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Bureau of Mines
Publications and Articles, 1992-93

with Subject and Author index

Compiled by Staff, Office of Public Information

U.S. Bureau of Mines (USBM)
Department of the Interior

INTRODUCTION

The U.S. Bureau of Mines (USBM) was
established in the public interest to conclude
inquiries and scientific and technologic
investigations on mining and the preparation,
treatment, and utilization 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
increaseee efficiency in the mining, metallurgical,
quarrying, and other mineral industries; and to
inquire into the economic conditions affecting those
industries. The organic act of the Bureau, as
amended by Congress and approved February 25,
1913, made it the province and duty of the U.S.
Bureau of Mines to "disseminate information
concerning these subjects in such manner as will
best carry out the purposes of this Act.”

In accordance with this directive, USBM reports
the findings of its research and investigations 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-USBM
publications. The number of these reports, the wide
range of subjects they cover, and the variety of
mediums in which they appear make this kind of list
both necessary and valuable.

This edition describes reports and articles
published during calendar years 1992 and 1993. It
supplements the 50-year list of Bureau publications
from July 1, 1910, to January 1, 1960% and these 5-
year lists of publications and articles: from January
1, 1965, to December 31, 1969%, from January 1,
1970, to December 31, 1974°, from January 1, 1975,
to December 31, 1979°, from January 1, 1980, to
December 31, 19847, and from January 1, 1985, to
December 31, 1989°.

! Available from National Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, VA 22161, telephone 1-
800/553-NTIS (in Virginia and from outside the United States,
703/487-4650). NTIS publication number PB 295062.
2Available from NTIS, publication number PB 295 432
3Available from NTIS, publication number PB 295 481
*Available from NTIS, publication number PB 198 112
*Available from NTIS, publication number PB 252 843
%Available from NTIS, publication number PB 82-145400
"Available from NTIS, publication number PB 89-234330
SAvailable from NTIS, publication number PB 92-166578




SOURCES FOR USBM PUBLICATIONS

Government Printing Office (GPO)*
Superintendent of Documents
Washington, DC 20402

National Technical Information Service (NTIS)*
US Department of Commerce
Springfield, VA 22161

USBM Publications Distribution®*
Cochrans Mill Road, P.O. Box 18070
Pittsburgh, PA 15236

412-675-4338

*See order forms elsewhere in this book.
**Stock limited to publications dating back 5 years from
October 1993.
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Libraries: .

The publications listed here can be reviewed in USBM libraries
(headquarters and field). Some can be reviewed in Federal
depository libraries throughout the nation. Ask your local
library for the location of a depository library near you.

Electronic Information:

» Commodities statistics and other data are available through:
~Mines Data (computer bulletin board): Log on via
modem through 202-501-0373, or call 202-501-0406 for
technical assistance.

—Mines FaxBack, accessed by calling 202-219-3644,
using the touch-tone telephone handset on a facsimile
machine.

» Research/other publications are available on Internet as of
Spring 1994. See description in bimonthly list of new
USBM publications, or order the flier "USBM Publications
on Internet/Gopher" (SP 09-94). Both of these documents
are free from USBM Publications Distribution in Pittsburgh.



AVAILABILITY OF USBM
PUBLICATIONS (effective 10-1-93)

FREE PUBLICATIONS
--Mineral Industry Surveys (periodic reports)
--Metal Industry Indicators (newsletter)
--Bimonthly List of New USBM Publications
--Technology News (fact sheet)
Order from: Publication Distribution, US Bureau of Mines, Cochrans Mill Rd., PO Box
18070, Pittsburgh, PA 15236, 412-892-4338

Mailing list additions: USBM, 810-7th Street, N.W., MS 9800, Washington, D.C
20241, 202-501-9559

SALES PUBLICATIONS
The Government Printing Office (GPO) sells:
--Minerals-Feday; & bimoenthly-magazine (no longer published, as of 6-94)
--Annual commodity reports: information on individual commodities; information by
state; international data
--Minerals Yearbook (bound volumes of commodity reports)
--USBM publication lists (annual and 5-year)
--Special publications (e.g., Mineral Commodity Summaries/ State Summaries,
agency's annual report, etc.)

In the fall of 1993, GPO will provide ordering information to persons on USBM's publications mailing lists.

The National Technical Information Service (NTIS) sells:
--Reports of Investigations (RIs): in-progress reports on USBM research
--Bulletins (usually final research reports)
--Information Circulars (ICs): economic analyses, resource surveys, information on
new industrial methods, etc.)
--USBM publication lists (annual and 5-year)
--Special publications such as Mineral Commodity Summaries/State Summaries

Order from NTIS, Springfield, VA 22161, 1-800-553-NTIS (in VA & foreign countries:
703-487-4650).

LIBRARIES

The publications listed above can be reviewed in USBM libraries (headquarters and
field). Some can be reviewed in Federal depository libraries throughout the nation. Ask
your local library for the location of a depository library near you.

ELECTRONIC INFORMATION
Commodities statistics and otherdata are available through:

--MINES-DATA: Call 202-501-0406 for more on this computer bulletin board.
202-219-3644

--MINES FaxBack, accessed by calling 412-892-4688; using the touch-tone
telephone handset on a facsimile machine.
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ABANDONED MINE LAND REPORTS

These research studies are available from the AML
program at Bureau headquarters.

AML 01-93. Abatement of Acid Mine Drainage by
Encapsulation of Acid-Producing Geologic

Material, by Huang, Xiao; Evangelou, V.P. Univ. of Kentucky,
Agronomy Dept., 1992. 67 pp.

BULLETINS

These are usually final reports and are available from
NTIS.

B 695. An Overview of Research on Self-Contained
, Self-Rescuer Training, by Vaught, Charles; et
al. 1993. 19 pp. 13 illus. In 1985, U.S. Bureau of Mines and
University of Kentucky researchers began a series of studies
relating to self-contained self-rescuer (SCSR) donning
proficiency. During the next 5 years investigators examined a
number of factors that have a bearing upon miners’ ability to
put on and use the apparatus in an emergency: the procedure
being taught; availability and utilization of training models;
opportunities to practice; hygiene; and on-the-job training. This
report presents an overview of that research. It concludes that
companies should adopt a hands-on training protocol that allows
them to integrate SCSR donning practice into other workplace
routines such as fire drills.

B 694. Rock Stress Determinations from
Overcoring—An Overview, by Bickel, David L.

1993. 146 pp. 69 illus. This bulletin describes the U.S. Bureau

1993

of Mines three-component borehole deformation gage and the
overcoring techniques used in rock stress determination. Thirty
years of experience with the borehole gage have shown that it
is an accurate instrument for measuring deformation of a
borehole. The theoretical basis relating the deformation of a
borehole to the in situ field stress is presented. Rock anisotropy,
variation of topography on the stress field, and nonlinearity of
the rock can be accounted for in calculating the in situ state of
stress. Drilling equipment, accessories, and instrumentation
necessary for the overcoring are presented, as well as the
design, fabrication, operation, and calibration of the gage; site
selection; and proper overcoring procedures. Biaxial and triaxial
testing of the stress-relief core to determine the elastic
properties of the rock are discussed. Data reduction, stress
calculations, interpretation of results, and computer codes are
included to provide a complete working knowledge for
determining surface or underground in situ rock stress. A
comparison of alternative methods for determining the absolute
in situ field stress is also presented.

COMPUTER PRODUCTS

The following computer products are available from the
National Technical Information Service. (See order form in
this book.)
CP 01-92.  Documentation for PCMINSIM: A DCFROR
Template for Use with Lotus 1-2-3, by Sam J.
Fraser. 1991. Includes software on diskette. A MINe SIMulator
model is used by the Bureau of Mines to evaluate the
economics of a mineral recovery operation. This document
explains the computations performed in this discounted cash
flow rate-of-return (DCFROR) procedure and the use of a
LOTUS 1-2-3 (R) template version (PCMINSIM) of this model.
A MINSIM evaluation combines reserve tonnage and grade
estimates and the associated capital and operating costs with
information about financial and tax conditions to simulate the
DCFROR that can be expected over the life of the mine.

Solution options include the Net Present Value (NPV) of the
property, the average total production cost over the life of the
operation, or the after-tax rate of return expected at an assumed
selling price for the marketable product. Running PCMINSIM
is simplified by 11 tiered menus that direct the user through the
evaluation process. The main contribution of the PCMINSIM is
the use of automated spreadsheet technology to illuminate the
relationships inherent in a DCFROR evaluation, to expedite
interactive sensitivity analysis, and to facilitate modifications to
explore new applications of this property evaluation tool. NTIS
No. PB 92-501014; price code DO2.




INFORMATION CIRCULARS

These periodic reports are available from NTIS and can be viewed in USBM libraries.

IC 9302. STRESsOUT—A Data Reduction Program for
Inferring Stress State of Rock Having
Isotropic Material Properties: A User’s Manual, by Mark K.
Larson. 1992. 158 pp., 7 figs. Researchers at the U.S. Bureau
of Mines have developed a FORTRAN computer program that
can calculate stress states from overcoring measurements
obtained from hollow inclusion cells, triaxial cells, strain gauges
installed on the wall of a bored raise, doorstopper gauges,
borehole deformation gauges, or a combination of any of these
gauges. Such stress states are calculated with reference to global
and principal coordinate systems. The background of the
development of the program, its capabilities, and its special
features, as well as the input required, are described in this
report. Sample output is shown in an appendix. Difficulties
associated with numerical calculations of principal stresses and
directions are pointed out. Threshold values for detecting these
problems are reported; these values may be changed by the user
as desired. Several test problems were set up to verify the
computer program and were successfully solved.

IC 9304. Smoke, Carbon Monoxide, and Hydrogen
Chloride Production From the Pyrolysis of
Conveyor Belting and Brattice Cloth, by Margaret R. Egan.
1992. 14 pp., 7 figs. In an underground mine fire, a toxic
mixture of combustion product gases and particulate matter is
transported by the ventilating system, endangering everyone
downstream. To determine the magnitude of the problem that
these toxic combustion products pose, the U.S. Bureau of Mines
is investigating the combustion products of typical materials
found in underground mines. The total toxicity of the
combustion products depends upon the evolving gas species and
particulate matter, the amount of material involved, and the
ventilation rate. In a simulated mine environment, the products
from smoldering polyvinyl chloride (PVC) brattice and
conveyor belting were analyzed for gas concentrations and
smoke characteristics. The primary toxic gases are hydrogen
chloride (HCI) and carbon monoxide (CO). Smoldering
conveyor belts are more detectable than smoldering PVC
brattice cloths. These results, combined with previous analyses,
are used to estimate relative toxicities, product levels, and
detectability of smoldering mine combustibles.

IC 9305. Analysis and Design Considerations for
Superimposed Longwall Gate Roads, by
Gregory J. Chekan and Jeffrey M. Listak. 1992. 14 pp., 8 figs.
The U.S. Bureau of Mines is investigating longwall panel
layouts to maximize coal recovery and minimize interactive
problems in multiple-seam operations. When coalbeds are
longwall-mined in descending order, the transfer of stress from
overlying gate roads is a major design constraint affecting pillar
stability in the lower mine. The lower mine gate road pillars
must be properly designed to withstand the additional load
transfer if gate roads are superpositioned in successive seams.
The Bureau’s MULSIM/NL model, a boundary element
computer program, was used to analyze load transfer mechanics
for superpositioned gate road pillars. Analysis of Longwall
Pillar Stability (ALPS), an empirically based design method for
longwall gate road pillars, was used to calibrate model input
parameters. ALPS provided a basis to verify model trends and
to recommend limits for safe pillar design when
superpositioning longwall gate roads. The attributes of the
MULSIM/NL model and ALPS were combined to develop a
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modified method for estimating pillar stress for multiple-seam
cases. The modified method uses a multiple-seam factor (MS)
to estimate the stress on superpositioned lower mine gate road
pillars. Numerical analysis shows that MS depends on the
interburden thickness and pillar width.

IC 9306. Motor Monitoring System for a Continuous
Miner, by John R. Thalimer, John J. McClelland,
and Gerald T. Homce. 1992. 12 pp., 11 figs. The U.S. Bureau
of Mines has investigated the early detection of insulation
failure in squirrel cage induction motors for the past 4 years.
Research was done using a sophisticated empirical data-
modeling technique based on values calculated from a motor’s
voltage and current phasors. This technique produces two
polynomial equations that calculate the insulation leakage
current and power. These models were implemented in a
prototype 'system that monitors six motors on a continuous
miner for insulation leakage. These insulation leakage values
are used to anticipate insulation failure. The system consists of
a motor data system for each motor on the machine and a
control computer located away from the miner. Each motor data
system consists of an analog interface to the motor’s voltages
and currents, a single-board computer that reads digitized data
and calculates voltage and current phasors, and a bus node that
interfaces the single-board computer with the rest of the system
by way of a serial bus system. Using this bus system, the
control computer requests and receives phasor data from the
motor data systems. From these data the control computer
calculates and displays two deterioration values for each motor,
for leakage current and power, using Bureau-developed models.
These values are stored in a data base from which the user can
display graphs of each motor’s deterioration values over time,
IC 9307. PREVAL: Prefeasibility Software Program for
Evaluating Mineral Properties, by R. Craig
Smith. 1992. 35 pp. 23 figs. This report presents the software
documentation for PREVAL, a prefeasibility mineral property
evaluation program developed by the U.S. Bureau of Mines on
a Lotus 1-2-3 spreadsheet. It is presented in a step-by-step
"users manual” format.

IC 9308. Applicability of Electrical Methods in Deep
Detection and Monitoring of Conductive
Lixiviants, by Jay C. Hanson. 1992. 31 pp. 29 figs. Various
electrical and electromagnetic (EM) geophysical techniques are
currently being evaluated by the U.S. Bureau of Mines for their
effectiveness in the detection and monitoring of electrically
conductive (1 to 5 S/m) lixiviant (leach solution) to depths of
600 m, either above or below the water table. These techniques
include magnetotellurics (MT), controlled-source
audiofrequency magnetotellurics (CSAMT), resistivity and
focused resistivity, ground-penetrating radar (GPR), frequency-
domain electromagnetics (FEM), and time-domain
electromagnetics (TEM). Of these techniques, TEM may be the
most effective, but CSAMT and focused resistivity also hold
promise. Geophysical computer modeling of the borehole TEM
technique was conducted based on an idealized geoelectric
section (layered earth) with characteristics based on the Santa
Cruz porphyry copper deposit near Casa Grande, AZ. Layer
resistivities and thicknesses were obtained from geophysical
data and geologic logs available from the site. Modeling of
borehole TEM both in preleach and during leach situations was
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conducted. Simulating the TEM method using computer
modeling proved to be encouraging since there were substantial
differences between leached and nonleached responses. The
modeling does not prove the effectiveness of TEM in the field,
but does indicate that detection of deep lixiviant zones is
theoretically possible.

IC 9309. Research Toward Direct Analysis of Quartz

Dust on Filters Using FTIR Spectroscopy, by
Donald P. Tuchman. 1992. 17 pp. 14 figs. The U.S. Bureau of
Mines is investigating Fourier transform infrared (FTIR)
spectroscopy for on-filter quartz analysis of respirable dust. A
custom accessory is described for full-face examination of
filters utilizing a large-diameter infrared (IR) beam. The
accessory positions samples to match diameters with that of the
diverging analytical beam. Sample absorbance is then measured.
With nonuniform deposition of dust on collection filters being
a major issue for such analyses, this approach is the most direct
way to accomplish sample area averaging. The approach is
unconventional since it utilizes large-beam geometries instead
of the usually desired minimized beam dimensions. The issues
and problems involved in the analysis of quartz on a filter
matrix are discussed. Absorption bands chosen, light-scattering
effects, curved baselines, random noise, interference fringes,
and possible solutions to technical difficulties are the topics
covered. The more significant findings include a 20-micron g
detection limit for quartz when the custom accessory is used
and minimal occurrence of light-scattering effects at low
wavenumbers. The custom accessory performance was
satisfactory and merits further work. With continued research,
an on-filter method for quartz analysis of respirable dusts seems
achievable.

IC 9310. The Availability of Primary Copper in Market

Economy Countries: A Minerals Availability
Appraisal, by K.E. Porter and G.R. Peterson. 1992. 32 pp. 4
figs. The U.S. Bureau of Mines has estimated the potential
availability of copper from 204 mines and deposits in market
economy countries (MEC’s). The evaluated properties have
demonstrated resources totaling 436.4 million metric tons of
contained copper and account for 90 pct of the Bureau of Mines
reserve base for copper in market economy countries. Total
recoverable MEC copper resources are 340.8 million metric
tons, 69 pct of which is from producing mines and 31 pct from
nonproducing mines and deposits. Chile had the lowest
estimated average total cost from producing mines of $0.48 per
pound of recoverable copper at a 0-pct discounted cash-flow
rate of return (DCFROR), with estimated average total costs
ranging from $0.40 to $0.81 per pound. The estimated average
total cost of production, per pound of copper, for producing
mines in the United States amounts to $0.57 in January 1988
dollars at a 0-pct DCFROR, with estimated total costs ranging
from $0.36 to $0.85 per pound. In both real and nominal terms,
the United Stales has, on average, significantly lowered its
copper production costs since 1981, Rationalization of the
industry and significant increases in productivity have made a
strong improvement in the competitiveness of the U.S. copper
industry to the extent that the United States should no longer be
considered as a marginal producer of copper.

