University, Cunningham Memorial Library (2,3).
Valparaiso _____________ Valparaiso University, Moellering Memorial Library (2, 3).
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Towa ________________ Ames Iowa State University of Science and Technology Library (1, 2, 3).
Cedar Falls University of Northern lowa 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).
Towa State Traveling Library (2, 3).
Public Library of Des Moines (2, 3) .
Dubuque ______________ Carnegie-Stout Public Library (3).
Loras College, Wahlert Memorial Library (3) .

Davenport
Des Moines

Grinnell _______________ Grinnell College, Burling Library (3).
Towa City _____________ University of lowa Library (1,2,3).
Lamoni _______________ Graceland College, Frederick Madison Smith Library (3).

Cornell College, Russell D. Cole Library (1,2,3).
Northwestern College, Ramaker Library (3) .

Mount Vernon
Orange City

Sioux City _____________ Sioux City Public Library (3).
Kansas ____ .. _______ Baldwin City ___________ Baker University Library (3).
Colby _________ ______ Colby Community Junior College Library (3).
Emporia _______________ Kansas State Teachers College, William Allen White Library
2.3).
Hays __________________ Fort Hays Kansas State College, Forsyth Library (1,2, 8).
Hutchinson ______._____ Hutchinson Public Library (2, 3).
Lawrence ______________ University of Kansas, Watson Library (1,2,38).

University of Kansas Law Library (3).

Manhattan Kansas State University, Farrell Library (1,2,3).

Pittshurg ______________ Kansas State College of Pittsburg, Porter Library (2, 3).
Salina _________________ Kansas Wesleyan University, Memorial Library (1,2, 8) .
Topeka _____ . ____ Kansas State Historical Society Library (3).
Kansas State Library (2, 3) .

Wichita _______________ Wichita State University Library (1,2, 3) .

Kentucky ___._________ Ashland _______________ Ashland Public Library (3).
Barbowrville ___________ Union College, Abigail E. Weeks Memorial Library (3).
Bowling Green _________ Western Kentucky University, Margie Helm Library (1,2,3).
Covington  _____________ Thomas More College Library (3) .
Danville _______________ Centre College, Grace Doherty Library (3).
Frankfort ______________ Kentucky Department of Libraries (3).

Kentucky State College, Blazer Library (2).
State Law Library (8).

Lexington _____________ University of Kentucky, M. I. King Library (1,2,3) .
Louisville _____________ Louisville Free Public Library (1,2, 8).

University of Louisville, Belknap Campus Library (2, 3).
Movchead _____________ Morehead State University, Johnson Camden Library (3).
Murray ______________ Murray State University Library (1, 2, 8).
Newport ______________ Northern Kentucky State College Library (3).

Owensboro
Pikeville

Kentucky Wesleyan College Library (3).
Pikeville College, O'Rear-Robinson Library (3).
Eastern Kentucky University, John Grant Crabbe Library (1, 8).

Louisiana ____________ Baton Rouge __________ Louisiana State University Library (1, 2, 8.
Eunice _____ o __ Louisiana State University at Eunice, LeDoux Library (1, 2, 3).
Hammond _____________ Southeastern Louisiana University, Sims Memorial Library
@, 3.
Lafayette ______________ Univers)ity of Southwestern Louisiana Library (1, 2, 8).
Lake Charles ___________ McNeese State University, Frazar Memorial Library 1,2,8).
Monroe _______________ Northeast Louisiana University, Sandel Library (3).
Natchitoches ___________ Northwestern State University, Watson Memorial Library (2, 3).
New Orleans ___________ Isaac Delgado College, Moss Technical Library (1, 2, 8) .
Loyola University Library (3).
New Orleans Public Library (1, 2, 3) .
Tulane University, Howard-Tilton Memorial Library (1, 2, 3).
Southern University of New Orleans Library (1,2, 3.
Pineville ____________.__ Louisiana College, Richard W. Norton Memorial Library (3).
Ruston _____________. _ Louisiana Polytechnic University, Prescott Memorial Library
1,2,3).
Shreveport _____________ Lo<uisiana State University in Shreveport Library (1, 3).
Shreve Memorial Library (1, 2, 8).
Thibodaux ____________ 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, Nutting Memorial Library (1, 2, 3).
Lewiston ______________ Bates College Library (2, 3).
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Maine _______________ Orono ________________ University of Maine, Raymond H. Fogler Library (1, 2, 3).
Portland Public Library (2, 3).
University of Maine Law Library (3).

Springvale _____________ Nasson College Library (3).
Waterville ____________ Colby College Library (3).
Maryland ____________ Annapolis _____________ Maryland State Library (3).

US. Naval Academy Library (2, 3).

Baltimore _____________ Enoch Pratt Free Library (1, 2, 8).
Johns Hopkins University, Milton S. Eisenhower Library

1, 2, 3).

Morgan St)ate College, Soper Library (3).
University of Baltimore, Langsdale Library (1, 3).
University of Maryland, School of Law Library (3).

Bel Air ________________ Hartford Community College Library (3).

College Park ___________ University of Maryland, McKeldin Library (1, 2, 3) .
Frostburg Frostburg State College Library (I, 3).

Rockville ______________ Montgomery County Department of Public Libraries (3).
Salisbury ______________ Salisbury State College, Blackwell Library (2, 3).

Towson Goucher College, Julia Rogers Library (3).

Westminster ___________ Western Maryland College Library (3).
Massachusetts _________ Amherst _____ Ambherst College Library (2, 3).
University of Massachusetts, Goodell Library (1, 2, 3).
Boston ________________ Belmont Memorial Library (3).

Boston College, Bapst Library (3).
Boston Public Library (1, 2, 3).
Northeastern University, Dodge Library (1, 2, 8).
State Library of Massachusetts (2, 3).
Brookline ______________ Public Library of Brookline (3).

Cambridge _____________ Harvard University Library (2, 8).
Massachusetts Institute of Technology Libraries (1, 2, 3).
Chicopee ______________ Our Lady of the Elms College (3).
Lowell ___ _ _ . ___ Lowell Technological Institute, Alumni Memorial Library (3).
Lynn Lynn Public Library (3).
Marlborough ___________ Marlborough Public Library (3).
Medford . ___________ Tufts University Library (2, 3).
Milton ________________ Curry College Library (3).
New Bedford ___________ New Bedford Free Public Library (3).

Southeastern Massachusetts University Library (1, 2, 3).
Stonehill College, Cushing-Martin Library (3).

North Easton

Springfield _____________ Springfield City Library (3).
Waltham _________-____ Brandeis University Library (3).
Wellesley ______________ Wellesley College Library (3).
Williamstown __________ Williams College Library (3).
Wilmington ____________ Wilmington Memorial Library (3).
Worcester _____________ Worcester Public Library (1, 2, 3).
Michigan _____________ Albion ________________ Albion College, Stockwell Memorial Library (1, 2, 3).
Allendale ______________ Grand Valley State College Library (1, 2, 3).
Ann Arbor _____________ Great Lakes Basin Library (8).

University of Michigan, Harlan Hatcher Library (1, 2, 3).

Bloomfield Hills Cranbrook Institute of Science Library (3).

