GJO-108(79)

URANIUM INDUSTRY

SEMINAR

PROCEEDINGS

October 16 & 17, 1979
Grand Junction, Colorado

MASTER

U.S. DEPARTMENT OF ENERGY
Assistant Secretary for Resource Applications
Grand Junction, Colorado

«»»gatrnoff or THB Domum m



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



This report was prepared as an account of work sponsored by the United States Govern-
ment. Neither the United States nor the United States Department of Energy, nor any of
their employees, nor any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus, product, orprocess
disclosed, or represents that its use would not infringe privately owned rights.

Available From: Technical Library
Bendix Field Engineering Corporation
P.0. Box 1569
Grand Junction, CO 81502

Telephone: 303/242-8621, ext 278
Price: $10.00



GJO-108(79)

U.S. Department of Energy
Grand Junction Office

URANIUM INDUSTRY SEMINAR
October 16 & 17, 1979

DISCLAIMER

This book was prepared as an account of work sponsored by an agency of the United States Goverament.
Neither the United States Government nor any agency hereof, nor any of their employees, nekes any
warranty, express of implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, Of Process disclosed, or
represents that.its use would not infringe privetely owned rights. Reference herein to any specific
commercial produgt, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constiwte or imply its endorsement, recommandation, ot tavaring by the United
States Government Of any agency thereof, The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency Yhereof,

Grand Junction, Colorado







URANIUM INDUSTRY SEMINAR

Contents
Page
INTRO DU CTION . it i e e s e e e et it it ettt st eaaanas 1
URANIUM ENRICHMENT
Uranium Enrichment Policies
WHlBM R VOIGEL JE. ...\ et e et e 3 A
Uranium Enrichment Plans
RAONNIE He SR+ v oo e e e e e e 11 X
URANIUM ISSUES AND POLICIES
Uranium lIssues and Policies: An Overview J/
JONN A, PBILEISOM oottt it ettt et ettt ettt eaeaneneeaaneoneonnnnns 21
URANIUM MARKET
The U.S. Uranium Market: 1978-1979 )
George F. COMDS, Jr. .. e e e e i e e 31 ‘)f
Uranium Market Forecast X
R. Gene Clark and Andrew W. Reynolds ........ ... i 47./(
¢
NATIONAL URANIUM RESOUF/‘\E PROGRAM
Overview of NURE Progress, Fiscal Year 1979 y(
Carl H ROACH ... it it it e it et ettt ettt sttt e et e e 69
United States Geological Survey Uranium and Thorium Resource Assessment and
Exploration Research Program, Fiscal Year 1980
Terry W. OFField . .. ..o e e et e e e 95 /i/
NURE Quadrangle Evaluation and Assessment
[ =00 oY= QR OO = 1o ) 2 € o S 101 Mt
INTERNATIONAL ACTIVITIES
Foreign Exploration and Uranium Supply
Robert J. Wright and Robert K. PItman ... ... ittt iaoannenenraenns 109 V(
International Nuclear Fuel Cycle Evaluation Nearing Conclusion
Eric 8. Beckjord .. ... ...t e e 127 ‘)(
URANIUM RESOURCES AND EXPLORATION
Uranium Reserves
Robert J. MeeRanm . ... ... . ittt e e e e e 133 l/(
Potential Uranium Resources
Donald L. Hetland . ... ... ... e e 151 A/
Industry Exploration Activities P
William L. CRENOWELA ... ittt e e e e 173 3)\

Results of Low-Grade Uranium Studies
Frank E. MCGInIEY . ...ttt ittt eeanenentaacananueesennnennennas 185

S



URANIUM SUPPLY

Uranium Production e
J Fr@A FaCer, Jr. ittt e e et e e e e e 193~
Uranium Production Capability in the United States
JONN KIBM@INIC . i e it i ittt te et et ettt 205 )/

APPENDIX
Uranium Industry Seminar Attendance List




URANIUM INDUSTRY SEMINAR

INTRODUCTION

The ninth annual Uranium Industry Seminar, sponsored by the U.5. Depart-
ment of Energy’s (DOE) Grand Junction Office, was held in Grand Junction,
Colorado, on October 16 and 17, 1979. There were 833 registered attendees as
comparedto 829 attending the previous year. The attendees were drawn largely
from uranium and other energy resource companies, electric utility firms,
energy consultants and service companies, and governmental agencies. in
addition, there were representatives present from Indian tribes, universities,
the media, DOE Laboratories, and foreign countries and organizations.

There were 16 papers presented at the Seminar by speakers from the
Department of Energy. U.S. Geological Survey, and Bendix Field Engineering
Corporation which is the on-site prime contractor for DOE's Grand Junction
Office. The topics of the papers dealt with uranium policies, exploration,
resources, supply, enrichment, and market conditions. There also were papers
describing the National Uranium Resource Evaluation program and interna-
tional activities.

The text and iltustrations of each paper are included in this report. A list of
attendees is contained in the appendix.






URANIUM ENRICHMENT POLICIES

Witliam R. Voigt, Jr., Director
Office of Uranium Resources and Enrichment
U.S. Department of Energy
Washington, D.C.

October 1979

Presented by Rhonnie H. Smith

INTRODUCTION

I am very pleased to have the opportunity to
participate once again in this seminar which
continues to receive national attention.

All of us involved with any facet of nuclear
energy problems—whether in industry, govern-
ment, or the general public—must operate, plan,
and make decisions in an environment of consid-
erable, if not extreme, uncertainty, and this situa-
tion is not likely to change very soon. The uranium
industry, of course, is no exception to this. It con-
stantly faces critical decisions in such areas as
exploration investment, opening of new produc-
tion facilities, changing mine-operating condi-
tions, and uranium salestransactions. At the same
time, there is the definite problem of predicting
future uranium markets primarily due to uncer-
tainties in projecting nuclear power growth, andto
a lesser extent, to other considerations such as
reprocessing and timing of introduction of alterna-
tive nuclear technologies.

The U.S. Department of Energy (DOE) policies
for operating the U.S. uranium enrichment facili-
ties also affect the timing and quantity of uranium
demand. The health and viability of the uranium
industry are important considerations in planning
our enrichment operations. In this paper and the
following one, we would like to bring you up-to-
date on our enrichment activities.

ENRICHMENT PROGRAM GOALS

The goals of the DOE uranium enrichment pro-
gram may be briefly stated as shown in figure 1.

In order to achieve these goals, the DOE has
several efforts underway as described in figure 2.

® To meet domestic and non-U.S. requirements
for uranium enrichment services in the most
economical, reliable, safe and environmentally
acceptabie manner

@ To supply uranium enrichment services to the
U.S. market and be a major supplier to the
non-U.S. market

FIGURE 1. Enrichment program goals

@ Monitor nuclear power growth trends

® Expand uranium enrichment capacity as
appropriate

@ Pursue an aggressive marketing program

FIGURE 2. DOE efforts in support of uranium
enrichment goals

NUCLEAR POWER GROWTH

At last year's seminar, | presented the estimate
of domestic and non-U.S. nuclear power growth
on which operational planning of the enrichment
complex was based. At that time, we had planned
on DOE enrichment capacity supporting 115
gigawatts {GWe) of domestic nuclear power capac-
ity and 65 GWe of non-U.S. nuclear power capac-
ity that would be on-line by the end of 1985.
Similarly, we planned that 185 GWe of domestic
nuclear power and 100 GWe of DOE-supplied
non-U.S. nuclear power would be on-line by the
end of 1990. Based on that projection, which
represented a significant reduction in the demand
for enrichment services from prior projections,
actions were taken to avoid unneccessary early
inventory buildup and near-term budget expendi-
tures. DOE negotiated with its power suppliers to
reduce power in the Fiscal Year (FY) 1979-1981



period and also rescheduled the Portsmouth Gas
Centrifuge Enrichment Plant, such that only 2.2
miflion separative work unit {SWU) capacity would
be on-line by 1288 as compared to the 8.8 million
SWU capacity previously scheduled to be available
at that time.

Since last year, it appears that the trends are
toward further retardation in the rate of growth of
nuclear power. A little later iin this seminar, R.
Gene Clark will present recent DOE Energy Infor-
mation Administration {EIA) forecasts of installed
nuclear power which will iliustrate this. However,
nuclear power must remain an essential element
of our energy supply for many years. The nuclear
option is not one we can afford to discard.

As uncertain as the future normally is for fore-
casters, events in the last year have created a
future that is even more difficult to forecast. None-
theless, we are now in the process of trying to
evaluate the likely effect of these events and to
develop the proper uranium enrichment operating
strategies. Pending modifications necessitated by
this changing environment, | will now describe
DOE current plans regarding expansion of our
uranium enrichment facilities.

EXPANSION OF DOE URANIUM
ENRICHMENT CAPACITY

In recognition of the growing need for enriched
uranium fuel, the United States Government has
taken actions to assure that sufficient uranium

enrichment production capacity will be available.
As shown infigure 3, DOE is currently implement-
ing major programs to:

@ Increase the capacity of the existing gaseous
diffusion complex via the Cascade'lmprove-
ment Program (CIP) and the Cascade Uprating
Program (CUP), and

® Construct a Gas Centrifuge Enrichment Plant
(GCEP).

Significant advances have beenrealized in each
of these expansion efforts. The CIP program pro-
vides a large increase in separative capacity by
improving the efficiency of the gaseous diffusion
process equipment. This program provides an
enrichment capacity increase of about 32 percent
with no increase in power requirements at the
existing three plants. The CUP expands gaseous
diffusion plant enrichment capacity by increasing
the throughput of the three plants. This is achieved

e CIP & CUP
—Will expand existing gaseous diffusion
capacity by 60%
—Will be completed within the cost
estimate of $1.5 billion
—Will be completed in 1982

e GCEP
—Will expand enrichment capacity by an
additional 32%
—Wilil assure customers that their tails
assay will not exceed 0.25% 2351
—Allows DOE to sign new enrichment
services contracts
FIGURE 3. Programs to expand U.S. enrichment
capacity

by increasing the power-handling capability of the
three plants from 6,065 to 7,380 megawatts. The
combined three-plant separative work capacity
will increase by an additional 20 percent as a
result of CUP. Both CIP and CUP are essentiallyon
schedule and within costs. They will be completed
in 1982 at a capital cost of about $1.5 billion. CIP
and CUP will increase enrichment capacity from
17.2 to 27.3 million SWU’s per year as shown in
table 1. The 1982 date represents a slight delay
from our original planning which expected a com-
pletion date of September 1981. However, due to
a prolonged work stoppage at the Portsmouth
plant, which began in early May of this year and is
still in progress, the September 1981 completion
date will not be met at that site. Incorporation of
these two programs into our enrichment complex
is economical and of great benefit to our custom-
ers. The incremental SWU cost of the additional
production associated with the CIP and CUP pro-
grams is $22 and $60 (based on current dollars),
respectively.

For nearly 20 vears, gas centrifuge technology
for isotope separation has been under intensive
development in the United States. As a result of
progress made in these development efforts, the
gas centrifuge process is now ready for use in a
production-size uranium enrichment plant to be
built at Portsmouth, Ohio. This process has several
attractaive featuresrelative to gaseous diffusion. It
requires only about 5 percent of the electrical
power needed for a gaseous diffusion plant of sim-
ilar capacity. Also, it can be bult in modular units
well within the time needed to construct a nuclear
power plant. This modular feature enables the
planttobe builtina mannerto more closely match
supply and demand.



TABLE 1.

Expansion of gaseous diffusion capacity

Enrichment

Completion Capacity
Date 108 SWU/yr
Unimproved gaseous
diffusion plants Mid 1950s 17.2
CIP 1982 55
CUP 1982 4.6
Total gaseous diffusion 1982 27.3

The new gas centrifuge enrichment plant proj-
ectis progressing on schedule. There are presently
nine Architect Engineering firms on board. Four
construction contracts have been completed, and
eleven others are underway including the site
rough-grading which is 20 percent complete.
Eighteen off-site and demonstration facilities are
being designed or constructed. A total of 2,500
people are now directly employed in design and
construction of the plant.

In addition, major procurement contracts have
been placed for centrifuge machines, process
building structural steel, power transformers, and
some of the classified raw materials. One of the
centrifuge machine manufacturers has broken
ground for a new production plant at Oak Ridge,
Tenn. So far, eight hundred million dollars has
been appropriated for the project by Congress and
one hundred eighty-five million dollars has been
costed.

The Portsmouth GCEP will eventually provide
approximately 8.8 million SWU's per year of addi-
tiona!l uranium enrichment capacity. This plant,
being built adjacent to the existing Portsmouth
Gaseous Diffusion Plant, will operate in an inte-

grated mode with the three existing gaseous diffu-
sion plants. Figure 4 shows an artist’s conception
of the Portsmouth GCEP. The initital section of the
first GCEP process building, called the early train
and currently scheduledtobe on-linein 1984, will
provide the first operation of commercially mass-
produced centrifuges. Preceding the early train
will be the operation of the centrifuge plant
demonstration facility in 1982 which will provide
operating experience of a unit cascade with com-
mercially produced centrifuges. Production of
separative work from the GCEP is scheduled to
beginin 1987, with a capacity of 2.2 million SWU’s
per year on-line in 1988. Additional production
capacity will be added in 1.1 million SWU incre-
ments as demand for enrichment services
indicates the need. For planning purposes full pro-
duction of 8.8 million SWU's per vear is currently
planned for 1993. The total estimated cost for the
plantis $5.1 billion in Fiscal Year 1980 dollars. As
shownintable 2, total U.S. enrichment capacity in
the United States will be 36.1 million SWU's when
GCEP is completed.

The commitment by President Carter and his
Administrationto buildthe GCEP has allowed DOE

TABLE 2. E£xpansion of uranium enrichment capacity

Enrichment

Completion Capacity
Date 106 SWU /yr
Gaseous diffusion with
CIP & CUP 1982 273
GCEP buildings 1 & 2 1988 2.2
GCEP buildings 3 thru 8 1993 6.6
Total authorized capacity 1993 36.1



FIGURE 4. Gas centrifuge enrichment plant, Portsmouth, Ohio




to reopen the order book and assure existing and
new uranium enrichment customers that it is
expecting to provide such services at atransaction
tails assay no greater than 0.25 percent 23°U, a
level that conserves the supply of natural uranium.

MARKETING

DOE has initiated a customer-oriented market-
ing program to ensure more sensitivity to custo-
mers’ overall enrichment needs and problems and
to communicate more effectively to the non-U.S.
utilities the benefits of contracting with DOE for
enrichment services. Over the last several years,
the enrichment business has become very compet-
itive. The United States is no longer the only com-
mercial international supplier. Some countries,
e.g. Japan, Brazil, and South Africa, have pro-
grams to supplement their domestic needs, while
others, e.g. members of Eurodif and Urenco, are
providing services to domestic and foreign mar-
kets. During much of this same period of growth in
enrichment supply, the enrichment demand world-
wide has shrunk. The U.S. marketis expectedtobe
very small for the next year or two. Over the near
term, it appears to us that the major markets will
be in Asia, the Middle East, and Latin America.

DOE is both willing and able to supply enrich-
ment requirements to fuel nuclear reactors on as
an economical andreliable basis as world demand
dictates. President Carter has stated that “The
United States intends to remain a dependable
supplier of uranium enrichment services in order
to provide adeguate and timely supply of nuclear
fuels for domestic and foreign needs.”” Conse-
qguently, DOE, and more specifically the Office of
Uranium Resources and Enrichment (OURE), is
taking steps to implement this commitment in a
manner that keeps our customers’total needs con-
tinually in mind. Since May 1978, when DOE re-
opened the enrichment services order books, we
have been in the position of being able to accept
new business. In order to make our services more
attractive, a new Adjustable Fixed Commitment
(AFC) contract was offered in July 1978. The AFC
contract terms and conditions reflect our respon-
siveness to the changing needs of the world
nuclear power market and our ability to provide
increased contractual flexibility. Attractive new
features of this contract are described in figure 5.

This contract is available to new customers and
to those holding existing contracts. We have struc-
tured the AFC contract to be highly competitive

e Price and tails assay guarantees
® Variable tails assay option
e Greater quantity and time flexibility

e Flexibility in scheduling the initial
delivery period

® A five-year rolling firm commitment period

e Long-term contract (10 to 30 years at
customer option)

e Ability to do fractional contracting
@ Small initial advance payment

e Right to assign or sell separative work

FIGURE 5. Features of the adjustable fixed
commitment contract

with the enrichment service arrangements of the
other world suppliers taking many of our custom-
ers’ comments on the initial draft into considera-
tion for the final contract. DOE will continue to
improve its contracts so that they reflect customer
needs and current market conditions. For example,
we have instituted a very recent contract improve-
ment which reduces the financial liability to the
customer iflegislation is passed, after a contractis
signed, which imposes more stringent fuel export
requirements. Also DOE will soon notify all AFC
contract customers that they have the option of
deferring a part instead of the whole amount of
enrichment services from one year into another.
Any deferral, of course, will be subject to deferral
charges.

To date, response to the AFC contract has been
quite favorable. Most of our existing customers
have elected to convert their Long-Term Fixed
Commitment (LTFC) contracts to AFC contacts.
The status of conversions as of September 30,
1979, isshown intable 3. As can be seen, about 80
percent of our existing LTFC customers have con-
verted to an AFC contract. In addition to the con-
versions, we have signedthree new AFC contracts—
one each with Egypt, Japan, and the Euratom
Supply Agency. We also anticipate that additional
new AFC contracts will be signed in the relatively
near future.

I would next like to discuss several topics which
are of direct interest to the uranium industry—
specifically, the variable tails assay option, the cur-
rent status of DOE inventories of natural and



TABLE 3. Status of AFC contract conversions

as of8/30/79

U.S. Non-U.S. Total
Eligible 125 90 215
Converted 101 73 174
Not converted 24 17 41

enriched uranium, and our current tails assay
expectations.

Variable Tails Assay Option (VTAQO)

One feature of the AFC contract mentioned ear-
fier is the availability of VTAQ. This option permits
our AFC customers to fine tune the amount of
enriched uranium product they take by giving them
flexibility to alter their natural uranium-feed deliv-
ery schedules. In June of this year, the terms and
conditions for implementation of VTAO during FY
1981 were announced. The principal terms and
conditions, as summarized in figure 6, include:

e Ability to choose a transaction tails assay at
0.01 percent intervals within the range of
0.16 to 0.30 weight percent 235U, and

® A separative work penaltyifthe electedVTAO
transaction tails assay .is outside of the effi-
cient operating range of the DOE enrichment
compiex. Efficiency loss factors for the vari-
ous VTAOQO transaction tails assay are shown
intable4. Any customer exercising VTAO will
be billed for the total separative work under
contract, but the actual separative work deli-
vered to him will ‘be adjusted by the percen-
tage efficiency loss applicable to his elected
transaction tails assay.

For the above conditions, the typical AFC con-
tract enrichment customer has the flexibility to
reduce his enriched uranium product by as much

@ Ability to choose a transaction tails assay at
0.01% intervals withinrange of 0.16t0 0.30%
?I%!)U

e SWU penalty will be assessed if VTAO tails
assay outside of the efficient operating range
of the enrichment complex (i.e., below 0.20%
235U in FY. 1981)

FIGURE 6. Principal terms & conditions of
VTAO inFY 1987

as 11 percent or conversely to increase it by as
much as 26 percent. These bounds would require
the customer to deliver about 16 percent less natu-
ral uranium or conversely, to deliver about 51 per-
cent more natural uranium. Only three customers
elected to exercise the VTAO option in FY 1981,
but more customers are likely to use this option in
the future. However, we do not expect availability
of this option to have a significant impact on the
natural uranium industry.

DOE INVENTORIES OF NATURAL
AND ENRICHED URANIUM

On July 1, 1979, DOE had inventories of;

® 8,400 metrictors of low-enriched uranium at
an average assay of 2.94 percent 23U, and

® 25,300 metric tons of DOE-owned and
customer-owned natural uranium, equiva-
lent to 32,900 short tons of U0y,

ItisDOE's planthatthe enriched uraniuminven-
tories will be used;

® To meet requirements for enrichment servi-
ces in those future years where the demand
for separative work is greater than the supply
of separative work, and

® To provide a working inventory of enriched
uranium, needed in order that DOE may pro-
vide enrichment services on a timely basis,
and cover. possible U.S. participation in
international nuclear fuel-assurance
arrangements.

It is also intended that the natural uranium
inventory, in conjunction with a small portion of
DOE's enrichment capacity, will be used to supply
U.S. Government requirements for enriched ura-
nium. In addition, the natural uranium inventory



TABLE 4. FY 71987 efficiency loss (%) vs. tails
assay

Transaction

Tails Assay
% 235U % Loss
0.16 0.60
0.17 0.48
0.18 0.37
0.19 0.29
0.20—0.30 none

may be used to overfeed the DOE enrichment
plants as necessary to maintain appropriate DOE
enriched uranium inventory levels. The bulk of the
DOE natural uranium inventory will likely be dis-
posed of via these mechanisms by the mid-1990s.
It still rernains DOE’s policy not to dispose of any
natural uranium through direct sales in the mar-
ketplace except if the quantity of desired enriched
uranium is very small and undue effort would be
needed to obtain the natural uranium for toll
enrichment or if an emergency situation would
exist and all reasonable attempts, without suc-
cess, had been made to obtain natural uranium
from commercial sources. R. H. Smith, in his
paper, will discuss in greater detail the current
status of the DOE enriched and natural uranium
inventories. He will also provide you with more
detail with respect to our plans concerning the
amount that we will set aside for working and
international fuel-assurance inventory needs.

TAILS ASSAY EXPECTATIONS

Figure 7 summarizes our current thinking with
respect to the DOE transaction and operating tails
assays. Based onreview of many alternative oper-
ating and demand scenarios, it still appears likely
thatthe current 0.20 percent 235U reference trans-

actiontails assay can be maintained untilwellinto -

the 1990s. At that time, with the new contracts

® Transaction tails assay
0.20% 235U until well into 1990 s
No greater than 0.25% 235U
@ Operating tails assay
Likely at 0.20% 235U until late 1980s

FIGURE 7. Tails assay expectations

DOE expects to sign, the reference transaction
tails assay may need to be increasedto as high as
0.25 percent 235U. It also is likely that the DOE
enrichment plants can continue to operate at a
tails assay of 0.20 percent 235U until the late
1980s.

SUMMARY

In summary, the future rate of growth of nuclear
power is presently highly uncertain and very diffi-
cult to predict. Inthe last year, significant progress
has been made in U.S. efforts to expand its ura-
nium enrichment capacity; future activities in this
regard, of course, will be modified as necessary as
nuclear power growth is better defined.

DOE in the last year has also carried on a
customer-oriented uranium enrichment services
marketing program designed tc be more respon-
sive to customer needs and current market condi-
tions and highly competitive with other world
suppliers. In this regard, customer response to
DOE’s new Adjustable Fixed Commitment {AFC)
contract was very favorable with most of the exist-
ing Long-Term Fixed Commitment (LTFC) custom-
ers electing to exercise their optionto converttoan
AFC contract. The VTAOQ feature of the AFC con-
tract was also made available to customers for FY
1981. Only three customers elected to exercise
this option in FY 1981, but more customers are
likely to use it in the future. We do not expect,
however, this option to have any significant impact
on the natural uranium industry.

DOE inventories of natural uranium still remain
high. However, DOE still plans to dispose of this
material by using it for government requirements
and plant operations. It still remains DOE’s policy
not to dispose of this material through direct sales
inthe market place except for very small quantities
or if an emergency would exist and all reasonable
attempts, without success, had been made to
obtain natural uranium from commercial sources.

Finally, with respect to DOE’s plans regarding
future transaction tails assays, it appears likely
thatthe current 0.20 percent 235U reference trans-
actiontails assay will be maintained until well into
the 1990s at which time it may be increased to as
high as 0.25 percent 235U,
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INTRODUCTION

it has been pointed out inthe previous paper that
forecasting is an inexact art. The energy sector of
the United States is undergoing a large amount of
restructuring. The Administration and the Con-
gress are emphasizing conservation, synfuels,
new technologies, and domestic conventional
fuels. Recent sharp increases in energy prices
have tended to reduce usage, slowing economic
and electricity growth. Thus, the demand for total
and electrical energy, of which nuclear is a com-
ponent, isin an unstable state relative to historical
growths. For example, the national energy con-
sumption growth has been projected to grow at a
rate of 2.5 percent comparedto the historic growth
rate of over 3.5 percent. Similarly, electricity
growth has been projected to decrease from about
7.5 percent historically to 4.1 percent over the
remainder of the century. The role that nuclear
energy will play is dependent on the outcome of
many issues, e.g. waste management, the
Kemeny Commission recommendations, utility
financing, economic and electric growth, andreal-
istic availablity of other economic and safe energy
alternatives.

The future of nuclear power in other non-
centrally planned countries is mixed; some are
moving fast, some slow, and some not at all. | will
describe some of these later in this paper.

Asvyou know, the facilities for enriching uranium
in this country are owned by and operated at the
direction of the U.S. Government. The operational
planning period for our enrichment production
complex must cover 10-15 years, since the lead
time for our customers’ reactors is 10-12 years
and the lead time for new enrichment capacity is
6-8 years. U.S. Department of Energy's (DOE)
operational planning is based on our contract
commitments and their potential changes and an
assessment of the potential for new contracts. Qur
planning basis also includes determining our

11

electric power requirements and timing of new
enrichment capacity. Through combinations of
these parameters together with operating and
transacting tails assays, we develop an economi-
cally acceptable operating plan for our enrichment
complex. As these parameters change, we must
reevaluate the economicimplication for the supply
of enrichment services and perhaps modify our
operating plan. Today, | will not be able to describe
for you our new operating plan. Too many varia-
bles are uncertain. | do, however, want to discuss
some of the uncertainties we are facing beginning
with our customers contract status.

CONTRACT STATUS

For those who are new to DOE contracts, | will
describe briefly the three contract types used by
our customers (table 1). In addition, again for those
who are new, | have included at the end of this
report an appendix that contains two nomographs
showing the relation between feed and separative
work and product and tails assays.

""Requirements’’ contracts were offered by the
Atomic Energy Commission {AEC) until December
1972. Since we had a very large enrichment
capacity and few customers inthe 1960s, advance
notice for deliveries was not a problem. We agreed
to supply the actual annual requirements of an
individual reactor on at least a 180-day notice. The
customer also provides a b-year estimate of
annual requirements and up to a 30-year estimate
or for the life of the project, if less than 30 years.
The contract ceiling is based on the 30-year esti-
mate or total life requirements.

Long-Term Fixed Commitment contracts (LTFC)
were issued from September 1973 through July
1974 . Duringthe last 3 yearsthat “"requirements”’
contracts were offered, it became evident that the
capacity of our enrichment facilities would soon be



TABLE 1.

Reguirement Thru Dec 1972

Long-Term Fixed
Commitment

Adjustable Fixed
Commitment

Since July 1979

reached. The LTFC contracts provided a firm basis
and advance revenues for expanding enrichment
capacity. Under this contract form, customers pro-
vided a firm 10-year schedule of requirements
each year and an initial down payment. The firm
period appliedto reactor units that were still inthe
planning or construction stage.

The Adjustable Fixed Commitment contract
(AFC) that we now offer and the conversions from
the LTFCto the AFC was described in the previous
paper. The AFC was offered to customers in order
to provide them with more flexibility in scheduling
deliveries like the requirement contracts but main-
tain some degree of firm schedule deliveries like
the LTFC. The AFC contract attempts to balance
the risk of planning enrichment deliveries be-
tween DOE and the customer.

Sept 1973-July 1974

Types of contracts

Few customers—Ilarge capacity
180-day notice
Annual estimates

Céiling on total SWU's over 30 years
or less

Not transferable

Increased rate of contracting
10-~year rolling firm requirements
Initial advance payment

Contract assignable

Increased flexibility, more competitive
Fractional contracts

Assignable or saleable

Variable tails option

5 year rolling firm requirement
Adjustments during firm period

Table 2 shows a breakdown of our current con-
tracts. Qur toll enrichment contracts have de-
creased by nine reactors since the 1978 Uranium
Industry Seminar. Two German utilities have
given notice that they plan to terminate their con-
tractsinthe early 1980s. The losses of enrichment
services to the nine reactors{all by termination) as
shown in table 3 are:

1 “Requirements’” Contract (Phillippsburg-2,
Germany),

1 U.S. LTFC Contract (Allen’s Creek},

6 Foreign LTFC Contracts {Germany, Spain,
iran, Sweden), and

1 Foreign Conditional LTFC Contract {Portugal).

Note that four of the terminations went to other
enrichment suppliersinwhichthey hadinterest in

TABLE 2. DOEFE enrichment service contracts

Gigawatts Units

Type U.S. ‘Non-U.S. Total U.S. Non-U.S. Total
Requirement 75 24 99 87 46 133
Adjustable fixed

commitment 106 64 170 99 72 171
Long-term fixed ,

commitment 19 16 35 20 18 38

TOTAL 200 104 304 206 136 342
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TABLE 3. Contract changes

Country Unit Capacity—GWe
Germany Terminated Hamm* 1.100
" Biblisk ¢ 1.150
" Vahnum* 1.210
" Wuergassenkx € 0.640
" Philippsburg - 2% 0.860
Iran " Iran 1,2* 2.180
Spain " Valdecaballerosx 0.930
Sweden " Oskarshamn - 3% 0.900
u.s. i Allen’s Creek* 1.150
Portugal " Portugal 0.760

*Profects canceled, others assigned to other users

tConstruction permits not granted
*Taken from other supplier

¢Termination effective 1982 (Biblis) and 1984 (Wuergassen)

national enrichment plants and that Sweden’s
total nuclear program is in question. Table 2 shows
the contract assignments that have occurred since
last year. Note that four LTFC contracts have been
assigned to Korea. Two of these were from U.S.
utilities, VEPCO and Delmarva, and two were from
israel. These assignments did not change the total
number of reactors or total gigawatts (GWe). One
other change which increased the megawatt
(MWe) total but did not change the number of
reactors under contract was the signing of a
second AFC contract for the uprated Chugoku-4
unit in Japan.

Further changesin enrichment contracts nowin
force with DOE are anticipated since a number of
reactors holding enrichment contracts have been
postponed or cancelled. Potential assignments or
terminations are likely from about a dozen U.S.
reactors and perhaps nine foreign reactors.

TABLE 4. Contract assignments

From To Quantity
Vepco Korea Total
.Delmarva Korea Total
Israel (two) Korea Total
Los Angeles W & P Korea 1 year
Taiwan 1 year
Thailand Toledo Ed" 2 years
Taiwan 1 year
Pepco Korea 1 year
Toledo Ed 3 years
Taiwan 1 year

1R

OFFICE OF URANIUM RESOURCES AND
ENRICHMENT (OURE)
PLANNING PROJECTION

Briefly, | will review our early 1979 enrichment
planning estimate of domestic and non-U.S.
nuclear power on-line in 1985 which would obtain
enrichment services from DOE. OQur estimate,
shown on table 5, was based on a reactor-by-
reactor evaluation of the annual demand for
enrichment services. At that time, we had fore-
casted 115 GWe of domestic nuclear power capac-
ity and 65 GWe of non-U.S. nuclear power
capacity, scheduled to be on-line in 1985, would
be supported by DOE enrichment capacity.

The domestic estimates for 1990 included
planned reactors which were not then under con-
struction but which DOE judged would be needed
and could be available to meet forecasted electri-
cal power requirements. The non-U.S. projection
for 1990 was based on similar consideration but
included only those reactors expected to be sup-
plied under DOE enrichment services contracts
from our expanded facilities. The results of the
projection indicated that 185 GWe of domestic
nuclear power and 100 GWe of DOE-supplied
non-U.S. nuclear power would be on-line by the
end of 1990.

In February, these estimates of DOE-supplied
enrichment services in 1985 and 1990 were con-
sidered reasonable and conservative for planning
purposes. Accordingly, our Fiscal Year (FY) 1979
planning for enrichment services has been based



on optimizing the DOE enrichment complex oper-
ating variables for supplying the needs of 180
GWe in 1985 and 285 GWe in 1990.

After 1990, the growth of nuclear power in the
United States is less certain. The Energy Informa-
tion Administration forecasted in April 1979 that
by the end of the year 1995, the nuclear power
capacity in the United States couldrange from 186
to 224 GWe. The sustaining capacity of the cur-
rently authorized DOE enrichment plants at 0.25
percent 235U tails assay is about 325 GWe. For
planning purposes, we have assumed that DOE's
currently authorized capacity will sustain about
120 GWe derived from foreign sources and about
205 GWe from U.S. utilities. However, under our
current marketing effort, we intend to do business:
with any country which cooperates with the U.S.
effort to prevent proliferation of nuclear weapons
and-which agrees to International Atomic Energy
Agency{lAEA) sateguards applicable to all nuclear
activities within such a country.

PLANNING UNCERTAINTIES

Since early 1979, however, several events have
occurred which have important implications with
respecttothe future of nuclear power inthe United
States and abroad:

@ The Three Mile Island incident and the resul-
tant uncertainty this incident placed on the
future of nuciear power is still unfolding. The
report from the Presidential Commission,
created to review the safety of nuclear reac-
tors and the future status of nuclear power in
the United Stat 2s, is imminent.

@ The Fuel Use Act of 1978 is being imple-
mented, and the President in his July mes-

sage called for a 50-percent reduction: in- oil
and elimination of gas, as fuels, to produce
electricity by 1990.

e For the B2-week period ending August 4,
1979, the Edison Electric Institute reported a
b.1-percent increase in electrical energy dis-
tribution in the United States. A comparable
number for the period ending September 2,
1978, was a 2.4-percent increase.

With respect to the non-U.S. market, several
reactor projects have experienced cancellation,
work suspension, anddenial of operatinglicenses.

Sweden will hold a referendum next spring to
determine if it will have a nuclear program. Sev-
eral units in West Germany and Austria have not
received operating permits. lran’s program has
been scuttled. Japan’s program has been delayed
several years. On the other hand, France, Spain,
Taiwan, Korea, and Mexico's programs continue
strong or are accelerating. Several countries this
summer have reaffirmed their intent to generate
40 percent to 60 percent of their electricity from
nuclear power by 1990 or 1995. The Nuclear Non-
Proliferation Act and concerns over U.S. policies
regarding reprocessing and breeder reactor deploy-
ment have created an atmosphere of uncertainty
for non-U.S. customers relative to the United
States as an assured supplier ‘of enrichment
services.

I view of this high degree of uncertainty in the
nuclear market, we must still attempt to develop as
reliable an enrichment demand forecast as possi-
ble in order that we may develop a productionplan
that will optimize the enrichment complex operat-
ing variables. We are now in the process of evalua-
ting the likely effect of these types ‘of events on

TABLE 5. DOE projection of nuclear power reactors served by DOE enrichment plants

In Gigawatts

End of 1985
Domestic Non-U.S. Total

End of 1990
Dome\sti,c kNon-U.S. Total

Upper iimit of reactors
under current DOE

enrichment contracts 115 65 180 175 90 265
Possible additional reactors 0 0 0 5 5 = 10
More speculative

additional reactors 0 0 O 5 5 10

1156 65 180 185 100 285
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future enrichment demand and developing alter-
nate operating strategies to meet varying demand
scenarios. A new operating plan will be developed
which balances stockpiles, tails assay, existing
enrichment capacity, and availability of new
enrichment capability over the 10- to 15-year
ptanning period. In developing the operating plan,
we will attempt to supply projected requirements
forenrichment services at atransactiontails assay
of 0.20 percent 235U as long as possible but, in all
cases, at no greaterthan 0.25 percent while main-
taining DOE-owned inventories of low-enriched
uranium at a 14 million separative work units
(SWU) minimum stockpile level.

We plan to operate the enrichment complex
suchthatthe current0.20 percent 235U transaction
tails assay will be maintained until after 1990,
thereby allowing customers to obtain nuclear fuel
close to the minimum projected cost of the fuel.
Eventually, withthe new contracts DOE expectsto
sign as a result of the DOE marketing efforts, the
transaction tails assay may needto be increased to
0.25 percent 2354,

STOCKPILES

On July 1, our low-enriched stockpile consisted
of 35.2 miltion SWU's evaluated at 0.20 percent

tails assay. This stockpile contains 8,400 metric
tons of uranium (MTU) at an average assay of 2.94
percent 235, We expect that this low-enriched
stockpile will be used to meet a portion of our
customers’ enrichment requirements for the next
couplie of years as we balance the stockpile level
and current production with estimated future
demand as shown in figure 1. After this inventory
balancing period, we expect to again be in a pre-
production mode of operation, such that the low-
enriched inventory will increase through the
mid-1980s and then decrease to a target-
sustaining inventory level of 14 million SWU's of
low-enriched uranium.

We consider the fourteen million SWU, shown
infigure 3, to be a prudent minimum low-enriched
inventory level. This target low-enriched uranium
inventory level is comprised of:

1. Nine million SWU's as a working inventory
(equivalent to three months of production
from the DOE enrichment plants, when
operating at full capacity after completion of
the Gas Centrifuge Enrichment Plant [GCEP]).
This inventory will serve as a buffer between
the levelized daily production of enriched
uranium and the wide variation in monthly
shipments of finished product to enrichment

=
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= 5 million SWU for fuel assurances
2 qol-
9 million SWU for working inventory
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FISCAL YEAR
FIGURE 1. Separative work contained in DOE Jow-enriched uranium inventory

fevaluated at 0.25% 235U tails)



services customers {September 1979 ship-
ments were more than three times the aver-
age monthly shipments). This working
inventory provides assurance to customers
that DOE will deliver on schedule.

2. Five million SWU's of the inventory are what
President Carter has identified as a possible
set-aside for international nuclear fuel assur-
ance in response to Section 104(b) of the
Nuclear Non-Proliferation Act of 1978.

The DOE holds a uranium stockpile comprised of
material owned by enrichment services customers
as well as our own material. The stockpile contains
enriched, normal, and depleted uranium. Our pol-
icy on the use of this material was discussed in the
previous paper. Table 6 shows the composition of
this stockpile in terms of equivalent normal U504
as of October 1978 and July 1979. DOE, on occa-
sions, uses its natural uranium feed for “split
tails’" operations, sales of very small quantities for
research and test purposes, sales to satisfy emer-
gency requirements and finally, sales of enriched
uranium, including the natural feed component to
meet certain older contractual obligations to five
foreign reactors. The totai of these sales of
government-owned feed amount to about 300

short tons U304 per year, prnimanly for research,
test purposes and five foreign power reactors.

Some of our depleted uranium (20,000 MTU
containing the equivalent of about 5,000 short
tons{ST]U;0;) is being sold toltaly. Since italy has
alarge surplus of SWU's, they plan to upgrade this
material and use it as feed. Their economics are
very unique; therefore, we do not anticipate that
this will become a general practice or that «t will
have any effect on the U.S. mining market. The
tails offer no significant potential fuel or feed use
until breeders or low-cost advanced isotope sepa-
ration (AIS) are commercially available.

As noted in the previous paper, we plan to use
the natural uranium invémory to supply US
Government requirements for enriched uranium
and to maintain appropriate enriched uranium
inventory levels. The operating plans that .we
develop to meet varying demand scenarios use the
preponderance of the DOE-owned feed to meet
these requirements.

SUMMARY

Much has changed since our {ast operating plan
was prepared. Changes include Three Mile Istand

TABLE 6. FEquivalent* normal uranium inventory short tons U;0;

Enriched-Normal

Low assay enriched

In process & high enriched
DOE normal

Japanese advance sale
Customer normal

Feed Liabilities

Early feed—domestic
—foreign

Usage agreement—domestic

~-foreign
Japanese advance sale
Standard toll enriching

Net DOE Feed

Depleted.uranium
0.30% 235U
0.25% 3%y
0.20% 23%U

‘Evaluated at 0.20% ?3°U tails
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10/78 7/79
110,100 116,000
56,400 58,700
10,200 10,300
22,600 22,600
15400 14,100
5,500 10,300
28,900 36,300
4,200 3.900
2,700 2,300
1,600 1,600
1,300 1,700
9,900 11.400
8,200 15,400
81,200 79,700
19,100 18,900
9,100 9,100
9.800 9,800
0 )



and its ramifications, the Fuel Use Act, and the
increased growthrate in electricity demand. There
are many continuing issues and potential changes
which will further impact nuclear fuel demand. We
are currently in the process of developing and
evaluating alternative operating strategies which
will satisfy different demand forecasts.

These operating strategies will look at trade-offs
between low-enriched stockpile levels, natural
uranium stockpile levels, tails assays, and use of
enrichment capacity and the scheduled availability
of additional enrichment capability. These scenar-
ios will be evaluated over the next few months as
the FY 1981 Budget is compiled. The resulting
operating plan will be announced early next year.
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Years ago, Washington irving wrote:

“"There is certain relief in change
even though it be from bad to worse;
as | have found in traveling in a stage coach,
that it is often a comfort to shift one’s
position and be bruised in a new place.”

Nuclear power is a necessary part of the U.S.
and world energy supply. We believe orders in the
1980s and installations in the 1990s will increase.
Our plans include building the expandable GCEP
and developing advance enrichment processes. As
you can see, itis my belief thatthe nuclear industry
will arrive—suffering through the bruises along
the way.



APPENDIX:

ILLUSTRATED USES OF NOMOGRAPHS °“:“§ “:"
°E g
Note: Allquantities of uranium are as kilograms of 74 -
contained uranium in uranium hexafluoride. All o e
assays are as weight percent 235U, a3 E o
33 .
2] k2
NOMOGRAPH 1 010 %
Normal Uranium Feed Requirement Z: > 5 .
74 = Sk

To find the amount of normal uranium feed s; ; ‘:,
required per kilogram .of enriched uranium pro- °<"~:‘“_3 % 2 M’\
duct, connect with a straightedge the tails assay of W13 <
interest on the left line with the product assay of 248 g ke
interest-on the right-line. The kilograms of normal '35 bop
uranium.feed required per kilogram of enriched ‘QZ:A ) f:n
uranium product are found-on the center oblique 83 Ls
line at the point where it intersects the straight- g .
edge. -To illustrate, a straightedge connecting a ais] .
tails assay of 0.2% with a product assay of 2.5% “ Fa
intersects the feed requirement line at 4.50, the Z Z
kilograms of normal feed required per kilogram of 3 E
product under these conditions. ' a0 F/P = (xp = xyy)/(xg =) 10

X = Normal uranium feed assay Fe
of 0.711 Wt. % 35y a
A
040 e
NOMOGRAPH 2 e
Separative Work Requirement 030 Lo
%

To find the amount of separative work required g 3
per kilogram of enriched uranium product when = % 70
normal uranium feed is being enriched, connect I §
with a straightedge the tails assay of interest on 32 § ; -
the leftline with the product assay of interest on 1z g
the center oblique line. The kilogram units of sep- [omd s
arative work reguired per kilogram of enriched s = 5 poo
uranium product are found on the right line at the e ? ;§, 8
point where it intersects the extended straight- i 2 fw
edge. To illustrate, a straightedge connecting a * g 2
tails assay of 0.2% with a product assay of 2.5% 015 i
intersects the separative work requirement line at 4 j: 2?57

3.23, the kilogram units of separative work ] \ 0 F
required per kilogram of product under these

conditions. 1P (Vixpl- Vixgl] - (R PY [Vixg] ~Vixg )

Vixpl. Vixgh and Vixy) are the values of Vix}
1 at the assays of product,nermal uraniur
feed,and diffusion plant tails,respectively.

X
o.»o} Vix) 7 (2x - tin L 1%
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URANIUM ISSUES AND POLICIES: AN OVERVIEW

John A. Patterson
Director, Division of Resource Assessment Operations
Office of Uranium Resources and Enrichment
U.S. Department of Energy
Washington, D.C.

October 1979

A vital element in planning, or in developing of
policy, is an understanding of resources that are
available. There is a particular interest today inthe
extent and availability of natural energy resources.
Uranium is of special interestin view of the 40-50-
year commitment to uranium undertaken when a
utility orders a nuclear plant, and when we con-
sider the long-lead time required to develop
replacement systems, such asthe breeder reactor.
Policies and program commitments will in turn
influence uranium demands and exploration for
new resources and production capability. In this
paper, | would like to provide some indication of the
current outlook on resources as they impact cer-
tain policies in the nuclear field. In addition, |
wouid like to discuss some current public issues
regarding uranium, indicating our viewpoints on
the issues and what we are doing to clarify the
problems involved, as we seek to develop a con-
sensus approach to the uranium-supply question.

NATIONAL ENERGY PLAN

A key statement of the Administration’s position
regarding energy is provided inthe National Energy
Plan Il which accompznied the Energy Message
from President Carter to the Congress on May 7,
1979. The National Energy Plan Il is a compre-
hensive statement of the Administration’s ap-
proach to energy development and indicates a
number of conclusions regarding the appropriate
role of the different sources of energy and the
activities that should be undertaken in the future
to develop and use these resources.

NUCLEAR POLICY

Of particular relevance are the policies and pro-
J-ams for nuclear energy. The strategy for nuclear
power has several components: first, “to re-
establish the light-water reactor (LWR} with the
once-through fuel cycle as a viable supply option,
andtherebytoensurethatnuclear power will be a
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significant source of energy for the rest of this
century,” and second, to “continue development
of nuclear power as a potential back-up technology
for the next centusy.”

This strategy involves several other compo-
nents. Primary is the establishment of the safety of
nuclear power and resolution of other technical
and institutional issues that are now impeding
nuclear growth. Three issues are identified: reac-
tor safety, waste management, and reactor siting
and licensing. Secondly, we must develop new
technologies that permit more efficient use of ura-
nium resources.

As shown in figure 1, this strategy for nuclear
power involves several actions: the appraisal of
domestic resources, about which | will present
more later, the improvement of the uranium-
utilization efficiency of light-water reactors, which
would eventually be retrofitted to existing LWR’s,
with a first-step goal of 15-percent improvement
in uranium-use efficiency, and the construction of
more energy-efficient enrichment plants of the
centrifuge type to meet future growth in enrich-
ment demands. This strategy will assist in main-
taining lower enrichment tails assays which
provide a higher percentage utilization of the 235U
content of natural uranium. Advanced isotope
separation technology, such as laser separation,
may provide even lower enrichment costs and
even lower economic tails assays. In addition,
there will be continued examination of advanced
converter reactor concepts with potentially better
uranium-use efficiencies.

Breeder Policy

A key factor inlong-term nuclear energy policy is
the role of the liquid metal fast-breeder reactor
(LMFBR). Breeder policy involves a “"hedged’ ap-
proach, with the flexibility to move torapid deploy-
ment if warranted by future developments. In



Appraisal of resources (NURE)

Improvement of LWR efficiency

Construction of energy-efficient enrichment
plant

Development of advanced isotope separation
technology

Examination of advanced converter concepts

FIGURE 1. More efficient use of uranium

resources

figure 2, the breeder strategy is based on the con-
cept that uranium availability appears to be ade-
quate for 'some time ‘and’that nuclear power
growth for:light-water reactors will be much less
than previously thought, thus reducing expected
demands for uranium. Also there is uncertainty
about how economically competitive the LMFBR
will ‘be with LWR’s. At the present time, these
three factors, taken together, do not indicate any
need for rapid commercialization of the breeder or
for construction of a demonstration plant.

There are substantial uncertainties about the
above-mentioned factors, andthere can be no def-
inite conclusion drawnat this time as to how these
factors will evolve. Thus, the need for a “hedged”
breeder approach is needed. The program be-
.comes one of continuing engineering design and
of component development for future breeder
reactors. A decision to proceed with a demonstra-
tion plant may be made as early as 1981, whenthis
issue will be reexamined, or the decision could be
deferred until the 1986-1990 period. As far as
reprocessing spent nuclear. fuel is concerned,
there.is considerable question as to whether or not
itis economically attractive toreprocess to recover
uranium and plutonium for refueling light-water
reactors. The recovered plutonium also poses a
proliferation risk. Therefore, commercialization
should be deferred until economically justified, or
until plutonium would be needed for refueling
breeders.

Breeder Timing

The relationship among uranium. economics,
nuclear growth, and the cost of breeder reactors,
which underlies the strategy, is shown.in figure 3.
This figure, from the National Energy Plan li, con-
siders three ratios of fast-breeder reactor capital
costsrelative to LWR’s capital costs, i.e. 1.75,1.5,
or 1.25. For each of these three ratios, two ura-
nium price projections are considered—
intermediate and high. The prices are expressed as
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a function of total UsOg used. For example, at 2
million tons, the intermediate price was around
$50 and the high price was $80 (1978 dollars)i
Three cases of nuclear energy growth to the vear
2000 are used, i.e. 200, 300, or 400 gigawatts
(GWe). Each nuclear-growth case has three sub-
sets of projected nuclear capacity inthe year 2020.
For the high-cost breeder case, i.e. 1.75 times the
cost of LWR’s, there would be no economic basis
for having the breederin production until some
time after 2020. At a cost ratio -of 1.5, with
intermediate-cost uranium resources, ‘the post-
2020 date is also indicated. However, if uranium
prices are higher, and the higher growth nuclear
cases are adopted, there could be an economically
justified breeder in the 2010-2020 period.

A breeder, of only 25-percent higher capital cost
than a light-water reactor, with high-priced ura-
nium and high cases of nuclear growth, could be
economically justified in 2000 to 2010. However,
with the low-cost breeder, high-cost uranium and
lower nuclear growth, the breeder could again be
delayed-until the 2010-2020 decade. Additional
details on this relationship are contained in the
report “The Nuclear Strategy of the Department of
Energy,” DOE/ER-00250, April 1979.

The uncertainties associated with breeder eco-
nomics, nuclear power growth, and iong-term
uranium prices underlie the case for pursuing a
""hedged’” approach.

@ 'Hedged” breeder strategy a flexible
approach.

e Uranium availability, expected nuclear
growth, and breeder economics do not
indicate a need for rapid LMFBR
commercialization. However, there are
substantial uncertainties.

Engineering and component development
will be continued. '
Demonstration plant decision could be
made in 1981, or deferred until
1986-1990.

FIGURE 2. Breeder strategy

NUCLEAR ISSUES

From this quick review of nuclear policy, | would
like to turn to more specific uranium-related mat-
ters, covering subjects which are somewhat con-
troversial and which are identified as issues. Key



current issues are listed in figure 4. The LMFBR
continues to be a key nuclear issue. The LMFBR
issueisrelatedto concepts of uranium supply, and
the resolution of LMFBR issues will impact longer
term uranium demands. Some factors regarding
the LMFBR have already been discussed. How-
ever, employment of the breeder raises additional
concerns regarding nuclear weapons proliferation
and appropriate safeguards procedures. Technical
and institutional aspects of these concerns are
considered by many to require further: develop-
ment. Until these elements are resolved, there wili
continue to be a tendency to defer commercializa-
tion of technologies that may use plutonium.

Arelated aspecttothe breeder issue is the ques-
tion about the capacity of once-through light-
water reactors that can be supported by domestic
uranium supply. The LWR nuclear growth which
we can sustain is a key indicator as to when we
have to proceed with other nuclear options, such
as plutonium, advanced converters, or the LMFBR,
and whether or not to develop other electric energy
sources, such as solar, fusion, or geothermal
energy.

URANIUM SUPPLY ISSUES
Resources

The second group of issues listed in figure 4
relate to uranium supply. The basic questions are
the magnitude of uranium resources in the United
States and the adequacy of those resources to
meetlong-term needs. This issue is not likely to be
resolved until there is a more complete assess-
ment of the U.S. resources. We will be hearing
more about U.S. Department of Energy (DOE)
resource programs, particularly the National Ura-
nium Resource Evaluation (NURE) program, at this
seminar. The concerns about resource levels are
fundamental and are frequently the key point in
the debate about the long-term development of
nuclear energy. There are those at one extreme
who feel that planning should be basedonly onore
reserves. This, however, is an unrealistic basis for
long-term nuclear energy planning and would lead
us into very unwise decisions. On the other hand,
there are those that feel there are virtually unlim-
ited resources, and we need only to continue to
explore to find what we need. While it may be
reasonable to expect that there will be further
expansion of resources, it would be risky to just
simply assume that there would be any guantity of
resources as might be needed in the future and
that those resources would be available at a cost
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that will maintain economically competitive light-
water reactors.

Nuclear
LMFBR deployment
LWR reactor capacity supportable

Raw materials

Magnitude/adequacy of uranium resources
for long-term needs

Production capability outlook—long term
Economics of fong-term uranium supply

FIGURE 4. Current issues

Production Capability

The second issue regarding uranium supply is
the long-term production capability that is attaina-
ble from the estimated resource levels. This issue
involves questions concerning the discoverability
of resources and the ability of industry to develop
the necessary mining and milling facilities, and to
produce at rates that would be adequate to meet
projected scenarios of light-water reactor growth.
Even though resources are large, there are limita-
tions on how fast these resources can be put into
production, and there are limitations on the rates
of production that could be sustained. Since light-
water reactors require a 10-year period to con-
struct, and they will operate 30 years or more, a
reactor order is a long-term commitment to ura-
nium. There must be long-term assurance to a
utility that the fuel for a reactor will be delivered
when needed. Projecting the discovery and pro-
duction of the lower reliability potential resources,
such as possible and speculative, as must be done
for a long-range look, poses particular problems
and uncertainties.

Uranium Economics

The third item in the uranium issues area
involves the economics of long-term supply. In
figure 3, which shows the factors determining
breeder competitiveness, it is clear that uranium
prices are very significant. If uranium pricesriseto
certain levels, given other assumptions, the
breeder becomes an economically viable option.
There are similar economic relationships between
light-water reactors and other electric sources.
LWR's must continue to be a viable economic
option against coal in significant parts of the coun-
try, if they are going to continue to be utilized. It
would seem unliikely that there will be a strong
incentive touse LMFBR’s, if we do not have exten-
sive utilization of light-water reactors.
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Related to the economics of uranium supply is
the -concern about the nature of the uranium
resources that we may have to utilize. There has
been increased interest in using known lower
grade ores and exploring for new ones. Average
production grades have been reduced. The extent
and nature of U.S. lower grade resources that will
be available over the long term is unknown. The
additional low-grade resources in known sand-
stone deposits do appear to be limited. If we are
going to identify significant new low-grade re-
sources, we probably will have to find new depos-
its, or new types of deposits, or perhaps revert to
very low-grade deposits, such as the Chattanooga
Shale. Recovery of coproducts, particularly syn-
crude, from the Chattanooga Shale, may provide
uranium at a cost that would be of interest as fuel
for light-water reactors. However, the technology,
environmental acceptability, and timing of use of
resources such as shale are very uncertain.

Uranium Demands

There is a second group of less controversial
issues that may be identified as’'concerns’ (see
figure 5). These concerns do not involve adversary
points of view but rather are matters that need
continuing review and study. The first of these is
the future growth of nuclear capacity and related
growth in uranium demand. There is considerable
uncertainty on this subject, which involves utility
ordering or lack of ordering of additional nuclear
power plants, the time required for nuclear plant
licensing and construction, and the fuel cycle prac-
tice that wiil be followed. These factors have been
difficult to assess and will need to be more clearly
defined.

Near-Term Exploration and Production

While the capability and desire of industry to
explore and produce uranium as needed is an
issue in relation to long-term supply, the near-
term is much less of a problem. Most of those who
have studied this matter conclude that industry
has the capability to do the necessary exploration
work and to develop the mines and mills that will
be needed to meet demands for the next decade,
and that industry will have the desire to do so as
long as prices and markets are attractive. There is
a need to continue to study and report on industry
activities and plans and to analyze industry capa-
bilities as a basis for comparison with projected
demands.

Uranium Prices

Uranium prices are of concern both to buyers
and sellers, although viewpoints may differ. There
is continuing need for clarifying current uranium
prices and future price trends. Clearly, questions
of the extent of resources, exploration success,
and industry production capability will have a
major role in determining future prices. Projection
of prices is very difficult. DOE is endeavoring to
develop improved methodologies for gathering
and reporting price data and for projecting and
analyzing potential future price movement. Empha-
sis is primarily on examining the parameters of
future price movement and not on forecasting.

Lands and Regulations

Land availability and regulation of mining and
milling are factors that are of increasing concernto
industry and government. The diminishing availa-
bility of lands favorable for uranium complicates
resource appraisal and analysis and industry ex-
ploration and production planning. The increasing
regulatory complexities of uranium mining and
milling and the uncertainties of new and evolving
federal and state regulation are confusing and
frustrating. Land availability and mining and mill-
ing regulation are not primary responsibilities of
DOE. However, DOE does strive to provide relevant
information to other agencies, such as the Forest
Service and the Bureau of Land Management, to
assist them in developing sound land-use
decisions.

Foreign Uranium

There is an increasing apprehension about the
potential impact of additional foreign supply com-
ingintothe U.S. market place. There are those who
believe that the United States will tend to be the
high-cost world producer, particularly when com-
pared to the new low-cost deposits, such as those

Nuclear growth and uranium demands
Capability and desire of industry to explore and
produce

Uranium prices

Land availability

Regulations of mining and milling

Foreign supply—competition

FIGURE 5. Concerns
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inthe Northern Territory of Australia and in north-
ern Saskatchewan. At the same time, the restric-
tions on enrichment of foreign uranium for the
United States’ end-use are being removed. How-
ever, at this time, it appears that foreign uranium
demands will be sufficient to significantly draw on
available foreign supplies. There should be no
great pressure on these suppliersto market aggres-
sivelyinthe United States at prices that are signifi-
cantly below competitive prices for domestic
producers. It is clear that the foreign governments
involved are attempting not to disrupt market
prices but are seeking to assure as high a price as
possible for their products. DOE will continue to
monitor foreign supply developments, domestic
procurement of foreign supply, and potential im-
pacts on the U.S. industry.

DOE Raw Materials Program

Having reviewed some of the policies and issues
regarding nuclear power and uranium supply, a
review of the related programs of DOE is appro-
priate. DOEhas a comprehensive program to eval-
uate U.S, resources and the production capability
that  may “be achieved from the estimated re-
‘sources, to consider economics in the appraisal of

“theresources and theiravailability, and to improve
related technologies. This activity, largely the re-
sponsibility of the Grand Junction Office, is sup-
plemented by surveys from the Washington, D.C.,
office of DOE on uranium marketing activity and
hrices and by participation in cooperative interna-
tional activities to appraise world resources and
supply. ‘

Ore Reserves

A key part of the DOE resource program is the
estimation of ore reserves. This activity was
started in 1952. The estimates are made by DOE
geologists and engineers drawing from industry-
supplied basic data, primarily gamma-ray logs. The
estimates are uniformly done by methods that
have evolved over the years and which are at the
state-of-the-art. Asaresult, DOE undoubtedly has
‘the most comprehensive and reliable ore-reserve
data for any metal or.fuel. The cooperation of
industry in supplying the basic data is a major
factor in the success of this program.

Potential Resources—National Uranium
Resource Evaluation (NURE)

Evaluation of resources beyond ore reserves
was initiated by the Atomic Energy Commissionin
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the fate 1950s. Until 1974, efforts were largely on
the resources of the known mining districts. inthe
early 1970s, there was increasing concern and
controversy about long-range U.S. uranium supply
for national energy planning, as a basis: for devel-
oping orderly and reliable growth of light-water
reactor capacity, and for assuring timely transition
to the breeder. A study, the National Uranium
Resource Evaluation (NURE), was initiatedin 1974
to provide a comprehensive and systematic ap-
praisal of U.S. uranium resources (see figure 6).
The strategy of the program is to collect existing
data and to develop additional primary field infor-
mation as the basis for-the appraisal. Data is
gathered basically by airborne radiometric surveys
and hydrogeochemical and stream-sediment sur-
veys, supplemented by geologic studies and, in
some cases, by drilling of field areas. Thisinforma-
tion-together with studies of areas where deposits
are known to.occur, which defines geologic favor-
ability, provides the means for estimates of re-
sources by the geologic analogy approach. NURE is
organized, planned, and compiled on 620, 1-
degree by 2-degree quadrangles, of the National
Topographic Map Series (NTMS).