IC 9311. In-Mine Evaluation of Smoke Detectors, by

G.S. Morrow and C.D. Litton. 1992. 13 pp. 5
figs. This report presents the results of a U.S. Bureau of Mines
evaluation of smoke detectors placed in conveyor belt entries of

underground coal mines. The selected mines are located in six
different Mine Safety and Health Administration (MSHA)
districts, are operated by seven different companies, and use
atmospheric monitoring systems from seven different manufac-
turers. Principal concerns are early detection and warning of
fires, reliability of operation, frequency of maintenance, and
adaptability of detectors to monitoring systems and the mining
environment. The data contained in this report provide for some
comparisons between smoke detectors and CO sensors, specific-
ally in the areas of early detection of fires and susceptibility to
nuisance alarms due to diesel exhaust contaminants. Finally,
recommendations for performance standards, sensitivity tests,
detector classification, and maintenance are presented.

IC 9312. Bismuth-Uses, Supply, and Technology, by

Stephen M. Jasinski. 1992. 16 pp. 4 figs. The
development and industry adaptation of advanced technologies
have led to many important uses for bismuth and its
compounds. Bismuth-base alloys are essential for manufacturing
jet engine turbine blades, lenses, and various safety devices,
such as fire-protection sprinklers. The addition of bismuth to
iron, steel, and aluminum imparts properties to these metals that
make them useful in diversified applications. Bismuth is also
used widely in medicine, pigments, and electronics. The United
States relies heavily upon imports from South America and
Europe to meet its demand for bismuth, which is recovered
chiefly as a byproduct of lead processing.

IC 9313. Roof Control of Stress-Relief Jointing Near

Outcrops in Central Appalachian Drift Coal
Mines, by Gary P. Sames and Noel N. Moebs. 1992. 11 pp. 11
figs. This report discusses some practical applications of a
geotechnical investigation conducted by the U.S. Bureau of
Mines that can help mine operators meet revised Federal
regulations in their roof control plans. The investigation,
designed to characterize roof conditions near the coalbed
outcrop in drift coal mines in eastern Kentucky, revealed that
weathered stress-relief joints near outcrop are crucial ground
control factors in the region. The joints’ origin and character
were determined through underground mapping of many joints
in coal mine roof and detailed observations and measurement
of joint trends and physical characteristics in widely separated
strip mine highwalls and roadcuts. This resulted in an
understanding of stress-relief-joint patterns and the effect of
various rock types on the intensity of weathering in the joints.
That information is used in this report to show how stress-relief
joints contribute to roof failure and how, through improved roof
support and mine planning, safer roof support plans can be
developed.

IC 9314. Three-Dimensional Graphics Simulator for

Testing Mine Machine Computer-Controlled
Algorithms—Phase 1 Development, by Dean H. Ambrose.
1992. 17 pp. 14 figs. Using three-dimensional (3-D) graphics
computing to evaluate new technologies for computer-assisted
mining systems illustrates how these visual techniques can
redefine the way researchers look at raw scientific data. The
U.S. Bureau of Mines is using 3-D graphics computing to
obtain cheaply, easily, and quickly information about the
operation and design of current and proposed mechanical coal
and metal-nonmetal mining systems. Bureau engineers
developed a graphics simulator for a continuous miner that
enables a realistic test for experimental software that controls
the functions of a machine. Some of the specific simulated
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functions of the continuous miner are machine motion,
appendage motion, machine position, and machine sensors. The
simulator uses data files generated in the laboratory or mine
using a computer-assisted mining machine. The data file
contains information from a laser-based guidance system and a
data acquisition system that records all control commands given
to a computer-assisted mining machine. This report documents
the first phase in developing the simulator and discusses
simulator requirements, features of the initial simulator, and
several examples of its application. During this endeavor,
Bureau engineers discovered and appreciated the simulator’s
potential to assist their investigations of machine controls and
navigation systems.

IC 9315. Proceedings of the Workshop on Coal Pillar

Mechanics and Design, by compiled by Anthony
T. Tannacchione, Christopher Mark, Richard Repsher, Robert J.
Tuchman, and Caddie C. Jones. 1992. 302 pp. 271 figs. This
publication contains papers prepared for the Workshop on Coal
Pillar Mechanics and Design, Santa Fe, NM, June 7, 1992. The
workshop was held in association with the 33rd U.S.
Symposium on Rock Mechanics and was sponsored by the U.S.
Bureau of Mines, the Mine Safety and Health Administration,
CONSOL Inc., and Jim Walter Resources, Inc. The proceedings
are divided into two broad topics: Coal Pillar Mechanics and
the Design of Coal Pillars. The Mechanics Section focuses on
recent insights into the behavior of coal pillars in situ as
interpreted from field measurements, numerical models, and
laboratory tests. Papers in the Design Section discuss practical
aspects and field-proven techniques illustrated by the authors’
own experiences. The authors of these papers are
representatives of Government, industry, and academia from the
United States, Canada, Australia, the United Kingdom, the
Republic of South Africa, and India.

IC 9316. The History and Future of Longwall Mining

in the United States, by Thomas M. Barczak.
1992. 26 pp., 53 figs. This U.S. Bureau of Mines report
chronicles the historical development of longwall mining in the
United States and speculates on future developments to the turn
of the century. The involvement and contributions made by the
Bureau during these developments are also discussed. Two
major periods of history are analyzed: (1) from 1875 to 1950
when small advancing faces were operated manually, and (2)
from 1950 to 1990 when mechanized extraction and powered
roof supports provided a system to efficiently extract large coal
panels. Five eras of technological development during the
modern period are described and analyzed. These eras discuss
the development of (1) mechanized extraction, (2) powered roof
supports, (3) high-capacity roof supports, (4) shield supports,
and (5) system automation. Current trends are analyzed in terms
of longwall utilization, face production, support capacity, face
widths, and new technological developments. From these
analyses, the future of longwall mining to the year 2000 is
speculated. It is concluded that longwall mining will continue
to grow in importance during the next decade and that the next
major technological milestone will be the realization of a fully
automated longwall mining system.

IC 9317. Crystalline Silica Overview: Occurrence and

Analysis, by Sarkis G. Ampian and Robert L.
Virta. 1992. 27 pp. 13 figs. Crystalline silica (quartz,
cristobalite, and tridymite) is regulated by the Mine Safety and

Health Administration (MSHA) and Occupational Safety and
Health Administration (OSHA) because of its potential for
causing debilitating but nonmalignant lung diseases. In 1987,
the International Agency for Research Against Cancer
conducted a review of the health literature and concluded that
crystalline silica was a probable human carcinogen. As a result
of this finding, OSHA was required to regulate crystalline silica
under its Hazard Communication Standard (HCS). The standard
requires that all materials handled by OSHA-regulated facilities
be labeled according to the requirements of HCS and that
workers receive proper training on the handling of the material
if the crystalline silica content equals or exceeds 0.1 weight
percent (0.1%). MSHA currently is considering enacting its own
HCS. This will be similar to OSHA’s HCS. If the standard is
enacted, most mineral producers will have to determine the
respirable monitor filter and bulk crystalline silica contents of
their ores and products so that workers and/or customers will
know whether they are in compliance with the 0.1% HCS and/
or the OSHA permissible exposure level (PEL) of 50 micro-g
for an 8-hour workday for respirable crystalline silica as
determined from monitor samples. Two major concerns with the
HCS are the widespread occurrence of crystalline silica in
nature and the suitability of current technology for routinely
determining crystalline silica concentrations at the 0.1% HCS
level. Most ores are extracted from silica-bearing deposits, and
silica is a common constituent of rocks and soils. OSHA’s HCS
will have the greatest impact on the producers of crushed stone,
diatomite, dimension stone, gravel, industrial sand, perlite,
pumice, pyrophyllite, sand, and talc because these materials
frequently are shipped directly from the mill to the customer.
MSHA'’s HCS would affect nearly all mineral producers. Those
producers that have crystalline silica present in concentrations
near the 0.1% cutoff point will have the most difficuity with the
analysis. Crystalline silica can be quantified at the 0.1% level
by X-ray difractometry in simple systems containing one, two,
and possibly three minerals if (1) none of the accessory
minerals has X-ray diffraction reflections that coincide or
overlap with those of crystalline silica and (2) the standard has
a particle size distribution and crystallinity similar to those of
the sample. In some instances, it may not be possible to
determine the crystalline silica content of a sample with any
degree of certainty using the recommended regulatory protocol.
In all cases, it is recommended that a qualified mineralogist
identify the minerals in a sample prior to any regulatory
analysis. Additionally, the uncertainty as to whether some silica
polymorphs should be classified as crystalline or noncrystalline
and the suitability of metastable high-temperature standards,
such as cristobalite and tridymite, for regulatory analysis at
ambient temperatures should be addressed further. This
overview is written both to highlight these problems and to
serve as a guide for analysts, regulators, and industry personnel
who are involved in the crystalline silica issue. It also covers
some of the difficulties and/or shortcomings in quantifying
crystalline silica, such as the ubiquitous mineral quartz, in the
workplace.

IC 9318. Analyses of Natural Gases, 1991, by J.E.

Hamak and B.D. Gage. 1992. 97 pp., 1 fig. This
publication contains analyses and related source data for 266
natural gas samples from 20 States and 2 foreign countries.
None of the analyses have been previously published in annual
reports. All samples were obtained and analyzed as part of the
U.S. Bureau of Mines investigations of the occurrences of
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helium in natural gases of countries with free market
economies. This survey has been conducted since 1917. The
analyses published herein were made by mass spectrometer and
chromatograph.

IC 9319. Risk Profile of Cumulative Trauma Disorders

of the Arm and Hand in the U.S. Mining
Industry, by S.D. Hudock and C.M. Keran. 1992. 5 pp., 2 figs.
A review of all upper extremity cumulative trauma disorder
(UECTD) injuries was conducted by the U.S. Bureau of Mines
for 1985 through 1989. This review was performed by
analyzing each injury, as reported by law and maintained on the
U.S. Mine Safety and Health Administration’s accident data
base. This analysis found that incidence rates in mining were
lower than in private sector industry, although the number of
reported UECTD injuries increased sevenfold and their
percentage of all mining injuries increased fivefold from 1985
through 1989. Metal-nonmetal mines accounted for 80 pct of
UECTD injuries, while coal mines accounted for 20 pct. Nearly
63 pct of UECTD injuries were accounted for by only four
occupations-mechanics, laborers, boney (crusher) operators, and
mines not elsewhere classified (NEC)-with an incidence rate
well above the private sector industry rate.

IC 9320. Examination of Design and Operation
Practices for Longwall Shields, by Thomas M.
Barczak. 1992. 14 pp., 24 figs. The success of longwall mining
can largely be traced to the development of powered roof
support systems. The most significant improvement in powered
support design has been the shield support, which improved
kinematic stability and promoted the application of longwall
mining in difficult-to-control caving conditions where chock
and frame supports were inadequate. The most obvious trend in
shield design has been an increase in shield size and capacity.
This U.S. Bureau of Mines report examines shield design and
operation practices and their consequences for the utilization of
high-capacity shield support systems. An optimization goal is
to minimize support loading by selecting an active shield setting
force that is compatible with strata behavior and shield loading
characteristics. Shield stiffness is an important design parameter
that is often overlooked. A consequence of increasing shield
capacity by incorporating larger diameter leg cylinders is a
proportional increase in shield stiffness. Setting forces have also
increased in direct proportion to the increase in shield capacity.
The increased stiffness and higher setting force cause the
available capacity to be consumed more quickly, severely
limiting the ability of high-capacity supports to last longer and
provide reserve capacity for difficult mining conditions.

IC 9321. MULSIM/NL Theoretical and Programmer’s

Manual, by Zipf, Jr, R. Karl. 1992. 52 pp. 53
figs. MULSIM/NL (multiple seams, nonlinear) is a three-
dimensional boundary-element method (BEM) program
developed at the U.S. Bureau of Mines for stress and
displacement analysis of coal mines and thin metalliferous
veins. It can analyze one to four parallel seams that can have
any orientation with respect to the Earth’s surface. Three main
new features distinguish MULSIM/NL from its predecessors:
(1) nonlinear material models, (2) multiple mining steps, and
(3) energy release and strain energy computations. MULSIM/
NL has six material models for the in-seam material: (1) linear
elastic for coal, (2) strain softening, (3) elastic plastic, (4)
bilinear hardening, (S) strain hardening, and (6) linear elastic
for gob. Detailed checks show that numerical stress and

displacement calculations compare well to known analytic
solutions for simple problems. The total energy release
calculated by MULSIM/NL is comprised of three basic terms:
(1) strain energy release from the mined-out material, (2) linear
kinetic energy release due to change in gravitational potential
over the mined-out area, and (3) nonlinear kinetic energy
release due to nonlinear materials in the total backfill and gob
area. The strain energy release term is modified to account for
nonlinear stress-strain behavior in the unmined materials.
Comparisons of these numerical energy release rate calculations
with known analytic solutions show excellent agreement.

IC 9322. MULSIM/NL Application and Practitioner’s

Manual, by Zipf, Jr, R. Karl. 1992. 48 pp. 41
figs. MULSIM/NL (multiple seams, nonlinear) is a U.S. Bureau
of Mines boundary-element-method (BEM) program for calcula-
ting stresses and displacements (i.e., convergence) in coal mines
or thin, tabular metalliferous veins. This manual gives detailed
operating instructions for MULSIM/NL and illustrates its use
with several practical examples. Three main features distinguish
MULSIM/NL from its predecessors: (1) nonlinear material
models, (2) multiple mining steps, and (3) comprehensive
energy release and strain energy computations.

IC 9323. Rib Stability: Practical Considerations To

Optimize Rib Design, by W.C. Smith. 1992. 16
pp., 16 figs. The Bureau of Mines examined previous research
on rib stability in an effort to develop a practical approach to
understanding, characterizing, and controlling weak rib
conditions in underground coal mines. Because success in
stabilizing ribs depends on a basic knowledge of how weak ribs
behave, the report reviews the mechanics of rib failure and the
relationship of coal mine geology and pillar constraint to rib
instability. Strategies for choosing an effective method of rib
support are considered, and various rib support methods are
discussed. Finally, the report documents techniques for
monitoring ribs and use of models to assess rib stability; such
monitoring and modeling can also help determine the most
effective method for roof support.

IC 9324. Diesels in Underground Mines: Measurement

and Control of Particulate Emissions.
Proceedings: Bureau of Mines Information and Technology
Transfer Seminar, Minneapolis, MN, September 29-30, 1992,
by Staff, Twin Cities R. 1992. 132 pp. 80 figs. The goal of the
U.S. Bureau of Mines diesel engine research program is to
reduce exhaust emissions from diesel-powered equipment used
in underground mines. This research has led to significant
advances in aerosol measurement and to the development of
more effective emission controls. This Information Circular
contains reports of some of the presentations made at the
Bureau’s Information and Technology Transfer Seminar on
Diesels in Underground Mines given in Minneapolis, MN, on
September 29-30, 1992. The seminar emphasized the
measurement and control of diesel particulate matter emissions.
Topics covered include a discussion of the health issues
associated with the use of diesel equipment underground, an
overview of regulations, measurement techniques for diesel
exhaust aerosol, levels of diesel exhaust pollutants found in
mines, and modern emission controls. An appendix is included
that contains a report describing the capabilities of the Bureau’s
diesel emissions research laboratory, two papers describing the
effects of engine maintenance on emissions, a paper describing
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the monitoring of carbon dioxide in mine air as an indicator of
air quality, a glossary, and a list of abbreviations and acronyms.

IC 9325. MULSIM/PC—A Personal Computer Based

Structural Analysis Program For Mine Design
in Deep Tabular Deposits, by Donato, Douglas A. 1992, 56
pp. 6 figs. This Information Circular presents the MULSIM/PC
system of numerical modeling computer programs developed by
the U.S. Bureau of Mines. This system consists of four
programs: PREMUL, the preprocessor or mesh generator;
MULSIM/PC, the actual numerical modeling program (number
cruncher); MUL3D, a three-dimensional postprocessor; and
MUL?2D, a two-dimensional postprocessor. These programs
were specifically designed to operate on IBM-compatible (MS-
DOS-based) personal computers for easy transfer of this
technology to the mining industry and academia. MULSIM/PC
uses a subvariation of the boundary-element method, namely,
the displacement-discontinuity technique, for linear-elastic
geomechanical analysis of mine plans in one or two parallel
underground  tabular deposits. Results calculated by this
technique include stresses and displacements as they relate to
changing mine geometries and materials. In addition to
describing the MULSIM/PC program and its features, and
providing a detailed example model, this report also documents
the associated preprocessing and postprocessing programs that
are part of the MULSIM/PC system. User’s guides for all the
programs are contained in the appendixes following the main
report.

IC 9326. Controlling Coal Mine Floor Heave: An

Overview, by Wuest, William J. 1992. 17 pp. 18
figs. This U.S. Bureau of Mines report presents an overview of
ground control considerations associated with floor heave.
Factors affecting heave, such as in situ stress, floor
characteristics, and mine geometry, are described. Floor-
displacement monitoring and data analysis methods are outlined.
Finally, floor heave remediation is discussed. The remedial
techniques are divided into four categories: mine maintenance,
supplemental support, mine structure, and techniques for
multiple-seam operations. Other subjects covered in the report
include laboratory and in-place testing of floor rocks, U.S. and
international case studies, effects of mine layout, determination
of excess horizontal pressure, and types of heave failure. The
emphasis of this report is on practical considerations; theoretical
discussions are kept to a minimum.