Dearborn ______________ Henry Ford Centennial Library (2, 3).
Henry Ford Community College Library (3).
Detvoit ________________ Detroit Public Library (1, 2, 3) .
Mercy College of Detroit Library (3).
University of Detroit Library (3).
Wayne State University, G. Flint Purdy Library (1, 2, 3).
East Lansing __.__._______ Michigan State University Library, Upper Peninsula Branch
(1,2 3.
Escanaba ______________ Michigan State Library (3) .
Farmington ____________ Oakland Community College, Martin L. King Learning Re-
sources Center (1, 3).
Flint _________________ Charles Stewart Mott Library (3).
Flint Public Library (3).
Grand Rapids __________ Calvin College Library (3).
Grand Rapids Public Library (1,2,3).
Houghton _____________ Michigan Technological University Library (1, 2, 3).
Jackson _______________ Jackson Public Library (3).
Kalamazoo __________ ___ Kalamazoo Library System (3).
Western Michigan University, Dwight B. Waldo Library
(1, 2, 3.
Lansing _______________ Michigan State Library (1, 2, 3).
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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 (1, 2, 8).
Muskegon _____._______ Hackley Public Library (3).
Rochester ______________ Oakland University, Kresge Library (1, 3).
Saginaw _______________ Hoyt Public Library (1, 2, 3). B
Traverse City ____.______ Northwestern Michigan College, Mark Osterlin Library (8).
University Center _______ Delta College Library (3).
Warren __ Warren Public Library, Arthur J. Miller Branch (8).
Wayne ________________ Wayne County Public Library (3).
Ypsilanti ______________ Eastern Michigan University (1, 2, 8).
Minnesota ____________ Bemidji _______________ Bemidji State College, A. C. Clark Library (1, 2, 8).
Collegeville _______ N St. Johns University, Alcuin Library (3). .
Duluth ________________ Duluth Public Library (1, 2, 3).
Mankato ______________ Mankato State College, Memorial Library (1, 2, 8).
Minneapolis ___________ Anoka County Library (3).
Minneapolis Public Library (1, 2, 8).
Southdale-Hennepin Area Library (2, 3).
University of Minnesota, Wilson Library (1, 2, 3).
Moorhead _____________ Moorehead State College Library (3).
Morris  _ University of Minnesota at Morris Library (3).
Northfield _____________ Carleton College Library (3).
St. Olaf College, Rolvaag Memorial Library (2, 3).
St.Cloud ______________ St. Cloud State College Library (38).
St. Panl _______________ Minnesota Historical Society Library (2, 8).
St. Paul Public Library (2, 3).
St. Peter  ______ . ______ Gustavus Adolphus College Library (1, 3).
Willmar _______________ Crow River Regional Library (3).
Winona _______________ Winona State College, Maxwell Library (3).
Mississippi  ____.______ Columbus _____________._ Mississippi State College for Women, J. C. Fant Memorial
Library (3).
Hattiesburg ____________ University of Southern Mississippi Library (1, 2, 3).
Jackson _______________ Mississippi Library Commission (3) .
Mississippi State Law Library (3).
Lorman __.____________ Alcorn Agricultural and Mechanical College Library (1, 2, 3).
State College ___________ Mississippi State University, Mitchell Memorial Library (1, 2, 3).
University _____________ University of Mississippi Library (1, 2, 8).
Unversity of Mississippi School of Law Library (1, 2, 8).
Missouri _____________ Cape Girardeau ________ Southeast Missouri State College, Kent Library (3).
Columbia ______________ University of Missouri Library (1,2, 3).
Favette ____ ____________ Central Methodist College Library (3).
Jefferson City __________ Lincoln University, Inman E. Page Library (3).
Missouri State Library (8).
Joplin Missouri Southern State College Library (3).
Kansas City ____________ Kansas City Public Library (1, 2, 3).
Rockhurst College Library (3).
University of Missouri at Kansas City Library (1, 2, 8).
Kirksville ______________ Northeast Missouri State College, Pickler Memorial Library (3).
Liberty ________________ William Jewell College Library (3).
Rolla _________________ University of Missouri at Rolla Library (1, 2, 3).
St. Joseph _____________ St. Joseph Public Library (2, 3).
St. Louis ______________ St. Louis County Library (3).
St. Louis Public Library (I, 2, 8).
St. Louis University, Pius XII Memorial Library (1, 2, 3).
St. Louis University Law Library (3).
University of Missouri at St. Louis, Thomas Jefferson Library
1,2 8).
“’zgshington University, John M. Olin Library (1, 2, 3).
Springfield _____._______ Drury College, Walker Library (2, 3).
Southwest Missouri State College Library (1,2, 3).
Warrensburg ___________ Central Missouri State College, Ward Edwards Library (1, 2, 8) .
Montana _____________ Billings _______________ Eastern Montana College Library (1, 3).
Bozeman ______________ Montana State University Library (1, 2, 8) .
Butte _______ ______ . __ Montana State College of Mineral Science and Technology
Library (1, 2, 3).
Helena ________________ Montana Historical Society Library (1, 2, 3) .
Montana State Library (1, 2, 3). :
Missoula ______________ University of Montana Library (1, 2, 3).
Nebraska _____________ Blair _________________ Dana College, C. A. Dana-Life Library (3).
Crete _________________ Doane College, Whitin Library (3).
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Nebraska _____________ Fremont ________._______ Midland Lutheran College Library (1, 2, 3) .
Kearney ___ . ___________ Kearney State College, Calvin T. Ryan Library (2, 3).
Lincoln _______________ Nebraska Library Commission (1, 2, 8).
University of Nebraska, D. L. Love Memorial Library (1, 2, 3).
Omaha ________________ Creighton University, Alumni Memorial Library (3).
Omaha Public Library (1, 2, 3).
University of Omaha, Gene Eppley Library (1, 3).
Scottsbluff _____________ Scottsbluff Public Library (3).
Wayne ________________ Wayne State College, U.S. Conn Library (3).
Nevada ______________ Carson City ____________ Nevada State Library (1, 2, 3).

Las Vegas _____________ University of Nevada at Las Vegas Library (1,2, 3).
Reno _________________ University of Nevada Library (1, 2, 3).

New Hampshire _______ Concord _______________ Franklin Pierce Law Center Library (2, 3).

New Hampshire State Library (1, 2, 3).

Durham _______________ University of New Hampshire Library (I, 2, 3).
Hanover ___________.____ Dartmouth College, Baker Library (1, 2, 3).
Henniker ___________.___ New England College Library (3).
Manchester ____________ Manchester City Library (3).

New Jersey ___________ Bayonne _______________ Bayonne Free Public Library (2, 8).
Bloomfield ________._____ Free Public Library of Bloomfield (2, 3).
Bridgeton _______ . ___.___ Cumberland County Library (8).

Camden ______ .. ______ Rutgers University at Camden Library (3).
Convent Station College of Saint Elizabeth, Mahoney Library (3).
East Orange ____________ East Orange Public Library (3).

Elizabeth ______________ Free Public Library of Elizabeth (2, 3).

Glasshoro ______________ Glassboro State College Library (1, 2, 3).
Hackensack ____________ Johnson Free Public Library (3).
Irvington ______________ Free Public Library of Irvington (3).

Jersey City Jersey City Public Library (2, 3).

Jersey City State College, F. A. Irwin Library (3).
Madison ______________. Drew University, Rose Memorial Library (3).
Mount Holly ___________ Burlington County Library (3).

New Brunswick Free Public Library (3).

Rutgers University Library (1, 2, 8).

Newark _______________ Newark Public Library (1, 2, 8).
Rutgers-State University, John Cotton Dana Library (1,2, 3).
Passaic _________.____.._ Passaic Public Library (3).
Plainfield ______________ Plainfield Public Library (3).
Pomona _________.______ Stockton State College Library (1, 2, 8).
Princeton ______________ Princeton University Library (1, 2, 8).
Rutherford ____________ Fairleigh Dickinson University, Messler Library (3).
Shrewsbury ____________ Monmouth County Library (1, 2, 3).
South Orange __________ Seton Hall University, McLaughlin Library (3).
Teaneck _______________ Fairleigh Dickinson University, Teaneck Campus Library (3).

____________ Ocean County College Library (2, 3).

Trenton _______________ New Jersey State Library, Law and Reference Bureau, Depart-
ment of Education (3).
Trenton Free Public Library (1, 2, 3) .
Upper Montclair ________ Montclair State College, Harry S. Sprague Library (3).
Wayne __________._____ Wayne Public Library (2, 3).
West Long Branch ______ Monmouth College, Guggenheim Memorial Library (3).
Woodbridge ____________ Free Public Library of Woodbridge (3).
New Mexico ________._ Albuquerque _____.______ University of New Mexico, Zimmerman Library (1, 2 ,3).
Hobbs _______ ________ New Mexico Junior College, Pannell Library (2, ).
Las Cruces _____________ New Mexico State University Library (1, 2, 3).
Las Vegas _____________ New Mexico Highlands University, Donnelly Library (1, 2, 3).
Portales _______________ Eastern New Mexico University Library (1, 2, 3)
Santa Fe ______________ New Mexico State Library (1, 2, 3).
Supreme Court Law Library (3).
Silver City _____________ Western New Mexico University, Miller Library (1,2).
New York ____________ Albany _________ . ___ New York State Library (1, 2, 3).
State University of New York at Albany Library (1, 2, 3).
Auburn _______________ Seymour Library (3).
Binghamton ____________ State University of New York at Binghamton Library (2, 3) .
Brockport _____________ State University of New York, Drake Memorial Library (1, 2, 8).

Bronx ______ . __________ Fordham University Library (3).
Herbert H. Lehman College Library (3).
New York Public Library, Mott Haven Branch (3).

State University of New York, Maritime College Library (3).
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New York ___.._ . ___ Brooklyn ______________ Brooklyn College Library (3).
Brooklyn Public Library (1, 2, 8).
Polytechnic Institute of Brooklyn, Spicer Library (2, 3).
Pratt Institute Library (3).

Buffalo _______.________ Buffalo and Erie County Public Library (1, 2, 3).
State University of New York at Buffalo, Lockwood Memorial
Library (1, 2, 3).
Canton ________________ St. Lawrence University, Owen D. Young Library (1, 2, 3).
Corning _______________ Corning Community College, Arthur A, Houghton, Jr., Library
Cortland ______________ State University of New York College at Cortland, Memorial
Library (3).
Dethi _________________ State University Agricultural and Technical College Library (3).

East Islip ______________ East Islip Public Library (3).

Elmira _______________ Elmira College Library (3).
Farmingdale __________. State University Agricultural and Technical Institute at Farm-
ingdale Library (2, 3).
Flushing ______________ Cathedral College Library (3).
Queens College, Paul Klapper Library (3).
Garden City____________ Adelphi University Library (2, 3).
Nassau Library System (2, 3).
Geneseo _______________ State University College, Milne Library (1, 2, 3).
Great Neck __.__________ U.S. Merchant Marine Academy Library (3).
Greenvale _____________ Long Island University, B. Davis Schwartz Memorial Library
(2, 3).
Hamilton ______________ Colgate University Library (1, 2, 3).
Hempstead ____________ Hofstra University Library (1, 2, 3).
Huntington ____________ Huntington Public Library (1, 2, 3).
Ithaca . _____________ Albert R. Mann Library (3).

Cornell University Library (1, 2, 3).
Jamaica ______________ Queens Borough Public Library (1, 3).
St. Johns University (3).

Mount Vernon Mount Vernon Public Library (3).

New Paltz _____________ State University College (1, 2, 8).
New York _____________ City University of New York, City College Library (1, 2, 3).

Columbia University Library (1, 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 _____________ Newburgh Free Library (3).

Oakdale _______________ Dowling College Library (3).
Oneonta ______.________. State University College, James M. Milne Library (1, 2, 3) .
Oswego _______________ State University of New York, Penfield Library (1,2, 3).
Plattsburgh ____________ State University College, Benjamin F. Feinberg Library (1, 2, 3).
Potsdam _______________ Clarkson College of Technology, Burnap Memorial Library
(1, 2, 9).

State Uniz'ersity College, Crumb Memorial Library (1, 2, 3).
Poughkeepsie ___________ Vassar College Library (3).
Purchase ___.__________ State University of New York College at Purchase Library (3).
Rochester ______________ Rochester Public Library (1, 2, 3).

University of Rochester Library (1, 2, 3).

St. Bonaventure University, Freidsam Memorial Library (3).
Skidmore College Library (3).

Union College, Schaffer Library (2, 3).

Southampton Southampton College Library (2).

Staten Island ___________ Wagner College, Horrmann Library (2, 3).

Stony Brook ____________ State University of New York at Stonybrook Library (1, 2, 3).
Syracuse Syracuse University Library (2, 3).