This systematic quadrangle program is supple-
mented by project studies of specific areas identi-
fied as having geology similar to that in foreign
world-class types of deposits. While these areas
will be studied at some time in our systematic
quadrangle evaluation, early and intensive study
of specific attractive areas can speed recognition
of possible important new uranium areas and add
toresources more quickly. We are also performing
special studies of intermediate-grade resources,
primarily in the grade range from 0.01 to 0.05
percent Us;Og. This grade of resource has not
received much industry attention in the past.
While these resources are likely to have higher

Systematic. and comprehensive appraisal of U.S.
resources

Field data generations

@ Radiometric and HSSR surveys

e Geologic studies and drilling
Quadrangle planning and reporting units
Flexible approach to quadrangle evaluation
World-Class and Intermediate-Grade Studies
Reports

e 1980 on 116 priority quadrangles

e 1983 on 250 priority quadrangles

FIGURE 6. NURE



coststhan currently mined deposits, they are rele-
vant to long-range planning as they can produce
economic fuel for light-water reactors.

The current program plan projects completion of
the quantitative assessment of 116 priority quad-
rangles by the end of fiscal year 1980 and a report
on the findings for 1981 decisions on nuclear
planning. A comprehensive report will be issuedin
1983 covering a cumulative total of 250 quadran-
gles, and a report in 1985 will cover 400
quadrangles.

The DOE program strategy involves a detailed
geologic evaluation of all of the quadrangles con-
taining ore reserves—probable or possible poten-
tial resources. Other quadrangles will be
evaluated in a varying manner depending on find-
ings of an initial review using available geologic
information and theresults of the airborne and/or
hydrogeochemical surveys. These surveys are
expected to provide additional field evidence that
either will confirm that an area has no indication of
favorability for uranium deposits or indicate guad-
rangles or portions of guadrangles that warrant
additional detailed study. These additional studies
may include, as appropriate, additional field sur-
veys or drilling. The screening process will provide
a basis for ordering quadrangle evaluation plans to
assure that early effort will be on those areas likely
to provide the greatest additions to the national
resource base. In this manner, DOE expects to
complete a comprehensive survey, identifying
uranium areas that may have been overlooked and
to concentrate DOE’s efforts on the areas likely to
have resources. The program will continue to
include studies of world-class and intermediate-
grade type deposits.

Production Capability

While knowledge of ore reserves and potential
resources is fundamental to understanding future
supply, such information by itself is inadequate
and must be supplemented by studies of the dis-
coverability and producibility of the resources. We
must know the annual production rates that are
attainable if we are to know the level of reactor
capacity that can be supported, and hence at what
future time domestic resources may not be able to
meet our needs. We are continuing to study pro-
duction capability and those factors that limit
future production rates. An expanded system for
performing these studizs in a morerapid and flexi-
ble manner is under development—to be in opera-
tion next year.
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Economics

Nuclear decisions will be heavily influenced by
the relative costs of electricity that can be pro-
duced. Therefore, information on the costs of dis-
covery and production is essential to sound
appraisal of resources in addition to knowledge on
the magnitude of the resource base and producibil-
ity. Such cost information provides insight on the
prices at which the uranium might be available.

We have traditionally performed our reserve and
potential resource appraisal on the criteria of for-
ward costs, that is, the cost that will berequired to
produce the estimated resource. This appraisal
has proved to be a workable approach considering
the information available or which can be reason-
ably estimated using engineering approaches.
However, DOE recognizes that there are limita-
tions to this criteria for analyzing the possible
future costs of uranium to buyers. Therefore, DOE
is working to develop data that will indicate the
total costs of producing the resource, including
past or sunk costs and other costs notincludedina
forward-cost analysis. DOE is also working on
approaches that indicate the prices which would
be required assuming some specific return on
investment. The new production capability system
will aid in performing this work. DOE expects this
information will be useful to industry as well as
government,

Drilling

DOE drilling activity seems to generate much
interest and concern. The purpose for DOE drilling
is to seek and develop additional information for
assessment of potential resources. Drilling is a
data-gathering effort similar to DOE’s airborne or
hydrogeochemical surveys. DOE is not attempting
to locate and delineate orebodies as industry does
in its exploration work. Drilling efforts in an area
will usually be very limited. Most of DOE’s drilling
is in areas which DOE seeks to evaluate for the
first time in connection with the quadrangle eval-
uation program and with the World-Class or
Intermediate-Grade Programs. Such areas gener-
ally have little or no current industry activity.

In the last few years as part of our effort to
upgrade the quality of resource estimates, DOE
has also drilled in areas with estimated potential
resources seeking to confirm the assumptions
underlying the estimates. Drilling in the Chaco
Canyon area, New Mexico, was to confirm re-
source estimates. This type of drilling tends to be



closer to industry work and has evoked the most
comment from industry. Industry data may be
avaitable in certain of the planned project areas,
and with use of this data, DOE drilling may not be
warranted, of the DOE drilling program could be
modified. DOE, withthe valuable assistance of the
Atomic industrial Forum (AlF) Mining and Milling
Committee, has been working to assure we have
atl available data. This assistance has provedto be
very helpful in our planning. When additional
industry data becomes available, DOE drilling
nians will be reconsidered.

DOE-industry Relationships

Much of the program success can be atiributed
to excellent cooperation from industry over the
vears. We value the close relationship and trust
ihat has developed. The counsel which is received
helps to assure that programs are sound and use-
ful. Therefore, some comments should be made
concerning DOE's policies in this area (see
figure 7).

The intention in planning the program is to. min-
imize overlap of industry and DOE efforts. DOE
does not infend to undertake activities that indus-
iry is doing, or is likely to do, in the time frame
relevant to these studies. DOE seeks to build on
industry efforts and to work on projects otherwise
undone. Obviously to implement these efforts,
DOE must know what industry is doing and must
have some expectation of obtaining the results of
the work. While the DOE program has as its pri-
mary mission the provision of information for
national energy planning, we clearly recognize the
value of the information to the uranium explora-
tion and producing companies and the utilities and
refated companies. Hence, DOE endeavors to
make this information available in a timely and
useful manner. Such information release will also
provide a means to stimulate industry activity and
provide additional information to us in the future.

The expertise, sxperience, and knowledge of
industry are well recognized by us. We, therefore,
solicit vour views on DOE programs and findings
and on the problems encountered by industry.
These meetings held in Grand Junction with com-
pany personne!l have provided an excellent means
of exchanging views.

Underlying this relationship is our continuing
concern about the confidentiality of information
that we receive from industry. We assure you that
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we have maintained and will continue to maintain
the strictest adherence to holding in confidence
the information we receive from the companies.
We have been completely successful in maintain-
ing confidentiality of such information, and we
restrict access to such information to those DOE
people who are working on the specific subject
matter. There has been increasing concern about
our ability to maintain confidentiality of data. DOFE
has not deviated in any manner from strict main-
tenance of confidentiality of informationreceived,

and we pledge to make every effort to continue to
do so. ‘

International Concerns

Thetopics covered so far are primarily relatedto
the United States. There are, in addition, a number
of concerns in the international area that should
be covered. It is our view that, in spite of intensive
exploration efforts over the past 25 years or so, the
world’s uranium resources are poorly known, even
in countries that have received the most explora-
tion work. The dramatic discoveries in the North-
ern Territory of Australia and in northern
Saskatchewan of Canada make this point clear.
There are, in addition, areas with favorable geol-
ogy ‘that have had virtually no exploration or
resource appraisal work. Efforts on world re-
sources can lead to better understanding of long-term
supply prospects and very likely will lead to
expanded world-uranium supply.

Multinational efforts through international or-
ganizations which involve producing and consum-
ing countries are the primary focus of our efforis;
we judge that such efforts are likely to be the most
fruitful and will produce the most acceptable pro-
grams for the countries involved. DOE is participa-
ting in activities of the Organization for Economic
Cooperation and Development, Nuclear Energy
Agency (OECD-NEA) andthe lnternationat Atomic

Not duplicative of industry work

Builds on industry activities

DOE output aids industry exploration and
planning

Timely release of DOE developed
information

Company confidentiality carefully
maintained '

FIGURE 7. DOE relationship with
industry



Energy Agency (IAEA). The work of the NEA-IAEA
Joint Working Party on Uranium has produced
authoritative reports on world- uranium resources
and production since 1964. A more recent, but
increasingly important, activity is the International
Uranium Resources Evaluation Project (IUREP)
which also involves the NEA and the IAEA. The
initial product is a report "World Uranium
Potential—1878," which involved the appraisal of
some 185 countries. IUREP is now undertaking
short, collaborative, field studies in selected coun-
tries with particular potential for uranium whtch
have not been adequately explored or evaluated.
The current effort is financed by six countries that
are primarily producers and the European Eco-
nomic Community. DOE also participates in NEA-
IAEA activities regarding exploration techmques,
and mining and processmg practices.
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SUMMARY

u.s. policy is to reestablish the viability of
nuclear energy and to expand the useful energy
derived from uranium. A camprehenswe assess-
ment of U.S. uranium resources is a key part of this
effort This assessment should lead to resolution
of issues regardmg adequacy of U.S. uranium
resources and pmduwon capablhty to meet !cmg
term need in an ecomomic manner. DOE programs
on ore-reserve estimation, resource appransai(par~
ﬂcutarly NURE) arid prcductvon capability analysis
are responswe tothese information needs, as well
as concerns regarding uranium demand, market
growth, uranium prices, and foreign supply and
demand. The cooperation of industry, particularly
in providing basic information needed for DOE
studies, is a vital element of this activity.
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INTRODUCTION

In last year's marketing paper presented at the
Uranium Industry Seminar, we noted that U.S.
buyers and sellers were “watching” market
activity closely, but there were fairly stable prices
and little buying activity. The uranium market
during the past year can be described as more
active but certainly not bullish. Since demand has
slipped while supply has been expanding, the price
of uranium for delivery in the near term has
decreased and can be said to be approaching an
equilibrium level. This paper will present recent
information on uranium marketing activity
gathered in DOE surveys. Examining these data
enable us to document the market situation and,
hopefully, provide some insight to future trends in
uranium marketing.

MARKET SURVEYS

Qur data on uranium marketing activites are
obtained by conducting two surveys each year: a
January survey requesting information on all
aspects of the uranium market—sales/purchases,
inventories, imports, exports, prices, etc.—and a
July survey which just collects data on prices and
delivery schedules {figure 1). The comprehensive
January survey involves both uranium producers,
and potential producers, and uranium buyers—
utilities and reactor manufacturers. Thirty-five
producers and 66 buyersresponded tothe January
survey which covers virtually the entire industry.
The July price survey only requests data from
buyers, the group which supplies price information
for the January survey.

PROCUREMENT—-DOMESTIC URANIUM

Procurement— 1978 and First-Half 1979

U.S. buyers made additional purchase commit-
ments of 23,000 tons U,;05 from U.S. primary
producers during 1978 (tabie 1), compared to
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12,000 tons during 1977. However, the net
addition to delivery commitments during 1978
was 12,200 tons compared to 11,500 tons in
1977, owingto greater reductions to prior commit-
ments during 1978thanin 1977. These reductions
to prior commitments in 1978 resulted from
revised schedules of utility captive production and,
to a much lesser extent, nondelivery of material
under litigation.

Table 1 also shows additional procurement
during the first half of 1979 according to data
gathered in our July price survey. In my last year’s
Seminar paper, an “apparent’” net reduction in
U305 procurement commitments during the first
half of 1978 was reported. We used the term
“apparent’’ because, in last year's price survey,
data on prices and associated delivery commit-
ments were requested only for the years up to and
including 1985. Thus, any rescheduling of commit-
ments from pre-1986 to post-1985 delivery was
not recorded. To avoid this problem, the present
price survey requested data on prices and delivery
commitments to the year 2000.

FIGURE 1. Uranium marketing activity surveys

annual—1968 through 1978

Pubtished as report "DOE/RA-0038, Survey of
U.S. Uranium Marketing Activity”’

1978 Survey
Information was provided by:
61 utilities
5 reactor manufacturers
35 uranium producers

Price Surveys
Annual—1973-1975

Semiannual—January and July since 1976



TABLE 1. Domesticcommercial uranium deliveries and commitmentstolU.S. buyers: 1978 and 1979

Tons U305
As of During As of During first As of
1/1/78 1978 1/1/79 Half 1979 7/1/79
Past deliveries plus
forward commitments 300,700 312,900 329,700
Total new purchases 23,000 12,300
Changes to prior commitments (10,800) 3,500
Net change 12,200 16,800

The July 1979 price survey shows that new  cally depicts the annual amounts of January 1,
purchases were 12,300 tons U,0g during the first 1979, commitments in contracts under litigation
half 0f.1979, slightly over half the amount of new  andoption. InformationfromtheJanuary 1, 1979,
purchases during 1978, In contrast ‘to 1978  survey is used because it 1S more complete than
activity, the changes to prior commitments during that in the July 1979 price survey, but the July
the first half of 1979 resulted in a net addition to results would be similar. While both the annual
commitments. The changes-to-prior-commitments amounts of material under option and under
number represents the sum of additions to and litigation are relatively small, the total of the two is
reductions in commitments reported in the prior worth noting. The importance of these compo-
survey. The 3,600-ton positive change shown for nents of supply will become evident later in the
the first half of 1979 is primarily from additions to  paper when supply is compared with requirements.
utility captive production schedules.

, Inour data ondelivery commitments, we include
Delivery Schedules of Domestic Commitments material in contracts under litigation unless it'is
clear that the uranium has not been, or clearly will
not be, delivered. This practice follows from the
assumptionthat all or some of the uranium in such
contracts is likely to be delivered. Since it is likely
that any resolution of contract disputes will result
in some price changes, prices and quantities .of
material under litigation are not included in our
reporting of prices.

Annual domestic uranium delivery schedules as
of January 1, 1978 and 1979, and July 1, 1979,
are tabulated in table 2. Comparison of delivery
schedulesasof January 1, 1979, and July 1, 1979,
shows that, except for the years 1982, 1989, and
1990, the amounts to be delivered increase for
each year over the 1879 to 1990 period. However,
the cumulative net increase in delivery commit-
ments over the 1979 to 1990 period is less than URANIUM PRICES
half of the increase for the 1991 to 2000 period.
Note that the quantities scheduled to be delivered
over the 1981 to 2000 period are probably not as Table 3 shows average '‘contract’” prices in-
“certain’ as those to be delivered in earlier years year-of-delivery dollars as of the two 1979
since they represent, to a large degree, estimates surveys. "Contract’ prices refer to those prices in
by utilities of production from properties they contracts where price and means of escalation, if

Contract Prices

control{captive production). Such estimates neces- any are determined when the contract is signed.
sarily decline in accuracy the further in the future Price settlements of market price contracts are
that they are projected. included with contract prices since, as settled
prices, they are similar to contract prices. While

The schedules of domestic delivery commit- average prices increased between the. surveys,
ments discussed above include contract options part of this increase may be attributable to buyers’
and guantities in contracts under litigation, as well changed perception of inflation in estimating

as “"firm” commitments. It should be noted that prices in terms of year-of-delivery dollars for each
some contracts in the “firm’ category contain  of the two surveys. Another reason for the

clauses which permit their cancellation by either increase relates to the addition of higher prices of
the seller or buyer if cost of production or price market price confracts that were settled between
does not meet ceriain standards. Figure 2 graphi- the “two surveys. Also shown in table 3 as
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TABLE 2. Annual uranium delivery
commitments—domestic primary
sources to domestic buyers

Thousand tons U;0g
As of

Year of

As of As of
Delivery 11778 1/1/79 7/1/79

1979 17.7 19.1 19.6
1980 19.6 20.0 20.7
19081 19.6 19.3 19.4
1982 19.5 19.4 19.1
1983 17.0 17.8 17.9
1984 13.0 141 145
1985 11.7 12.8 13.0
1986 9.1 10.9 11.0
1987 8.8 10.5 10.9
1988 7.9 95 10.0
1989 7.5 94 91
1990 6.4 7.3 6.4
1991-2000 16.1 19.3 34.6

Includes optional quantities

“Coverage of Prices”™ are the percentages of
contract price and settled market price commit-
ments for which price data were provided in both
surveys.

Figure 3 depicts the price distribution, in $5
increments, of contract price and settled market
price commitments forthe 1979 to 1989 period as
of the July 1, 1979, survey. In a sense, figure 3
represents a distribution of average prices as

many respondents have more than one contract in
anyyear. Thesedistributions are also presented in
terms of year-of-delivery dollars, with those
increments covering 15 percent or more of any
year's commitments shaded.

Floor Prices

Most market price contracts, which cali for price
to be based on prevailing prices at or sometime
before delivery, have floor (base) price provisions
that set a lower limit to the eventual settled price.
Table 4 shows the distribution of market price
commitments by type of floor value provisions as of
July 1, 1979, for the 1980 through 1993 period.
Some 15 percent of market price commitments for
this period have no floor value provision, 25
percent have floors related to the seller’s cost of
production, and the remaining 65 percent have
floor prices.

Table b presents, in terms of year-of-delivery
dollars, average floor prices of market price
contractsreported as of the January and July 1979
surveys. These floor prices are similar to contract
prices in that they are determined, with means of
escalation, if any, when the contract is signed,
Average floor prices range from 1.3 to 2.0 times
higher than average contract prices. A notable
reduction in average floor prices occurred be-
tween the January and July 1979 surveys.

Figure 4 gives the price distribution of floor
prices in market price contracts along with
average floor prices. As in the case of the

TABLE 3. Average contract prices—year-of-delivery doliars

~_AsofdJdanuary 1, 1979

~ Asofduly1,1979

Price Per Pound

Coverage

Price Per Pound Coverage

Year of U304 of prices (%) of U30s of prices (%)
1979 18.95* 92~ 21.60" 94~
1980 20.15* 91* 22.65% 89~
1981 24.60 87 30.10* 86*
1982 24.85 85 29.16* 84~
1983 26.05 83 30.15 82
1984 28.05 86 30.85 87
1985 28.95 84 33.65 86
1986 32.10 74 35.70 76
1987 34.25 75 37.65 77
1988 40.05 71 42.75 80
1989 - -- 46.10 80
“Includes price settfements of market price contracts

33



distribution of contract prices, the floor price
distribution represents a distribution of averages
to the extent that buyers report prices for more
than one market price contract with a floor pricein
any one year. The variance in floor prices is very
great, reaching a range of about $35 and $120 in
1993. It is interesting to note that the majority of
market price commitments with floor prices are at
price levels at either end of the ranges, and very
few -are in those $bH increments where the
averages fall.

The large percentage of commitments at prices
$35 1o $40 suggests that either many contracts
with floor prices do not include a mechanism for
price escalation or some companies did not report
escalated prices. However, it is known that some
market price contracts with floor prices do not
contain a mechanism to escalate these prices for
inflation. Also, one contract was previously report-
ed incorrectly, giving the ceiling price instead of
the floor. This correction, plus the fact that market
price ‘contracts for which prices were settled

during the first half of 1979 had floor prices in the
upper end of the ranges, would account for some
of the reduction in average floor prices. In any
case, it would appear that in terms of 1979 dollars
most floor prices fall in a range of $35 to $45.

Price Settlements of Market Price Contracts

The top half of table 6 presents, in year-of-
delivery dollars, the price settlements of market
price contracts as of January 1, 1978, July 1,
1978, January 1, 1979, and July 1, 1979. We use
the term price settlements of market price con-
tracts since we define a market price contract as
onewhere priceisrelatedtothe market price at or
sometime before delivery. Thus, a price resulting
from a market price contract may not be, and often
is not, the market price. For example, if a market
price contract contains a floor price which is
higher than the market price at the time of
settlement, the price paid would equal this floor
price. Eventhough the price paid inthis case is not
equal to the market price, the contract is labelled
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TABLE 4. Floor price arrangements in market
price contracts July 1, 1879

Percentage of market price

deliveries
Year of Price Cost No Base
Delivery Base Base Value
1980 69 12 19
1981 73 9 18
1982 72 10 18
1983 56 27 17
1984 51 37 11
1985 57 37 ]
1986 54 35 11
1987 55 34 11
1988 56 24 20
1989 54 26 20
1980-1989 60 25 15

market price because the market price must be
determined, or referred to, before the final price
can be settied. Other examples of market price
contracts where the settled price does not equal
the market price include those where price is a
weighted average between market price and some
predetermined price and those where the price
paid is a discount from the market price.

In absolute terms, price settlements of market
price contracts have not changed much since

January 1, 1978. However, since we have expe-
rienced a high rate of inflation over this period, the
corresponding real prices have declined. This
decline is shown in the bottom half of table 6
where all prices listed in the top half are expressed
in terms of 1977 dollars. These prices have been
adjusted using the Gross National Product (GNP)
deflator, including an estimate of the deflator for
1979. It is evident that all adjusted prices are
below the 1977 settled price of $41.50 as of
January 1, 1978.

Several additional points should be made with
respect tothe price settlement data. First, the data
represent, on the average, a little over two-thirds
of all such price settlements. Second, while settled
prices should not change between surveys since
they are, by definition, "'settled,”” quantities related
to these prices do change. Thus, aithough it is
possible toderive mathematically an average price
that would produce the change in price between
any ‘two surveys, this derived price might have
little meaning. A further complication is, as
mentioned before, that these average settled
prices do not always represent the average market
price.

There are some further statistics on the 1979
settled price as of July 1, 1979. The 1,400 tons
U105 represent twelve different contracts for ten
companies. While the price presented is the mean

TABLE 5. Average floor prices of market price contracts (year-of-delivery dollars)

As of January 1, 1979

As of July 1, 1879

Price Per Pound

Coverage

Price Per Pound Coverage

Year of U;0, of prices (%) of U.0, of prices (%)
1979 39.45 72 43.40 100
1980 4420 64 42.55 62
1981 48.00 69 43.20 66
1982 47.40 64 46.00 72
1983 53.35 67 47.45 83
1984 57.60 63 49 .45 76
1985 60.90 64 50.60 79
1986 64.60 63 52.70 79
1987 68.40 63 54.856 80
1988 73.55 72 57.85 87
1989 -- - 59.85 93
1990 -- -- 62.10 100
1991 -- -- 64.90 100
1992 -- - 66.60 100
1993 -- -+ 78.00 100
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(average of prices weighted by the tons), the
median(midvalue)is also $43.55. Three contracts
where price settlements differed from the market
price were reported by two utilities. In two of these
cases, the market price was higher, and in one
case, it was lower.

Procurement Arrangements and Trends

Although there are a number of variations in
uranium contracts, we request and report data on
types of procurement in three categories: contract
price, market price, and other. The other category

‘refers to procurement arrangements that do not
fall into ‘the contract price ~or market _price
categories. and ‘mainly includes ‘arrangements
where -utilities are-directly involved in .uranium
production operations—captive production. As of
the July -1, 1979, survey, 72 percent of the
quantities listed in the other category was captive
production.

Table 7 presents the annual distribution of types
of uranium- procurement for the 13879 to 1989
period.as of the July 1979 survey. The percentage
of contract price procurement declines from a very
high level of 75 percent in 1979 to 16 percent in
1986, and from then on, contract price procure-
ment represents the least used approach.
However, since a greater number of delivery
commitments have been made for those years in
which the percentage of contract price procure-
mentisrelatively high, contract price procurement
represents the dominant form of contracting for
the 1979 to 1989 period. - Note that these
percentages apply only to existing delivery com-
mitments and will change as more uranium is
procured for delivery in this period.

Uranium contracting has evolved to meet the
changing conditions of the uranium market.
Throughtheyear 1974, aperiod in which uranium
prices were relatively stable, contract price
procurement was  used almost exclusively. In
1975, when the price of uranium experienced its
most rapidincrease, market price procurement, an
approach which allowed producers to capture the
full extent of price increases became dominant.
Therapidincreaseinpricesduring 1975 motivated
some  utilities -to become directly -involved 'in
uranium production as a method of controlling
their fuel costs and assuring thejr uranium supply.
This involvement was evidenced in 1976 when
utilities developed firm production schedules and
other procurement was the major approachiused.
During 1977, market price procurement again
became the “dominant form of procurement.
Although slightly over half of 1977 procurement
was market price, half of the remaining procure-
ment was contract price which called for delivery
in1977.and 1978, a time period for which market
price contracts would be inappropriate. In 1978,
market price procurement accounted for 70
percent of new contracting with the other category
accounting for 20 percent.

Results from the July survey indicate, for the first
half of 1979, that none of the three approaches
accounted for over half of the new purchases.
However, there were important variations within
each category. For example, between one-third
and one-half-of new market price procurement
called for discounts from the market price, while at
least one-half of such contracts do not have floor
prices. Also, none of the new procurement listed in
the other category is captive production.

TABLE 6. Price settlements of market price contracts {year-of-delivery dollars)

Asof1/1/78

Asof7/1/78

Asof1/1/79 Asof7/1/79

Year of Average Price Tons Average Price  Tons - Average Price Tons  Average Price Tons

Delivery : ($/|b U308) U303 ($/Ib U308) 'U303 ‘ ($/Ib U308) U303 (s/lb Ugog) Usog
1977 $41.50 800
1978 $43.65 1,100 $43.65 1,400 $43.80 1,700
1979 $44 .65 600 $44.30 600 $43.55 1,400
{1977 Dollars)*
1977 $41.50
1978 $40.90 $40.65 $40.80
1979 $38.156 $37.85 $37.20

* Using GNP deflator.



TABLE 7. Type of uranium procurement as of

July 1, 1979

Percentage of Deliveries
by Types of Procurement

Year of Contract Market
Delivery Price Price Other
1979 75 16 9
1980 66 21 13
1981 54 28 18
1982 44 33 23
1983 41 39 20
1984 34 40 26
1985 34 38 28
1986 16 46 38
1987 18 45 37
1988 22 40 38
1989 24 38 38
1979-1989 43 33 24

ADDITIONAL MARKET DATA

The following information on the wuranium
market was gathered as part of our January 1979
survey.

Utility Involvement in Raw Materials Activity

As an alternative way of securing their uranium
supplies, some utilities with nuclear power proj-
ects have become involved in uranium raw
materials activities. Of 61 utilities responding to
ourJanuary 1979 survey, 26 (43 percent}indicated
that they were directly involved in such activities
which range from exploration to production. The
involvement reported this year represents a
reduction from that reported in January 1978
when 30 utilities reported they were active in
uranium raw material ventures. Table 8 lists for
the January 1979 survey types of activities
reported and number of companies involved in
each allowing for the fact that utilities can be
engaged in more than one activity. Note that
providing ““front-end”” money as part of a
procurement agreement would not constitute
direct involvement.

Uranium mport and Export Commitments

Table 9 presants the delivery schedules for
United States urarum import and export com-
mitments as of our Juauary 1979 survey. In
reporting impaois and e-ports, we are concerned
with the purchose of foreign-origin uranium
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intended for use in the United States and sale of
domestic-origin uranium for use in foreign
countries. Thus, we would not include as either an
import or an export the purchase and subsequent
reexport of foreign-origin uranium by aU.S. buyer.

The data in table 9 show that, historically, there
have been more commercial sales of U.S. uranium
to foreign countries than foreign uranium sold
here commercially. Exports were greater than
imports during 1978, with most exports resulting
from spot sales of uranium. However, it must be
recognized that before 1977, there was a prohibi-
tion on the enrichment of foreign-origin uranium
for use in domestic reactors. The limit on enrich-
ment of foreign-origin uranium for domestic use
was 15 percent of each customer’s needs in 1978,
andthis percentage increases annually until 1984
when the restriction will be removed completely.
As opposedto historical import and export deliver-
ies, future (1979 on) cumulative import commit-
ments of 29,700 tons exceed cumulative export
commitments 17,600 tons. However, a large
portion of these import commitments is subject to
litigation, the outcome of which could affect this
comparison.

Most of the export commitments listed intable 9
were made before 1975. Whereas table 9 tabula-
tes the import and export delivery schedules as of
January 1, 1979, table 10 shows the import and
export commitments made in each year, 1975
through 1978. While commitments for imports
exceeded those for exports in 1975, the reverse
was true for 1976, 1977, and 1978, with total
export commitments made from 1975 to 1978
greater thanimport commitments made during the
same period.

Domestic U303 To Be Available for Sale

Table 11 presents the amount of U305 over and
above current sales commitments that domestic
producers estimate they will be able to offer for

TABLE 8. Uranium raw materials activities by
utilities—26 of 61 (43%) reported

involvement
Activity Frequency
Exploration 23
Control of reserves 11
Mining 7
Production 2



TABLES. Uranium import and export delivery schedules as of January 1, 1879

Thousand tons U;0q
Foreign-origin uranium Sales commitments of
purchase commitments domestic-origin uranium
for domestic end use

to foreign buyers

Year of {tmports}* (Exports)
Delivery Annual Cumulative Annual Cumulative
Pre-1978 - 5.3 -- 10.0
1978 2.6 7.9 3.4 134
1979 1.7 9.6 2.6 16.0
1980 1.7 11.3 1.6 17.6
1981 4.0 15.3 0.8 18.4
1982 3.6 18.9 0.5 18.9
1983 3.3 22,2 0.5 19.4
1984 3.3 255 0.4 19.8
1985 3.4 28.9 0.4 20.2
1986-1988 1.75/year 34.2 0.25/year 21.0
1989-1990 1.75/year 376 -- --

* includes 1,500 tons of optional ptrchases.

sale each year over the 1979 1o 1985 period as of
January 1, 1978 and 1979. The phrase”be able to
offer for sale” indicates that the estimates are
related 1o perceived market conditions and not to
how much additional uranium the industry could
produce given only technical, geologic, and
regulatory constraints.

TheJanuary 1, 1978, and January 1, 1979, data
are shown together for two reasons. First, compar-
ison of the two sets of numbers indicates the
reduction in planned production between the two
points in time, although the January 1, 1979,
survey had somewhat less complete data; two
producers which provideddatainJanuary 1, 1978,
did not provide data on January 1, 1979. Second,
the January 1, 1978, estimates were made when
the market situation looked more promising and
--might provide a better measure of what the U.S.
industry. could actually produce. Thus, if the
market situation were to improveé, actual produc-
tion could -be more in line with the January 1,
1978, numbers.

A possible complication in producers’ estimates
of what they will be able to offer for sale relates to
contract options and amounts of uranium in
contracts under litigation. Since; as previously
noted, we include such material in our reporting of
delivery commitments, these additional amounts
of uranium that producers estimate they will be
able to offer ‘for sale may not represent net
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additons to the January 1, 1

979, delivery commit-
ments in table 2. :

Capital Expenditures

Another indication of domestic producers’ per-
ceptions of the future uranium market is their
planned capital expenditures as of the January 1,
1978, and January 1, 1979, surveys. Table 12
shows data on actuadi capital expenditures for new
and expanded mines and mills in the year prior to
each survey and planned expenditures in the
following two years. For the two years (1978 and
1979) that a comparison can be made, there is a
reduction in the amounts reported between the
surveys although the levels are still substantial.

Unfilled Requirements

In our January surveys, we request buyers to
state unfilled uranium requirements for those
reactors for which they must supply fuel. Unfilled
requirements include the portion of a utility’s total
annual requirements after consideration is given
of its inventories and procurement arrangements.,
Table 13 lists the sum of .unfilled reguirements
reportedinthe surveys as of January 1, 1978, and
January 1,1979.

The reduction in unfilled requirements between
the January 1, 1978 and 1979, surveys was due
primarily to slippages in reactor schedules along



TABLE 10. New uranium import and export
commitments made each year

1975-1978
Thousand tons Us0sg
import Export

Year Commitments Commitments

1975 4.4 4

1976 1.8 2.6

1977 1.5 2.6

1978 15 5.5
1975-1978 9.2 11.1

with revised enrichment contracts which allowed
scheduling of uranium deliveries to coincide with
actual reactor needs. New uranium purchases in
1978 also accounted for some of the reductions.
Current unfilled demand is likely to be lower both
to the extent that there has been additional
procurement during the first part of this year, and
utilities have made additional demand adjust-
ments for enrichment contracts.

TABLE 11. U305 above current sales
commitments that producers
estimate they can offer for sale as
of January 1, 1978,and

January 1, 1979

Thousand tons U305

Year of Delivery  1/1/78  1/1/79
1979 4.1 1.4
1980 5.0 2.2
1981 8.2 4.0
1982 10.5 6.7
1983 14.0 8.4
1984 16.3 10.1
1985 16.9 10.5
Total 75.0 43.3

Aggregate Supply and Demand

By combining some of the previously presented
data, it is possible to develop aggregate supply and
demand curves for the U.S. uranium market.
Presentingthe datainthis way can provide certain
insights to the market, but there are also limita-
tions in such a presentation.

Figure 5 shows domestic uranium supply and
demand as constructed from survey data. Domes-
tic supply is derived by combining January 1,

41

1979, data on annual delivery commitments from
domestic and foreign producers and estimated
additional uranium for sale reported by U.S.
producers. The limitation on use of foreign-origin
uranium should be noted here as actual usage of
foreign-origin uranium will differ from the delivery
schedule. Also, the fact that purchase commit-
ments, including options and material under
litigation, should be recalled as additional factors
that could change the shape of the supply curve.

An aggregate demand curve can be derived by
adding unfilled requirements reported as of Janu-
ary 1, 1979, to purchase commitments from
domestic and foreign sources. Since there has
been additional procurement during the first half
of 1979, the curve representing purchase com-
mitments from domestic and foreign sources in
figure 5 has changed, but the extent to which the
market survey requirements curve has changed
will depend also on the extent to which unfilled
requirements have changed. Inventories of ura-
nium, which are a source of supply available to
utilities used in calculating their unfilled require-
ments, were not included in the representation of
either demand or supply. The DOE’s Energy
information Administration (ElA) demand forecast
is also shown for comparison.

Comparing the supply and demand curves so
derived, supply would exceed demand up to the
mid-1980s. This relationship only holds if, given
all of the other caveats, U.S. producers sell all of
their estimated additional uranium supply to U.S.
buyers. However, by the same token, this repre-
sentation does not consider additional foreign
supplies that may be sold to U.S. buyers. It is
evident that upto mid-1980s the ElA requirements
curve is much lower than that derived from
marketing survey data. This difference results
because the EIA curve, which is an estimate of
“true’’ reactor needs, does not take into consider-
ation enrichment contract requirements or actual
purchase commitments and plans.

Inventories

The current level of inventories (both unen-
riched and enriched) held by uranium buyers
(utilities, reactor manufacturers, and fuel fabri-
cators) is 44,700 tons equivalent U504 (table 14).
This amount does not include uranium at the
enrichment plants except for that under usage
agreements. Of the 44,700 tons, 11,500 tons are
enriched uranium. Utilities own 35,600 tons of



TABLE 12. Capital expenditures for uranium
production as of January 1, 1978,
and January 1, 1978

Millions of doliars

Actual Planned
As of January 1, 1 97,8 1877 1878 1 979
Mine 326 422 373
Ml 167 212 152
Total 492 634 525
Actual Planned
As of January 1, 1979 1978 1979 1980
Mine 271 303 283
Mill 156 125 162
Total 427 428 445

which 10,000 tons are enriched). Most of the
uranium (39,300 tons) is of domestic origin.

it is evident upon inspection of figure 5 that
yranium inveniories could continue to build up
over the coming years. The degree to which
inventories will be built up depends on many
factors, including utilities’ policies ‘on holding
inventories. Table 15 shows information, gathered
in gur January 1979 survey, on utility inventory
policies. The data in table 15 largely relate to
inventories of normal uranium although some
utilities provided separate information on policies
of holding enriched uranium inventories.

TABLE 13. Unfilled uranium requirements™ as
reported January 1, 1978,and
January 1, 1879

Thousands tons U;0g

1/1/78 1/1/79
1979 1.6 0.4
1980 3.0 1.1
19881 57 3.3
1982 8.6 4.2
1983 8.0 5.6
1984 12.4 95
1985 14.1 12.0
1986 19.5 14.9
1987 23.3 17.0
1988 24.7 20.3
1989 281 23.7
1980 28.6 23.5
Jotal 177.6 135.5

* Assuming tails assay of 0.20 percent, no recycle.
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Intable 15, inventory policy is tabulated in terms
of present amounts held and desired levels to be
held. The information on desired levels of inven-
tory is presenied as a distribution instead of an
overall average because utilities have different
size nuclear programs, and the total amount of
desired inventory cannot be derived from such an
average. Of 35 utilities which characterized their
present level of inventory, ten classified it as
“excessive.” Four of these ten wutilities desire to
hold one year or less of inventory.

TABLE 14. Uranium inventories—buyers

Tons U;0. equivalent

All Buy\ers’ _ Utilities
Normal 33.200 25,600
{Foreign origin} {5,200) (3,000)
Enriched 11,500 10,000
(Foreign origin) {200) {200}
Total 44,700 35,600
(Foreign origin) {5,400) (3,200}

Figure 6 shows the distribution of inventories of
normal uranium held by utilities. These invento-
ries are unequally distributed, with the ten largest
inventories accounting for 56 percent of the total
andthe ten smallestonly 1 percent. The amount of
excess inventorigs held by utilities would depend
on whether or not those utilities holding the
largest inventories have large nuclear projects and
how much forward supply they want to hold.

To determine the extent of loans and sales made
by utilities, the January 1979 survey requested
utilities to state any such sales and/or loans they
have made for delivery after January 1, 1978. The
total amount reported was small-—less than 900
tons. Of this amount, less than 200 tons were for
delivery in 1979. Thus, utilities have not been very
active, to date, as suppliers in the market.

SUMMARY

The level of uranium procurement activity over
the past year has been moderate as demand has
continued to slip. Price settlements of market price
contracts, which are indicative of the current
market for uranium, have declined in real terms
since January 1978 and absolute terms since the
beginning of this year. U.8. uranium producers
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TABLE 15. Utility views on uranium inventories

Present Inventory Levels

Less Than About Did Not
Desirable Right Excessive State  Total
0] 0 0 1 0 1
Desired >0-1 2 6 4 3 15
Inventory, | >1-2 1 2 1 1 5
Year's
Needs Did not
State 2 12 4 - 18
Total 5 20 10 4 39~

*10 additional utilities tindicated they had no formal policy.

have responded to this reduction in demand and As constructed from marketing survey data, U.S.
falling prices by cutting back on their expansion supply exceeds U.S. demand uptothe mid-1980s.
plans. The level of inventories held by utilities and other

Forward uranium import commitments exceed buyers is substantial and, given the supply and
forward export commitments, but more new demand relationship, could continue to increase.
export commitments than import commitments To date, utilities have not been very active as
have been made during the 1975 to 1978 period. suppliers in the market.
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INTRODUCTION

A proper admonition about any forecasting
effort might well be that “there are no facts about
the future.” While this statement is certainly true,
it might be worthwhite to elaborate on its scope.
For example, the evolution of nuclear power
starkly illustrates not only are we uncertain about
the course of future events, but we are not even
able to grasp the array of possible paths for these
future events. The accident sequence at Three
Mile lIsland (TMI) developed in a manner not
unforeseen by nuclear safety experts, but it is
doubtful that these experts (or we novices) had
sufficient appreciation of the tendency for errors to
compound throughout the events of March 28,
1979.

Furthermore, the technical consequences of the
accident at TMl are dwarfed by the social and insti-
tutional impacts. The accident has brought to the
forefront such issues as the proper roles of equity
holders versus stockholders in assuming the cost
of replacement power due'to extended plant out-
ages andthe adequacy of private and publicfinan-
cial compensation. Even the Nuclear Regulatory
Commission (NRC} may not survive in its present
form if we are to believe the intimations of several
Kemeny Commission (the President’s Special
Commission on TMI} members.

The point of all this discussion is to underscore
what has become by now a fact of life for the
nuclear industry. Uncertainty about the future has
become a double-edged sword, and the industry
has been feeling the blows from both edges. One
edge is the continuing lack of resolution of issues
at the heart of nuclear power—issues such as the
ultimate disposition of radioactive nuclear waste.
The other edge is the introduction (or resurfacing)
of new issues, such asthose prompted by TM! and
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the Carter Administration’s nonproliferation
policies.

The objective of this report is to contribute as
much as possible to an understanding of how
events in the past year have affected the outlook
for nuclear power growth and, by implication, the
future of the uranium market. In order to lend
perspective to this report, it might be useful to
outline briefly the functions of the Energy Informa-
tion Administration (EIA) as it is popularly called.
EIA was explicitly established in the U.S. Depart-
ment of Energy’s (DOE) authorizing legisiation as
the branch of DOE responsible for essential energy
data collection and analysis activities. Congres-
sional intent in establishing EIA was to maintain a
separation between what are considered basically
data collection and analysis activities on the one
hand and policy formulation and advocacy activi-
ties on the other hand. Furthermore, the DOE Act
gives the EIA Administrator the authority to pub-
lish any statistical or analytical report without
requiring prior approval from any other DOE offi-
cials. There is a price for this independence, how-
ever; EIA is not allowed to engage directly in any
energy policy design or advocacy activites. EIA
does perform energy policy analysis, but this anal-
ysis is done at the request of other parts of DOE or
the Congress, and any other policies to be analyzed
are specified by the requesting client.

EIA is required by its authorizing legislation to
submitan annual reportto the Congress—a report
which documents its activities for the previous
year, presents historical data series on energy
market activity, and projects energy market activi-
ties into the future, “'under various sets of condi-
tions.” EIA resolves the policy advocacy dilemma
in its independent projections of energy markets
by considering only those laws and regulations



that are in force at the time of the analysis. How-
ever, these independent projections do consider
variations in nonpolicy parameters, such as geo-
logic endownment of energy resources or the level
of national economic activity.

ElA’sforecastreportto Congress{Volume Three
of its Annual Report) was released in July: 1979
{Energy Information Administration, 1979}, -al-
though most of the analysis was completed by the
end of February 1979, 'In general, ‘these jatest
forecast resulits update those of a year earlier, pub-
lished :as ElA’s first report to Congress {Energy
Information Administration, 1978). Some impor-
tant differences in their respective assumptions
andresults are summarizedinfigure 1. Withinthe
context of the “"current law and regulation’ con-
straint, variations were made in gross sets of input
assumptions, as showninfigure 2,in an attempt to
bracket the range of most probable energy futures.
The Scenarios A through E in figure 2 combine
various permutations of three domestic "demand”
curves (low, medium, and high economic activity),
three domestic ‘supply. " curves{low, medium, and
high availability at a given price), and three levels
of world oil prices. The Projection Series C, which
incorporates the medium demand, supply, and

Assumptions
1. ‘World oil price levels are explicitly modeled in
ARC 1978, rather than assumed as in ARC
1977.

2. New engineering/process demand models
are used for ARC 1978, rather than pure
econometric demand models of ARC 1977.

3. Underlying data base is updated to include
such things as nuclear cancellations and the
new United Mine Workers contract.

4. Policy assumptions are updated to reflect the
National Energy Act legislation .

Results

1 .'World oil price levels are considerably higher
in ARC 1978 than ARC 1977.

2. Total demand for energy is lower in ARC
1978 ‘although electricity demand levels are
comparable to ARC 1977.

3. Posi-1985 nuclear power projections are
diminished.

FIGURE 1. Comparison of EIA's 1877 and 1978

Annual Reports to Congress (ARC)
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world oil price assumptions, is usually the point of
reference although one should not associate the
term ‘most probable’” with the Series C results.
The Projection Series A and E result in the
extremes of energy guantities, whereas Series B
and D exhibit the widest coverage of energy prices,
as illustrated in figure 3.

In retrospect, it would appear that the Series E
assumptions are most consistent with such fac-
tors as the oil supply disruptioniniranwhich was
not incorporated-into the analysis, the present
path of world economic activity, and the accident
at TMl which also was not explicitly factored into
the analysis.

NUCLEAR POWER GROWTH
Methodology

While the methodology used by EiA for projec-
ting nuclear power for both the domestic.and for-
eignregionsis presentedinthe EIA Annual Report
for 1978, let us briefly restate some. important
principles. In summary, the analysis begins with
the ‘assembling of data.on the current status of
each known nuclear reactor project. These data
consist of such items as reported construction
completion, current and projected licensing activi-
ties, and measures of the "momentum’’ of each
project. The measure of momentum incorporates
such things as recent progress, orlack thereof, in
licensing or .construction, as ‘evidenced by
increases in the reported percent completion of
construction or by recent announcements -of
delays.

Once this “"snapshot’ of each project’s current
status has been made, then institutional factors
are introduced. where appropriate, to determine
the approximate relative priorities for completion
of these projects. For example, all projects of one
utility company generally have a preferred se-
guence of-startup, -as ‘indicated by the utllity's
announced plans. Also, relative priorities can be
determined. in geographical ‘regions for which
there is a great deal of joint ownership.of the indi-
vidual projects. The preference ranking of individ-
ual projects, coupled with their most recent or
pending activites and with empirically determined
estimates of the required time durations for:the
licensing and construction tasks, is.used to gener-
ate estimates -of startup dates for each project.
Thus, each startup date reflects the various tech-
nical and institutional constraints: on nuclear
power construction in general, especially since a
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FIGURE 2. E/A projection serigs for the 1978 Annual Report to Congress (ARC)

great deal of effort is spent on those projects clos-
est to completion for which particular problems or
progress can be identified. If delays are indicated
for these lead projects, many times these delays
must be propagated to the schedules for trailing
projects.

Two further factors must be introduced—
financial constraints and the demand for new gen-
erating capacity on the National electricity grid.
The former category can be handled by computing
the utility’s generating-unit construction expendi-
ture stream including, of course, planned fossil or
hydroelectric projects, and comparing this pro-
jected expenditures stream with the utility's
recent history. In those cases for which large
increases in construction expenditures are indi-
cated and for which the utility would likely have
difficulty raising the scheduled capital, the con-
struction schedule is adjusted (slipped) to amelio-
rate the projected financial strain.

The demand for power is introduced at the last
stage of the analysis. The cosis for supplying
nuclear energy are estimated as a function of the
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quantity to be supplied. The “supply curves’” so
estimated, along with analogous ones for the other
energy sources, are incorporated intolarge energy/
economic models. These models equilibrate
supply and demand quantities by determining the
most efficient set of energy prices to clear the
market.

Because of the long-lead times for nuclear
power planning, deployment of the current inven-
tory of nuclear power projects sets an upper limit
onthe amount of nuclear power capacity available
for the future—at least through the year 1990. The
nuclear supply curves described previously in-
clude these restrictions. Beyond the year 1990,
there remains the possibility that yet unknown
nuclear generating units could be ordered and
brought online. Of course, there remains the
determination of the conditions under which these
orders would occur, as discussed below. For the
long-term period, the ElA analysis assumes the
removal, or at least the advent of predictability, of
major institutional constraints on nuclear energy
supplies, so that the growth of nuclear power is
assumed to reflect only the projected demand for
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baseload electrical generating capacity and the
projected cost of nuclear power relative to other
types of energy sources.

Results for Domestic Nuclear Power

The results for the domestic “Series C'' {(mid-
case) projection, as published in the EIA Annual
Report for 1978, are shown intable 1. In general,
the Series C results point to a future “‘electrical
world.”” Electricity is projected to grow at a rate
double to the growth rate of total energy. Futher-
more, nuclear power continues 1o grow at a rate
that approximately doubles that of electricity,
albeit from a relatively lower base. In absolute
terms, about 8.5 gigawatts (GWe) of nuclear
power capacity would be added on an average year
between 1978 and 1990, rising to about 10 GWe
peryear inthe following decade andthen doubling
to about 20 GWe per year for the first two decades
of the 21st Century.

The growth of electricity and nuclear power is
further illustrated in figure 4. Nuclear power and
coal contribute about equal shares to electricity
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The projection series: quantities for 1995

growththroughthe end of the 20th Century. But in
the 21st Century, nuclear power carries the entire
burden for electricity growth because of the
increasing demand for coal both in the industrial
sector and as feedstock for synthetic fuel produc-
tion and because of the projected cost advantages
of nuclear power for electricity production. If rela-
tively low-cost uranium supplies are not forthcom-
ing or if nuclear power construction costs increase
faster than coal-fired construction costs, in con-
trast to the assumptions of Series C, then part of
the nuclear growth after the year 2000 could be
displaced by coal-fired generation. Thus, a great
deal of caution is advised when considering the
nuclear aspects of “this: long-term projection.
Nuclear power growth is spurred by acombination
of the indicated high degree of electrification and
the cost advantage projected for nuclear power,
primarily due to the assumed abundance of low-
cost uranium resources. Thus, it:.is unlikely that
higher levels of nuclear power could be realized for
this set of energy and economic assumptions
although one could easily postulate conditions
leading to lower levels of nuclear power use inthe
long term.
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TABLE 1. £/A domestic projection “Series C”*

Activity Level for Year

Average Annual Growth Rate {%)

Activity” 1977 1985 1990 1995 2020 [[1977-1985]1985-1990{1990-1995{1985-2020
Real GNP (trillion dollars) 2.02 2.70 3.15 3.64 6.60 3.7 3.0 2.9 2.4
World crude oil price (dollars per barrel) 15.00 15.00 18.50 23.50 30.00 0] 4.3 5.0 *x
End Use Energy Consump;on (Quads) 60.5 68 74 83 104 1.3 w20h 2.2 0.9
Primary Energy Supply (Quads) 79.8 92 104 117 169 1.8 2.5 2.5 1.5
:—oktalvElectnC!t\; Product;on {Billion kwh) 2,125 | 3,050 3,710 ‘ 4,450 8,120 4.6 4.0 3.7 2.4
Percent of Electricity from Nuclear 11.8 19 i 22 25 49 - - - -
Installed Nuclear Power Capacity (GWe) 47 114 152 208 670 11.7 5.9 6.5 4.8

* All monetary figures are in constant {1978} dollars

** Rises to 30 dollars per barrel in the year 2000, and remains constant thereafter in

constant (1978) dollars
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FIGURE 4. Coal and nuclear power dominate electricity generation

Unfortunately, time constraints and the relative
infancy of EIA’s long-term analysis program did
not allow the development of a full array of projec-
tion series as was done for the midterm. Thus, the
consequences of various assumptions about such
things as the cost and size of the domestic uranium
resource base, regional siting constraints, eic.,
were not investigated. Alternative scenarios were
developed for the midterm pericd—scenarios
designed to test the sensitivity of the energy/
quantity results to various supply and demand
assumptions. These were addressed in the pre-
vious section and the Projection Series A through
E in figure 2.

The low-nuclear energy supply assumptions
used for the Series B and E reflect more pessimis-
tic .construction and licensing schedules and
continuing cancellations and deferrals of nuclear
power projects. The high nuclear supply assump-
tions, Series A and D, reflect more optimistic con-
siderations for nuclear power, including a
resumption of nuclear plant ordering. Very littie
adjustment was required to accommodate varia-
tionsinthe demand assumptions of figure 2. There
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is projected to be an ample demand for nuclear
generating capacity, at least in the "demand for
power’ sense.

The resulting range of domestic nuclear power
forecasted for the midterm is shown in table 2.
Also shown are the results of various other stud-
ies, including EIA’s previous report to Congress for
1977 The EIA results for nuclear power capacity
in 1985 are essentially the same for both Annual
Reports. For the year 1990, the range has slipped
downward in the past year. There are various rea-
sons for this slippage. The estimates for the tech-
nical limits of construction and licensing time did
not change appreciably even though the support-
ing data for making the estimates were updated by
a year. Two other factors are important, however.
Thefirstis the many projects that appeared to have
institutional momentum in 1977 but did not main-
tain momentum during -1978. Examples are the
projects in the State of New York and several oth-
ers for which the NRCreported anticipated license
applications. The second factor is the evaporation
of the construction momentum for numerous pro-
jects, especially the second or successive units at



TABLE 2. Midterm domestic nuclear power capacity in commercial operation,
comparison of forecasts, 1985-1995 (GWe)

Source 1985 1990 1995

1978 Annual Report.................... 102-118 142-171 186-225
1977 Annual Report.................... 100-122 157-192 —
DOE Utility Survey (January

1978) 139 181 —
U.S. NRC (September 1978) ... 113 —_ —
U.S. Department of Commerce

(November 1978)...................... 141 — —_
Data Resources, Inc. (April

1979) 116 147 205
National Electric Reliability

Council (August 1978) ............ 138 — —
Electrical Worid Magazine Sur-

vey (January 1979)................. 137 170 -_—
Westinghouse Corporation (De-

cember 1978) ... it 173 246
Babcock and Wilcox Co.

(March 1979) 123 165 200

some sites for which construction activity was
reported during 1977 but not maintained during
1978.

Comparison of the EIA projections with other
sources, especially for the year 1985, indicates
that studies based primarily on surveys of the
electric utility industry yield much higher nuclear
growth estimates than those obtained from other
sources. The difference between utility announce-
ments and independent projections is probably
that the independent projections reflect average
experienced lead times, whereas the utility esti-
mates are really planning targets, in most cases.

Results For Foreign Nuclear Power

Foreign nuclear power forecasts through 1995
are also prepared as part of EIA’s normal analysis
activities. The techniques used are analogous to
those used for domestic nuclear projections
although the supporting data base on foreign
nuclear power programs is not as extensive as that
for the domestic programs.

The latest EIA estimates of foreign nuclear
power capacities are shown in table 3. In many
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instances, broad numerical ranges are given that
reflect the large uncertainties associated with
many national programs, particularly the issues of
rising construction costs, reactor safety, and
radioactive waste management which are no
longer exclusive to the domestic program and pub-
lic debate. In the nations of the Organization for
Economic Cooperation and Development (OECD),
growth in electricity demand has generally de-
clined in recent years, and as a result, official pro-
gram delays have been frequent. In unusual cases,
public referenda have been exercisedto determine
nuclear policy. Although most Asian and European
nuclear programs are affected by these political,
economic, and environmental uncertainties, nu-
clear power is projected to increase significantly
its contribution to energy supplies during the mid-
term. Because of reduced growth rates in pro-
jected electricity demand, the nuclear capacities
forecasted for most countries in Projection Series
AthroughE aretowardthe lower end of the ranges
of potential capacity given in table 3. However, the
ElA forecasts indicate that nuclear power will pro-
vide between 26 and 30 percent of the foreign
OECD’s electricity in 1995, compared to 8 percent
in 1976. Led by an ambitious French light-water



TABLE 3. Foreign nuclear generating capacity:

actual and potential,

1978-1995°
1978 1985 1980 1995
OECDP

Australia/N.Z. ................ - - — 0-1.0
Austria/Switz ................. 1.0 1.9-26 2.9-3.8 3.8-49
Benelux/Denmark .......... 2.3 50-6.0 6.0-6.9 8.2-96
Canada ... 48 98-10.3 142-16.2 17.2-221
France ......cooeeieienan, 6.5 244-282 358-41.8 483-545
Germany . ............c.coe 9.1 159-184 20.1-28.1 281-36.7
Greece/Turkey .............. — — — 0.6-1.8
Raly .. 0.6 1.4 3.4-64 64-104
Japan.......ooo 10.9 16.9-19.7 268-32.7 414-500
Scandinavia.................... 59 95 95-127 127-158
Spain/Portugal........... ... 1.1 58-74 83-112 108-1582
UKisdreland ... 59 9.3 124 18.3-20.7

Subtotal ... 481 100113 139-172 196-243

~ Non-QECD

Argentina.................... 0.3 09 21-2.7 3.3-4.5
Brazil oo —— 1.8 1.8-31 3.1-5.7
ndia....ooooo 1.0 1.2-1.5 1.9-22 2.9-3.3
South Korea .................. 0.6 1.8-2.7 55-7.4 93135
ran ... — 12-24 2.4 2.4-3.6
Mexico..................... ... — 1.3 1.9-26 2.6-4.1
Pakistan................ 01 0.1 0107 07-18
Philippines ... .. — 0.6 06 0.6-1.8
South Africa...... — 0.9 1.8-36 36-54
Taiwan............... 086 31-40 49-67 6.7-8.7
Yugoslavia......... ... — 06 06-1.2 12-1.8

Subtotal ... 26 14-16 24-33 36-54

Total OECD and

Non-QECD ... . 50.7 114-129

163-205  232-297

8Gigawatts of capacity in commercial operation at the end of each

forecast year.

PNational and regional groupings as modeled in the EIA Internation-
al Energy Evaluation System (IEES).

reactor {LWR) program, European utilization of
nuclear energy is forecasted to be even greater,
rising to between 34 and 40 percent of total Euro-
pean electricity production by 1995.

More modest nuclear programs are anticipated
for most non-OECD developing nations. Several
ambitious nuclear power program targets have
beenreducedto more modest levels during the last
year. The defacto demise and decline of the lranian
andBrazilian programs, for example, are now well
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publicized. Currently, a limited number of non-
OECD nuclear plants are under construction, and
poor nations are particularly hard pressed to
finance nuclear projects in the face of rising oil
prices and social and agricultural programs which
have higher priorities. While programs evolving in
SouthKorea and Taiwan could be quite significant
inthe future, EIA forecasts that nuclear power will
more generally contribute only on the order of 10
to 15 percent of the total electricity generated in
the non-OECD countries by 1995,



Comparison of Forecasts for WOCA

Aggregate forecasts for the World Qutside
Communist Areas {(WOCA) are illustrated in table
4. Compared to EIA forecasts presented in the
1977 Annual Report, the current forecasts
through the year 2000 represent about a 20-
percent reduction in nuclear capacity in 1995 and
nearly a 30-percent reduction for the year 2000.
Comparedtothe final forecasts ranges provided by
the International Nuclear Fuel Cycle Evaluation
{INFCE), the current ElA forecasts imply an even
greater reduction, between 24 to 32 percent by
1995 and 35 to 38 percent by the year 2000.
Because they are highly motivated by political
goals, the INFCE forecasts for the post-1990
period were recognized as very optimistic; they
portended a near trebling of capacity in 10 years.
The current EIA forecasts in and of themselves
imply a doubling of capacity during the same
period, but, as previously described, are evaluated
in a much more rigorous analytical framework
than was possible during the INFCE exercise.

URANIUM REQUIREMENTS

From nuclear power forecasts, it is possible to
derive the associated natural uranium require-
ments. Since a variation in the installed nuclear
capacity is only one of several possible sources of
variation in fuel requirements, the initial focus will
be on a “‘reference case’ for fuel requirements—a
case not necessarily considered the most probable
but a case which does provide a convenient point
of reference for later discussion. Following dis-
cussion of the “reference case,” attention will be
focused on uncertainties in the input parameters
and the corresponding sensitivity of the fuel
requirements to these uncertainties.

A point of caution is imperative at this point. The
nuclear fuel requirements presented here have
precise meaning-—they are the physical quantities
minimally required to maintain the assumed
nuclear power programs. Theserequirements are
not meant to be synonymous with “market
demand” for fuel—a demand which would addi-
tionally reflect procurement and inventory practi-
ces of buvers and sellers and the degree of buyer
foresight.

Reference Uranium Requirements

The basic assumptions for the “'reference case”
are shown in table 5. These assumptions are
addressed elsewhere (Clark and Reynolds, 1978}
but are summarized here:

1. The ElA midcase nuclear growth forecast is
discussed earlier as the “Series C” estimate
from the ElA’s 1978 Annual Report. Only
light-water reactors are considered for the
United States, whereas the assumed foreign
reactor mix reflects the same weightings as
the INFCE nuclear power forecasts.

The power plant capacity factor (ratio of
actual electrical output to maximum design
capability) is represented by a profile which
begins at 40 percent during 6 months of
initial operation followed by a plateau at 65
percent until the 15th year of operation.
Between the 15th and 30th {(last) year of
operation, the capacity factor declines by 2
percentage points per year but never falls
below 40 percent. This startup and the 65-
percent plateau roughly approximates the
historical pattern of performance for light-
water reactors.

TABLE 4. Nuclear power forecasts (GWe/ for World Outside Communist Areas

(WOCA)
SOURCE 1985 1980 1995 2000
INFCE 245-274 373-462 550-770 850-1200
EiA 1977 Annua!l Report
U.s. 100-122 157-192 200-275 256-395
Other WOCA 123-140 193-238 315-375 515-655
Total WOCA 223-262 350-430 515-650 770-1050
EIA 1978 Annual Report
U.s. 102-118 142-171 186-225 235-300
Other WOCA 114-129 163-205 232-297 315-450
Total WOCA 216-247 305-3786 418-522 550-750
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TABLE 5. Uranium requirements “for reference case’ parameters

Parameter Description

Parameter Value

Domestic Foreign

Nuctear power growth
Reactor mix

Power plant capacity factor
Fuel utilization efficiency
Recycle option

Enrichment plant tails assay

3. The fuel utilization efficiency, obtained from
historical LWR performance, is a combina-
tion of expected heat production in the fuel
elements and the nuclear plant thermal effi-
ciency. These -efficiency parameters are
discussed, in more detail, in a previous pres-
entation {Clark and Reynolds, 1978), where
they are described as the “empirical’” fuel-
cycle plans.