IC 9327. Manganese Availability—Market Economy

Countries: 1980’s Perspective, by Coffman,
Joseph. There are 14 operations that supply 97 pct of the
Market Economy Country (MEC) manganese and contain nearly
all of its resources. Six mines account for about 70 pct of the
production and 85 pct of the resources; there are no known
resources that are economically close to those that are currently
being mined. Costs (January 1989 dollars) of producing
manganese concentrates from the operations evaluated are
estimated to range from $0.96 to $1.86 per long ton unit (ltu or
22.4 1b) of contained manganese. Total MEC demonstrated
resources evaluated amount to about 1.2 billion tons of in situ
ore containing 474 million tons of manganese. Identified
resources amount to about 1.8 billion tons of in situ material.

IC 9328, HEAPREC: A Methodology for Determining
Cyanide Heap Leach Reclamation Perfor-
mance Bonds, by Denton, Jr., David K.; Iverson, Stephen R.;

Gosling, Burton B. 1992. 79 pp. 32 figs. The U.S. Bureau of
Mines report presents the documentation for HEAPREC, a
methodology for calculating reclamation performance bonds
for cyanide heap leach operations. HEAPREC is a template
developed for use with Lotus 1-2-3 release 2.01 or newer
software. The report is presented in step-by-step "user's
manual" format. Appendixes contain detailed background and
reference material on performance bonding, cyanide
detoxification regulation, cyanide detoxification methods,
general mine reclamation procedures, and an example bond
calculation.

IC 9329. Utilizing Mechanical Linear Transducers for

the Determination of a Mining Machine’s
Position and Heading: Underground Testing, by Jobes,
Christopher C.; Lutz, Timothy J. 1992. 23 pp. 22 figs.
Computer-assisted control of a mining machine can place the
operator in a safe, remote location. A guidance system aids
remote positioning of a mining machine by determining its
position and heading.. The mechanical position and heading
system (MPHS) is one of several guidance systems being
developed at the U.S. Bureau of Mines. The MPHS uses linear
position transducers (LPT’s) to provide navigation information
during face maneuvers. This report presents an overview of the
MPHS theory and implementation, including recent design
modifications made for more successful underground testing.
This report also presents the experimental setup and procedure
for the underground test. The test showed that the MPHS
provides reliable and accurate results and can, therefore, provide
useful guidance information for face navigation.

IC 9330. Analysis of Microcomputer Network For

Computer-Assisted Mining Research, by Fries,
Edward F. 1992. 10 pp. 6 figs. The U.S. Bureau of Mines is
conducting research that will lead to computer-assisted mining
equipment. This research will facilitate improvements in safety
by relocating workers from dangerous areas and will increase
production by providing more accurate control with less
downtime of equipment. A Bureau-developed microcomputer
network enhances this research by permitting a group of diverse
computers to interact with a mining machine as well as with
each other over a common data link. The network is composed
of specially integrated off-the-shelf hardware and industry-
standard operating system and programming languages. Using
the network, researchers can conduct various experiments with
the mining machine using a diverse group of sensors,
computers, and microcontrollers. This report gives a brief
background on the Bureau’s work in computer-assisted mining,
followed by discussions on the network hardware and
architecture and the network packets, and an analysis of
network operation.

IC 9331. Longwall Gate Road Roof Instability and

Methods of Control in the Lower Kittanning
Coalbed of Central Pennsylvania, by Bauer, E.R.; Listak,
J.M.; Krupa, E.D. 1992. 20 pp. 23 figs. This report presents the
results of a cooperative study to investigate longwall
development entry roof instability. In-mine mapping of geologic
and deformational features was conducted to reveal the major
ground control problems encountered during gate road
development. In addition, mining-induced pillar load monitoring
was used to indicate development loading on variously
dimensioned gate road pillars and to determine if pillar yielding
occurred.
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IC 9332, Preventing Coal Mine Groundfall Accidents:
How to Identify and Respond to Geologic
Hazards and Prevent Unsafe Worker Behavior: Proceed-
ings: Bureau of Mines Technology Transfer Seminar, by
Staff, Bureau of Mines. 1992. 89 pp. 82 figs. A major emphasis
of the U.S. Bureau of Mines is to perform research on the
prevention of fatal accidents at mining operations. The leading
cause of fatalities in the underground coal mining industry is
groundfalls. This proceedings volume presents several new
developments that are helping to prevent fatalities and reduce
injuries by groundfalls. The papers focus on the problem from
two different perspectives. About half of the papers present
information and techniques that can be used to train and
motivate miners to protect themselves from groundfalls. The
other papers explain how to identify and respond to various
geologic conditions that affect the stability of the mine roof. Of
the 95 groundfall fatalities that occurred during 1986-90, 75 pct
took place in Kentucky, West Virginia, and Virginia. The rate
of groundfall fatalities was much higher at small mines. During
1986-90, the rate of groundfall fatalities at mines employing
fewer than 20 people was 4.3 times higher than the rate for
larger mines. Because so many groundfall fatalities are
occurring at relatively small mines in the southern Appalachian
coalfields, many of the papers focus specifically on the needs
of this category of mine operations.

IC 9333. Viewing Transformation Algorithm To
Generate Three-Dimensional Scenes, by Rider,
James P. 1992. 36 pp. 20 figs. This report describes a viewing
transformation algorithm that generates a perspective view of a
three-dimensional scene. This tool may be used by researchers
to improve mine safety by assessing the visual capabilities of a
mobile equipment operator. A listing of the computer routines
along with sample output is included in the report.

IC 9334. Strategies for Improving the Effectiveness of
Human Resources, by Peters, Robert H.;
Randolph, Robert F. 1992. 24 pp. 6 figs. This review
summarizes what has been learned from the large volume of
empirical studies on the effectiveness of eight types of
interventions intended to increase organizational effectiveness
via changes in the management of human resources. The
interventions concern the following: recruitment, selection,
training, objective feedback, goal setting, reward systems,
participative management practices, and organization
development. An analysis of the relationship between coal mine
productivity and safety is also presented. This analysis generally

IC 929%6. Basic Geological and Analytical Properties of
Selected Coal Seams for Coal Interface Detec-
tion, by Maksimovic, Slavoljub; Mowrey, Gary L. 58 pp., 23
figs. 1993. One important element of the U.S. Bureau of Mines
computer-assisted mining research program is the development
of a reliable coal interface detection (CID) system. Several
candidate CID concepts currently being investigated by the
Bureau include use of natural gamma radiation (NGR), vibra-
tion, passive infrared, video, and radar. To help establish which
CID sensor technologies need to be developed for a given seam,
the Bureau has collected geological and mining practices data
from over 460 underground and surface mines in the United

1993

supports the view that good safety performance and high
productivity are NOT incompatible goals. In fact, safe mines
also tend to be more productive and vice versa.

IC 9335. Blasting Hazards of Gold Mining in Sulfide-
Bearing Ore Bodies, by Miron, Yael. 1992. 10 pp. 4 figs. Two
recent unplanned detonations occurred during blasting
operations in sulfide-bearing ores in a Nevada gold mine. Other
premature detonations have also reportedly occurred at other
Nevada, California, and Arizona operations within the past few
years, with increasing frequency. Unplanned or premature
detonations can be extremely hazardous to life and can cause
extensive property damage. A miner was injured in one of these
occurrences. This report, by the U.S. Bureau of Mines, intended
to acquaint personnel involved in such mining activities with
the basic causes for these accidents. These causes include the
exothermic oxidation of pyrite (FeS,) and formation of ferrous
sulfate (FeSO,), the exothermic and energetic reaction of the
ferrous sulfate with ammonium nitrate-fuel oil (ANFO)-based
explosives, and the associated elevated temperatures that can set
off detonators and explosives in the boreholes. Recommenda-
tions for safe operation by the Mine Safety and Health
Administration, the Bureau, and the mine involved with the
recent incidents include monitoring temperatures in the blast
holes, analyzing for sulfate and ferrous ions, and limiting the
time between loading and firing in accordance with conditions
in the blast holes. Other procedures for safe operations should
fit specific conditions in the mines.

IC 9336. Launching Total Quality Management in the
Bureau of Mines: A Case Study. Quality
Improvement Report: October 1990 Through September
1992, by Walker, Julie N.; Harris, Sheri L. 1992. 94 pp. This
U.S. Bureau of Mines report reviews the first 2 years of the
agency’s progress in implementing total quality management
(TQM), which the agency refers to as Quality Improvement
(QD). All employees have been trained in basic TQM concepts,
a cadre of facilitators has been selected and trained, and 13
Bureauwide teams are addressing specific issues that were
identified by Bureau employees nationwide as problem areas.
Also in place are a Quality Council composed of the Bureau’s
top executives, a Quality Management Board, and eight QI
Working Groups to provide a national QI infrastructure. There
are also Quality Steering Groups at each Bureau location
nationwide to address local concerns. In addition to the
narrative text, the texts of salient memoranda and other
documents are included as appendixes.

States. Also, over 500 coal and rock samples have been
obtained for laboratory analyses of ash content, sulfur content,
heating value, and NGR. The Bureau’s findings indicate that the
immediate roof strata in 81% of the underground mines and
93% of the surface mines are made up of shale, draw slate, or
claystone. The immediate floor strata in 88% of both the
underground and surface mines consist of fireclay, shale, draw
slate, or claystone. The results of the NGR testing indicate that
the NGR method appears to be a potentially useful CID tool,
provided that the immediate roof and floor are both composed
of a high percentage of shale-type material.
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Chromium Availability in Market Economy
Countries and Network Flow Model Analysis
of World Chromium Supply, by Boyle, Edward H.; Shields,
Deborah J.; Wagner, Lori A. 131 pp., 33 figs. 1993. This report
analyzes the availability of chromium in the form of ferroalloy
products (high-carbon and low-carbon ferrochromium and
ferrochromium-silicon) and chromite products (metallurgical,
chemical, refractory, and foundry sands) in market economy
countries (MEC’s). A total of 873.5 Mmt of in situ material,
containing 202.5 Mmt of chromium, in 10 MEC countries was
analyzed for availability as of the January 1989 study date.
Extraction and beneficiation of this in situ material would result
in 475.4 Mmt of marketable chromite products. As analyzed,
288.5 Mmt of these chromite products would be available for
export or for internal chemical and refractory use and 186.9
Mmt would be smelted in-country to produce 74.3 Mmt of
high-carbon ferrochromium, and 2.0 Mmt of ferrochromium-
silicon, all available for export. A network flow model, which
includes centrally planned economy countries (CPEC’s), was
also constructed to analyze world chromium supply and demand
interactions for the period 1986 through 1994 and to address a
hypothetical North American embargo on direct imports of all
South African chromium products beginning in mid-1990. The
model shows capacity constraints developing in the MEC high-
carbon ferrochromium industry in 1987 and a possible
subsequent overreaction by the industry in terms of new
capacity additions. The results suggest that sufficient chromium
is available to North America should an embargo on direct
imports from South Africa be imposed by its governments.
However, the effect on export revenues in South Africa is
relatively small, and timely increases to world ferrochromium,
chemical chromite, and foundry sand chromite capacities would
be required.

IC 9337.

IC 9338. Availability of Platinum and Platinum-Group
Metals, by Fogg, Catherine T.; Cornellisson,
Joseph L. 54 pp. 19 figs. 1993. The U.S. Bureau of Mines
investigated the availability of platinum, palladium, and
rhodium from 16 deposits in four market economy countries
(MEC’s). Major recoverable products include 164 Moz of
platinum, 80 Moz of palladium, 13 Moz of rhodium, 24 Moz of
ruthenium, 4 Moz of iridium, 2 Moz of osmium, and 10 Moz
of gold. The 12 deposits in the Republic of South Africa are
estimated to account for 96.7 pct of total recoverable platinum.
The base-case scenario estimates the long-term cost of
production, including recovery of capital, but provides no return
on the investment or 0-pct discounted cash-flow rate of return
(DCFROR). The total production costs in January 1990 U.S.
dollars ranged from $325/oz to $1,288/0z of platinum compared
to an average January 1990 price of $450/0z or less.
Approximately 83 pct of total recoverable platinum was
economic at a cost level of $450/oz or less. At the 15-pct
DCFROR, only 26 pct of total recoverable platinum was
economic. For platinum-group metals (PGM), attention has been
focused on the ratios of the three primary metals: Platinum,
palladium, and rhodium. Sensitivity analyses were performed to
determine the impact long-term rhodium price increases could
-have on the total cost of production for platinum and palladium.
IC 9339. Evaluation of a Nitric-Oxide-Compensated
Carbon Monoxide Free Sensor, by Litton,
Charles D.; Conti, Ronald S.; Tabacchi, John G. 10 pp., 7 fig.
1993. This U.S. Bureau of Mines report describes the result of
two large-scale tests conducted to evaluate a prototype nitric
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oxide (NO)-compensated carbon monoxide (CO) fire sensor,
developed by Carnegie Mellon Research Institute (CMRI). In
the tests, small coal fires were allowed to develop in the
presence of diesel exhaust at relatively low ventilation airflows.
These tests compared the response of the CMRI fire sensor with
that of other fire sensors, including the Bureau’s diesel-
discriminating smoke detector. During the tests, CO, NO, and
smoke levels were continuously monitored in order to determine
the sensor alarm times and gas levels as the fire developed. The
data indicated that the NO-compensated CO fire sensor was
capable of suppressing the CO produced by a diesel engine and
that the sensor responded reliably to the CO produced from the
test fires. The tests also showed that the Bureau’s diesel-
discriminating smoke detector alarmed earlier than the prototype
NO-compensated CO fire sensor.

IC 9341. Instrumentation Procedures for Fully Grouted
Rock Bolts, by Johnston, Joanne L.; Cox, Dennis
J. 10 pp., 11 figs. 1993. Researchers at the U.S. Bureau of
Mines have developed a new-tehnique for bonding strain gauges
to rock bolts. These instrumental bolts are used to determine
load at intervals along the length of the bolt so that reliable,
consistent measurements for the design of support systems can
be obtained. In this Information Circular, this technique is
described in detail and should result in improved miner safety
in underground mines.

IC 9342. Helium Resources of the United States, 1991,
by Hamak, John E.; Gage, Brent D. 18 pp. 6 figs.
April 16, 1993. The U.S. Bureau of Mines estimates the
identified helium resources of the United States at 630 Bcf as
of December 31, 1990. This includes 295 Bcf of demonstrated
reserves, 87 Bcf of demonstrated marginal reserves, and 42 Bcef
of demonstrated subeconomic resources. The identified
resources include 161 Bef of helium in inferred and marginal
reserves and 45 Bef in inferred subeconomic resources. The
identified helium resources contained on Federal lands are
approximately 170 Bcf, including 32 Bef in underground
storage in the Cliffside Gasfield near Amarillo, TX. In addition
to the identified helium resources, undiscovered helium
resources in the United States are estimated at a most likely
volume of 103 Bcf, with a maximum volume of 259 Bef and a
minimum volume of 41 Bcf. Also reported are 43 Bcf of
helium in nonconventional and low-helium-content natural
gases. Current extraction of helium in the United States occurs
mostly from natural gases produced from the Hugoton gas area
in Kanas, Oklahoma, and Texas, and the Riley Ridge area in
southwest Wyoming. Helium extracted from natural gas in the
United States in 1990 was 2.5 Bcf. If current trends continue,
some shortfalls in helium supply may occur in about 5 to 10
years.
IC 9344, A Summary of Injury for Independent
Contractor Employees in the Mining Industry
From 1983 Through 1990, by Rethl, L.L.; Barrett, E.A. 16 pp.
20 figs. April 2, 1993. The U.S. Bureau of Mines summarized
injury data for independent contractor employees working at all
locations of coal and metal-nonmetal mines from 1983 through
1990. During the eight years, the greatest contrast in degree of
injury between independent contractor and operator employees
was in fatalities. From 1983 through 1990, there were 132
independent contractor employee fatalities in the mining
industry. In 1988, though, independent contractor employees
accounted for nearly one-fourth of all mining fatalities. The
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fatality incidence rates of independent contractors were
consistently higher than those of operators during the eight
years. For instance, in 1990, the contractors’ rate was twice that
of operator employees in coal mining and nearly five times that
of operators in metal-nonmetal mining. Three other salient facts
highlight the independent contractor employees’ fatality injury
data during these years. First, 82% of the independent
contractor employee fatalities occurred at surface locations.
Second, two job classifications (truck driver and equipment
operator) represented 37% of the fatalities throughout the 8-year
period. And finally, four accident classifications (powered
haulage, slips and falls, machinery, and electrical) accounted for
71% of all independent contractor employee fatalities.

IC 9345. Soil Factors Affecting Mycorrhizal Use in
Surface Mine Reclamation, by Norland,
Michael R. 1993. 24 pp. 2 figs. Surface and subsurface
stabilization of mining-related wastes through revegetation
depends upon the physical, chemical, and biological condition
of the waste following mining. Mining disturbances can
significantly alter the physical, chemical, and biological
characteristics of a site, reducing or eliminating mycorrhizal
fungi from the soil. Mycorrhizae are economically and
ecologically important because they can alleviate environmental
stresses caused by lack of proper soil condition and because
they are vital to stabilization of mining waste by increasing
plant survival and biomass through increased nutrient and water
uptake. This report discusses some of the ecological factors that
may affect mycorrhizae-plant associations on mining-related
wastes and provides general information on mycorrhizae
inoculation technology.

IC 9347. Surface Subsidence Over a Room-and-Pillar
Mine in the Western United States, by Magers,
Jeff A. 1993. 15 pp. 15 figs. This report summarizes the results
from the subsidence research study completed by the U.S.
Bureau of Mines at the Roadside Mine, Powderhorn Coal Co.,
Palisade, Co. This research was conducted from February 1981
to August 1985, with additional data obtained during July 1991,
to evaluate residual subsidence. The Bureau studied subsidence
at three district room-and-pillar sections at separate locations
over the mine and determined the maximum subsidence values
and surface subsidence profiles for each mining section.
Maximum subsidence of 3.0 ft occurred over the room-and-
pillar sections, with overburden depths ranging from 50 to 600
ft. Surface tension cracks had occurred, and were still evident
during the residual subsidence survey.