Troy o __ Troy Public Library (3).

Utica Utica Public Library (3).

West Point U.S. Military Academy Library (3).

St. Bonaventure
Saratoga Springs
Schenectady

Yonkers ____._____.______ Sarah Lawrence College Library (3).
Yonkers Public Library (3).
North Carolina ________ Asheville ______________ University of North Carolina, D. Hiden Ramsey Library (8).

Boone ________________ Appalachian State University Library (1, 3).
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 Mecklenburg County (3).
University of North Carolina at Charlotte, Atkins Library
1, 2, 3).
Cullowhee _____________ Western Carolina University, Hunter Library (2, 3).
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North Carolina _______ Davidson _____ ________ Davidson College, Hugh A. and Jane Grey Memorial Library
3).
Durham _______________ Dugcg University, William R. Perkins Library (1, 2, 3).
North Carolina Central University, James E. Shepard Memorial
Library (3).
Greenshboro ____________ North Carolina Agricultural and Technical State University,
F. D. Bluford Library (2, 3).
University of North Carolina at Greensboro, Walter Clinton
Jackson Library (1, 2, 8).
Greenville _____________ East Carolina University, Joyner Library (1, 2, 3).
Laurinburg ____________ St. Andrews Presbyterian College, DeTamble Library (3).
Murfreesboro ___________ Chowan College, Whitaker Library (3).
Pembroke _____________ Pembroke State University, Mary H. Livermore Library (3).
Raleigh _______________ Department of Cultural Resources State Library (3).
North Carolina State University, D. H. Hill Library (1, 2, 3).
Wake County Public Library (3).
Rocky Mount __________ North Carolina Wesleyan College Library (3).
Salisbury ______________ Catawba College Library (2, 3). .
Wilmington ______.______ University of North Carolina at Wilmington, William M.
Randall Library (1, 2, 3).
Wilson ______ __________ Atlantic Christian College, Clarence L. Hardy Library (3).
Winston-Salem _________ Forsyth County Public Library (8).
Wake Forest University, Z. Smith Reynolds Library (3).
North Dakota _______._ Bismarck ______________ Veterans Memorial Public Library (3).
Dickinson _____________ Dickinson State College Library (1, 3).
Fargo Fargo Public Library (3).
North Dakota State University Library (1, 2, 3).
Grand Forks ___________ University of North Dakota, Chester Fritz Library (3).
Minot ______ . _____ Minot State College, Memorial Library (1, 2, 3).
Valley City ____.________ State College Library (3).
Ohio ___ . . _________ Ada __________________ Ohio Northern University, J. P. Taggart Law Library (1, 3).
Akron ________________ Akron Public Library (1, 2, 3).
University of Akron Library (1, 3).
Alliance _______________ Mt. Union College Library (1,2,38).
Ashland ___________.___ Ashland College Library (3).
Athens ________________ Ohio University Library (1.2, 3).
Batavia _______________ University of Cincinnati, Clermont General and Technical Li-
brary (3).
Bluffton _______________ Bluffton College, Musselman Library (3).
Bowling Green _________ Bowling Green State University Library (1,2,3).
Canton __._____________ Malone College, Everett L. Cattell Library (3).
Cincinnati _____________ Public Library of Cincinnati and Hamilton County (1,2,3).
University of Cincinnati Library (1,2, 3).
Cleveland ______________ 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).

Columbus _____________ Capital University Library (2, 3).
Columbus Public Library (3).
Ohio State Library (1,2, 3).
Ohio State University Library (1,2, 3).

Dayton ________________ Dayton and Montgomery County Public Library (1,2,3).
University of Dayton, Albert Emanuel Library (2,3) .
Wright State University Library (2, 3).

Delaware ______________ Ohio Wesleyan University, L. A. Beeghly Library (3).
Elyria . Elyria Public Library (1,2, 3).

Findlay _______________ Findlay College, Shafer Library (3).

Gambier ______________ Kenyon College Library (3).

Granville ______________ Denison University Library (3).

Hiram ________________ Hiram College, Teachout-Price Memorial Library (3).
Kent Kent State University Library (1,2, 8).

Marietta ______________ Marietta College, Dawes Memorial Library (1,2, 3) .
Middletown ____________ Miami University at Middletown, Gardner-Harvey Library (2, 3).
New Concord ___________ Muskingum College Library (3).

Oberlin _______________ Oberlin College Library (8).

Oxford _______.________ Miami University Library (1,2,3).

Rio Grande ____________ Rio Grande College, Jeanette Albiez Davis Library (2,3).
Springfield _____________ Warder Public Library (3).

Steubenville ____________ Public Library of Steubenville and Jefferson County (3).
Tiffin _______ Heidelberg College, Beeghly Library (3).

Toledo ________________ Toledo Public Library (1,2,3).
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State City Library and Type of Publication Received
Ohio ________________ Toledo ________.________ University of Toledo Library (1,2, 3).
Westerville . ___________ Otterbein College Library (3).
Wooster _______________ College of Wooster, Andrews Library (1,2, 3).
Youngstown ____________ Public Library of Youngstown and Mahoning County (1,2, 3).
Youngstown State University Library (3). .
Oklahoma Ada East Central State College, Linscheid Library (2,3).
Alva _______ Northwestern State College Library (3).
Bethany _______________ Bethany Nazarene College, R. T. Williams Library (3) .
Durant ___ . ____________ Southeastern State College Library (3).
Edmond Central State University Library (3).
Langston Langston University, G. Lamar Harrison Library (3).
Muskogee __ Muskogee Public Library (8).
Norman University of Oklahoma Library (1,2,3).
Oklahoma City _________ Oklahoma City University, Gold Star Memorial Library (3).
Oklahoma Department of Libraries (1,2,3).
Stillwater ___________.__ Oklahoma State University Library (1,2,3).
Tahlequah _____________ Northeastern State College, John Vaughan Library (1, 3).
Tulsa Tulsa City-County Library (1,2,3).
University of Tulsa, McFarlin Library (1,2, 3).
Weatherford ___________ Southwestern State College Library (3).
Oregon ________.______ Ashland _____ . _____ Southern Oregon College Library (1,2, 3).
Eugene ________________ University of Oregon Library (1,2,3).
Forest Grove ___________ Pacific University Library (8).
La Grande _____________ Eastern Oregon College Library (2,3).
McMinnville ___________ Linfield College, Northup Library (3).
Monmouth _____________ Oregon College of Education Library (3).
Portland ______________ 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).
Salem ____.___ . __ Oregon State Library (1,2,3).
Williamette University Library (3).
State University _______.._ Oregon State University Library (1,2,3).
Pennsylvania __________ Allentown _____________ Mubhlenberg College Library (3) .
Altoona _______._______. Altoona Public Library (8).
Bethlehem ______._______ Lehigh University Library (1,2,38).
Carlisle _______________ Dickinson College Library (2,3).
Cheyney ____________.__ Cheyney State College, Leslie Pinckney Hill Library (3).
Collegeville _______._____ Ursinus College, Myrin Library (3).
Doylestown ____________ Bucks County Free Library (3).
East Stroudsburg _______ East Stroudsburg State ‘College, Kemp Library (3).
Greenville _____________ Thiel College, Langenheim Memorial Library (1,2,3).
Harrisburg ____________ State Library of Pennsylvania (1,2, 3).
Haverford ________._____ Haverford College Library (3).
Hazleton ______________ Hazleton Area Public Library (1,2,3).
Indiama ___.____________ Indiana University of Pennsylvania, Rhodes R. Stabley Library
(3)-
Johnstown _____________ Cambria County Library System (2, 3).

Lancaster Franklin and Marshall College, Fackenthal Library (1,2,3).

Lewisburg _____________ Bucknell University, Ellen Clarke Bertrand Library (1,2, 3) .
Mansfield ______________ Mansfield State College Library (1,2, 3).

Meadville ______________ Allegheny College, Reis Library (1,2, 3).

Millevsville ____________ Millersville State College, Ganser Library (3).

Monessen ______________ Monessen Public Library (8).

New Castle ____________ New Castle Free Public Library (3).

Newtown ___.___________ Bucks County Community College Library (3).

Norristown ____________ Montgomery County-Norristown Public Library (3).

Philadelphia Drexel University Library (1,2, 3).
Free Library of Philadelphia (1,2, 3).
Temple University, Paley Library (1,2,3).

University of Pennsylvania Library (1,2,3).

Pittsburgh _____________ Bureau of Mines Library, U.S. Department of the Interior (2, 3).
Carnegie Library of Pittsburgh (1,2, 3).
University of Pittsburgh, Hillman Library (1,2,3).
Pottsville ______________ Pottsville Free Public Library (2, 3).
Reading _______________ Reading Public Library (2, 3).
Scranton  ______________ Scranton Public Library (1,2,8).
Shippensburg __________ Shippensburg State College, Ezra Lehman Memorial Library (3).
Slippery Rock __________ Slippery Rock State College, Maltby Library (1,2, 3).
Swarthmore ____________ Swarthmore College Library (38).
University Park _________ Pennsylvania State University Library (1,2,3).
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State City Library and Type of Publication Received