Reprocessing and recycling of uranium and
plutonium in LWR’s is assumed to be
deferred beyond the year 2020 for domestic
nuclear ‘power plants. Qutside the United
States, the schedule of available reprocess-
ing capacity reflects currently known plans.
5. All enrichment contracts are assumed to be
serviced at 0.20-percent 235U tails assay.

The resulting reference uranium requirements
are shown in figure 5 for both the foreign and
domestic cases through 1995, In addition, ‘the
long-term domestic outiook is addressed in figure
6.Inthe midterm reference case(figure 5), domes-
tic uranium requirements generally match or
slightly exceed the foreign requirements until the
end of the period. The assumed use of plutonium
and uranium recycle just offsets the greater for-
eign nuclear power capacity in producing this bal-
ance of foreign and domestic requirements for
uranium.

The domestic long-term reference case, labeled
EIA “Series C”" Current Once-through Cyclein fig-
ure 6, exhibits a sharply increasing trend after the
year 2000—a reflection of the “Series C" long-
term growth of nuclear power. Thereference case
requirements increase from about 55,000 short
tons in the year 2000 to about 128,000 short tons
in the year 2020. The curve in figure 6 labeled

EIA mid case
LWR
65% plateau (57% lifetime average)
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ElA mid case
INFCE weightings

Past industry experience

No reprocessing “Planned reprocessing
0.20%

0.20%

“Firm"’ Nuclear Power Capacity shows the re-
quirements for the 118 GWe of “firm” domestic
nuclear power capacity that is currently either in
operation or well into construction. By inference,
the uranium requirements above this line are con-
tingent on favorable decisions for the installation
of additional nuclear power capagcity beyond the
relatively assured 118 GWe. The third line of fig-
ure 6 will be discussed in the next section.

Uncertainties and Sensitivities
of Uranium Requirements Forecasts

As mentioned earlier, there are several sources
of uncertainty in the derivation of uranium
requirements. Figure 7 shows the uncertain fac-
tors and the sensitivities of the uranium require-
mentstoindividual variations inthe factorsforthe
1990 and 1995 domestic reference case. Also
shown are the sensitivities of the corresponding
enrichment and spent-fuel storage requirements.
The fuel requirements sensitivities in figure 7 are
shown as percentages of the reference case. This
presentation mode enables the simple estimation
of the impact of combined uncertainties through
multiplication of the individual impacts.

Both domestic and foreign fuel utilization effi-
ciencies have two uncertain factors that would
tend to decrease the fuel requirements. The first
improvement factor would result if the industry
were to achieve its current design parameter
values for fuel burnup and plant thermal efficien-
cies on an industry-average basis.  Another
independent improvement factor reflects the
introduction of a hypothetically improved once-
through LWR fuel cycle design beginning around
1990 and fully implemented by the year 2000.

The enrichment plant tails assay uncertainty
reflects the following considerations. We feel that
0.20 percent is probably a reasonable lower
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bound, especially since the bulk of DOE’s enrich-
ment capacity will still be gaseous diffusion tech-
nology well beyond 1990. For an upper bound, the
value of 0.25 percent is consistent with DOE’s
announced intentions.

Possibly the most difficult uncertain area is the
uranium and plutonium recycle. Domestically,
reprocessing and recycling are an area of policy
consideration. Obviously, current domestic policy
precludes reprocessing for an indefinite period.
Foreign LWR reprocessing is open to considera-
tion since there are operating and planned facili-
ties. The present analysis considers no-range for
domestic reprocessing andrecycling but does con-
sider alower boundreflecting no reprocessing and
a higher bound reflecting planned reprocessing
capability by the year 2000 for the foreign case;
The absence of recycle in the foreign case
increases uranium reguirements by about 25 per-
cent for both 1990 and 1995.

The variation range for the average nuclear
plant capacity factor reflects a 10-percent point-
swing of the plateau about the reference value of
65 percent.

Finally, the nuclear capacity growth sensitivities
reflect a displacement to the low- and high-
nuclear capacities of the EIA 1978 Annual Report.

Undiscovered
Resources

URANIUM MARKET STUDIES

Part of the mandated activities of EIA involve
studies of the markets for fuels under various con-
ditions. In the case of uranium, the major analysis
tool for such study, including that reported in EIA
Annual Report for 1978, utilizes the methodology
developed by Dr. Don R deHalas:and embodied by
his "EUREKA'" uranium market model.

Methodology

The methodology .is ‘basically a simulation of
uranium-producer-investment-decision behavior
coupled with purchasing decisions on the part of
uranium consumers. - This ‘methodology, in its
present state, is confined to the domestic market,
with allowances for imports and exports although
amajor development effort is underway to produce
a world-market-ievel capability. As figure 8 indi-
cates, - the . methodology encompasses market
activities in the consummation of uranium supply
contracts and investment activities in both explo-
ration “and production capacity with special
emphasis on the decision processes involved in
successive years.

In the methodology’s present application, the
future demand for uranium is an exogenous input
unrelated to price. Supply contracts made for ura-
nium in a given year are based on the buyers’

\/\_/J\ Reserves o
Under
Exploration " | Evaluation \Beveiopment ]
4 \
v
-
Demand Price Production
Expectations Expectations Capability

i

'

Uranium

Supply
Contracts

FIGURE 8. Uranium market analysis methodology
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forward-looking expectations for uranium require-
ments. These expectations can be dynamic be-
cause they can evolve in a predetermined manner
withthe simulation of time. A record is maintained
of supply arrangements, as they are forecasted,
beginning with contracts in place at the start of the
analysis period. Of course, commitments can be
made only where sufficient production capability
can be brought on stream although allowances
can be made for drawing down consumer invento-
ries or importing up to a specified level if domestic
production capacity is not adequate to meet
demand in a given year.

The base price for new contracts signedinayear
of the simulation, or for the settlement of pre-
viously signed market-price contracts, is started at
a given level and then adjusted each year toreflect
the ratio of uncommitted production capacity to
demand without supply contracts over a specified
forward time span.

Concurrently to the market transactions in a
given year, uranium producers are making invest-
ment decisions that respond to their expectations
of future price and demand and to their current
revenues. For example, exploration activities are
carried out in a given year at a level determined by
the expected demandin a future time window, and
the amount of exploration expenditures is some-
what constrained by the availability of profits from
industry revenues. In a shorter time frame,
reserves that have been identified by exploration
activites are evaluated on the basis of expected
production costs and profit requirements against
the then-current trend of the market price.

Those properties, favorably evaluated, are par-
tially developed during the year being currently
simulated. Furthermore, properties requiring de-
velopment are reevaluated each year on the basis
of any new trends in the market price and on the
basis of current forward costs. Development activi-
ties may be halted during periods in which the
market price trend is not favorable.

As developed properties come into production,
this additional supply contributes to the supply/
demand ratio and, thus, to the pressure on the
market price to respond appropriately.

Reference Case and Sensitivities

The domestic requirements discussed above as
the EIA “reference case’’ were specified as the
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“"EUREKA™ methodology demand after the adjust-
ment of the constraining effects of the enrichment
contract feed-delivery schedules. Such modifica-
tions were made by assuming that current
enrichment contracts would be adjusted gradually
to cumulatively match forecasted requirements by
the year 1990. This adjusted guantity schedule
and the price trajectories resulting from the
market analysis are shown in figure 9. The band of
prices shown in the figure reflect the sensitivity to
a wide range of variation in the assumptions for
behavioral parameters in the analysis framework.
Such behavioral parameters include the produc-
ers’ required rate of return on equity, the risk pre-
mium for uranium investment, the degree of buyer
inventory mobility, and the relative market shares
for fixed-price/market-price contracts and captive
production.

As seen from the top half of figure 9, both the
base price for new contracts and the average for
deliveries increase substantially in real terms over
the midterm periodfor the reference assumptions.

The reference values of some key parameters
and the sensitivity of the new contract market
price for 1985 and 1995 are shown in figure 10.
The 1985 market price is sensitive to the market
psychology (behavioral} parameters and to the
demand level, whereas for the year 1995, the mine
and mill construction cost and the drilling discov-
ery rate become as important as the first two
parameters. More importantly, by 1995, the
market price is projected to be extremely sensitive
tothe assumed size of the domestic resource base
as the price begins to respond to resource deple-
tion effects.

THE CURRENT DOMESTIC OUTLOOK

The events of 1979, to date, have not been par-
ticularly supportive of the Nation’s nuclear power
program. Certainly the accident at TMI will proba-
bly have repercussions for some time. Inthe short
term, the accident has apparently brought about a
differential consideration, i.e. risk premium, for
nuclear versus nonnuclear electric utilities in the
eyes of the Nation’s financial markets although it
is too early to determine if this will have a long-
term effect.

While the TMI accident was the most publicized
nuclear event of the year, there are also other
events outside the context of TMI that mark the
year 1979 as a significant one for nuclear power.
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Parameter Varies
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For example, the Jamesport decision in New York
isconclusive evidence that the State’s antinuclear
position has crystallized. In addition, industry
stalwarts, such as TVA, Duke Power Company,
and Commonwealth Edison Company have
announced major delays in their nuclear construc-
tion programs.

These and other events of 1979 have prompted
ElA to make a major reevaluation of the nuciear
forecasts published in its latest Annual Report.
Consideration has.been limted to new data. intro-
duced in 1979 using essentially the same analyti-
cal technigues as before. The effect of new
information has been the creation of a “bow
wave'' of delayed or deferred projects—a "‘bow
wave" that has pushed many trailing projects
beyond the midterm period. in addition, the old
“Series C'’ midcase assumes six net new orders
over.the next 4 years; these orders do not appear
likely now.

The results of the reevaluation are shown in
table 6:and figure 11. An accurate general conclu-
sion is that the 1995 milestone has been drasti-
cally affected with its range being displaced
downward by about 30 GWe for 1995. The range
for 1990 is about 15 GWe lower while even the
1985 range slipped 5 GWe,

The most recent levels of projected nuclear
power are subject to even further erosion as they
dependin many cases.on the favorable outcome of
decisions yet to be made by regulatory agencies
and utility management. What portion of the pro-
jections can really be considered firm? We have
analyzed all domestic. nuclear projects in order to
assess which are safely beyond the ""point of no
return”, and what, in fact, the “"point of no return”
really means. At this time last year, a general
assumption was that once work had begun on the
reactor building foundation, the subject utility
company was too deeply committed to turn back

since some major components are often being de-
livered to the site at this state. It now appears that
numerous projects, especially successive units at
agiven site, have had construction activities halted
after work on the reactor building foundation has
begun and delivery of some major components has
taken place. '

Under what conditions would the units author-
ized for construction, but currently stalied, be re-
started? Let us first consider those units definitely
past the turnback point. Past examples might be
Crystal River 3 (Florida Power Corporation) and
Cook2 {American Electric Power), and a good cur-
rent example is the Braidwood plant {Common-
wealth Edison Company). Projects in this category
are, or were, stalled only temporarily. There was
never any real question about their reactivation
because they were halted typically past the 50-
percent completion point.

Onthe otherhand, the 19 GWe nuclear genera-
ting capacity projects that have been stalled after
minor construction “activity -and the 14 GWe
nuclear generating capacity projects that have not
yet begun major construction activity, but are au-
thorizedto do so, are in a different category. These
projects should be very amenable to reactivation
and ‘may well be generally awaiting favorable
determination of the need for new electric genera-
ting capacity as related to perceptions of future
load growth, and/or adequate financial strength of
the utilities involved. For these projects, the diffi-
culties and uncertainties involved in the licensing
process of these projects have been hurdled for the
most part. If financing the project were not the
overriding concern, then the decision to reactivate
the construction program need be made no greater
than 8 years prior to the perceived need for new
capacity. lf the commitmentis firm for the addition
of new baseload capacity, then there would be no
inducement, from an investment. standpoint, to

TABLE 6. Updated domestic nuclear power forecasts (GWe/j

Annual Report to Congress

Updated Forecast

July 1979 October 1979
Year Milestone Low Mid High Low - Mid High
1885 102 114 118 95 106 113
1990 142 152 171 129 140 155
1995 186 208 225 156 179 196
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switch to a new comparable sized coal-fired pro-
ject instead of continuing the stalled nuclear pro-
ject. Both the construction costs and lead times,
from that point forward, would be comparable for
the two options. This line of reasoning follows, of
course, only if there are no significant impacts on
this category of nuclear projects resulting fromthe
Kemeny Commission’s deliberations.

The financial-health ‘aspect is related to the
structure and behavior of each utility’s rate
commission and to the financial management
capability of the particular utility considered. At
one hypothetical extreme, if the rate. commission
is primarily interested in supporting the addition of
generating ‘capacity, -its rate decisions, coupled
with sound utility financial management, can
remove financial health as a constraint for the
utility in question. Onthe other extreme, if therate
commission’s only concern is to.keep electricity
rates from increasing inthe shorttermthenitsrate
decisions, coupled with poor financial manage-
ment on the part of the utitity company, would not
support a capacity expansien program. {in the real
world, rate commissioners and utility managers
wear hatsthat are shades of gray, rather than pure
black or white.} Prior tothe 1970s, these two view-
points were not necessarily in contradiction since
the addition of new generating capacity generally
resulted in lower electricity rates. Intoday’s warld,
the cost of producing electricity from new units
generally requires higher unit rates except possi-
bly for the replacement of oil-fired baseload capac-
ity with its very high fuel costs.

In summary, about 34 GWe of nuclear genera-
ting capacity is “‘waiting in the wings” for the
proper load-growth and/or financial conditions.

What about the 29 GWe of nuclear capacity
under construction-permit review? These projects
are susceptible to special problems of the licensing
process in addition to the load-growth and finan-
cial uncertainites of the stalled projects as
described above. It is doubtful that any new
construction permits will be granted by the NRC
before the thorough consideration of any recom-
mendations that may result from the deliberations
of the Kemeny Commission. The interactions that
have taken place in public between these two
bodies indicate the lack of single-mindedness in at
least the area of procedural matters. We at EIA
have no special insight into the likely outcome of

tothe President is due at the end of October 1979,
sowe should all be able to make a judgement soon.

Beyond those nuclear plants already into the
licensing process, there are only a few projects
that can be identified at this time. The first signal of
hope for nuclear power growing beyond the uni-
verse of identified projects will be the resumption
of new orders for nuclear units. What are the pros-
pects for new orders? It is clear that resolution of
the items shown infigure 12is vitaltothe fong-term
prospects of nuclear power. it appears, at the pres-
ent time, that the first two items are overriding in
the eyes of electric utility planners. Without a'basic
demand for additional electrical capacity and
without the financial means to construct that
capacity, it matters little whether there is public
acceptance of nuclear power or there is the ura-
nium resource base to support a larger nuclear
program.

The uranium requirements and uranium market
impacts of these updated nuclear power projec-
tions are currently being analyzed and will be
released as an EIA Analysis Report.

the Kemeny Commission’s study, but their report
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e A substantial increase in central base-load
electricity demand is anticipated for post-1990
period.

e A major reassessment is made of utility
financial practices and/or rate structures to
help relieve debt/equity and cash flow burdens
of constructing new generating capacity and, in
particutar, nuclear baseload capacity.

e The deployment of a nuclear reactor system
becomes more predictahle and less problematic,
and in the minds utility planners, a superior
choice over coal systems for both new and
replacement base-load service.

e Fuel cycle uncertainties such as long-term
uranium availability and waste disposition are
effectively addressed and convincingly
resolved.

s Environmental and social problems with
mining, transporting, and burning of coal
become compelling.

e A more diverse and more complete public
acceptance of nuclear power is realized.

FIGURE.12. Factors foran increased nuclear
power program



REFERENCES

‘ Clark, R. G., and Reynolds, A. W., 1978, Uranium
market-—domestic and foreign requirements,
/in Uranium Industry Seminar Proceedings:
U.S. Department of Energy GJO-108(78),
p- 33-68.

Energy Information Administration, 1978, Sum-
mary forecasts, /n Annual Report to Con-
gress, 1977, volume 2: U.S. Department of
Energy DOE/EIA-0036/2 App, p. 23-26.

, 1979, Forecast summary, /n Annual
Report to Congress, 1978, volume 3: U.S.
Department of Energy DOE/EIA-0173/3-52,
p. 20-24.

67






OVERVIEW OF NURE PROGRESS FISCAL YEAR 1979

Carl H. Roach, Acting Project Manager
NURE Project Office, Grand Junction Office
U. S. Department of Energy

October 1979

INTRODUCTION

The National Uranium Resource Evaluation
(NURE) program was initiated by the U.S. Atomic
Energy Commission in 1974. The primary reason
for creating the NURE program was to provide the
U.S. Government with the timely and accurate
information, regarding uranium resources of the
United States, that is essential for long-range
planning decisions for the Federal Nuclear Energy
Program activities. Uranium resources are a fun-
damental part of the Nuclear Fuel Cycle which
consists of uranium resources, uranium enrich-
ment, nuclear power plants, and nuclear waste
isolation; and timely and accurate information on
the Nation’s uranium resources and its future
availability is essential for making valid, long-
range planning decisions on such matters as:

1. What amount and type of uranium enrich-
ment facilities will be needed by the United
States in the future?

2. What number and kind of nuclear power
plants will be needed in the United States
and can be adequately fueled in the future?

3. What types and amounts of nuclear fuel
waste will have to be safely isolated on a
long-term basis as a result of the U.S.
Nuclear Energy Program activities?

A secondary reason for NURE was to provide the
U.S. uranium mining industry with NURE-
produced information on the Nation’s uranium
resources, forecasted uranium demand-supply for
the United States, and improved uranium explora-
tion and delineation techniques developed by the
NURE program.

Since its inception in 1974, NURE has produced
two comprehensive progress reports: the Prelimi-
nary NURE Report dated June 1976 and the In-
terim NURE Report dated June 1979. The next
comprehensive NURE progress report will be com-
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pleted in October 1980 and will present the
assessment of the Nation’s uranium resources
based upon allresource data available at that time.

The purpose of this report is to give an overview
and summary of the progress of the NURE program
since October 1978 when Dr. Donald L. Everhart
presentedthe last annual NURE progressreportto
the 1978 Uranium Industry Seminar.

MAJOR NURE GOALS AND OBJECTIVES

From the beginning, the long-range goal of
NURE has been, and still remains, a reliable
assessment of the uranium resources of the con-
tinental United States.

However, specific short-range objectives de-
signed as significant milestones toward achieving
this long-range goal of NURE have been revised
from time to time to satisfy changing needs and
priorities for uranium resource assessment infor-
mation needed for long-range planning of Federal
Nuclear Fuel Cycle activities.

Inthe summer of 1978, the U.S. Department of
Energy (DOE) created a NURE Task Force for the
purpose to determine how the NURE program
could best be restructured to provide earlier
resource information for Nuclear Fuel Cycle plan-
ningthan was then scheduled for the longerrange
National uraniumresource assessment. When the
DOE-NURE Task Force was initiated in 1978, the
long-range nationwide resource assessment goal
of NURE consisted of two principal resource
assessment objectives:

1. To assess, by the end of 1983, the uranium
resources (reserves and potential resources)
of the 272 National Topographic Map Series
(NTMS), 1:250,000 scale quadrangles,
judged to be most favorable for uranium
occurrence; and



2. To assess the uranium resources of the
remaining NTMS gquadrangles needed to
complete the assessment of the uranium
resources of the continental United States by
the end of 1985,

The NURE Task Force of 1978 resulited in a re-
structuring of NURE to provide for the addition of
the following short-range resource-assessment
objectives. while maintaining the original 1983
and 1985 long-range resource-assessment goals:

1. To complete by October 1980, a reliable
assessment emphasizing the most certain
categories of uranium resources {reserves
and probable potential resources) in the Uni-
ted States. This objective will result in an
assessment of the uranium resources in the
116 “most favorable” NTMS quadrangles.

. To assess by October 1980, the higher cost
{greater than $50 per pound forward cost)
yranium resources referred to as
intermediate-Grade Resources {containing
between 0.01 and 0.05 percent U;0g) at
three specified field-test sites. Post-1980
work will -extend these resource assess-
ments to cover the geologic environments of
the three sites, and additional intermediate-
Grade Resource sites and environments will
be studied in future years.

. To assess by October 1980, the uranium
resources of one specified site for the Pre-
cambrian quartz-pebble conglomerate type
of "world-class’’; post-1980 work will extend
the “world-class’ site assessment studies to
the Precambrian quartz-pebble conglomer-
ate geologic environment, and additional
types of “world-class’ uranium deposits will
be studied in future years.

In addition to previously discussed changes in
NURE goals, the NURE Task Force directed that an
accelerated effort be made to develop improved
uranium resource-assessment methodologies,
and thisdirective has beeninitiatedintherestruc-
tured program,

Because of severalrecent cuts intheFiscal Year
1980 (FY 1980} and FY 1981 NURE budgets, the
long-range goal of completing the assessment of
the uranium resources in the continental United
States has been delayedfromthe end 6f 1985 until
the end of 1987. All of the short-range NURE
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resource-assessment objectives discussed above
have been retained during the recent budget cuts.

NURE STRATEGY
Resource Assessment

The DOE strategy for achieving the NURE
resource-assessment goals and objectives has
always been based on the geologic analysis and
interpretation of all available geologic and uranium
resource data characterized by the distribution and
habits of uranium in its natural environment. This
strategy has been applied 1o NURE in two stages:

1. Phase one was to prepare a preliminary
assessment of uranium resources of the con-
tinental United States based on a geologic
analysis of ‘all geologic and resource data
available to DOE when the NURE program
beganin 1974, This preliminary assessment
has been completed and led to the publica-
tion of the Preliminary NURE ‘Report in
June 1976.

. Concurrent with preparation of the Prelimi-
nary NURE Report was the initiation of a
longer range second phase of NURE which
was to acquire those kinds and amounts of
additional geologic and uranium resource
data to allow a more comprehensive andreli-
able assessment of the Nation’s uranium
resources than was possible with phase one
of NURE.

The NURE resource-assessment activities are
planned and conducted on the basis of the
National Topographic Map Series {(NTMS),
1:250,000 scale maps. However, actual estima-
tion of uranium resources within the NTMS quad-
rangles is based on analysis of individual geologic
environments. The quadrangles are used as a
convenience (regular shapes) for facilitating the
planning, scheduling, subcontracting, -and mea-
surement of progress toward the nationwide ura-
nium resource assessment.

The general strategy of the present NURE quad-
rangle resource-assessment activities is based on
the following steps:

I. Acquire necessary additional data
A. Company-confidential Resource Data
B. Geologic Studies (uranium favorability
and deposit modeling)
C. Aerial Surveys



D. Hydrogeochemical Surveys
E. Subsurface investigations
F. Geophysical Surveys

II. Geologicintegration and analysis of all data
lll. Resource estimation.

DOE applies this quadrangle resource assess-
ment strategy in two discreet phases to protect the
confidentiality of the large amount of company-
confidential resource data used to make the
assessments: the quadrangle evaluation phase,
and the quadrangle assessment phase.

The quadrangle evaluation activities are con-
ducted to identify areas within quadrangles most
geologically favorable for the occurrence of ura-
nium deposits or districts, and this information is
fundamental to the assessment process. The
results of the quadrangle evaluations will be pub-
lished as Quadrangle Folios that delineate and dis-
cuss the favorable areas determined during the
investigations.

The quadrangle resource assessments are not
individually published so as to protect the confi-
dentiality of individual sets of company-
confidential data that led to the quadrangle
resource assessments. However, cumulative or
aggregated resource assessments that do not
reveal individual sets of company-confidential
data are published by DOE as annual updates, and
occasionally as special resource-assessment re-
ports such as: the Preliminary NURE and Interim
NURE Reports discussed previously.

Theforegoing resource-assessment strategy for
the NURE quadrangle resource assessment on a
nationwide basis is also being used for the
Intermediate-Grade and World-Class Resource
investigations initiated at the beginning of FY
1979. However, these two new NURE resource-
assessment projects are not being planned or con-
ducted on the NTMS quadrangle basis, but they
are conducted as topical resource studies at
“sites”” which contain a few square miles, and
which are specifically selected from the geologic
environment or areas containing the specific type
of uranium deposit.

Ifthe October 1980 resource assessments of the
Intermediate-Grade and World-Class sites being
studied in FY 1979 and FY 1980 are encouraging,
the resource-assessment studies will be con-
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tinued beyond FY 1980 to cover the geologicenvir-
onments containing the specific field sites.

Technology Applications

A NURE Technology Applications activity is
being conducted that has the following major
goals:

1. To develop needed new and improved con-
cepts, techniques, and instrumentation for
uranium resource assessment, exploration,
and production;

2.To provide field calibration facilities and
quality control for instrumentation and
techniques used by DOE, contractors, and
industry for resource assessment, reserve
estimation, exploration, and production; and

3. To evaluate, demonstrate, and transfer im-
proved technology for exploration, evalua-
tion, and exploitation by industry.

The strategy used to maximize the NURE Tech-
nology Applications goals is to: (1) identify those
technology areas that would most sensitively
impact on the NURE program goals and objectives,
(2) plan, program, and budget for those subcon-
tracted and inhouse activities designed to best
achieve the technology needs, (3) implement,
monitor, and control the identified technology
activities, and (4) facilitate the transfer of the
needed technology to the uranium industry, and to
NURE when appropriate.

An example of the use of the above NURE Tech-
nology Applications strategy was the early recog-
nition by DOE that the gross gamma logging
methodology that had served the domestic ura-
nium exploration industry so well for several
decades would not continue to be as effective or
reliable, as industry moves in the future to explore
for ores that are not in equilibrium, or for lower
grade uranium deposits. Therefore, DOE deter-
mined that the full and efficient achievement of
future NURE resource-assessment goals would
require the development and commercialization of
afission neutron logging probe that would provide
for direct detection of the presence of uranium in
boreholes {direct uranium logging) to alleviate the
inherent inaccuracies of estimating uranium con-
centrations in ores with disequilibrium or for low-
grade uranium deposits. Delayed fission (DFN) and
prompt fission neutron (PFN) logging technologies,



maximized for uranium exploration, have now
been developed by NURE and will soon be com-
mercialized by the domestic uranium logging
industry.

NURE PROGRESS—FY 1879

Only abrief overview statement will be givenon
the progress made during FY 1979 for each of the
major NURE program activities {see figure 1). Sev-
eral papers 1o be presented at this Seminar will
discuss more completely the progress made dur-
ing FY 1979 on: U.8. Geological Survey NURE
activities, guadrangie evaluation and assessment,
uranium reserves and potential resource activi-
ties; industry uranium exploration activities, low-
grade uranium studies, uranium production, and
production capability.

Geologic and Related Investigations

@ Aerial Surveys

e Hydrogeochemical Surveys

e Subsurface Investigations
Quadrangle assessment drilling
World-Class resource drilling
Intermeditate-Grade resource drilling
R & D support drilling
National logging activity

e Quadrangle Evaluation and Assessment

e Intermediate-Grade Resource Studies

e World-Class Resource Studies

Technology Applications

FIGURE 1. Main NURE program activities

Fy 19789

Aerial Surveys

National Aerial Reconnaissance Survey—The
National Aerial Radiometric and Magnetic Recon-
naissance Survey provides high sensitivity aerial
radiometric and magnetic data being used for the
Quadrangle Assessment, Intermediate-Grade Re-
source, and World-Class Resource studies of
NURE. These reconnaissance surveys are flown
with a low-density, flight-line spacing to identify
the near surface regional distribution and concen-
tration characteristics of potassium, uranium, and
thorium, which are interpreted to identify broad
regions considered favorable for the occurrence of
large uranium deposits or districts. This National
AerialReconnaissance Survey will lead ultimately
to the preparation of a National Radioelement Dis-
tribution Map which should be beneficial in many
ways in the future to the earth science communi-
ties of the United States.
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During FY 1979, 189,242 flight-line miles of
reconnaissance surveying were completed. Dur-
ing the year, 127 aerial reconnaissance survey
reports were published as DOE open-file reports,
and 113 aerial reconnaissance quadrangle sur-
veys were in progress (see figures 2 and 3).

Geologic interpretation of previously completed
aerial reconnaissance surveys contributed to the
FY 1979 quadrangle assessment activities and
identified several small areas which deserved
detailed aerial radiometric or other type of follow
up studies.

The National Aerial Reconnaissance Survey will
continue in FY 1980 to support NURE resource
assessment goals.

Detailed Aerial Surveys—Beginningin FY 1979,
detailed aerial surveys consisting of high-density
flight-line spacings (usually one mile or lessjwere
flown over some selected small areas interpreted
as especially favorable for occurrence of uranium
from the analysis of the National Reconnaissance
Surveys. About 48,000 flight-line miles were
flown on 17 detailed aerial surveys in progress
during the year {see figures 4 and 5).

Detailed aerial surveys will be continued to pro-
vide timely information needed to support the FY
1980 NURE resource-assessment goals.

Hydrogeochemical Surveys

HSSR Survey—The National Hydrogeochemical
Stream-Sediment Reconnaissance Survey(HSSR)
provides geochemical data from the Nation's sur-
face waters, stream sediments, and ground waters
to be used for the Quadrangle Assessment,
Intermediate-Grade Resource, and World-Class
Resource studies of NURE. These surveys include
low-density reconnaissance sampling by quad-
rangle to identify broad geochemical trends that
can be used to identify areas favorable for occur-
rence of uranium deposits.

During FY 1979, 58 HSSR Survey reports were
compieted and published as DOE open-file reports,
and hydrogeochemical investigations were inprog-
ress for 292 HSSR quadrangle surveys{see figures
6 and 7).

These HSSR surveys will continue inFY 1980 to
support alt NURE resource-assessment goals.
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Detailed Hydrogeochemical Surveys—Detailed
hydrogeochemical surveys consisting of high-
density sampling of local areas near inferred de-
posits or in areas of particularly favorable geology
were started in FY 1979. During the past year, one
detailed geochemical survey was completed and
published, and 26 additional detailed surveys
(covering 28 separate areas) were in various
stages of progress {see figure 8).

These detailed geochemical surveys will be con-
tinued during FY 1980 to support the Quadrangle
Assessment, Intermediate-Grade Resource, and
World-Class Resource studies.

Subsurface Investigations

Quadrangle Assessment Drilling—Quadrangle
assessment drilling provides additional subsur-
face information necessary to make more reliable
guadrangle resource assessments. During FY
1979, nine quadrangle assessment drilling pro-
jects were in progress, these totaled about
142,000 feet of drilling by September 30, 1979
(see figure 9).

The quadrangle assessment drilling conducted
in FY 1979 has already proved to be helpful in
modifying the potential resource estimates pre-
viously made in the Preliminary NURE Report for
some potential resource areas. For example,
assessment drilling has resulted in the previous
resource estimates for the East Chaco Canyon
area, New Mexico, being revised significantly
upward; whereas, the previous estimates for the
Spor Mountain area, Utah, were revised
downward.

Quadrangle assessment drilling will continue to
support the FY 1980 116 Quadrangle Resource
Assessment goal.

To date, 2,374 feet of assessment drilling has
been conducted to support the USGS studies of
thorium resources at Lemhi Pass, Idaho.

World-Class Resource Drilling—Duringthe sum-
mer of 1979, drilling was initiated at two sites to
study possible uranium resources of the Precam-
brian quartz-pebble conglomerate type of World-
Class Uranium Deposits that might exist in
southeast Wyoming and western South Dakota
(see figure 9). By September 30, 1979, about
11,000 feet had been drilled at both of these sites,
and preliminary results of the drilling in southeast

Wyoming appeared encouraging. Drilling at these
two sites will continue in FY 1980 to further evalu-
ate the potential.

Intermediate-Grade Resource Drilling—Drilling
in support of the newly initiated Intermediate-
Grade Resource Assessment Project was started
in FY 1979. About 6,900 feet were drilled to test
the potential for occurrence of intermediate-grade
uranium deposits in the Brushy Basin Shale
Member of the Jurassic Morrison Formation, in a
specific area of the San Rafael Swell area, Utah
(see figure 9). This reconnaissance-type project
has been completed, in as much as the planned
drilling did not produce encouraging results.

DuringFY 1979, about 4,700 feet were drilled to
test for existence of intermediate-grade uranium
deposits in the Great Divide Basin (Red Desert),
Wyoming area.

Drilling in FY 1980 is expected to concentrate on
the Copper Mountain, Wyoming, and Great Divide
Basin (Red Desert), Wyoming, Intermediate-Grade
Resource Sites selected latein FY 1979. A modest
amount of drilling may be done in iate FY 1980 at
the SandWash Basin, Colorado, site that was also
selected in late FY 1979 for detailed resource
studies.

Research and Development Drilling—Drilling
designed to obtain cores and subsurface informa-
tion at specific subsurface locations, in support of
R and D projects designed to detect physical or
chemical ““halos” around orebodies of three types,
was conducted at three sites during FY 1979 (see
figure 9). About 45,000 feet were drilled to support
thesethreeR and D projectsinFY 1979, and some
drilling will continue on these sites in FY 1980.

National Logging Activity—A NURE National
logging program activity was initiated in FY 1979
to obtain subsurface uranium resource informa-
tion from holes drilled by industry for purposes
other than uranium exploration: for example, pe-
troleum, natural gas, or ground water drill holes.
This activity does provide resource information
critical to the long-range nationwide resource
assessment goal of NURE, at a fraction of the cost
that would be necessary if the NURE program had
to finance drilling of the holes to get the needed
subsurface information.

During FY 1879, three contracts to obtain geo-
physical logging information from drill holes in six
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areas of the United States were initiated (see
figure 10).

The national logging contractors are to identify
drill holes that will satisfy NURE geophysical log-
ging needs, to make arrangements for environ-
mental permits and company permission tolog the
holes, and to obtain the geophysical logs that will
satisfy DOE geophysical logging specifications.

In cased holes, gross gamma-ray and neutron
fogs will be obtained. For uncased holes, the fol-
lowing logs will ‘usually be- obtained: gross
gamma-ray, neutron, self-potential, resistivity,
temperature, gamma-gamma density, and caliper.
Some spectral gamma logs (KUT) will be obtained
in the future when these logs are available on a
commercial basis from industry.

At the end of FY 1979, 137 holes:-had been
logged with-a total cumulative logging footage of
about 305,0001eet. The National loggingactivity is
already beginning to previde subsurface radio-
metric.information in a few specific areas that are
expectedtoinfluencefuture resource-assessment
activities for those areas.

The National logging activity is to continue in FY
1980 at a higher level than for FY 1979.

Quadrangle Evaluation and Assessment

The NURE goal -of assessing the uranium
resources of the 116 “most favorable” NTMS
guadrangles by the end of FY 1980.is on schedule.
By September 30, 1979, quadrangle evaluations
and assessments had been completed for 18 quad-
rangles, as was scheduled when the NURE pro-
gram wasrestructured at the beginningof FY 1979
(see figures. 11, 12, and 13). Although this leaves
98 of the 116 quadrangle evaluations and assess-
ments to be completed during FY 1980, the
supporting activities (such as aerial and hydrogeo-
chemical surveys, and quadrangle assessment

Plainview Scranton Sandpoint
Athens Spartanburg Mt McKinley
Crystal City Kingman Talkeetna

La Junta Prescott Lime Hills
Lamar Williams Tyonek
Seguin Spokane Greensboro

FIGURE 11. Status of 116 quadrangle evaluation

and assessment activity quadrangle
completions—FY 1979
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drilling) have been scheduted to meet the FY 1980
quadrangle evaluation and assessment mile-
stones. Barring unforeseen difficulties, the FY
1980 guadrangle resource-assessment goal will
be achieved.

During FY 1979, the following standard proce-
dures for conducting NURE quadrangle evaluation
and assessment activities were ‘established: (1)
classification of uranium deposits—(published),
{2) geologic characteristics of environments favor-
able for uranium deposits—{published), {3) recog-
nition criteria for uranium deposits—{published),
(4) comparative models for resource assessment
{under continuing development), and (5) manual
for resource assessment—{in preparation).

More detailed discussions of the NURE quad-
rangle evaluation and assessment activities con-
ducted during FY 1979 will be presented in other
papers to be given at this Seminar, and these sub-
jects will, therefore; not be further discussed.

Intermediate-Grade Resource Studies

A new NURE activity to emphasize the assess-
ment of intermediate-grade uranium resources
(containing between 0.01 and 0.05 percent U;05)
was initiated in FY 1979 as a result of the NURE
Task Force recommendations related to the need
to expand the Nation’s high cost (greater than $50
per pound forward cost) uranium resource base.

Initial work on the new Intermediate-Grade
Resource study was directed at reviewing all
company-confidential resource data and any
NURE-produced data to identify those areas that
appeared promising with regard to the possible
occurrence of large tonnages of intermediate-
grade uranium. From this preliminary analysis of
available data, a list of about 60 "‘candidate’ areas
was compiled in early FY 1978,

The next phase of the project consisted of dis-
cussing the intermediate-grade resource potential
with some of the property owners and conducting
preliminary field investigations of the more prom-
ising candidate sites. This phase of study resulted
in areduction in numberof candidate sitesto 11 by
late spring of 1979. Further discussions with com-
pany personnel and more extensive field investiga-
tions resulted in the final selection of three sites
that appeared to have sufficient promise tojustify
a detailed study to reliably assess the intermediate-
grade uranium resources that exist at the three
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selected sites by the end of FY 1980. The three
field sites selected will each consist of a few
square miles in area and will be located in the
following uranium-bearing areas: (1) Copper Moun-
tain, Wyoming, (2) Great Divide Basin, Wyoming,
and(3)SandWash Basin, Colorado (see figure 14).

Each of the intermediate-grade site studies will
be cooperative DOE-Company investigations, and
cooperative agreements have either been com-
pleted or are in progress with the appropriate
companies for each ‘selected field location. Ar-
rangements have been made(or are in progress)to
acquire company data from the three sites for
resource analysis which will be done in early FY
1980. The geologic objectives and general work
plan for FY 1980 activities at the three sites are
shown on figures 15, 16,and 17.

World-Class Resource Studies

The World-Class Resource Studies project was
initiated at the beginning of FY 1979 to determine
whether or not some types of uranium deposits
being developed in other. countries, but as yet
unknown in the United States, might actually be
present in this country. The basic approach is to
analyze, or model, the geologic environments of
the world-important (World-Class) uranium depos-
its, and to use these World-Class models as a
guide for the geologic evaluation of analogous geo-
logic environments in the United States.

Great Divide Basin, Wyoming
e Geologic Target
Uranium in fluvial and lake sedimenis of
Eocene Battle Spring Formation

@ Type of Study
Utilization of industry geologic, geophysical,
and drilling data, augumented with similar
NURE data

e FY 1980 Plan
Analyze company data
KUT logging of company drill holes
Limited DOE drilling
Geologic, geochemical, and geophysical

studies

Data integration, evaluation and reporting
Site.assessment-—QOctober 1980

@ Possible Results
100,000 tons U303 by October 1980

FIGURE 16. Uranium resource assessment—
intermediate-grade resources

A preliminary study of the geologic characteris-
tics of the better-known World-Class deposits led
to the selection of the Precambrian quartz-pebble
conglomerate type of depositsto be emphasized on
this projectin FY 1979 and FY 1980. After arecon-
naissance type study was made of the areas inthe
U.S. considered favorable for occurrence of ura-
nium in conglomerate, field sites associated with

Copper Mountain, Wyoming
e Geologic Targets

Primary—shear zones in Precambrian granite of thrust plate
Secondary——sandstone of Eocene Tepee Trail Formation

e Type of Study

Utilization of industry geologic, geophysical, and drilling
data, augumented with similar NURE data

e FY 1980 Plan
Analyze company data

KUT logging company drill holes

Limited DOE drilling

Geologic, geochemical, and geophysical studies
Data integration, evaluation and reporting
Site assessment—October 1980

@ Possible Results

50,000 tons U300z by October 1980

FIGURE 15.

Uranium resource assessment—intermediate-grade resources
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Sand Wash Basin, Colorado
@ Geologic Target

Primary—sandstone of Miocene Browns Park Formation
Secondary—sandstones of Eocene Wasatch and

Fort Union Formations
@ Type of Study

Utilization of industry geologic, geophysical, and drilling
data, augumented with similar NURE data,

e FY 1980 Plan
Analyze company data

KUT logging of company drill holes

Limited DOE drilling

Geologic, geochemical, and geophysical studies
Data integration, evaluation and reporting
Site assessment—October 1980

@ Possible Resulis

50,000 tons U30; by October 1980

FIGURE 17.  Uranium resource assessment—intermediate-grade resources

known uranium occurrences in the Black Hills,
South Dakota, and in the Sierra Madre-Medicine
Bow Mountains area, southeastern Wyoming,
were selected for further work, including drilling
{see figures 18 and 19).

A total of 25 drill holes was planned to evaluate
the southeast Wyoming site (see figure 20), and
five holes were planned to evaluate the Black Hills
site (see figure 21). Drilling was started on both of
these sites during this last summer, and by Sep-
tember 1979, about 9,000 feet had been com-
pleted. Results of this drilling has led to the
selection of the southeastern Wyoming site as the
one area that will be intensely studied during FY
1980. The potential uranium resources of this site
will be assessed in a special World-Class uranium
resource-assessment report to be prepared as part
of the October 1980 NURE Report.

Preliminary geologic studies will continue in FY
1980 at seven other potential conglomerate loca-
tions within the favorable belt of Proterozoic rocks
being evaluated (see figure 19).

Technology Applications

Major Objectives for FY 1979-80—When NURE
was initiated, DOE personnel determined that the
effective achievement of the long-range goals of
NURE would be most sensitive to the improve-
ments in three areas of uranium exploration tech-
nology: (1) borehole logging, (2) aerial surveying,

and (3) development of integrated exploration sys-
tems for identifying “"halos’ around uranium dep-
osits {see figure 22). Successful development of
these identified technologies should greatly re-
duce the cost of industry’s uranium exploration
activities as well as make the NURE program more
cost effective. For these reasons, the objectives for
improvements in exploration technology were
adopted several years ago and represented the
major NURE technology applications activities dur-
ing FY 1979 and FY 1980. A brief discussion of FY
1979 progress in each of these technology areas
follows.

Borehole Logging—Significant progress in devel-
oping improved borehole logging technology was
achieved in FY 1979. Progress on the following
borehole logging technology activities is
noteworthy.

1. Direct Uranium Logging

@ The prompt fission neutron (PFN) probe
has been successfully tested and evalu-
ated. The improved tube (Zetatron) is
expected to be commercialized by Decem-
ber 1980.

@ The delayed fission neutron (DFN) probe
has been successfully tested and evalu-
ated. This technology is to be transferred
in December 1979.

88
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2. KUT Probe

® The improved KUT probe has been suc-
cessfully tested and evaluated. It is rou-
tinely used in the NURE program and is
expected to be commercialized by about
July 1980.

3. New Logging Systems

@ The magnetic susceptibility system has
been successfully tested and evaluated. it
is now being used in the NURE Program.

@ A multielement probe-feasibility study
was inprogressin FY 1979. Prototype test-
ing will start in FY 1980.

® The short optical logging cable (60 m) has
worked well. The long optical logging
cable (1,500 m) did not work well because
of construction flaws. A long cable should
be available to the logging industry by
1980.

4. Field Calibration Models

@ Gross gamma models at Camp George
West, Texas, Grants, New Mexico, and
Casper, Wyoming, were deepened to
accept longer probes.

e New fission neutron and KUT models have
been added at the Texas, New Mexico, and
Wyoming model sites.

Aerial Surveying—Notable progress in developing
improved aerial surveying technology and in utiliz-
ing these improvements on the NURE program
was achieved in FY 1979. The following are exam-
ples of improvements made for interpretation
methods and NURE applications: {1) developing
principal components data analysis techniques
(routine NURE use), {2) modeling identified prob-
lems in treating geologic contacts, (3) establishing
a standardized data tape format, (4) developing of
spectrum enhancement (MAZE), and (5) utilizing
aerial survey data for resource evaluation studies.

The following progress was made in FY 1979 on
calibration and quality control of aerial surveys: (1)
achieved normalization of aerial radiometric sur-

a3

vey data—data now reported in concentration
units, and (2) developed, tested, and implemented
an aerial surveying data quality assurance
program.

Integrated Exploration Systems—This NURE
Technology Applications activity has as its long-
range goal the development of optimized explora-
tion systems for each major type of uranium
deposit in the United States.

During FY 1979 this effort concentrated on the
objective of trying to develop an integrated
approach for detecting physical and/or chemical
“halos” in the host rocks immediately adjacent to
known uranium orebodies in the Copper Moun-
tain, Wyoming; Red Desert, Wyoming; Mount Spo-
kane, Washington; and San Juan Basin, New
Mexico, test site areas.

FY 1979 concentrated on data acquisition activi-
ties, mainly drilling to obtain subsurface samples
at strategic three-dimensional locations adjacent
to the orebodies. These core samples, along with
geophysical and geochemical measurements from
the drill holes, will be thoroughiy studied in FY
1980.

Logging
® Direct uranium logs—field test, evaluate
and transfer PFN and/or DFN technology.
@ Improved KUT logs—demonstrate, transfer
technology.
@ Develop new logs and systems—magnetic
susceptibility, multielement, optical cable, etc.

Aerial Surveys
@ Demonstrate interpretation and assessment
applications—to identify favorable regions,
areas, rock units, and possible farge low- to
intermediate grade occurrences.
@ Calibrate, quality control contractor systems.

Integrated Exploration Systems
@ Evaluate multiple techniques for halo
identification.

FIGURE 22. Technology applications major

objectives FY 1979-7980
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INTRODUCTION

Since the major expansion of the U.S. Geologi-
cal Survey (USGS) uranium-thorium program in
Fiscal Year (FY) 1975, emphasis has been placed on
studies that link ore-deposit habitat with proc-
esses of ore formation and on development of
improved geochemical and geophysical explora-
tion technigues. In FY 1980, a multidisciplinary
approach to these efforts will continue, with base
funding the same as in FY 1979, about
$6,600,000. This work and related activities, partly
on additional funding from U.S. Department of
Energy (DOE), will provide the requisite geologic
background for uranium resource estimates of the
National Uranium Resource Evaluation (NURE)
program in many major uranium areas. No further
increase in base program funding is anticipated.
Some activities are expected to decrease as out-
side funding diminishes to reflect the decreasing
USGS commitment to NURE and as inflation
erodes level funding.

OBJECTIVES AND PROGRAM SCOPE

As stated in the similar paper in last year's sym-
posium proceedings: “The USGS program is
designed to improve our understanding of the
nature and distribution of uranium and thorium
resources of the United States. In studies of known
uranium areas we are applying modern concepts
of stratigraphy, sedimentation, and igneous and
metamorphic petrology, together with modern
geochemical and geophysical methods, to obtain
new insights into uranium habitat. From these we
hope to develop better geologic guides and explo-
ration methods to aid industry in its vital economic
role. As basic understanding is improved, we are
expanding our work as rapidly as possible to cover
frontier provinces of the United States, seeking
hitherto unrecognized analogs of known uranium
habitats. In particular, increasing attention is
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being given to investigations of nonsandstone
occurrences and promising environments. A
major goal throughout the program is to build
models of uranium or thorium occurrences which
can be used together with area geologic informa-
tion to improve favorability estimates and resource
appraisal for any given potential uranium or tho-
rium habitat.”

Research is conductedin six scientific-discipline
coordination areas or program elements. individ-
ual projects, their objectives, and annual plans
were described in articles in the 1977 and 1978
symposium volumes and in USGS Open-File
Reports 77-738 and 78-979. Because most of the
66 research projects continue along the previously
described lines, they will not be described again
here. Instead, a general rationale and description
of research for each program element is presented
below.

RESEARCH PROGRAM ELEMENTS
Uranium Geochemistry and Mineralogy

As geologic studies are improving our under-
standing of ore-deposit habitat and controls on
mineralization, geochemical and mineralogic stud-
ies are improving our understanding of how the
deposits formed—the processes and the sequence
inwhich they acted. Because the ore-forming proc-
esses are generally no longer active today, we
must find clues to the nature of the original
uranium-bearing solutions andthe chemical inter-
actions which produced ore and associated altera-
tion through careful study of the minerals
themselves and their chemistry in the ore envi-
ronment. Timing of events is important, because
formation of an ore deposit depends on the proper
sequence of events linking host rock, source rock,
transport of uranium, and deposition of uranium,
as well as post-ore events which modify or pre-



serve deposits. Fortunately, powerful tools are
available for studying such problems. Electron
microprobe work is revealing multiple generations
of sulfide and magnetic minerals which record a
sequence of chemical changes associated with
alteration processes andthe formation of uranium-
ore deposits in sedimentary environments. Similar
studies are showing precise chemistry of ore min-
erals and new relationships of diverse species of
ore minerals spatially associated in ore deposits.
New technigues in studying organic materials are
vielding insights into the nature and origin of the
organic matter which commonly is associated with
yranium concentrations, and into the chemical
interaction of uranium-bearing ~solutions and
organic matter. Isotopes of carbon, oxygen, and
sulfur can be used to trace fugitive chemical proc-
esses which acted in the geologic past and to
determine such things as temperature of chemical
reactions and possible relationship of ore forma-
tion to organic or inorganic processes. The aspects
mentioned thus far apply to observations around
ore deposits, but similar approaches are being ap-
plied to studies of granitic and volcanic rocks to
examine their fertility as sources of uranium and
the mechanisms for removing uranium from them.
Uranium and lead isotopes are used to determine
ages of ore, host rocks, and source rocks, and to
establish how much uranium has been removed
from suspected source rocks, All these studies are
leading to much deeper understanding of the
origin of uranium deposits.

This program element also includes research
into and demonstration of geochemical tech-
niques for exploration. Improved equipment for
detection of helium, a product of the radioactive
decay of uranium, has been developed and its
application for analysis of soil gas and ground
water demonstrated. Research is probing into the
character of geochemical halos developed around
ore deposits and into thermoluminescence of min-
erals affected by the migration of uranium in sedi-
mentary systems, Qther work is aimed at better
understanding of geochemical sampling of stream
sediments and surface, subsurface, or spring
waters and interpretation of the resulting chemi-
cal data with respect to uranium potential.

Uranium in Sedimentary Environments

Because deposits in sandstone environments
dominate the present national uranium-resource
scene and many similar undiscovered deposits are
presumed to exist, it is of ¢rucial importance to
understand their habitats and the controls on min-

eralization. Research in this program element
involves stratigraphy, sedimentology, study of
subsurface data, and detailed studies of ore depos-
its in order to determine the sedimentologic
framework and environments of deposition of sed-
imentary rocks that contain uranium deposits.
Study of the ore deposits is aimed at discovering
the role of sedimentologic and structural features
in the localization of ore. Framework studies at
local and regional basin scales are designed to
define sediment sources and fluvial depositional
systems. Such work involves standard geoclogic
mapping, section measuring, and petrographic
examination of the host sedimentary sequences,
together with analysis of subsurface drill data.
Interpretation critical to deciphering whether or
not sandstones are favorable for uranium deposits
rest on such subtleties as whether the sands were
laid down by meandering or braided streams, and
whether mudstones were deposited .in long-
standing lakes or on flood plains. Porosity and
permeability of host rocks commonly seem 1o be
conirolling factors in ore concentration; these, in
turn, change along or across fluvial-channel
deposits, and so the determination of precise con-
ditions andthe environment of deposition is essen-
tial. On the broader scale of understanding the
framework of a whole basin, the investigators
must define where the sediments came from and
how far and how energetically they were carried
before being deposited, and whether or not struc-
tures were present during deposition to control
sedimentation or formed later, possibly to affect
the migration of uranium-bearing ground waters,
The sedimentary habitat studies may be abetted by
geophysical studies thatreveal the third dimension
of structure and stratigraphy, and by geochemical
studies that give insights into ore-forming proc-
esses which may be controlled or influenced by
subtle differences in habitat. Studies are being
conducted inthe San Juan Basin, New Mexico; the
Powder Rjver and Wind River Basins, Wyoming;
the Denver Basin, Colorado; the Colorado Plateau,
Utah and Colorado; the Date Creek Basin, Arizona,
and Tertiary basins in Alaska.

Uranium in igneous
and Metamorphic Environments

Important uranium deposits in other countries
occur in veinlike bodies near unconformities in
ancient Precambrian rocks and in placer concen-
trations in quartz-pebble conglomerates of Pre-
cambrian age. The potential for such deposits in
the United States has only recently been recog-
nized. in particular, little has been publishedonthe
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recently discovered unconformity-related vein
deposits, and many questions exist concerningthe
habitat and origin of these deposits. They are
found in Canada and Australia and are the richest
in the world. Our studies are aimed at apparently
analogous terranes, where we are focusing on
comparisons of regional or local geologic settings,
peirology, mineralogy, and geochemistry in the
poorly understood type areas in Australia and
Canada and in selected study areas in the United
States, especially in the Great Lakes region.

The understanding of quartz-pebble conglomer-
ate occurrence and their contained uranium de-
posits is considerably greater than that of the
unconformity-related vein deposits, but studies of
their resource potential in the United States have
barely begun. Field and laboratory research in this
program element has recently shown apparent
potential for uranium in this habitat in South
Dakota and Wyoming and possibilities for exten-
sions of the favorable environment in other west-
ern states and the Great Lakes region. Studies of
conglomerates to establish their age, source
areas, and general favorability for uranium depos-
its are progressing in all those areas.

In two areas, vein deposits in Precambrian
rocks, probably not related to unconformities, are
being studied. Other studies are underway on
granite-related deposits, in an attempt to under-
stand what kinds of granites in what kinds of set-
tings are favorable for providing uranium to
surrounding country rocks and what kinds of gran-
ite may contain veinlike or disseminated uranium
deposits. Major uranium deposits so far known in
volcanic rocks in the United States are limited to
caldera environments in Utah and Nevada and to
beryHium tuffs in Utah. These are being studied in
order to define the settings for mineralization and
the general favorabilities of the environments.

The favorability and rather preliminary studies
described above are forerunners of planned stud-
ies designed to answer fundamental questions of
habitat, age, and mineralizing processes. For
example, it is not certain whether or not the rich
unconformity-related deposits must be of Precam-
brian age. If they can be younger—that is, if the
Precambrian did not provide the only time in which
the unknown processes were active—then many
other unconformity environments in the United
States may have resource potential. Because the
source of the uranium, the mineralizing processes,
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and the concentrating mechanisms are not well
understood or even known at all for these deposits,
much work is to be aimed at the petrology and
geochemistry in order to confront such problems.
It will be necessary, if possible, to study the foreign
deposits to establish a base of knowledge. Similar
problems abound concerning uranium in other
igneous and metamorphic environments, and
again the approach will require a detailed under-
standing of the mineralogy, petrology, and geo-
chemistry, the geologic settings, and the timing of
events that affected mineralization.

Studies are being conducted in the Reading
Prong-Hudson Highlands area, the Adirondacks,
New England, the southern Appalachians, the
Great Lakes region, Wyoming, the Front Range in
Colorado, and volcanic environments of the Basin-
Range province. A major part of the research is
sponsored by DOE in its "world-class” deposit
investigation thrust.

Geophysical Techniques in Uranium
and Thorium Exploration

in many habitats of uranium or thorium depos-
its, geophysical methods are useful either in defin-
ing the favorable habitat itself {such as channel
sands, rock facies, intrusive bodies, rock contacts,
and structural zones) or in detecting geochemical
anomalies associated with uranium and thorium
or with alteration around an orebody. Research in
this program element involvestesting and demon-
stration of ground, aerial, and drill-hole
techniques. New methods of direct drill-hole
measurement of uranium and its disequilibrium
with daughter products, and of display and inter-
pretation of data from aerial radioactivity surveys
have been pioneered, and a new instrument for
gamma-ray surveys has been developed. In non-
radiometric methods, field and laboratory mea-
surements have been used to develop new
instrumental and interpretive techniques for de-
tecting possible expioration targets. Both surface
anddrill-hole methods offer real potential for guid-
ing drilling and cutting exploration expenses by
better focusing on targets and reducing the
number of drill holes necessary to find orebodies.
Research in explorationtechniques, interpretation
methods, instrument development, and field appli-
cations includes ground and aerial magnetics,
gravity, reflection seismology, induced polariza-
tion, complex resistivity, electromagntic methods,
remote sensing, and gamma radiation methods.
The research is conducted in the Branches of



Petrophysics and Remote Sensing, Electromag-
netics and Geomagnetism, Regional Geophysics,
and Isotope Geology.

Uranium Resource Assessment

Most uranium resource assessments have util-
ized qualitative comparison of unexplored areas
with areas .of known production. One or more
experts simply consider those geologic features
believed to influence or control ore concentration
in the control area and in the area being assessed
and then subjectively assign comparative values
for resource potential. The more that is known
about the geology and the ore deposits (if any} in
both areas, the more confidence can be attachedto
the estimates, Research in assessment methods is
focusing largely on two aspects: models of differ-
ent types of uranium occurrence, and relatively
objective calculations based on measurements
and weighting of geologic parameters associated
with kinown ore deposits. Models draw together
what is now known about each kind of ore occur-
rence in a separate habitat, using almost all observ-
able geologic parameters believed to bear on the
localization and formation of ore deposits and
using inferences of what these parameters mean
in the genesis of deposits. Questions are formu-
lated by which assessment areas can be judged
against model control areas. Attempts to make the
calculation of resource potential more objective
will depend on large amounts of data now being
collected on major ore districts and whether or not
these data show a reliable relationship between
measured geologic parameters and the presence,
size, and grade of uranium deposits. This work has
just begun, sponsored in part, by the DOE. Even if
resource assessment proves always to be a sub-
jective judgment, there seems little doubt that the
masses of raw geologic information being col-
lected on uranium deposits and on geologic envir-
onments of apparent potential will provide a more
reliable framework for the necessary subjective
judgments.

Thorium Investigations and
Resource Assessment

Research inthis programelement is intended to
expand our knowledge of thorium resources
beyond the relatively well-known vein and placer
deposits. Petrologic and geochemical studies are
focusing on disseminated deposits in volcanic
rocks, on explosion breccias in a pipelike feature,
onthorium associated withrare-earth elementsin
carbonatites, and on possible hosts in the alkaline
suites of igneous plutonic rocks. For the past 2
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years, estimation of thorium resources, sponsored
by DOE, has dominated activities of the program
element.

SELECTED NOTEWORTHY RESULTS
OF FY 1979 RESEARCH

Uranium-bearing solutions that formed roll-type
ore deposits as in Wyoming appear to have been
relatively young meteoric solutions rich in dis-
solved oxygen. A fairly large reducing capacity in
the hostrock was required to remove the dissolved
oxygen before uranium could be precipitated. In
contrast, solutions that formed deposits of the
Uravan type had probably lost their dissolved oxy-
gen by slow reactions with ferrous-iron minerals
long before ore deposition and so did not require a
large reducing capacity in the host rock at the site
of ore deposition(H. C. Granger and C. G. Warren).

Geochemical study of a Colorado Plateau lentic-
ular orebody indicates constraints on the mecha-
nism of ore formation. The deposit formed early in
the post-depositional history of the Salt Water
Member of the Morrison Formation at an interface
between flowing ground water containing the ore
elements and an- underlying stagnant ground
water containing reducing agents. The ground-
water flow-path is marked by a zone in the host
rock from which sodium, potassium, and magne-
sium were leached, and a sharply defined inter-
face separates this leached zone from the ore
zone. The ore is characterized by vertical zonation
of selenium, uranium, vanadium, and molybde-
num (M. B. Goldhaber and D. J. Carpenter}.