IC 9346. NUMOD and NUSTA: Software for
Interactive Acquisition and Analysis of Time
Domain Reflectometry Measurements, by Huang, Fei-Chiu;
O’Connor, Kevin M.; Yurchak, David M. 1993. 42 pp. 39 illus.
The principle of time domain reflectometry (TDR) is being used
by the U.S. Bureau of Mines to monitor strata displacements
induced by mining. The Northwestern University TDR
Signature Analysis (NUTSA) Program was developed under
contract with the Bureau to allow for visual comparison of three
TDR waveforms quickly and easily. This program is interactive,
and on-line help is available. The Northwestern University
Remote Control TDR Data Acquisition System and
Modification of Tektronix SP232 Host Application Program
(NUMOD) was then developed to allow acquisition of TDR
waveforms from a remote cable tester via modem. The
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NUMOD system utilizes commercially available software, while
the NUTSA program is available from the Bureau. This report
begins with a discussion of TDR principles followed by a
description of the NUMOD system. An interactive example of
signature analysis is then used to demonstrate features of the
NUTSA program.

IC 9348. A Prefeasibility Software Package for
Evaluating Coal Properties Using Lotus 1-2-3,
Release 2.2%, by Plis, Matthew N.; Rohrbacher, Timothy J.;
Teeters, Dale D. 1993. 93 pp. 51 illus. This U.S. Bureau of
Mines report presents the documentation for COALVAL, a coal
property evaluation software developed on Lotus 1-2-3, version
2.2 spreadsheets. The software is compatible with version 3.1
as well, and may provisionally be run on the earlier 2.01
version. COALVAL is a menu-driven program that produces a
prefeasibility-level cost analysis of mine-planned coal resources.
The package contains cost models for each of five coal mining
methods commonly employed in Appalachia: auger, contour
strip, mountain top removal, continuous miner, and longwall.
Other models, such as a dragline cost model, will be
incorporated as the Bureau’s Coal Recoverability Program
matures. COALVAL allows mine operators, evaluators,
consultants, and Government entities to input resource data and
the various production, operating, and cost variables that pertain
to their property. The program can evaluate up to 25 seams,
each to be mined with up to five different methods, within a
given area. Summary spreadsheets listing the cost per clean ton
to mine the resources, f.o0.b. the tipple, are produced for each
property, seam, and mining method/seam combination.

*Does not imply USBM endorsement.

IC 9349. World Copper Smelter Sulfur Balance—1988,
by Towle, Stewart W. 1993. 9 pp. 4 illus. In
1989, the U.S. Bureau of Mines initiated a contract to gather
engineering, operating, and environmental cost data for 1988 for
30 major foreign primary copper smelters in market-economy
countries. Data were collected for 29 of the designated smelters
together with information on applicable environmental
regulations. Materials balance data obtained were used with
available data for the eight U.S. smelters to determine the
approximate extent of copper smelter sulfur emission control in
1988. A broad characterization of the status of sulfur emission
control regulation was made, The 37 U.S. and foreign smelters
represented roughly 73.2 pct of world and 89.3 pct of market-
economy primary copper production in 1988. The 29 non-U.S.
smelters attained 55.3% control of their input sulfur in 1988.
Combined with the 90.4 pct control of U.S. smelters, an
aggregate 63.4 pct sulfur control existed. Roughly 1,951,100 mt
of sulfur were emitted from the 37 market-economy smelters in
1988. Identifiable SO, control regulations covered 72.4 pct of
the 29 foreign smelters, representing 66.5 pct of smelting
capacity. Including U.S. smelters, 78.4 pct of the major market
economy smelters were regulated, representing 73.1 pct of
smelting capacity. Significant changes since 1988 that may
increase sulfur emission control are noted.

IC 9350. The Materials Flow of Cobalt in the United
States, by Shedd, Kim B. 1993. 26 pp. 13 illus.
An initial evaluation of the flow of cobalt-containing materials
in the United States was prepared. The following aspects of
materials flow were included: cobalt released as a result of
mining and processing other metals and minerals; scrap
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generation and subsequent recycling or cobalt recovery; and
cobalt losses resulting from the generation of wastes, dissipative
uses, and disposal of used products. Where possible, estimates
were made to quantify the amount of cobalt lost from the
materials flow. More than 2,000 metric tons (mt) of cobalt are
released annually from mining and mineral processing in the
United States, including 480 mt of cobalt in coal produced in
the United States. Metallurgical industries examined in this
study have well-established recycling or cobalt recovery
practices. The petroleum industry recycles spent catalysts, and
some chemical catalysts are also recycled. Losses generated
during cobalt chemical and powder processing were estimated
at 50 mt to 80 mt of cobalt annually. Losses from alloy
processing and the manufacture of parts and products were
estimated to be 360 mt. These industrial losses are greatly
outweighed by an estimated 2,780 mt of cobalt consumed in the
United States each year to make products that will ultimately be
disposed of.
IC 9351. Roof Control Strategies for Underground Coal
Mines, by Smith, William C. 1993. 17 pp. 8
illus. Roof support, an important aspect of ground control,
involves maintaining roof competency to ensure a safe and
efficient mining environment. Wide variability in rock quality
and stress distributions requires a systematic approach to roof
support design that satisfies specific goals. The success of past
roof support in reducing the incidence of roof falls has been
primarily attributed to safer roof bolting practices. However,
roof falls continue to be the number one occupational hazard in
underground coal mines. This U.S. Bureau of Mines report
presents a general overview of roof bolting and other roof
support methods used in the United States. Characteristics of
bad roof and associated roof failure theories are briefly
presented as background to roof support. Methods of detecting
and monitoring roof behavior and/or bolt performance provide
essential feedback on roof support requirements. A discussion
follows on roof bolt design that assimilates roof and support
parameters into useful equations or nomographs to help decide
what bolt types to use and how they should be installed under
different roof conditions.

IC 9353. Diesel-Discriminating Detector Response to
Smoldering Fires, by Egan, Margaret R. 1993.
9 pp. 3 illus. Reliable fire detection is essential for both safe
evacuation and containment or extinguishment. In order to
increase reliability by reducing the number of nuisance fire
alarms in underground mines that use diesel-powered
equipment, the U.S. Bureau of Mines has developed a diesel-
discriminating fire detector (DDD). It was designed to
discriminate between smoke produced by a fire and the smoke-
laden exhaust of a diesel engine. Experiments were conducted
by the Bureau to compare the smoke detection capabilities of
the DDD with those of conventional fire detectors in response
to smoldering coal and conveyor belting. A comparison was
made among the alarm times of a carbon monoxide (CO)
detector with an alarm threshold of 5 ppm, a smoke detector
with an optical density alarm threshold of 0.044 m™, and the
DDD with an alarm threshold of 0.025 V. The results show that
the DDD will reliably detect developing coal and conveyor belt
fires. The average time delay separating the DDD alarm from
the first detector to alarm was 76 s for smoldering conveyor
belt and 65 s for smoldering coal. The longest time delay
between the response of the DDD and the first dector to alarm
was approximately 120 s.
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IC 9352. Fires in Abandoned Coal Mines and Waste
Banks, by Kim, Ann G.; Chaiken, Robert F.
1993. 58 pp. 61 illus. Fires that occur in abandoned coal mines,
waste banks, and in coal outcrops constitute a serious health,
safety, and environmental hazard. Toxic fumes, the deterioration
of air quality, and subsidence constitute the greatest hazards
from these fires. Although fires on abandoned mine land (AML)
occur in every coal-producing state, the severity of the problem
varies. Methods to extinguish or control AML fires, including
excavation, fire barriers, and sealing, are generally expensive
and have a relatively low probability of success. This U.S.
Bureau of Mines report includes information from a variety of
sources, i.e., agencies of the Federal Government, State
agencies, research reports, conference proceedings, product
information, and technical literature. This information has been
collated into a comprehensive discussion of AML fire problems.
Data on past fire control projects and on the estimated extent of
the current problem have been compiled. Factors affecting the
occurrence, propagation, and extinguishment of AML fires are
discussed. Conventional fire control methods are described, and
their probable effectiveness is evaluated. Information on the
hazards of AML fires and safety considerations is included. The
status of current technology, recent improvements in fire control
methods, and areas of current research are discussed.

IC 9354, Field Evaluation of the Modular Azimuth and
Positioning System (MAPS) for a Continuous
Mining Machine, by Sammarco, John J. 1993. 14 pp. 12 illus.
This report details the testing and evaluation of a modular
azimuth and positioning system (MAPS) to provide navigational
information for a continuous mining machine. Vehicle
navigation is part of the U.S. Bureau of Mines research program
in computer-assisted mining, serving as a tool to increase
mining health, safety, and productivity. The Bureau is
investigating other navigation systems, but MAPS seems to
have the most promise. MAPS was installed on a continuous
mining machine. An operator used the machine to cut coal
while researchers collected machine and MAPS data. A
comparison of MAPS data for xy position and data obtained
with an electronic transit showed an increasing error for MAPS.
After 30 min of operation, the easting position error was —-0.02
m, and the northing position error was 0.019 m; after 60 min of
operation, the easting position error was ~0.19 m, and the
northing position error was ~0.19 m, and the northing position
error was ~0.26 m. Modifications to MAPS software and to the
operational procedure of the machine significantly reduced this
error, by a factor of 3.7. Researchers continue to reduce these
€1TOrS.

IC 9355. Coal Reserves of the Matewan Quadrangle,
Kentucky, by Rohrbacher, Timothy J.; Teeters,
Dale D.; Sullivan, Gerald L. 1993. 36 pp. 11 illus. This report
presents a U.S. Bureau of Mines study that incorporates coal
mining factors, coal recovery factors, and economic factors into
the definition of an economically recoverable coal resource. The
relationship between these factors to the Energy Information
Administration’s estimate of U.S. coal resources—the
"Demonstrated Reserve Base" is discussed. The Matewan 7-1/2
minute quadrangle in eastern Kentucky was selected as the
initial study area. Results indicate that, of the original 1,193
million tons of resource in the quadrangle, only 89 million tons
(7.5 pet) are economically recoverable at a cost of $25 per ton
or less. At the current production rate of 5.3 million tons per
year, this represents only 16.8 years of remaining reserves.
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IC 9356. Analyses of Natural Gases, 1992, by Hamak,
J.E.; Sigler, Stella. 1993. 62 pp. 1 llus. This
publication contains analyses and related source data for 162
natural gas samples from 15 States and 4 foreign countries. Of
the total samples, 154 were collected during calendar year 1992;
the remainder were collected earlier, but releases granting
permission to publish were not received until 1992. None of the
analyses have been previously published in annual reports. All
samples were obtained and analyzed as part of U.S. Bureau of
Mines investigations of the occurrences of helium in natural
gases of countries with free-market economies. This survey has
been conducted since 1917. The analyses published herein were
made by mass spectrometer and chromatograph.

IC 9357. Using Light-Scattering Intensities to
Discriminate Waterdrops from Coal Mine
Dusts, by Vinson, Robert P. 1993. 14 pp. 15 illus. The U.S.
Bureau of Mines evaluated a light-scattering technique for
discriminating between spherical and nonspherical particles.
This evaluation was a three-step procedure. The first step
required collecting light-scattering data for a variety of particles.
This was accomplished with a particle analyzer called the
DAWN-A. The DAWN-A measured the scattered light
intensities of individual particles at a forward scattering angle
of 40 degrees. These DAWN-A measurements of individual
particles are called scattering signatures by USBM researchers.
The second step in this evaluation was to calculate a sphericity
index number using the scattering signatures produced by the
DAWN-A. The sphericity index number can range from O to 1.
A calculated sphericity index of 1 would show that, based on
the intensity of scattered light, the particle was a perfect sphere.
The third and final step of this evaluation was the comparison
of the calculated sphericity indices of the various particles.
Comparing these indices made it possible to discriminate
between the nearly spherical waterdrops and the nonspherical
coal and rock dust particles.

IC 9358. A Microcomputer Network for Control of a
; Continuous Mining Machine, by Schiffbauer,
William H. 1993. 27 pp. 13 illus. This report details a
microcomputer-based control and monitoring network that was
developed inhouse by the U.S. Bureau of Mines and installed

This U.S. Bureau of Mines report describes the available
technologies for subsidence abatement and discusses their
operation and application. The basis of these abatement methods
is the replacement of the mined material with mine waste.
Backfilling of mine voids is the most common method of
stabilization used to abate subsidence and protect surface
structures. Hydraulic flushing and grouting, using remote
methods from single or multiple boreholes, are the most often-
used methods for the placement of backfill material. Other
subsidence abatement techniques are available and may be more
appropriate under different conditions. These other techniques
include pneumatic stowing, either by in-mine or remote
methods, and various point support methods that do not
completely fill the mine void and are used for the protection of
small areas of the land surface and surface structures.

IC 9360. Design Practices for Multiple-Seam Longwall
Mines, by Chekan, Gregory J.; Listak, Jeffrey M.
1993, 35 pp. 35 illus. The U.S. Bureau of Mines is investigating
longwall panel and gate road layouts to increase coal recovery
and reduce multiple-seam interactive problems. This report
presents design practices for longwall mining multiple seams to
provide mine planners and operators with practical guidelines
for designing productive longwall mines. Key aspects of mine
design that control longwall interactions are examined,
including sequencing of seams, design of gate road pillars, and
orientation of gate roads and longwall panels. Theories that
describe stress transfer between multiple seams and the
mechanics of interaction are addressed in relation to geology.
Common longwall designs were further investigated using a
boundary element model, MULSIM/NL. The model provided
insight into relative stress transfer and distribution that occurs
between longwall operations in multiple seams. Findings from
the model show that a longwall panel should be mined from the
gob to the solid coal of an overlying mine, because the stress
concentrations are lower; the approach angle should be kept
under 30 degrees; and when mining in descending order,
superpositioning gate roads usually produces the worst stress
condition. To prevent this, the overlying isolated gate roads
should be positioned from the centerline toward the headgate
side of the underlying panel.

on a continuous mining machine. The network consists of
microcomputers connected via a single twisted-pair cable. Each
microcomputer was developed to provide a particular function
in the control process. Machine-mounted microcomputers, in
conjunction with the appropriate sensors, provide closed-loop
control of the machine, navigation, and environmental
monitoring. Off-the-machine microcomputers provide remote
‘control of the machine, sensor status, and a connection to the
network so that external computers can access network data and
control the continuous mining machine. Because of the
network’s generic structure, it can be installed on most mining
machines.
IC 9359. State-of-the-Art Techniques for Backfilling
Abandoned Mine Voids, by Walker, Jeffrey S.
1993. 17 pp. 14 illus. Abandoned underground mine openings
are susceptible to collapse because of the mining methods used,
the character of the overburden, and the typically large, wide
entries with minimal roof support. The final effect of the
collapse of the underground workings is surface subsidence. To
reduce the probability of subsidence, methods to backfill the
mine void with various types of materials have been developed.
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IC 9361. Engineering Methods for the Design and
Employment of Wood Cribs, by Barczak,
Thomas M.; Gearhart, David F. 1993. 34 pp. 28 illus. Wood
cribs are used extensively by the mining industry to stabilize
mine openings. While the cost per crib is relatively low, their
extensive use can result in annual mine costs of over $1
million. In an effort to improve the utilization of these supports
and to reduce ground control hazards, the U.S. Bureau of Mines
has developed engineering methods to assist mine operators in
wood-crib design and employment. Design and employment
criteria are established based on the strength, stiffness, and
stability of the crib structure in relation to the load conditions
imposed by the mine environment. Models have been developed
based on full-scale tests in the USBM’s Mine Roof Simulator
that compute the capacity of wood cribs of various
configurations and material constructions as a function of
displacement of the crib structure due to roof-and-floor
convergence. These models permit the comparison of the
loading characteristics and costs of employment of different crib
designs and, in conjunction with roof behavior models, provide
a means to determine the optimum design and employment
strategy.
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IC 9362. Overview of Mine Subsidence Insurance
Programs in the United States, by Ingram,
David K. 1993. 12 pp. 9 illus. Research performed by the U.S.
insurance industry has determined that mine subsidence is
uninsurable. Consequently, the insurance industry has decided
not to voluntarily offer mine subsidence insurance. The U.S.
Department of the Interior has long been investigating the
effects of mine subsidence; these investigations have resulted in
Federal regulations and controls. This U.S. Bureau of Mines
report generally describes mine subsidence, the development of
mine subsidence insurance programs, and the eight current
programs in the United States. The States that have these
subsidence programs include Colorado, Illinois, Indiana,
Kentucky, Ohio, Pennsylvania, West Virginia, and Wyoming.
Major aspects of the programs include history, administrative
and operational procedures, insurable structures, recognition of
mine subsidence, major exclusions, claims, insurance premiums,
and the economic health of each program. Addresses of
agencies involved with mine subsidence insurance are also
given. Information within this report can be useful for
residential and commercial property owners and mine operators.
States that are considering starting or already have an existing
mine subsidence insurance program can also use this report as
a model for initiating or modifying programs.