Pennsylvania __________ Warren ____________._.__ Warren Public Library (3).
Waynesburg ___________ Waynesburg College Library (3).
West Chester __________ West Chester State College, Francis Harvey Green Library (I,
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 (1, 2, 8).
Providence College, Phillips Memorial Library (3).
Providence Public Library (3).
Rhode Island College, James P. Adams Library (3).
Wakefield _____________ University of Rhode Island Library (1,2,38).
Warwick ______________ Warwick Public Library (3).
Westerly ___ . ________ Westerly Public Library (3).
South Carolina ________ Charleston _____________ Baptist College Library (2, 3) .
Charleston College Library (3).
The Citadel, The Citadel Memorial Library (1,3).
Clemson _______________ Clemson University Library (1,2, 3).
Columbia ________ . ____ Benedict College, Starks Library (3).
Columbia College Library (3).
South Carolina State Library (3).
University of South Carolina, Undergraduate Library (1,2, 3).
Due West _____._______ Erskine College, McCain Library (3).
Florence ___. . _ . __.._ Florence County Library (3).
Greenville _____________ Furman University Library (1,2, 3).
Greenville County Library (3).
Rock Hill _____________ Winthrop College, Dacus Library (L, 3) .
Spartanburg __..____.____ Spartanburg County Public Library (3).
South Dakota _________ Aberdeen __________.____ Northern State College Library (3).
Brookings _________._____ South Dakota State University, Lincoln Memorial Library (1,
2,3).
Pierre _________________ South Dakota State Library (3).
Rapid City ____________ South Dakota School of Mines and Technology Library (1,2, 8).
Sioux Falls _____.._______ Augustana College, Mikkelsen Library (3).
Sioux Falls Public Library (3).
Spearfish ______________ Black Hills State College Library (3).
Vermillion _____________ University of South Dakota, I. D. Weeks Library (3).
Tennessee ____________ Bristol _____ . Kings College Library (1,2,3).
Chattanooga ___________ Chattanooga Public Library (1,2, 3).
Clarksville _____________ Austin Peay State University, Woodward Library (1,2, 3) .
Cleveland _____________._ Cleveland State Community College Library (3).
Cookeville _____________ Tennessee Technological University, Jere Whitson Memorial Li-
brary (1,2,38).
Jackson _______________ Lambuth College, Luther L. Gobbel Library (3).
Jefferson City __________ Carson-Newman College Library (3).
Johnson City ___________ East Tennessee State University, Sherrod Library (1,2, 3).
Knoxville ______________ Lawson McGhee Library (2).
University of Tennessee Library (1,2,3).
Martin ________________ University of Tennessee at Martin Library (3).
Memphis ______________ Memphis Public Library and Information Center (1,2, 3).
Memphis State University, John W, Brister Library (1,2,3).
Murfreesboro ___________ Middle Tennessee State University Library (3).
Nashville ___ . ________ Fisk University Library (2).
Joint University Libraries (1,2,3).
Public Library of Nashville (3).
Tennessee State Library and Archives (1,2, 3).
Sewanee ______ _________ University of the South, Jesse Ball DuPont Library (2, 3).
Texas __.___ . _______ Abilene _______________ Hardin-Simmons University Library (3).
Arlington ______________ Arlington Public Library (3).
University of Texas at Arlington Library (1,2,3).
Austin ________________ Texas State Library (1,2,3).

University of Texas, Law Library (1,2,3).
University of Texas, Lyndon B. Johnson School of Public Affairs

University of Texas, Main Library (1,2,3).
Baytown _______.___.____ Lee College Library (1,2,3).
Beaumont Lamar University Library (1,2,3).
Brownwood Howard Payne College, Walker Memorial Library (3).



State City Library and Type of Publication Received

Texas ___ . ____ Canyon ____ .. _____ West Texas State University Library (1,2, 3).
College Station _________ Texas Agricultural and Mechanical University Library (1,2, 8).
Commerce _____________ East Texas State University Library (2,3).
Dallas ____ ___ o o __ 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).
Denton _______ . _____ North Texas State University Library (1,2, 8).
Edinburg ______________ Pan American University Library (3).
El Paso _______________ El Paso Public Library (1,2, 8).
University of Texas at Ei Paso Library (1,2,3).
Fort Worth ____________ Fort Worth Public Library (1,2, 3).
Texas Christian University, Mary Couts Burnett Library (1,2, 3).
Galveston ______________ Rosenberg Library (3).
Houston _______________ Houston Public Library (1,2, 3) .
Rice University, Fondren Library (3).
University of Houston Library (1,2,3).
Huntsville _____________ Sam Houston State University Library (2,3).
Kingsville _____________ Texas Arts and Industries University Library (1,2, 3).
Lake Jackson ___________ Brazosport College Library (3).
Laredo _______ o Laredo Junior College, Harold R. Yearly Library (2,3).
Longview ______________ Nicholson Memorial Public Library (2,3).
Lubbock ___ o Texas Technological University Library (1,2, 3).
Marshall ______________ Wiley College, Cole Library (3).
Nacogdoches ___.______._ Stephen F. Austin State University Library (1,2,3).
Plainview ______________ Wayland Baptist College, Van Howeling Memorial Library (3).
San Angelo ____________ Angelo State University Library (3).
San Antonio ___._._____._ 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).
San Marcos _____._____ Southwest Texas State College Library (1,3).
Texarkana ____________ Texarkana Community College, Palmer Memorial Library (3).
Victoria _______________ University of Houston Library (3).
wWaco Baylor University Library (2,3).
Wichita Falls __________ Midwestern University, Moffett Library (3).
Utah _____ . ____ Ephraim ______________ Snow College, Lucy A. Phillips Library (2).
Logan ____ . _._ Utah State University, Merrill Library (1,2, 3).
Ogden ________________ Weber State College Library (1,2,3).
Provo __ Brigham Young University, Lee Library (1,2, 3).
Salt Lake City __________ 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 ____ o _____ Castleton State College, Calvin Coolidge Library (3).
Lyndonville ____________ Lyndon State College, Samuel Reed Hall Library (3).
Middlebury ____________ Middlebury College, Egbert Starr Library (2, 3).
Montpelier ____________ Vermont Department of Libraries (3).
Northfield __________.__ Norwich University Library (3).
Putney ________________ Windham College, Dorothy Marvin Memorial Library (3) .
Virginia ______ o Blacksburg _______-_____ Virginia Polytechnic Institute Library (1,2, 3).
Bridgewater ______.______ Bridgewater College, Alexander Mack Memorial Library (1).
Charlottesville __________ University of Virginia, Alderman Library (1,2, 3).
University of Virginia, Law Library (1, 3).
Chesapeake ____________ Chesapeake Public Library System (3).
Danville __________._.__ Danville Community College Library (3).
Emory _____ o Emory and Henry College Library (1,2, 3).
Fairfax ______.______.__.__ George Mason College of the University of Virginia, Fenwick

Library (3).
Fredericksburg _________ Mary Washington College, E. Lee Trinkle Library (3).
Hampden-Sydney Hampden-Sydney College, Eggleston Library (3).

Harrisonburg ___________ Madison College, Madison Memorial Library (3) .
Lexington _____________ Virginia Military Institute, Preston Library (2,3).
Washington and Lee University, Cyrus Hall McCormick Library
2,8).
Norfolk ___.___________ Armed Forces Staff College Library (3).
Norfolk Public Library (3).
0Old Dominion University, Hughes Memorial Library (1,2, 3).
Petersburg _____________ Virginia State College, Johnston Memorial Library (3).

Quantico ______________ Federal Bureau of Investigation Academy Library (1).
Richmond U.S. Court of Appeals, Fourth Circuit, Library (2).
University of Richmond, Boatwright Memorial Library (2,3).
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Virginia ______________ Richmond _____________ Virginia Commonwealth University, James Branch Cabell Li-
brary (8) .
. Virginia State Library (1,2,3).
Roanoke ______________ Hollins College, Fishburn Library (3).
Roanoke Public Library (3).
Salem Roanoke College Library (3).
Williamsburg  __________ College of William and Mary, Swen Library (1,2,3).
Wise Clinch Valley College, John Cook Wyllie Library (1,2, 3).
Washington __________ Bellingham ____________ Western Washington State College, Wilson Library (1, 2,3).
Cheney ________________ Eastern Washington State College Library (1,2, 3).
Ellensburg _____________ Central Washington State College Library (1,2, 3) .
Everett ____.__ __________ Everett Public Library (3).
Olympia _______________ Evergreen State College Library (1,2, 3).
Washington State Library (1,2,3) .
Port Angeles ___________ North Olympic Library System (3).
Pullman _______________ Washington State University Library (1,2, 3).
Seattle _. o __ oo Seattle Public Library (1,2,3).
University of Washington Library (1,2, 3).
Spokane _______________ Spokane Public Library (1,2,3).
Tacoma _.______________ Tacoma Public Library (1,2,3).
University of Puget Sound, Collins Memorial Library (2,3).
Vancouver _______.______ Fort Vancouver Regional Library (1,2,3).
Walla Walla ___________ Whitman College, Penrose Memorial Library (1,2,3).
West Virginia _________ Athens ______________ Concord College Library (3).
°  Bluefield ______________ Bluefield State College Library (1,2, 3).
Charleston ________._____ Kanawha County Public Library (3).
West Virginia Department of Archives and History (3).
Elkins ______ Davis and Elkins College Library (3).
Fairmont ______________ Fairmont State College Library (3).
Glenville ______________ Glenville State College, Robert F. Kidd Library (3).
Huntington ____________ Marshall University Library (1,2, 3).
Institute ____________.__ West Virginia State College Library (3).
Morgantown ___________ West Virginia University Library (1,2,3).
Salem Salem College Library (3).
Wisconsin ____________ Appleton ______________ Lawrence University, Samuel Appleton Library (2,3).
Beloit Beloit College Library (3).
Eau Claire _____________ University of Wisconsin, William D. McIntyre Library (2, 3).
Fond du Lac ___________ Fond du Lac Public Library (1,2, 3).
Green Bay _____________ University of Wisconsin at Green Bay Library (2, 3).
La Crosse ______._.______ La Crosse Public Library (3).
University of La Crosse, Murphy Library (3).
Madison _______________ 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 _____________ Milwaukee Public Library (1,2,3).
Mount Mary College Library (3).
Oklahoma Neighborhood Library (3).
University of Wisconsin Library (1,2,3).
Oshkosh _______________ Wisconsin State University, Forrest R. Polk Library (1,2, 3).
Platteville _____________ University of Wisconsin Library (1,2,3).
Racine _____ o Racine Public Library (1,2,3).
River Falls _________.___._ University of Wisconsin, Chalmer Davee Library (3).
Stevens Point ___________ University of Wisconsin Library (1,2,3).
Superior _____.__________ Superior Public Library (3).
Wisconsin State University, Jim Dan Hill Library (2,3).
Waukesha _____________ Waukesha Public Library (3).
Wausau _______________ Wausau Public Library (3).
Whitewater ____________ Wisconsin State University, Harold Andersen Library (1,2,3).
Wyoming ____________ Casper _________.__.__.__ Natrona County Public Library (1,2, 3).
Cheyenne ______________ Wyoming State Library (1,2, 3).
Laramie _______________ University of Wyoming, Coe Library (1,2,3).
Riverton ______________ Central Wyoming College Library (3).
Rock Springs ___________ Western Wyoming College (3) .
Sheridan ______________ Sheridan College, Kooi Library (2, 3).
Guam _______________ Agama ________________ Nieves M. Flores Memorial Library (3).
Panama Canal Zone ____ Balboa Heights _________ Canal Zone Library Museum (2, 3) .
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Puerto Rico

Virgin Islands

Mayaguez
Ponce

San Juan

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 (1).

ot
$3



BULLETINS

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. $13.60.