Most uranium occurrences in the Basin and
Range province of southwestern Utah lie on or
near an aeromagnetic high, which also underlies
the east-northeast-trending Pioche-Tushar min-
eral belt. This magnetic high probably reflects &
compaosite of shallow intrusives of Cenozoic cale-
alkaline parentage but also reflects a later Ceno-
zoic extrusion of a bimodal basalt-rhyolite suite.
Uranium seems most closely related to alkalic
rhyolite in the latter suite (C. S. Bromfield).

Geologic study of about 360 square kilometers
inthe Lakeview uranium area, Oregon, andrecon-
naissance of adjoining areas have established a
regionally extensive Cenozoic volcanic stratig-
raphy and at least three principal episodes of per-
aluminous silicic intrusive activity (31-33 muy.,
14-1%5 m.y., and 7-8 m.y. ago). Of the three epi-
sodes of intrusive activity, uranium mineralization



appears to be restricted to the two younger epi-
sodes and probably associated with the youngest
episode (G. W. Walker).

Tertiary basins of the Western United States
that contain arkosic alluvial and tuffaceous lacus-
trine rocks are proving to have large tonnages of
low-grade uranium{ G.10 percent Uz0g); this ura-
nium occurs principally in distal alluvial or lacus-
trine turbidite facies either rich in carbonaceous
detritus, where depositional environments were
moderately wet, or in highly altered tuffaceous
(silicified or zeolitized or both) sediments, where
environments were more arid. Further concentra-
tion to higher grades (0.10 percent U;0; or better)
appears to have required unusual conditions such
as an active hydrothermal system associated with
a caldera (J. K. Otton).

Major present-day valleys traversing the Lara-
mie Mountains are aligned with major uranium-
bearing paleo-channel-sand bodies in the Powder
River Basin, suggesting that Eocene streams car-
ried granitic debris from an eastern Granite Moun-
tains source through the Shirley Basin and
northward across the Laramie Mountains into the
Powder River Basin (D. A. Seeland).

Sedimentologic studies of the Morrison Forma-
tion in southern Utah suggest that the lacustrine-
humate model for uranium mineralization can be
used in favorability studies and resource assess-
ment. Prediction of favorability is based on inte-
grating sedimentologic parameters that indicate
the state of fluvial energy regimes and the configu-
ration of growing structures, two features that are
essential parts of the model. The model can be
used for resource assessment because it can be
quantified within reasonable limits tc help define
potentially mineralized ground, to help delineate
areas unfavorable for mineralization, and espe-
cially to indicate unfavorable rock units that super-
ficially appear favorable for mineralization (F.
Peterson).

Experimental study of uranium partitioning
between silica-gel precipitates and uranium-
bearing solutions indicates that at pH’'s and total
dissolved carbonate concentrations of typical
ground water, secondary silica precipitates may
contain 500 to 1,000 times the uranium concen-
tration of coexisting solutions (R. A. Zielinski).

Lead isotope work confirmed that uranium min-
eralization of Precambrian congiomerates in the
northern Medicine Bow Mountains, Wyoming, is

of early Proterozoic to late Archean age. Both ura-
nium and thorium moved around in these conglo-
merates to a significant degree during their later
geologic history (F. A. Hills, R. E. Zartman, and H.
Hassan).

Field and petrographic studies combined with
geochronologic work substantiate earlier in-
ferences of common genetic aspects among the
stratabound iron oxide-iron sulfide-uranium oxide
occurrences in the northern New Jersey High-
lands and southern Hudson Highlands. There are,
however, significant differences in the oxide-
phase assemblages that suggest differencesinthe
fo, and perhaps temperature-pressure histories of
the deposits. For example, at the Ringwood mines,
New Jersey, uraninite is in contact with hematite
containing exsolution lamellae of ilmenite; and at
the Phillips mine, New York, uraninite is in contact
with magnetite, which itself is in contact with
ilmenite laths (R. I. Grauch, C. J. Nutt, and K. R.
Ludwig).

Two new uranium occurrences were reported
from southeastern Alaska. Samples containing as
much as 0.13 percent beta elJ were collectedfrom
the Tertiary Kootznahoo Formation east of Kadake
Bay on Kuiu Island. Uranium was also found in
uraniferous phosphate in Permian beds near Big
John Bay on Kupreanof island (K. A. Dickinson).

Surface ore trends in the Poison Canyon sand-
stone, an economic unit in the upper part of the
Morrison Formation in the San Juan Basin, New
Mexico, correspond with a distinct facies in the
underlying K’ shale (a term used by industry to
denote a prominent marker bed in the Brushy
Basin Member). Mineralization of the sandstone
seems to occur only where the unitis underlain by
an offshore-lacustrine, gray, pyritic mudstone
facies of the “K" shale. Where the mudstone
grades laterally into a nearshore-lacustrine red
mudstone facies, the overlying Poison Canyon
sandstone is barren of uranium. These relation-
ships are consistent with mineralization by the
processes proposed in the lacustrine-humate
model, suggesting that this model may be applica-
bleinthe Grants mineralbelt(C. Turner-Peterson).

Consideration of available chemical data shows
that, upon cooling of a hydrothermal solution to
about 200° C, kinetic factors prevent SO, from
acting as an oxidizing agent, but H,S remains an
active reducing agent. This disruption of the bal-
ance between oxidizing and reducing agents due
to kinetic factors related to cooling may cause the
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reduction and precipitation of uranium in low-
temperature, hydrothermal vein-type deposits
{C. S. Spirakis).

Studies for the NURE Flagstaff 2-degree sheet
have shown 20 diatremes inthe Hopi Buttes area
that have radioactivity exceeding five times back-
ground in the lacustrine limestones and siltstones
{K. J. Wenrich).

ron disulfide {FeS,} minerals in host rocks for,

roli-type uranium deposits that contain fossil vege-
tal matter differ in abundance, distribution, tex-
ture, and sulfur isotopes from FeS: minerals in
host rocks for deposits that do not contain organic
matter. Consideration of geochemical conditions
that favor pyrite formation {such as bacterial con-
trolon pH and sulfur speciation) suggests that
bacterial sulfate reduction provided sulifide forore-
stage pyrite in deposits that contain organic mat-
ter. In contrast, abiologic sulfur transformations
{involving elemental sulfur) favor ore-stage mar-
casite in deposits that do not contain organic mat-
ter. The contrasting origins of ore-stage FeS,
minerals in host rocks with and without organic
matter suggest that previously proposed biogenic
and inorganic theories on the origin of roll-type
deposits are both valid (R. L. Reynolds and M. B.
Goldhaber).

Geochronologic analysis of samples from the
Felder and McLean mines insouth Texas defined a
good isochron for the apparent age of mineraliza-
tionas 5.1 +0.1 m.y. This represents only the time
when roli-front migration ended, so extensive ear-
lier mineralization is not ruled out. Remobilization
of uranium since- 5.1 m.y. ago seems not to have
taken placeto alarge degree, despite indications of
this from disequilibrivm studies on other deposits.
The isochron age may relate either to initiation of
fault leakage of H,S, which was the reductant in
ore formation, or to changes in level and direction
of ground-water movement in response to
changes in sea level (K. R. Ludwig}.

Hetium surveys inthe area of a 70- to 90-meter-
deep uranium deposit in south Texas showed a
soil-gas anomaly over the orebody. In ground
water, helium values defined a larger, generally
anomalous area, with radon as a more precise
indicator of the deposit itself (G. M. Reimer).

Nonlinear complex-resistivity effects, each re-
flecting specific chemical reactions, may occur

when high electrical currents are applied 1o natu-
ral geologic materials. This fact is being taken
advantage of through use of a specially designed
borehole probe, with the result that direct down-
hole identification of some gpecific mineral spe-
cies has been achieved {G: B. Olhoeft and J. H.
Scott).

Tests using sedimentologic and stratigraphic
data on the Salt Wash Member of the Morrisonin
Red Rock Valley ({San Juan Basin, New Mexico)
and in the Henry Basin (Utah) suggest that areas
unfavorable for uranium deposits can be defined.
Data from mineralized control areas plot differ-
ently on ternary diagrams than do- data from
apparently barren areas. Where measured sec-
tions or drill core are available, the parameters
used are percent cross-bedded sandstone, percent
parallel-bedded sandstone, and percent mudstone-
claystone. Where only electric-log data are availa-
ble, the parameters used are sandstone-mudstona
ratio, average thickness of sandstone, and number
of alternations of sandstone and mudstone (A. C.
Huffman and A. R. Kirk).

PARTICIPATION IN THE
DEPARTMENT OF ENERGY PROGRAM

USGS work on the NURE program will continue
inFY 1980, with completion of favorability evalua-
tion of 23 NTMS (National Topographic Map Ser-
ies) 2-degree quadrangles. USGS geologists will
work with DOE resource-assessment personnel in
determining estimated values for geologic parame-
ters used in the resource-assessment eguation.
The 23 guadrangles are Gallup, Shiprock, Albu-
querque, Aztec, Socorro, Flagstaff, Cortez, Moab,
Escalante, Salina, Price, Richfield, Delta, Pueblo,
Denver, Greeley, Torrington, Newcastle, Gillette,
Ekalaka, Craig, Vernal, and Walker Lake. When
favorability evaluation of these guadrangles is
completed, the USGS will continue in the guad-
rangle part of the NURE program only inthe lron
River 2-degree sheet. Other NURE studies that will
continue, at a fower level of funding than in FY
1979, are focusing on nonsandstone settings
{'world-class” deposit environments). Work is
underway in the Great Lakes region, the Reading
Prong, New England, the ‘Adirondacks, quartz-
pebble conglomerate localities in tdaho and Mon-
tana, and selected caldera systems of the Basin-
Range province. DOE sponsorship of thorium
resource assessment by the USGS terminated at
the endof FY 19789.
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NURE QUADRANGLE EVALUATION AND ASSESSMENT

Robert C. Horton, Director
Geology Division
Grand Junction Office
Bendix Field Engineering Corporation

October 1979

INTRODUCTION

Quadrangle evaluation, for the purposes of the
National Uranium Resource Evaluation (NURE)
program, comprises those data-collection activi-
ties that attempt to identify and quantify certain
geologic characteristics of individual quadrangles
through use of geophysical, geochemical, and geo-
logic field methods. Quadrangle assessment is
concerned with assessing the resulits of quadran-
gle evaluation to determine the potential uranium
resources of the quadrangle in terms of estimated
tons and average grade of U303.

The overall objective of quadrangle evaluation
and assessment is to produce estimates regarding
the location and quantity of uranium resources in
the United States. Although the objective is easily
stated, its accomplishment is another matter.
Experts in the fields of geology and statistics have
many differing opinions concerning the manner of
execution and the reliability of the results of every
phase of the program. These opinions have been
and will continue to be considered in the planning
and execution of the NURE program.

Total truth regarding the locations and extent of
any mineral resource can never be known. Addi-
tional resources will always be found in unsus-
pected locations or at known locations but perhaps
at higher costs of development and production. A
resource estimate that exceeds the known re-
serves cannot be provedinaccurate atthetimethe
estimate is made. ltsreliability isinthe mind of the
user who will judge the estimate to be reasonable,
too high, or too fow.

It is tempting to adopt techniques that will give
“reasonable’” results, but “reasonable” to whom
and for what purpose? To avoid the confusion of
"reasonable’ results, the formulation of an assess-
ment methodology should look to the process and
not to the results. The techniques should be criti-
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cized, as well as the answers, and hopefully, sug-
gestions for improvements will result.

The techniques currently used to make assess-
ments of undiscovered resources are not cast in
concrete. Some changes have been made, and
some changes will be made as experience is
gained in the execution of the programs.

QUADRANGLE EVALUATION

A programthe size of NURE must be divided into
work elements if it is to be properly scheduled and
administered. The basic work units, geographic
areas, are the 1-degree-latitude by 2-degree-
longitude quadrangies of the National Topographic
Map Series (NTMS) at a scale of 1:250,000. The
precise number of quadrangles to be evaluated is
currently uncertain. More than 600 in the United
States are inciuded in present plans.

Organizations having specific knowledge of the
geology in certain quadrangles should be encour-
aged to participate in the evaluation procedure. To
that end, a joint working agreement was made
withthe U.S. Geological Survey, and subcontracts
were let to state geological surveys, universities,
and private firms.

Nine field offices, each with responsibility for a
particular region, were established to support and
direct field activities. Table 1 lists locations of the
field offices and the number of quadrangles being
evaluated(atotalof 116 to be evaluated by October
1980} by the various entities involved.

Figure 1 illustrates the general flow of informa-
tion and support. The Grand Junction Office of the
U.S. Department of Energy (DOE} has overali
responsibility for execution of the NURE program.
[ts directives for quadrangle evaluation are carried
out by the Geology Division of the Bendix Field
Engineering Corporation (BFEC). Geologic studies



TABLE 1.

Region BFEC

USGS

Quadrangle evaluation schedule summary

State Subcontract Total

{—S8pokane
{1—Reno
{i—Casper
IV—Grand Junction
V—Albuquerque
Vi—Austin
Vil—Atlanta
Vili—Pittsburgh
IX—Anchorage

RS S U1 0 OT O

Totals 43

Subcontractors

OO OMWO

23

DoE

15
12
21
20
- 18
18

COOO W=D
HN e GIO D dN O

14 36

Subcontractors

Geologic Studies

BFEC Field Offices

Airborne
HSSR

1.5, Geol. Burvey
Subcontractors
Private Firms
State Surveys

Confidential Data

NURE Report

FIGURE 1.

of a topical nature and the results of aerial and
hydrogeochemical surveys are iransmitted to
BFEC for processing, interpretation, and distribu-
tion to the quadrangle evaluators. The end pro-
ducts of guadrangle evaluation are folios,
including maps, tables, and texts which contain
the information required for assessment. The
Geovlogy Division performs the assessments, ex-
cept for those areas involving company-
confidential information; these are assessed by
DOE geologists. Final products of the assessments
will be released in several NURE reports.

Ewaluation Technigues

Quadrangle evaluation {see fxgure 2) is dlvaded
into Phase 1 {pla
Phase il {folio preparatlon)

These evaluanon
technigues ensure proper execution of the work
and allow management to measure progress. This
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Quadrangle evaluation and assessment

system is also useful for assigning work, determin-
ing budget requirements, and preserving data in
the event of departures or reassignments of staff
members.

Phase |—Every guadrangle has unique features,
and the field work must be carefully planned {see
figure 3). It is essential that the field geologist be
familiar with the geology of the guadrangle and the
availability of data. To this end, the geologist is
reguired to prepare or obtain certain information
{see figure 4). There is a need for an annotated list
of references, a list of uranium occurrences, anda
geologic map. A fourth item, knowledge concern-
ing land status, is requiredto identify access prob-
lems during field work and 1o determine the
availability of uranium resources that may be iden-
tified. The fifth item, a work plan, assures that the
geologist has aviable plan for evaluating the guad-
rangle. in smaller organizations, the plan mightbe



PHASE | -
Prefield worl:

PHASE Il -
Field work

PHASE Il -
Folic preparation

FIGURE 2. Evaluation techniques

& Access

@ Topography

® Geology

@ Available information

® Number of samples

@ Number of uranium deposits
e Potential favorability

FIGURE 3. Evaluations tailored to quadrangles

Annotated list of references
List of uranium occurrences
Geologic map

Land status map

Work plan

ok wN -

FIGURE 4. Phase/ prefield work

generated through discussion. However, in the
NURE program, some 300 geologists are involved,
and more systematic procedures are required.

The objective of the field work which isthe iden-
tification of areas favorable for the occurrence of
uranium has several requirements with which
many geologists are unfamiliar, and their reitera-
tion assures compliance. The work plan developed
by the geologist prior to field work provides a good
measure of how weli the requirements are apt to
be met; if necessary, redirection of efforts can be
accomplished before field work begins.

Phase ll—The purpose of Phase ll, field work, is to
classify geologic environments within the quad-
rangle as favorable, unfavorable, or unevaluated
{see figure 5). Favorable environments are those
environments capable of acting as host to the
occurrence of at least 100 tons U3;0gwith an aver-
age grade not less than 100 ppm U;3;0g. The 100-
ton limit was established to eliminate those
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environments that are believed to contain little or
no resources. The 100-ppm limit was established
to eliminate from quadrangle assessment those
environments that may contain large quantities of
uranium but of very low grade, such as the Chatta-
nooga Shale. Unfavorable environments are those
lacking the geologic characteristics judged neces-
sary for the formation and preservation of uranium
deposits. Unevaluated environments are those
that cannot be adequately evaluated because of
lack of information. Use of this last classification is
discouraged as it defeats the purpose of the NURE
program.

Consistency and uniformity in geologic interpre-
tation, classification, and presentation are essen-
tial if the results of the evaluation are to be useful
in a standard assessment procedure. The intent of
uniformity is not to constrain a geologist’s judg-
ment because diversification in evaluationis valu-
able from a statistical standpoint. instead, the
intent is to give the geologist a foundation and
general plan upon which to build his/her case for
declaring environments favorable or unfaverable.

To accomplish uniformity and consistency, we
have prepared several documents for use by the
field geoligist (see figure 6). The first document, “A
Preliminary Classification of Uranium Deposits,”
was a classification of uranium deposits. The
resource-assessment methodology required com-
parison of areas to be assessed with control areas
which have known mineralization and usually are
producing uranium districts. A classification of
uranium deposits provided the most convenient
framework for selecting control areas and making
comparisons. The guiding philosophy in develop-
ing the classification was to provide the most use-
fulframework for assessment. Althoughthe class-
ification are basically genetic, a deposit whose
origin has not been convincingly resolved was
classified by observable geologic features rather
than inferred origin.

A second document, “Geologic Characteristics
of Environments Favorable for Uranium Deposits,”
was prepared to supply detailed information con-
cerning favorable environments. It is organized by
class of deposit and contains complete descrip-
tions of every identified class of uranium deposit
and specific referenced publications.

The third document, “"Preliminary Recognition
Criteria for Uranium Occurrences: A Field Guide,”



PURPOSE - CLASSIFY

1. Favorable environment

2. Unfavorable environment
3. Unevaluated environment

FIGURE 5. Phase ll field work

Deposits; GJBX-63(78)

2. Geologic Characteristics of Environments
Favorable for Uranium Deposits; GJBX-67(78)

3. Preliminary Recognition Criteriag for Uranium
Occurrences: A Field Guide; GJBX-32(79)

FIGURE 6. Quadrangle evaluation guides

is a small field manual of a style and content con-
venient for field use. It contains summary descrip-
tions of each class of deposit.

Reconnaissance geology is a difficult type of
field geology. It requires generalists as opposed to
today's trend toward specialists. Many rock types,
many structures, and many forms of mineraliza-
tion are encountered. To be effective, the field
geologist must be supported by analytical facili-
ties. To zid the geologist, a competent staff of
chemists, mineralogists, and petrographers, and
associated laboratories are maintained in Grand
Junction. Commercial laboratories are also used
when necessary. Data from aerial radiometriec sur-
veys, -hydrogeochemical surveys, and selective
driltinig are provided to the field geologists to ena-
ble them to do the best job possible in evaluating
guadrangles. The various types of general data
supplied for the classification of environments are
listed in figure 7. The field geologist, the final arbi-
ter of data and its interpretation, describes the

e Hydrogeochemical surveys
Surface waters
Ground water
Stream sediment
Dry sediments

@ Airborne survey
Radiometric
Magnetic

e Field geology

& Topical studies

& Modeling studies

& Classification and recognition criteria

FIGURE 7. Data

favorable environment (see figure 8) in @ manner
that will allow assessment of the potential ura-
nium resources likely to be present.

Phase Hi—Phase [l work includes the drafting of
maps, preparation of tables, and writing of text—
components of the quadrangle folio. Figure 9is a
general listing of the contents of a guadrangle
fotio. To ensure uniform presentation of findings, a
style manual has been prepared and distributed to
every NURE geologist. Aumiform formatfacilitates
the assessment, editing, and review of the folio,
and not least of all, the usefulness of the folio to
mining companies.

One folio, the Plainview Quadrangle, has been
opentiled. Others will follow. Present plans callfor
open filing the 116 folios, which are now inprepa-
ration, during 1980 and 1981,

QUADRANGLE ASSESSMENT

There are four categories of uranium resources:
reserves and probable, possible, and speculative
potential resources. Assessment of speculative
resources is the maost difficult task with regard to
geologic and statistical problems because there
are few “truths’” upon which te rely. The balance
of my comments will be restricted 1o the gssess-
ment of speculative resources.

Speculative potential resources are those esti-
mated to occur in undiscovered or partly defined
deposits: (1} informations or geolegic settings not
previously productive within a productive geologic
province or subprovince, or (2} within a geologic
province or subprovince not previously productive.

René Descartes (1596-1650)  the father of
modern philosophy, gave advice that fits the tech-
nique selected for the assessment of potential
resources: itis truth certain that, when it is not in
our power to determine what is true, we ought to
follow what is most probable.”” “"What is most
probable’” is the assumption implicit in the selec-
tion of the assessment method—additional ura-
nium  resources will be discovered in geologic
environments similar to those in which known
uranium deposits occur, and quantities of uranium
likely to be present are proportional to the sizes of
the individual endowments. This assumption
omits the probability that uranium will be discov-
ered in geologic environments not now known to
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be favorable. The seriousness of this omission
cannot be estimated.

Not every favorable geologic environment will
contain uranium deposits, nor will the quantity of
uranium present commonly be directly propor-
tional to that of similar environments. Too little is
known of the success-versus-failure ratios expe-
rienced by exploration groups to allow a statistical
determination of the probability that a particular
favorable environment contains uranium deposits.
The best approach now apparent is to ask the field
geologist to estimate, on a subjective basis, the
probability of occurrence.

Assessment Methodology

The NURE program imposes two assessment
requirements: (1) the estimation of the uranium
endowment of the favorable area, and (2) the esti-
mation of the potential uranium resources. Ura-
nium endowment is the total quantity of uranium
postulated to exist in concentrations exceeding
100 ppm U30s. Potential uranium resources are
those portions of the endowment estimated to be
recoverable at selected cost levels.

A control area must have the following attri-
butes: (1) adelineated geographic area, (2) an area
with relatively uniform, although not necessarily
simple, geologic characteristics, {3) a uranium-
producing area or a well-explored area for which

data are available concerning the quantity, distri-
bution, and grades of the uranium mineralization
present, and (4) an area for which recognition
criteria have been determined.

Estimation of the uranium endowment is accom-
plished by analogy; the favorable area is assumed
to contain the same quantity of uranium per unit
area, volume, or length as does the control area.
The assumed comparison is subject to modifica-
tion by the assessor.

Equations for calculating the uranium endow-
ment in speculative potential areas are shown in
figure 10. Theterms ""unadjusted’” and “‘adjusted”
refer to application of a correction for the fractional
part of the favorable area believed to be endowed
with uranium as compared to the endowed part of
the control area. “Conditional” and “uncondi-
tional’’ referto the application of a term represent-
ing the probability of mineralization. It shouid be
noted that the estimation methodology for specu-
lative potential resources is currently undergoing
detailed review, and it is possible that some modi-
fications may result. However, the general concept
is expected to remain basically unchanged.

Unadjusted Conditional Endowment
— - . . - *
Ug=A-d(F, T, G+ 100
where

U, = unadjusted conditional endowment

e
A = area of the favorable area

d = similarity index

Fo = fraction of the control area underlain by
the endowment

1

T, = tons of rock per unit area of F, containing
the endowment

G, = average grade, percent U;0g, of the

endowed rock.

Cc

*Division by 100 is required to convert
percent U;0; to a fraction.

In practice, all the values have probability distri-
butions representing the uncertainties associated
with each value. For ease of discussion, however,
these will be treated as single values.

“A,”" the favorable area, is determined by the
field geologist and outlined on a quadrangile favor-
ability map. The value “‘d,”” the similarity index, is
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Unadjusted Conditional Endowment
Ug=A-d(F, T, G+ 100

Adjusted Conditional Endowment

Ue-adj=Ue'6F

Unconditional Endowment

U, - uncond. = Ug - adj Py

FIGURE 10. Assessment formulas

determined by the field geologist. The propriety of
using “d” 48 in question as it appears that it may
not always represent a totally independent varia-
ble. It is usually a fraction between 0.4 and 1.0, It
represents the geologist's determination of the
degree of similarity, generally with regard to pres-
ence ‘or absence of specific recognition criteria,
between the favorable area and the control area.
Low values of "d" suggest that the wrong control
area has beenchosen or that the favorable areais,
in fact, unfavorable.
The subscript "¢ indicates values determined
for the control area. "F_."" is that fraction of the
control area underiain by endowed rock or, if you
will, the mineralized area. T " is the total tons of
endowed rock per unit area. “GC" is the average
grade, in percent U;0g, of the endowed rock. Divi-
ston by 100 is necessary to convert percent U;05 to
a fraction.

Adjusted Conditional Endowment—In the equa-
tion, the wranium endowment of the favorable
areais directly proportional to the size of the favor-
able area as compared to the size of the control
area, modified only by the similarity index "d.” The
impropriety of this forced relationship is recog-
nized. Control-area boundaries are tightly drawn
because of available detailed geologic work, where-
as favorable areas, generally because of the pauc-
ity of subsurface data and uncertain geologic
boundaries, tend to be loosely drawn. To be brief,
favorable areas are usually substantially larger
than control areas. To correct for this, another
term, “ag,” fraction adjustment, is used as a mul-
tiplier toyield the adjusted conditional endowment
(see figure 10). The fraction adjustment is solicited
from the field geologist and is a subjective esti-
mate of the expected ratio of the endowed fraction
in the favorable areato the endowed fraction inthe
control area. In assessments made to date, “ap”
has been greater than 0.1 and less than 1.0.

Unconditional Endowment—In classifying an
area as favorable, the field geologist has deter-
mined that the area, the geologic environment,
may indeed contain uranium deposits. The value
selected for “d” represents the geologist's best
judgment, supported by a comparison of recogni-
tion criteria, of the degree of similarity between
the favorable area and the control area. The selec-
tion of the value for "ap" allows the field geologist
to indicate an opinion as to the probable extent of
the mineralization. The values determinedthus far
have been as rigorously derived as ig believed pos-
sible, short of extensive drilling in the favorable
area. Not having the money or the time required for
extensive drifling, it is necessary to return to the
most reliable source, the field geologist, for infor-
mation concerning the possibility of occurrence of
mineralization. The value “Py is a subjective
estimate made by the field gevlogist of the proba-
bility that uranium deposits are present in the
favorable area. In assessments made to date, the
values given for ”PO" have been greater than 0.1
and less than 0.8.

Not discussed at this time are the many prob-
lems associated with soliciting probability values.
However, it is necessary 1o make an estimate of
the total potential uranium resources of the United
States. To add the individual potential resources of
the hundreds of favorable areas requires use of the
probability of endowment. Some statisticians, who
pointout thatthe estimates will be made by alarge
number of geologists, suggest that errors will can-
cel, and the resulting summation will be statisti-
cally acceptable.

Potential Uranium Resources—Potential ura-
nium resources are those portions of the endow-
ment that can be recovered at fixed forward costs,
presently established at $30, $50, and $100 per
pound U0z The potential resources are deter-
mined by assuming that the favorable area hasthe
same grade-tonnage distribution as the control
area. This assumption is probably not correct in
most cases, but the errors introduced are well
below the levels of accuracy of the other factors.
The cutoff grade, and therefore the quantity of
uranium above the cutoff grade, is determined by
applying costs established for the particular min-
ing and milling processes judged to be proper for
the favorable area.

CONCLUSIONS

The NURE program effort will continue to gener-
ate and employ improvements in assessmerit
technology. Assessment procedures in current
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use are carefully documented to the extent that a
useful “audit trail” is available; these data extend
from the actual recording of field observations and
identification of favorability areas to the selection
of the proper control areas and application to the
actual assessment function. BFEC is confident
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that the basic system of assessment of the
unknown by analogy to the known is fully tenable.
And, BFECisproudtobe a contributing party to the
NURE program which is of a magnitude not
hitherto undertaken by any government or private
organization.
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INTRODUCTION

The purpose of this paper is to discuss uranium
activities in the parts of the world outside the
United States.

The first section is devoted to exploration. In
previous seminar papers, special attention was
given to exploration in Africa (1977), Canada
(1976), and Australia{1975). Thisyearthefocusis
on Latin America where successful exploration
has resulted in an increase of reserves in three
countries: Brazil, Mexico, and Argentina. Before
the discussion of Latin America, however, atten-
tion is given to developments in Canada and Aus-
tralia, which continue to be the most popular
countries for exploration and development, apart
from the United States.

Following the section on exploration, an update
of world uranium resources is provided along with
a current estimate of future production in various
couniries. Unless otherwise specified, tonnages
mentioned in this report are indicated as short
tons.

CANADA

Exploration in Canada continues at somewhat
the same pace as in 1978, when expenditures
were reported at $390 million. Over 80 percent of
the exploration effort is in Saskatchewan, North-
west Territories, Quebec, and British Columbia. in
Saskatchewan, the activity is still concentrated in
the southern and eastern margins of the Athabasca
Basin, where some 118 companies spent about
$45 million in 1978. Other important centers of
activity are the Kitts-Michelin area of Newfound-
land, the Kelowna-Beaverdell area of British
Columbia, and the Baker Lake Basin in the
Keewatin district of Northwest Territories.
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Athabasca Basin

As new discoveries continue to be made and
earlier finds are expanded by drilling, the pace of
exploration continues to mount. Chief interest
is the area around Midwest Lake and Rabbit Lake
at the eastern end of the Athabasca Basin (see
figure 1).

At Rabbit Lake, production by Gulf-Uranerz
commenced in 1975 at 430 tons U304 and
increased to 1,800 tons in 1976, 2,570 in 1977,
and 2,750 in 1978, exceeding the originally
announced capacity of 2,250 tons Uz0s Guif
reports that 1978 drilling on the Collins Bay de-
posit, located to the north of the Rabbit Lake mine,
indicates a high-grade orebody of significant size.
Production is planned for the early 1980s.

At Midwest Lake the reserves have recently
been guoted at 56,000,000 pounds U305 at an
average grade of 1.25 percent U;0s.

New discoveries have been made on the ground
between Rabbit Lake and Midwest Lake, held
primarily by Asamera-Kelvin and Canadian
Occidental-INCO.

Occidental-INCO recently reported intersections
of 33 feet containing 27 percent Us0g and 17 feet
containing 12 percent U;0;s. Possible dimensions
of an orebody have not beenreportedfor this site 7
miles west of Rabbit Lake and 9 miles east of
Midwest Lake.

Asamera Qil-Kelvin Resources holds land sur-
rounding Midwest Lake. The main centers of
interest are Dawn Lake and the Hole No. 11 area,
where uranium has been discovered over lengths
of 1,600 feet and 1,800 feet. At Dawn Lake, thick-
nesses of up to 72 feet containing 5 percent U304
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have been encountered. At Hole No. 11, upto 11
feet of over 17 percent U3;0: have been drilled.
Much more exploration will be required to deter-
mine the true dimensions of the ore zones.

Labrador

In Labrador, Brinco Ltd., a firm owned by Rio
Tinto, Urangesellschaft, and Bethlehem Steel, has
announced plans to proceed with mine and mili
construction at a reported cost of $160 million for
the Kitts and Michelin deposits, north of Goose
Bay, Newfoundiand(seefigure 2). A 1982 start-up
is planned.

Reserves are:

Tons Ore % Uiz0g Tons UsOp
Kitts 259,030 0.57 1,480
Michelin 7,181,000 0.12 8,617
Total 10,097

The uranium occurs in moderately to steeply-
dipping tabular orebodies in folded Proterozoic
rocks of volcanic origin. Additional exploration in
the Michelin area has found high-grade (6 t0 18
percent U;0g) uraniferous boulder trains at Mel-
ody Lake and Mustang Lake, and bedrock and
boulder deposits at MclLenn Lake. These occur-
rences are being drilled this year.

AUSTRALIA

Exploration (see figure 3) has slowed during the
past couple of years as companies have waited for
government policies toward uranium to be clari-
fied, but now things are again beginning to move.
The environmental reports for Ranger and
Nabarlek, two of the four large deposits in the
Alligator Rivers area of the Northern Territory,
have been approved, and construction has started.
Although Ranger was the first project approved by
the government, it appears likely that Nabarlek will
be commissioned first because of the smaller size.

Ranger’'s No. 1 orebody which contains about
51,000 tons Us0g in 17.3 million tons of ore is
being developed as an open-pit mine to a planned
depth of 575 feet. Production will start in 1981 at
4,500 tons of ore per day. The miil is to reach
design capacity during 1982 with 1,265,000 tons
of ore at 0.26 percent U303 treated annually to
produce 3,300 tons U304,

The Australian government has announced
plans to sell part or all of its B0-percent interest in
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the Ranger operation, and purchase proposals
were received in early October. British and
Japanese utilities are mentioned as possible
purchasers.

Nabarlek was approved for development by the
government in March 1979. Although this
10,000-ton U30g orebody (2.4 percent U30g)
received approval later than the Ranger operation,
production will probably be attained by late 1980
orearly 1881. Reportedly, the ore will be extracted
in 2 years, but processing will extend over 8 to 10
yearstoproduce 1,200tons U3;0gperyear. Tailings
will go into the abandoned pit.

The environmental statement for Jabiluka was
filed in late 1977, but the government has not
taken final action. In 1979, the company modified
its proposal to provide for underground rather than
open-pit mining, so that environmental effects
would be reduced. Development of the Jabiluka
complex will take 3 to 4 years. The plan is to pro-
duce 3,300 tons U3;0g per year, beginning the
fourth vyear after construction commences, in-
creasing eventually to about 10,000 tons U;0g per
year after 5 years of operation. Estimated reserves
for mine-design purposes are 108,000 tons U;0g,
but resources total about 230,000C tons.

The Koongarra deposit contains 5,430,000 tons
of ore with about 14,630 tons U;0,. Production at
1,100 tons U305 annually will start 2 to 3 years
after government approval is received.

Western Australia

In Western Australia, Western Mining Corpora-
tion has reached an agreement with Esso (15 per-
cent)andUrangesellschaft (20 percent) to develop
the Yeelirrie deposit. After metallurgical research
at the pilot plant near Kalgoorie, the companies
plan to develop the mine-mill complex at Yeelirrie
tor start-up by 1984.

South Australia

An Australian discovery that has attracted great
attention is the Olympic Dam prospect on Roxby
Downs Station, some 100 miles northeast of Port
Auguata in the state of South Australia. Uranium
is associated with copper at depths of 1,000 to
2,000 feet. The property is owned by the Western
Mining Corporation (51 percent) and British Petro-
leum {49 percent). Some 20 holes assay 1 to 2
percent copper and 0.01 to 0.20 percent U;0s.
Figure 4 shows the general configuration of the



Y

® GOOSE BAY
/‘f"?_‘i

MAKKOVIK A
3 a

4 /
*NORTH WEST RIVER

0 30 miles

i b

FIGURE 2. Kitts-Michelin area, Labrador

driiling to the end of 1978. Only three holes con-
tain onepound of Us;Og or more, but all holes show
1102 percent copper. At this grade, uranium alone
would probably not support a viable operation.

Although the company has not released reserve
data, an unidentified Australian source estimates
reserves at 11,500,000 metric tons of copper and
562,500 tons U;0s (World Mining Yearbook,
1979, p. 91).

The deposit, which is reported to be in hematitic
granite and breccia, was discovered as a geophysi-
cal anomaly. Uranium mineralization occurs with
chalcopyrite, bornite, chalcocite, and digenite
associated with quartz, sericite, and hematite.
Mineralization appears to occur on a basement
high- overlain by 1,000 feet of sediments.

The position of the state of South Australia has
been to oppose mining radioactive material until
the problems of nuclear proliferation and waste
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management are settled on a worldwide basis.
However, the Labor government was defeatedina
September 1979 election, and uranium mining
may now be possible.

Queensland

Minatome Australia Pty., Ltd., is preparing an
environmental impact staiement for the Ben
Lomond property near Townsville. Little informa-
tion has been released about the deposit, but it is
reported to be in Paleozoic acid volcanic sedimen-
tary rocks at less than b0OO feet in depth. One
source speculates that BenLomond might contain
4,000 metric tons U;0;.

LATIN AMERICA

Although uranium exploration.in various parts
of Latin America has been going. on since the
1950s, no substantialresources had beenreported
priorto1978. Because oftheregion’s large size, its
geologic diversity, and its similarity to parts of the
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United: States and Canada with substantial ura-
niumresources, ithasappearediikely thatvarious
types.of uranium deposits might be discovered:

During 1878 and early 1979, the fruits of suc-
cessful exploration became evident as increases.in
reserves were announced in Brazil, Mexico, and
Argentina.

BRAZIL

Among Latin American couniries, Brazil was
one:of the hardest hit by the 1973-74 oil crisis.
This:crisis stimulated.apushto.developihe coun-
try's: fledgling, nuclear power program, and in
1975, a multibillion dollar package was signed
with: West Germany.. 1o provide eight nuclear
power reactors along with enrichment and: fuel
reprocessing: facilities. Since then the deal has
been. beset by rising: costs. and other problems
which:-have-tendedto-stretch out the original time
table: Brazil has signed-contracis-for the first two
reactors and-letters of intent for the next two, but
the fate of the-other four is unclear.

To-back up:its nuclear plans, Brazil, through the
national-company Nuclebras, has invested in ura-
nium exploration at the rate of $20 to $25 million
per year: The results are now beginning 1o show.
The: latest estimate issued earlier this year indi-
cates 193.800 metric tons Us0;z in reserves, of
which 87,500 metrictons are provedand 106,300
metric tonsare inferred: These figures indicate a
substantial gain over the 142,300 metric tons
reportedin 1978, Inturn, this estimate was twice
the 1977 figure of 66,800 tons. Most of. the

increase has been at ltatira:in the state of Ceara,
where reserves are now estimated: at. 122,500
meitric tons—more than half of Brazil's total (see
figure 5).

ltatira

itatira is.located.in an unusual geologic setting
and may represent a previously unidentified ore
type. The mineralization was. discovered: in a
stream bottom by.carborneradiometricequipment
which detected radioactive cobbles that were
traced several miles upsiream to the source.

The deposittorms.ahill aboutone-hali milelong
and perhaps 300 feet high underlain by limestone
ofthePrecambrian CaicoFormation. Theminerali-
zation ‘consists of uraniterous coliophane (the
phosphate mineral) which has replaced the lime-
stone on a massive:scale. The uranium is carried
entirely within the mineral structure of the collo-
phane, and no uranium mineralsare visible. Some
driltintersections show arangeofvaluesirom 9io
17 percent P,Os and 0.09 10 0. 11 percent Uz0Os.
Thedepositis well situated for open-pitextraction,
but the meialiurgy may be difficult: However, by-
product recovery of phosphate may be passible.

The unmineralized limestone surrounding the
prospect is cuf by dikes of'an unusual rock, com-
posed. mainly of albite feldspar that is called
"feldspathite’” by Nuclebras: Although its-relation-
ship. to. uranium is uncertain, this same rock
type. contains the udranium.  mineralization: at
Espinharas(about 400 miles away}, thus providing
ageologiclink between these apparently different
deposits.
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Espinharas, in the state of Paraiba, is located in
the part of Brazil covered by a joint German-
Brazilian exploration arrangement. The operating
company Nuclam is owned by the Brazilian
government {51 percent}, and by Urangesellschaft
{49 percent). The first discovery was made here in
1872 during a carborne radiometric survey. The
mineralization forms a zone 1 10 2 miles long and
from one-half foot to B0 feet wide along a major
northeast-trending lineament in Precambrian meta-
sediments. This deposit is credited with around
10,000 tons of reserves averaging between
0.06 and 0.2 percent U305 Most of the uranium is
contained in pitchblende with the remainder in a
mineral similar to allanite. The mineraiization is
related 1o extensive introduction of albite along the
lineament, forming feldspathite, which provides
porosity that permitted the introduction of uranium.

Some geologists have suggested that this de-
posit, and ltatira as well, may be similar to the
uranium-bearing albitite deposits of the USSR that
reportedly contain about 80 percent of the Soviet
uranium reserves.

Pocos de Caldas

Nuclebras is on schedule with its first uranium
development the Osamu Utsumi open-pit mine
and concentrator near Pocos de Caldas. Prepro-
duction stripping began in 1877, and the entire
complex should be on stream by the end of 1979.
Production is scheduled to be 600 tons U;05 per
year over a 10- or 12-year period. Mine production
will be 2,500 tons of ore per day at an average
waste to ore ratio of five to one. When completed,
the open pit is expected to be 900 feet deep and
more than one-half mile in diameter.

The deposit is located on the side of a complex
caldera structure about 20 miles in diameter {see
figure 6). At least fourteencircular structures have
beenidentified; many of these are visible on Land-
sat images. The volcanism, dated at about 80 mil-
lionyears, cuts Precambrian rocks (Santos, 1978).
The uranium occurs as sooly, massive, mainly
secondary pitchblende associated with pyrite,
fluorite, and molybdenum minerals.

Weathering is deep, and oxidation penetrates to
depths of 650 feet or more below the surface. The
few outcrops have hindered prospecting; however,
the deep oxidation permitted the secondary con-
centration of uranium which forms much of the
ore. The orebodies result partly from redistribution

of uranium during oxidation of the volcanics and
partly from hydrothermal activity following
volcanism.

The ore is contained in three blocks desig-
nated A, E, and B (see figure 7). The A-block de-
posit is one-half mile long, 120 feet wide, and 700
feet deep; it contains 20 percent of the ore
reserves. Most of the ore is related 1o breccia
bodies that form dikes which appear to be related
to a volcanic pipe. These consist of very fine
grained rock fragments containing pyrite, ura-
nium, and moelybdenite.

The E block is 3,500 feet long, 1,300 feet wide,
and up 1o 400 feet deep. Uranium occurs entirely
inthe form of secondary pitchblende which forms
a zone of enrichment immediately below the redox
interface at the lower limit of oxidation. Here,
pitchblende forms both sooty and massive noduies,
up to 2 or 3 inches in diameter, consisting of black
clay with pyrite. Pitchblende also forms powdery-
black patches and wveins that look like normal
hydrothermal deposits but are believed to be
secondary. This block contains about 15 percent of
the reserves.

Two-thirds of the reserves are in the B block,
one-half mile fong, 1,300 feet wide, and 900 feet
deep, whichis in a pyroclastic unit of volcanic tuff,
lava, ash, and breccia immediately outside the cal-
dera margin. The upper part of the ore zone lies
immediately below the redox interface and con-
tains nodular pitchblende much like the minerali-
zation in the E zone. The lower part of the ore is
believedto be hydrothermal in origin, and the min-
eralization occupies irregular, flat-lying pods called
““amas,” a colloquial Portuguese word for potato.
Therocks of the B block are the most porous of the
entire complex, and this porosity may be the prin-
cipal control of mineralization.

Mexico

Mexico is the second Latin American country
with a changed uranium outiook in 1979,

Through 1977, the Mexican resources were
listed as a nominal 11,000 metric tons U30,, but it
was known that important discoveries had been
made northeast of Chihuahua. During 1979,
resources were increased to 9,000 meitric tons of
provenreserves, 3010 35,000 metric tons of prob-
able resources and up to 250,000 metric tons of
possible resources—a total of nearly 300,000 tons
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U30s. During recent months, there have been dis-
cussions between the Mexican government and
the French Atomic Energy Commission(CEA) con-
cerning a uranium processing plant in Chihuahua
and assistance in exploration.

The most important district is Pena Blanca,
located about 30 miles north of the city of
Chihuahua(see figure 8). The bulk of the economic
mineralization is in volcanic ash and tuff repre-
senting the fallout from volcanic eruptions that
took place 37 to 44 million years ago. The volcanic
unit is 600 feet thick and rests on a surface of
considerable relief developed upon Cretaceous
limestone. Uranium occurs in several geologic set-
tings (Goodell, Trentham, and Carraway, 1978).
Some deposits are of a single type, butsome of the
larger deposits contain more than one type. The
environments are described as follows:

1. Mineralized, steep faults in the volcanic
units. Jointing or faulting in brittle, massive
rocks provide pathways for solution move-
ment. This environment is typified by Nopal 1,
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Idealized cross section, Pocos de Caldas intrusive complex, Brazil

asmall, high-grade depositlocatedin a brec-
cia zone at the intersection of two steep
faults. In plan, the deposit is a 150-foot by
70-foot ovat which extends vertically for over
150 feet. It hasreported reserves of 360 met-
rictons Uz;Ogatan average gradeof0.3t00.4
percent U;05and 0.07 percent molybdenum.

. Mineralization within porous and permeable

units in the volcanic sequence. The more
porous beds may contain stratabound
deposits.

. Mineralization at the base of the volcanic unit

wheretherocks consist of altered glassy lay-
ers that are more porous, more permeable,
and more chemically active than the sur-
rounding rock.

. Mineralization of porous pumice at the base

of the volcanics.

. Mineralization in the top of the Cretaceous

limestone. Uranium has been deposited in
faults, solution cavities, and other permeable
zones.
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The largest deposit known as Margaritas con-
tains 'mineralization “of three different ~types.
Widespread stratabound mineralization has been
drilied out at the base of the volcanics (types three
andfourabove), while uranium also occupies frac-
ture and solution cavity fillings in the underlying
limestone (type five above). Type three mineraliza-
tion contains most of the reserves reported to be
4,000 metric tons U;0, with an average grade of
0.2 percent. The deposit is at least 300 feet wide,
10 feet thick, and extends in a northeast-
southwest direction for more than 1 mile.

Most other Mexican reserves, ouiside the
Chihuahua area, are in the eastern coastal plain
near the border between the states of Tamaulipas
and Nuevo Leon. Two deposits are known, andthe
geologic setting is apparently similar to that inthe
Texas Coastal Plain.

Argentina

Uranium exploration has been conducted in
Argentina for more than 20 years. Various types of
deposits have been foundin several portions of the
western border of the country {see figure 9), but
most of the ore is in sandstone. ~Since the late
1960s, “uranium production has averaged 180
metric tons per year: of uranium from concentra-
tors in three locations: Malargue {Mendoza prov-
ince, 70 metric tons), Don Otio {Salta province, 50
metric tons), and Los Adobes {Chubut province, 60

fdealized cross section of A -, B-, and E-ore blocks, Pocos de Caldas, Brazil

metric tons). The production at Malargue is being
doubled to 130 .metric tons per year.

Argentina’s Atomic Energy. Commission (CNEA)
has been accepting prequaiification bids for firms
to finance development and operation of a ura-
nium mine and mill at Sierra Pintada {Mendoza
province) where reserves are estimated at 16,000
metric tons U;05 Mine development and con-
struction 1o produce 700 metric tons of U305 per
yvear-from 1,200 to 2,000 tons of ore-per day will
cost about $60 miilion.

in late 1979, a sulfuric acid plant in Southern
Mendoza Province is expected to produce 180,000
metric tons of sulfuric acid per year, about half of
which will be used in the new Sierra Pintada ura-
nium facility.

WORLD URANIUM RESOURCES

Uranium resources at $30 and $50 per pound
U305 for the western world are shown in table. 1.
According to the iInternational Atomic. Energy
Agency’s definitions, "‘reasonably assured resour-
ces’ refers to uranium that occurs in known min-
eral deposits of such size, grade, and configuration
that they could be recovered within given cost
ranges using current mining and milling technol-
ogy. This corresponds, more or less, with DOE’s
reserve category. "Estimated additional resour-
ces’ refers to uranium expected to occur in exten-
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TABLE 1.

World uranium resources by continent

{Excludes Peoples Republic of China, USSR, and Associated Countries)

{Thousand tons U0}

Reasonably assured

Estimated additional
$30/1b U0, $50/1b Us0:* $30/1b UsOs $50/1b Us06"

_North America 980 1,270 1.530 2,510
u.s. 690 920 1,010 1,505
Canada 280 305 480 945
Mexico 9 9 44 44
Greenland 0 35 0 21

 Africa 790 1.000 - 180 340
South Africa 320 508 70 180
Niger 210 210 69 69
Namibia 152 173 39 69
Algeria 36 36 0 7
Gabon 48 48 Q 0
C.AE 23 23 0 0
Zaire 2.0 2 2 2
Somalia 0 6 4] 3
Egypt 0 0 0 7
Madagascar o 0 o 3
Botswana 0 C.5 0 0

Australia 380 390 60 70

- Europe 90 510 60 130
France 51 72 34 60
Spain 13 13 11 11
Portugal 9 ~10 3 3
Yugoslavia 6 8 7 27
United Kingdom 0 6] 0 10
Germany 5 5 9 10
italy 0 2 0 3
Austria 2 2 0 0
Sweden 1 390 4] 4
Finland 0 4 0 0]

Asia 50 80 0 30
India 39 39 1 31
Japan 10 10 6] 0
Turkey 3 5 0 0
Korea 0 6 QO 18]
Philippines 0.4 04 o )
South America 130 130 130 140
Brazil 96 96 117 137
Argentina 30 36 5 12
Chile 0 0 7 7
Bolivia o o o 0
Total (Rounded) 2,400 3,400 2,000 3,200

*Includes resgurces at $30/1b U,04

Source: ' Modified from “Uranium Resources, Production and Demand,” OECD Nuclear Energy Agency and the

international Atomic Energy Agency, December 1977.
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‘ SOURCE:

sions of explored, little explored, and undiscovered
deposits along well-defined geclogic trends with
known deposits. This category corresponds, more
or less, with DOE’s probable potential resources.
Figures 10 and 11 show the global distribution of
“reasonably assured and estimated additicnal
resources’” at $30 per pound U;0s.

As previously described, significant increases
have been reported in Latin America during the
past year as a result of exploration in Argentina,
Brazil, and Mexico. In addition, reserves for India
have increased from 5,000 tons to nearly 40,000
tons U;0g as a result of continuing exploration.

Foreign Production Capability

Producer nations have reviewed current and
planned uranium production at the request of the
Nuclear Energy Agency and the International
Atomic Energy Agency (see table 2). In the early
1980s, productionis expectedtoincrease markedly
as Australian production in the Alligator Rivers
area comes on stream and as deposits under
developmentin CanadaandinNiger begin produc-
tion. Also, South Africa expects to expand bypro-
duct uranium recovery from gold mining.

Astable 2 indicates, foreign production probably
will reach about 33,000 tons U;0j3 this year up
from 25,000 tons in 1978. By 1985, production
may more than double to over 80,000 tons U304, a
compounded annual growth rate of about 16 per-
cent. By 1990, most of the major deposits now

known will be in production at an annual rate
exceeding 90,000 tons U;0s.

INTERNATIONAL URANIUM RESOURCE
EVALUATION PROJECT (IUREP)

Since 1976, the United States has participated
in an international effort to look at the geology of
the nations of the worid to identify areas favorable
for uranium resources. Individual studies were
made of 185 nations with particular attention to
countries where the relative promise of finding
uranium appears to exceed the relfative amount of
exploration effort done to date.

A preliminary report on the initial phase of
IUREP was issued in 1978, and a complete report
on the initial phase is expected to be published
during 1980. The 1980 report should be of interest
to companies engaged in exploration abroad
because it provides a global view of geologic ele-
ments that are relevant to finding uranium.

The 1978 preliminaryreport conveyed a general
impression of the order of magnitude of specula-
tive resources up to $50 per pound U303 cost—
thoughtto existinthe world. Estimates were made
of the ranges of tonnages of uranium expected to
be discovered within each continent {see table 3).
As might be expected, the range of values is quite
broadreflecting the speculative nature of the exer-
cise and the uncertainties involved. There is no
assurance, of course, that these resources will be
discovered or, if discovered, produced. However,

TABLE 2. Foreign production capability {thousand tons Us;0g )
Year Australia Canada France Gabon Namibia Niger South Africa Other Totals
1979 0.8 9.0 3.8 1.3 4.8 4.3 6.8 1.5 323
1980 0.8 9.4 4.5 1.3 5.3 5.2 8.5 27 37.7
1981 3.0 11.7 4.7 1.3 5.7 52 9.5 35 446
1982 4.9 12.9 5.0 2.0 5.9 52 1.2 5.7 528
1983 6.5 14.3 5.2 2.0 6.5 52 12.9 6.8 594
1984 8.5 17.6 5.2 2.0 6.5 5.9 135 71 663
1985 15.6 18.7 5.2 2.0 6.5 7.8 13.8 7.8 774
1986 17.7 18.9 5.9 2.0 6.5 10.4 13.9 7.8 83.1
1987 19.8 18.9 59 2.0 6.5 104 13.9 79 8563
1988 21.8 19.1 5.9 2.0 6.5 10.4 13.8 8.0 875
1989 23.9 20.0 59 2.0 6.5 10.4 13.8 8.1 90.6
1990 26.0 20.2 5.9 2.0 6.5 10.4 13.5 82 927

Atomic Energy Agency, December 1977.
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TABLE 3.
$50/1b U304

IUREP resource estimates by continent™

No. of Speculative Resources

Continent Countries Million Tons U104
North America 3 27 - 4.7
Africa 51 16 - b2
Australia 18 26 - 38
Europe 22 04 - 1.7
Asia 41 03 - 1.3
South America 41 09 - 25

Total 176 85 - 193

* Excludes Eastern Europe, USSR and China.

the figures do provide a broad-brush estimate of
the world’s uranium.

CONCLUSIONS

The past 10 years have witnessed a remarkable
increase in the pace of uranium exploration
abroad, primarily in Australia, Brazil, Canada,
France, and South Africa. This growth has been
stimulated by discoveries of important deposits,
particularly in Saskatchewan and the Alligator
Rivers district of the Northern Territory that have
added to the world’s stores of uranium ore.

The past year has seen a slowdown in the
growth of the exploration effort with 1978 expen-
ditures at about the same level as 1977. However,
significant discoveries continue to be made. In
Argentina, Brazil, and Mexico, successful explora-
tion has ledto a significant expansion of resources
during 1979.

The production capacity of nations outside the
United States is predicted to grow markedly

through 1985 at a compounded annual rate of
about 16 percent as orebodies found during the
1970s are developed. An important contribution
will also be made by expanded byproduct uranium
recovery from South African gold operations.
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At the Washington Conference in October of
1977, 40 nations established the International
Nuclear Fuel Cycle Evaluation(INFCE). Since then,
16 more nations have joined, for a total of 56
participants. The purpose of INFCE is to consider
how nuclear energy might be made widely
available to meet world energy needs, and at the
same time, how the risk of nuclear weapons
proliferation might be minimized. The Conference
divided the subject of the nuclear fuel cycle into
eight parts and formed a working group to be
responsible for each part. It also formed a
Technical Coordinating Committee (TCC) to coor-
dinate topics which involve more than one working
group. The working groups have done a prodigious
amount of work and are on schedule. They submit-
ted draft reports, each with asummary, tothe TCC
in June. The TCC reviewed these at its meeting in
July. Since then, all working groups have revised
their reports in response toc comments and are
resubmitting them to the TCC for review at a mid-
November meeting. The TCC will then transmit the
reports for final acceptance at the February 1980
Plenary Session, after which the reports will be
made public. The TCC is also in the process of
writing a summary and overview to accompany the
eight working-group reports. This document will
be widely read by decision-makers around the
world.

| propose to speak briefly about some of the key
issues which INFCE has been considering. | am not
inapositionto say how INFCE will decide onthese
issues. So, bear in mind that ! am not giving you
INFCE conclusions but my own view of the signifi-
cance of some key issues.

The nuclear fuel cycle can offer the possibility,
through abuse, of providing material for making
nuclear weapons. If carried out by a government,
such action is defined as diversion. Diversionis not
likely to be the most direct path to weapons mate-
rial, but it could be done in secret, before the inter-

national community is aware of what is going on,
and that would increase the danger. Proliferation-
risk assessment involves three main considera-
tions: the resources of trained manpower and
facilitiesrequiredto produce weapons usable material,
the time required, and the difficulty of detection of
the activity by the international community. In this
paper, a few basic points will be covered.

In considering the proliferation risk of the
nuclear fuel cycle, we can focus on three ele-
ments: enrichment, irradiated fuel, and in con-
junction with the latter, reprocessing. Consider
first enrichment. It is required to provide fuel mate-
rial for many reactor types, notable exceptions
being heavy-water reactors, graphite reactors, and
some breeder reactors. If the material is highly
enriched uranium (HEU), or about 90 percent 235U,
then the enrichment facility, the stocks of product
material, or fresh fuel could be a proliferation risk.
if the material is low-enriched uranium (LEU), it is
not in itself a proliferation risk.

General statements are not so easy to make
about the enrichment facility itself. If it is an oper-
ating facility today, it represents a base line,
against which the risk of future additions could be
measured. Future additions, particularly if they
took place at many locations, would constitute an
increase in risk. Improved safeguards, including
material balances, containment, and surveillance,
could compensate and reduce the risk of diversion.
From a risk point of view, the best outcome for the
next 15 years would be that new additions would
not be necessary. The technology, cbviously, is
sensitive and should be closely held so as to min-
imize the possibility of clandestine plants being
built.

Consider irradiated or spent fuel, which con-
tains plutonium, or 233U inthe case of thorium, the
amounts and isotopic content depending on the
type of fuel, the reactor, and the irradiation history.
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Irradiated fuel constitutes a low risk because of the
radiation barrier which is effective for a long
time—at least a hundred years inthe case of light-
water reactor (LWR) fuel. This is true, of course,
provided that a would-be proliferator does not
have a reprocessing facility at his disposal. Even
though the risk of spent fuel is low, it does have to
be safeguarded until it is reprocessed or is ren-
dered unavailable by permanent disposal. Spent-
fuel safeguarding will be an important activity
because of the large quantities of spent fuel, Le.
100,000 tons or more by the year 2000 in the
World Qutside Communist Areas (WOCA).

Consider reprocessing. Reprocessing is neces-
sary for breeder reactors, for recycle in LWRs, and
for other converter reactors. Therisk inreprocess-
ing. derives from separated plutonium which is
available in the process, in inventory or in mixed
oxide used in the fabrication of fresh fuel, orinthe
fresh, unirradiated fuel itself. Reprocessing facili-
ties in operation, whether commercial or for R&D,
will increase proliferationrisk. The risk will depend
on the number of reprocessing facilities, pluto-
nium storage points, recycle fuel fabrication
plants, and also the amount of plutonium in circu-
lation. To some extent, coprocessing or spiking of
new fuel could decrease the risk. Improved safe-
guards would be a more important factor in risk
reduction as would planning to maintain produc-
tion capacity and needs in balance, so asto minimize
inventories.

These three elements, then, are the important
fuel-cycle elements relating to proliferation ques-
tions. How to quantify the risks is not known. Each
situation has to be considered case-by-case and
compared to an existing base line. To assess risks
in the future, one should try to anticipate changes
intechnology and how these would affect risk. For
example, a denatured fuel, consisting of 233U in
natural uranium, would be evaluated less favora-
bly in the future if enrichment technology is
assumed to be more available than it is today.

It is useful to lock at various reactor-fuel cycles
and compare them. Proliferationriskis not the only
important factor. Other important ones include:
energy availability, health, safety and environ-
ment, technical and economic factors, and institu-
tional considerations. | might note that INFCE did
not evaluate reactor health and safety or environ-
mental questions in great detail although it proba-
bly would have done so if the study had started
later.

So then, let us look at the light-water reactors
(LWRs) on a once-through cycle, LWRs onrecycle,
and fast-breeder reactors (FBRs) in the terms of
these assessment factors.

First, the LWR on a once-through cycle is shown
in table 1. With regard to energy availability, the
LWR has large uranium requirements, i.e. about
4,300 metric tons {(MT} of natural uranium per 1
gigawatt (GWe} for 30 vears of operation at 70-
percent capacity factor and 0.2-percent enrich-
ment plant tails assay. it has a low proliferation
risk for reasons already discussed. It should be
emphasized that the proliferation risk from enrich-
ment has been low because enrichment has been
widely available at reasgnable prices, mostly from
the United States. The proliferation-risk assess-
ment would be affected by the widespread addition
of new plants, and particularly so, if they are not
needed from a supply point of view.