IC 9363. Vibration Environment of Instrumentation for
Scrapers and Loaders, by Utt, Walter K,;
Gagliardi, John C. 1993. 13 pp. 12 illus. The vibration levels of
the heavy machines used in surface mining are much greater
than those for vehicles used on highways. In order to assure the
proper functioning of electronic equipment placed on the
surface mining vehicles, the U.S. Bureau of Mines has
conducted a program of field measurements to define their
vibration environment. The information in this report is for a
class of vehicle that has a blade for scraping and wheels with
rubber tires. The statistical information derived from these
measurements can be used as a basis for laboratory testing to
qualify equipment for a surface mining vehicle of this class.
The envelope that would encompass 99 pct of the vibrations
encountered in normal operations is presented for each location
on the vehicle. The five locations for which data were recorded
are the floor of the cab, the engine, the frame, the drive train
(gear, differential, and torque converter), and the axle.
Tabulated data are provided for those who which to use a
different probability level. The appropriate test profile for the
laboratory testing can be determined from the information
presented in this report.

IC 9364. A Unix Workstation Monitoring System for
Coal-Bump Research, by Coughlin, I.P.;
Wilson, P.E. 1993. 12 pp. 10 illus. The U.S. Bureau of Mines
has developed a monitoring system that acquires and analyzes
data for use in determining the conditions that may precede
mountain bumps in coal mines. Based on a UNIX workstation
linked to an array of geophones in a working longwall
operation, the system captures complete waveforms of
microseismic events and simultaneously obtains continuous
samples of the voltage levels of each geophone. Event rates and
locations are calculated and displayed in real time on the UNIX
workstation, which is situated in an underground
instrumentation room. These results also are transmitted from
the workstation to a display computer near the longwall face.
The system runs continuously and has the capability to acquire,
analyze, display, and archive microseismic (transient) data and
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single point data, such as closure and pressure changes,
simultaneously.

IC 9365. Haulage-Related Accidents in Metal and
Nonmetal Surface Mines, by Kenney, Jean M.
1993. 6 pp. 1 illus. Frequencies of haulage-related accidents in
metal and nonmetal surface mines for the years 1988 through
1990 were investigated and compared with those of non-
haulage-related accidents. This study was part of the U.S.
Bureau of Mines program to improve mining haulage safety.
Data were obtained through the U.S. Bureau of Mines Accident
Data Analysis (ADA) program. The chi-square test was used to
compare frequencies of haulage-related and non-haulage-related
accidents for each of the following variables: degree of injury,
age, total number of years of mining experience, and shift time.
Significance was determined for degree of injury between
haulage-related and non-haulage-related accidents. The age of
those injured did not vary significantly, but total years of
mining experience were found to be significant. Shift time for
the accident proved to vary significantly between haulage- and
non-haulage-related accidents. Events causing injury for
haulage-related accidents were tabulated, and the most frequent
determinants of haulage-related accidents were identified.
Accident descriptions for both fatalities and permanent
disabilities were studied, and the primary causes of these
accidents were identified. These findings suggest that haulage-
related jobs are among the most dangerous when considering
accidents experienced by all workers in the metal and nonmetal
surface mining work force.

IC 9366. Update on Ventilation for Longwall Mine Dust
Control, by Jankowski, Robert A.; Jayaraman,
Natesa I.; Potts, J. Drew. 1993. 11 pp. 11 illus. The U.S.
Bureau of Mines, in cooperation with the Mine Safety and
Health Administration (MSHA) and the mining industry, has
identified and demonstrated the effectiveness of several
improved face ventilation techniques for longwall mining
systems. These include the following: identifying improved
techniques for measuring face ventilation parameters on
longwall sections, installing curtains at the intake end of the
longwall face to maximize usage of the primary airflow,
identifying optimum face airflow rates for maximizing dilution
effects, and coursing the primary face intake from tailgate to
headgate to minimize outby airflow contamination. Application
of these techniques throughout the mining industry should
reduce the health hazard associated with excessive exposure to
respirable coal mine dust.

IC 9367. Cost-Benefit Analysis of Computer-Assisted
Mining Through Production and Cost
Modeling: An Update of I1C-9281, by Bhatt, Suresh K. 1993.
40 pp. 1 illus. A mathematically simulated modeling technique
is used in this U.S. Bureau of Mines report to represent a
hypothetical mining operation with existing mining technology
and prevalent mining costs. Mining scenarios were prepared and
evaluated for potential benefits and costs available through
computer-assisted mining. Base criteria, parameters, and
methodology are described.

IC 9368. Coal Resource Recoverability: A Methodology,
by Rohrbacher, T.J.; Teeters, D.D.; Sullivan, G.L.
1993. 48 pp. 17 illus. This report presents a U.S. Bureau of
Mines methodology developed to incorporate factors of coal
production (mining and cleaning methods, recoveries,
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economics, etc.) into the definition of recoverability of a coal
resource. Project procedures and computer models that were
developed to include mine and preparation plant production
rates, recoveries, and costs are explained. The results of these
procedures and models are reviewed and compared to the
Energy Information Administration estimate of U.S. coal
resources the "demonstrated reserve base." The Matewan
quadrangle in eastern Kentucky was selected to demonstrate the
methodology.
IC 9369. The Availability of Primary Lead and Zinc in
Market Economy Countries: A Minerals
Availability Appraisal, by DiFrancesco, Carl A.; Cornellisson,
Joseph L.; Peterson, Gary R. 1993. 39 pp. 19 illus. The U.S.
Bureau of Mines estimated the potential availability of lead and
zinc from 205 mines and deposits in market economy countries
(MEC’s) by performing detailed geologic, engineering, and cost
evaluations. These evaluated properties had demonstrated
resources totaling 57 million metric tons (Mmt) of contained
lead and accounted for approximately two-thirds of the Bureau’s
reserve base for lead in MEC’s (almost 96 Mmt). These
properties had contained (in situ contained metal) zinc resources
totaling 160 Mmt and also accounted for almost two-thirds of
the Bureau’s reserve base for zinc in MEC’s (259 Mmt). Total
recoverable (contained metal, milled, smelted, and refined)
MEC lead resources from evaluated mines and deposits were 48
Mmt; 27% was from primary lead mines and deposits, and the
remaining 73% from primary zinc mines and deposits. Of the
primary lead mines, the United States had the lowest estimated
weighted-average total cost for producers at $0.25/1b
recoverable lead at 0% discounted cash flow rate of return
(DCFROR). Total recoverable MEC zinc resources evaluated
were 131 Mmt, 98% of which was from primary zinc mines
and deposits. The remainder was from primary lead mines and
deposits. The estimated weighted average total cost of

production for producing mines in the United States amounted
to $0.49/1b zinc in January 1990 dollars at a 0% DCFROR.

IC 9370. Geological Features That Contribute to
Ground Control Problems in Underground
Coal Mines, by Shea-Albin, Valois R. 1993. 38 pp. 14 illus.
Ground control problems are an important factor affecting
safety, production, and efficiency in underground coal mines. A
major portion of ground control problems encountered in
underground coal mines can be attributed to geologic features
in the strata surrounding the extracted coal seam. The U.S.
Bureau of Mines has complied information from numerous
sources on the geological features that contribute to ground
control problems in underground coal mines. The compliation
includes (1) sedimentary features such as paleochannels,
crevasse splays, clastic dikes, mold-and-cast structures,
concretions, and lithologic factors, and (2) structural features
such as folds, fractures, joints, cleat, and faults. The compiled
information will aid in identifying the features, predicting their
occurrence in advance of mining, and controlling or minimizing
roof failure when these features are encountered in an
underground coal mine.

IC 9372. Ground Control Safety Analysis of Extended
Cut Mining, by Bauer, Eric R.; Pappas, Deno
M.; Listak, Jeffrey M. 1993. 24 pp. 9 illus. The ground control
aspects of extended depth-of-cut mining are presented in this
U.S. Bureau of Mines report. A trend analysis of extended cut
approvals was performed. A comparative review of roof fall
fatalities for extended and nonextended cut mining is included.
Current ground control guidelines for extended cut approval are
summarized. The problems and concerns of this extraction
system are addressed, and typical extended cutting face
operations are described.

MINERAL COMMODITY SUMMARIES

This annual is the earliest Government publication to
furnish estimates of the previous year’s nonfuel mineral
industry data. Most of the estimates are based on 9 months’
data, The publication includes information en the domestic

MCS 92. Mineral Commodity Summaries 1992, by Staff,
U.S. Bureau of Mines. 204 pp. This report is the
earliest Government publication to furnish estimates covering
the 1991 nonfuel mineral industry data. Most of the estimates

are based on 9 months’ data. These data sheets contain
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industry structure, Government programs, tariffs, and 5-
year salient statistics for a number of minerals and metals.
Contact GPO for copies, or read them in USBM libraries.

information on the domestic industry structure, Government
programs, tariffs, and 5-year salient statistics for 90 individual
minerals and metals. A general review of significant events in
1991 helps interpret the individual commodity data.




MINERAL INDUSTRY SURVEYS

MIS. Mineral Industry Surveys 1992, contain statistical
and economic data on various mineral commodi-
ties. These reports are issued at regular intervals (monthly,
quarterly, semiannually, annually). Most of the data
contained in these reports appear in permanent form in the
Minerals Yearbook. Single copies of Mineral Industry
Surveys can be obtained from Publication Distribution
Bureau of Mines, Cochrans Mill Road, P.O. Box 18070,
Pittsburgh, PA 15236.

Mineral Industry Surveys dealing with various mineral
commodities will be forwarded regularly if application is
made to Mailing Lists, MS 9800, U.S. Bureau of Mines,
Washington, DC 20241.

Preliminary annual data are published as soon as
possible after the close of each calendar year; these statistics
are later printed in permanent form in the Minerals
Yearbook. Preliminary annual area reports also contain
data on mineral production by State; final State figures are
published as Volume II of the Minerals Yearbook.

MINERAL INSTITUTE REPORTS

The Mineral Institutes Program operates under Public
Law 98-409. It is designed to improve the quality of mineral
engineering research and education through support for
research in mining, metallurgical processing, and related
mineral sciences. The U.S. Bureau of Mines supports this
research through annual allotment grants, matched by non-
Federal funds, to mineral institutes at 30 universities

MIR 01-92. Historical Changes in Shoreline Position Along

the Mississippi Sound Barrier Islands, by Mark
R. Byrnes, Randolph A. McBride, Shea Penland, Matteson W.
Hiland, and Karen A. Westphal. Paper in GCSSEPM
Foundation Twelfth Annual Research Conference Program and
Abstracts. 1991, pp 43-55. A computer-based shoreline mapping
methodology, within the framework of a geographic information
system, was used to compile and analyze changes in historical
shoreline position and island area between 1847-49 and 1986
for the Mississippi Sound barrier island system. The data base
consisted of three to four cartographic shorelines and one to two
air-photo-interpreted shorelines. The dominant direction of
movement for Dauphin, Petit Bois, Horn, and Ship Islands is to
the west, whereas cross-shore change in shoreline position is the
primary mechanism by which the beaches on Cat Island respond
to incident processes. Average shoreline change for the study
area was about ~1.7 m/yr; however, Horn Island Illustrated no
net shoreline change for the period of record, and the western
halves of Petit Bois and Ship islands were net progradational.
Although spatial variability in shoreline movement was
common, associated land loss was relatively consistent, ranging
from —1.6 to ~2.5 ha/yr. The magnitude of lateral island
migration is generally an order of magnitude greater than cross-
shore movements. East of Dog Keys Pass, the islands are
moving to the west by updrift erosion and downdrift accretion
at rates exceeding 30 m/yr. The eastern end of Petit Bois Island
illustrates the greatest lateral movement, averaging 89.9 m/yr
between 1848 and 1986. Long-term changes recorded for the
ends of Ship Island are significantly smaller, mainly due to
dredging at the Biloxi navigation channel and distance from
sand source, limiting the quantity of sand available for natural
bypassing to the west. Short-term lateral migration trends
illustrate a similar response at Horn Island Pass. Research was
done under Grant G1195128-2201.
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throughout the United States and by research grants to
these institutions to address specific mining and processing
problem areas. - -

The following reports describe research conducted
under research grants. Individual copies may be available
from NTIS or the organizations cited. Copies of these
reports are NOT available from the U.S. Bureau of Mines.

MIR 02-92. Prediction of Precious Metal Heap Leach

Behavior by Use of Unsteady State Models, by
D.G. Dixon, J.L. Hendrix, and J.H. Nelson. Paper in World
Gold ’91. SME and Australian Inst. Min. and Metall., 1991, pp
201-212. A model based on non-steady state has been
developed for dissolution and diffusion in porous ore particles.
Results from the particular model have been incorporated, as a
rate term, into a global, heap-scale model based on a plug flow
reactor at unsteady state. The global model can be used to
consider leaching by aqueous-phase reagents in equilibrium with
a gas-phase component, such as oxygen gas, as well as strictly
aqueous-phase reagents, such as cyanide. The flexibility of the
model even allows prediction of the outcomes of using reagent
sideflow injection in large heaps. Data from column leaching
tests are compared to the model, and their relationship is
discussed. Research was done at the Mackay School of Mines,
University of Nevada, under Grant G1175132.

MIR 03-92. AI Techniques for Adapting to the Dynamic

Mining Environment, by PJ.A. Lever, A.
Gordon, and R.H. King. Paper in Computer Applications in the
Mineral Industry: Proceedings of the Second Canadian
Conference, ed. by R. Poulin, R.C.T. Pakalnis, and A.L. Mular.
CIM, v. 1, 1991, pp 230-242. The mine environment constantly
changes. New equipment, different equipment operators,
modified layouts, and variable geological conditions make
monitoring and control systems difficult to apply without
continual software maintenance. This paper reports on
algorithms that were developed, encoded with Knowledge Craft
Tools, and tested on underground coal mine machine data to
adapt to the dynamic environment. The system receives data
from sensors in near real time. The data are reduced and
patterns in the data are recognized. Then the data are
automatically checked to determine the present operating mode
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by comparing a set of mode features. If the operating mode has
changes from the previous shifts, the system automatically
learns the new mode characteristics and uses that mode context
for further data analysis. The AI based system can produce
reports that are tailored to a manager’s interest. It uses a
difference-detection module to locate interesting differences
from previous data and a diagnosis module that determines the
reason for the difference. The concepts presented in this paper
are applicable to a wide variety of mining scenarios, not just to
underground coal mining. Research was done at the Colorado
School of Mines under Grant G1175151.

MIR 04-92. Geomorphic History, Geologic Framework,

and Hard Mineral Resources of the Petit Bois
Pass Area, Mississippi-Alabama, by Randolph A. McBride,
Mark R. Bymes, Shea Penland, David L. Pope, and Jack L.
Kindinger. GCSSEPM Foundation Twelfth Annual Research
Conference Program and Abstracts. 1991, pp 116-126.
Approximately 200 line-km of high-resolution seismic reflection
data, 24 vibracores, historical maps, and aerial photography
were used to delineate the geomorphic history, geologic
framework, and potential hard mineral resources of the Petit
Bois Pass area. Petit Bois Pass is a natural tidal inlet system
located between Petit Bois and Dauphin Islands at the
Mississippi-Alabama state line. Since its opening, the inlet has
migrated to the west at rates exceeding 50 m/yr. However, the
main channel of Petit Bois Pass has remained relatively stable
since 1917, occupying an antecedent topographic depression cut
into underlying pre-Holocene deposits. Pre-Holocene deposits
form the eastern core of Dauphin Island, where they are
subaerially exposed. The pre-Holocene surface dips to the west,
providing a platform for the narrow, elongated Holocene spit of
Dauphin Island. The pre-Holocene surface crops out on the
shoreface at the western end of Dauphin Island 8 to 9 m below
mean low water (MLW). Farther to the west, vibracores from
the main inlet channel of eastern Petit Bois Pass contain only
Holocene sediment, suggesting that the pre-Holocene surface is
>11 m below MLW. West of the main tidal channel, the
undulating pre-Holocene surface shallows in the central portion
of the pass before dipping down to >11 m under Petit Bois
Island. It appears that tidal channels associated with Petit Bois
Pass occupy pre-Holocene fluvial channels cut by either the
Pascagoula, Escatawpa, or Fow] Rivers during periods of lower
sea level. In the study area, the primary hard mineral resource
targets include Holocene tidal inlet channels, ebb-tidal deltas,
and shoreface sand ridges, while abandoned pre-Holocene
fluvial channels are considered secondary. Research was done
under Grant G1115128-2201.