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
developed 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. With
prereduced spheres comprising 85 percent of the burden,
the coke rate was approximately half that with standard
oxide pellets 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 8. 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, palladium, 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 O
and for anodic activity towards H,, C;H, NH,, CO, and
N2Hy in acid and alkaline electrolytes at 25° to 90° C in
half-cell assemblies. Samples of carbided and nitrocar-
bided 1Ni-1Ag-l1Au were about one-fifth as active as
Pt-black in the reduction of O, in 35-percent-KOH so-
lution whereas the activities of several interstitial prep-
arations exceeded the activity of Pt-black in the reduction

20

of Oy in 120 KOH containing NpH,. Nitrocarbides of
x-FepC, 3Ni-1Au, and 1Ni-3Au were effective catalysts for
oxidizing NyHy in liquid NH; containing NH4SCN. Cor-
rosion of the catalysts by electrolytes was severe in many
cases. (Out of print)

B 653. Reduction of Air Pollutants From Gas Burner Flames,
Including Related Reaction Kinetics, by 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:

1. 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 secondary 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 be controlled by

designing for well-seated, stable flames.
In addition, empirical reaction rates were derived that
predict the concentrations of nitrogen oxides and carbon
monoxide in the primary and secondary combustion
zones. Work done under an agreement with the National
Air Pollution Control Administration, U.S. Department
of Health, Education, and Welfare. (Out of print)

B 654. The Chemical Thermodynamic Properties of Hydro-
carbons and Related Substances. 1l. Properties of
25 Organic Sulfur Compounds in the Ideal Gas State From
0° to 1,000° K. by M. Zaki El-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 cycloalkanethiols
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 print))

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 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 min-
imize complaints. Millisecond-delay blasting is shown to
reduce vibration levels as compared to instantaneous
blasting, and electric cap delay blasts offer a slight reduc-
tion in vibration levels as compared to Primacord delay
blasts. Vibration levels of different blasts may be com-
pared at common scaled distances, where scaled distance
is the distance divided by the square root of the maxi-
mum charge weight per delay. Geology. rock type, and
direction affect vibration level within limits. Empirically,
a safe blasting limit based on a scaled distance of
50 ft/lb* may be used without instrumentation. How-
ever, 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 print))

B 657. The Proton Nuclear Magnetic Resonance Spectra of
Pyridines, by F. R. McDonald, A. W. Decora, and
G. L. Cook. 1971. 62 pp. 4 figs. The proton nuclear
magnetic resonance spectra of 32 pyridines in two sol-
vents, carbon tetrachloride and benzene-dg, are presented.
The chemical-shift and differential-shift values are cor-
related with the substitutent position and with the sol-
vent 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. Norman 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
(coverings and packings, respectively) were developed

for many different distributions of sizes. The statistical
geometry of loose random coverings and packings was
studied and several 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 print.)

B 659. Sulfur Compounds in Crude Oil, by H. T. Rall,

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 Wasson, 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,
M. 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
oven 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 coals
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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: (1) 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 (8) nontem-
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. Applications 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
same 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
5° to 10° C; and the free-swelling index, within 1 ynit.
GPO Catalog No. 128.3:661. Stock No. 2404-01247. $1.25.

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. Acids, 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 alkylbenzene 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 Catalog No. 128.3:663. Stock No. 2404-
01220. $1.25.

B 664. A Study of the Carbon Dioxice-Carbon Reaction by

Oxygen Exchange, by M. Mentser and S. Ergun.
1973. 42 pp. 11 figs. The exchange of oxygen between
carbon dioxide and carbon monoxide that occurs rever-
sibly on carbon surfaces was studied at temperatures of
750° to 850° 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 CO;. Rates of carbon gasification were less than an
order of magnitude slower than rates of oxygen exchange.
Activation 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 CO,-C reac-
tion and the nature of the carbon-oxygen complex are
also discussed. GPO Catalog No. 128.3:664. Stock No.
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, revise, and make an
effective engineering tool of the microseismic method
of determining the stability of rock structures. The
program consisted of developing new microseismic
equipment and data analysis techniques and extensive
field investigations to demonstrate the effectiveness
and potential of the broad-band microseismic method.
The guidelines for choosing the components of a mi-
croseismic system are presented along with approxi-
mate cost figures. Different microseismic systems are
discussed, including completely automated systems.
Procedures for conducting microseismic investiga-
tions and analyzing microseismic data are discussed
in detail. GPO Catalog No. 128.3:665. Stock No.
2404-01554. $1.10.

Chemical Thermodynamic Properties of Hydrocarbons
and Related Substances. Properties of the Alkane
Hydrocarbons, C; Through Cyo, in the Ideal Gas State From 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 al-
kane hydrocarbons through Cio. These properties
are based on correlations of the extant data for the
entropy, vapor -heat capacity, and enthalpy of for-
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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List of Bureau of Mines Publications and Articles.
Januvary 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 1, 1960; the 50-year list of articles by
Bureau authors published outside the Bureau from July
1, 1910, to January 1, 1960; and the 5-year list of Bureau
publications and articles published from January 1, 1960,
to December 31, 1964. It includes all the material in the
four annual lists of Bureau publications and articles for
January 1, 1965, to December 31, 1968, as well as the
Bureau publications 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 available 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 described. 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 1-70.

List of Bureau of Mines Publications and Articles.
January 1 to December 31, 1970, With Subject
and Author Index, compiled by Rita D. Sylvester. 130 pp.
1971. 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
Mines 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 outstand-
ing features of this Special Publication is an exhaustive
subject and author index. (Out of print.)

SP 1-71.

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 publication is the
official account of the first year’s administration of the
Federal Coal Mine Health and Safety Act of 1969. Most
provisions 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 vear. A chronological summary of
the vear’s developments is followed by an introduction
that explains the unique features of the new law. A
timetable for actions required to be taken by the Secre-
tary of the Interior is included. (Out of print.)

Administration of the Federal Metal and Non-
metallic Mine Safety Act. 1970 Annual Report,
by Staff, Bureau of Mines. February 1972. 60 pp. 4
figs. This publication is an official account of the ad-
ministration of the Federal Metal and Nonmetallic Mine
Safety Act in 1970. Health and safety standards, both
mandatory and advisory, became effective on July 381,
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 December 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

SP 2-72.

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.)

Bureau of Mines Research in 1971. A Summary
of Significant Results in Mining, Metallurgy, and

SP 3-72.

. 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. Scientific 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.)

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 Mines
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 4-72.

Bureav 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 1-73.

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.

SP 2-73.
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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
Mines 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 have 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 investigations in developing technology for extracting,
processing, and recycling minerals, metals, and fossil fuels.
GPO Catalog No. 128.115:973. Stock No. 240+-01577.
$1.25.

List of Bureau of Mines Publications and Articles,
January 1 to December 31, 1973, With Subject
and Author Index, compiled by Rita D. Sylvester. 1974,
148 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. One of the
outstanding features of this Special Publication is an
exhaustive subject and author index. GPO Catalog No.
128.5:973. Stock No. 2404-01643. $2.60.

SP 2-74.

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.

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

HB 1-71.
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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. An instructor’s out-
line for a standard 10-hour first aid course is presented
in an appendix. $2.10.

Controlling Employee Exposure to Alpha Radiation
in Underground Uranium Mines. Volume 2 of
Two Volumes. (Appendixes for the Use of Radon-Daughter
Control Specialists), by R. L. Rock, R. W. Dalzell, and
E. J. Harris. 1971. 180 pp. 55 figs. The Bureau of
Mines’ concérn 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 information 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.
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MINERALS YEARBOOKS

The Minerals Yearbook, 1968, published in three volumes,
provides 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-1I, Metals, Minerals, and
Fuels, was published in 1969.

Volume 11, Area Reports: Domestic, prepared by the staff of
the Bureau of Mines. 1970. 533 ch. 838 pp. 53 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 volume I-II,
and a chapter on employment and injuries. (Qut 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,
provides a record of performance of the Nation’s min-
eral industries during the year and a review of world
mineral production, consumption, and trade on a
country-by-country basis.

Volume 1-1l, Metals, Minerals, and Fuels, prepared by the
staff of the Bureau of Mines. 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. (OQut of print.)

Volume Ill, 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-1I, and a chapter on employment and
injuries. (OQut of print.)

Volume IV, Area Reports: International, prepared by the
staff of the Bureau of Mines. 1971. 77 ch. 942 pp.
Contains 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. A separate chapter reviews minerals in the world
economy. (Out of print.)

The Minerals Yearbook, 1970, published in three volumes,
provides a record of performance of the Nation’s min-
eral 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. $10.75.

Volume I, 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
injuries in the mineral industries. GPO Stock No.
2404-01233. §$8.65.

Volume 11, Area Reports: International, prepared by the staff
of the Bureau of Mines. 1973, 76 ch. 1052 pp. This
volume 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/v.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 Minerals Yearbook contains chapters on
metal and nonmetal commodities including mineral
fuels. It includes a chapter reviewing each of the min-
eral industries, a statistical summary, and chapters on
employment and injuries and technologic trends. GPO
Catalog No, 128.37:971/v. 1. Stock No. 2404-01365.
$11.75.