In the assessment of health, safety, and envi-
ronment, waste disposal is both a very important
technical question and is highly visible in the eye
of the public. For the once-through cycle, spent
fuel would be stored in pools for a decade or more
before final geologic disposal. Pool storage does
not appear to have technical problems although
more data are needed on long-term storage.
Experts are confident that geologic disposal will be
technically feasible, but more R&D is needed. Ura-
nium mill tailings are an important consideration
because they dominate the fuel-cycle radiological
impact on the environment. Althoughtheimpactis

TABLE 1. LWR once-through cycle assessment
Assessment Reference
Factors LWR

Energy availability Uranium resources limited

Proliferation risk New enrichment plants

Spent-fuel storage

Health, safety, and
environment

Mill railings
Waste disposal (spent fuel)

Technical- Reference

economic

Institutions Supply assurances

New enrichment-plant
management

Spent-fuel storage
management

Safeguards
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small compared to background radiation, it con-
tinues for a long, long time unless the tailings are
adequately covered.

Inthetechnical-economic assessment, the LWR
once-through can be considered a reference cycle
because it is in wide commercial use today, is
competitive with coal, and is cheaper than oil.

The LWR institutional considerations have two
aspects: supply assurances and institutional frame-
works for managing and safeguarding new enrich-
ment facilities and spent-fuel storage facilities.
Supply assurances for uranium and enrichment
services are vital to consumer nations in order to
minimize the possibility of power interruption.
Supply assurances will be an important factor in
minimizing proliferation risk because the per-
ceived need for national enrichment plants for the
sole purpose of energy independence will be
reduced.

New institutional arrangements could play an
important role in the management and safeguard-
ing of new enrichment plants, when they are
needed, and in the spent-fuel storage facilities.
These institutions could take the form of multi-
national business ventures. The development of
these institutions will have to address important
questions, such asthe incorporation of safeguards
features into the design of new facilities, coopera-
tion with international authorities, the transporta-
tion of material across national borders, and the
restriction of sensitive technology and compo-
nents to prevent them from becoming widely
available.

The LWR recycle assessment is shown in table\
2. Applying the same assessment factors, one can
see that there are some differences. LWR recycle
requirements are in principle about 35 percent
less than the once-through cycle. A greater prolif-
eration risk has to be attached to recycle because
the availability of separated plutonium would
increase if reprocessing and fabrication plants are
deployed in the future.

The health, safety, and environmental assess-
ment changes somewhat. Disposal involves re-
processing waste rather than spent-fuel elements,
and the possibility of radiation exposure from re-
processing effluents has to be considered.

The economic issue with reference to the once-
through cycle is whether or not reprocessing is

TABLE 2. LWR recycle assessment
Assessment LWR
Factors Recycie

Energy availability Better uranium utilization

Proliferation risk Plutonium available

Health, safety, and
environment

Mill tailings

Waste disposal
(solidified waste)

Reprocessing effluents

Technical- Recycle economics
economic Reprocessing investment
Institutions Supply assurance

New enrichment-plant
management

Reprocessing and fuel-
fabrication management

Plutonium-storage
management

Spent-fuel storage
management

Improved safeguards

advantageous. The benefit of reprocessing is
determined by the value of uranium and enrich-
ment service which reprocessing displaces. The
question is—is there an incentive for recycle,
given uranium prices which are expected in the
near-term and the cost of reprocessing and fabri-
cation? There appears to be littie, if any, incentive
for thermal recycle for the foreseeable future.

The institutional assessment for LWR recycle
includes the same considerations as the once-
through system. However, if recycle were to pro-
ceed, there is need for development of new
institutions for reducing the risks from reprocess-
ing and fabrication operations and for plutonium
storage. Safeguards improvement in all these
regimes would be a major focus of development for
the international community.

Finally, the fast-breeder reactor assessment is
shown in table 3. Energy availability is much
improved, potentiaily by a factor of 60 or more,
comparedtothe once-through LWR. The prolifera-
tion risk is also increased, compared to the LWR
recycle, because of large plutonium flows. in the
health, safety, and environmental assessment,
there are several differences. Mill tailings would
be reduced in relation to the extent of breeder

128



TABLE 3. Fast breeder reactor assessment

Fast Breeder
Reactor
Much, much better

Assessment
Factors
Energy availability

Proliferation risk Large plutonium flow

Health, safety, and
environment

New technology criteria
and standards

Waste disposal

Reprocessing effluents

Technical- Breeder capital cost

economic Break-even cost with
LWR

Institutions Reprocessing and fuel-

fabrication management
Plutonium-storage
management
Spent-fuel storage
management
Further improvements in
safeguards

deployment because of the improved uranium util-
ization. On the other hand, the new technology
requires the development of new safety criteria
and standards. The problems of reprocessing
effluents and waste disposal might differ some-
what in degree, but not in kind, from LWR recycle.

In the economic assessment of breeders, the
most important question is the determination of
the time when breeder-reactor power costs will
reach abreak-even pointwith the LWR. What it comes
down to is a trade-off in higher capital cost and
fuel-recycle cost against uranium-ore savings.
The uncertainties in breeder capital cost and
future uranium cost, as well as nuclear load
growth, are such that at best, the time of breeder
introduction on economic grounds can only be
specified in a broad time span, sometime between
2000 and 2030. Countries view uranium supply
from different perspectives; and so opinions vary
considerably on the time of introduction.

Breeder reactors are not expected to play a sig-
nificant role in developing countries for a long
time. The development costs are high, and invest-
ment in other technologies would pay off sooner.
The breeder does not provide energy independ-
ence in a short period of time. Also, small electric
grids are not very compatible with the expected
size of economic breeders.

The institutional problems related to breeder
reactors are similar in kind to LWR recycle prob-
lems, but they will be more difficult to manage
because the plutonium flows and inventories will
be higher. Further safeguards improvements will
be needed.

We can now compare the assessments of these
three ¢ycles. This comparison is shown in table 4,
which gives the LWR once-through assessment as
areference, the changes relativetothe LWR once-
through for LWR recycle, and the changes for fast-
breeder reactor. Going from left to right, from the
existing LWR toward the breeder, energy availabil-
ity is enhanced significantly. At the same time,
proliferationrisks increase significantly with recy-
cle and, again, with the breeder. The burden of
compensating for and reducing proliferation risk
falls on institutional development and safeguards.
it will take time and effort to solve the problems.

One can approach the economic assessment
from a number of points of view, but, given the
doubtful incentive for thermal recycle, it does not
seem to be worth the proliferation risk. In the case
of the breeder, there appears to be time,.if deploy-
ment is based on economics, to undertake the
institutional development, but the task should be
undertaken without delay.

The health, safety, and environmental differen-
ces are more technical in nature. Probably the
important conclusion is that solution of the waste
disposal problem is essential to all fuel cycles.

The comparison clearly shows the benefits and
the risks of the LWR recycle and the breeder reac-
tor. It raises the key guestion—when will a transi-
tion have to be made for deployment of the breeder
reactor? To answer the question of when to deploy,
we need to consider two key points.

The first point is that U.S. nuclear power fore-
casts have shown large declines in the past few
years, i.e. by a factor of five since 1974 for the total
capacity in the year 2000. The causes are partly
rising costs affecting all generation and partly spe-
cific nuclear problems including licensing delays,
capital-cost increase, and controversy over waste
disposal and safety. It is valid to question whether
or not similar problems will slow down nuclear
programs in other countries. Table 5 shows the
Energy Information Agency (EIA)/DOE forecast of
May 1879 for the World Qutside Cammunist Areas
(WOCA). Below it are the data from the August 20
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TABLE 4. Assessment comparison

LWR Once-
Through

LWR
Recycle

Fast Breeder
Reactor

Energy availability Uranium limited

New enrichment
plants
Spent-fuel storage

Proliferation risk

Health, safety, and
environment

Mill tailings
Waste disposal

Technical- Reference
economic
Institutions Supply assurance

Enrichment-plant
management

Spent-fuel storage
management

Safeguards

TABLES. WOCA

1985

Better Much better

Plutonium available  Large plutonium

flow

Solidified waste
Reprocessing
effluents

New technology
criteria and
standards

Recycle economics Breeder capital

Reprocessing cost
investment Break-even cost
with LWR
Reprocessing Reprocessing
management management
Plutonium-storage Plutonium-storage
management management

Further improve-
ments in safeguards

Improved safeguards

nuclear power forecast

1990 1995 2000

EIA/DOE
May 1979

INFCE
1978

Nuclear Fuels Letter, purported to be the INFCE
1978 forecast. The more recent EIA forecast is
significantly lower, i.e. by about 30 percent in
1995. If the lower forecast turns out to be a closer
approximation to actuality, then the existing sys-
tems, such as the LWR, can be deployed for a
longer time before approaching resource limits.
The delay of nuclear power growth, in general,
means the delay of advanced and breeder reactors.

Uranium resources and availability is the second
point. That is the topic of this meeting, and | know
that you can shed far more light on it than |. | will
say that the possibility has been discussed in the
past several years of large speculative resources.
Such a development would defer the proliferation
risks associated with sensitive fuel-cycle facilities
and allow time to put improved safeguardsin place
for breederreactors when they are needed. So, the

216-247 305-376 418-521

245-274 373-462 550-770 850-1200

topic of your meeting and the outcome of discus-
sion have great importance and many ramifica-
tions to the deployment of nuclear energy now and
over the next 20 years.

The outcome of INFCE will be decided collec-
tively and made known early next year. | believe
that it will establish technical findings on a com-
mon basis across the entire nuclear fuel cycle. This
should serve to clarify the issues and the options
for the purpose of policy making within govern-
ments, and it should serve the development of
future international accords on nuclear nonprolif-
eration, in order that the use of nuclear energy
may evolve with a minimum of proliferation risks.
| expect to see growing activity in these areas,
which will follow the formal completion of INFCE
andtheissuing of the INFCE reports in February of
next year.
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URANIUM RESERVES

Robert J. Meehan, Chief
Ore Reserves Branch,
Resource Division, Grand Junction Office
U.S. Department of Energy

October 1979

INTRODUCTION

A major consideration in national decisions
regarding the future role of nuclear power is the
uranium-supply base that will be available. Topro-
vide timely information essential to studies on
nuclear fuel supply, the Grand Junction Office
(GJO) of the U.S. Department of Energy (DOE)
maintains a comprehensive program of uranium
resource and supply assessment. The assessment
program includes the continuing analysis and
estimation of domestic uranium reserves and
potential resources, andthe monitoring and analy-
sis of industry’s exploration, development, and
production activities. The success of the uranium
resource and supply evaluation program depends
on the availability of data generated by both the
uranium industry and the National Uranium
Resource Evaluation (NURE) program of DOE.

Uranium reserves are the estimated quantities
of uranium which occur in known deposits of such
grade, quantity, configuration, and depth that they
can be recovered at; or less than, a specified cost
using proven mining and processing technologies.
Estimates of tonnage and grade are based on spe-
cific sample data and measurements of the deposit
and on knowledge of ore-body habit. Sample data,
primarily gamma-ray logs of drill holes, are volun-
tarily made available to GJO by uranium compa-
nies. Estimates of the amount of uranium that

could be exploited at a maximum forward cost of
$15, $30, and $50 per pound U305 are calculated
by using consistent engineering procedures and
pertinent economic criteria. Forward costs are
those costs to be incurred for exploitation of each
deposit at the time the estimate is made.

This paper includes reviews of: (1)} the distribu-
tionofJanuary 1, 1979, reserves, (2) the concepts,
types of basic data, and methods used by GJO for
uranium reserve estimation, (3) confidence levels
for reserve estimates, (4) other reserve estimation
methods and comparisons of results, and (5) the
outlook for 1980.

DISTRIBUTION OF JANUARY 1, 1979,
RESERVES

The major portion of domestic uranium reserves
continues to be assigned to Mesozoic and Tertiary
sandstones in a few areas, primarily the Grants
mineral beit, New Mexico, the Tertiary basins,
Wyoming, the Gulf Coastal Plain, Texas, and the
Paradox Basin, Colorado and Utah. The locations
of the principal areas and the magnitude of these
reserves are illustrated in figure 1.

Table 1 shows estimates of January 1, 1979,
domestic reserves for the $15, $30, and $50 cost
categories by tons of ore, average grade, and
pounds UjzQOs.

TABLE 1. U.S wranium reserves® January 1, 1979
Avg. Tons
$/1b U,0, Tons ore grade U,0,
Cost category {millions) {% U;0,) (X 1000)
$156 166 0.18 290
$15—30 Increment 548 0.07 400
$30 714 0.10 690
$30—50 Increment 586 0.04 230
$50 1,300 0.07 920

*Does not include byproduct uranium.
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TABLE 2. Changes in reserves by cost categories during 1978

Quantities in Thousands of Tons

$15 Reserves

$30 Reserves

$50 Reserves

Ore % U0, U0,

Ore

Ore % U,0, U,0,

1015 Properties
Total $15 Reserves 166,000 0.18 290

518 Properties are added @ $30/1b

406,000 0.11 436
308,000 0.08 254

697,000 0.08 551
577,000 0.06 351

1533 Properties Total $30 Reserves

714,000 0.10 690

279 Properties are added @ $50/1b

26,000 0.07 18

1812 Properties Total $50 Reserves

1,300,000 0.07 920

Properties containing 150 or more tons U,0,
in each cost category 1/1/79

Number of properties

Tons U,;04 (thousands)
Percentage of total tons U,;0,
Percentage of properties

$15 $30 $50
131 306 346
280 672 899
96 97 98
13 20 19




Although most of the $50 reserves continue to
be associated with lower cost reserves (see table
2), the number of properties with $50 reserves not
associated with lower cost reserves increased
from 15 properties in 1977 to 279 properties in
1978. Approximately 97 percent of the $30
reserves are on 306 properties (20 percent) and 98
percent of the $50 reserves are on 346 properties
{19 percent).

Table 3 shows the factors comprising the
changes in. $15, $30, and $50 reserves during
1978. Reserve additions, representing evaluations
of new properties and reevaluations of old proper-
ties ‘based on additional drill-hole data and
current-cost data, amounted to 44,000 tons U304
in the $30 cost category. Reserve additions to the
$15 category were obtained from reevaluations of
old properties based on new drilling data; there
were no additions to the $15 category from new
properties. The 73,000-ton addition to the $50
reserves during 1978 was similar.to that in 1977;
however, a larger quantity was subtracted from
the $50 category during 1978 due toreevaluations
using - higher: mining costs. Reevaluation  also
resulted in large reductions amounting to 77,000
tons U;0ginthe $1b reserves and 23,000 tons in
the $30 reserves. These reductions do not indicate
decreases in the estimated amount of uranium
present in the ground; they do indicate that due to
rising production costs, less uranium is available
at the respective forward costs. After further
reductions because of production, the net changes
from ayear earlier were a reduction of 80,000 tons
in the $15 reserves, no change in the $30
reserves, and an increase of 30,000 tons in the
$50 reserves.

Table 4 shows 44 percent of the $50 reservesto
be on producing properties, and 56 percent to be
on nonproducing properties. Of the 514,200 tons
U305 of $50 reserves on nonproducing properties,

383,100 tons, or about 42 percent, probably will be
mined by underground operations that will require
substantial capital expenditures for development.
The rapidly rising cests of underground develop-
ment could soon result in a significant reduction of
the underground $50 reserves upon reevaluation.

URANIUM INVENTORIES

Uranium . inventories compiled by GJO from
company-dritling data include all material equalto
or exceeding minimum mining thicknesses, and
equalto or greater than0.01 percent U;0s, with no
consideration of economic availability. The post-
production inventory discussed in this paper
excludes all production prior to the estimates.
Table 5 shows the January 1, 1979, U. S. postpro-
duction uranium inventory. Figure 2 is a graphic
representation of U.S.  postproduction uranium
inventory for each of the past 3 years that illus-
trates upward growth of the inventory since Janu-
ary 1, 1977. Additions to the postproduction
inventory during 1977 and 1978 amounted to
103,000 tons U;0g and 94,000 tons Us0s, respec-
tively. About two-thirds of the postproduction
inventory comprises January 1, 1979, reserves,
and the remaining one-third would be available
only at costs exceeding $50 per pound U;0s.

CONFIDENCE LEVELS

To indicate reliability of the January 1, 1979,
reserves, estimates were made in terms of confi-
dence levels. The 0.95 and 0.05 confidence limits
for each key variable used in reserve estimation
including grade, thickness, area of deposit, dis-
equilibrium, guality of data, tonnage factor, cost,
and mining recovery were then assigned for each
property. The interdependencies between key var-
iables, such as the relationship of the economic
cutoff grade to mining/milling costs and the aver-
age grade to cutoff grade, were considered in the
assignment of confidence limits to key variables.

TABLE 3. Changes in reserves during 1978 (tons (/303)

STATUS $15 $30 $50
January 1, 1978 reserves 370,000 690,000 890,000
New reserves 0 10,000 20,000
Reevaluation—additions 16,000 34,000 53,000
Reevaluation—subiractions (77,000} (23,000} (21,000)
Depletion—production (19,000) {21,000) {22,000)
January 1, 1979 reserves 290,000 690,000 920,000
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TABLE 4. Disstribution of 1/7/78 $50 reserves by mining method in producing and nonproducing

. properties

No. % Total
Tons Ore % U,0, TonsU,0, Properties Tons U,0,
Producing Open pit 305,500,000 0.06 174,500 331 19
properties Underground 299,500,000 0.07 219,400 943 24
Others 26,100,000 0.05 11,900 21 1
Total 631,100,000 0.06 405,800 1,295 44
Nonproducing Open pit 203,800,000 0.06 112,400 246 12
properties Underground 420,300,000 0.09 383,100 210 42
QOthers 44,400,000 0.04 18,700 61 2
Total 668,500,000 0.08 514,200 517 56
1.500
w
a \
2 1,200
2 A\
3 A\ _-1/1/79
= \
s 900 \\\
> \ §§/ 1/1/78
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300 e e
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. FIGURE 2. U.S. postproduction uranium inventory 1/1/77, 1/1/78 and 1/1/79
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TABLE 5. United States postproduction uranium inventory, 1/1/78

Minimum Cumulative Avg. Grade {% U,04) Cumulative
Grade Tons of Ore of Cumulative Tons U,0,
{% U,04) (Millions) Tons {Thousands)
0.01 3,210 0.04 1,381
0.02 2,068 0.06 1,214
0.03 1,379 0.08 1,044
0.04 973 0.09 915
0.05 725 0.1 806
0.06 552 0.13 714
0.07 428 0.15 635
0.08 335 017 566
0.08 268 0.19 510
0.10 217 0.21 4586
0.11 187 0.23 429
0.12 163 0.25 403
0.13 147 0.26 379
0.14 131 0.28 360
0.15 120 0.29 345
0.18 107 0.31 328
0.17 98 0.32 312
0.18 89 0.33 296
0.19 80 0.35 281
0.20 74 0.36 267

Note: These figures do not represent reserves, since the economics of exploitation are not taken

into account.

The key variables for each property were then con-
voluted (combined) into a probability function,
assuming variable independence. Properties were
stratified (grouped) into-subsets based on geologic
similarity and geographic proximity, and the prop-
erties in each subset were judgedto have a corre-
lation coefficient of one. The probability functions
of the key variables for each property in a subset
were then convoluted by computer into a probabil-
ity function for the subset.

Probability functions for subsets were then con-
voiuted into an aggregate probability distribution
for the domestic reserves by assuming a correla-
tion coefficient between subsets to be equal to 0,
because they are judged to be mutually or statisti-
cally independent. The resulting estimates of reli-
ability were in ranges of + 15 percent forthe $30
reserves and + 17 percent for the $50 reserves at
the 90-percent confidence level (the interval
between the 5- and the 95-percent confidence
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limits). Figures 3 and 4 show cumulative probabil-
ity distribution curves forthe January 1, 1979, $30
and $50 reserves.

CHANGES IN RESERVES—1967 THROUGH
1978

Figure 5 shows the annual changes in year-end
reserves for the years 1967 through 1978 in the
highest reserve-cost category calculated by GJO
for each of those years. In 19686, the highest cost
category of estimated reserves was $10 per pound
U;0s. During the next 6 years, $15 reserves were
estimated.in 1973, a $30 category was added, and
a $50 category was added in 1976. Also in 1976,
estimation of the uranium inventory, which
includes all material containing 0.01 percent or
more UsOg was begun. As stated earlier, part of
the uranium inventory would be available only at
costs exceeding $50 per pound U;0s.

Increased production costs and concentrate
prices prompted the adoption of the higher cost
categories, thus resulting in a more comprehen-
sive estimate of the Nation’s uranium resource
base. During the past 12 years, with the continued
industry exploration and with the introduction of
these higher reserve-cost categories, thereserves
increased from 200,000 tons U305 10 920,00 tons
U30;. The mineral inventory has attained a level of
about 1,400,000 tons U303 increasing at an
annual rate of nearly 100,000 tons U305 in the 2
years since its inception.

RESERVE ESTIMATION METHODS

General Outline Method (For Open-Pit
Reserves)

Reserves of orebodies minable by open-pit
methods, are estimated by the general outline
metnod. The costs of mining such deposits are a
function of depth, size, configuration, thickness,
and grade of ore. A separate pit evaluation is per-
formed for each reserve-cost category.

A computer program to analyze reserves mina-
ble by open-pit methods has been designed as a
series of subroutines, each carrying out a specific
phase of the calculation. The program considers:
(1) the thickness and grade of material in each drill
hole that equals or exceeds an economic cutoff
needed to meet mining and milling operating
costs, (2) whether or not the value of this material

will also carry the cost of excavating overlying
waste, and (3) the economics of a total open-pit
operation based on the cost of overburden remo-
val, mining, milling, and forward capital costs.

The first subroutine of the program analyzesthe
sample data on a hole-by-hole basis (see figure 6).
A map is then plotted from this drill-hole informa-
tion, which is used to outline a pit bottom by group-
ing the data into minable zones based on grade
cutoffs and minimum mining thickness. The
perimeter and area of this pit bottom are measured
by an engineer, andthese pit dimensions, together
with the data from the hole-by-hole analysis and

. economic parameters, arethe input for a computer

routine that calculates the economic tons of ore,
average grade of ore, average thickness of ore,
average depth of overburden, stripping volumes
(including backslope), and total forward capital
costs for the open-pit operation (see figure 7).

Statistical Method (For Underground Reserves)

Reserves of properties expected to be mined by
underground methods are calculated by a some-
what new and different computer-programmed
statistical method referred to as ORSAC. This
method is based on the log-normality of the assay
data.

Basic sample data, usually derived by interpreta-
tion of gamma-ray logs, are piotted on a drill-hole
map, and the deposit is outlined. The deposit is
divided into minable units. The UsO3 values are
then combined into designated minimum thick-
nesses, and the grade-tonnage distribution is
determined for each unit by calculating: (1) the
fractional parts of the total tons that are above
cutoffs ranging from 0.01 10 0.60 percent U305 in
increments of 0.01 percent U;0g, and(2) the aver-
age grade of each fractional tonnage. The tonnage
and grade of reserve in each cost category, corre-
sponding to the predetermined grade cutoff, is
selected from this grade tonnage distribution.
Figure 8 shows the computer printout of an analy-
sis of a grade-tonnage distribution, in0.01 percent
grade-cutoff increments ranging from 0.01 per-
cent to 0.60 percent U3;054. Figure 9 shows graph-
ically the same grade-tonnage distribution by
average grade and quantity of reserves in percen-
tage of tons of ore and pounds U30s.

Table 6 shows comparisons of reserves esti-
mated by statistical method versus production.
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DISPLAY
TOTAL NUMBER OF BLOCKS USED IN THIS SUMMARY = 1
THIS TEST CONSIDERS U30g AT A MAXIMUM FORWARD COST OF $ 30.00 PER POUND.
AN ANGLE OF 63 DEGREES WAS USED TO CALCULATE THE BACKSLOPE OF THE PIT.
TONNAGE FACTOR USED--- 16.00 CUBIC FEET PER TON.
MINE EXTRACTION USED IN THIS TEST 100 PERCENT
MINING DILUTION USED IN THIS TEST 10 PERCENT
COSTS USED PER TON~ MINING $  4.00
MILLING  $ 10.00
INDIRECT $ 2.00
HAULAGE $ 5.00
ROYALTY $  3.50
ADVALOREM & .35

MINING GRADE OF ORE .09 PIT AREA IN SQ. FEET 128,200
MINABLE POUNDS 185,000 COST PER TON $24.85
TONS OF ORE 102,600 TOTAL COST $2,550,000
MILL RECOVERY .90 RECOVERABLE POUNDS U30g 167,000

» RATIO OF YARDS OVERBURDEN TO POUNDS U30g = 2.51

RATIN OF TONS OVERBURDEN TO POUNDS U30g = 4.2

POUNDS U30g PER SQUARE FOOT OF AREA = 1.3

POUNLS U30g DISCOVERED PER HOLE DRILLED = 5,964

POUNDS Us0g PER FOOT DRILLED = 77.1
COST TO STRIP, MINE & MILL $ 2,864,000 PIT PERIMETER IN FEET 1,700
MAXIMUM FORWARD COST YINUS REC. COST § 12.85 STRIPPING COST PER YARD s .75
COST PER RECOVERABLE POUND $ 17.15 TOTAL YARDS IN BACKSLOPE 101,000

YARDS DIRECT OVERBURDEN 307,000
YARDS WASTE IN PIT BOTTOM 5,000

MAXIMUM ALLOWABLE FORWARD COSTS § 5,010,000

APPROXIMATION FOR RAMP 6,000
TOTAL VOLUME OF OVERBURDEN 418,000
PERCENT 75 TOTAL COST OF STRIPPING $314,000

PERCENT IS THE MAXIMUM FORWARD COST MINUS RECOVERABLE COST - DIVIDED BY — COST PER RECOVERABLE POUND
THE ORE AREA WAS REDUCED IN THIS RUN FROM 128,000 SQUARE FEET TO 119,000 SQUARE FEET DUE TO 2 BARREN HOLES IN THE PIT B

FIGURE 7. Example of open-pit evaluation—open-pit economic test (nhot including cost of installation)
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STATISTICAL ANALYSIS BASED ON COMPOSITED URANIUM ASSAY VALUES

TONNAGE CALCULATIONS -

TOTAL TONS = TOTAL AREA * AV.THICK * NUMBER MIN,

TOTAL TONS =~ 673163

CUTOFF TONNAGE ABOVE

GRADE CUTOFF GRADE
010 626237
0020 593846
2030 559555
2+ 040 523326
2+ 050 486664
060 450644
070 415980
2080 383110
«+ 090 352266
2100 323543
2110 296971
2120 272492
0130 250007
0140 229400
s150 210546
+ 160 193316
s170 177583
2180 163222
190 150116
« 200 138155
0210 127237
220 117269
0230 108162
«240 99839
+250 92227
»260 85262
6270 78884
« 280 73039
+290 67679
«300 62760

AT AN AVERAGE GRADE OF

AVERAGE
GRADE

143
s 149
s 157
0165
175
+184
2194
s 204
+215
0225
0236
e 267
258
0269
281
292
5303
2315
2326
+337
349
2360
«372
+383
0395
0406
0418
0429
441
0453

POUNDS
u3oe

1782729
1773624
17565606
1731378
1698625
1659286
1014518
1565505
1513371
1459126
1403623
1347605
1291679
1236335
1181985
1128833
1077183
1027159
978888
932468
887927
845270
804484
765545
728413
693041
659377
627361
566931
568024

-133 - TOTAL POUNDS U308 = 1790969
CUTOFF TONNAGE ABOVE
GRADE CUTOFF GRADE

2310 58243
«320 54090
+ 330 50271
+340 46755
0350 43516
2360 40529
«370 37774
+380 35229
« 390 3287¢
400 30704
410 28693
420 26830
%430 25103
s%40 23502
2 45Q 22016
0460 20637
%70 19354
0480 18162
2490 17053
«500 16021
+510 15058
520 14162
530 13325
540 12545
550 11816
+ 560 11135
» 570 10498
« 580 9902
2590 9345
+ 600 8823

FIGURE 8. Example of computer output of statistical analysis

HOLES / TOTAL NUMBER HOLES/ TON. FACTOR

AVERAGE
GRADE

464
0676
2487
«499
2510
2522
+ 933
545
0556
«568
+ 580
<591
08603
o614
e 6286
«637
0649
0661
o672
s 684
W 692
« 707
« 718
«730
o742
0753
2765
o 176
o7 BE
2 799

POUNDS
u3cs

540576
514520
489752
466331
444072
422958
402929
383930
365908
348811
332560
317196
302592
288729
275569
263074
251209
23%939
229233
219059
209390
200198
191457
183144
175235
167710
160547
153728
147235
141049
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TABLE 6. Comparison of reserves estimated by the statistical method vs. production

Estimate 1/ Production Ratio Drill-Hole
Prop. Tons Av. Gr. Lbs U305 Tons Av. Gr. Lbs U305 Prod. lbs/Res. Ibs Spacing

A 71,500 0.14 200,000 75,000 0.14 210,000 1.05 100’

B 1,235,000 0.19 4,700,000 1,256,000 0.20 5,024,000 1.07 150

C 190,500 0.14 522,000 181,000 0.14 507,000 0.97 150’

D 507,300 0.23 2,334,000 519,000 0.23 2,387,000 1.02 150

E 152,500 G.19 580,000 156,000 0.19 608,000 1.05 150’

F 380,700 0.256 1,900,000 382,000 0.25 1,910,000 1.01 100/150°
G 522,000 0.15 1,566,000 567,000 0.15 1,701,000 1.08 150

H 1,200,000 0.24 5,760,000 1,220,000 0.24 5,856,000 1.02 100

i 1,045,000 0:22 4,600,000 1,000,000 0.22 4,400,000 0.96 100’

J 80,000 0.24 383,000 79,000 0.24 386,000 1.01 50/100

5,384,500 0.21 22,545,000 5,435,000 0.21 22,989,000 1.02

1/ Reserve estimates at grades equal to production grades.



For comparative purposes, the estimates of re-
serves were selected from grade-tonnage distribu-
tions as shown in figure 8 at grade ievels equal to
production grades. A close agreement is apparent.
In other methods of reserve calculation, this com-
parison can be made only by repeated calculations
at varying cutoffs, until the average grade of the
reserve agrees with the production grade.

The statistical method of reserve estimation
permits a deposit to be represented as a statistical
model with cutoffs of 0.01 to 0.60 percent U;30g,
thus permitting simplified analysis for practically
all economic conditions. If changes in mining or
milling costs require changing the cutoff grade for
a deposit, the tonnage and average grade of the
new reserve at the new cutoff can immediately be
redetermined from the statistical model with no
further analysis. The statistical method presenis a
complete picture of the grade-tonnage distribution
of a deposit throughout the range of economic
interest, and permits rapid, efficient, and more
comprehensive evaluation. An example provided
in figure 9 shows that, at a cutoff grade of 0.07
percent U;0g, nearly 91 percent of the pounds of
U304 in the deposit are contained in 62 percent of
the tons of material having an average grade of
0.19 percent U303 Another example, not illus-
trated, is that 9 percent of the deposit (tons of
material) contains nearly one-third of the pounds
of U304 at a 0.30 percent U;05 grade cutoff.

Geostatistical Methods

GJO is currently developing computer proce-
dures that will employ geostatistical methods util-
izing the theory of regionalized variables. These
techniques should improve: (1) estimates of grade-
tonnage distributions, (2) evaluations of the ade-
quacy of drill-hole spacings for reserve estimation,
(3) better definition as to the reliability of reserve
estimates, and (4} estimates of reserves with vary-
ing sizes of sample units and minable blocks,
especially for the higher cost categories. Geosta-
tistical methodologies shouid also help reduce the
so-called “disappearing-ore problem’ that may
arise when initial estimates of grades for large
blocks of reserves are based on wide-spaced sam-
ple points, and subsegquent mining grade control is
based on a much closer sample spacing.

Comparison of Estimation Methods

One advantage of the statistical method ORSAC
for estimating reserves isthat it is less sensitive to
the number of samples and hole spacings than

other commonly used methods for estimation. This
featureis especially useful during the early phases
of development of a deposit when there are rela-
tively few samples and a maximum of unknowns.
Table 7 shows the comparison of reserve esti-
mates at three different cutoff grades for three
methods of estimation: (1) general outline, (2)
polygonal(a method commonly used outside GJO),
and (3) statistical (ORSAC), based on a common
data base for an area with a small number of irreg-
ularly spaced drill holes. Estimates were made for
three levels of density of drill holes—for 10 holes
that were initially drilled on a random pattern, for
the nine fill-in holes that were drilled later, and for
all 19 holes. The general outline and polygonal
methods give estimates for the 10-hole and for the
nine-hole patterns in value ranges from -13 per-
cent to +7 percent of the estimates for the com-
plete 19-hole pattern. The estimates using the
statistical method (ORSAC) for the same sets of
data are within a £2-percent range.

OUTLOOK FOR 13980

The continued depletion of lower cost reserves
due to increases in production costs during the
past year will be refliected in the January 1, 1980,
reserve figures. Environmental, health and safety,
and other regulations and constraints, in conjunc-
tion with a high rate of inflation, have added sub-
stantially to costs. Consequently, the January 1,
1980, reserve estimates forthe $15 and $30 cate-
gories wiil decrease significantly. However, addi-
tions 1o reserves from new discoveries and from
extensions of known deposits, should result in a
net increase in the $50-reserve category.

Reserves are now being estimated for a $100-
cost category, and these will be reported later in
1980. Results of exploration activities in the areas
shown in figure 10 are expected to add signifi-
cantly to the reserves. Evaluation of drilling results
in the major districts shown in figure 1 will con-
tinue to add to reserves.

The uranium that would be available as a supply
base for future nuclear requirements has been
reported in GJO production-capability studies as
units of mill concentrate produced. Reserves
reported by GJO are estimates of the quantities of
uraniuminorethatare recoverable by mining; the
estimates do not take mill recovery into account.
DOE plans to continue reporting reserves as ura-
nium in ore but also plans to provide estimates on
the amount of concentrate that might be produced
from these reserves.
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TABLE 7. Comparison of estimates by different computation methods

Percent
Pounds Percent Deviation
Computation Num. Tons Grade U;04 Of Base  From Base
Cutoff Method Holes (1000} % U;0, (1000) Estimate Estimate

6’ @ 0.05% U30s Gen Qutline 19 697 0.13 1,812 Base Base
10 708 0.12 1,699 94 -6

9 609 0.13 1,583 87 =13
Polygonal 19 698 0.13 1,815 Base Base

10 738 0.12 1,771 97 -3

9 651 0.13 1,693 93 -7
ORSAC 19 807 0.12 1,937 Base Base

10 889 0.1 1,995 101 +1

9 727 0.13 1,889 98 -2
6" @ 0.07% U303 Gen QOutline 19 591 0.14 1,655 Base Base
10 588 0.14 1,646 99 -1

9 581 0.13 1,611 91 -9
Polygonal 19 633 014 1,772 Base Base

10 609 0.14 1,705 101 +1

9 613 0.13 1,694 80 -10
ORSAC 19 552 0.15 1,656 Base Base

10 601 0.14 1,683 102 +2

9 506 0.16 1,619 98 -2
6’ @ 0.12% U304 Gen Qutline 19 329 017 1,118 Base Base
10 308 0.19 1,170 105 +5
] 315 0.16 1,008 90 - 10
Polygonal 19 337 017 1,146 Base Base

10 324 0.19 1,231 107 +7

9 330 0.16 1,056 92 -8

ORSAC 19 256 0.23 1,178 Base Base

10 269 0.22 1.184 100 0

9 247 0.24 1,186 101 +1
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INTRODUCTION

Since 1948, the U.S. Department of Energy
(DOE) and its predecessors, the Atomic Energy
Commission {AEC) and the Energy Research and
Development Administration (ERDA), have con-
ducted active uranium resource assessment pro-
grams. The early resource assessments consisted
of estimates of reserves for known uranium
districts and of potential resources in general
proximity to the areas assigned reserves. The
resource base thus was confined to the western
United States, chiefly to the Colorado Plateau,
Rocky Mountains, and South Texas, where most
known uranium districts were located. Beginning
in the late 1960s, however, with forecasts of very
large requirements for uranium to support projec-
ted nuclear power capacity, and questions about
the need and timing of the development of the
breeder reactor, increasing concern developed
about the adequacy of domestic resources.

In 1974, the concern whether or not the nation
was self-sufficient in uranium resources was
translated into the approval and initial funding of
the National Uranium Resource Evaluation (NURE)
program. In June 1976, a preliminary report on
this program was issued, followedin June 1979 by
issuance of an interim report on NURE progress.
These were milestone-type reports describing the
progress on the NURE program and summarizing
estimates of potential resources and their pre-
dicted locations in some detail. The next such
report is scheduled for October 1980, when
assessments of the mostimportantresource areas
in the United States are to be completed.

The DOE places its estimates of uranium
resources into two broad classes, "‘reserves’” and
“potential.”” Reserves are the estimated quantities
of uranium which occur in known deposits of such
grade, quantity, configuration, and depth that they
can be recovered at, or less than, a specified cost
with state-of-the-art mining and processing tech-
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nologies. Reserves essentially are synonymous
with “Reasonably Assured Resources,’” as used by
the Organization for Economic Cooperation and
Development (OECD) Nuclear Energy Agency and
the international Atomic Energy Agency. Potential
resources of uranium are those surmised to occur
in unexplored extensions of known deposits, in
undiscovered deposits within or adjacent to
uranium areas, or in other favorable areas. They
are postulated to be discoverable and exploitable
at specified costs. With the inception of the NURE
program, the existing single-category classifica-
tion of potential uranium resources was expanded
to accommodate the wide variety of geologic
environments under investigation in the nation-
wide assessment. The expanded classification
separates the potential resources into three
classes—probable, possible, and speculative.
Definitions of each class are included at the end of
this paper.

Estimates of “forward costs’, which are costs
not vet incurred, are used to assign the estimated
resources to cost categories of $15, $30, and $50
per pound U,;0s. For reserves, these are comprised
of capital and operating costs of mining and
milling, in present dollars, that would be incurred
in production of the uranium. For potential
resources in undeveloped areas, land acquisition,
exploration, mine development, mill construction,
etc. usually have not taken place; thus, costs of
these activities are included in the forward cost
estimates. For potential resources within known
mining districts, however, some of these costs
such as land acquisition and mill construction may
have been incurred previously and would, there-
fore, be excluded from the forward costs. In the
past, resources estimatedby DOE’s Grand Junction
Office (GJO) have not been reduced by estimates
of quantities that would be lost in the processing of
the resources to produce Uz;QOs concentrate;
however, this additional information will be
provided in the future.



Since the 1978 Uranium Industry Seminar,
reassessment of the domestic potential uranium
resources has resulted in some significant chang-
es. The pace of the NURE program has quickened
resulting in an abundance of data that is being
integrated into our evaluations and potential
resource assessments. There also is more explo-
ration activity by industry in frontier areas. As a
conseqguence of the increase in available geologic
information, some previous estimates have been
modified, others have been eliminated, and new
estimates have been made for a few new areas.

DOE is continuing 1o use subjective probability
and geologic analogy in evaluating and assessing
potential uranium resources. The methodology
employs the following equation.

Ue:AOF el » G + 100*
where

U,. = uranium endowment in tons U0z above a

cutoff grade of 0.01 percent U;0;

e

*A = area of favorable ground (a constant) in
square miles

F = fraction of A underiain by {or associated
with) uranium deposits

T = tons of uranium-bearing rock per unit area
within the fractional area or volume

G = average grade of mineralized rockin percent
U,05 at a 0.01 percent cutoff grade

*If the estimator elects to view the favorable

ground as a volume or length, then A is
expressed in cubic or linear miles and T intons
of uranium-bearing rock per cubic or linear
mile, and the computations are modified
accordingly. Division by 100 merely reduces
the grade (percentage U30s) to a decimal
fraction.

Use of the equation was described in my 1978
seminar paper, and a modified form of it also was
discussed at this meeting by Dr. Robert C. Horton.
A unique feature of the method is that it allows
confidence limits to be assigned to the estimates
while retaining maximum capability to utilize
available geologic knowledge and the experience
of the field geologists.

We are continuing our efforts to improve the
estimative methodology for more reliable resource
estimates, both in-house and by contracting with
outside experts. For example, the University of

Arizona is developing a computer-based geologic-
decision model applicable for estimating the
uranium endowment of areas favorable for ura-
nium. A second study, also by the University of
Arizona, was recently initiated to develop systems
for assessing that part of the polential resources
that could be discovered and exploited by optimized
exploration, given specified economics and uncon-
strained markets. A second objective of the study
is the estimation of potential resources basedon a
crustal-abundance endowment model.

Two types of models are being developed to
provide a better understanding of the occurrence
of uranium deposits and to help improve potential
resource estimation. The first is a joint DOE and
U.S. Geological Survey {USGS) pilot study of part
of the Grants mineral belt, New Mexico, to provide
a better geometric characterization of deposits in
that area. The second effort will improve the
geologic models of a variety of deposits in the
United States and elsewhere in the world. Many
completed studies, including clay alteration in the
Grants mineral belt, uranium in alkaline volcanic
rocks, and uranium in calcrete and gypcrete, have
contributed materially to existing geologic models.

SUMMARY OF U.S. URANIUM RESQURCES
AS OF JANUARY 1. 1978

Table 1 summarizes the January 1, 1979,
estimates of reserves and potential resources in
forward-cost categories of $15, $30, and $50 per
pound U30;,. Figure 1 shows the trend of resource
estimates during the pastfew years at costs of $30
and $50 per pound U3;0;. Estimates of reserves
and probable potential resources have consis-
tently increased, possible potential resources de-
creased significantly from 1878 to 1879, and
speculative potential resources have been rela-
tively stable. A major reason for the decrease in
possible resources is their transfer to the probable
potential class. Also, some of the resources are no
longer available at costs of $30 per pound U3;0Dg
due to inflation and increased production costs;
however, most of these resources remain in the
$50 cost category. The DOE is now preparing
estimates of resources inthe $100 cost category to
be included in the October 1, 1980, NURE report.

The distribution of the three classes of $50 per
pound U;0; potential resources for the 13 geo-
graphic regions is shown in figure 2. The same
distribution of potential resources, production, and

152



Explanation
$30-$50/1b

Uz0s costs
] $30/1b Us0s
costs

i

2

%777/

7

7/

27

7

7%,

7

7

7

1,500,000

1,000,000

'0tn SNOL

1563

500,000

o

6L/1/1 3
=
8L/L/L <
5
LL/L/L D
Lk
9L/L/L &

6L/L/1
17}
nd
8L/L/L @
1]
LL/L/L D

o
Q.
9L/L/1

6L/L/L
o
8L/1/1 @
o e]
LL/L/L O
o

oL/L/L &

6L/L/L
5
8L/L/L 2
Lid
LL/L/L O
(11 ]
ar/1/1

estima

fum resource

FIGURE 1. Domestic urani



TABLE 1. United States uranium resources as of January 1, 1978
Tons Uz0s
$/1b Ua0g

Cost Category Reserves Potential Resources :

: : Probable Possible Speculative
$15 290,000 415,000 210,000 75,000
$15-30 increment 400,000 590,000 465,000 225,000
$30 690,000 1,005,000 675,000 300,000
$30-%50 increment 230,000 500,000 495,000 250,000
$50 920,000 1,505,000 1,170,000 550,000

NOTE: Uranium that could be recovered as a byproduct of phosphate and copper mining through the year 2000 is estimated

at 120,000 tons U,04.

reserves, is listed in table 2. Resources in the
Colorado Plateau far exceed those in the other
regions in all classes. The Southern Canadian
Shield is the only region ‘with no production or
current estimates of potential resources; however,
favorable geologic settings for uranium deposits
are believed 10 exist there.

Table 3 shows the distribution -of the three
classes of $50 per pound U;0; potential resources
by state. Probable potential resources have been

estimated in 14 states, possible potential re-
sources. in 14 states, and speculative potential
resources in 25 states. In all, potential resources
have been estimatedin 28 states. In the probable
potential resource class, New Mexico leads with
550,000 tons, followed by Wyoming, Texas and
Colorado. New Mexico also is first in the possible
potential resource class, followed by Utah, Colo-
rado, -and Texas. In the specuiative potential
resource class, Oklahoma is first, followed by
Colorado, Texas, and North Carolina.

TABLE 2. Summary of uranium production, reserves, and poiential resources by regions

Tons Ui0g Tons Us;0; ($50/1b)

‘ Production 1/1/79 171779 Potential Resources
Region t01/1/79 Reserves Probable Possible  Speculative
{(A) Colorado Plateau 228,200 498,700 767,000 696,000 30,000
{B} Wyoming Basins 74,500 280,200 364,000 73,000 32,000
{C) Coastal Plain 12,100 49,600 190,000 93,000 35,000
(D) Northern Rockies 25,300 42,000 36,000 52,000
{E} Colorado and Southern

Rockies 17,500 31,900 62,000 114,000 41,000
(F} Great Plains 8,000 35,000 59,000 21,000
{G) Basin and Range 24,200 42,000 93,000 63,000
(H) Pacific Coastand

Sierra Nevada <1,000 2,100 2,000 6,000 6,000
{} - Central Lowlands <1,000 0 T t 111,000
{J) Appalachian Highlands <1,000 0 t T 127,000
(K) Columbia Plateaus <1,000 ) t ¥ 32,000
{L} Southern Canadian

Shield 0 0 t T t
(M)  Alaska <1,000 0 1,000 T T

TOTAL 333,300 920,000 1,505,000 1,170,000 550,000

1 Resources not estimated because of insufficient geologic data.
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TABLE 3. Distribution of $50/1b Us0s potential resources
by state as of January 1, 1979.

State Probable Possible Speculative
Alaska 1,000 — —
Arizona 48,000 60,000 10,000
Arkansas — 3,000
California 22,000 18,000 7.000
Colorado 150,000 202,000 71,000
Connecticut — 1,000
Idaho 7.000 40,000
l.ouisiana — <1,000
Massachusetts — — <1,000
Montana <1,000 9,000 28,000
Nevada 5,000 6,000 35,000
New Jersey — 4,000
New Mexico 550,000 441,000 8,000
New York —_— 30,000
North Carolina — 55,000
North Daketa 7,000 4,000 <1,000
QOkiahoma —_— 97,000
Oregon 4,000 14,000 11,000
Pennsylvania — — 31,000
South Dakota 3,000 2,000 <1,000
Tennessee — 1,000
Texas 188,000 92,000 57,000
Utah 122,000 220,000 7,000
Virginia — — 6,000
Washington 12,000 28,000 16,000
Wyoming 392,000 67,000 30,000
1,605,000 1,170,000 550,000

Plate 1, from the interim NURE report published
in June 1979, shows the location of the potential
resources as of January 1, 1979. Thered indicates
those areas where probable and/or. possible
potential resources have been estimated, and the
blue shows the locations of the speculative
potential resources. As in the past, oniy speculative
potential resources have been assigned to the
eastern United States. Potential resources were
assigned only to one small area in Alaska;
however, recent encouraging results of industry
exploration and NURE geologic studies have
identified additional favorable areas in which
potential resources may be assigned in the future.

Plate 2 is a supplement to the potential
resources map (plate 1) and shows additional
areas considered to be favorable for uranium
deposits but for which there is insufficient data to
estimate potential resources.

HIGHLIGHTS OF U.S. POTENTIALRESOURCE
INVESTIGATIONS

Colorado Plateau

The estimates of probable potential resources at
$560 per pound U30; for the Colorado Plateau were
increased by 102,000 tons U3;0g during 1978.
Approximately 11,900 tons U;0g .in ore were
produced in this region in 1978, and almost
26,000 tons of $50 per pound probable potential
resources were converted 1o reserves.

The largest increase in estimates of the probable
potential resources of the Colorado Plateau was in
the Chaco Canyon area of the San Juan Basin. As
shown in table 4, the increase was made partly at
the expense of possible potential resources. The
changes were based on the results of industry
exploration. and DOE geologic drilling downdip
{north) from the main Grants mineral belt.
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TABLE 4. /Impactofindustry and NURE drilling on Chaco Canyon potential resource estimates

during 1978

Tons U0z {cumulative)

Before After Drilling Total
$50 Potential Resources Drilling 1-1-79 Changes
Probable 118,000 188,000 +71,000
Possible 201,000 190,000 -11,000
TOTAL 319,000 379,000 +60,000

DOE estimates of $50 potential resources inthe
San Juan Basin have an economic depth limit of
about 5,000 feet. Uranium resources probably
occur at greater depths, but the cost of their
recovery likely would exceed $50 per pound U;0s.
A few uranium companies are drilling to depths
greater than 5,000 feet in the southern part of the
basin.

Eisewhere inthe Colorado Plateau, estimates of
probable potential resources were increased inthe
Paradox Basin of Utah and Colorado andinthe Red
Basin area of New Mexico and were decreased in
the San Rafael Swell, Black Mesa Basin, and the
Kaibab Uplift areas.

The 119,000 tons U304 decrease in estimated
possible potential resources occurred mainly in
areas of the San Juan Basin, Black Mesa Basin,
and the Kaibab Uplift. The largest decrease was in
the established districts inthe SanJuan Basin and
was due largely to conversion of possible potential
to either reserves or probable potential resources,
based on the evaluation of industry exploration
and NURE data. Minor increases in estimates of
possible potential resources were made for the
Paradox Basin, San Rafael Swell, and Red Basin.
Estimates of speculative potential resources of the
Colorado Plateau were reduced by 10,000 tons,
primarily because of evaluation of additional
industry exploration data for the Tertiary and
Cretaceous sedimentary rocks in the San Juan
Basin, and by conversion to other classes in the
Red Basin.

Wyoming Basins

During 1978, the estimates of $50 probable
potential resources were reduced slightly from
375,000 to 364,000 tons U30s, primarily because
of conversion of potential resources to reserves
and reevaluation of prior estimates based on
additional NURE and industry data. Wyoming

Basins’ production during 1978 was about 5,600
tons U305 in ore, while the conversion of potential
resources to reserves was nearly 22,000 tons
U30s.

The estimates of possible potential resources
were decreased 42,000 tons, mainly due to
reevaluation of the Wind River Basin and the
Washakie-Sand Wash Basin based on new geo-
logic information.

Estimates of speculative potential resources in
the Wyoming Basins were increased, primarily
duetothe addition of new potential resource areas
inPrecambrian crystalline rocks and Paleozoic and
Tertiary sedimentary rocks in the Granite
Mountains.

Texas Coastal Plain

The estimates of probable potential resources
were increased by approximately 10,000 tons
U305 during 1978, based on new NURE and
industry data inthe Duval and East Texas areas. In
the Duval area, a greater lateral extent and
thickness of the favorable units in the Goliad,
Catahoula, and Oakville Formations were postu-
lated for the Bruni, McBride, and Concepcion
localities. In East Texas, the increase in estimates
were for the Oakville and Catahoula Formationsin
the Muldoon locality. Production in this region
during 1978, ail from Texas, was 2,040 tons U304
in ore. Total reserves decreased by about 2,300
tons during 1978 due to reevaluation and sub-
traction of production.

The possible and speculative potential resources
were unchanged during 1978. Doe currently is
sponsoring adrilling program inthe Falfurrias area
of Brooks County, Texas, in an effort to determine
the reliability of current estimates of probable and
possible potential resources. The drilling will test
the Catahoula Formation, as well as the Oakville
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and Goliad Formations, at greater depths than
industry is expected 1o test in the short term.

Basin and Range

Estimates of potential resources in this region
decreased in all classes. Reductions in the
probable and speculative classes of 17,000 and
14,000 tons, respectively, were due primarily to
reevaluations based on the results of NURE
projects, recent industry exploration, and updated
evaluations of economic availability.

A decrease ‘in’ estimated possible potential
resources of more than 150,000 tons Us0g was
made due to a substantial downward revision of
potential estimates in the Spor Mountain area of
west-central Utah. During 1978, DOE drilled 30
holes to test the continuity of uranium-bearing
hostrocks, particularly the uraniferous beryllium-
bearing tuff, -in which most of the estimated
possible potential resources are carried and the
Yellow Chief sandstone. The drillingindicated that
the berylium tuff-unitis much more restricted in
areal extent than was previously thought.

The recognition that numerous calderas and
other voicanic-rock environments may be favor-
able for uranium in the Basin and Range has
somewhat lessened the impact of the large
decrease in estimated potential resources in the
Spor Mountain area. Significant estimates of
potential resources have been made in the
McDermitt Caldera area. of northern Nevada and
southwestern QOregon, and similar environments
inother portions of theregion are being evaluated.

Currently, there are NURE drilling projects
underway in the Date Creek area of west-central
Arizona and in the Coso. area of southeastern
California. The drilling is to test the depths and
lateral extent of uranium-bearing Tertiary sedi-
ments in. which large estimates of potential
resources have been made.

Colorado and Southern Rockies

Most of the increases in estimates of probable
and possible potential resources were in the
Tallahassee Creek area of central Colorado and
were based on information from a continuing high
level of industry activities.

Favorable environments have been identified by
NURE geologic studies andlimited industry drilling
in Precambrian quartz-pebble conglomerates of

the Medicine Bow and Sierra Madre Mountains. of
Wyoming. NURE drilling is being done in these
areas in an attempt to define the geologically most
favorable portions.

Great Plains

The estimated probable potential resources in
the Great Plains were increased, primarily be-
cause of favorable results of industry activities in
the Denver Basin. This increase was partially
offset, however, by a decrease in the northern
Black Hills. Possible potential resources decreased
due to reevaluation in the Williston Basin and
conversion of possible to probable potential
resourcesin the Denver Basin. Estimates of spec-
ulative potential resources were decreased sig-
nificantly based on preliminary resuits of NURE
geologic favorability studies and industry explo-
ration in.the Bear Paw Mountains, Montana; Bad-
lands, ‘South Dakota; the Williston Basin, North
Dakota; the Denver Basin, Colorade: and the
Midland-Basin, Texas.

Southeastern United States

NURE geochemical studies, conducted by the
Savannah River Laboratory, have delineated a
sizeable area of surficial uranium occurrences
associated with gorceixite deposits centered in
southwestern South Carolina that may constitute
large low-grade resources. Although the extent of
the occurrences has vet to be determined, ura-
nium content in samples of gorceixite, a hydrated
barium aluminum phosphate mineral, ranges from
80 to B50 parts per million. Further evaluation is
required before any estimate of potential re-
sources is possible.

Appalachian Highlands

Estimates of speculative potential resources for
the Catskill Deita complex in Pennsylvania, the
Grandfather Mountain area in North.Carolina, the
Reading Prong areain New York and New Jersey,
and the Triassic Basins in the Piedmont Province
were increased from 95,000 10 127,000 tons
U305, based on NURE geologic studies, aerial and
geochemical surveys, and industry-provided
information.

DISTRIBUTION OF POTENTIAL
URANIUM RESOURCES

Potential resources estimated by the DOE are
categorized by geologic age, host-rock type, type of
geologic occurrence, and. average depth. The
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numerical distributions of the $50 per pound U304
potential resources in these categories are de-
scribed below. The last previous presentation of
these distributions of potential resources was in
my 1976 seminar paper.

Age of Host Rocks

Distributions of the three classes of $50 per
pound U30g potential resources by host rock age
are shown in table 5. Ages of the host rocks range
from Precambrian to Quaternary. Most of the
potential resources in the probable and possible
classes are assigned to host rocks of Jurassic and
Tertiary ages. In the speculative class, most of the
potential resources are assigned to host rocks of
Paleozoic and Tertiary ages.

Figure 3 shows the geographic distribution by
age of host rocks of areas for which probable and
possible potential resources have been estimated.
The host rocks are dominantly of Mesozoic and
Cenozoic ages and are in or near uranium districts
that have been prospected and explored since the
1950s. It should be noted that no probable or
possible potential resources have yet been as-
signed to the eastern United States.

Paleozoic rocks with assigned probable and
possibie potential resources occur in the Colorado
Plateau, the Colorado and Southern Rockies, and
the Pryor Mountains area of Wyoming and
Montana. Small areas of probable and possible
potential resources in Precambrain rocks are
located in the Northern Rockies, the Colorado and
Southern Rockies, and the Southern Basin and
Range.

Figure 4 shows the geographic distribution of
areas with estimated speculative potential re-

sources by host-rock age. In the western United
States, Cenozoic and Mesozoic host rocks pre-
dominate. Development of new favorable data by
the NURE program and private industry has
resulted in the estimation of speculative potential
resources for selected sedimentary rocks of the
Triassic Newark Group in structural basins in
Massachusetts, Connecticut, New Jersey, Penn-
sylvania, Virginia, and North Carolina. The distri-
bution of Paleozoic rocks in which speculative
potential resources have been estimated are
dominated by Devonian to Upper Mississippian
sedimentary rocks in the Appalachian Plateau in
Pennsylvania, New Jersey, and New York, prin-
cipally inthe Catskill Defta sequence. Precambrian
rocks with speculative potential resources are
primarily in crystalline terranes of the Reading
Prong and Blue Ridge complexes in the Appa-
lachian Highlands, the Southern Basin and Range,
the Colorado and Southern Rockies, and the
Northern Rockies regions.

Figure 5 shows the ages of the rocks in areas
regarded as favorable, but where data are inade-
quate for estimation of potential resources. Favor-
able Mesozoic and Cenozoic rocks predominate in
the conterminous United States and Alaska.
Favorable Paleozoic rocks are confined to the
eastern and southern United States while favor-
able Precambrian rocks are in the Southern
Canadian Shield, East Texas, the Rocky Moun-
tains, and the Southwest.

Type of Host Rock

The distribution of $50 per pound potential
resources by host-rock type are shown in table 6.
Potential resources are estimated for a wide range
of lithologic types of host rocks, although sand-
stones are estimated to contain the largest

TABLEB. Distribution of potential resources at $50/1bU3;0¢ by age of hostrock as of January 1, 1979

Probable Possible Speculative

Age Tons U305 (%) Tons Uz0g {%) Tons U;04 {%)
Quaternary 0 0 23,000 { 4)
Tertiary 634,000 ( 43) 371,000 { 32) 167,000 { 30)
Cretaceous 30,000 { 2) 72,000 ( 6) 25,000 { b)
Jurassic 668,000 { 44) 529,000 { 45) 1,000 ( <1)
Triassic 60,000 { 4) 148,000 ( 12) 48,000 { 9
Paleozoic 61,000 { 4) 20,000 { 2) 199,000 { 36)
Precambrian 52,000 ( 3) 30,000 { 3) 87,000 { 16)

TOTAL 1,505,000 (100) 1,170,000 {100) 550,000 (100)
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TABLE 6. Distribution of potential resources at $50/1b U;0sby type of host rock as of January 1, 1979

Probable Possible Speculative

Host Rock Tons U30: (%) TonsU;0; (%) TonsU;05 (%)
Sandstone 1,365,000 ( 91) 1,039,000 {( 89) 365000 ( 66)
Conglomerate 40,000 ( 3) 37,000 ( 3) 32,000 ( 6)
Granitic and metamorphic 75,000 ( b5) 47,000 ( 4) 131,000 ( 24)
Volcanic 8,000 ( <1) 43,000 ( 4) 18,000 ( 3)
Limestone 8,000 ( <1) - - 5,000 ( 1)
Lignite 9,000 { <1} 4,000 ( <1) 1,000 { <1)

TOTAL 1,505,000 (100} 1,170,000 (100} 550,000 (100}

quantities, with granite and metamorphic rocks
next in importance.

Type of Geologic Occurrence

The geographic distribution of areas containing
probable and possible potential resources by type
of geologic occurrence is shown in figure 6. Most
of the estimated probable and possible potential
resources are in sandstone-type deposiis in
sandstones and conglomerates in the Colorado
Plateau, Wyoming Basins, Texas Coastal Plain,
Great Plains, Basin and Range, and Sierra Nevada.
Veins and related types occur in a variety of rock
types scattered throughout the western United
States, principally in the Basin and Range,
Colorado and Southern Rockies, and Northern
Rockies. The Kaibab Plateau area in the south-
western Colorado Plateau is favorable for deposits
in collapse pipe structures, which are grouped in
the vein category. Minor quantities of probable and
possible potential resources are estimated for
limestones in the southern San Juan Basin and
the Northern Rockies and for lignitic host rocks in
the northern Great Plains and the Texas Coastal
Plain.