MIR 05-92. Origin, Evolution, and Distribution of

Shoreface Sand Ridges, Atlantic Inner Shelf,
U.S.A., by Randolph A. McBride and Thomas F. Moslow.
Marine Geol., v. 97, 1991, pp 57-85. A computer mapping
system was employed to document the location of 259
shoreface-attached and detached sand ridges in water <20 m
deep and the temporal and spatial distribution of 309 historical
and active tidal inlets along the U.S. Atlantic coast (Montauk
Point, NY, to Miami Beach, FL). This database was compiled
through the analysis of over 600 historical maps, 50 bathymetric
charts, and other published data. A genetic relationship between
the location of certain historical and active tidal inlets and
shoreface-attached sand ridges is documented. It is inferred that
ebb-tidal deltas provided the initial sand source for the
development of many shoreface-attached sand ridges. Although
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shoreface-attached sand ridges appear to have several different
modes of formation, a two-step process for the development of
most shoreface-attached and detached sand ridges along U.S.
Atlantic barrier island and cape coastlines is proposed: (1) sand
is deposited as ebb-tidal deltas or river deltas along the lower
shoreface and/or inner continental shelf prior to or during
transgression, followed by (2) further transgression, which
reworks the deltaic sand bodies into linear sand ridges at the
base of the shoreface by shelf processes. The best-developed
shoreface sand ridge fields along the U.S. Atlantic shelf lie
adjacent to shorelines characterized by all of the following: (1)
transgression, (2) mixed energy, wave-dominated barrier islands,
and (3) laterally migrating tidal inlet systems. Tidal inlet
systems are natural sediment sinks that capture sand carried by
longshore sediment transport. Ebb-tidal delta deposits associated
with these migrating tidal inlets provide the initial sand body
for the development of shoreface-attached sand ridges. The
oblique orientation and linear form of shoreface-attached sand
ridges appear to be a function of shoreline transgression, lateral
inlet migration, and wave reworking of ebb-tidal delta deposits
concentrated along an ebb-tidal delta retreat path. Shelf
processes act as modifying agents in the evolution of sand
ridges during and after ebb-tidal delta deposition. In general,
shoreface-attached sand ridges are poorly developed or absent
along eroding headlands, spits, and barrier island shorelines
characterized by naturally stabilized tidal inlets. These latter
inlets and shoreline types are dominated or influenced by one
or all of the following: (1) antecedent topography, (2) higher
tidal ranges, (3) larger tidal prisms, (4) lower wave energies, or
(5) finer grain sizes. The coupling of shoreline and shallow
marine sedimentary processes during a transgression is critical
to the origin, evolution, and distribution of shoreface sand
ridges in the study area. Modern shoreface-attached sand ridges
are also known to occur in different coastal and shelf settings
where large amounts of sediment were supplied to the shoreface
and inner shelf during, or immediately before, transgression.
Commonly observed vertical and lateral interrelationships of
Holocene shoreface-attached sand ridges and tidal inlets or
distributary channels have important ramifications for the
development of shelf sandstone facies models. In addition, the
geometric relationship documented in this study provides
predictive petroleum and hard mineral exploration models of the
spatial and temporal distribution of shoreface and shelf sand
ridges. Research was done under Grant G1195128-2201.

MIR 06-92. Intelligent Decision-Support System for Mine

Managers, by D.R. Schricker, P.J.A. Lever, R.H.
King, and R.E. Cameron. Min. Eng., Sept. 1990, pp 1096-1098.
Mine managers rely on their experience, section foremen’s daily
reports, and occasional time studies to make important
production, maintenance, and forecasting decisions. This
information is often subjective and imprecise, consumes
expensive engineers’ time, is often biased, and is restricted to
short time periods. Managers need better information.
Furthermore, if a recently purchased machine is being
evaluated, a large increase (>10 pct) in productivity may be
obvious, but small increases are usually masked by other
variables. In today’s highly competitive markets, cumulative
small changes are important, especially since managers have
already exhausted most available, obvious avenues of
improvement. A technique to separate these charges from
effects of other variables and to quantify the target effect is
necessary. Colorado School of Mines researchers are addressing
this need by developing an intelligent decision support system.
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It provides key production and maintenance information to
support management decisions by recognizing patterns in
mining machine sensor data and representing knowledge about
mine management, operations, layout, and equipment. Research
was done at the Colorado School of Mines under Grant
G1125151.

MIR 07-92. Equivalent Elastic Moduli of Cable Bolted

Finite Elements, by F. Duan and W.G. Pariseau.
Paper in Computer Methods and Advances in Geomechanics,
ed. by G. Beer, J.R. Booker, and J.P. Carter. Balkema, 1991, pp
1135-1140. This paper presents a new computational procedure
for approximating the equivalent elastic moduli of cable-bolted
finite elements. The new approach replaces a heterogeneous
borehole assemblage of reinforcing steel cable, cement annulus,
adjacent rock, and the steel-cement and cement-rock interfaces
contained within a finite element by a homogeneous, anisotropic
material that is equivalent, on average, to the original
assemblage. The new procedure readily incorporates cable bolt

reinforcement effects in three-dimensional finite element models.-

of excavations in rock. An important practical advantage is that
changes in the pattern of reinforcement can be made without
the need to rebuild the mesh, an otherwise costly procedure in
the engineering design of cable bolt support systems in rock.
The stiffening effects of cable bolt reinforcement are small at
practical bolt spacings. Research was done at the University of
Utah under Grant G1175151.

MIR 08-92. Fluid Inclusion Constraints on the Uplift

History of the Metamorphosed Massive
Sulphide Deposits at Ducktown, Tennessee, by D.L. Hall, R.J.
Bodnar, and J.R. Craig. J. Metamorphic Geol., v. 9, 1991, pp
551-565. Standard petrographic, microthermometric, and Raman
spectroscopic analyses of fluid inclusions from the
metamorphosed massive sulphide deposits at Ducktown, TN,
indicate that fluids with a wide range of compositions in the C-
O-H-N-S-salt system were involved in the syn- to post-
metamorphic history of these deposits. Primary fluid inclusions
from peak metamorphic clinopyroxene contain low-salinity,
H,0-CH, fluids and caicite, quartz, and pyrrhotite daughter
crystals. Many of these inclusions exhibit morphologies
resembling those produced in laboratory experiments in which
confining pressures significantly exceed the internal pressures
of the inclusions. Secondary inclusions in metamorphic quartz
from veins, pods, and host matrix record a complex uplift
history involving a variety of fluids in the C-O-H-N-salt system.
Early fluids were generated by local devolatilization reactions,
while later fluids were derived externally. Isochores calculated
for secondary inclusions in addition to the chronology of
trapping and morphological features of primary and secondary
fluid inclusions suggest an uplift path that was concave toward
the temperature axis over the pressure-temperature range of 6
to 3 kbar and 550 to 225 ° C. Immiscible H,0-CH,-N,-NaCl
fluids were trapped under lithostatic to hydrostatic pressure
conditions at 3 to 0.5 kbar and 215-20° C. Entrapment occurred
during Alleghanian thrusting, and the fluids may have been
derived by tectonically driven expulsion of pore fluids and
thermal maturation of organic material in lower-plate
sedimentary rocks which are thought to underlie the deposits.
Episodic fracturing and concomitant pressure decreases in
upper-plate rocks, which host the ore bodies, would have
allowed these fluids to move upward and become immiscible.
Post-Alleghanian uplift appears to have been temperature-
convex. Uplift rates of 0.10 to 0.05 mm year™' from middle
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Ordovician to middle Silurian-late Devonian, and 0.07 to 0.12
mm year~! from middle Silurian-late Devonian to late Permian,
are suggested by our uplift path and available geochronological
data. Research was done at Virginia Polytechnic Institute and
State University under Grant G1164151.

MIR 09-92. Three-Dimensional Finite Element Modeling

of a Cable-Bolted Cut and Fill Stope, by W.G.
Pariseau and F. Duan. Paper in Proceedings of the Second
Canadian Conference on Computer Applications in the Mineral
Industry, ed. by R. Poulin, R.C.T. Pakalnis, and A.L. Mular.
CIM, v. 2, 1991, pp 655-667. A mechanized cut-and-fill stope
at the Homestake Mine in Lead, SD, was instrumented,
modeled, and monitored over a 3-year period. Conventional and
bird-cage cable bolts were installed in regularly spaced fans of
seven to nine holes over two sections of the stope prior to
mining. Visual observations suggested that the birdcage cable
bolts provided more support than conventional bolts. Calibration
of a finite element model with respect to rock mass elastic and
required.- - extensive - computations.
Implementation of a rational cable bolt model showed little
difference in rock mass motion with cable bolt supports.
Research was done at the University of Utah under Grant
G1125151.

MIR 10-92. The Flash Reduction of Electric Arc Furnace

Dusts, by Li Wu and Nickolas J. Themelis. JOM,
Jan. 1992, pp. 35-39. The flash processing of electric arc
furnace (EAF) dusts is a promising method for recovering zinc
and producing nontoxic slags for direct disposal. To reduce the
zinc content of the dust particles and maintain the iron content
in oxide form, a certain range of temperature and oxygen
potential must be provided, as dictated by thermodynamic
requirements. Experiments were conducted with EAF dusts at
three levels of zinc concentration in an electrically heated flash
reactor. The results showed that the CO:CO, ratio in the
process gas was the most important parameter. The effects of
zinc content in dust and O, in inlet gas on zinc recovery were
secondary. Toxicity leach tests showed that the resulting slag,
even at low zinc recovery, can be disposed safely as landfill.
Research was done at Columbia University under Grant
G1175129-3621.

MIR 11-92. Photocatalytic Oxidation of Cyanide, by

Jinrong Zhang, James L. Hendrix, and Milton E.
Wadsworth. Paper in EPD Congress '91, ed. by D.R. Gaskell.
TMS, 1991, pp. 665-675. Fresh cyanide solution was treated by
near-UV light with the assistance of photocatalysts. Cyanide
was oxidized mainly to cyanate. Photochemical behavior of the
anatase and rutile forms of TiO, was compared. It is found that
anatase has a much higher activity than that of rutile. Bubbling
of oxygen in the reactor showed no appreciable increase in
cyanide oxidation, implying that the reaction is surface
controlling. A very interesting finding in this study is that a
natural mineral, ilmenite, can replace chemical titanium dioxide
as the photocatalyst. Ilmenite without any treatment did not
catalyze the oxidation of cyanide. But, after being roasted at
high temperature with oxygen, the oxidation was enhanced
dramatically. The mechanisms of photooxidation of cyanide and
the roasting of ilmenite are proposed. Research was done at the
University of Nevada under Grant G1175132-3223.

MIR 12-92. A Statistical Model for Assessing the Risk of
Subsidence Above Abandoned Mines, by J.A.
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Cervantes and Y.C. Kim. Ch. 39 in 23rd Application of
Computers and Operations Research in the Mineral Industry, ed.
by Y.C. Kim. SME, 1992, pp. 376-387. A statistical model for
assessing the risk of ground subsidence in abandoned mine
areas is presented. The model is based on the relationship that
exists between the frequency and the location of subsidence
events in a given area and the physical conditions of the
ground. These conditions can be described by a series of
geological, mining, and physical variables. The model suggests
the existence of regions in the multidimensional space of
variables that are associated with increases or decreases in the
frequency of subsidence events. Regions associated with an
increase in the frequency of subsidence events correspond to
regions of higher risks, and vice versa. Risk assessment is based
on the ability to express the limits of these high-and low-risk
regions in the space of variables, and on the ability to express
the degree of membership of blocks of land within any of these
regions. The theoretical framework for the model is extracted
from discriminant analysis. Risk is quantified by the
probabilities of membership of blocks of land into any of these
regions. Risk maps are produced by displaying membership
probabilities in appropriate contouring levels. The model has
been applied in two urban areas where subsidence of the ground
has been active in the past. The two areas are Penn Hills, near
Pittsburgh, and Scranton/Wilkes-Barre in  northeastern
Pennsylvania. In this paper, only the results for the Scranton/
Wilkes-Barre area are presented. In the Scranton/Wilkes-Barre
area, geostatistical estimates of variables likely to affect the
stability of the ground were made using samples from 53
drillholes. The estimates were made for 2,000- by 2,000-ft
squared blocks of land covering the study area. Discriminate
functions were computed from the estimated variables and used
to establish regions for classifying blocks of land into one of
these two populations: (1) blocks not likely to have a
subsidence event, and (2) blocks likely to have one or more
subsidence events. The same discriminate functions were used
to compute membership probabilities for blocks of land to fall
within any of these two populations. These probabilities were
contoured to produce a risk map. The risk map produced
compares well with the location of the subsidence events that
have occurred to date in the area. Research was done at the
University of Arizona under Grant G1125151.

MIR 13-92. Roof Support Selection Using Computer

Simulation, by R. Fraher and C. Haycocks. Ch.
34 in 23rd Application of Computers and Operations Research
in the Mineral Industry, ed, by Y.C. Kim, SME, 1992, pp. 338-
342. The control of mine roof is of vital interest in underground
coal mining, not only for reasons of safety, but also to avoid the
high costs of cleanup, resupport, and production losses that can
result from roof falls. The difficulty in determining roof
stability minewide is due in large part to the broad variation of
geologic and structural conditions that typically exist throughout
a mining area. To ensure a stable roof over the entire mine,
support systems must be selected to minimize the possibility of
failure. The magnitude and cost of the support selected is a
tradeoff against the cost of the number of falls that can still
occur after it is installed. Because of the large number of
variables involved in analyzing and optimizing roof stability
versus support, a digital computer simulation was selected to
find a cost-effective solution to roof support design. A total cost
approach is used that includes the actual cost of the roof
support as well as the cost of the roof fall in terms of resupport
and loss of production. A Monte Carlo simulation program
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called ROCSIM (Roof Control Optimization Cost SIMulation)
has been developed for determining the optimum roof control
system and design layout for underground room-and-pillar
mining. Research was done at the University of Arizona under
Grant G1175151-5123.

MIR 14-92. Cost-Based Optimization for Roof Control, by

Richard Fraher, Yingxin Zhou, and Chris
Haycocks. Ch. in Use of Computers in the Coal Industry.
Balkema, 1990, pp. 177-183. A Monte Carlo simulation model
is presented for determining the optimum roof control system
and design layout for underground room-and-pillar coal mines.
Based on a database of roof falls, the program probabilistically
simulates roof fall geometries and fall locations and determines
the ultimate cost effectiveness of a support system. Lost
production and subsequent cleanup Costs due to roof falls
resulting from inadequate support are weighed against costs
associated with increased support to determine an optimum
balance. Details of the simulation process are also discussed.
Research was done at Virginia Polytechnic Institute & State
University under Grant G1175151-5123.

MIR 15-92. Probabilistic Techniques in Roof Failure

Prediction, by R. Fraher, Y. Zhou, and C.
Haycocks. Paper in Rock Mechanics Contributions and
Challenges. Balkema, 1990, pp. 195-202. Based on this research
the following conclusions can be made: (1) Roof rating systems
offer realistic and readily usable techniques for ground failure
prediction and evaluation, (2) probabilistic simulation methods
are most suitable for roof control situations with a high degree
of uncertainty and complex interactions, and (3) using the
simulator program ROCSIM as a predictive tool enables the
mine designer to optimize the choice of a ground control plan
by allowing the advantages of a given plan to be seen in
relationship to its true cost. Research was done at Virginia
Polytechnic Institute & State University under Grant G1175151-
5123.

MIR 16-92. Recent Developments in Reconnaissance

Sampling Systems for Nearshore Applications,
by Walter L. O’Niell and J. Robert Woolsey. Marine Min., v.
10, 1991, pp. 155-169. The Continental Shelf Division of the
Marine Minerals Technology Center is proceeding with its drill
systems technology program for the development of new
sampling systems and the modification of existing sampling
tools to meet the growing demand for more effective methods
of reconnaissance exploration. Two existing drill systems, the
remote placer drill and the percussion waterlift drill, have
recently been modified to increase their effectiveness and
versatility. The convertible drill system, a modified version of
the remote placer drill, is operable in three different modes that
will permit rapid reconnaissance sampling over a variety of
sediment types: as a vibracore drill, as a vibralift drill, and as
a remote placer drill. The percussion waterlife drill was
originally used for land-based drilling operations for sampling
placer mineral deposits and has been adapted for use in
protected shallow-water environments. Both of these modified
drill systems have been field tested, with additional
modifications and testing scheduled for the near future.
Research was done at the University of Mississippi under Grant
G1195128.

MIR 17-92. Overview of Nuclear Techniques for Marine
Mineral Survey and Environmental Assess-
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ment, by Noakes, John E.; Harding, James L. Ch. 12 in CRC
Handbook of Geophysical Exploration at Sea, 2nd ed., Hard
Minerals. ed. by R.A. Geyer. CRC Press, 1992, pp. 311-321.
The increase in offshore activities in the fields of survey, such
as oceanographic, geological, hydrographic, and environmental,
and the continuous rise of operation cost for such activities have
resulted in the necessity of developing an array of instruments
capable of efficient measurement of multiple parameters with
a maximum of accuracy, reliability, and ease of operation.
These conditions, combined with the socio-economic and
geopolitical stresses associated with the declaration of the
Exclusive Economic Zones (EEZ) by most of the maritime
nations of the world, have resulted in the marine science
community striving to develop survey tools that not only meet
the above criteria, but that are also capable of rapid, real-time
collection and interpretation of data. Research was done by the
University of Mississippi under Grants G1185128, G1195128
and G1105128.

MIR 18-92.-Computer -Software for -the - Analysis- - of

Sediment Geochemical Data in Marine
Minerals Exploration, by Knoop, Peter A.; Owen, Robert.
Marine Mining, v. 10, 1991, pp. 353-368. Recent advances in
coring technology and in situ analytical instrumentation have

MIR 01-93. Evaluation and Application of a Portable

Tailpipe Emissions Measurement Apparatus
for Field Use, by Chan, L.M.; Carlson, D.H.; Johnson, J.H.
Michigan Technological Univ. SAE International, v. SP-931,
No. 921647, 1992, pp. 127-144.

MIR 02-93. Purification and Characterization of Monkey

(Macacanemestrina) Tracheobronchial Mucin,
by Devaraj, H.; et al. Pennsylvania State Univ. Archives of
Biochemistry and Biophysics, v. 302, No. 11993, pp. 285-293.

MIR 03-93. Preliminary Analysis of Exploration Data from

Pacific Deposits of Manganese Nodules, by
Morgan, C.L.; et al. University of Hawaii. Marine Georesources
and Geotechnology, v. 11, 1992, pp. 1-25.

MIR 04-93. New Perspectives on the Indeterminacy of

Coalbed Methane Ownership, by Lewin, J.L.;
Siriwardane, H.J.; Ameri, S. West Virginia Univ. 1993
International Coalbed Methane Symposium, 1993, pp. 205-215.

MIR 05-93. Experimental Setup for a Multiple-Fan
Ventilation System, by Reddy, N.P.; Wang, Y.J.
Transactions, J., SME, v. 292, 1992, pp. 1900-1904.