Volume I, 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, 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
injuries in the mineral industries. GPO Catalog No.
128.37:971/v. 2. Stock No. 2404-01488. $8.65.

Volume IIl, Area Reports: International, prepared by the staff
of the Bureau of Mines. 1973. 76 ch. 1111 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, 128.37:971/v. 8. Stock No. 2404-
01499. $10.00.
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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 |, 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 1, 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. $10.20.

Volume lil, 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 No. 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 |, Metals, Minerals, and Fuels, prepared by the staft
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. Albright,

Cement, by Robert E. Ela.

Chromium, by John L. Morning.

Clays, by Sarkis G. Ampian.

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 Norman A. Matthews.

Fluorspar, by H. B. Wood.

Gallium, by E. Chin.

Gem stones, by Robert G. Clarke.

Gold, by J. M. West.

Graphite, by David G. Willard.

Gypsum, by Avery 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.

Magnesium, by E. Chin.

Magnesium compounds, by E. Chin.

Manganese, by Gilbert L. DeHuff.

Mercury, by V. Anthony Cammarota, Jr.

Mica, by Benjamin Petkof.

Molybdenum, by Andrew Kuklis.

Natural gas, by William B. Harper, Robert J. Jaske,
and Leonard Fanelli.

Natural gas liquids, by David A. Carleton and Leonard
L. Fanelli.

Nickel, by John D. Corrick.

Nitrogen, by William F. Keyes.

Peat, by Eugene T. Sheridan and Donald P. Mickelsen.

Perlite, by Arthur C. Meisinger.

Crude petroleum and petroleum products, by David A.
Carlton, William B. Harper, Bernadette Michalski,
and Betty M. Moore.

Phosphate rock, by William F. Stowasser.

Platinum-group metals, by W. C. Butterman.

Potash, by William F. Keves.

Pumice, by Arthur C. Meisinger.

Rare-earth minerals and metals, by James H. Jolly.

Rhenium, by Larry J. Alverson.

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, by 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 Nonferrous 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 1, 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 I
The complete volume will be published in 1975. How-
ever, 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 Avenue, Pittsburgh, Pa. 15213.

Foreword, by Thomas V. Falkie, Director.

Acknowledgments, by Albert E. Schreck.,

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

The mineral industry of—

Alabama, by Joseph F. Corey.

Alaska, by Robert J. Jaske.

Arizona, by Gertrude N. Greenspoon and H. J.
Schroeder.

Arkansas, by Grace N. Broderick.

California. by Walter C. Woodmansee.

Colorado, by Andrew Kuklis.

Connecticut, by Robert A. Clifton.

Delaware, by David G. Willard.

Florida, by William F. Stowasser.

Georgia, by J. Robert Wells.

Hawaiij, by Avery H. Reed.

Idaho, by William C. Butterman.

Illinois, by Grace N. Broderick.

Indiana, by Robert A. Clifton.

Iowa, by Brinton C. Brown.

Kansas, by William G. Carrico and David A. Grisafe.

Kentucky, by L. H. Frey.

Louisiana, by William B. Harper, Eugene A. Ander-
son, and Leo W. Hough.

Maine, by Frank B. Fulkerson.

Maryland, by Charles L. Klingman.

Massachusetts, by Robert A. Clifton.

Michigan, by Grace N. Broderick.

Minnesota, by Cynthia T. Collins.

Mississippi, by C. L. Readling.

Missouri, by J. Patrick Ryan and James A. Martin,

Montana, by J. M. West.

Nebraska, by William F. Keyes.

Nevada, by V. Anthony Cammarota, Jr.

New Hampshire, by Avery H. Reed.

New Jersey, by Donald C. Wininger.

New Mexico, 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 Ill, Area Reperts: International, prepared by the
staff of the Bureau of Mines., 76 ch. 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 will 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.

Minerals 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 N. 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.
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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, North, by Frank B. Fulkerson.

Korea, Republic of (South), by Harold J. Drake.

Kuwait and Saudi Arabia, by John L. Albright.

Liberia, by Henry E. Stipp.

Libya, by John L. Albright.

Malaysia, by Keith L. Harris.

Mexico, by J. M. Hague.

Morocco, by William F. Stowasser.

Netherlands, 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 Norman A. Matthews.

Romania, by Joseph B. Huvos.

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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The mineral industry of—

Turkey, by E. Shekarchi.

USS.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 N. Greenspoon.

Islands of the Caribbean (Bahamas, Barbados, Ber-
muda, Cuba, Dominican Republic, Haiti, Jamaica,
Martinique, Netherlands Antilles, Trinidad and
Tobago, by Staff, Bureau of Mines.

Central American areas (Belize, Costa Rica, El Salva-
dor, Guatemala, Honduras, Nicaragua, Panama), by

Other South American areas (Ecuador, French Guiana,
Guyana, Paraguay, Surinam, Uruguay), by Siaff,
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 Afars and Issas, Gambia,
Guinea, Ivory Coast, Lesotho. Malagasy Republic,
Malawi, Mauritania, Mauritius, Niger, Rwanda,
Senegal, Somali Republic, Southern Rhodesia, Span-
ish Sahara, Sudan, Swaziland, Togo, Upper Volta),
by Staff, Bureau of Mines.

Other Near East areas (Bahrain, Jordan, Lebanon,
Oman, People’s Democratic Republic of Yemen,
Qatar, Syrian Arab Republic, United Arab Emirates,
Yemen Arab Republic), by Staff, Bureau of Mines.

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 Mines.

Other South Pacific islands (British Solomon Islands,
Christmas Island, Fiji Islands, Nauru and Ocean
Island, New Caledonia, New Hebrides, Papua and
New Guinea), by Staff, Bureau of Mines.
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Rl 7291. Influence of Volatile Fuel Components on Vehicle
Emissions, by B. H. Eccleston, B. F. Noble, and
R. W. Hurn. 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 composition on the amount and
photochemical reactivity of automobile exhaust and
fuel-system evaporative emissions. The study involved
six gasolines—the base fuel, three fuels of varied 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 dyna-
mometer using a speed-loadtime cycle that approximated
a tvpical urban trip. Tests were made at ambient tem-
peratures of 20°, 45°, 70°, and 93° 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 equivalent) of a moderately reactive material,
ethylene. Emission of oxides of nitrogen, carbon monox-
ide, and aldehydes were also observed. Results showed
that reduction of 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. Alternatively, 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 equivalent of the
emissions.  Neither volatility change nor chemical
changes to the fuel significantly affected the non-
hydrocarbon emissions. Work done in cooperation with
the American Petroleum Institute.

Rl 7326. Geochemistry of Some Petroleum-Associated Waters

From Louisiana, by 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 methods, to de-
termine if the compositions varied with the geologic
strata of their source and, if so, why. The dissolved
constituents were compared with those of a brine that
was concentrated by evaporation. 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 indi-
cated that dolomitizatian probably had occurred and
altered the composion of the brines. A principal-com-
ponents analysis of the data indicated an inverse relation-
ship berween depth and concentrations of bromide,
strontium, calcium, and lithium,

RI 7327. Stobilization of Hydraulic Backfil 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.

Rl 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 vyield 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 gaves highest total gas vyields.
Medium-rank coals gave the highest yields of H, and
CgH,, and low-rank coals gave highest yields of CO
and CO;, 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 CoHp yields varied inversely with particle size.
The addition of nominally inert gases such as Ar, He, Np
increased yields of Hy, CoHp, 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 CoHy-CH,
increased with concentration of energy. A study was also
made of the irradiation temperature, and a material
balance was calculated.

Rl 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
studies 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, Mich-
igan, were measured to determine whether similar propa-
gation equations may be developed for underground mine
blasts.

Vibration data from White 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 AW* = 50,000
(R/W')-2.21, where A is peak-to-peak acceleration in
g's, W 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 (AN-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 AN-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.

Rl 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.
Rl 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 metavanadate 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 effective. 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.

Rl 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 by
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 (EHPA), respec-
tively. Dilute sulfuric acid was used to recover the
metals and regenerate the solvents. .

Rl 7338. Factors Affecting the Proeduction 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+Cl, —COCl,. The

equation,

dpP
—— = 0.0110 (1 —0.01t) (P.ol) % Pcia,
dg
dpP
where-— is the change of pressure of phosgene with
dg

time (atm/hr), ¢t is the temperature (° C), P, and
Pci2 are the reactant pressures (atm), and I is the radia-
tion intensity (r/hr), 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.

Rl 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 rate, 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 bonded with 2 percent bentonite, were excel-
lent feed for fluosolids 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 1 percent
residual sulfur when operated at 900° C with average
retention times of 8 to 4 hours. Calcined pellets were
strong, porous, and readily reducible.

Rl 7340. An Improved Maximum-Bubble-Pressure System for
Measuring Surface Tension of Molten Metals, by
Alfred E. Schwaneke, 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 (1) internally ground capillary tips, (2) elec-
tronic pressure transducers, (3) micrometer adjustment
of immersion depth for density measurements, (4) valy-
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 7341. Slope Stability Analysis by the Finite Element Stress
Analysis and Limiting Equilibrium Method, by Fun-
Den Wang 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 Mines. 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 ma-
terial properties, modulus of elasticity, and Poisson’s
ratio.

Rl 7342. Fluid Flow in Channels, Cupillariés, and Porous

Media Under the Influence of an Electric Field, by
L. C. Headley, C. I. Pierce, and W. K. Sawyer. January
1970. 33 pp. 15 figs. A series of exploratory tests was
conducted to determine the effects of steady electric fields
on fluid flow and streaming potential in narrow pas-
sages and porous media, the effects of steady electric
fields on fluid interfaces, and the influence of internal
voltages on fluid flow 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 polvacrylamide in
water exhibited widely different behavior than that of
other liquids tested. Liquid-liquid displacement tests in
porous samples to determine the influence of high voltage
applied to the displacing liquid on flow rates and recovery
gave no significant differences. No consistently measur-
able effects were noted. either on flow rate or strcaming
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 qualitatively with those calcu-
lated from electrokinetic theory for ultrafine capillaries.
However. the agreement for the electroviscous effect was
not good.