The distribution of speculative potential re-
sources by type of occurrence is shown in figure 7.
Speculative potential resources of the sandstone
type are assigned to various geologic settings
throughout the western states, inthe Appalachian
Highliands, and in New England. Speculative
potential resources in veins are concentrated
largely in the Northern Rockies, Basin and Range,
Colorado and Southern Rockies, and the Appa-
lachian Highlands. Areas with speculative poten-
tial resources assigned to limestone are restricted
toc small areas of the Northern Rockies and the
southern Central Lowlands, while those assigned
to lignites are limited chiefly to the northern Great
Plains and the Texas Coastal Plain. Figure 8 shows
the distribution by type of occurrence of additional
areas tentatively identified as favorable for
uranium deposits.

Average Depth of Host Rocks

The distribution of potential resources by aver-
age depth is shown in table 7. In each potential
class, more than 70 percent of the estimated
potential resources are assigned to depths shal-
lower than 2,000 feet, aithough in the probable

TABLE 7. Distribution of potential resources at $50/1b U;04 by depth as of January 1, 1979

Probable Possible Speculative
Average Depth {(ft) Tons Uz;0: (%) TonsU;0z (%) TonsUai0s (%)
0-500 395,000 ( 26) 180,000 ( 15) 189,000 ( 34)
500-1,000 450,000 ( 30) 274,000 { 24) 66,000 ( 12)
1,000-2,000 222,006 ( 15) 385,000 ( 33) 202,000 ( 37)
2,000-3,000 61,000 ( 4) 104,000 ( 9) 81,000 ( 15)
3,000-4,000 242,000 ( 16) 167,000 ( 14} 2,000 ( <1)
4,000-5,000 135,000 ( 9) 60,000 ( B5) 10,600 { 2)
TOTAL 1,605,000 (100) 1,170,000 (100} 550,000 (100)
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and possible classes, significant tonnages are
assigned to greater depths.

Figure 9 shows the geographic distribution of
probable and possible potential resources by
average depth. Depths generally are less than
2,000 feet except in the Colorado Plateau where
potential resources are estimated for the Morrison
Formation in the southern San Juan Basin to
depths greater than 4,000 feet. Potential host
rocks are as deep as 2,000 feet in the Texas
Coastal Plainandinisolated areasinthe Northern
Rockies and Basin and Range regions. Probable
and possible potential host rocks in the remainder
of the western states are less than 1,000 feet.

Figure 10 shows the average depth of specuia-
tive potential resources. Pliocene and Miocene
host rocks are assigned speculative potential
resources to depths as great as 4,000 feet in the
Snake River Basin of the Columbia Plateaus
region. Most speculative potential hostrocks in the
Colorado Plateau, Basin and Range, and Wyoming
Basinsrangeindepth from afew feetto 1,000 feet.
However, host rocks in a few areas in these
regions are as deep as 2,000 feet. Most of the host
rocks are at depths of 1,000 to 2,000 feet in the
Texas Coastal Plain, Northern Rockies, Appala-
chian Highlands, and Great Plains.

Figure 11 shows the average depths to rock
units considered favorable in areas where no
estimates of potential resources have been made.
in most of these areas, the favorable rocks are
less than 1,000 feet. However, favorable geologic
settings as deep as 2,000 feet have been recog-
rized in the Northern Rockies, Basin and Range,
Great Plains, Central Lowlands, Coastal Plain, and
Appalachian Highlands. in addition, favorable rock
units are as deep as 3,000 feet in the Central
Lowlands and the Texas Coastal Plain.

OUTLOOK FOR 1980

The January 1, 1979, uranium resources were
estimated by DOE geologists stationed in nine field
offices distributed throughout the United States. A
major goal of the NURE program is to evajuate and
assess, by October 1, 1980, the potential uranium
resources of the 116, 1-degree by 2-degree,
priority quadrangles which contain all of the
uranium reserves and most of the potential

resources currently estimated by DOE. These
quadrangles are being evaluated by Bendix Field
Engineering Corporation, the USGS, state geo-
logical surveys, and subcontractors. In portions of
the guadranglies where proprietary data is avail-
able, DOE geologists will continue to estimate the
potential resources. DOE also will review all folios
and potential estimates generated by the
investigators.

As a result of the accelerated assessment pro-
gram and the addition of a $100 per pound U;04
category of estimated resources, we expect signif-
icant changes in the October 1, 1980, potential
resources. Estimates of potential resources in the
speculative class are expected tc increase signifi-
cantly as new environments and host rocks are
recognized. Potential resources in the probable
and possible classes also are expected to increase
as a result of new exploration data developed by
industry and by new data and concepts developed
by the NURE quadrangle investigators.

DEFINITIONS OF CLASSES
OF POTENTIAL RESOURCES

“Probable” potential resources are those esti-
mated to occur in known productive uranium
areas: )

1. in extension of known deposits, or
2. in undiscovered deposits within known geo-
logic trends or areas of mineralization.

“Possible’” potential resources are those esti-
mated to occur in undiscovered or partly defined
deposits in formations or geologic settings produc-
tive elsewhere within the same geologic province
or subprovince.

“Speculative’ potential resources are those esti-
mated to occur in undiscovered or partly defined
deposits:

1. in formations or geologic settings not pre-
viously productive within a productive geo-
logic province or subprovince, or

2. within a geologic province or subprovince not
previously productive.

Note: “Productive’” means that past produc-
tion pius known reserves exceed 10
tons U;0s.
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INDUSTRY EXPLORATION ACTIVITIES

William L. Chenoweth, Staff Geologist
Resource Division, Grand Junction Office
U.S. Department of Energy

October 1979

INTRODUCTION

The momentum of U.S. uranium exploration in
1977 carried over into 1978 when surface drilling
reached an all-time high of 47 million feet.
However, drilling during the first eight months of
1979 was 20.9 millionfeet, 20 percent less than at
thesametimein 1978. Thetotal drilling for 1979 is
expected to be about 40 million feet, far less than
the 563 million feet planned by industry for the year.
Incontrasttolessdrillingin 1979, tand acquisition
appears to be on the increase as some companies
take advantage of the lull by acquiring prospective
targets.

Industry has indicated that use of U.S. Depart-
ment of Energy’'s (DOE) National Uranium Re-
source Evaluation (NURE) data has helped to
reduce their exploration lead times by supplying
raw data useful in selecting targets. Also, the var-
ious compilations and topical studies of NURE
have saved the industry considerable time and
money by reducing the duplication of effort by indi-
vidual companies. The widespread use of NURE
data isindicated by the fact that approximately 800
copies of NURE reports are acquired each month
through the Grand Junction Office library, and a
substantial additional number of copies are ac-
quired from other sources.

EXPLORATION TECHNIQUES

There have been norecent major breakthroughs
in uranium exploration technology. The principal
uranium exploration tool in use today remains the
borehole gecphysical log. The need for better
information from a borehole has led to DOE's
efforts in developing improved logging systems.
Disequilibrium between the major gamma-
emitting product (bismuth-214) and the parent
uranium is a frequent source of error encountered
ininterpreting uranium content from conventional
gamma-ray logs. DOE is supporting the develop-
ment of direct uranium-logging systems, which
induce and then measure emitted neutrons. The
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neutrons emitied from uranium are activated by
bombardment with neutrons emitted from a
source inthe logging tool; two neutron sources are
being investigated. Improved slim, high-yield neu-
tron generators have been designed, and commer-
cial prototypes will be available to the industry in
1980. A system utilizing californium-252 as a neu-
tron source is being field tested, and an improved
commercial system is now available on a limited
basis.

As wuranium exploration moves into deeper
zones and into frontier areas, the application of
sophisticated geochemical and geophysical tech-
nigues becomes more important. Methods of iden-
tifying halos of mineralization associated with
uranium deposits are being investigated. Combi-
nations of techniques being tested to optimize
exploration include borehole logging measure-
ments; applications of conventional geophysical
technigues from the surface (high-resolution
seismic, magnetic, electrical), measurements of
radiogenic isotopes such as radon, helium, and
lead-210; uranium isotopic ratios 238U: 234 in the
rocks and formation waters; and possibly hole-to-
hole or hole-to-surface electrical measurements.

The application of remote sensing systems to
uranium exploration appears to be gaining support
each year. New types of multispectral data and
computer enhancement of satellite images are
proving useful.

DOE’s calibration facilities for various kinds of
gamma-ray measuring systems have been ex-
panded for the benefit of both NURE and industry
uses. Facilities include model boreholes at Grand
Junction and at field locations to calibrate the
increasingly sophisticated logging instruments.
Currently, there are over 2,500 usages of model
holes per year. New models are being constructed
at the field sites to calibrate spectral gamma-ray



and neutron logging systems. Five gamma-ray
source pads located at Walker Fieldin Grand June-
tion and at the Dynamic Test Range near Lake
Mead in Arizona are used for calibrating and con-
trolling the quality of aerial survey systems.

FACTORS INFLUENCING
CURRENT EXPLORATION

The uranium market, as measured by prices, has
been in a stable condition since early 1977, how-
ever, if allowance is made for inflation, effective
uranium prices have declined. The uncertainty of
future demand and prices has tended to result in
more conservative exploration plans. Production
schedules and marketing arrangements for the
large, high-grade deposits being developed in
northern Saskatchewan and in Australia’s North-
ern Territory represent another uncertainty in the
domestic uranium market.

Safety and environmental concerns, dramatized
by the Three Milelsland incident, have contributed
to a reluctance on the part of some utility compan-
ies to. continue supporting strong exploration
programs. Several utilities have pulled out of
exploration completely, and others have reduced
their joint-venture funding, however, some con-
tinue to support active exploration programs.

Land withdrawals for wilderness studies, such
as RAREll of the Forest Service andthose adminis-
tered by the Bureau of Land Management (BLM)
under the Federal Land Policy and Management
Act of 1976 (FLPMA), are reducing the availability
of prospective target areas. RARE 1l is far from
being completed and the BLM’s massive wilder-
ness inventory is barely underway. it will be many
vears before the final designation ofthese lands as
wilderness or nonwilderness. Meanwhile, more
than 100-million acres will remain largely inac-
cessible to exploration for minerals including
uranium.

The uranium industry is being regimented with
environmental and safety regulations at many lev-
els of government, from county to federal. In addi-
tion, opponents “of nuclear development are
resorting more frequently to court actions to halt
uranium activities. For example, a lawsuit to halt
all uranium development in the Grants mineral
belt was initiated during the past year; the suit
recently was decided in favor of the industry. Such
actions can add substantially to the cost and length
of time required to carry cut exploratory programs.

The soaring costs of deep mining in beth New
Mexico and Wyoming also have been a constrain-
ing influence on exploration plans, as evidenced by
the fact that some planned deep drilling projects
have been posiponed or cancelled.

EXPLORATION HIGHLIGHTS

Uranium exploration in the United States con-
tinues to be conecentrated in the vicinity of the
major producing areas and in areas of past produc-
tion, including the Wyoming Basins, Paradex
Basin, Henry Mountains, southern San ‘Juan
Basin, south Texas Coastal Plain, the Black Hills,
and northeast Washington. The distributions, by
location, of total surface drilling for 1978 and the
first half of 1972 areshown infigure 1. Ofthe 14.8
million feet reported for the first half of 1979, the
Wyoming Basins {led by the Powder River Basin}
account for 35 percent, San Juan Basin for 12
percent, Paradox Basin for 12 percent, and south
Texas for 23 percent. Drilling in the High Plains,
which includes the Black Hills, and in the Basin
and Range, accounts for 5 and 3 percent, respec-
tively. In these areas, explorationists using geo-
logic models based on knowledge of the known
deposits are discovering and developing additional
reserves. Significant developments in both non-
sandstone and sandstone areas of interest are
summarized in the following sections. No new dis-
tricts or major discoveries in new geologic envi-
ronments have been reported during the past field
season.

Nonsandstone Environments

Expleration in nonsandstone environments con-
tinues to increase and has reached a new high in
1978. Table 1 shows the number of companies
and the expenditures involved in exploration of
these environments. The number of companies
reporting nonsandstone activities increased from
72in19771090in 1978, andtherelated expendi-
tures increased from $34 million to $62 million
during this period. In 1978, expendituresin non-
sandstone environments amounted to 20 percent
of the total exploration expenditures,

In Alaska, igneous and metamorphic environ-
ments are being explored in both the Seward
Peninsula and on Prince of WalesIsland{figure 2).
The recently announceduraniumdiscovery on Mt
Prindle, in the White Mountains of east-central
Alaska, appears to be significant. This occurrence
reportedly is similar to deposits in alkaline rocks of
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1978

Wyoming
Basins

34%

3%
High Plains
7%

47 Miilion Feet
Average Depth—450 Feet

FIGURE 1.

TABLE 1. Exploration in

Basin & Range

1979
January-June

Wyoming
Basins

35%

San Juan
Basin

12%

Basin & Range
3%
High Plains
5%

14.8 Million Feet
Average Depth—435 Feet

Distribution of surface drilling by location

nonsandstone environments

Percent of
Number of Millions of Total
Year Companies Dollars Expenditures

1974 39 12.9 16.3
1975 39 13.6 11.3
1976 51 28.5 16.7
1977 72 33.8 13.1
1978 90 61.9 19.7
1979 planned 86 63.0 18.6
1980 planned 62 61.6 19.6

Pocos de Caldas, Brazil. Gneissic domes and the
margins of plutons are being evaluated in north-
eastern Washington and elsewhere in the Rocky
Mountains and in the Basin and Range.

Inthe Sierra Nevada, additional ore has been devel-
oped atthe Miracle Mine in California’s Kern River
Canyon. The ore occurs in fractures in the Isabella
Granodiorite of Cretaceous age. This activity has
encouraged additional exploration in this area of
the Sierra Nevada.

In December 1978, the discovery of a uranium
deposit on the Oregon side of the McDermitt cal-
dera in Nevada and Oregon was announced. This

prompted a surge of exploration for uranium de-
posits in stratiform volcaniclastics and in veins in
the McDermitt area and in other calderas in the
Basinand Range. InUtah, arecent USGS open-file
report on the Mount Belknap caldera, near Marys-
vale, indicated that the caldera-fill and ring-
fracture zones are very favorable for uranium.
Other volcanic and lacustrine environments are
being explored elsewhere in the Basin and Range.

The announcement of a new mine and mill com-
plex near Marshall Pass has focused attention on
the Gunnison area of central Colorado. Vein-type
deposits associated with fault breccias in rocks of
various geologic ages are the exploration targets.
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Precambrian quartz-pebble conglomerates are
receiving attention in the Rocky Mountains and in
the Black Hills. As part of the NURE world-class
studies, this geologic environment is being evalu-
ated throughout the western United States.

Exploration is continuing in Precambrian rocks
of the southern Canadian Shield of east-central
Minnesota where previcus DOE-sponsored stud-
ies identified geologic conditions resembling those
of the unconformity-related uranium deposits in
northern Saskatchewan.

One of the more active areas in the eastern
United States is the Green MountainsinVermont,
where the crystalline rocks of the Precambrian Mt.
Holley complex appear favorable for uranium
occurrences. Known exploration activities in the
Precambrian metamorphic rocks of the Grand-
father Mountain area of North Caroiina have
ceased due to uncertain land availability.

Investigations by DOE’s Savannah River Labora-
tory have disclosed numerous occurrences of
uranium-bearing gorceixite in Aiken County,
South Carolina. Gorceixite, a complex barium-
phosphate mineral, is known to contain trace
amounts of uranium in widespread occurrences
elsewhere, but the Aiken County occurrences,
containing 80 to 850 ppm U304, are the highest
grade known. Investigations of the uranium
resources associated with the South Carolina gor-
ceixite deposits are continuing under the NURE
hydrogeochemical program.

Sandstone Environments

Despite increasing attention to nonsandstone
environments, exploration continues predomi-
nantly inthe sandstone host rocks of the uranium-
producing areas. During the first half of 1979, the
Colorado Plateau, Wyoming Basins, and Texas
Coastal Plain accounted for 88 percent of the total
industry drilling reported to the Grand Junction
Office. The Powder River Basin in Wyoming, which
had 20 percent of the total 1978 domestic drilling,
continues to lead all areas. In this basin, sand-
stones of Paleocene and Eocene age are the
targets. Eocene sandstones in the Wind River,
Shirley, and Great Divide Basins also are impor-
tant exploration targets. Precambrian crystalline
rocks and Paleozoic and Tertiary sedimentary
rocks in central Wyoming, located in the vicinity of
the south Granite Mountains fault zone, are
receiving considerable attention.

Exploration has slowed inthe San Juan Basin of
northwestern New Mexico where drilling in the
first half of 1979 represented only 12 percent of
the total for the United States compared with 21
percent in 1978 (figure 1). During the latter part of
1978, a DOE geologic drilling project penetrated
significant mineralization at depths in excess of
4,000 feet in the Chaco Canyon area which
encouraged some additional drilling by industry in
this general area. However, most drilling being
donethisyearinthe SanJuanBasinistodepths of
tess than 2,000 feet. Litigation, lack of available
land, market uncertainties, and the escalating
costs of deep mining are having a restraining
influence on deep drilling projects.

South ofthe San Juan Basin, inthe East Mogol-
lon Slope area of the Colorado Plateau, exploratory
drilling is being conducted in the Baca Formation
of Eocene age. This formation yielded 200 tons of
ore from mining during the 1950s inthe Red Basin
and Hooks Ranch areas of New Mexico.

Northwest of the San Juan Basin, the Paradox
Basin of southwestern Colorado and southeastern
Utah is the site of intensive drilling for deposits in
both the Morrison and Chinle Formations. The
announcement of the discovery of a major ore body
inthe Chinle adjacent to the Velvet Mine in south-
ernlisbon Valley has spurred exploration for other
Chinle targets. Exploration in the Salt Wash
Member of the Morrison Formation inthe Paradox
Basin continuedto be successful, bothonthe DOE
lease blocks and in the La Sal, Utah, area.

In Utah's Henry Mountains, west of the Paradox
Basin, aggressive exploration continues inthe Salt
Wash Member. Recently, Plateau Resources, Lid.,
received license approval for a proposed mill at
Ticaboo, Utah, where mine development is already
in progress.

Explorationdrilling has increased in the Tertiary
basins of southwestern Montana in the search for
Wyoming-type roll-front deposits. Some explora-
tion is being directed toward nonsandstone de-
posits in adjacent ranges. In central Idaho, there
has been some exploration in both sandstone and
nonsandstone environments.

Exploration of sandstones of various geologic
ages is being carried oninthe High Plains of Mon-
tana, North Dakota, South Dakota, Wyoming, Colo-
rado, New Mexico, and Texas. One of the most
active areas is the Black Hills of South Dakota and
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Wyoming where the target host rocks are sand-
stones inthe inyanKara Group of Early Cretaceous
age.

The discovery of large uranium deposits in the
Tallahassee Creek area of Colorado, announcedin
1977, continues to encourage exploration for
other deposits in Tertiary channel fill in the central
part of the State.

Drilling inthe Texas Coastal Plain has increased
over previous years but is not as widespread as
before. Most of this year's drilling is restricted to
the area from Fayette County southward to the Rio
Grande where deeper targets applicable to
solution-mining technology are being examined.

Industry continues exploration of the ore-
bearing Coso Formation of Miocene-Pliocene age
inthe Owens Valley area of California at the west-
ern edge of the BasinandRange. Elsewhereinthe
Basin and Range, exploration for deposits in sand-
stone-continues in the East Walker River area of
Nevada and in the Mojave Desert of California.
Sandstone and volcaniclastic environments are
being investigated in intermontane basins of west-
central Arizona. The development by industry of
the large reserves adjacent to the Anderson Mine,
in the Date Creek Basin of Arizona, has been
responsible for increased exploration for similar
deposits throughout the southern Basin and
Range.

In the eastern United States, the Catskill delta
area of Pennsylvania and New York is being
explored for uranium-bearing sandstones in the
Catskili Group of Devonian age. Also, exploration
continues in the Triassic basins, especially in
Virginia.

EXPLORATION EXPENDITURES
AND RELATED STATISTICS

Each springthe Grand Junction Office conducts
a survey, by individual company, of the uranium
industry’s exploration activities during the preced-
ing year and plans for the next 2 years. The results
of the latest survey were published in “Uranium
Exploration Expenditures in 1978 and Plans for
1979-1980,” GJO-103(79),- which presents a
compilation of data from 174 responding compan-
ies. The following information, regarding explora-
tion costs and plans, is taken from this survey.

Table 2 is a summary of annual exploration
expenditures for land acquisition, .drilling, and
other costs since 1972. The $314 million spent for
exploration in 1978 is 18 percent greater than the
$258 million reported in 1977. Of the 174 survey
respondents, 141 indicated plans to spend a totai
of $339 million in 1979, 8 percent more than in
1978. Planning of 1980 activities by some firms
was incomplete at the time of the survey, but 107
of the responding companies reported plans to
spend $314 million in 1980. It should be noted that

TABLE 2. Summary of domestic exploration expenditures

Millions of Dollars

Year Acquisition Drilling Other Total
1966 2.24 2.60 3.65 8.39
1967 7.56 8.50 8.76 24.82
1968 18.52 21.35 13.58 53.45
1969 13.89 29.19 15.67 58.75
1870 10.74 - 25.17 16.29 52.20
1971 9.75 20.96 10.44 41.15
1972 4.70 18.10 9.60 32.40
1973 7.67 25.27 16.53 49.47
1974 12.61 44.76 21.71 79.08
1975 16.70 73.81 31.62 122.03
1976 13.89 108.97 47.79 170.65
1977 28.22 155.03 74.83 258.08
1978 30.73 169.68 113.85 = 314.26
1979 planned — — — 338.90
1980 planned — — e 314.30
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the survey was conducted prior to Three Mile
Island, andits effects, if any, will not show up until
next year’s survey.

Drilling isthe single largest exploration expense
and generally accounts for more than half of total
exploration expenditures. The cost of acquiring
jand is a significant part of uranium exploration
costs. For example in 1978, this cost represented
10 percent of the total exploration expenditures.
The average acquisition cost per acre in 1978 was
$4.81.

Other exploration costs, shown in table 2,
include those for geologic and geophysical investi-
gations and research, costs incurred by field per-
sonnel during exploration, and overhead and
administrative charges specifically associated
with supervising and supporting exploration activi-
ties. In 1978, these other costs represented 36
percent of the total reported exploration expendi-
tures. The $114 million spentin 1978 represents a
52 percent increase over the $75 million spent in
1977. Environmental studies needed to plan and
execute exploration programs are becoming more
involved and costly. This function, combined with
increased use of geochemical and geophysical
surveys, accounts for most of the increase in other
costs. Grass roots research programs being car-
ried out by companies to systematically evaluate
possible new uranium plays are included here
also.

A survey of the publicly recorded land acquisi-
tions in 14 western states during 1978 indicated
that nearly 86 percent consisted of mining-claim
locations on federal lands. Approximately 4 per-
cent were state lands and 10 percent were fee
lands. As noted in the public record, numerous
mining claims were located during 1978 in both
inactive uranium-mining areas and frontier areas.

Table 3 is a historical summary of surface dril-
ling and associated expenditures for industry’s
exploration and development efforts for 1966
through 1978 and plans for 1979 and 1980. Total
footage drilled in 1978, for which costs were
reported, was about 5 percent greater than the
footage drilled in 1977, while total drilling costs for
1978 were 9 percent greater than in 1977. The
total footage drilled does not include drilling from
underground workings or for solution-mining pro-
duction. In addition to actual drilling, surface drill-
ing costs include drill-road construction, site prep-
aration, geologic and other technical support,
sampling, drill-hole logging, and site restoration.
Total drilling costs ranged from less than $1.25 to
more than $30 per foot. The average cost was
$3.53 per foot, a slight increase over the 1977
average.

According to the exploration survey, industry
planned to drill 53 million feet in 1979 and 51.5
millionfeetin 1980. Figure 3 shows the amount of
drilling doneineachyear, 1975t0 1978, andinthe

TABLE 3 . Summary of surface drilling expenditures

Year Exploration Drilling Development Drilling Total Surface Drilling
Millions of Mitlions of Millions of Millions of Millions of Millions of
Feet* Doliars Feet* Dollars Feet* Dollars
1966 0.93 1.36 1.50 1.24 243 2.60
1967 3.87 6.18 2.92 2.32 6.79 8.50
1968 12.87 18.53 3.73 2.82 16.60 21.35
1969 19.69 24.85 4.79 4.34 24.48 29.19
1970 16.91 21.69 3.41 3.49 20.32 25.18
1971 11.80 17.01 3.08 3.95 14.88 20.96
1972 11.95 15.40 3.08 2.70 15.03 18.10
1973 11.76 19.50 5.25 5.80 17.01 25.27
1974 14.72 34.95 6.84 9.81 21.56 44.76
1975 15.69 51.92 9.73 21.89 25.42 73.81
1976 20.36 70.70 14.44 38.30 34.80 109.00
1977 27.96 99.40 17.62 55.63 4548 155.03
1978 28.95 113.30 19.15 56.40 48.10 169.68
1979 planned 33.90 — 19.10 — 53.00 —
1980 planned 32.60 — 18.90 — 51.50 —

*From 1966-1972, 15.2 million feet of exploration and development drilling were not reported separately and are not

inctuded above.
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FIGURE 3. Cumulative surface drilling as collected monthly comparing 1975, 1976, 1877, 1978 and 1979
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first 8 months of 1979. Based on current data, it
appears that the total surface drilling for 1979
probably will not exceed 40 million feet, falling far
short of the planned 53 million feet.

Exploration drilling, such as drilling in search of
new ore deposits or extensions of known deposits,
accounted for 69 percent of the total 1978 drilling
effort. Development driiling, which defines the
shape, size, and grade of deposits and provides
information needed for mine planning, comprises
the balance of the drilling. Drilling in 1978 was
done with 375 rigs, and an estimated 370 logging
trucks were utilized. This compares with 367 rigs
and 332 logging trucks used in 1977.

Figures4 and 5 show the regional distribution of
exploration and development driiling, respectively,
for the years 1969-1978. Exploration drilling in
1978 increased over 1977 in nearly all regions,
with the exception of the San Juan Basin and
central Wyoming. Development drilling in 1978
increased over 1977 in the San Juan Basin,
Paradox Basin, Powder River Basin, and other
areas, including the Black Hills, Rocky Mountains,
and other portions of the Colorado Plateau as new
properties were brought toward production. Areas
showing decreases in development drilling from
1977 include south Texas and central Wyoming.

Figure 6 shows an analysis of the drilling by
selected depth ranges for the years 1964 through
1878. The naticnal average depth of holes drilled
in 1978 was 450 feet compared with 434 feet in

1977. The depth increase apparently is due to
increased drilling to deeper targets in New Mexico,
Utah, and Texas during 1978. The national aver-
age for holes drilled during the first 6 months of
1979 was 435 feet (figure 1). During this period,
the average depth of holes drilled in the San Juan
Basin was 1,272 feet, whereas the average depth
in the Wyoming Basins was 412 feet.

OQUTLOOK FOR 1980

The uncertainties of the rate of growth of
nuclear power and the uranium market, increas-
ing world supplies, andrising production costs are
expected to have an overall softening effect on
uranium explorationin 1980. The puliback of some
companies seen in 1979 is expected to continue
into 1980. However, the current aggressive pro-
grams of other companies will no doubt carry over
into next year. Surface drilling in 1980 probably
will not exceed that of 1979. Whiie exploration
drilling may decrease, development drilling proba-
bly wiil continue at the same rate as in 1979 as
more properties are brought toward production.

During the slowdown in exploration now being
experienced, companies are becoming more selec-
tive in their exploration targets and are more
imaginative in their application of geologic models,
especially in nonsandstone environments. Al-
though the drilling footage will be less than the
all-time high in 1978, land acquisition might
exceed that record year.
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RESULTS OF LOW-GRADE URANIUM STUDIES

Frank E. McGinley
Assistant to the Manager
Grand Junction Office
U.8. Department of Energy

QOctober 1979

INTRODUCTION

At this seminar last year, | reported that U.S.
Department of Energy (DOE) studies were under-
way toreevaluate certain very large but low-grade
types of uranium resources which have been
known for many years. These resources are:

® Seawater,
@ Phosphates, and
® Chattanooga Shale.

Now that these studies, or at least the initial
phases, have been completed, we thought it might
be of interest to summarize the results. Each of
these studies was intended to determine the
technical, economic, and environmental feasibility
of recovering uranium either as a single product, a
byproduct, or a coproduct, if other elements or
constituents appeared to be of marketable value.
The intent of this presentation isto summarize the
studies and to give special attention to the
estimated costs of production. Much of this
information has been taken from the report
summaries; for more detail, please refer to the
individual reports cited in the reference section at
the end of this report.

To put these low-grade uranium resources in
perspective, table 1 showsthe uranium concentra-
tion and the total estimated quantity of uranium for
each resource studied.

Although these resources contain significant
quantities of uranium, there are formidable prob-
lems that obviate any large scale production. The
question then arises, "Why are such studies
undertaken?’” The justification stems from the
concern about the adequacy of domestic uranium
resources in conventional-type deposits. Since
some of these low-grade resources are often
referred to as the ‘'fall-back’ resources, these
would have to be exploited if other domestic
sources of uranium should become insufficient.

TABLE 1. Low-grade uranium resources studied

U30g
Content
Resource Grade {tons)
Seawater 3-4 ppb 5x10°
Phosphates 50-200 ppm 4 x 10°¢
Chattanooga Shale 55-70 ppm 5 x 106

These resources have been studied in the past and
perhaps will be studied again in the future,
depending upen uranium demand and price, the
success of future exploration efforts, and improve-
mentis in process technology.

SEAWATER

Table 1 shows that the Earth’s oceans contain a
tremendous quantity of uranium (five billion tons
UsQg). Forthis reason, the possibility of recovering
uranium from seawater, which averages only 3 to
4 ppb U304 has intrigued various investigators for
many years, especially researchers in countries
without any other significant uranium resources.
To examine the feasibility of uranium recovery
from seawater in this couniry, a contract was
awardedin 1978 to EXXON Nuclear Company, inc.
(ENC), Richland, Washington. The overall objective
for the study was to determine the resource base
and the technical, economic, and environmental
feasibility of large-scale recovery of uranium, as a
coproduct and as a single product, from seawater
off the coasts of the United States. A multidiscipli-
nary work group was assembled under project
managment of ENC to fulfill this broad objective.
Oregon State University provided technical exper-
tise from its nuclear engineering, oceanography,
chemistry, and chemical engineering depart-
ments. Vitro Engineering Corporation developed
engineering flowsheets and provided architectural
engineering design.
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The scope of ENC’s study was limited to the
oceans adjacent to the continental United States,
its possessions, and its trust territories. ENC con-
sidered such parameters as: uranium concentra-
tions, current flow, temperature, turbidity, and
others, that may affect availability, recoverability,
and deliverability of uranium to an. exiraction
plant. Delivery schemes utilizing (1) occean current
flow, (2) tidal flow, and{3) pumped-flow were ¢on-
sidered in site selection for a conceptual plant
design effort.

Although ocean current flow delivery is being
considered by Japanese and German investiga-
tors, the configuration of adsorber beds is still
within the developmental stage, and the concept,
inthe opinion of ENC investigators, is not yet suffi-
ciently defined for conceptual design and cost
estimation. Hence, this delivery scheme was not
considered further by ENC.

A possible location identified by ENC for a tidal
flow plant is Cook Inlet which is located along the
Alaskan coastline and borders on the Gulf of
Alaska. Hightides, generally greaterthan 5 meters
and sometimes as high as 10 meters, are found in
Cook inlet. The year-round temperature range of
the water, from 4° to 11° C, offers poor uranium
adsorption kinetics, while the biological productiv-
ity creates an adsorber-fouling problem. These
unfavorable conditions, as well as a lack of fresh
water, make Cook Inlet unattractive as a site for a
tidal flow plant.

ENC concluded that pumped-flow delivery re-

quires siting at a location with optimum uranium
recovery conditions, which include:

1. High salinity (which also indicates best ura-
nium concentrations),

2. Assurance of seawater feed nondepleted in
uranium, by having an optimum current

regime,

3. Seawater temperature in the 26° to 30° C
range to assure high extraction efficiency,

4. Low water clarification requirements,

5. Near sea level elevation for the plant with a
minimum of offshore-onshore slope, and

6. A large volume and supply of fresh water.

One such site, in southeastern Puerto Rico,
appeared to meet these criteria for a pumped-flow
delivery system. The Puerto Rico site was used for
preliminary conceptual design and cost estimating
purposes,

ENC proposed using the same process devel-
oped by the researchers in England in the 1960s,
namely the adsorption of uranium on beds of
hydrous titanium oxide. The uranium-loaded beds
reqguire washing with fresh water prior to elution
with an ammonium carbonate solution and then a
postwash with additional fresh water. The
uranium-bearing solution is heated with steam to
remove ammonia and carbon dioxide, which are
recycled, and to precipitate the uranium, which is
filtered and dried.

The ENC study concluded that it would be tech-
nically feasible to recover uranium from seawater
off the coast of Puerto Rico although a number of
site-specific studies should be conducted prior to
final site selection. It is not feasible from an engi-
neering viewpoint 1o go beyond the preliminary
conceptual design for a pumped-flow system
without conducting further studies. It would be
socially feasible to recover uranium from seawater
as long as the plant site was in a low-population
area. The environmental impacts appear to be
amenable to mitigation by current technology.
Without major technical break-throughs, such as
increased adsorber capacity and decreased chem-
ical and fresh water requirements, which would
lead to significantly lower production costs, a
pumped-seawater plant to extract uranium from
seawater is not economically feasible. ENC con-
cluded thatif a plant were built by 1995, the cost of
extracting uranium from seawater would range
from $2,100 to $2,600 per pound U;0;,. The pro-
duction cost is extremely capital intensive, and as
such, the projected costs are sensitive to the
method of financing the project. A private venture,
without government support, could not produce
uranium for under $2,700 per pound, and the most
probable commercial cost would be about $3,600
per pound U034 ENC’s most optimistic, hypotheti-
cal case ($600 per pound U;0¢ in 1990} assumes
major technical breakthroughs, most favorable
economic climate, and financing on strictly a cost
recovery basis with no allowance for risk or con-
tractor fees.

The above cosis were based on a pumped-flow
system plant capable of producing 550 tons U304
per year from seawater averaging 3to 4 ppb U;04
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at an overall recovery of about 70 percent. The
plant capital cost {1978 dollars) was estimated at
$6.2 billion and would require 15 years to design,
engineer, and construct, with plant start-up in
1995.

PHOSPHATES

The objectives of this study were to determine
(1) the technical, economic, and environmental
feasibility of uranium recovery from various ura-
niferous phosphate resources inthe United States
and the Free World, and (2) the quantities of ura-
nium that might be recovered through the year
2025 from those resources as either a byproduct,
coproduct, or single product. The study was under-
taken in July 1978 by Earth Sciences, Inc. (ESI),
Golden, Colorado, and was completed with the
recent issuance of the final report.

ES! concluded that uranium availability from
phosphate resources during the next 50 years will
be almost entirely dependent upon the production
of wet-process phosphoric acid—an intermediate
step in manufacturing phosphate fertilizers. No
other phosphate resource was considered to be a
viable source of uranium during the next several
decades because no process has been found that
will selectively extract uranium. Hence, special
emphasis was given to byproduct recovery of ura-
nium from wet-process phosphoric acid.

The current wet-process phosphoric acid pro-
duction capacity of the Free World is 24.3 million
tons P,0s per year, of which 40 percent is in the
United States. Such acid production is estimated
to contain approximately 9,200 tons U305 annually
of which 4,250 tons would be in acid produced in
the United States. ES! reported average U;0g con-
centrations in phosphoric acid ranging from a fow
of 10 milligrams per liter {(mg/l) in South Africa
and Australia to 190 mg/lin acid produced in the
United States from Central Florida phosphate rock.
Assuming, that during the processing of phos-
phoricacid, 15 mg/1of Us0gremaininthe acid, ESI
calculated the quantity of recoverable uranium at
each plant based on U.S. economic conditions at a
selling price of $40 per pound U30s.

The cost of recovering uranium from phosphoric
acid is a function of such items as the phosphoric
acid plant capacity, the uranium content of the
incoming acid, the uranium content of the acid
returned to the phosphoric acid plant, the type of
acid (""green,”” “black,” “hemihydrate,” etc.}, the

location, and the degree of integration with the
fertilizer production complex. ESi estimated that a
uranium extraction facility to treat acid from a
plant with an annual capacity of 50,000 tons P,0s
would cost about $5 million, while a facility to treat
acid containing 300,000 tons P,05 wouldcost $18
million. However, the smaller plant would require
a price of $60 to $70 per pound U303 to realize an
adequate return on investment. In general, most
wet-process phosphoric acid plants in the United
States with an annual capacity of 150,000 tons
P,05s and a U305 concentration of 140 mg/! could
produce uranium profitably at a selling price of $40
per pound of U305,

Utilizing their estimated capital and operating
costs, ESI reported that 88 percent of the uranium
contained in phosphoric acid in the United States
is recoverable for a selling price of $40 or less per
pound Uz0s. On this basis,the larger phosphoric
acid plants in this country could produce an esti-
mated 3,750 tons U0y, if all plants operated at
capacity.

A similar analysis of phosphoric acid plants out-
side the United States revealed that only 42 per-
cent of the total uranium would be recoverable at
$40 or less per pound U305 because of the pre-
ponderance of small phosphoric acid plants or the
low uranium content of the acid. Throughout the
Free World (excluding the United States), an esti-
mated 5,820 tons U305 currently appear to be re-
coverable at $40 or less per pound.

From their 1978 uranium production capability
estimates, ES! made projections of phosphoric
acid plant capacities, sources of phosphate rock,
and estimated byproduct uranium recoverable in
theyear 1985. Projections werethen madefor the
1985-2000 period and finally to the year 2025. It
was estimated that byproduct uranium recovery
could amount t0 4,400 tons U304 per year by 1980
for U.S. plants. The annual uranium recovery could
increase to about 6,000 tons U303z in 1985 and
then decrease gradualily to about 5,000 tons in
2000 and 4,600 tons in 2025. Cumulative byprod-
uct uranium production in the United States could
amount to 113,000 tons U304 through 2000 and
232,000 tons Us0g through 2025.

Byproduct uranium recovery from phosphoric
acid plants throughout the remainder of the Free
World could amount to 2,500 tons U30g in 1980,
increasingto an annual rate of 3,700tonsin 1985,
7.500 tons in 2000, and 16,000 tons of U;03 in
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2025. Cumulative Free World production could
total about 105,000 tons U305 through 2000 and
an estimted 400,000 tons U30z through 2025.
Byproduct uranium production is projected by ESI
to decrease in the United States as the higher
uranium-grade Central Florida phosphate rock is
depleted. Phosphoric acid production capacity -is
projected to remain relatively constant after 1985,
but the uranium content will decrease as lower
uranium-grade rock is used to make acid. Con-
versely, ES| projects substantial increases in
phosphoric acid plant capacities for other coun-
tries of the Free World, expanding about fourfold
from 1985 to 2025.

ESI also compiled information and data on the
uraniferous phosphate resources of the United
States and of the Free World, giving special atten-
tion tothe uranium content of reserves and poten-
tial ‘resources of marine phosphorites of the
southeastern United States and of the Western
Phosphate Field. Phosphatic materials, other than
phosphate rock, were evaluated as possibie future
sources of uranium. These included igneous apa-
tite deposits, monazite placer deposits, phosphatic
shales, Florida leached zone, Florida phosphate
slimes, unbeneficiated ore-grade phosphate re-
sources, vanadiferous shales of the Waestern
Phosphate Field, phosphate fertilizer interme-
diates, and electric-furnace phosphate slag. None
of these resources is considered a viable source of
uranium under current economic conditions utiliz-
ing presently known processing technology. Since
the estimated costs for producing significant quan-
tities of uranium directly from these phosphate
resources, either as a single product or as a coprod-
uct, are so high, about $200 per pound U;0,, there
is no incentive for further study of these resources
at this time. -

CHATTANOOGA SHALE

At this seminar last year, the results of the DOE-
approved uraniferous shale study were summa-
rized briefly. | should like to take this opportunity
to review that study and present more details,
especially on estimated costs of production, and
suggestions for follow-up studies.

The Chattanooga Shale of Late Devonian age
extends, with fairly uniform thickness and lithol-
ogy, over large areas of the east-central United
States. lt contains large amounts of uranium and
has been investigated intermittently since 1944.

Although the uranium content is quite low, averag-
ing about 60-65 ppm U300, Chattanooga Shale is
estimated to contain about 5 million tons U;Q0s.

The Chattanooga Shale study was conducted by
Mountain States Mineral Enterprises, Inc., Tue-
son, Arizona. The assessment of environmental
and socioeconomic impacts was performed by PRC
Toups Corporation, Orange, California, and the
shale mining plan and estimates of mine capital
and operating costs were prepared by Cleveland-
Cliffs iron Company. The Institute of Gas Technol-
ogy. (IGT) at Chicago, lliinois, contributed
information and data on .its oil shale hydrogen
retorting process.

The areal extent of Chattanooga Shale is known
to encompass about 35,000 square miles in south-
central Kentucky, central Tennessee, northeast-
ernAlabama, and northwestern Georgia. Because
of the relative abundance of geologic, analytical,
and engineering data, the Youngs Bend area of
DeKalb County, Tennessee, was selected by
Mountain States as “‘typical’’ for assessment of
the feasibility of mining and processing Chatta-
nooga Shale for uranium recovery. Mountain
States concluded that the exploitation of Chatta-
nooga Shale, if at all possible, will have to be based
upon mining and processing large tonnages with
maximum efficiency in order to produce uranium
at minimum cost. A plant throughput of 100,000
tons of shale per day was chosen as necessary and
possible on a reliable daily basis with present-day
equipment and technology.

Open-pit mining methods were considered but
rejected because the ratio of overburden thickness
to shale thickness is too great. Underground min-
ing appears feasible, but three mines, each pro-
ducing 36,000 tons per day, would be required.
Cleveland-Cliffs estimated an average mine extrac-
tion of about 60 percent of the in-place shale and
operating and maintenance costs for mining and
backfilling with coarse tailings of about $2.80 per
ton of shale mined.

Mountain States recommended processing the
shale to recover a variety of products consisting of
uranium, synthetic crude oil {syncrude), ammonia,
and sulfur. Excess waste heat is used to generate
electricity for sale. In addition, vanadium, cobalt,
nickel, molybdenum, thorium and perhaps other
metals could be recovered if recovery costs and
market conditions were favorable.
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The proposed use of the shale oil recovery tech-
nology developed by IGT is of special interest
because of the potential for much higher syncrude
yields than previously were considered possible
from Chattanocga Shale. For example, shale with
a Fischer Assay of only 8.7 gallons of oil per ton of
shale could produce as much as 21.7 gallons per
ton using the IGT process. All heat and power for
the hydroretorting process is developed internally
from the carbon in the shale. Retorted shale, still
containing about half its original sulfur and some
residual carbon, isthenroasted. The roaster gasis
cleaned and used to make sulfuric acid for ura-
nium leaching. Roasted residues amounting to
80,000 tons per day are ground to 48-mesh, then
leached with sulfuric acid. About 80 percent of the
uranium in the roasted residues is dissolved with
an acid consumption of about 200 pounds per ton
of residues. Conventional uranium recovery proc-
essing foliows, i.e. liquid-solid separation, solvent
extraction, etc.

The leached residues or tailings are neutralized
with lime and classified to remove the coarse frac-
tion, about 70 percent by weight, which is used for
mine fill. The fines, however, are pumped to sur-
face storage, and their impoundment could consti-
tute one of the most serious environmental
problems.

A plant treating 100,000 tons per day of Chatta-
nooga Shale at 65 ppm U305 would have an esti-
mated annual production of 1,360 tons U304, 19.3
million barrels of syncrude, 171,500 tons of
ammonia, and 739C,000 tons of sulfur and have
surplus electricity to sell. The other metals pre-
viously mentioned could be recovered by installing
additional process facilities. Mountain States con-

sidered various shale processing schemes and
performed detailed economic analyses to deter-
mine the uranium price required to produce vary-
ing rates of return on investment (ROl). The
Mountain States mine economic analyses of min-
ing and processing Chattanooga Shale, containing
65 ppm U30g, are summarized in table 2. Table 2
shows the U;0; prices required to generate a 15-
and 20-percent return on investment (ROI), assum-
ing, when syncrude is produced, prices of either
$14 or $20 per barrel.

Also considered in the economic evaluation
were various other possibilities with these results:

1. Shale with a U30; content greater and less
than 65 ppm

A higher grade shale, if it were available in
sufficient tonnage, would improve the eco-
nomics of uranium recovery. As shown in
table 3 the price required to generate a given
ROI decreases significantly if shale contains
100 rather than 65 ppm U305. Conversely, if
shale contained only about 45 ppm U304, the
Case lll price at 20-percent ROl increases
from $230 to $281 per pound.

2. Improved recovery of uranium

Although Mountain States considers a 60-
percent U30g recovery to be the most realis-
tic, the effect of improved recovery was
evaluated. InCaselll (table 3} if recovery from
65 ppm U305 shale could be improved to 80
percent, the U300, price at 20-percent ROI
would decrease from $230 to $173 per
pound.

TABLE 2. U305 price (S/1b) required to generate 15% and 20% RO/

15% RO 20% ROI 15% RO! 20% ROl

$14/bbl $20/bbl $14/bbl $20/bbl No Oil No Oil
Case | 112 70 188 147
Caselli 173 131 241 199
Case lli 206 230
Case IV 145 177
Casel - Recovering uranium, syncrude and byproduct metals
Case ll ~ Recovering uranium and syncrude
Case lli - Recovering uranium only

Case IV~ Recovering uranium and byproduct metals
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TABLE 3. ;0 price ($/1b) required to generate 15% and
20% ROI at various shale grades

Shale Grade

(ppm U,04) 45 65 100
ROI{%) 15 20 15 20 15 20
Case i¥ - - 70 ..147 456 95
Case II* : - - 131 199 85 -
Case ili* - 281 206 230 133 149
Case IV - - 145 - 177 - -

*Based on syncrude price of $20/bbi

3. ROI at 1978 U;0; market price

Assuming U304 sales at the 1978 spot
market price of $42.50 per pound and syn-
crude at $14 and $20 per barrel, the ROl for
Cases | and |l would be as shown in table 4,
This analysis is based on shale containing 65
ppm Uz0g and 60-percent recovery. Case |
shows the better RO, but there are perhaps
greater uncertainties because of added prob-
lems of recovering and marketing several
metals, other than uranium, found in Chatta-
nooga Shale. However, this analysis shows
that in mining and processing shale contain-
ing 65 ppm U304 at arate of 100,000 tons per
day, and if all the byproducts were made and
sold, one mightrealize an 8.9-percent ROl at
a U30¢ price of $42.50 per pound and a syn-
crude price of $14 per barrel, The estimated
capital cost would be $2.3 billion, and the
direct annual operating cost would be 416
million,

The environmental and socioeconomic impacts
of a Chattanooga Shale operation were assessed
only in a general fashion, inasmuch as specific
mine and plant sites had not been selected. Some
environmental costs, such as tailings disposal and
water treatment, were included in the economic
analyses. Potential environmental and sociceco-
nomic constraints were identified but not quanti-
fied for the economic analyses. The preliminary

TABLE 4. RO! (%) at 1978 U305 market price

$14/bbl - $20/bbl
Case l 8.9 12.8
Case i -0.9 586

analysis indicated that a Chattanooga Shale proj-
ect could be environmentally accommodated
through proper site selection and careful planning.

As afinal phase of the Chattanooga Shale study,
Mountain States was requested 1o identify imme-
diate, short- and long-range programs, and/or
strategies for the development and exploitation of
the rescurce. Utilizing the individuals and firms
that participated in the initial study, Mountain
States suggested 1%2-, 5-, and 20-year deveiop-
ment program plans for the guidance of DOE. The
primary objective was to identify critical areas for
future study and the problems that must be solved
within the three time frames. The following items
were thus identified:

1. Geology—Further "exploration and drilling
arerequiredio define better the uranium and
oil content and distribution,

2. Mining—An environmentally acceptable meth-
od of mining and waste disposal needs 1o be
developed and proved.

3. Hydroretorting—The technical feasibility of
oil extraction using this technigque must be
demonstrated in pilot and commercial size
operations.

4. Uranium and Byproduct Recovery—
Laboratory and piiot-plant metaliurgical stud-
ies are required to develop commercially
acceptable processes and flowsheets.

5. Environmental Feasibility—Possibie environ-
mental degradation from large-scale exploi-
tation needs to be more thoroughly assessed
for a site-specific location.
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The estimated costs of the proposed “Develop-
ment Program Plans” were $1.1, $5.6, and $4,804
million for the 1%2-, 5- and 20-year time frames.
The 5-year plan envisions pilot operations; where-
as the 20-year plan includes demonstration of
commercial size operations. The Grand Junction
Office (GJO) has no current plans to undertake
further studies of Chattanooga Shale as a source
of uranium. The recovery of syncrude through
hydroretorting of eastern shales is expected by the
DOE fossil-fuel program.

RED MUDS

Red mud is the solid waste which remains after
alumina has been causticleached{using the Bayer
process) from bauxite for the production of alumi-
num metal. Red mudis accumulating in this coun-
try at a rate of about 10 million tons per year, and
some red muds may contain enough uraniumtobe
of interest as a possibie resource. In order to
answer questions often raised about this potential
resource, it was decided to sponsor a study to
obtain definitive data. Accordingly, Bendix Field
Engineering Corporation entered into a subcon-
tract with Zellars-Williams, inc.{ZWIl)}, Lakeland,
Florida, late in 1878 with these objectives:

1. To determine the volume, geographic distri-
bution, average grade, and mineralogical
state of the uranium, and

2. To correlate the red muds based on bauxite
origin, wherever possible.

ZWI was to inventory, measure, sample, and
analyze {for uranium and thorium) the red mud
waste piles as well as current plant production.
Because of analytical difficulties, ZWI has not yet
completed the study.

CONCLUSION

DOE-sponsored studies have been completed
on three low-grade resources: seawater, phos-
phates, and Chattanooga Shale. A study of ura-
nium associated with the red muds is nearing
completion. Each of the completed studies pres-
ents a current assessment of the technical, eco-
nomic, and environmental feasibility of uranium
recovery. Although none of these resources,
except byproduct uranium from phosphates, is
expected to contribute tothe uranium supply inthe
foreseeable future, the studies do contain defini-
tive and timely information and data that will be
useful for long-range planning and future
reference.
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INTRODUCTION

Domestic uranium production will be higher in
1979 than during any prior year, and much of the
increase fromthe 1978 production level will come
from nonconventional production. Uranium ore
production is at a record level, but the ore grade is
15 percentlower than it was last year. Fortunately,
mill recoveries have increased in spite of the drop
in millfeed grade.

Two new mills began processing uranium ore
and several small in situ leaching operations came
on stream. Early this fall, uranium recovery will
begin at another copper-leach operation and at
another wet-process phosphoric acid plant.

Production was interrupted or delayed at several
mills by strikes or concerns over possible environ-
mental problems.

MINING (See figure 1)

Open Pit (See figure 2)

The 60 open-pit uranium mines are producing
slightly more than half of the uraniuminoreinthe
United States. The grade of ore being mined from
individual open pits ranges from 0.03 t0 0.25 per-
cent U;O0g with an average of 0.09 t0 0.10 percent
U305 Wyoming continues to lead the nation in
open-pit operations. All of the uranium ore being
mined in Texas and Washington comes from open
pits.

The largest uranium open pits produce up to
5,000 tons of ore per operating day {TPOD), but the
average is about 700 TPOD or 160 tons U30g per
yvear per pit. Today’s average open pit is producing
twice as much uranium ore as did the average pit
of 1969, and thei e are about twice as many open
pits operating now. Eight of them produced more
than 1,000 TPOD last year, and perhaps a dozen
will produce at that rate during 1979. Most open-
pit mining continues to be done at depths of less
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than 400 feet because uranium ore deposits in
sandstone tend to be too small for economic open-
pit mining at greater depths.

Since 1970, there has been only oneyear, 1977,
when the uranium contained in ore mined from
open pits was less than that from underground
mines. In each year prior to 1971, most of the
uranium in ore came from underground mines. We
had anticipated that this would again be true after
1976, because of the depth of lower costreserves,
but the trend to produce more ore from shallow
rather than from deep orebodies has continued.
Major factors in this trend have been the long
lead-times and high costs required to develop deep
underground mines. Uranium production from
underground mines, however, may be expected to
exceed that from open pits within the next 3 years.

Miner productivity increased slightly in both
1978 and 1979, but the present level of about 20
tons of ore per man shift from open pits is still
about 30 percent lower than the productivity in
1973 and 1974. Much of the lower productivity
may be attributed to the increasing number of
state and federal regulations concerning mining,
but high turnover of mine labor and the proportion
of inexperienced workers are very significant
factors.

Underground (See figure 3)

About 300 underground uranium mines will
produce ore in 1979 although perhaps half that
number will deliver ore during any calendar quar-
ter because some mines only produce for annual
assessment work, and some mines alternate
between ore production and mine development
work. This compares with the 1955 through 1961
boom years when more than 500 mines, most of
which were underground and small, delivered ore
during each calendar quarter. Most of today's
underground mines are larger although more than
a third of them each produced less than 1,000
pounds Uz0z in ore in 1978. Half a dozen under-



EXPLANATION
Underground mining
Open-pit mining

In situ ieach mining

® <B
@ <<

FIGURE 1. Locations of major uranium mines in the United States
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FIGURE 2. Ore delivered from open-pit uranium mines

ground uranium mines produced more than 1,000
TPOD in 1978. The largest mines are producing
2,0001t0 3,000 TPOD, butthe average for all mines
is about 90 TPOD. Both underground and open-pit
uranium mines normally operate 250 days per
year.

Most of the uranium in ore produced from
underground mines continues to come from
depths of less than 400 feet, although the deepest
mines have depths approaching 3,000 feet. The
operating mines are located mainly in New Mex-
ico, Colorado, and Utah, but underground mine
production continues to increase in Wyoming.

The average grade of ore being produced from
underground mines is about 0.14 percent U0
with values for individual minesranging from 0.05
to more than 0.50 percent.

Miner productivity is nearing the 8 tons per
manshift which was common at the beginning of
this decade. Unfortunately, more service and sup-

port is needed now than earlier, so the productivity
of total labor for underground uranium mining is
25 to 30 percent lower than it was b years ago. As
in open-pit mining, the increased labor is neces-
sary to comply with recent environmental and
safety regulations.

Underground mines are producing almost 40
percent of the above-noted tons of uranium ore;
because of the higher grade of ore produced from
underground mines and the better mill recoveries
for this higher grade ore, almost half of the ura-
nium in concentrate produced from conventional
ore comes from underground ore.

Solution (In Situ Leaching)

There are about 15 solution uranium mines in
operation. A few of these are small test programs,
but each of the others is producing more than
100,000 pounds U30g¢ per year. Total U3;0g produc-
tion from solution mines was about 100 tons in
1976,500tonsin1977,1,000tonsin 1978, andis
expected to be 1,500 tons in 1979.
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FIGURE 3. Ore delivered from underground uranium mines

Solution mining of uranium is continuing in
Wyoming, Colorado, and Texas, with all of the
larger operations in Texas. Most of the leaching is
done with alkaline carbonate solutions containing
an oxidant. Sulfuric acid was used for in situ leach-
ing in the Shirley Basin, Wyoming, in the 1960s
and is being tested at other locations.

Solution-mining depths now vary from 300 to
600 feet, and operations at greater depths are
planned. It appears technically feasible to solution
mine at depths of a few thousand feet, but the
minimum economic size of orebody and minimum
ore grade increase rapidly with depth. For inde-
pendent operations {i.e. those not associated with
ore-processing plants), the minimum economic
size at depths less than 600 feet is about 500,000
pounds U305 in ore of 0.05 percent U;0g content.
Solution mining within a mile or two of a conven-
tional uranium mill might be economically aitrac-
tive with orebodies as small as 100,000 to
200,000 pounds U305 since recovery costs could
be shared with those for recovering uranium from
mined ore.

Two majer items which contribute to solution-
mining costs are monitoring during the leaching
period and restoration of the leached-out zone
after leaching is completed.

For environmental monitoring, wells are re-
quired, usually about 200 feet outside the perime-
ter of the area being leached and at 200-foot
intervals. In addition to the monitor wells located
in the formation being leached, monitor wells are
required in the formations above and below the
leaching zone. Water sampiles, collected from each
monitor well at intervals of at least once per
month, are analyzed to determine whether or not
leach reagents have migrated from the solution-
mining zone, if such an excursion occurs, feaching
is discontinued until the problem is corrected.
Excursions are few and generally should not
represent any hazard to the public, because the
chemicals used are not toxic, and low flow rates of
ground waters allow adequate time to retrieve
straying solutions.

Restoration of a leached-out zone is intended to
displace leach chemicals and soluble uranium

196



from that zone so that ground water will have
essentially the same composition as it had before
solution mining started. Depending upon the per-
meability of the aquifer, restoration may require
from a few months to several years. Restoration is
achieved by pumping ground water from the
leached-out zone and may be accompanied by
some treatment of this water to remove dissolved
salts and recirculation of the treated water. Pri-
mary concern has been with ammonia. As one
hydrologist pointed out, officials worry about 50
ppm of ammonia in ground water but permit 1,000
ppm of ammonia in bread.

Percolation leaching is closely related to in situ
leaching. Early this year Durita Development
Company completed successful percolation leach-
ing of uranium mill tailings at Naturita, Colorado,
to recover uranium and vanadium. This company
had hoped to leach mill tailings from Durango,
Colorado, but was unable to get necessary state
permits. Union Carbide Corporation has continued
heap leaching low-grade ore in Colorado and
Wyoming, and Solution Engineering, Inc., has

employed in situ leaching to recover uranium from
mill tailings near Falls City, Texas.

URANIUM ORE PROCESSING
Conventional Mills

The 1979 uranium concentrate production is
expected to contain 19,000 to 20,000 tons U304
{see figure 4). More than 90 percent of this or
about 17,600 tons U30s will be recovered by
processing some 16 million tons of ore in 21
conventional mills{see table 1 andfigure b). These
mills have a capacity to produce nearly 20,000
tons U303 per year from ore of the grade now being
mined. The balance of the U300z producedthis year
will be recovered as a byproduct or will come from
solution mining, percolation leaching, or mine
water. Thisyear’s production will be lower thanwe
had expected at the beginning of the year because
of long delays in licensing Cotter Corporation’s
1,500 TPD (tons per day) acid leach mill at Canon
City, Colorado, and an indefinite shutdown of Uni-
ted Nuclear Corporation’s mill at Church Rock,
New Mexico, after a break in the mill tailings dam
in July.
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FIGURE 4. Uranium ore processing rates and concentrate production
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TABLE 1. Uranium ore processing mills

CAPACITY
{TONS ORE
, COMPANY ; , LOCATION PER DAY) PROCESS USED
Anaconda Copper Company Grants, New Mexico 6.000 Acid leach, CCD, solvent extraction
Atlas Corporation Moab, Utah 1.500 Carbonate leach, caustic precipitation
& acid leach, solvent extraction

2,000 Acid leach, CCD, solvent extraction
Bear Creek Uranium Company Powder River Basin, Wyoming 2.500 Acid leach, CCD, solvent extraction
Chevron Resources Company Panna Maria, Texas 3,200 Bcid leach, CCD, solvent extraction
Conoco & Pioneer Nuclear, Inc. Falls City, Texas 1.500 Acid leach, CCD, solvent extraction
Cotter Corporation Canon City, Colorado 400  Acid leach, CCD, column ion exchange
Dawn Mining Company Ford, Washington 3,000  Acid leach, CCD, solvent extraction
EXXON, U.S.A. Powder River Basin, Wyoming 850 Acid leach, sluex
Federal-American Partners Gas Hills, Wyoming From wet-process phosphoric acid,
Freeport Uranium Recovery Corp.  Uncle Sam, Louisiana solvent extraction

From wet-process phosphoric acid,
Gardinier, Inc. Tampa, Florida solvent extraction
In situ leaching, column ion

IEC Corporation Three Rivers, Texas exchange '

7.000 Acid leach, CCD, solvent extraction
Kerr-McGee Nuclear Corporation Grants, New Mexico In situ leaching, column ion‘exchange
Mobil Oil Corporation Bruni, Texas 2.800 Acid leach, eluex
Pathfinder Mines Corporation Gas Hills, Wyoming 1,800 Acid lsach, CCD, column ion exchange
Pathfinder Mines Corporation Shirley Basin, Wyoming 1,500 Acid leach, CCD, solvent extraction
Petrotomics Company Shirley Basin, Wyoming 750 Carbonate leach, caustic

Rio Algom Corporation

La Sal, Utah

precipitation
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TABLE 1. Uranium ore processing mills {continued)

CAPACITY
(TONS ORE
COMPANY LOCATION PER DAY) PROCESS USED
Sohio Natural Resources Company Seboyeta, New Mexico 1.660 Acid leach, CCD, solvent extraction

Solution Engineering, Inc.