MIR 06-93. Characteristic Curves for Multiple-Fan
Ventilation Systems, by Wang, Y.J;
Transactions, J., SME, v. 292, 1992, pp. 1829-1836.

MIR 07-93. Understanding Subsystem Characteristic

Curves and Operating Points of Multiple-Fan
Ventilation Systems, by Lin, S.; Wang, Y.J. Proceedings of the
6th U.S. Mine Ventilation Symposium (Littleton, CO). SME,
1993, pp. 232-236.

1993
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made it possible to assemble large quantities of sediment
geochemical data during scientific and mineral exploration
cruises. The potential benefit of these improvements cannot be
fully realized, however, unless the raw geochemical data can
also be reduced and interpreted while the vessel is still at sea.
This study involved the development and evaluation of personal
computer software designed to meet this need. The software
package Q_LM includes a modified Q-mode factor analysis
program for use in isolating and quantifying significant
geochemical end members that are present in a sedimentary
mixture. The Q_LM package also includes a program for
determining the relative amounts of any compositional end
member present in the mixture; this program is designed to
calculate solutions to overdetermined systems of inexact, linear
equations using least-squares, linear programming, or
Chebyshev (equal residuals) solution criteria. The Q_LM
package was successfully tested by evaluating the performance
of individual programs versus that of analogous programs run
on a mainframe computer. The data sets used in the evaluation
included sediment-geochemical data from-a placer exploration
survey at Chagvan Bay, Alaska, and from ferromanganese
nodules in the southeast Pacific Ocean. Research was done by
the University of Michigan under Grant G1195128-2601.

MIR 08-93. Fan Stall and Multiple Operating Points in

Multiple-Fan Ventilation Systems, by Wang,
Y.J.; Reddy, N.P. Mining Engineering, v. 44, No. 2, Feb. 1992,
pp. 167-172.

MIR 09-93. Neural Networks for Processing Data from

Multiple Redundant Sensors for Mine Systems
Managment, Operation, Maintenance and Control, Sensor
Fusion VI, by Gordon, A.; Chang, H.; King, R. The
International Soc. for Optical Eng., SPIE, J., v. 2059, Sept.
1993, pp. 512-521.

MIR 10-93. Effects of Total Water Content on Dynamic

Properties of Frozen Soils, by Fukunda, M.;
Huang, S.L.; Soc. of Petroleum Eng, Inc., v. 22140, May 1991,
pp. 621-629.

MIR 11-93. Evaluation of Coal Mine Spoil Pile Instability

in the Interior Alaska, by Huang, S.L.; Speck,
R.C.; Xu, M. Bull. of the Association of Engineering
Geologists, v. XXIX, No. 1, 1992, pp. 1-9.

MIR 12-93. Characterization of Particle Shape, by Dumm,
T.F.; Hogg, R.; Archives of Biochemistry and

Biophysics, pp. 1-7.

MIR 13-93. Implementation of KBS for Mine Ventilation

Planning and Design, by Ramani, R.V.; Prasad,

K.V.K.; Ramani, R.V. Proceedings of 22nd International

APCOM Symposium, v. 2, 1991, pp. 339-352.

MIR 14-93. The Kinetics and Shape Factors of Ultrafine
Dry Grinding in a Laboratory Tumble Ball
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Mill, by Austin, L.G.; Yekeler, M.; Dumm, T.F. Part. Part.
Syst. Charact., v. 7, 1990, pp. 242-247.

MIR 15-93. Characteristics of Dust Clouds at Longwall

Faces, by Ramani, R.V.; Qin, J.; Jankowski, R.A.
Mine Ventilation Society of South Africa, J., May 1991, pp. 69-
79.

MIR 16-93. Limitations of SEM/EDS Techniques for

Particle-By-Particle Analysis in Respirable
Coal Dust, by Dumm, T.F.; Hogg, R.; Austin, L.G. Report
from Pennsylvania State University, University Park, PA, 1991,
pp. 1-6.

MIR 17-93. Effects of Dust Generation Rate and Source

Speed on Dust Flow in a Simulated Longwall
Face, by Qin, J.; Ramani, R.V.; Ch 28 in Proceedings of 3rd
Symposium on Respirable Dust in the Mineral Industries, Oct.
1990, pp. 213-221.

MIR 19-93. Pollutant Levels in Underground Coal Mines

Using Diesel Equipment, by Cantrell, B.K.;
Rubow, K.L.; Watts, Jr., W.P. Preprint 91-35. SME, 1991, pp.
23-31.

MIR 20-93. An Assessment of Expert System Building

Tools for Mining Applications, by Prasad,
K.V.K.; Ramani, R.V.; Proceedings of the 21st APCOM, 1990,
pp. I-14.

MIR 22-93. Development of a Bioassay for Pulmonary Cell

Production of Fibrogenic Factors, by Reist, R.;
et al.; Toxicology Methods, Raven Press, Ltd., v. I, No. 1,
1991, pp. 53-65.

MIR 23-93. One-Electron Reduction of Vanadium (V) by

Flavoenzymes/NADPH, by Shi, X.; Dalal, N.S.;
Archives of Biochemistry and Biophysics, v. 302, No. 1, 1993,
pp. 300-303.

MIR 25-93. Generation of Free Radicals in Reactions of Ni
(ID)-Thiol Complexes with Molecular Oxygen
and Model Lipid Hydroperoxides, by Shi, X.; Dalal, N.S.;

Kasprzak, K.S. Inorganic Biochemistry, J., Elsevier Science
Publishing Co., Inc., v. 15, 1993, pp. 211-225.

MIR 26-93. Enhanced Generation of Free Radicals from

Phagocytes Induced by Mineral Dusts, by
Vallyathan, V.; Mega, J.F.; Shi, X. Am. J., Respiratory Cell and
Molecular Biology, v. 6, 1992, pp. 404-413.

MIR 27-93. Superoxide-Independent Reduction of

Vanadate by Rat Liver Microsomes/NAD(P)H:
Vanadate Reductase Activity, by Shi, X.; Dalal, N.S.;
Archives of Biochemistry and Biophysics, v. 295, No. 1, 1992,
pp. 70-75.

MIR 28-93. Deferoxamine Inhibition of Cr(V)-Mediated
Radical Generation and Deoxyguanine Hydroxylation: ESR
and HPLC Evidence, by Shi, X.; Sun, X.; Ganneit, P.M.
Archives of Biochemistry and Biophysics, v. 293, No. 2, 1992,
pp. 281-286.
MIR 29-93. Inhibition of Proliferative Activity of
Pulmonary Fibroblasts by Tetrandrine, by
Reist, R.; Dey, R.; Durham, J.P. Toxicology and Applied
Pharmacology, v. 122, 1993, pp. 70-76.

MIR 30-93. Development of a Bioassay for Pulmonary Cell
Production of Fibrogenic Factors, by Reist, R.;
et al., ; Toxicology Methods, v. 1, No. 1, 1991, pp. 53-65.

MIR 33-93. Computer Software for the Analysis of

Sediment Geochemical Data in Marine
Minerals Exploration, by Knoop, P.A.; Owens, R.M.; Marine
Mining, v. 10, 1991, pp. 353-368.

MIR 34-93. The Use of Ion Flotation for Removing Trace

Metals from Waste Water, by Doyle, F.M,;
Fuerstenau, D.W.; Duyvesteyn, S. Proccedings, PMP ’93, Ist
Internat’l Conference on Processing Materials for Properties,
1993, pp. 1-4.

MINERAL ISSUES

This occasional publication is available from NTIS and
at some libraries.

ML Toward a New Materials Paradigm, by Louis
J. Sousa. 1992. 21 pp. 7 figs. During the last two
decades, a number of major trends have converged on the
materials sector of the economy to significantly and irreversibly
alter its ftraditional structure and character. However, no

alternative conceptual paradigm has yet been commonly
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accepted as a vehicle for coherently and adequately explaining
the newly emerging materials economy. A new paradigm is
needed to provide a more useful and appropriate framework for
measuring the evolving materials economy and evaluating
increasingly complex materials issues.
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The following reports, part of a continuing series, are
available for consultation from the U.S. Bureau of Mines,
MLA Staff, Washington, DC, from Bureau libraries, and

MLA 03-92. Mineral Resource Investigation of the Black

Warrior Study Area Adjacent to the Sawtooth
Wilderness, Elmore County, Idaho, by Peter N. Gabby. 1992.
53 pp., 18 figs. Western Field Operations Center, Spokane, WA.
In 1990, the U.S. Bureau of Mines conducted a mineral
resource investigation of the 12,320-acre Black Warrior study
area, one of several proposed additions to the Sawtooth
Wilderness. No identified mineral resources were delineated.
There were 123 lode and placer claims in or adjacent to the
study area. There is a known hot spring adjacent to the study
area, but presently no geothermal leases are pending. Lode
mines in or adjacent to the Black Warrior study area have
produced 4,022 tons of ore, from which 1,981 oz of gold and
811 oz of silver were recovered. None of the mines are
currently active. During the field study 125 rock samples were
taken. Significant gold assays and favorable geologic
characteristics at seven properties indicate that gold occurrences
and resources with byproduct metals may exist in the study
area. Two other sites yielded anomalous gold assays; however,
some favorable geologic characteristics are lacking. Presently,
identified gold resources are being delineated by drilling
programs in the nearby Atlanta and Rocky Bar mining districts.
These districts have geologic characteristics similar to those of
the Black Warrior area. During the field study 22 placer
samples - were taken. In most places where an anomalous
concentration of gold was found, the stream channels are too
narrow for operations other than recreational suction dredges.
However, one area is estimated to contain over 2 million yd’ of
gold-bearing gravels.

MLA 04-92. Mineral Resource Investigation of the Smokies

Study Area, Blaine, Camas, and Elmore
Counties, Idaho, by Frank E. Federspiel, Michael C. Horn, H.
Woody Campbell, and Thomas J. Peters. 1992. 244 pp., 10 figs.
Western Field Operations Center, Spokane, WA, In 1989 and
1990, the U.S. Bureau of Mines conducted a mineral resource
investigation of the 162,300-acre Smokies study area in south-
central Idaho. The study area is underlain by granitic rocks of
the Idaho batholith, a Tertiary-age granitic rock complex,
Paleozoic-age sedimentary rocks, and Challis volcanics; gold-
bearing alluvial deposits occur in the area. Mineralized
structures are mainly gold- and silver-bearing quartz veins and
shear zones cutting Idaho batholith granitic rocks; fissure
fillings and replacement structures in Paleozoic sedimentary
rocks contain silver and base metals. Total production from
study area mines is approximately $3.5 million (historic value);
most production was from the Sawtooth, Vienna, Little Smoky,
and Skeleton Creek mining districts. Nine lode properties
contain an estimated total of 375,000 tons of identified gold-
silver resources averaging between 0.03 and 0.308 oz/ton gold,
and from 0.3 to 20 oz/ton silver. Three placer properties have
more than 8.1 million yd3 of gravel with a maximum average
of $1.00/yd at a gold price of $400/oz. Forty-eight other
properties have a likelihood for resources. Approximately 1,500
lode and 100 placer claims have been located or relocated in
the study area since 1872; 1,050 lode and 21 placer claims were
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from the Natural Resources Library, U.S. Department of
Interior, Washington, DC. Specific reports are also available
at the field office indicated.

current in February 1990. There are 69 patented lode and 8
patented placer claims in the area. Approximately 360 workings
grouped into 62 properties were examined during the fieldwork
for this study.

MLA 07-92. Mineral Resources of the Winegar Hole Study

Area, Fremont County, Idaho, by Thomas J.
Peters. 1992. 11 pp. 3 figs. Western Field Operations Center,
Spokane, WA. The U.S. Bureau of Mines studied the 3,500-acre
Winegar Hole study area, Idaho, a legislatively proposed (101st

~ U.S. Congress) addition to the Winegar Hole Wilderness, WY;

it adjoins the western boundary of the Wilderness at the Idaho-
Wyoming border, about 15 miles east of Ashton, ID. The study
was part of an Idaho Land Assessment Program to provide
minerals information for land-use decisions and ensure domestic
mineral supplies. The study area is an east-west elongated,
wooded plateau south of Falls River. Although the area is
covered with surficial glacial deposits, it is probably underlain
by volcanic flows; light-colored and mafic flow rock were noted
in sparse outcrops. No mines, prospects, mineralized areas, or
mineral resources were found in the study area during a
literature and field search. The only nearby prospects include
geothermal and rock aggregate (volcanic cinder) sites and
several placer claims. Although the Winegar Hole study area
lies within a region of potential geothermal resources, no
evidence of geothermal activity was observed. Rock in the area
does not split into flat slabs that could be useful as dimension
stone, and would require crushing to be used as aggregate.
Alluvium (placer) samples contain less than $0.01 per cubic
yard gold (at a $350 per oz price); alluvial deposits are too
small to contain gold resources.

MLA 08-92. Mineral Resource Investigation of the Bear

Creek-Poker Peak Study Area, Bonneville
County, Idaho, by Richard L. Rains. 1992. 30 pp. 5 figs.
Western Field Operations Center, Spokane, WA. The U.S.
Bureau of Mines conducted a mineral investigation of the
95,850-acre Bear Creek and 18,600-acre Poker Peak roadless
areas in the Caribou National Forest during 1991. Lying within
the Western Overthrust Belt, the area is underlain by Paleozoic
to Cenozoic sedimentary rocks, which have been complexly
folded and thrust-faulted. Phosphate resources of at least 41
million tons have been delineated in the Known Phosphate
Leasing Area within the study area. Phosphate leases in the
study area are held by Western Cooperative Fertilizers Ltd.
Travertine used for dimension stone is being mined from a 150-
million-cubic-foot resource adjacent to and extending into the
study area. Although two wells have been drilled in the area, all
oil and gas leases in the study area expired in 1991. Placer gold
has been intermittently mined from McCoy Creek since the
1860’s, with 275 troy ounces of gold recovered from 66,000
cubic yards of gravel from within the study area. Placer gold
resources examined by the Bureau of Mines averaged $0.33 per
cubic yard of gravel at a gold price of $353 per troy ounce. The
value is too low for the gold to be economically mined at large
scale, but some may be recoverable by recreational-size suction
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dredges in sections of McCoy Creek along the southern
boundary of the study area. Twelve placer claims blanket the
travertine deposit, and 30 placer claims are along McCoy
Creek. There are no lode mining claims in the study area.

MLA 09-92. Mineral Resources of the Hanson Lakes

Wilderness Study Area, Boise and Custer
Counties, Idaho, by Thomas J. Peters and Peter N. Gabby.
1992. 114 pp. 27 figs. The U.S. Bureau of Mines studied the
63,985-acre Hanson Lakes study area, including the Ten-Mile
East and part of the Ten-Mile West RARE II areas, plus
additional acreage, all proposed at times for Wilderness
designation. The study was part of an Idaho Land Assessment
Program with the Idaho Geological Survey and the U.S.
Geological Survey, to provide minerals information for land-use
decisions and ensure domestic mineral supplies. The area is at
the north end of the rugged Sawtooth Range and includes parts
of the Sawtooth National Recreation Area, which is closed to
mineral location. The Copper Mountain, Elk Mountain, and
Observation Peak mineralized areas are in the study area, but
only Copper Mountain is open to claim location. It is on the
trans-Challis fault zone and contains Tertiary granite that is
favorable for mineral deposits of gold, beryllium, columbium,
REE (rare-earth elements), tin, molybdenum, copper, silver, and
lead. Identified resources are 1.9 million tons of flake graphite
at Elk Mountain, but much more graphite occurs in the vicinity.
REE occurs in 18 black sand placer sites along the lower
reaches of study area streams just outside the study area, on the
Cape Horn Creek, Marsh Creek, and lower Valley Creek
floodplains, and at one hydrothermal site near Observation
Peak. Hydrothermal REE is commonly low in byproduct
thorium, a radioactive disposal problem. Many advanced REE
applications enhance the quality of life, and future uses in
superconductivity may reduce energy consumption. Seventeen
lode 1 geothermal, and 11 placer prospects were examined.
Workings totaled about 20 adits, 1 shaft, several opencuts, and
numerous small pits. Approximately 500 mining claims have
been located or relocated in the study area, including a 200-
claim block for disseminate molybdenum.

MLA 13-92. Mineral Resources of the West-Central

Arizona and Southeastern California
Detachment Terrane, by Kreidler, Terry J. 1992. 113 pp. 6
figs. In accordance with the Federal Land Policy and
Management Act of 1976 (Public Law 94-579), and at the
request of the Bureau of Land Management, the U.S. Bureau of
Mines conducted mineral surveys, between 1979 and 1989, on
14 wilderness study areas (WSA’s) in west-central Arizona and
adjacent parts of southeastern California to appraise their
mineral resources. Much attention has been focused on this
region in recent years due to the discovery of several large-
tonnage, low-grade gold deposits related to extensional tectonics
(detachment faults). This report combines the Bureau data from
the 14 WSA’s and adds new data to present a regional study
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emphasizing the relationship of mineralization to detachment
faulting.

MLA 14-92. Mineral Investigation of the Valle Vidal Unit,

Carson National Forest, Colfax and Taos
Counties New Mexico, by McDonnell, Ir, John R. 96 pp. 12
figs. Intermountain Field Operations Center, Denver, CO. The
Valle Vidal Unit comprises 100,000 acres in Taos and Colfax
Counties, New Mexico. During 1990-1991, the Bureau of Mines
conducted a mineral investigation of the unit as authorized by
an interagency Agreement (1987) intended to assist the Forest
Service to incorporate mineral resource data in forest plans. The
Bureau reviewed literature and records concerning mineral
resources and mining activity, and performed a field
examination of mines, prospects, and mineral occurrences in
and near the Valle Vidal Unit.