Rl 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.

Rl 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,Mn) WOQy] 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
(WOj3) from wolframite. Electrolysis in electrolytes pre-
pared from addition of sodium metaphosphate (NaPOg)
and boric oxide (B2Og) 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 NaCl and 6.0 mole-percent each of WOsg,
sodium metaborate (NapB,O4), and caustic soda
(NaOH) .

Ri 7345. An Evaluation of Variables in Basic Oxygen Steel-

making, by V. 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 oxvgen 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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Rl 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
Mines 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. 11 pp. 6 figs.
The electrowinning of beryllium from beryllium oxide
(BeO) using a molten-salt electrolyte composed of 56
LiF-37 BeF;-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 passivation. 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 1,300° C.

Rl 7348. Use of Cement Copper in an lron-Copper-Carbon
Powder Metallurgy Alloy, by Robert L. Crosby,
D. H. Desy, and Robert M. Doerr. February 1970. 14
pp- The Bureau of Mines investigated the substitution
of cement copper powder for commercial copper powder
in an Fe-7 percent Cu-l 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-l percent C alloy. Various chemical and
physical properties were determined on the upgraded
cement copper and the alloy powders. Mechanical, physi-
cal, and chemical properties were determined on green
and sintered specimens made from the alloy powders.
Mean 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.

Rl 7349. Strengths of Sulfur-Basalt Concretes, by Lester J.
Crow and Robert C. Bates. March 1970.
21 pp. 1l 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.

An evaluation 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. At lower
temperatures the losses are not significant; however, this
factor will limit its use at a higher temperature.

Rl 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. Analytical 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 several different processes: (1) Cleav-
age of the bond 4 to the ring, (2) fragmentation of the
alkyl chain, and (3) fragmentation of the ring plus frag-
ment contribution from the alkyl chain. Useful correla-
tions for determining alkyl chain length involve the
C,H,,38* and C,Hs,.* ions. C,Hy, * and C,Hg, 15*
ions reveal the number of carbon atoms in the cyclic
ring. Other important ionic species are also discussed.
Work done in cooperation with the American Petroleum
Institute.
Rl 7352. Compressibility Date For Helium Over the Tem-
perature Range —5° to 80° C and at Pressures
to 800 Atmospheres, by Ted C. Briggs. March 1970.
39 pp. Twenty-iwo compressibility runs were made with
helium over the temperature range —35° to 80° C and at
pressures to 800 atmospheres. A 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 B and
C. Compressibility factors determined by this investigation
are believed to be accurate to better than 0.05 percent.

Rl 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 AlCI;
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-NaCl-AICl; 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 AlCl3 reduction. Alumi-
num was removed from the cell by siphoning or ladling.
Granular AlCly was added periodically to replenish that
depleted from the electrolyte. Concentrations of 7.5 to
17.5 percent AICl3 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 chemically bonded, alumina liner was re-
sistant to attack by aluminum 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 AlClg for a period of 414
months.

RI. 7354, Air-Sealing Coal Mines To Reduce Water Pollution,
by N. N. Moebs 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 day) and in iron of 98 ppm were directly
attributed to sealing. The topographical, hydrological, and
other factors involved in air-sealing are discussed, and the
construction used to seal the mine is described.

Rl 7355. Microbial Conversion of Hydrous Calcium Sulfate
to Hydrogen Sulfide, by J. D. Corrick, M. J.
Rose, J. A. Sutton, and J. M. Carosella. March 1970. 15
pp. 4 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 HzS8/l 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° to 35° C, and a medium ex-
change rate of 70 percent of the fermentor volume per 24
hours. It was also shown that a daily waste was between
50 and 77 percent as effective as sodium lactate in sup-
porting the production of hydrogen sulfide and that by
utilizing a gas to purge the fermentation system, a 1.7-fold
increase in hydrogen sulfide was obtained.

Rl 7356. Effects of Type of Cut, Delay, and Explosives on

Underground Blasting in Frozen Gravel, by Rich-

ard A. Dick. March 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
dynamite. 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 dynamite shots required 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.

Rl 7357. Green River Formation Lithology and Oil Shadle
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
thé 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.)

Rl 7358. Properties of an lon 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.

Rl 7359. Method for Testing Rate of Gas Diffusion in Crude

Oil by Periodic M t of C tration Pro-
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° 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 ¥%.inch vertically spaced
capillary tubes and to trap about 4 ul 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 for 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 3.34310-% em? 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, and M. M. Wong. March 1970. 13 pp.
4 figs. A procedure is described for recovering
both lead and sulfur from galena flotation concen-
trate, eomprising the following steps: (1) Aqueous
oxidation of the concentrate, using ferrie 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
produce 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 metal, together with two-thirds of the sulfur
——{}altf in the elemental form and half as ammonium
sulfate.

Rl 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 Ib K.CO:/100 1b 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
ofvsulfur dioxide from the stack gas was achieved

with the seed addition. Nitrie 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.

Rl 7362. Removal of Magnesium Impurities From Phosphate

Rock Concentrates, by . 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-
tems. With dilute H.SO, the magnesium level was
reduced to less than 0.1 percent MgO with an ac-
companying P.O; 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.

Rl 7363. Influence of Rolling Temperature and Copper Con-

tent on Creep and Other Properties of Zinc-Copper
and Zinc-Titanium-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-0.12
pet Ti-Cu alloys with various copper additions to
1.25 pct. 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
high ductility. Peak tensile strengths develop when
the alloys are rolled in the range 320° to 400° F.
Best creep resistance for Zn-Cu alloys requires
higher rolling temperatures when copper content is
increased. Creep resistance is best for Zn-Ti-Cu
alloys with about 0.75 to 1.0 pet 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.

Rl 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. This Bureau of Mines report de-

scribes the preparation characteristics of three sam-

ples collected from the Kidney seam, in the Northern
field of the anthracite region. Removal 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.

Rl 7365. Geometric Relationship Between Geologic Structure

and Ground Stresses Near Atlanta, Ga., by Carl
E. Norman. April 1970. 24 pp. 14 figs. Anmn 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 mierofrac-
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 miecrofractures 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
1,000-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 Vi and (Vi+V.)
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.

Rl 7367. Evaluation of the Penetration Characteristics of o

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 ecyclone were evaluated.
The test aerosols were polvdisperse coal dust par-
fclcle§ 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-
igléeld by the U.S. Atomic Energy Commission in

RI 7368. Mine Water Research: Plant Design and Cost Esti-

mates for Limestone Treatment, by Edward A.
Mihok. April 1970. 13 pp. 1 fig. This paper
presents plant design and cost estimates for lime-
stone treatment of acid mine water covering a wide
range of quality and quantity conditions. The treat-
ment process consists of limestone neutralization,
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.

Rl 7369. Llow-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 cal/deg mole for
pyrophyllite. The standard free energy of formation
of goethite from its oxides is AC°zxs.5 = 0.16 +0.20
kcal/mole.

Rl 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.

Rl 7371. Reaction of Co-Ni-V Alloys With O: 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 O. 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-
(rinents disclosed the presence of low-melting vana-
ates.

Rl 7372. Surface Tension and Density of Liquid Tin, by
Alfred E. Schwaneke and Wilbert L. Falke.
April 1970. 9 pp. 2 figs. The surface tension

from 240° to 844° C and the density from 236> to

583° C of 99.999 percent purity liquid tin has been
measured using the maximum-bubble-pressure
method. Results for surface tension (v) sh(_)w y
(dynes/cm) = 566.84—4.76x10-2 T (° C) with a
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standard error of *+1.9 dynes/ecm. Results for den-
sity (p) show p (g/ecm3) = 7.16—6.3xX10-¢+ T (° C)
with a standard error of 0.012 g/em3. Comparisons
with other data found in the literature are discussed.
The experimental results are considered to be as
good as any data presently available.

Rl 7373. Preliminary Engineering Studies to Characterize the

Marine Mining Environment, by Ernest 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 conduct engineering studies which
will determine how these environmental parameters
affect the mining process. Laboratory facilities have
been constructed and equipment and techniques for
scientific data collection and laboratory research
have been developed. Major emphasis is being placed
on studying the subbottom material. The objective
of this emphasis is to study the engineering proper-
ties of marine placer deposits in 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
effect of these engineering properties on penetra-
bility(,i 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. Newman and E. L. Corp. April 1970. 9 pp. 5
figs. An inexpensive 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 testing equipment to automatically record load
and displacement parameters at predetermined in-
stants in time. Simultaneous readout is achieved by
the use of special signal conditioner and sample-and-
hold circuits 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-
cessfully during a series of direct shear tests. A
unique feature of 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.

Rl 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 conventional 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
sulfide and oxidized copper mineral. Testing estab-
lished that the high clay and gypsum contént 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 Al.O; 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.O: to 0.8 percent and
increased the alumina content to 57.6 percent, with
?hrecovery of 82.7 percent of the total alumina in

e ore,

Rl 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 characteristics of coal along
a seam in advance of mining. Prediction equations
were .developed with experimental data from chan-
nel, bench, and core samples from the Pittsburgh
coal seam in 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 method. More input data, such as geologic in-
formation, seam characteristies (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.

Rl 7378. 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
tne claylike minerals. Analysis of the materials ob-
tamned showed that the concentrations of organic
sulfur and organic nitrogen compounds 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. lron compounds other than
pyrite apparently are closely associated with the
organic material.
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Rl 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 examined 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
(TBE) 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.

Rl 7380. Freon 113 as a Test Material for Chemical Cartridge

Respirators, by C. F. Swab, Jr.,, and B. I
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-trifluoroethane from
chemiecal cartridges is continuously monitored by a
nondispersive 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.