Union Carbide Corporation
Union Carbide Corporation
United Nuclear Corporation
UNC Recovery Corporation

United Nuclear Homestake Partners
U.S. Steel Corporation

U.8. Steel-Niagara Mohawk
Western Nuclear, Inc.

Western Nuclear, Inc.

Wyoming Mineral Corporation

Wyoming Mineral Corporation
Wyoming Mineral Corporation
Wyoming Mineral Corporation

Falls City, Texas

Uravan, Colorado
Natrona County, Wyoming
Church Rock, New Mexico
Mulberry, Florida

Grants, New Mexico
George West, Texas
George West, Texas
Wellpinit, Washington
Jeffrey City, Wyoming
Bingham Canyon, Utah

Bruni & Three Rivers, Texas
Irigaray, Wyoming
Pierce, Florida

TOTAL

1.300
1,200
3.000

3,000

2,000
1,700

42,260

From uranium mill tailings,
in situ leaching, column ion exchange
Acid leach, CCD, column ion exchange
Acid leach, eluex
Acid leach, CCD, solvent extraction
From wet-process phosphoric acid,
solvent extraction
Carbonate leach, caustic precipitation
In situ leaching, column ion exchange
In situ leaching, column ion exchange
Acid leach, CCD, solvent extraction
Acid leach eluex
From copper dump leach liquor,
ion exchange
In situ leaching, ion exchange
in situ leaching, ion exchange
From wet-process phosphoric acid,
solvent exchange
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FIGURE 6. Grade of uranium ore processed

The average grade of ore processed apparently
willdropfrom 0.133 percentUz;05in 1978 to about
0.11 percent U30g in 1979 (see figure 6). Cur-
rently, monthly average feed grades for individual
milis range from 0.03 to aimost0.30 percent U30s.
One third of the mills have average milifeed grades
lower than the 0.10 percent U3;0g cut-off grade
that was specified in the Atomic Energy Commis-
sion {(AEC) ore purchase contracts of the 1950s
and 1960s.

Mill recovery during each of the last 6 months
was about 91 percent(see figure 7). This compares
favorably with the 90.6-percent average from
higher-grade ore in 1978. Most of the improved
recovery in 1979 occurred at new mills as opera-
tors became more competent, and changes were
made in equipment and/or operating conditions.
Individual mill recoveries range from 75 to 99 per-
cent. Eight of the milis recover less than 90 per-
cent of the uranium in ore processed. Higher
recoveries could be obtained, but the added costs
of reagents, steam, and more equipment cannot
alwavs be justified at the contract prices that many
companies are receiving for uranium concentrate.
A few companies are making changes in their mills
to increase uranium recoveries.

Chevron Resources Company began processing
ore at its 2,500 TPD mill at Panna Maria, Texas, in
February, and Cotter started up its new 1,500 TPD
mill at Canon City, Colorado, in September. Con-
struction continues at the 2,000 TPD mill of Bokum
Resources Corporation near Marquez, New Mex-
ico. In Wyoming, Pathfinder Mines Corporation is
expanding its Lucky Mc mill, and Bear Creek Ura-
nium Company expanded its mill to 2,000 TPD.

Considerable progress was made during the last
12 months toward obtaining licenses for construc-
tion of new uranium milis. Final environmental
statements were issued for the following new
projects:

Energy Fuels Nuclear, inc.
White Mesa Uranium Project
San Juan County, Utah

EXXON Minerals Company, U.S.A.
Highland Uranium Solution Mining Project
Converse County,
Wyoming

2,000 TPD

375 Tons U3;04/Yr

Homestake Mining Company
Pitch Project

Saguache County, Colorado 600 TPD
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Minerais Exploration Company
Sweetwater Uranium Project

Sweetwater County, Wyoming 3.000 TPD

Plateau Resources, Ltd.
Shootering Canyon Uranium Project

Garfield County, Utah 750 TPD
Tennessee Valley Authority
Morton Ranch Uranium Mill
Converse County, Wyoming 2,0007PD

Other mills which have been announced include:

Phiilips Petroleum Co.

Nose Rock, New Mexico 2,500 TPD
Pioneer-Uravan, Inc.
Slick Rock, Colorado 1,000TPD

BYPRODUCT URANIUM
Wet-Process Phosphoric Acid

A million pounds U3;0s were recovered from
wet-process phosphoric acid in the 1950s and

early 1960s. Production was discontinued at that
time because the AEC did not renew contracts to
purchase uranium-.concentrate produced from
phosphates. More recently, Oak Ridge National
L aboratory and others developed new processes or
improved the processes used previously. There
was a small uranium production from phosphoric
acidin 1976,1977,and 1978. Bythe end 0f 1978,
three companies were producing uranium from
phosphoric acid, andthere will be five companies
producing by the end of this year. These compa-
nies are listed in table 2.

The Gardinier recovery began late this spring,
and IMC is close to, if not in, the start-up phase of
uranium recovery. In addition to the companies
listed, IMC is building primary uranium recovery
units at ‘C. F. Industries, Inc.,” phosphoric ‘acid
plants at Bartow and Plant City, Florida, for start up
by late 1980, and Earth Sciences, Inc., is starting
up -a-uranium recovery plant at the Calgary,
Alberta, plant of Western Cooperative Fertilizers,
Ltd., which processes phosphate rock from the
western United States.

96

95

94

93

92

91

AN

PERCENT OF CONTAINED URANIUM
RECOVERED FROM ORE

80

d’”
¥

89

1969 ~ 1870 1971 1972 1973

CALENDAR YEAR

FIGURE 7. ‘Recovery of uranium trom ore processed

1974 1975 1976 1977 1978

202

1979

Est .



TABLE 2. Companies producing uranium from phosphoric acid by end of 1978

Capacity
Company Location Tons Us0g/Yr
Freeport Uranium Recovery Co. Uncle Sam, LA 345
Gardinier, Inc. Tampa, FL 220
IMC Chemicals Corp. Mulberry, FL 375
Wyoming Mineral Corp.
(at Farmland Industries) Pierce, FL 200
UNC Recovery Corp.
{at W. R. Grace & Co.) Mulberry, FL 140

Beker Industries Corp. and Mono Power Com-
pany, a subsidiary of Southern California Edison,
have announced plans tobuild a uraniumrecovery
pilot plant at Beker's Conda, ldaho, phosphoric
acid plant, and if the pilot tests are successful, a
commerical unit will be built.

Freeport Uranium Recovery Co. and Agrico
Chem-Williams Co. are negotiating a contract for
Freeport to install a primary uranium recovery cir-
cuit at Agrico’s wet-process phosphoric acid plant
at Donaldsonville, Louisiana. If the circuit is built,
the uranium will be sent to Freeport's Uncle Sam,
Louisiana, plant for purification and recovery.

All of the plants recovering uranium from wet-
process phosphoric acid use solvent extraction
processes in which an extractant dissolved in a
kerosene-type diluent is contacted with uranium-
bearing phosphoric acid to extract the uranium. As
extractants, Gardinier, Inc., uses octyl pyrophos-
phoric acid (OPPA); Earth Sciences, Inc., and UNC
Recovery Corporation use octylphenyl acid phos-
phate (CPAP}; and the other companies use di (2-
ethylhexyi) phosphoric acid (DEPA) with a syner-
gistic additive, trioctylphosphine oxide (TOPO).

Wet-process phosphoric acid made from central
Florida phosphate rock contains about 1 pound
U30gpertonP,0s, and about 90 percent of this can
be recovered with present technology. Phosphoric
acid made from phosphate rock from other areas of
the United States contains lower uranium concen-
trations, and percent uranium recovery will be
lower.

Uranium,_ production from phosphoric acid will
be about 1 million pounds U3;0g in 1979 and 2

million pounds in 1980. Frank E. McGinley dis-
cussed the uranium capacity of domestic phos-
phoric acid plants in the paper which preceded this
one.

Copper Leaching

A few years ago the Salt Lake City Metallurgy
Research Center of the U.S. Bureau of Mines anal-
lyzed liquor samples from a number of copper
dump-leaching operations in the western United
States. These samples contained 1 to 10 ppm of
uranium. Onthe basis of the information obtained,
the Bureau estimated that as much as 1,000 tons
Us;0g per year might be recovered from copper-
leach liquors. The Bureau studied methods of re-
coveringthis uranium byion exchange and worked
with Kennecott Copper Corporation at Bingham
Canyon, Utah, on a pilot plant study of uranium
recovery. Afterward, Kennecott made some larger
scaletests. Based on these and other tests, Wyom-
ing Mineral Corporation built a prototype recovery
unit at Kennecott's Bingham Canyon operation in
1978, and following some equipment modifica-
tions, the unit is operating at near the design
capacity of 143,000 pounds U30g per year.

In Arizona, Anamax Mining Co. near Tucson is
completing a plant to recover about 400 pounds
U305 per day from copper oxide-leach liguor, and
Phelps-Dodge Corp. at Bisbee is studying the feas-
ibility of uranium recovery from dump-leach
liguor.

We do not anticipate a large production of ura-
nium as a byproduct from copper recovery during
the next 3 years but expect that more companies
will consider uranium recovery as the technology
is further developed.
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Beryllium Byproduct

Brush-Wellman, Inc., is building a recovery cir-
cuit in its beryilium mill at Lynndyl, Utah, to re-
cover 20,00010 40,000 pounds Uz;0gperyearasa
byproduct. This circuit is scheduled to start up
toward the end of 1979.

The beryilium ore contains 0.002 to 0.015 per-
cent U;0;5. As the oreis processed, the uranium is
concentrated and eliminated from the process
stream in the barren mill filirate waste stream.
This liguor will be concentrated by solar evapora-
tion, and the uranium will be recovered by solvent
extraction during a three-month campaign once a
year.
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CONCLUSIONS

Ailthough 1979 will be arecord year for domestic
uranium mining and milling, the slight increase
over 1978 in uranium concentrate production is
being obtained at the expense of mining and mil-
ling 15 percent more ore to compensate for lower
ore grades. We anticipate that in 1980 the ore
grade will remain at about 0.11 percentU;0g and
that mine-mill production will increase by less
than 10 percent. Although milis for Energy Fuels
Nuclear, Inc., and Plateau Resources, Ltd.,-should
be completed by late 1980, the only significant
new conventional production next year is expected
to come from the Bokum Resources Corporation
mill. There should be significant increases.in ura-
nium recovery by solution mining and from phos-
phoric acid.
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INTRODUCTION

The uranium production capability discussed in
this paper extends from 1979 through 2008. It
follows the ““could” production capability format,
the definition of which provides for an uncon-
strained market for product and a willingness by
the industry to make timely decisions to explore for
uranium, develop ore deposits, construct mining
and milling facilities, and produce uranium con-
centrate. The estimate assumes that financing,
manpower, materials, and other supporting ele-
ments would be available as needed and that
environmental and regulatory permitting and
licensing constraints would remain at the level
which existed at the time of the study. This is, of
course, not an estimate of future production; itis,
rather, a projection of the upper limit to produce
from currently available resources under the given
assumptions.

The principal reason for selecting the $50 per
pound resource base for the 1979 study was to
provide government planners and officials with
needed information on the amount of domestic
uranium that could be available to the nation from
resources having costs higher than $30 per pound.
This information is used in planning strategies
relating to alternate fuel technology, recycling of
uranium, enrichment considerations, nonprolifer-
ation aspects of recycling plutonium and timing of
breeder reactors, and international matters.

This “"could’ capability estimate is similar in
type to those presented in past Uranium Industry
Seminars held in Grand Junction. In recent years,
the main differences between papers from year-
to-year have been the quantities and cost levels of
resources on which the production capabilities
were based. Changes in the resource base have
been due to changes in the forward cost category
($10, 815, 830, or less, per pound U30g) selected

and changes in resource estimates resulting from
industry exploration and data available from the
National Uranium Resource Evaluation (NURE)
program. In 1976, a maximum cost of $15 per
pound U3Q0g, or less, resources was used primarily
because the grade of the $15 resources was about
the same average grade(about0.15 percent U;0g)
as the industry was then mining. In 1977, the
production capability of the industry was esti-
mated from the $30 per pound resource base
because it appeared that future prices could sup-
port production from that resource base, which in
1977 represented an average grade of about 0.09
percent U;05. Many of the contracts being nego-
tiated in 1977 for delivery in the early 1980s were
calling for prices greater than $40 per pound.

URANIUM RESOURCES AVAILABLE AT $50
PER POUND U;0;4

Assessment of the production capability of the
uranium exploration, mining, and milling industry
is based primarily on the uranium reserves and
probable potential uranium resources as esti-
mated by the Grand Junction Office. Alsoincluded
intheresource base isthe uranium expectedto be
obtained as a byproduct of wet-process phosphoric
acid produced from phosphate rock, as a byproduct
of certain copper mining operations where ura-
nium is obtained from the acid leaching of
uranium-bearing oxidized copper ores and waste
dumps, and as a byproduct of beryllium operations.

A summary of the total domestic resources
estimated as of January 1, 1979, is shown in table
1. Only that quantity of the byproduct uranium that
could be produced within the next 30 years is
shown.

RESOQURCE UTILIZATION ASSUMPTIONS

Table 2 summarizes the resources which were
utilized during the 30-year study period, 1979-
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TABLE 1.

Uranium resources as of January 1, 1979, at $50 per

pound U;0;

Tons Ore Grade Tons Us0g % of Total

{(x 108) % Uz04 (x 103} Resources
Reserves 1,300 0.071 920 22

Potential:

Probable 1.505 35
Possible 1,170 27
Speculative 550 13
Byproduct 137% 3

*Estimated “could” production capability from phosphate and

copper during 1979-2008.

2008. Possible and speculative resources are not
included in this production capability estimate. Of
the uranium resources included in ‘the study
(approximately 2.6 million tons Us;0g) about 36
percent are reserves, about 59 percent probable
potential ‘resources, and about 5 percent by-
product uranium.

A large portion of the uranium that could be
produced over the next 30 years, particularly dur-
ing the latter portion of the period, would depend
upon the industry’s success in converting poten-
tial resources to reserves, The estimated cumula-
tive lead times to convert probable potential
resources to reserves and to uranium concentrate

are shown on figure 1. The figure shows that the
first 200,000 tons of $50 probable potential
resources could be converted to reserves by the
end of 1980 and that anadditional 13 years would
be required to convert the "ore” to concenirate
(Case A). The figure also shows that the next
400,000 tons of potential resources could be con-
verted to reserves by the end of 1985 and to ura-
nium concentrate by the end of 2002, a period of
17 years between conversion of probable potential
to reserves and production of U303 in concentrate
(Case B). Table 3 shoss ranges of lead times for
the various activities | ading to production of U30g
inconcentrate for the ‘'ndicated mine development
methods.

TABLE2. Uraniumresource utitized from 1979 throug~ 2008—
$50/1b “could” capability
U305 in Concentrate
Tons Ore Grade Tons Us;0; % of Tons
{(x 109) % U305 {x 109) Resource (x 103) % of Total
Ore Reserves: ;
Conventional 988 0.080 795
Nonconventional® 71
Total 866 94 786 43
Probable Potential
Resources:
Conventional 218 0.090 824
Nonconventional* 189
Total 1.013 67 913 50
Byproduct 137 7
Total 1,836 100

*Includes heap leaching and solution mining.
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TABLE 3. 7imerequiredfor activities’ leading to
production of U0, in concentrate
Range of Time
Activities to Perform, Years?
1. Feasibility analysis 1-2
Environmental studies 1-2
Property consolidations 0-3
2. Overall project review 0-1
Financing ' 1-2
3. Property & mine
development
a. Solution mining 3-5
b. Open pit 1-3
¢. Underground
1. <1,000-ft depth 3-5
2. 2,000-3,000-ft depth 4-7
4. Mill construction 1-2

TActivities occurring after conversion of resources to reserves.
2Some of these activities may take place concurrently.

Not all of the reserves and probabie potential
resources shown on table 1 are assumed to be
utilized within the 30-year time constraint of this
estimated period. A large portion of the probable
resources could be converted to reserves within
the next 30 vears; however, only a portion of the
new “‘reserves’’ could be available for production.
Also, a small portion of today’s underground
reserve could stillbeinthe ground at the end of the
period. The lives of many of the production centers
could extend beyond the 30-year period, and eco-
nomics might dictate that newly found reserves
would be scheduled for production before the
“old” reserves that are known today are mined.

THE 1979 $50 PER POUND ""COULD"
PRODUCTION CAPABILITY ESTIMATE

As in prior production capability estimates, the
basic building blocks are production centers. A
production center is an economic unit which con-
sist of mining facilities, an ore processing mill, and
reserves and/or probable potential resources. The
geographical locations of the 83 production cen-
ters included in the 1979 $50 per pound produc-
tion capability estimate are shown on figure 2.

Production centers are categorized into four
classes, depending upon the relative certainty of

future production. Class 1 centers include the
existing mills, with supporting mines and other
facilities, at which concentrate is being produced
at the time the capability estimate is made.
Ownership of the facilities and tributary sources
canreadily be identified. Production costs canrea-
sonably be defined, and future production is well
assured. Class 2 centers inciude those uranium
mills and supporting resources for which con-
struction commitments are evident and mine
developmentis underway or has been announced.
Although the ownership is established, production
costs and even the quantities to be produced are
less certain than for Class 1 centers. Class 2 cen-
ters generally are converted to Class 1 centers
within 3 years. This year's estimate recognized 34
Class 1 production centers and 17 Class 2 produc-
tion centers. Tables4a and4b list the names of the
companies associated with these production cen-
ters and the locations of the mills.

Class 3 and 4 production centers apply to milis
which may be constructed at a future date. Class 3
centers are postulated uranium mills in regions
where the amount and grade of reserves justify
production but where commitments for mill con-
struction are not yet evident. Environmental stud-
ies and reports and mine and mill installations are
estimated to require 3 to 10 years. Class 4 centers
are possible centers postulated for areas in which
reserves presently are insufficient to support pro-
duction facilities, but where exploration and/or
geologic evidence has indicated sufficient
“probable” potential resources to warrant the
assumption of eventual production. The assumed
cumulative lead times required to develop re-
serves and construct mining and milling facilities
for $50 per pound Class 4 centers generally range
from 8 to 14 years. The major activities which
contribute to the lead times for production from
new centers are summarized in table 3. Class 3
and Class 4 production centers are postulated
without strict regard to current land ownership. In
some instances, it appears that land holdings
would have to be consolidated, either through buy-
out or joint-venture, before construction of a pro-
duction center would actually begin. It is
recognized that time consuming negotiations may
be necessary to effect these consolidations. This
vear's production capability estimate postulates
16 Class 3 production centers and 16 Class 4 pro-
duction centers. Tables 4c and 4d list the compan-
ies, areas, or resources associated with these
production centers and their locations.
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TABLE 4a. Class 7 production centers

Associated Company

location

Anaconda Copper Company

Atlas Corporation

Bear Creek Uranium Company
Conoco and Pioneer Nuclear, Inc.
Cotter Corporation

Dawn Mining Company

Durita Development Company
EXXON Company, U.S.A.
Federal-American Partners

10. Freeport Uranium Recovery Company
11. {EC Corporation

12. Kerr-McGee Nuclear Corporation
13. Mobil Qil Corporation

14. Pathfinder Mines Corporation

15. Pathfinder Mines Corporation

16. Petrotomics Company

17. Rio Algom Corporation

18. Rocky Mountain Energy Company

©Co NSO AEWN =

19. Sohio Natural Resources-Reserve Oil and Minerals

20. Solution Engineering, inc.
21. Union Carbide Corporation
22. ‘Union Carbide Corporation
23. United Nuclear Corporation
24. UNC Recovery Corporation
25. United Nuclear-Homestake Partners
26. United States Steel Corporation
27. U.S. Steel-Niagara Mohawk
28. Western Nuclear, Inc.
29. Western Nuclear, Inc.
30. Wyoming Mineral Corporation
31. Wyoming Mineral Corporation

- 32. Wyoming Mineral Corporation
33. Wyoming Mineral Corporation
34. Wyoming Mineral Corporation

Grants, New Mexico..-
Moab, Utah

Powder River Basin, Wyoming
Falls City, Texas

Canon City, Colorado

Ford, Washington
Naturita~Durango, Colorado
Powder River Basin, Wyoming
Gas Hills, Wyoming

Uncle Sam, Louisiana
Three Rivers, Texas
Grants, New Mexico
Bruni, Texas

Gas Hills, Wyoming
Shirley Basin, Wyoming
Shirley Basin, Wyoming
La Sal, Utah

Nine Mile-Reno, Wyoming
Laguna, New Mexico

Falls City, Texas

Gas Hills, Wyoming
Uravan, Colorado

Church Rock, New Mexico
Mulberry, Florida

Grants, New Mexico
George West, Texas
George West, Texas
Jeffrey City, Wyoming
Wellpinit, Washington
Bingham, Utah

Bruni, Texas

Pierce, Florida

Irigaray, Wyoming

Three Rivers, Texas

Numbers shown on left side of the table are keyed to production center locations on figure 2.

Table 5 shows the estimates of future uranium
concentrate production for each year from each
class of production center. Table 6 summarizes the
reserves and potential resources that could be
mined and milled by each class of production cen-
ter. Uranium concentrate that could-be produced
as byproduct from phosphate and copper opera-
tions is also shown.

Figure .3 'summarizes-the annual production
capability associated with each class of production
center. Expansions and renovations of existing
production centers could result in attaining a pro-
duction rate of 32,000 tons U304 in concentrate

per year in 1990 and sustain that level of produc-
tion throughout the period of the estimate. Figure
4 summarizes the annual production capability by
type of resource. Note that the present reserves
could support a production rate of 35,000 tons or
more of U305 in concentrate per year from about
1983 through the early 1990s.

The datapresentedin figures 3 and4 have been
rearranged in figures 5 and 6 to show cumulative
production capability. Figure 5 contrasts the pro-
duction capability from the various classes of pro-
duction centers, and figure 6 .illustrates the
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TABLE 4b. Class 2 production centers

Associated Company

35. Anamax Mining Company

36. Bokum Resources Corporation
37. Brush-Weliman, Inc.

38. Chevron Resources Company
39. Energy Fuels Nuclear, inc.

40. Gardinier, Inc.

41. Guif Mineral Resources Company
42. Homestake Mining Company
43. IMC Chemicals

44. Minerals Expioration Company
45, Nuclear Dynamics, Inc.

46. Philiips Uranium Corporation
47. Pioneer-Uravan, Inc.

48. Plateau Resources, Lid.

49. Power Resources Corporation
50. Tennessee Valley Authority
51. Uranium Resources, Inc.

Location

Tucson, Arizona
Marquez, New Mexico
Lynndyl, Utah

Panna Maria, Texas
Bianding, Utah

Tampa, Florida

San Mateo, New Mexico
Marshall Pass, Colorado
Mulberry, Florida

Red Desert, Wyoming
Sundance, Wyoming
Nose Rock, New Mexico
Slick Rock, Colorade
Hanksville, Utah

Grover, Colorado
Morton Ranch, Wyoming
Bruni, Texas

Numbers shown on left side of the table are keyed to production center locations on figure 2.

production capability from uranium reserves ver-
sus production capability from potential resources.

The production capability is shown by mining
method in figure 7. The net contribution of open-

pit mining to the total uranium concentrate pro-
duction could increase by only a relatively small

TABLE 4c.

Associated Company/Area

52. Anaconda Copper Company

53. Cleveland-Cliffs iron Company
54. Conoco, Inc.

55. Cyprus Mines-Westinghouse
56. East Crooks Gap

57. Everest Exploration

58. Kerr-McGee Nuclear Corporation
59. Minerals Exploration Corporation
60. Mobil Oil Corporation

61. North Black Hills

62. Nuclear Development Company
63. Rio Puerco

64. Rocky Mountain Energy Company
65. South Black Hilis

66. Sunoco Energy Development Co.
67. Wyoming Mineral Corporation

amount during the period. However, due to a con-
tinuing reduction in the grade of surface-mined
ore, open-pit mining could increase nearly 300
percent in terms of tons of ore mined. The majority
of the increase in uranium concentrate production
would come from new underground mines and
nonconventional sources.

Class 3 production centers

Located

Rhode Ranch, Texas
Pumpkin Buttes, Wyoming
Crownpoint, New Mexico
Tallahassee Creek, Colorado
Wyoming

Hobson, Texas

Powder River Basin, Wyoming
Wickenburg, Arizona
Crownpoint, New Mexico
South Dakota

Star City, Texas

New Mexico

Copper Mountain, Wyoming
South Dakota

Hobson, Texas

Miami, Arizona

Numbers shown on ieft side of the table are keyed to production center locations on figure 2.
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TABLE 44d.
Smjrce/ Area

68. Ambrosia Lake

69. Coso

70. East Chaco Canyon

71. Fernley

72. Phosphate

73. Phosphate

74. Phosphate

75. Phosphate

76. McDermitt

77. McMuilen

78. Mt. Taylor

79. N.E. Great Divide Basin
80. N:W. Great Divide Basin
81. 8Sand Wash Basin

82. San Diego

83. Shiprock

Class 4 production centers

Location

New Mexico

California

New Mexico

Nevada

Gulf Coast {Tex, La., Miss.)
North Carolina

Northern Florida

Western U.8. (ldaho, Wyo.)
Nevada

Texas

New Mexico

Wyoming

Wyoming
Wyoming-Colorado

Texas

New Mexico

Numbers shown on left side of the table are keyed to production centers locations on figure 2.

The contribution from nonconventional sources
could grow rapidly and might exceed 20 percent of
the total production capability during the early
1980s. The sources of nonconventionally recover-
able wranium are further analyzed in figure 8.
Solution-mining production capability could grow
10 10,000 tons U305 per year by 1989. Although
the solution mining industry is now in the com-
mercial stage, the growth of this industry will be
uncertain until a sufficient base of commercial
experience is acquired. Recovery of uranium from
wet-process  phosphoric acid ‘could develop 1o
4,000 tons U30g per year inthe next 15 years and
to 5,000 tons U305 in 20 years. Estimates of the
amount of uranium that could be derived from
phosphate operations are uncertain because the
amount of phosphate processed is dependent on
the fertilizer market. The recovery of uranium by
heap leaching and as byproducts of copper and
beryllium operations could 90ntr~ibute about 1,000
tons of U303 per yearby 1986, but are not expected
to be more than 1,000 tons per year throughout
the remainder of the period of the estimate.

The average grade of the ores that would be
mined and processed in a conventional manner is
depicted in figure 9. Adrop in average grade inthe
1979-86 period is projected as expiring low-price
contracts allow established producers to lower
cut-off grades and as new low-grade operations
are put into production. As indicated by the figure,
if conditions warrant and if the industry elects 1o
produce from the $50 per pound resource base,

the average grade of such ores could be expected
to decline until it levels off at about 0.08 percent
U305 with the average grade from underground
mining dropping to about 0.10 percent and from
open-pit mining to about 0.06 percent.

Because of the low grade of the ore that repre-
sents the $50 per pound resources, the guantity of
ore that would need to be mined and milled to
produce the U;0; in concentrate shown in the
"could’’ production capability estimate is nearly 6
times higher by the mid 1900s than the guantity
thatis presently being mined and milled. Figure 10
shows this growth and compares it with actual ore
mined and fedto process from 1970 through 1978,
The percentage change in the tons of ore that
would need to be mined and milled over the pre-
vious year is illustrated by figure 11, This figure
shows about a 36-percent increase in tons of ore
mined and milled in 1978 as compared to 1977,
The rate changes rapidly downward with some
interim upward deviations during the. periods
1979-83 and 1986-89. The first upward deviation
would be due to Class 2.and Class 3 production
centers ‘starting production and the second ‘be-
cause of Class 4 centers starting production.

BLENDING OF PRESENT OPERATIONS TO
“COULD™ CAPABILITY

Each ‘year, the U.S. Department of Energy's
(DOE) Grand Junction QOffice requests that ura-
nium -producers 'attending industry conferences
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TABLE 5. £stimated “could” production capability as of
1/1/789—U30sin concentrate at a cost of S50/ Ib—
by production center class

Production, Tons Us0; in Concentrate, {x 103)

Class Class Class Class

Year 1 "2 3 4 Total
1979 19 1 0 0 20
1980 22 2 0 0 24
1981 22 4 0o 0 26
1982 24 (3] 2 0 32
1983 25 10 4 0 39
1984 26 12 B 1 45
1985 28 12 7 1 48
1986 28 12 7 e 48
1987 29 12 7 3 51
1988 29 12 g 8 58
1989 31 15 10 8 64
1990 31 15 10 9 65
1991 31 15 11 10 67
1992 32 15 11 10 68
1993 31 15 12 12 70
1994 32 14 12 14 72
1995 32 14 12 15 73
1996 32 14 12 17 75
1997 22 14 12 17 75
1998 31 15 12 17 75
1999 32 14 12 17 75
2000 32 . 14 12 17 75
2001 32 15 11 17 75
2002 32 14 11 17 74
2003 32 14 11 17 74
2004 32 14 11 17 74
2005 32 14 11 17 74
2006 32 14 11 17 74
2007 32 14 11 17 74
2008 32 13 11 186 72
Total 887 369 268 312 1,836

furnish estimates of their uranium production dur-
ing each of the next 5 years. information from
these requests is used to blend the prior year's
actual production with the producers”5-yearplans
and with future production levels that could be
attained under an assumed set of conditions. The
individual producer’s 5-year plans are not merely
totaled and inserted as g portion of the transition
period, but each of the company's plans s
reviewed and may. be increased or decreased in
recognition of new developments and the fact that
thereis a gradual transition from actual operations
to a “"could” production capability.
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OBSERVATIONS CONCERNING THE $50 PER
POUND PRODUCTION CAPABILITY ESTIMATE

1. The $50 per pound U;03; 0or less, forward cost
level of uranium resourceson whichthe pro-
duction capability was based would require
substantially higher prices for uranium than
are currently being paid to warrant the ura-
nium ‘industry -producing at. the levels that
have been indicated “‘could” be produced
under the assumed conditions,

2. Level of demand for. domestically produced
U305 in concentrate would have to be com-
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TABLE 6.

Estimated “could” production capability as of

1/1/78—U504 in concentrate at $50/1b—by

resource category

Production, Tons U304 in Concentrate, (x 1 03)

Probable
Reserves Potential Byproduct Total
Class 1 438 393 56 887
Class 2 191 118 60 369
Class 3 151 117 —_ 268
Class 4 6 285’ 21 31 2’
Total 786 913 137 1,836

mensurate with production and annual dif-
ferences in imports and exports as well as
changes in producer, consumer, and govern-
ment inventories.

3. Exploration, development, construction, and
production constraints due to environmental
and regulatory permitting and licensing
would ‘have to remain at the level which
existed at the time of the study.

4. The degree of uncertainty of production from
the various classes of production centers
increases as one proceeds from Class 1
through Class 4. Class 4 centers are based
essentially on probable potential resources,
which means that nearly all the “ore” still
needs to be found and developed, adding
considarably to the uncertainties.

COMPARISON OF 1979 PRODUCTION
CAPABILITY ESTIMATE WITH ESTIMATES
MADE IN 1977 AND 1978

Comparisons of the $50 per pound ""could’ pro-
duction capability estimate made in 1979 and the
$30 per pound estimates made in 1977 and 1978
are shown on figure 12. The $50 per pound
“could” production capability estimate is less than
the 1977 estimate for each year through 1981 but
greater from 1982 through 2008 with differences
reaching about 13,000 tons U30g in the mid
1990s. These increases, of course, result mainly
because there are more $50 resources than there
are $30 resources. As indicated previously, more
ore would need to be mined and milled not only
because of higher U305 production rates but also
because of lower average grades of the $50
resources,

The 1978 $30 per pound production capability
estimate included an experiment in statistical
procedures to test uncertainty in such estimates.
Low, mid, and high estimates of production of U;0
in concentrate were made from each source of ore
for each year and then used to define a probability
density function. The sums of the means, sums of
the variances, and sums of the third moments
were used to define a cumulative distrubition fung-
tionfrom which the upper and lower bounds of the
90-percent confidence intervals and the mean
values were calculated. The production capability
estimate for the 1978 mid case is shown on figure
12. Note that the 1978 estimate was for only 10
vears. The 1978 estimate did not include esti-
mates of production from Class 4 centers. The
1978 estimate generally falls between the 1977
and 1979 estimates, except for 1986 and 1987
when Class 4 production centers begin to have an
impact. The 1978 estimate is closer to the 1977
estimate because the sameresource base ($30 per
pound) was utilized.

COMPARISON OF DOMESTIC "COULD"”
PRODUCTION CAPABILITY AND DOMESTIC
REQUIREMENTS*

Figure 13 compares the $50 per pound “couid’”
capability with domestic uranium requirements
based on DOE’s perception of reactor needs under
two empirical burnup options for a “‘mid-case”
projection of nuclear power. The "'‘mid-case’”
nuclear power capacities, shown on figure 14, are
based on a 65-percent nominal capacity factor.
One burnup option assumes the current onge-

*Nuclear power projection and uranium requirements dis-
cussed by R. Gene Clark and Andrew Reynolds in their paper
entitled “"Uranium Market Forecast” presented at the Uranium
Industry Seminar, Grand Junction, Colorado, Qctober 1979.
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through fuel cycle, and the other assumes an
improved once-through fuel cycle being intro-
duced in 1990 with ten percent of the plants retro-
fitted each year. The saving in fuel under the
improved once-through cycle amounts to about 13
percent inthe year 2008. Requirements of U303 in
concentrate are based on 0.20 percent 23U
enrichment-plant tails assays through 1990. Re-
quirements under both 0.20- and 0.25-percent
tails assays are shown on figure 13 beginning with
1991.

Of course, as mentioned earlier, U.S. “could”
production capability estimated as of January 1,
1979, would not be sustained past that date if the
uranium industry does not have sufficient incen-
tives. The primary incentive is the level of total
demand for uranium concentrate. If industry’s
perception of total U.S. uranium demand is com-
parabletothe “requirements’” shownonfigure 13,
then the “"could’ production capability will rapidly
deteriorate.

UNIT COST PROFILE—1977
30-YEAR ESTIMATE

The Grand Junction Office not only makes pro-
duction capability estimates, but it also estimates
operating and forward capital costs for those pro-
duction capability estimates. These cost estimates
are made separately for each production center
taking into account the differing situations that
prevail. Such cost estimates are now being made
for the $50 per pound “could’’ production capabil-
ity study.

At the 1977 Uranium Industry Seminar, we
reported on the uranium industry’s capability to
produce Us0g in concentrate over the 30-year
period from 1877 through 2006 from $30 per
pound per pound resources{asof January 1, 1977)

but had not estimated the operating and forward
capital costs as of that time. Atthe 1978 Uranium
Industry Seminar, costs for the 1977 estimate
were presented in the form of unit cost ranges for
the various cost elements. These ranges were
shown by geographic area as well as for the entire
United States.

Because of interest shown by various segments
of the industry, we have arrangedthe unit forward
costs from the 1977 study in ascending order by
production center. The result of this arrangement
is shown in figure 15. The 1.4 million tons U305 in
concentrate that would be produced under the
1977 “could” production study represents produc-
tion only from economic production centers. Eco-
nomic production centers are defined by the
“economic analysis” step of the methodology
illustrated by figure 16. Our policy is to include in
the summation only those production centers
whose estimated average forward costs are no
higher than 110 perent of the “maximum’ cost
within the cost category being studied. In this case,
only those centers with average costs no higher
than $33.33 per pound of U305 in concentration
were inciuded. ,

URANIUM SUPPLY ANALYSIS SYSTEM

A sophisticated computerized system is needed
to help provide, on a timely basis, government
planners and officials with information pertaining
to relationships between uranium resources, pro-
duction capabilities, production costs, prices, and
uranium requirements. A subcontract to develop
such a system was awarded in February 1979 to
Dames & Moore with significant participation by
International Energy Associates, L.td. and Colorado
School of Mines. The project is on schedule for
completion by May 15, 1980.
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3540 ANACONDA TOWER
DENVER, CO 80202

JOHN We BARNES
4¢9 N. SHERWOOD DR,
GRAND JUNCTION, CO 81501

Ts Do BARNES, PRESIDENT
GENEVA HMINERALS, INC,
2483 COMMERCE BLVD.

GRAND JUNCTIONs €O 81501

RAY H. BARNETT

NURE PROJECT OFFICE

Ues So DEPARTMENT OF ENERGY
P.lle BOX 2567

GRAND JUNCTION, CO 81502

JOHN Es BARRY

NUCLEAR FUELS ENGINEER
GULF STATES UTILITIES CG.
P.0, BOX 2951

BEAUMONT, TX 77704

NORMAN H, BARTHLOW, DIRECTOR

PLANNING + DEVELOPMENT DIV,
FUEL SUPPLY DEPT.

CETRCIY EDISON COMPANY

2000 SECOND AVENUE

DETROIT, MI 48226

BRUCE BARTLESON
PROFESSOR OF GEDLOGY
WESTERN STATE COLLEGE
GUNNISONs, CO 81230

HOWARD Fo BARTLETT
SENICR MINERALS GEOLOGIST
SOHIC NATURAL RESOURCES CC.

6825 Fo TENNESSEE AVE.sSUITE 300

DENVER, CO 80224

TONY BATES

MINING ENGINEER

RAJAH VENTURES

2721 N. 12 ST, NO. 30
GRAND JUNCTIONs, €O 81503

ELI D. BEBOUTs PRESIDENT
NUCLEAR POWER + ENERGY COMP
P.0. BOX 112

RIVERTON, WY 82501

ERIC S. BECKJORD

Us So COORDINATCR FOR INFCE
OFFICE 0OF ENERGY RESEARCH
UeSe DEPARTMENT OF ENERGY,
WASHINGTCNs DC 20545

ANY

MS 508RB
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TED BEICKER

FIELD SUPERINTENDENT

RAMPART EXPLORATION CORPORATION
40 INVERNESS DR, E

ENGLEWODDs CO 80112

JOSEPH L. BELLs ENGINEER

NUCLEAR MATERTALS .+ FUEL MGMT,
AMERICAN ELECTRIC POWER SERVICE CORP,
TWO BROADWAY

NEW YORKs NY 10004

WALLACE G. BELL
CONSULTING GECLOGIST
SYSTEM FUELSs INC,

Pe 0. BOX 428

GRAND JUNCTIONs (O 81502

Ce DREW BEUSHAW

CONTRACT ADMINISTRATCR

GULF MINERALS CANADA LIMITED
110 YMONGE . ST.s SUITE 1400
TORONTO, ONTARID

CANADA  M5C 174

JULIO BENEDETTI

OLYMPIC URANIUM COMPANY
1050 17TH STes STE. 1950
DENVER, CO 80202

ALAN BENFER

BENDIX -FIELD ENGINEERING CURP,
Pe0. BOX 1569

GRAND "JUNCTIONs, CO- 81502

JACK BENHAH
CONSULTING GEOLOGIST
P.0. BOX 254

OURAYs, CO 81427

PIETER BERENDSEN -~ RESEARCH ASSCC
GECLOGICAL SURVEY - KANSAS

1930 AVE. As CAMPUS WEST

THE UNIVERSITY CF KANSAS
LAWRENCE, KS 66044

EUGENE W. BERKOFF

SUPPLY ANALYSTS DIVISION
Us:Se DEPARTMENT 0OF ENERGY
Pe0. ROX 2567

GRAND JUNCTION, CO 81502

BYRD BERMAN, MANAGFR

UsSe URANIUM DPERATICONS

MARLINE OIL CORPORATION

1660 LINCOLN STREET, SUITE 2526
DENVER, CO 80203

Eo PETE BEPONI, CONSULTING GECOLDGIST
RAMPARY EXPLORATION CORPORATICN

P.0. BOX 3268

GRAND JUNCTIONs CO 81502

GLENN BERRY, PRESIDENT
COMMANCHE PARTNER LTD.
831 24 ROAD

GRAND JUNCTIONs €O 81501

MICHEL Ao BERVILLE
FRAMCO

9580 We 14TH AVE.
LAKEWOOD, CO 80215

PIERRE BESSIERE
EXPLORATION MANAGER
ALUSVUISSE

410 117TH STREET
DENVER, CO 80202

RICHARD L, BIGGSs GEOLOGICAL ASSTSTANT

EXPLORAYION DIVISION
COTTER CORPORATION
Ps0. BOX 555

MOAB, UT 864532

FRANK We BIRD, OWNER
SUN BIRD ENTERPRIZFES
Pel. BOX 1108
FRUITA, CO 81521

JAMES He BIRDy JRu» LANDMAN
UNION CARBIDE CORPORATION
P.0. BOX 1029

GRAND JURCTION, CO &1502

ROBERT Eo BLACKETT

SENIOR GEOLOGIST

UTAH PCWER ‘¢ LIGHT CO.
P.U. BOX 899

SALY LAKE CITYs UT 84110

AUGUSTINE BLACKGUAT, GEOLCGIST
THE NAVAJO TRIBE

OPFICE (F MINERALS DEVELOPMENT
Pole BOX 146

WINDOW ROCKs AZ 86515

LUCTLLE BLACK

BENDIX FIELD ENGINEERING CORP,
Psls BOX 1569

GRAND JUNCTIONs €O B1502
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PAUL BRLANCHETTE

URANIUM SAMPLING PLANT MNG,
CCTYTER CQORP.

P.0. BOX 34

WHITEWATER, CO 81527

DAVID M. BLANCHFIELD
RESOURCE DIVISION

Ue S« DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

DAVE BLENKARN

LANDMAN

PHILLIPS URANIUM CORPORATION
Pe0s BOX 26236

ALBUQUERQUE, NM 87125

JOHN T. BLOMQUIST

GEOLOGIST

PHILLIPS URANIUM CORPORATION
P. 0. BOX 6256

RENO, NV 89513

Co To BLUHM

BENDIX FIELD ENGINEERING CORPORATION
P.0. BOX 1569

GRAND JUNCTION, CO 81502

KURT J, BLUST

GEOLOGIST

111 SO0. BURBIN, SUITE 302
CASPER, WY 82601

WILLIAM W. BOBERG

URANIUM PROGRAM MANAGER
KENNECOTT EXPLORATION, INC,
254 N, CENTER, STE., 105
CASPER, WY 82601

Ko T. RONDURANT, VICE PRESIDENT
EXPLORATICON

RAMPART EXPLORATION CORPORATION
40 INVERNESS DR, E

ENGLEWQOD, CO 80112

JOHN BORKERT, URAN, EXPL+ MGR,
OCCIDENTAL MINERALS CORPORATION
IRONGATE BLDG/. IV

777 S. WADSWORTH BLVE.
LAKEWDDDs CO BG226

TECDORO B. BOSQUEZ IIX
NUCLEAR ENGINEER

CENTRAL POWER ¢ LIGHT CO.
P.0. BOX 2121

CORPUS CHRISTI», TX 78408

BEN BOWYER

MANAGERS OFFICE

Ue Seo DEPARTMENT OF ENERGY
P00, BOX 2567

GRAND JUNCTION, CC 81502

MICHAEL A. BOYD

OAK RIDGE OPERATIONS OFFICE
UeSe DEPARTMENT OF ENERGY
P.0. BOX £

0AK RIDGE, TN 37830

THCMAS A. BOYDEN, VICE PRES.
NUCLEAR EXCHANGE CORPORATION
3000 SAND HILL ROAD

MENLD PARK,; CA 94025

JOSEPH BCZZIUTO

PLANNING ANALYST
MINERAL RESODURCES GROUP
THE ANACONDA COMPANY
555 17TH ST,

DENVERs CO 80202

ARTHUR BRANT
5255 CAMINO ESCUELA
TUCSON, AZ 85718

LOWELL BRAXTOCN

AREA GEOLOGIST

GULF MINERAL RESOURCES COMPANY
P.0. BCX 26356

SALT LAKE CITY, UT 84125

SHARDON A, BRENNER
2576 YCUNG COURT
GRAND JUNCTION, CO 81501

HENRY Wo. BRENNIMAN
EXPLORATION MANAGER
PIONEER NUCLEAR, INC.
Pe0.B0X 151

AMARILLO, TX 79105

A, BRESSANI, MANAGER
AGIP SPA

P.0e. BOX 4174

MILAN, ITALY 20100
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RERNIE BRUADBENT, GEQOLOGIST
UNITED NUCLEAR-MOMESTAKE PARTNERS
P.0s BNX 98

GRANTS, NM R7020

CHRIS BROILI, GEDLOGIST
METALS DIVISION

UNTON CARBIDE CUORPORATION
2434 WEST CENTRAL
MISSOULAs HT 59801

FRED H, BRDUKSs PRESIDENT
BROOKS MINERALS INC.

8700 We 14TH AVE,
LAKEWOUD, €O 80215

ROBERT 4. RROOKSs MANAGER
MINERALS EXPLORATION DIV,
ENERGY RESERVES GROUP
1536 COLE -BLVD,

GCLDENs, CO 80401

ERLING A, BROSTUEN

ASSTe TO THE STATE GEOLOGIST
STYATE GEOLOGISYT = NCRTH DAKOTA
NORTH DAKOTA GECLDGICAL SURVEY
UNIVERSITY STATION

GRAND FORKSs ND 58202

LARRY Go BRUCEs TECH. SUPERVISOR
ALLIED CHEMICAL CORPORATION
NUCLEAR SERVICES DIVISION

P.0s BUX 430

METROPOLISs IL 62960

ARTHUR N, BUDGE

AREA EXPLORATION GEOLNGIST
GULF MINERAL RESQURCES CODMPANY
6106 KIRCHER NE

ALBUQUERQUE, NM 87109

JOHN D, BUQUDI

LAND AGENT

THE NORTH AMERICAN COAL CORPORATION
FIRST NATIONAL BANK BLDGs» NO, 203
ATHENS, TX 75751

NDRHAN C. BURDICK

BENDIX FIELD ENGINEERING CORP,
P.lls BOX 1569

GRAND JUNCTIONs €O 81502

JOHWN A, BURGER

BENDIX FIELD ENGINEERING CORP,
9 Pels BOX 1589

GRAND JUNCTION, €0 41502

CRAIG Ls BURTON

SENIOR EXPLORATION ANALYST
ROCKY MOUNTAIN ENERGY COMPANY
4704 HMARLAN STREET

DENVER, CO 80212

ARVANE BURMWELL

HESD OF URANIUM DIV,
COLOs ALR DRILLING, INC.
P.Ds BOX 225

GATEWAY, CO 81522

LEE S BUSCHs CHEM., ENCG.

DIVs ERVIRONMENTAL IMPACY STUDIES
ARGONNE NATIONAL LABORATORY

9700 S CASS AVE,

ARGONNE, IL 60439

CHARLES BUTLER
CONSULYING GEOLOGIST
BOX 435

DURANGO, CO 81301

TOBO R. BUTZ

UNION CARBRIDE CORPORATICN
NUCLEAR DIVISION

Pale BOX P = MyS, 246

CAK RIDGEs TN 37830

ARNOLD 0. BUZZALINT

CHIEF CEOLOGISYs URAN, + INDUS. MNLS.

MAPLO INC.
1800 SCUTH BALTIMORE
TULSAs 0K 76119

MARY PUZZALINI

MAPCE INC,

186C0 SCUTH BALTIMNRE
TULSAs OK 74119

ROBERY As CADIGAN
GEOLDGISY

e S GEDLOGICAL SURVEY
FEDERAL CENTER

BREX 250465 MS 916
DENVER, CO 80225
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ROBERT R, CALABRO

NUCLEAR FUEL MNGT. ENGINEER
NORTHEAST UTILITIES SERVICE CO.
P.0. BOX 270

HARTFORD » CT 06111

RICHARD Do CALDER

NUCLEAR FUEL SUPERVISCR

TEXAS UTILITIES SERVICES INC,
2001 BRYAN TOWER

DALLAS, TX 75201

Mo JAMES CALLAHANs ATTORNEY
VLASSIS, RUZOW ¢ CROWDER
1545 We THOMAS ROAD
PHOENIXs AZ 85015

COLIN Jo CAMPBFLLs MANAGER
NUCLEAR MATERIALS PROCUREMENT
YANKEE ATOMIC ELECTRIC CO.

20 TURNPIKE ROAD

WESTBOROUGHs MA 01581

KENNETH CANFIELD

VICE PRESIDENT, ENERGY
HOMESTAKE MINING COMPANY
650 CALIFORNIA ST,

SAN FRANCISCO, CA 94108

JOHN Fo CARLIN

PRINCIPAL FINANCIAL ANALYST
BOSTON EDISON CCMPANY

800 BOYLSTON STREET

BOSTON, MA 02199

JUDITH Les CARLSON

BENDIX FIELD ENGINEERING CCRP,
P.0. BOX 1569

GRAND JUNCTION, €O 81502

LOYD CAPLSON

CONSULTING GEOLOGIST

1155 GRAND AVENUE

GRAND JUNCTION, €0 81501

WILLIAM A, CARLSON

VICE PRESIDENT

CENTRAL + SOUTH WEST FUELS, INC,
P00, BOX 10773

GCLDEN, CO 80401

GEORGE CARR, HEALTH PHYSICISTY
R 3 CONSULTING

RTE. 1, 3580 E-1/2 RD.
PALISADE, CO 81526

PETER R, CARSTEN, DIRECTOR
PLANNING + ECONCMICS

GULF MINERAL RESOURCES COMPANY
1720 S BELLAIRE ST,

DENVER, CO 80222

THOMAS CARTER

BENDIX FIELD ENGINFERING CORPORATIDON

P.0. BOX 1569
GRAND JUNCTION, CO R1502

MAURICE CASTAGNE, PRESIDENT
WESTERN GOLD ¢ URANIUM, INC.
1933 MT. ZION DRTVE

GOLDEN, CO 80401

Ke Mo CASTLEMAN

MANAGERs FOSSIL FUELS

GULF MINERAL RESOURCES COMPANY
1720 S. BELLAIRE STREET
DENVERs CD 80222

We So CAVENDER

VICE PRES.» EXPLORATION

GULF MINERAL RESOURCES COMPANY
1720 S. BELLAIRE ST,

DENVER, CO 80222

JACK CAYIASs, CONSULTANT
HILLS GASs INC.

1558 SCUTH 1100 EAST

SALT LAKE CITY, UT 84105

Re CHANEY, GEOLOGIST
ANSCHUTZ

P.C. BOX 28
NATURITA, CO 81422

FRANK CHARRON, GEOLOGIST
TEXACD, INC.

COAL AND ENERGY RESOURCES
P.0. BCX 1501

CORPUS CHRISTI» TX 78403

CLEMENT ¥, CHASE

SRe METALLURGICAL ENGINEFR

MOUNTAIN STATES RESEARCH + DEVELCP.
Pols BLCX 17960

TUCSONy, AZ B5731
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RALPH K. CHATFIELD

MANAGER, INTERCCNNECY. CONTRACT + FUFL
OMAHA PUBLIC POWER DISTRICT

1623 HARNEY ST,

OMAHA, NB 68102

JAMES Lo CHATHAM

DISTRICY GEOLOGIST

RAMPART -EXPLCRATION CORPORATION
60 INVERNESS DR, E  SUITE 520
ENGLEWDCD, CO 80112

WILLTAM L, CHENOWETH
RESOURCE DIVISION

Ue Ss DFPARTMENT OF ENERGY
PeOe: BOX 2567

GRAND JUNCTION, CO 81502

RANDOLL T. CHEW, III

BENDIX FIELD ENGINEERING CORP.
P.0. BOX 1569

GRAND JUNCTICON, CC 81502

RAYMUNDO Jo CHICO, PRES.
RAYMUNDOD Js CHICO, INC,

1612 TREMONY PLACE, SUITE 710
REPUBLIC BUILDING

DENVER, CO 80202

Ms JEAN CHILDERS, ENGRGe ANALYST
NUCLEAR ASSURANCF CORPORATION

24 EXECUTIVE PARK -WESTs, NE
ATULANTAy GA- 30329

JOHN CHRONIC,
UNIVERSITY OF COLORADO
1020 KENT ST.s
BOULDER, CO

MANAGER OF FUELS

POWER ABUTHORITY OF THE STATE CF N Y
10 COLUMBUS CIRCLE

NEW YORKs NY .

Le CLANTON,
STEAM PRODUCTICN DEPARTHMENT
SYSTEM RESULTS ¢+ FUEL MANAGEMENT
DUKE POWER COMPANY

CHARLCTTES

GENE CLARK
DEPARTMENT OF ENERGY
ENERGY INFOC.
12TH + PENN,
WASHINGTON,

JEFFREY Jo.
NUCLEAR FUEL DIVISION
HOUSTON LIGHTING + POWER (0.

HOUSTCN, TX

CONTRACT MINING
DRAVO CORPORATICN
1250 14TH STREET

LARRY CLEM, MANAGER
WESTERN CPERATIONS
ENERGY SYSTEMS DIVISION
NUS CORPORATICN

720 S. COLORADO BLVD.
DENVER, CD 80222

RONALD 6o COCHERELL
NUCLEAR 'FUEL ENGINEER
SOUTHERN -COMPANY SERVICES
PelOo BCX 2625

BIRMINGHAM, AL 35202

Co Jo COLLINS

DISTRICT MINERALS GECLOGIST
ENERGY RESERVES GROUP

1536 COLE BLVD,

GOLDEN, CU BD40O1

DONNA BISHOP COLLINS
URANIUM GEOLCGIST

COLORADO GEOLOGICAL SURVEY
1313 SHERMAN STe

DENVER, .CO 80203

GEQRGE F. COMBS» JR,

OFFICE OF RESOURCFE APPLICATIONS
UeSe DEPARTMENT OF ENERGY

12TH ¢ PENN, AVE., NW, MS&521
WASHINGTONs, DeCe 20461

MARDIS -Co COMPTON

MANAGER s "URANIUM SALES
KERR-MCGEE NUCLEAR CORPORATION
OKLAHOMA CITYs OK 73125



Lve

BILL CONRAD

RESOURCES EDITQOR

THE DAILY SENTINEL

P.0. BOX 668

GRAND JUNCTIDON, CO 81502

THERESA M. COOKRC

RESOURCE DIVISION

Us So DEPARTMENT OF ENERGY
PeOe BOX 2567

GRAND JUNCTION, CO 81502

JIM COOPER, GECLOGIST
PLATEAU RESOURCES LTD.
772 HORIZON DRIVE

GRAND JUNCTION, CO 81501

JOSEPH B CORNS, DIRECTOR
INDUSTRIAL ANALYSES, NORTH AMERICA
STANDARD OIL OF INDIANA

200 EAST RANDOLPH

CHICAGD, IL 606C1

FLOYD R, CORREA, GOVERNOR
PUEBLO OF LAGUNA

P.Ce BOX 194

LAGUNAs NM B7026

De Wo COTHAM

REGULATORY CLAIMS ANALYST
KERR=-MCGEE NUCLEAR CORPORATION
PoCs BOX 25861

CKLAHOMA CITY, OK 73125

EDWARD T. COTTER

BENDIX FIELD ENGINEERING CORP,
P.0s BOX 1569

GRAND JUNCTION, CC 81502

JOHN T, COTTRELL, GECLOGIST
PATHFINDER MINES CORPORATION
550 CALIFORNIA STREET, STE. 300
SAN FRANCISCO, CA 94104

PHILIPPE COURCIER

VICE PRESIDENT ~ NUCLEAR

PECHINEY UGINE KUHLMANN DEVELOP INC,
R25 THIRD AVE.

NEW YORK, NY 10022

KEVIN COURTNEY
LEASE AIR INC,.
CHICAGOs IL

Ao BATLEY COZZENS

MANAGER — BUSINESS DEVELOPMENT
HOMESTAKE MINING COMPANY

650 CALIFORNIA STREET

SAN FRANCISCO, CA 94108

ROY CRAIG, PRESIDENT

FOUR CORNERS ENVIRON, RESEARCH INST,
P.C. BOX 435

DURANGOs CO 81301

CAROL CRAIGLOWs GEULOGIST
PLATEAU RESQURCES LTD,
772 HORIZON DR,

GRAND JUNCTION, €0 81501

RICHARD A. CRAWLEY
RESOURCE DIVISION

Us Seo DEPARTMENTY 0OF ENERGY
P.De BROX 2567

GRAND JUNCTION, CO 81502

MERLE Fo CREW

NURE PROJECT OFFICE

Us So. DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

JAKES CRIGLER, SUPR. AUDITOR
UsSs GENERAL ACCOUNTING OFFICE
SUITE 300=D

2420 WEST 26TH AVFNUE

DENVER, CO 80211

MIKE CRITCHLEY

BENDIX FIFLD ENGINEFRING CORP.
Pe0. BOX 1569

GRAND JUNCTION, CC 81502

RICHARD CRON

URINCO

P.0. BOX 1191

GRAND JUNCTION, CO 81501

RICHARD O, CROSBY» MANAGER
MC PHARR GZOPHYSICSs INC.
410 17TH ST.» STE. 1375
DENVERs CO 8G202

BERT W. CROWs MANAGER
ADMIN. SERVICES

We Ro GRACE + COMPANY
PaCe BOX 471

RARTCWs FL 33230

DONALD L. CURRY

RESQURCE DIVISION

Us So DEPARTHMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CQ 81502
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RUSSELL Ceo CUTTER, VICE PRES,
PIONEER. URAVAN, INC,

P.0. BOX .2065

GRAND JUNCTION, €O 81501

Ne Eo CYGANs, DISTRICT SUPR,
CHEVRON RESOURCES COMPANY
P.0s BOX 599

DENVER, CO 80201

ROBERT D. CYPERT, JR.

SR, PROJECT GEOLOGIST
GETTY OIL COMPANY

PelDo BOX 15668

SALT LAKE CITY, UT 84115

CINDY CYPHERS

BENDIX FIELD ENGINEERING CORP,
PeOs BOY 1569

GRAND JUNCTION, CO- 81502

LEE E. CZERNIAWSKI

SENIOR FUEL PROCUREMENT ENGR.
CLEVELAND ELECTRIC ILLUMINATING COD.
PO, BOX 5000

CLEVELAND, OH 44101

CARLF DAHLSTEDT

HILLS GAS INC.

3622 EAST GALLEY ROAD
COLORADD SPRINGS, CO 80909

Eo We DANIEL
INFORMATION ASSISTANT

ECOLOGICAL SCIENCES INFORMATION CENTER

0AK RIDGE -NATIONAL LABORATORY
P.0s BOX X5 RLDG. 2028
OAK RIDGEs. TN 37830

Le A+ DANIFLS3 SUPERVISOR

GENERAL ELECTRIC URANIUM MGMT, CORP,
PLATEAU URANIUM OPERATIONS

P.0. BOX 467

NATURITAs CO 81422

RICHARD DANIELS

MANAGER, URANIUM PROJECTS
FELMONT QOIL CORPORATION
1530 BOISE AVENUE
LOVELAND, €O 80537

Ce He DAUB, VICE PRES. ENGe

THE NCORTH AMERICAN COAL CORPORATION
12800 SHAKER BLVD.