MLA 15-92. Mineral Resources of the Kelly-Cayuse Study

Area, Shoshone, Clearwater, and Idaho
Counties, Idaho, Including Portions of Hoedoo, Moose
Mountain, Bighorn-East Weitas, and Weir-Post Office Creek
Roadless Areas, by Miller, Michael S. 117 pp. 20 figs. The
Bureau of Mines conducted mineral investigations in the
464,000-acre Kelly-Cayuse study area of Idaho during 1990 and
1991. Approximately 1,100 mining claims have been located in
or adjacent to the study area; about 460 are current and nine
others patented. At least 1,1700 ounces of gold and 290 ounces
of silver have been produced from placers in or adjacent to the
study area. During the Bureau investigation of specific sites,
504 rock and alluvial samples were collected to delimit
mineralization. Subeconomic lode resources of gold exist at the
Driessel prospect. A new gold occurrence was found near Shale
Mountain, at a mineralized area discovered by the Idaho
Geological Survey. Small-scale suction dredging of placer gold
is occurring; resources of placer gold that would be marginally
economic for large-scale dredge mining occur along Moose
Creek and North Fork Clearwater River. Other occurrences of
gold, silver, copper, lead, zinc, garnet, titanium, rare-earth
elements, silica, stone, limestone, and dolostone are not
economic. Sand and gravel will be mined locally for road
metal. Hot springs occur in the Weir-Post Office Creek Portion
of the study area.

MLA 17-92. Mineral Resources of the Independence Range

Special Study Area, Elko County, Nevada, by
Schmauch, Steven W.; Gabby, Peter N.; Lipton, David A. 141
pp. 14 figs. Western Field Operations Center The U.S. Bureau
of Mines conducted a mineral resource survey of approximately
232,000 acres in part of the Humboldt National Forest, Nevada,
during 1989. About 75 pct of the study area was covered with
mining claims. About 1,800 samples were collected and
analyzed for 16 elements. Geologic structure, including thrust
faults, is the most important factor in the localization of mineral
deposits in the study area.
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This publication reports on the mineral resources,
industries, and related infrastructure of foreign sources that

MP 01-92. The Mineral Economy of Mexico, by Martino,
Orlando; Machamer, Jerome; Torres, Ivette. 1992,
150 pp. This Bureau of Mines report, a comprehensive view of
the nonfuel and fuel mineral industries of Mexico, examines
Mexico’s significant role as a mineral supplier in the world
economy and the vital position of the mineral industry within

its domestic economy. Special focus is placed on the economic

interdependency between Mexico and the United States with-

regard to mineral trade and investment. Also emphasized is
Mexico’s outstanding position in the Latin American region
relative to mineral resources, production, and trade. This report
describes the government structure, financial systems, mining
and investment policies, and economic conditions within which
the current mineral industry operates. Also described are
Mexico’s present mineral industry structure, mineral resource
potential, and mineral production and trade over the past 25
years to provide historical perspective. The report concludes by
underlining Mexico’s large and diversified mineral potential as
exploited by a modernized and efficient mineral industry in a
developed infrastructure and with a skilled labor force. This
assures that Mexico will continue as an important factor in the
world mineral demand-supply situation well into the next
century. The trilateral negotiations underway among the United
States, Mexico, and Canada for the North American free trade
agreement will open up new trade and investment opportunities
in the mineral sector.

MP 02-92. International Strategic Minerals Inventory
Summary Report: A Regional Assessment of
Selected Mineral Commodities in Subequatorial Africa, by
Coakley, George J.; Crockett, Richard N.; Hammerbeck, E.C.I.
1992. 44 pp. 4 figs. The major mineral resources of 19
countries of central and southern Africa are described in this
summary report. A total of 27 categories of individual
commodities, or groups of closely related commodities, are
analyzed in detail. The size and diversity of the mineral
endowment of the region owes much to various major geologic
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are of major importance to our nation’s mineral needs.
Obtain copies from GPO.

features that are rarely duplicated on a comparable scale
elsewhere in the world. A simplified geologic map places these
mineral resources within their broad geologic environments. A
companion infrastructure map locates mines and deposits and
highlights currently existing rail transport and export harbor
capacities available to support the regional development of
mineral resources. A summary listing of known mining and
foreign investment legislation in each country is presented, as
is a list of the mineral agencies of each country. The value of
crude mineral production in the region is estimated to have
been about $27 billion in current dollars in 1989. This
represents a substantial proportion of a total gross domestic
product (GDP) of about $136 billion. The region is of
considerable importance as a substantial or principal supplier of
several strategic minerals to the world market. Constraints
related to geography, infrastructure, investment laws, lack of
geologic and mining data, geopolitics, and labor exist in varying
degrees in the 19 nations. These have limited full development
of the region’s mineral wealth in the past. As these constraints
are overcome, the potential for further development of the
mineral resources of subequatorial Africa from both known
deposits and new discoveries may be considered to be very
favorable.
MP 03-92. The Mineral Economy of Guinea, by Morgan,
George A. 1992. 24 pp. 9 figs. Guinea’s
economy is dominated by bauxite, with minor production of
diamonds and gold, which together account for about 90 pct of
the country’s foreign exchange earnings. Large resources of
high-grade iron ore also exist, but their development remains
uncertain owing to lack of infrastructure, cost, and regional
difficulties. A review of mining policy is underway by the
Government, which, coupled with a continuation of
privatization schemes for Government services, may lead to
increased exploration, development, and diversification of the
mineral industry.



MINERALS YEARBOOKS

The Minerals Yearbook, published in three volumes,
discusses the performance of the worldwide minerals
industry and provides background information to help
interpret developments during the year being reviewed. The
complete volumes (and individual chapters) are sold by the
Superintendent of Documents, part of the Government
Printing Office (GPO). See order form in this book.

When GPO stocks are exhausted, the volume may be
available from the National Technical Information Service,
described in the front of this book.

Volume 1 of the Minerals Yearbook contains chapters
on virtually all metallic and nonmetallic mineral commodi-
ties important to the U.S. economy. In addition, it contains

Vol III, 1989. Mineral Industries of Africa, by Staff, U.S.
Bureau of Mines. 1992. 315 pp. GPO Stock
No. 024-004-02221-3. $31.

Vol III, 1989. Mineral Industries of Asia and the Pacific,
by Staff, U.S. Bureau of Mines. 1992. 383
pp. GPO Stock No. 024-004-02224-8. $26.

Vol III, 1989. Mineral Industries of the Middle East, by
Staff, U.S. Bureau of Mines. 1992. 125 pp.
GPO Stock No. 024-004-02223-0. $13.

Vol 11, 1990. Volume II. Area Reports: Domestic, by
Staff, U.S. Bureau of Mines. 1992. 52 ch.
541 pp. GPO Stock No. 024-004-02237-0. $38.

Vol III, 1990. Mineral Industries of Africa, by Staff, U.S.
Bureau of Mines. 1992. 286 pp. GPO Stock
No. 024-004-02234-5. $17.

Vol 1. 1990. Volume I. Metals and Materials, by Staff,
Bureau of Mines. 1992, 83 ch. 1285 pp.
This volume of the 1990 Minerals Yearbook, covering metals
and minerals, contains 80 commodity or commodity group
chapters with data on approximately 90 minerals that were
obtained as a result of the mineral information gathering
activities of the Bureau of Mines. In addition, this volume
contains chapters on mining and quarrying trends and on
statistical surveying methods used by the Bureau of Mines, plus
a statistical summary. GPO Stock No. 024-004-02238-8. $51.

Vol III. 1989. Minerals in the World Economy, 1989, by

Staff, Bureau of Mines. 1992. 52 pp.

Vol II1. 1989. Mineral Industries of Latin America and
Canada, 1989, by Staff, Bureau of Mines.

1992. 320 pp.
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a statistical summary chapter, a chapter on mining and
quarrying trends, and a chapter discussing the statistical
surveying methods used by the U.S. Bureau of Mines.

Volume II contains chapters on the mineral industry of
each of the 50 States, the U.S. island possessions in the
Pacific Ocean and the Caribbean Sea, Trust Territory of the
Pacific Islands, and the Commonwealth of Puerto Rico. This
volume also has a statistical summary.

Volume III contains the latest available mineral data on
more than 150 foreign countries and discusses the
importance of minerals to the economies of these nations.
Beginning with the 1989 edition, Volume III appears in six
separate parts: five area reports and one world overview.

Vol 111, 1990. Mineral Industries of Asia and the Pacific,
by Staff, U.S. Bureau of Mines. 1992. 365
pp. GPO Stock No. 024-004-02236-1. $21.

Vol 111, 1990. Mineral Industries of Europe and the
U.S.S.R., by Staff, U.S. Bureau of Mines.
1992. 352 pp. GPO Stock No. 024-004-02233-7. $20.

Vol 1II, 1990. Minerals Industries of Latin America, by
Staff, U.S. Bureau of Mines. 1992, 325 pp.
GPO Stock No. 024-004-02231-1. $21.

Vol III, 1990. Mineral Industries of the Middle East, by
Staff, U.S. Bureau of Mines. 1992. 106 pp.
GPO Stock No. 0224-004-02235-3. $6.50.

Vol IIIL 1990. Mineral Industries of Africa, 1990, by

Staff, Bureau of Mines. 1992. 286 pp.

Vol IIL. 1990. Mineral Industries of Latin America and
Canada, 1990, by Staff, Bureau of Mines.
1992. 1993. 325 pp.

Vol III. 1991. Volume III. Mineral Industries of the
Middle East, 1991, by Staff, Bureau of
Mines; 1993. 139 pp.

Vol II. 1991. Volume III. Mineral Industries of Africa,

1991, by Staff, Bureau of Mines; 1993. 352

pp-

Vol IIL 1991. Volume III. Minerals in the World
Economy, by Staff, Bureau of Mines; 1993.

49 pp.
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Vol 1. 1991. Volume I. Metals and Materials 1991, by
staff. Bureau of Mines. 1993, 83 ch. 1754
pp. This volume of the 1991 Minerals Yearbook, covering
metals and minerals, contains 80 commodity or commodity
group chapters with data on approximately 90 minerals. Data
were obtained as a result of the mineral information gathering
activities of the Bureau of Mines. In addition, this volume
contains chapters on mining and quarrying trends and on
statistical surveying methods used by the Bureau of Mines, plus
a statistical summary.

Vol HI. 1991. Volume III. Minerals Industries of Asia
and Pacific 1991, by staff. 1993. 404 pp.

Vol IIL. 1991. Volume ITI. Minerals Industries of Latin
America and Canada 1991, by staff. 1993.
429 pp. :
Vol 1L 1991. Volume II. Area Reports: Domestic, by
staff, USBM; 1993. 52 ch. 582 pp. This
volume reviews the U.S. mineral industry by State and island
possessions. It presents salient statistics on production,
consumption and other pertinent data for each State and is
prepared in cooperation with State geological surveys or related
agencies.

PATENTS

These patents, which may be used by any U.S. citizen
or organization without royalty payment upon authorization
by the U.S. Department of the Interior, were developed by
USBM scientists or under contracts with the U.S. Bureau of
Mines. Please contact—

P 01-92. Concave Drag Bit Cutter Device and Method.,
by Roger J. Morrell and David Larson, Jan. 7,
1992. U.S. Pat. 5,078,219

P 02-92. Method for Locating Metallic Nitride
Inclusions in Metallic Alloy Ingots., by Jack C.
White, Davis E. Traut, Laurance L. Oden, and Roman A.

Schmitt, May 5, 1992. U.S. Pat. 5,110,546
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Branch of Patents
Division of General Law
Office of the Solicitor
U.S. Department of the Interior
Washington, DC 20240

P 03-92. Method for the Melting of Metals, by Jack C.
White and Davis E. Traut, May 19, 1992.

U.S. Pat. 5,113,923



REPORTS OF INVESTIGATIONS

For copies of these publications contact NTIS, or read
them in USBM libraries (field and headquarters).

RI 9395. Accuracy and Precision of Microseismic Event
Locations in Rock Burst Research Studies, by
P.L. Swanson, L.H. Estey, F.M. Boler, and S. Billington. 1992.
40 pp., 25 figs. Stability analyses of fractured and faulted rock
masses require delineation of the position, extent, and
orientation of geologic discontinuities. The size of the smallest
active discontinuity that may potentially be resolved using the
spatial distribution of microseismic event locations is limited by
the accuracy and precision of the location methods. At a hard-
rock mine in Coeur D’Alene mining district of northern Idaho,
two data sets consisting of calibration blast signals from a
known source site and origin time and microseismic event
signals were recorded using a stopewide accelerometer array.
These seismic signals are used to quantify various sources of
error in event location. Five factors influencing source location
errors are examined in this U.S. Bureau of Mines study: (1)
biases of the numerical source location techniques, (2) receiver
array geometries, (3) uncertainties in receiver positions, (4)
errors in picking arrival times, and (5) uncertainties in seismic
velocity structure, including the effect of mine openings. In
addition, synthetic data (accelerometer positions, travel-time
picks, and wave velocity) are used to determine the effect of
known systematic and random errors on source location
calculations. It is shown that the commonly accepted association
of minimum travel-time residuals with the best location solution
does not necessarily hold true when there is a systematic error
in seismic velocity. Recommendations are made for increasing
the accuracy and precision of locations of microseismic events
detected under similar field conditions.

RI 9396. Copper Exchange Capacity of Clays and Their
Potential Effect on In Situ Copper Leaching,
by J.S. Gomer, S.W. Yopps, S.P. Sandoval, and A.E. Clark.
1992. 11 pp. The U.S. Bureau of Mines conducted Cu exchange
tests for six common clays under simulated in situ leaching
conditions. Regression equations were obtained from the data
expressing the Cu exchange capacity as a function of Cu
concentration, pH, and temperature.. Using these equations, an
analysis was made of the impact each clay could have on over-
all Cu recovery. The results suggest that Ca and Na montmoril-
lonite clays could have a major impact on Cu recovery and that
attapulgite and illite clays could have a smaller, but still
significant, impact. Kaolinite and ripidolite clays pose little
threat to loss of Cu from in situ leaching solutions.

RI 9397. Production of Titanium Dioxide Pigment From
Perovskite Concentrates, Acid Sulfation
Method, by A.E. Petersen, M.B. Shirts, and J.P. Allen. With an
Appendix on Economic and Technical Evaluation, by J.H.
Schwier. 1992. 47 pp., 30 figs. To reduce U.S. dependence on
imports of titanium, the U.S. Bureau of Mines has investigated
the recovery of titanium from perovskite (CaTiO;). Domestic
perovskite deposits represent a significant, but untapped,
titanium resource. An acid sulfation method was developed that
will extract about 97 pct of the titanium and the columbium and
70 to 90 pct of the rare-earth byproducts from perovskite
concentrates. A flowsheet for recovering titanium as pigment-
grade titanium dioxide (TiO,) is discussed. Test work
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performed in developing each unit operation is described. The
first three unit operations have been demonstrated using
laboratory-scale continuous methods of operation: acid sulfation
of perovskite concentrates, leaching sulfation residue to dissolve
metal values, and precipitation of titanium oxysulfate
monohydrate (TiOSO4,-H,0) from the resulting leach filtrate.
Batch testing of other unit operations was performed:
TiOSO4-H,0 redissolution and iron reduction, precipitation of
TiO, by hydrolysis, and reged the complexes and precipitated
the metals as insoluble carbonate salts. Ammonium carbamate
leaching of other slags from several steelmaking plants
produced lower manganese extractions, which suggests that the
method cannot be applied satisfactorily to all steelmaking slags.
RI 9398. Predicting Materials’ Ease of Combustion:
Development of a Simple Test Method, by
Maria I. De Rosa and Charles D. Litton. 1992. 9 pp., 5 figs.
The U.S. Bureau of Mines conducted experiments for predicting
materials’ ease of combustion (smoldering onset, smoldering,
flaming, and decomposition rates) by means of submicrometer
smoke particle characteristics for the development of a simple
test method. The experiments were carried out in an approxi-
mately 20-L furnace, with a 10-L/min airflow through the
furnace for a 14-min duration, and set furnace temperatures of
150, 250, and 1,000° C. The variables studied as a function of
time were the onset time of smoke particles, time and duration
of maximum smoke particle generation, average concentration
of smoke particles, and particles’ average diameter, mass weight
loss, and furnace temperatures. Results show that the onset time
of smoke particles is predictive of materials’ ease of smolder-
ing, and the time of maximum smoke particle generation and its
duration, coupled with mass weight loss, are predictive of
materials’ ease of smoldering and flaming (depending on the
experimental temperatures), and decomposition rates.

RI 9399. Jet Fan Ventilation in Very Deep Cuts—A
Preliminary Analysis, by Gerrit V.R. Goodman,
Charles D. Taylor, and Edward D. Thimons. 1992. 12 pp.,
11 figs. Future coal mining systems will be able to cut from
crosscut to crosscut where advances could exceed 100 ft.
However, limitations arise when ventilating such mining
systems. In deep advance mining, there would be no workers at
the face to advance ventilation tubing or curtain manually.
Traditional methods also provide no means for maintaining face
ventilation after the miner backs away from the face. U.S.
Bureau of Mines research is studying means to provide effective
ventilation at cut depths beyond the current limit of 40 ft.
Several innovative ventilation schemes are currently being
considered. One such method is the use of a jet fan to ventilate
a deep cut. A jet fan is simply a freestanding fan using little or
no ducting to direct the