Rl 7381, Turf Soil Modification With Sintered Fly Ash, by

James C. Patterson and John Capp.
May 1970. 12 pp. 10 figs. Sintered fly ash was
shown 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-
sity.

Rl 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 increase the well
productivity. The wellbore was to be enlarged by
chemical disaggregation d¢f 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-gray 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 wellbore was not enlarged.

Laboratory 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, Refi t of 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-Fe.0s, 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 CuKoa-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 b-percent
change in the oxygen coordinates. Selected inter-
atomic distances and angles were calculated, as were
anjsotropic temperature factors.

Rl 7385. Evaluation 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° and 1,935° C. The large
particle size of electrowon tungsten 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.

Rl 7386. Bench-Scale Carhonization 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° to 1,000°
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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, 8, 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 1200° C, the ternary alloy
Cb-15Hf-5W which has shown good properties in
previous 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
a proper analysis for the high-temperature strength
data.

Rl 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
rilica with iron recoveries of over 90 percent were
obtained after roasting fine-grained oxidized or non-
magnetic taconite w.jth 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.

Rl 7390. Comparative Emissions From Some Leaded and Pro-

totype lLead-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-
tyve lead-free fuels resulted in higher photochem-
ical pollution potential of the emissions from the
lead-free 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.

Rl 7391. Fracturing Hard Rock With Nuclear Explosives and

Extraction of Ore by o 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 n 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 results
show that polyurethane foam can be successfully
sprayed on frozen ground in below-freezing tem-
peratures. 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/m2, 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 addition of 0.5
percent silicon. Workability was improved by addi-
tions of 0.25 and 0.5 percent yttrium.

Rl 7394. Repectability 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 method
employed here is summarized. Results are tabu-
lated for the temperature and nontemperature
parameters of the three tests.

Rl 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 8.5 million tons of mill tailings assaying
about 0.07 ounce of gold per ton. Commercial mining
and milling at Mercur ceased in 1942. To determing
whether improved technology was now available
that might permit economic reprocessing 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 ton. Ahout

10 percent of the gold occurred as a water-soluble
cyanide.- Conventional cyanide leaching dissolved
32 percent of the gold, and hot, strong cyanide solu-
tion dissolved 42 percent. Results were not improved
by pretreatment with acids, bases, or oxidants. After
expensive preroasting, 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.

Rl 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 regression 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 two mining-type percussive
drills. Penetration data for these drills were deter-
mined from nine rocks drilled in the laboratory.
Drill work rates (power) were determined in a
separate series of experiments. Rock physical prop-
erties were measured from diamond-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. Electrolinking,
hydraulic fracturing without and with sand prop-
ping, and explosive fracturing with a ligquid explo-
sive were tested in a 25-foot-square, five-spot pat-
tern. These wells were drilled into oil shale at 50- to
88-foot depths near Rock Springs, Wyo. Results of
the fracturing tests were evaluated by injecting air
into a test well and measuring flow rates and flow
profiles in adjacent test wells before and after each
test. To identify points of air entry (location of
fractures) in wells, flow profiles were determined
by use of inflatable packers and by continuous
logging with an airflow probe developed during the!
fracturing program. ZElectrolinking and hydraulic
fracturing without sand propping were relatively
ineffective; hydraulic fracturing with sand propping
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.

R1 7398. Electrowinning Misch Metal From a Treated Bastna-

site Concentrate, by 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 composition 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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Rl 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 by
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°, 900°, and 1,000° C. The equations
were evaluated for validity with independent data
derived from the 900° 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.

Rl 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 8 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, olefins, 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 products of carbonization by
cracking the hot products as they leave the carbon-
ization chamber.

Rl 7401. Waters for Waterflooding San Joaquin Valley,

Calif., Petroleum 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 California were considered. Three of them (water
produced with petroleum, water from a shallow
saline aquifier, and waste irrigation water) were
analyzed chemically; laboratory informaticn for one
(sea water) had been developed during a previous
study. A series of ‘laboratory tests made on the
fifth source (fresh water) determined the solubility
of calecium 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 per-
meability of cores from a petroleum reservoir to air,
to water from other petroleum reservoirs, and to
waste irrigation water. The results showed that most
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 swelling will not be serious. The waters
most likely to be available for injection are water
produced with petroleum, water from shallow saline
aquifers, and waste irrigation water.

Rl 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 electrorefining 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 extraction
techniques to remove and separate cobalt and iron
from nicke! 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.

Rl 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.

Rl 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-% 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
grinding due to the limited contact area, and for
repeated contacts area size has a frequency of
occurrence according to the mnormal 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 te
dispersion and grinding. Contact electrification is
reversible upon return to atmosphere.
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Rl 7405. Viscosity of the Helium-Nitrogen System From 133°
to 740° 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,
nr, of helium and of nitrogen, 100° to 1,000° K, is
correlated with empirical equations, and the tem-
perature and composition dependencies of the low-
density viscosity coefficients, #r, of helium-nitrogen
mixtures are correlated with the Chapman-Enskog
expressions by using the Lennard-Jones (6:12)
potential function. The residual viscosity, nr,r —
nr (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, (3P/9T )+, and two parameters,
« and B, which are characteristic of gas composition.
The equation nrr = #r .+ a [(3P/0T)+]B 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° to 740° 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° to 740° K, =+2 percent
for the region 183° to 325° K, and =5 percent for
temperatures below 183° 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.

Rl 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 weré performed in large blocks
of cement-mortar. The values for the detonation
velocity, 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. Slagging Fixed-Bed Gasification of North Dakota
Lignite at Pressures to 400 PSIG, by G. H.
Gronhovd, A. E. Harak, M. M. Fegley, an_d D E.
Severson. July 1970. 40 pp. 20 figs. This is the
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 operablesilot 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° 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.

Rl 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 1b. 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.

Rl 7410. Tunnel Boring Technology. Disk Cutter Experiments

in Sedimentary and Metamorphic Rocks, 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
(L.CA) 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 cutters to fragment rock was determined for both
60-degree and 90-degree cutting-edge angles, and re-
lationships and regression equations were developed to
predict cutter performance based on rock physical prop-
erties and applied forces.

Rl 7411. Magnetic Roasting and Leaching for Upgrading

Minnesota Manganiferous lron 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
(1) 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.

Rl 7412. Compressibility Factors for Helium and Carbon
Dioxide Mixtures at —10° and —20° 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 —10° and —20° 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.

Rl 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
coefficients of this linear function 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.

Rl 7414. Sorption of SO2 and Regeneration of Alkalized
Alumina in Fluidized-Bed Reactors, by Jack L
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 8O, and the
other as a contactor for the regeneration of the sulfur-
laden alkalized alumina. The target of 90-percent removal
of SO, from a flue gas stream containing 0.3 percent SOz
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 330° C. Com-
plete regeneration of the laden alkalized alumina con-
taining 5 to 10 percent sulfur was accomplished in
approximately 14 hour. An excess of reformed propane
at about 730° 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.

Rl 7415. Mathematical Evaluation of SO2 Sorption-Regener-
ation Reactions With Alkalized Alumina (A Sup-
plement to Ri 7275 and Rl 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 SO; from
industrial flue gases and regeneration of the alkalized
alumina.

Rl 7416. The Range in Metals and Metal Oxide Systems of
Heavy lons in the Energy Range 60 to 400 KEV,
by B. D. Sartwell, P. B. Needham, 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, N, O, and Ar ijons in
A1203, Al, Fe203, Fe304, CuO, CU20, Fe, Cu, Sn, and W
were calculated for the energy range 60 to 400 kev using
a computer program written in BASIC. The range,
presented in graphical form, is given in both pg/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.

Rl 7417. Geochemical Investigati for Gold, Antimony,

and Silver at Stibnite, fdaho, 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.

Rl 7418. Hydrodesulfurization of a Residval 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 600° to 900° F,
pressures of 200 to 800 psig, and space velocities from
0.2 to 2.0¥,/V./hr, 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.

Rl 7419. Radiegraphic Test for Electrodeposit Porosity, by
Stephen D. Cramer, V. A, Cammarota, Jr.,
and David Schlain. August 1970. 17 pp. 5 figs. A

nondestructive _progedure for measuring electrodeposit



REPORTS OF INVESTIGATIONS

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.

Rl 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.

Rl 7421. Prediction of Coal Grindability 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 128 to 492 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.

Rl 7422. Production Potential of Copper Deposits 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, indi-
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 1,000-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.)

Rl 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
r_esearch 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: A
paraffin  (2,2,4-trimethylpentane), an olefin (244-tri-
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, 1-methyl-3-ethylbenzene, and 1-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 24,4-trimethylpen-
tene-2 fuel produced smaller amounts of C; to C; 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: 224-trimethylpentane > 244-
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.

Rl 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 fragmeritation 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 550° 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 kwhr/ms. 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
percent in Dresser basalt.

Rl 7425. Investigation of a Low-Grade Gold Deposit in the
Orogrande District, 1daho, 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.

Rl 7426. Kyanite Resources in the Northwestern United
States (In 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 8. Petersen, and Jerry J. Gray. 1970. 81 pp. 37
figs. A reconnaissance study of Kkyanite-group mineral
deposits in the Northwest has revealed large exploitable
reserves of the mullite-forming raw materials in the
Woodrat 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 average 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. Western 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.

Rl 7427. Design and Construction of & 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 7.2° 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.

Rl 7428. Conversion of Municipal and Industrial Refuse
Into Useful Materials by Pyrolysis, by W. S,
Sanner, C. Ortuglio, J. G. Walters, and D. E. Wolfson.
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 9270 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, and a thermal analysis
demonstration compound, calecium oxalate monohy-
drate, are presented to demonstrate the instrument’s
capabilities. Work done in cooperation with the Uni-
versity of Wyoming.

R! 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 AgBr
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
cal/mole; AgBt, 700° K and 2,030 cal/mole. The
heat capacity of both melted substances decreased
with increasing temperature over the entire liquid’
ranges investigated. Enthalpies above 298° K<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>