CLEVELAND, OH 644120

JERRY DAUB

PROJECT GEDLOGIST

PLATEAU RESOQURCES LTD.
772 HORIZON DR,

GRAND JUNCTION, CO 81501

Se N, DAVIESS
3961 S. DEXTER STREET
ENGLEWONODs, CO 80110

CHARLES DAVIS

VICE PRES.s ENGINEERING
NORTH AMERICAN COAL CORP,
12800 SHAKER BLVD,
CLEVELAND, OH 44102

JAMES F, DAVIS

GEN MGR., - URANIUM EPL.
RCCKY MOUNTAIN ENERGY (0.
4704 HARLAN STREET
DENVER, CO 80212

KENNETH Wo DAVIS, SUPERVISOR
MARKET RESEARCH + FUEL PLANNING
SARGENT '+ LUNDY ENGINEERS

55 EAST MONRQE

CHICAGC, IL - 60603

ROGER G. DAVIS

POWERS ELEVATION COMPANY
125 FRANKLIN ST,

GRAND JCT.s €O 81501

We S. DAWSON, PRESIDENT
DAWSON MINING CQ.

P.0s BOX 3737

GRAND JUNCTIONs €O 81502

TIM L, DECKER
HYDROGEOLOGIST

JOHNSON - DIVISION - UDP INC.
62331 VERDE RDAD

MONTROSE, CO 81601

MICHAEL A, DE COLA

EMC CORPORATION

2000 MARKET STREET
PHILADELPHIA, PA 19003

NORMAN L, DEGNER

RESQURCE DIVISION

Ue 8o DEPARTMENT DF ENERGY
Pelle BOX 2567

GRAND JUNCTIONs €O 8150Q2

DON.-Re DEHALASS, PRESIDENT
COLORADD NUCLEAR COPP,
1550 WOODMOOR ORIVE
MONUMENT, CO 80132
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DAVID DEIKE

FELMONTY OIL CORPORATICON
1530 BCOISE AVENUE
LOVELAND, CO 80537

Ee Co DE MOSS, PRESIDENT
PATHFINDER MINES CORPCORATION

550 CALIFORNIA STREET, SUITE 300
SAN FRANCISCC, CA 941064

CHRIS DESALVO
19 RIDGE ROAD
30ULDER, CO 80303

PEGGY L. DIAZ, PLANNING ANALYST
GULF MINERAL RESOURCES

1720 SOUTH BELLAIRE

DENVER, CO 80222

JOHN E. DICKERSON

DICKFRSON EXPLORATION SERVICE
610 RAMBLING RD.

GRAND JUNCTION, CO 81503

Je DINARDD

OIL & GAS PROPERTIES
ANACONDA TOWERS

555 17TH STREET.» STE. 850
DENVER, CO 80202

JOHN DINARDO

LANDMAN

DINARDO/FRIZZELL + ASSCC.
555 17TH ST.» NO. B850
DENVERs CC 80202

DAVID J. DIXON

PRINCIPAL FENGINEER

COMBUSTION ENGINEFRING COMPANY
CEP 9437-407

1000 PROSPECT HILL RD.
WINDSOR, €T 06095

P. 0. DIZON

SR, MINERALS ENGINEER

EXXON MINERALS CCMPANY, USA
P.0. BOX 2180

HOUSTONs TX 77001

PHILIP H. DODD

NURE PROJECT QFFICE

Us So DEPARTMENT OF ENERGY
P.0, BOX 2567

GRAND JUNCTIONs, CO 81502

Re We DODDSs PRESIDENT
DOMINCO RESOURCES TINC.
P.0. BOX 156

GRAND JUNCTION, CO B1502

JOHN DOERGES

RADIATION SAFETY OFFICE
RM 212 BIOCHEMISTRY BLDG.
UNIVERSITY OF WYOMING
LARAMIFE, WY 82071

Ge Co DOHM, JR,

MANAGER, MINE DEVELOPMENT

UNION 76 —ENERGY MINING DIVISION
P.0e BOX 50387

TUCSONs AZ 85703

INGRID DONNERSTAG

UNION CARBIDE CORPORATION
420 CHIPETA AVE.» APT. 29
GRAND JUNCTIONs CO  815C1

ANTHONY C. DORFFs SENIOR GFOLOGIST
MINERAL RESCURCES GROUP

ENSERCH EXPLORATION

1817 wOOD STREET

DALLAS, TX 75202

HUGH DOUGLAS

HUGH DOUGLAS + CQ. LTD.

235 MONTGOMERY ST.-2300

SAN FRANCISCOs CA 94104

WINSTON L. DUKE

ATTORNEY

COTTER CORPORATION

9305 WEST ALAMEDA PARKWAY
LAKEWOOD, CO 80226

ZACQUES DUMDUCHEL, GEOLOGIST
PAN OCEAN DIL LTD.

1050 -~ 3 CALGARY PLACE

355 4TH AVE') SoWl

CALGARYs, ALBERTA

CANADA T2P 0J1

JOHN R, DUNLAP
6706 SOUTH ARAPAHDOE WAY
LITTLETCON, CO 80120

JOHN R, DURAY

BENDIX FIFLD ENGINEERING CORPORATION

P.0. BOX 1569
GRAND JUNCTION, CO 81502
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EDWARD T+ DWYER

MINING ENGINEER

KIBBE + ASSOCIATES

304 FIRSY SECURITY BLDG.
SALT LAKE CITY, UT 86111

MICHAEL EASDON

EXPLORATION MANAGER

LACANA MINING INCORPDRATED
Ps0s BOX 11305

RENC» NV - 89510

FRANK Ms ECKERSON

NURE PROJECT OFFICE

UeSs DEPARTMENT 0OF ENERGY
GRAND JUNCTION, €O 81502

CHARLES M. EDWARDS

BENDIX FIELD ENGINEERING CORP.
Ps0s BOX 1569

GRAND JUNCTION, €O 81502

Jo MORROW ELIAS
CONSULTING GEOLOGIST
ELIAS + ASSOCIATES
BOX 23

RUTHERFORDy Ca 94573

JIM ELLERTUNs PRESIDENT

Jo ELLERTON CONSULTANTSs INC.
7333 8. DOWNING CIRCLE EAST
LITTLETONS CO 80122

JOMN. Ry ELLIS

NURE PROJECT OFFICE

Us S, DEPARTHMENT OF ENERGY
P.Ce. BOX 2567

GRAND JUNCTION, CO 81502

PHIL Co ELLSWORTH

CHIEF GEOLOGIST

KERR<MCGEE RESOURCES CORPUORATION
Pe 0. BOX 25861

OKLAWDMA CITYs, OK 73125

BOB ENZ

EXPLORATION GEOQLODGIST
PHILLIPS URANIUM CORPORATINN
Pe0s BOX 26236

ALBUQUERQUE, NM 87125

C. DALE ERIKSEN

DEPUTY REGIONAL REPRESENTATIVE
REGION VIIT

UeSs DEPARTMENT OF ENERGY

Pelo BOX 262647, BELMAR BRANCH
LAKEWODOD, CQ 80226

Be We ERK

FUEL ASSISTANT - NUCLEAR
NORTHEAST UTILITIES SERVICE CU.
P.0, BOX 270

HARTFORD, CT  C6101

EDGAR ETHINGTON

BENDIX FIELD ENGINEERING CORPORATION

P.0. BOX 1569
GRAND JUNCTION, CO 81502

Ke Lo FETTERs CWNER
ETYER LAND COMPANY
697 «. 27 1/2 ROAD
GRAND JUNCTION, €O 81502

MORRIS ETTINGER

MANAGER OF EXPLORATION
CLYMPIC URANIUM €O

1080 17TH STes SUITE 1950
DENVER, €O 80202

CHARLES T, EVANS, ARFA MANAGER
MINING VENTURES MARKETING
SHELL OIL -COMPANY

Pely BLCX 2099

HOUSTON, TX 77001

MAX Te EVANS

VICE PRES., EXPLORATICNM
Us S+ ENERGY CORPORATICN
625 E+ MADISON AVENUE
RIVERTECN, WY 82501

THOMAS Es EVELAND

PROGRAM ADMINISTRATOR
NUCLEAR ASSURANCE CORP,
715 HORIZON DRIVE

CRAND JUNCTION, €O 81501

DONALD L+ EVERHART, MANAGER
GRAND JUNCTION -QFFICE

Us S+ DEPARTMENT OF ENERGY
P.0, BOX 2567

GRAND JUNCTION, CO 81502
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DOUGLAS L. EVERHART
PLANNING ANALYST

THE ANACONDA COPPER CC
NEW MEXICO OPERATIONS
P.0. BOX 638

GRANTS, NM 87020

SUPPLY ANALYSIS DIVISION
Uese So DEPARTMENT OF ENERGY
Pe0, BOX 2567

GRAND JUNCTION, CC 81502

HOWARD FADER

FINANCE MGR,., MINERALS DIV.
GETTY OIL COMPANY

3810 WILSHIRE BLVD.

LOS ANGELESs, CA 90010

RALPH Do FALCONER

BENDIX FIELD ENGINEERING CORP.
P.0s BOX 1569

GRAND JUNCTICONs, €O 81502

WAYNE G. FARLEY

BENDIX FIELD ENGINEERING CQRP.
P.0. BOX 1569

GRAND JUNCTION, €O 81502

BETTY T. FARROW
INTERWEST ASSOCIATES
202 FAST 1ST SOUTH
MCABs UT 84532

Re Ao FERRON

VICE PRESIDENT

WESTERN STATES MACHINERY CC.
P.0. BOX 2224

GRAND JUNCTICN, CO 81502

MICHAEL FIANNACA

LACANA MINING INCORPORATED
P.0. BOX 11305

940 MATLEY LANE, STE. 13
RENOs NV 89510

WARREN T, FINCH

UoSe GEOLDGICAL SURVEY
FEDERAL CENTER, MS 916
DENVER, CO 80225

R. Po FISCHER

GEOLOGIST

Ue Se GECLDGICAL SURVEY
2200 RANGE VIEW COURT
GRAND JUNCTION, CO 81503

JAMES C. FISHER

SENIOR GECLOGIST
TERRADEX CORPORATION
460 N, WIGET LANF
WALNUT CREEK, CA 94598

SEAN P. FLANAGAN
GECOLOGIST

1030 ADAMS CIRCLE NO. 214
BOULDER, €O 80303

DAVID Go FLESHMAN

URAN., VENTURES SPECIALIST
MATL COCDE 359

URANIUM MGMT, CORP,

175 CURTNER AVE,

SAN JDSEs CA 95125

CLINTON Jo FLYNN
SUPERVISORY GECLOGIST
EXXON MINERALS COMPANY
P.Ce BCX 3020

CASPER, WY 82601

ROBERT S, FOOTE, PRESIDENT
GFODATA INTERNATIONALs INC,
7035 JCHN W. CARPENTER FWY.
DALLAS, TX 75247

JAMES 6. FORE

VICE PRES.=-OPFRATIONS
TENNECO URANIUM, TINC,
P.0. BOX 2511
HOUSTON, TX 77001

FRANK FOWLER, OWNER
FOWLER CRILLING COMPANY
P.Ce. BOX 191

GRAND JUNCTION, CO 81502

FRED E. FOWLER, JRe» VICE PRES.
MOUNT SOPRIS INSTRUMENT COMPANY
P.0. BOX 449

DELTAs, CO B1l416
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JUDY FOX

ANALYST, SPECIAL PROJECTS
NUCLEAR ASSURANCE CORPORATION
24 EXECUTIVE PARK WEST, NE
ATLANT A, GA .- 30329

ROBERT FRAHME

SENIDR ECONOMIC ANALYSY
EXXON MINERALS COMPANY, USA
P.0, BOX 120

DENVER, (D 80202

TERRENCE C. FRANCIS

CONTINENTIAL ILLINOIS NATIONAL

BANK + TRUST OF CHICAGO
231 SOUTH LASALLF STREET
CHICAGD, IL €0693

Jo HARRY FRANKFCRT

SR, PROJECT ENGINEER

BURNS + ROE/PECHINEY

410 ARIZONA AVENUE
ROCKVILLE CENTRE, NY 11570

Se So FRIEDLAND
STAFF CONSULTANT
AERO VIRONMENT INC,
145 VISTA AVE,
PASADENA, CA 91107

DAVID FRISHMAN, GEOLOGIST
PATHFINDER MINES CORPORATION
550 CALIFORNIA ST,

SAN FRANCISCO, CA 94104

WILLIAM C, FROST

BENDIX FIELD ENGINEERING CORPORATION
Ps0. BOX 1569

GRAND JUNCTIOM, CO 81502

JAMES Eo FULLER
APPLICATIONS/CLIENT RELATICNS
CENTURY GEOPHYSICAL CORP,
6911 30. YOSEMITE, SUITE 106
ENGLEWOOD, CO 80112

HAL A, GARDNER

BENDIX FIELD ENGINEERING C(ORP,
P.0. BOX 1569

GRAND JUNCTIDON, CD .- 81502

WAYNE GARDNER

INSTRUMENT ENG.

URINCE

P.0. BOX 1191

GRAND JUNCTIDN, CO 81502

GEDRGE GARMON

BENDIX FIELD ENGINEERING CORPORATION
Pe0s BOX 1569

GRAND JUNCTION, CQ 81502

EMMITY GLEN GARRETT, STAFF GEOL,
TEXAS EASTERN TRANSMISSION CORP,
P.0. BOX 2521

HECUSTON, TX 77001

DUSTIN J. GARROW

URANTUM SALES REPRESENTATIVE
ROCKY MOUNTAIN ENERGY COMPANY
4704 HARLAN STREET

DENVER, €0 B0212

LOUIS &¢ GAZ
612 S BELMONT AVENUE
LAFAYETTE, CO- 80026

MICHAEL GEARY, GEQOLOGIST
LACANA MINING INCORPORATED
P.0s BOX 11305

940 MATLEY LANEs STE. 13
RENO, NY  B9510

Re Jo GENNONEs PRINCIPAL STAFF ENG,
PUBLIC SERVICE ELECTRIC ¢ GAS CO.
80 PARK PLACE

NEWARK, NJ Q7101

RUSSELL GEDRGE
ATTORNEY

120 We 3RD
RIFLE, €D 81650

LEE C. GERHORD

STATE GECLOGIST - NORTH DAKOTA
UNIVERSITY OF NORTH DAKOTA
UNIVERSITY STATION

GRAND FORKS, ND 58202

EDWARD C, GIBBS, VICE PRESIDENT
+ GENERAL MANAGER = URANIUM

ROCKY MBUNTAIN ENERGY COMPANY

4704 HARLAN STREET

DENVER, €D 80212

ROBERT MW, GILMORE

LANDMAN

5T JOE AMERICAN CORPORATION
2002 N, FORBES BLVD,

TUCSEONs AZ 85705
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JAMES Eo. GINGRICH

VICE PRESIDENT

TERRADEX CORPORATICN
460 No WIGET LANE
WALNUT CREEK, CA G4598

FABIO GIOVANELLI, VICF PRESIDENT
AGIP MINING CO.s INC.

950 17TH ST.s SUITE 2200

DENVERs CO 80202

We ARCH GIRDLEY

BENDIX FIELC ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, CO 81502

AMI GLASBERG

SENIOR CONSULTANT

INTERNATIONAL ENERGY
ASSOCIATES LIMITED

600 NEW HAMPSHIRE AVE,

WASHINGTON, DC 20037

DANIEL GLAXNER, GEQLOGIST

UNITED NUCLEAR-HOMESTAKE PARTNERS
P.0., BOX 98

GRANTSs NM 87020

TED GLENN

UNIVERSITY OF UTAH RESEARCH INSTITUTE
EARTH SCIENCES LABORATORY

420 CHIPETA WAY, STE, 120

SALT LAKE CITY, UT 84108

CRAIG GOODKNIGHT

BENDIX FIFLD ENGINEERING CORP.
P.0. BOX 1569

GRAND JUNCTYION, €O 81502

JIMMY B, GOOLSBY
CONSULTING GEOLOGIST
ASSOCIATES IN GEQOLOGY
128 We MIDWEST AVE,
CASPERs WY 82601

EMANUEL GORDON

NUCLEAR FUEL CYCLE PRNJECTS MGR.
ATOMIC INDUSTRIAL FORUM, INC.
7101 WISCONSIN AVE.

WASHINGTCNs Do C. 20014

JOSEPH H, GORDON, GEOLOGIST
ROCKY MOUNTAIN ENERGY CO.
190 PRONGHORN

CASPER, WY 82601

KEN Ao. GRACE

DAVID S. ROBERTSON 4+ ASSOCIATES
DENVER WESTY OFFICE PAPK

1658 COLE BLVD.s NO. 200
GOLDENs, CO 80401

DONALD €. GRAHAM, GEOLOGISTY
CCLORADO GEDLOGICAL SURVEY
1313 SHERMAN STREET

DENVER, CO 80203

Jeo THOMAS GCRAHAM, PLANNING ADVIS
BUSINESS ANALYSIS DEPARTMENT
EXXON MINERALS COMPANY, USA

BOX 2180

HCUSTBNs TX 77001

GEORGE R. GRANDBOUCHE

Us Se DEPARTMENT OF ENERGY
PO ROX 2567

GRAND JUNCTIONs CO 81502

FRANKLIN GRANGE

MINERAL ECONOMIST

SCIENCE APPLICATIONS, INC,
40 DTC WEST

7935 EAST PRENTICE AVE,
ENGLEWCCD, CC 80111

BRUCF Eo GRANTs SR, STAFF ENGR.
TEXAS EASTERN TRANSMISSION CORP,
P.0. BCX 2521

HOUSTCNs, TX 77001

STANLEY Feo GRAY

ASST. VICE PRES.
PIONEER NUCLEARs INC.
BOx 151

AMARILLO, TX 79105

Ge 5S¢ GREEN

PRINCIPAL ENGINEERsy NUCLEAR FUEL
TLLINCIS POWER COMPANY

500 SDUTH 27TH STREET

DECATUR, IL 62525

CHARLES Lo GREENSLIT

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, CO 81502

JOEN GRFENWQODD

PROGRAM MANAGER

CHARLES RIVER ASSOCIATES
JOHN HANCOCK TOWER

200 CLARENDON ST,
BOSTON, MA 02116
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IRV GRIFF, VICF PRESIDENT

SOUTH PARK RANCHES - MINERAL DIV,
5828 WILSHIRE BLVD.

L 0S ANGELESs €A 90038

LYNN S, GRIFFITHS

RESCURCE - DIVISION

e Seo DEPARTMENT OF ENERGY
F.0. BOX 2567

GRAND JUNCTION, CO 81502

GEQRGE T"RIGGS

UsSe BOR:X + CHEMICAL CORP,
3075 WILSHIRE BLVD,

LOS ANGELELS €A 90010

JOHN Co GRIGGC

BENDIX FIFLD En. INEERTNG CORP,
Pe0, BOX 1569

GRAND JUNCTION, €7 81502

FRED Co GRIGSHY

DISTRICT GEQLOGIST

CYPRUS "EXPLORATIDON COMPANY
Pefle BOX 1320

CANON CITYy CO #1212

GILBERT Ro GRISWOLD, PRESIDENT
CHAPMAN, WOOD + GRISWOLDs INCo.
4015 CARLISLE, BLVD N.E.s SUITE E
ALBUQUERQUE, NM 87107

Jo WARNER GRISWOLD

DFFICE MANAGER

WESTERN NUCLEAR, INF

50 FREEPORT BLVD.» STE. 20
SPARKS s NV 896431

Fo Ao GROTH

CHERDKEE EXPLORATION, INC,
P.0, BOX 2138

STEAMBOAT SPRINGS, CO 80477

FUGENE Wo GRUTT, JR,
CONSULTANT

1325 GRAND AVE

GRAND JUNCTION, CO 81501

JACK Jo GRYNBERG, PRESIDENT
OLYMPIC URANIUM COMPANY
1050 17TH ST., SUITE 1950
DENVERs €0 80202

BERNARD J. GUARNERA
ASSOCIATE

DAMES + MODRE

1626 COLE BLVD,.
GOLDEN, €O 80401

JIM GUILINGER, GEQLOGIST
AGIP MINING COe» INC,

950 17TH STREET, STE. 2200
DENVER, €O 80202

ALFRED Co GURMENDI

SUPPLY ANALYSIS DIVISION
Us So DEPARTMENT OF ENERGY
PaOo BOX 2567

GRAND JUNCTIDN, CO 81502

ROBERT C. HAGAN

VICE PRESIDENT

KANSAS GAS + ELECTRIC -CD
P.0. BOX 208

WICHITA, KS 67201

CHARLES HAGEGEORGE

SENIOR MINE GEOLDGIST
CHEVRON RESOURCES COMPaANY
P, 0+ ROX 1000

HOBSON» TX 78117

FRED HAGGETTs GECLOGISY
RESOURCE ASSOCIATES OF ALASKA
5926 MC INTYRE STREET

GOLDEN, CO - 80401

Jo LADD HAGHMAIER
EXPLORATION SUPERVISOR
EXXON MINERALS. COMPANY,s USA
5015 PROSPECT AVEL, NE
ALRUQUFRQUES NM 87110

FRANK Jo HAHNE, ASST, GENERAL MANAGER

NUCLEAR ASSURANCE CORPORATICHN
715 HORIZON DRIVE
GRAND JUNCTION, -CO 81501

Ge IRVING HAINES, JR,

NURE PROJECT OFFICE

Us 'Se DEPARTMENT 0OF ENERGY
Polls RUX 2567

GRAND JUNCTIOM, CO 81502

Ce Fo HAJEK

BENDIX FIELD ENGINFERING CORP,
PsCs BOX 1569

GRAND JUNCTION, €O 81502

RICHARL HALDANE :
FOUR.CORNERS "MINING AND MINERALS
1112 BELFORD AVENUE

GRAND JUNCTION: CO 81501
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JCHN B, HALL
LANDMAN

UNION CARBIDE CORPDRATION

P.0. BOX 1029
GRAND JUNCTION, CO

81502

Le Eo HALLSTEDs ENGINFER

TETON EXPLORATICN DRILLING CQO.»

3030 ENERGY LANE
CASPER, WY 82601

MARTY HALSETH, GEOLOGIST

STe JOE AMERICAN CORPORATION
NO. 440

8900 SHOAL CREEKS
AUSTIN, TX 78758

LERQOY HALTERMAN, SW DIST,
ENERGY PESERVES GROUP
9525 MENAUL NEs SUITE 1
ALBUQUERQUE, NM 87112

PETER Ao, HANSEN
MANAGER OF LAND

INTERCONTINENTAL ENFRGY CCRP

P.0. BOX 17529
DENVER, CO 80216

WHITNEY HANSEN, PRESTIDENT

DOLPHIN ASSOCIATES
PaD, BOX 252
MEDINA» WA 98039

LYNN Do HARBER
SALES ENGINEER

NL BARDID

777 21.5 RD.

GRAND JUNCTION, CO

81501

KIM C. HARDEN, PARTNER
FISHER, HARDEN + FISHER
Pee BOX 877

BEEVILLE, TX 78102

HOWARD HARLAN

PROJECT GEOLDGIST
CYPRUS MINES

P.0. ROX 1320

CANON CITY, CO 81212

STAN HARRISON

SENIOR MINERALS GEOLCGIST
ROBERTSON RESEARCH INT,
LLANDUDNGOs NDRTH WALES
GREAT BRITAN LL30 1SA

ALLEN HART, GEOLOGIST
HUNT OIL COMPANY

Po.0le BOX 1317

DENVER, CO 80201

JIM HASBROUCKs MANAGER
EGG GEOMETRICS

830 KIPLING STREET, STE,
LAKEWOOD, CO 80215

HARDLD W. HASE, DIST. GEOL.
INSPIRATION DEVELOPMENT CO»

P.0. BOX 2103
GRAND JUNCTION, CO 81502

Yo HASHIMOTO, DEPUTY MANAGER

POWER RFACTOR + NUCLEAR
FUEL DEVELOPMENT CORP,
1-9-13, AKASAKA, MINATOKU

TOKYOs JAPAN

JAMES S, HASTINGS

VICE PRESIDENT, MINERALS
COASTAL STATES GAS CORPORATICN
9 GREENWAY PLAZA

HOUSTONs TX 77046

STEVEN A. HAUCK, GEQLCGIST
UNTON CARBIDF CORPORATION
P.0. BCX 1029

GRAND JUNCTION, CO 21502

CARL HAYCOCK
GEOLOGIST

MINATOME CORP.
2040 S. ONEIDA ST,
DENVER,s CO 80224

RONALD Lo HEIKSs VICE PRES.
PLATEAU RESQOURCES LIMITED
772 HORIZON DRIVE

GRAND JUNCTION, CO 81501

EDWARD t. HELLER

OFFICE OF INSPECTOR GENERAL
U.Se CEPARTMENT OF ENERGY
MeSe 5A-228

1000 INDEPENDENCE AVE.s SW
WASHINGTON, DC 20585

Jo MARK HELM
ENVIRQTECH

3000 SAND HILL ROAD
MENLD PARK, CA 94025
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BILL HENDRICKS

DISTRICT MANAGER

CENTURY GEQPHYSICAL CORP,
PO, BOX 2907

MILAN, NM 87021

JAMES MHENDPRICKSON
CEOLOGIST

ANSCHUTZ

2400 ANACONDS TOWER
558 17TH ST,
DENVERs CO 80202

GEORGE HENNESSEY, PRESIDENT
ALLIANCE NUCLEAR INC

Se 2012 SUNRISE ROUAD
SPOKANE, WA 90206

GRETCHEN HENSTORF
MINATOME

2040 S0. UNEIDA
DENVER, CO 8022¢

DONALD Le HETLAND

RESCURCE DIVISION

Ue-Ss DEPARTMENT OF ENERGY
Polle BOX 2567

GRAND JUNCTION, CO 81502

MARK HIBPSHMAMs GECLOGIST
UeS e BUREAU UF MINES

IFOC BLDGe 20

DENVER FEOERAL CENTER
DENVER, CUO 802285

We SCOTT HICKMAN

MARKET ANALYST

NUCLEAR EXCHANGE CORPORATION
3000 SAND HILL ROAD

MENLD PARK, CA 94025

CHanteS Eo HIGOUN

MINING EHGINEER

UeSe SECURITIES ¢+ EXCHANGE COMMISSION
410 17TH ST.s SUITE 700

DENVER, CO 80202

PAYT HILLARDs DISTRICT GEOQOLNGIST
ENERGY FUELS NUCLEAR, INC,

3 PARK CENTRAL, SUITE 900

1515 ARAPAHOE ST,

DENVER, CO 80202

DAVID A, HILL

TRW ENERGY SYSTEMS

ONE SPACE PARK -~ BLDG., R&/2120
REDONDD BEACH, CA 90278

ROGER Eo HIVELY

GEOQLOGIST

FERRET EXPLORATION CO.5 INC,
3540 ANACONDA TOWER

S5 17TH ST,

DENVER, CO 80202

HARRY Co HIXSON

EXPLORATION OPERATIONS MANAGER
SUNGCS ENERGY DEVELOPMENT €O
12700 PARK CENTRAL PLACE
QaLLas, TX 75251

FARL Fo HOELLENs JRo

ASSTe MGR. ~ FUEL PURCHASING
DUKE POWER COMPANY

Pefs BOX 32307

CHARLOTTE, NC 28232

Hal HOFFMAN

VICE PRESIOQENT

ENERGY GROUP». SALES

INTERNATIONAL MINERALS + CHEMICAL CORP
231% SANDERS ROAD

NDRTHBRTOKs Il 60063

GLEN M. HDGGs ASSOCIATE

DAVID Se ROBERTSON + ASSCCIATES LTD.
SUTTE 20005 65 QUEEN STREET WEST
TORDNTDs ONTARIO, CANADA MSH 2M7

HARLEN Ko HOLEN

RESCURCE DIVISICON

Ue Se DEPARTMENT OF ENERGY
2201 SAN PEDRO NE

BUILDING 3

ALBUQUERQUE, NM 87110

TED HOLLENBERG

ASSOCIATE STAFF

SeMy STOLLER CORPORATION
1250 BROADWAY

NEW YORKs NY 10001

KRISTA HOLLENBERG
CARTUGRAPHER

MAPCUs INC,

1800 SOUTH BALTIMORE
TULSAs UX  T4119
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DALE J. HOLLINGSWORTH

EXECUTIVE VICE PRESIDENT

GRAND JUNCTION AREAR CHAMBER
OF COMMERCE

BOX 1330

GRAND JUNCTIGN, CO 81502

STEW HOLLINGSWORTH
DIRECTOR, EXPLORATION
UNION CARBIDE CORP,

P.0. BOX 1029

GRAND JUNCYION, CO 81502

Jo Be HOLLISTER

VICE PRES.», WESTERN OPERATIONS
CLEVELAND CLIFFS IRON COMPANY
1460 UNION COMMERCE BLDG.
CLEVELAND, OH 44155

KENNETH He HOLMES
PROD, GEOL. SUPERVISOR
MOBIL COIL CORPCRATION
P.0. BOX 5444

DENVER, CO 80217

RICHARD A. HOLWAY

MANAGER, URANIUM MARKETING
HOMESTAKE MINING COMPANY
650 CALIFDRNIA ST,

SAN FRANCISCOs, CA 94108

ELAINE HORIMIQTIS
GEOLOGIST

ROCKY MOUNTAIN ENERGY CO.
6704 HARLAN STREET
DENVER, CO 80212

BARRY HORNABROCOK

CONSUL=-MINING

SCUTH AFRICAN CONSULATE GENERAL
425 PARK AVENUE, STE. 1200

NEW YORK, NY 10022

Ao Lo HORNBAKER

COLORADO GEULOGICAL SURVEY
1313 SHERMAN ST.», ROOM 715
DENVERs CO 80203

NICHOLAS C. HORNING
SENIOR ENGINEER

HANFORD ENGINEER DEV. LAB
P.0e BOX 1970 W/FED=420
RICHLAND, WA 99352

RON E. HORROCKS

MARKETING REPRESENTATIVE

EDA INSTRUMENTS, INC.

2207 JACKSON STes SUITE B-103
GOLDEN, €O 80401

ROBERT C, HORTON

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, €O 81502

JACK V. HOUSTONs ASST. GEN, MGR.
SALES + MARKETING

NUCLEAR ASSURANCE CORPORATION

26 EXECUTIVE PARK WEST, NE
ATLANTAs GA 30329

FOSTER T. HOWLAND
CONSULTANT

RAMPART EXPLORATION CORP,
2646 S. YUKON CT,
LAKEWOODs, €O B8O227

FRANK M, HRUZs ECONCMIST
NUCLEAR RAW MATERIALS BRANCH
TENNESSEE VALLEY AUTHOPITY
923 CHATTANDOGA BANK BUTLDING
CHATTANCOGA, TN 37401

JEFF HUBERs» GEOLOGIST
EXPLORATION DIVISION
COTTER CORPORATION
P.0. BOX 555

HOABs UT 84532

MIKE HULL, GEDOLQGIST

OCCIDENTAL MINERALS CORPORATICN
2830 MADEIRA NE

ALBUCUERCUE, NM 87110

HOWARD HUMPHRIES

PRESIDENT

HILLS GAS, INC.

3622 GALLEY RDAD

CDLORADO SPRINGSs CQ 80909

GECFFPEY G. HUNKINs PRESIDENT
HUNKIN ENGINEERS, INCe

9 MEADOW LARK LANE

LITTLETON, CD 80123
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ARLEN HUNT

ASSISTANT PROJECT MANAGER
UeSs DEPARTMENT OF ENERGY
P.0s BCX 880

MORGANTOWN, WV 26505

BRUCE E. HUNT

NUCLEAR FUEL MANAGER
SOUTHERN COMPANY SERVICES
P.0e BOX 2625

BIRMINGHAMs, AL 35202

CHERYL HUTCHISON

OFFICE MANAGER

NUMATEC INCORPORATED

1333 NEW HAMPSHIRE AVE.s NW, STF,
WASHINGTON, D.C. 20036

Rs Le HYATY, MGRo» BUSINESS
URANIUM DIVISION

SUNDOCO ENERGY DEVELOPMENT COMPANY
12700 PARK. CENTRAL PLACE, SUITE 1500

DALLAS, TX 75251

SATOSHI TINO
ASSISTANT MANAGER,

PROJECT DEVELDPMENT
NICHIMEN CDsp LTD,
SUITE 305, 1645 COURT PLACE
DENVERs, CO 80202

Jo BRUCE IMSWILER
MANAGER-MINERALS DIV,

DEPCOs INC.

390 FREEPCRY BLVD.s SUITE 12
SPARKS, NV . 89431

STEVE INGLE

EXPLORATION GELOLOGIST
PHILLIPS URANIUM CORPORATION
P.0. BOX 188

SAVAGE, MN 55378

RANDALL Jo IRWIN
NUCLEAR ENGINEER

UNTON ELECTRIC COMPANY
P.0. BOX 149

STe LOUIS, MD 63166

CHARLES JACK

PROGRAM CONTROL DEPT., MANAGER
PLATEAU RESOURCES LIMITED

772 HUORIZON DRYVE

GRAND JUNCTIONs CD 81501

DANTEL JACKSONs; JR.
ENGINEERING + MINING JOURNAL
MCGRAW HILL PUBLICATIONS

123 SPEER BLVD.

DENVER, CO 80203

JACK JACKSON

VICE PRESIDENT

MINERALS SERVICE COMP
PoDe BOX 3523%

GRAND JUNCTION, CO 815072

Re Bo JACHSONs GEOLOGIST
THE ANACONDA COMPANY

1721 WILSON TOWER

CORPUS CHRISTI, TX 78576

WAYNE ‘Lo JACOBSEN

MINE PRUJECT ENGINEER
CYPRUS MINES CORPORATICN
Psls BCX 1320

CANON CITY, CO 81212

MARSHALL JAQUISH

RESEARCH ANALYST

PATHFINDER MINES CORPORATION
550 CALIFORNIA STREETs STE. 300
SAN FRANCISCOs CA 94104

JOHN €. JEBSEN, PARTNER
NUCLEAR LTD,

2737 HERVARD ST,
CASPERs WY 82601

JOSEPH JOHN

IRT CORPORATION

7650 CONVOY COURT
SAN DIEGOs Ca 92111

EDWAY R. JOHNSONs PRESIODENT
Eo Ro JOHNSON ASSOCIATES
8206 LEESBURG PIKEs STEs 407
VIENNE&, V& 22180

HENRY S, JOMNSONs JR.s PRES,
SANDHILL RESOURCESs INC,

BOX 877

CHARLESTONs SC 29402

JAMES B JOMNSON

ASSOCTIATE PROFESSORs GEOLOGY
MESAE CCLLEGE

GRAND JUNCTION, CO 81501
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GUY JOLY, MINING MANAGER
MINATOME CCRPCRATION
2040 S. ONEIDA

DENVERy CO 80224

CHARLES A. JONES

BENDIX FIELD ENGINEFRING CORP,
P.0. BOX 1569

GRAND JUNCTION, €O 81502

JACK 0. JONES

SUPPLY ANALYSIS DIVISION
Ue So DEPARTMENT OF ENERGY
P.0s BOX 2567

GRAND JUNCTION, C3 81502

DAVID K. JORDT, EXPLORATIONIST
TEXAS INSTRUMENTS INCORPORATED
M/S 3975, BOX 225621

DALLAS, TX 75265

De Lo JOSTs GEN, MGR,

ROBIN BRAND PRODUCTS COMPANY
P.0. BOX 188

KAYSVILLE, UT 84037

MARTHA KAHN

GEOLOGIST

CYPRUS MINES CORPORATION
P.0. BOX 1320

CANON CITY, €O 81212

Eo WYNN KALLAY, PRO. MGR.
NUCLEAR ASSURANCE CORPORATION
715 HORIZON DRIVE

GRAND JUNCTION, €N 81501

PAUL KALLOCK

SENIOR GECLOGIST

RESQURCE ASSOCIATES OF ALASKA
5926 MC INTYRE STREET

GOLNEN, €O 20401

CHARLES J. KALTERs SUPERVISOR
RESOURCE DEVELOPMENT

PENNSYLVANTA PCWFR ¢+ LIGHT COMPANY
TWO NORTH NINTH ST,

ALLENTOWN, PA 182101

RICHARD E, KAMERDS

MANAGER, URANTIUM EXPLORATION
EXXON NUCLFAR COMPANY, INC,
ROX C~-00777

BELLEVUE, WA 38009

TERRI KASTEN

EXPLORATION GECGLCGIST
PHILLIPS URANTUM CORPORATION
P00, BOX 26236

ALBUQUERQUE, NM 87125

WILLTAM H, KAUFMAN

SENINR EXPLORATION GEOLOGIST

SUNOCO ENERGY DEVELOPMENT COMPANY
12700 PARK CENTRAL PLACEs STE. 1500
DALLAS, TX 75251

ROBERT Re KAYSER, VICF PPRES,

URANTUM BUSINESS DEVELOPMENT
INTERNATIONAL MINERALS + CHEMICAL CCRP
2315 SANDERS R{QAD

NORTHBROOK, IL 60063

FREDERICK Do

CHICAGD, It

JOHN J. KEARN

KEADYy MANAGER
RUSINESS DEVELDPMENT

SOHIC NATURAL RESDURCES €O,
125 S. WACKER DRIVF

60606

S

DISTRICT GEOLOGIST =~ URANTUM

CONDCA, INC.
Po0s BOX 3640

CASPER, WY 82602

RICHARD J. KEHMEIER

SUPERVISOR, TECHNICAL SERVICES
URANIUM RESOURCES + DEVELOPMENT (O,
1229 No. 23RD STREET

GRAND JUNCTID

JOHN KFLLEHER

DISTRICT MANAGER

Ny

€2 81501

WESTERN STATES MACHINERY CC.

P.0, BCX 2224
GRAND JUNCTIQ

ALEC Jo KELLE

N

Ry

CO 81502

ATTORNEY

KELLER, MC SWAIN, WING & MAXFIELD
DENVER PLAZA

2570 FIRST OF
633 17TH STRE

ET

DENVERs CO 80202

ROBERY J. KELLERs PRESIDENT
SOUTH PARK RANCHES - MINERAL DIV,
BLVD,

5828 WILSHIRE
LDS ANGELESS

Ca

90036
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JAMES M. KELLYs SR, PROJECT GEOLOGIST
EASTERN U.S,

GETTY OIL COMPANY

P.0s BOX 15668

SALT LAKE CITY, UT 85115

E. W. KENDALL

REGIONAL GEQLOGIST

UNION CARBIDE CORPORATINN
P.0. BOX 1029

GRAND JUNCTION, €O 81502

GARTH S. KENNINGTON, PROFESSOR
DEPT. OF ZOCLOGY + PHYSIOLDGY
UNIVERSITY OF WYOMING

LARAMIE, WY 82701

ROBERT Jo KERMES, SUPERINTENDENT
FUEL SUPPLY DEVELOPMENT

NORTHERN STATES POWER COMPANY
414 NICOLLET MALL, 8TH FLODR
MINNEAPOLIS, NN 55401

RAY KERNS

GEOLOGIST

BENDIX FIELD ENGINEERING CORPORATION
P00+ BOX 15569

GRAND JUNCTION, CO 81502

STEVE KILE

MARKET ANALYST

PHILLIPS UPANIUM CORPORATION
ALBUQUERQUE, NN 87125

FELTIX M, KILLAR, JR,

FUEL MARKET aNALYSY

MIDDLE SOUTH SERVICES, INC.
P.0., BOX $1000

NEW ORLEANS, LA 70181

KIRK KILOH

BENDIX FIELD ENGINEERING LORP,
P.0. BOX 1569

GRAND JUNCTION, €0 81502

STAN KIMBALL

SENIOR PLANNER

SANTA FE MINING INC,
P00, BOX 3588
ALBUQUERQUE, NM 87190

ROB KINDLE», GECQLOGISY
UeSs ENERGY CDRPDRATION
625 E. MADISON
RIVERTON, WY 82501

Fo GARY KINGs SALES ENGINEER
NUCLEAR ASSURANCE CORPORATION
24 EXECUTIVE PARK WEST, NE
ATLANTA, GA 30329

OWEN KINGMAN

BENDIX FIELD ENGINEERING CORP,
P.Ds BOX 1569

GRAND JUNCTION, €O 81502

WILLIAM KING

CHIEF GEOLOGIST
FEDERAL~AMERICAN PARTNERS
GAS HILLS ROUTE

RIVERTON, WY 82501

AKIHIKD KITANO

ASSISTANT GENERAL MANAGER
TORKYD FLECTRIC POWER €O,
1901 L STe Ne Yo 720
WASHINGTON, DC 20038

JOHN KLEMENIC

SUPPLY ANALYSIS DIVISION
Us S DEPARTMENT 0F ENERGY
P.0. BOX 2567

GRAND JUNCTIONs €O 81502

GRACE M. KLEMENT

DISTRICY GEOLOGIST

SOUTH TEXAS DISTRICT

35T. JOE AMERICAN CORPORATION
8900 SHOAL CREEK, STE. 440
AUSTIN, TX 78758

MARGARET KNIGHT, COORDINATOR

SAN JUAN RASIN REGIONAL URANIUM STUDY
UaSe BUREAU OF INDIAN AFFAIRS

P.0. BOX 1590

ALBUQUFRQUE, NM 87103

LUDMIG We KOCHs MANAGER
COMMERCTAL DEVELOPMENT
CONDCO» INCs

555 17TH STREET

DENVER, £C 80202

DIANE KOCIS

BENDIX FIELD ENGINEERING CORP,
P.0e BOX 1569

GRAND JUNCTIDNs €O 81502
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GERALD KOSCHAL

EXPLORATION GEDLDGIST
PHILLIPS URANTUM CORPORATION
P.0. BOX 26236

ALBUQUERQUE, NM 87125

TONY KOVSCHAK

REGIONAL GEOLOGIST

UNICN CARBIDE CORPORATION
P.0. BOX 1029

GRAND JUNCTION, CO 81502

JOE KOWALIK
GEOLOGIST

CONCCO INC.

P.0. BOX 3640
CASPER, WY 82602

ROBERT As KRAMER

NUCLEAR FUEL ENGINEER

NORTHERN INDIANA PUBLIC SERVICE CO0.
Re Rse 3, BOX 501

CHESTERTON, IN 46306

JAN KRASONs PRESIDENT
GEQEXPLORERS INTERNATIONAL, INC.
5701 E. EVANS AVENUE

DENVER, CO 80222

DAVID KREBS

PRINCIPAL MINING ENGINEER

COUNCIL OF ENERGY RESOURCE TRIBES
5670 S. SYRACUSE CIRCLE
ENGLEWOODs, CO 80111

PAUL M. KRISHNA, ASST. TO
GEN. MGR., - FUEL SUPPLY
PUBLIC SERVICE ELECTRIC + GAS CQ.
80 PARK PLACE
NEWARK, NJ 07101

DAVID J. KROFT

MINERAL ECONOMIST

DAMES + MOORE

500 SANSOME STREET

SAN FRANCISCO» CA 94111

RAY E. KUNKELs PRESIDENT
URANEX MINING CORPORATION
1425 MARKET ST,

DENVER, CO 80202

ELIZABETH KUNZE, GEOLOGIST
OCCIDENTAL MINERALS CORPORATION
777 S WADSWORTH BLVD.
LAKEWOOD, CO 80226

DAN KUSNER

FUEL APPLICATION
WESTINGHOUSE WRD

P.0. BOX 355
PITTSBURGHs, PA 15230

JAMES We KUTCHER

NUCLEAR FUEL PROCUREMENT MANAGER
TOLEDO EDISON COMPANY

300 MADISON AVENUE

TOLEDO, DOH 43604

CHERYL KYLLONENs GEOLOGIST

THE NAVAJO TRIBE

OFFICE OF MINERALS DEVELOPMENT
BOX 146

WINDOW ROCK, AZ 86515

Ds R LAGOE

LANDMAN

UNION CARBIDE CORPORATION
P.0. BOX 1029

GRAND JUNCTION, CO 81502

LARRY Go L. LAHUSEN

Goe Lo LAHUSEN ¢ ASSOCIATES
P.0. BOX 729

MOABs, UTAH 84532

KEN LAICHE

CODRDINATOR = FUFL SERVICES
GULF STATES UTILITIES CO.
P.0s BOX 2951

BEAUMONT, TX 77704

Ee S¢ LAMOREAUX
OWNER

EeSelo INDUSTRIES
P.0. BOX 22221
DENVER, CO 80222

EARL F. LAND
2510 FORMAY DRIVE
GRAND JUNCTION, CO 81501

JACK LANDDN

VICE PRES.~DEVELOPMENT
KERR-MCGEE RESOURCES CCRPORATION
KERR-MCGEE CENTER

OKLAHCMA CITY, OK 73102
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GEQRG LANGE, VICE PRESIDENT
URANGESELLSCHAFT USA, INC.
6000 EAST EVANS AVE.

BLDG. 3» SUITE 200

DENVERs CO 80222

RAY LANTHIER

GROTH MINERALS CORPORATION
P.0. BOX 2138

STEAMBOAT SPRINGS, CO 80477

DENNIS Js LA POINY, STAFF GEOLOGIST

PLATEAU RESQURCES LTD
772 HORIZON DR,
GRAND JUNCTIONs, CO 81501

GENE LARSON

STAFF GEOLOGISTY

URADCO

1229 N, 23RD STREET

GRAND JUNCTIONs €O 81501

RAYMOND Go LARSONs PRESIDENT
URANIUM RESOURCES INC.

SUITE 735

PROMENADE NATIONAL BANK TOWER
1600 PROMENADE CENTER
RICHARDSON, TX 75080

CARL Po LATHAN, JR,

NURE. PROJECT OFFICE

Us So DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CD - 81502

WILLIAM LAUMAN

BENDIX FIELD ENGINEERING CORP,
P.0s BOX 1569

GRAND JUNCTION, CO 81502

PHILIP LAWSOM, MANAGER
SCINTI-LOGs INC,

P.Os BOX 434

CASPER, WY 82602

GARY £. LEAMON

TECHNICAL MGR, = WNFHM

NUCLEAR ASSURANCE CORPORATION
24 EXECUTIVE PARK WESTs NE
ATLANTA, GA 30329

STEPHEN H. LEEDOH

Ue.Se DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, €O 81502

DAVID LEIBY, MANAGER
PLANNING ¢ DEVELOPMENT
UNITED NUCLEAR CORPORATION
1735 EYE STREETs NW
WASHINGTON, DC 20006

GEDRGE We. LENEY

Us So DEPARTMENT OF ENFRGY
SUITE 170s 9 PARKWAY CENTER
875 GREENTREE RD.
PITTSBURGHs PA 15220

NEAL LENHOFF

ECONDMIST

LEXECONs INC.

208 'SO. LA SALLE, NO. 1203
CHICAGO, IL 60606

LEON LEVENTHAL, VICE PRESIDENT
LeFosEe ENVIRONMENTAL

ANALYSIS LABORATORIES
2030 WRIGHT AVENUE
RICHMONDs CA 94804

RICHARD LEVYs MANAGER
PLANNING 4 ANALYSIS

EXXON NUCLEAR COMPANY, INC.
C-00777

BELLEVUEs WA 98009

Jo Wo LINDEMANN

CHIEF GEOQLOGISTY

BARRINGER RESEARCH INC,.
1625 COLE BLVD.s STE. 120
GOLOENs CC 80401

We Ao LINTON, PRESIDENT
FRONTIER LDGGING CORPORATION
Palo BOX 642

BROOMFIELDs CO 80020

CARL F. LIPP

MANAGER=PLATEAU OPERATIONS
MINERALS RECOVERY CORPORATION
575 UNION BLVD.s STE. 306
LAKEWOOD, €O 80228

DONALD B+ LIVINGSTON

BENDIX FIELD ENGINEERING CORP.
Pelle BOX 1569

GRAND ~JUNCTIONs CO 81502
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BEe Lo LOCKHART

VICE PRES.s OPERATIONS
WOLD NUCLEAR COMPANY
P.0. BOX 114

CASPER, WY 82602

FLOYD LOGAN
CONSULTANT

MAZER CHEMICALs INC.
3938 PORETT DR,
GURNEE, IL 60031

STANLEY E, LOGAN, MANAGER

NUCLEAR WASTE PROGRAMS

LOS ALAMOS TECHNICAL ASSOC.» INC.
P.0. BOX 410

LOS ALAMOS, NM 87544

LLOYD W. LONG

RESEARCH SCIENTIST

BATTELLE PACIFIC NORTHWEST LAB.
P.0. BOX 999

RICHLAND, WA 99352

MARC LONOFF

SENIOR RESEARCH ASSUCIATE
CHARLES RIVER ASSOCIATES
200 CLARENDON STREET
BOSTON, MA 02116

Fe Bo LOOMIS

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTIONs, CO 81502

DOUGLAS J. LOOTENS

PARTNER

DAMES + MOORE

2020 NORTH LOOP WEST, 'SUITE 200
HCUSTONs TX 77018

GEORGE LOTSPEICH, PRESIDENT
COBB NUCLEAR CORPORATION

20 FIRST PLAZA, SUITE 404
ALBUGUERQUE, NM 87102

FREDERICK Co Jo LU

SUPPLY ANALYSIS DIVISION
Ue S. DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

JOHN LUDLAM

BENDIX FIELD ENGINEERING CORP,
P.0, BOX 1569

GRAND JUNCTIONs, CO 81502

JIM LYDIC, PLANNING ANALYST
THE ANACONDA COMPANY

555 17TH STREET

DENVER, CO 80202

JOHN R, LYLE

SENIOR EXPLORATION GEOLOGIST
KERR-MCGEF RESQOURCE CORP,
KERR-MCGEFE TOWER

OKLAHOMA CITY, OK 73125

ROBERT Do LYNN

MANAGER~NEW MEXICO OPERATICNS
THE ANACCNDA COMPANY

Pe 0. BOX 638

GRANTSs NM 87020

WILLIA® Wo LYONS
PROJECT GEOLOGIST
NUCLEAR DYNAMICSs INC.
P.0. BCX 111

NATURITAs CO 81422

Ao MAARQOUF

BENDIX FIELD ENGINEERING CORPORATION
PoCo BCX 1569

GRAND JUNCTION, CO 81502

HERMAN M, MAASSs, PROJECT ENGINEER
MOUNTAIN STATES RESEARCH
+ DEVELOPMENT
P.0. BCX 17960
TUCSON, AZ 85731

JOHN MADDRY, GEOLOGIST
UNTON CARBIDE CORPORATION
P, 0. BAX 1029

GRAND JUNCTION, CO 81502

HICHAEL MADSON

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, €O 81502

MAURICE MAGEE

CONSULTANT

1973 We. NORTH TEMPLE

SALT LAKE CITY, UT 84121

THOMAS MAJCHER

MINERALS ECONOMIST

SOHID NATURAL RESOURCES COMPANY
125 SOUTH WACKER DRIVE

CHICAGD, IL 60606



8s2

ROGER C. MALAN

RESCURCE DIVISION

U, Se DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, €O 81502

ROBERT F. MANTEY

NUCLEAR FUEL BUYER
PHILADELPHIA ELECTRIC (0.
2301 MARKET STepN2=1
PHILADELPHIA, PA 19101

JOSEPH MARCHAL
SECRETARY FOR NUCLEAR SUPPLY

COMMISSION OF EUROPEAN COMMUNITIES

2100 M STREET NoWes SUITE 707
WASHINGTONs DeCo 20037

DAVID P. MARCOTT
EXEC. VICE PRESIDENT
COTTER CORPORATION
3305 We ALAMEDA PKHY.,
LAKEWOOD, CO 80226

KENNETH D+ MARKART, GEOLOGIST
UNION CARBIDE CORPORATION
Pe0. BOX 1029

GRAND JUNCTION, €O 81502

ANDY G+ MARKDS
CONSULTING GEDLOGIST
1346 29TH STREET
DGDENs UT - 84403

BOB MARVIN

VICE PRESIDENT, EXPLORATION
SANTA FE MININGs INC.

©775 INDIAN SCHOOL NE
ALBUQUERQUE, NM 87107

DAVID MASON

SR, MINEPALS GEQLOGIST
ROBERTSON RESEARCH = CANADA
501 CLEVELAND CRESCENT, NE
CALGARY, ALBERTA

CANADA T26 &4R8

ANTHONY M. MASTROVICH
CONSULTANT

PLATEAU RESOURCES, LTD.
2240 BUFFALO DR,

GRAND JUNCTYION, CO 81501

As Ro MATHESON, CONSULTANT
R 1s M3
DEL MAR, CA 92014

SCOTT MATHESON

SALES ENGINEER

NUCLEAR ASSURANCE CORP,
24 EXECUTIVE PARK WEST
ATLANTA, GA 30329

GEOFFREY Wo MATHEWS

BENDIX FIELD ENGINEERING CORP.
P.U, BOX 1569

GRAND JUNCTION, €O 81502

MURIEL MATHEZ
CONSULTING GEDLOGIST
BOX 59

COLUMBIA, NJ 07832

I« We MATHISEN

VICE PRES. ~ EXPLORATION
ENERGY FUELS NUCLEAR, INC,
3 PARK CENTRALs SUITE 900
1515 ARAPAHOE ST,

DENVER, CD 80202

MARK MAURD

ENGINEERING TECHNICIAN
VIRGINIA ELECTRIC & POWER CO.
Po0o BOX 26666

RICHMOND, VA 23261

Me Jo MAXSON

SENIOR GEOLOGIST
AMOCO MINERALS

333 We HAMPDEN AVE.
ENGLEWOODs CO 80110

ROBERT Do MAXWELL

SR. ECCNOMICS GEOLDGIST
DAMES + MOORE

1626 COLE BLVD.

GOLDEN, CD 80401

STANLEY Ao MAYER
CONSULTING MINING ENGINEER
GATES + FOX CO.p INC

1615 MORTH 18TH

GRAND JUNCTION, CO 81502

FRED MAZANEC

COMMERCIAL PRODUCTS MGR,
IRT CORPORATION

7650 CONVOY COURT

SAN DIEGDs CA 92111
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He STAN MCALISTER, EXPL. MGR,
THE ANACONDA COMPANY

555 17TH ST,

DENVER, CO 80202

JAMES S. MCANDREW

OFFICE MANAGER

NUCLEAR ASSURANCE CORPORATION
254 No CENTER ST., #109
CASPER, WY 82601

RICHARD B, MCCAMMON

OFFICE OF RESOURCE ANALYSIS
UsSes GEOLOGICAL SURVEY
NATIONAL CENTER, MS 920
RESTON, VA 22092

To Po MCCANN

SENIOR STAFF GEOLOGIST
SHELL OIL COMPANY

P.0. BOX 2099

HOUSTON, TX 77001

DOWNS MC CLOSKEY

MANAGERy PLANNING ¢ BUDGETS
ENERGY MINING DIV

UNION OIL CO. OF CALIFORNIA
P.0. BOX 54945

LOS ANGELES», CA 90054

KENNETH R, MC CUE, MANAGER
FUEL CYCLE SERVICES
TRANSNUCLEAR, INC.

ONE NORTH BROADWAY

WHITE PLAINS, NY 10601

ELIZABETH MC DARMONTY

GEOLOGIST

UeSe BUREAU DOF LAND MANAGEMENT
764 HORIZON DRIVE

GRAND JUNCTION, CO 81501

Jo Do MC GAUGH» MANAGER
STRATEGIC PLANNING

UNTON CARBIDE NUCLEAR DIVISION
P.0. BOX X

0AK RIDGEs TN 37830

FRANK Eo MCGINLEY

MANAGERS OFFICE

Us So DEPARTHMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTIONs CO 81502

JOHN C. MCGRATH, PRESIDENT
CENTURY GENPHYSICAL CORP,
6650 E. APACHE

TULSA, OK 74115

JAMES MCKEOWN, JR,
MANAGERS OFFICE

UsSes DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

VERNON MCNEILL

AREA MANAGER

AMERICAN MUD

711 S. 6TH ST,

GRAND JUNCTION, CO 81501

MARY MCNEIL

BENDIX FIELD ENGINEERING CORPORATION
P.Co BCX 1569
GRAND JUNCTION, CO 81502

DANIEL MC WHIRTER
NUCLEAR FUELS

CITY PUBLIC SERVICE

P. 0. BOX 1771

SAN ANTONIOs TX 78296

ROBERT J. MEEHAN

RESOURCE DIVISION

Ue Se DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

PAUL E. MELANCON

MANAGER - URANIUM

AMAX PETROLEUM CORPORATION
P.0. BOX 42806

HOUSTCON, TX 77042

FRANK C, MELFI» EXEC. VICE PRES,
RESERVE OIL + MINERALS CORP.
SUITE 308, 20 FIRST PLAZA
ALBUQUERQUEs NM 87102

RODNEY MELGARD, MANAGER
NUCLEAR SCIENCE DEPT,
LeFoetoe ENVIRONMENTAL
ANALYSIS LABORATORIES
2030 WRIGHT AVENUE
RICHMOND, CA 94804

PHILLIP L. MERRITT, CONSULTANT
10 WEST BROAOWAY», STE. 520
SALT LAKE CITY, UT 84101
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FRANK Jo MESAROS
EXPLs CONSULTANT

333 WEST HAMPDEN AVE,
SUITE 403

ENGLEWOOD, CO 80110

RONALD L. MESSENHEIMER
DIRFCTOR UF MARKETING
UNITED NUCLEAR CORPORATION
1735 EYE STREET, No.W,
WASHINGTON, D.C. 20006

Woe To MEYER, VICE PRESIDENT
BARRINGER RESEARCH, INC.
1626 COLE BLVD.s NC. 120
GOLDEN, CO 80401

HANS VON MICHAELIS

RANDOL INTERNATIONAL LTD.
3433 ALTONAH ROAD .
BETHLEHEM, -PA 18017

DAVID MICKLE .

CONSULTING GEGLOGIST

158 LITTLE PARK ROAD
GRAND JUNCTION, CO . 81503

JOHN We MILEY

SUPPLY ANALYSIS DIVISION
Uo S« DEPARTMENT OF ‘ENERGY
Pe0o BOX 2567

GRAND JUNCTION, CO 81502

DARRYL Go MILLER
SENIOR GEOLOGIST
FUGROs INC,

P.0s BROX 7765

LONG BEACH, CA 90807

DCNALD G. MILLER

FUELS RESOURCES

VIRGINIA ELECTRIC + POWER COMPANY
Ps 0. BOX 26666

RICHMOND, VA& 23261

Re WESLFY MILLER

MANAGER, INFCRMATION SYSTEMS
NUCLFAR EXCHANGE CORPORATION
3000 SAND HILL ROAD

MENLO PARKs CA 94025

JOHN MITCRELL

MAPCO INC.

1800 SOUTH BALTIMORE
TULSAs OK 74119

STEVEN Do MITCHELL

BENDIX FIFLD ENGINEERING CCRP.
P.0. BOX 1569

GRAND JUNCTIONy, CO 81502

ADOLPH V. MITTERER

VICE PRESIDENT, URANIUM OPERATICNS
ROCKY MOUNTAIN ENERGY COMPANY

4704 HARLAN STREET

DENVERs CO 80212

ERIC MCLINAS
PRESIDENT

FRAMCO

9580 Wes 14TH AVE,
LAKEWDOOD, CO 80215

JACK MCMMSEN, CHAIRMAN

INTL. URANIUM SERVICES, LTD.
P.0, ROX 115

SARATOGA, CA - 95070

ROBERT MOMMSEN, PRESIDENT
INTL, URANIUM SERVICES, LTD.
PeOs BOX 115

SARATOGA, CA 95070

EDWIN H, MONTGOMERY, D-310
MINING ENGINEER

UeSs BUREAU OF LAND MANAGEMENT
DENVER FEDERAL CENTER

BUILDING 50

DENVER, CO 80225

DANIEL R. MONTOYA

DIVISION CONTROLLER

NUCLEAR ASSURANCE CORPORATION
715 HORIZON DRIVE

GRAND JUNCTION, C0O 81501

JACK €. MOORE

MANAGER OF EXPLORATION - US
UNION CARBIDE CORPORATION
PsCoBCX 1029

GRAND JUNCTION CO 81502
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JOE MOORE

UNIVERSITY OF UTAH RESEARCH INSTITUTE
EARTH SCIENCES LABORATORY

420 CHIPETA WAY, STE. 120

SALY LAKE CITYs, UT 84108

RAY T. MOQRE, SUPERVISOR
ENVIRONMENTAL ASSESSMENT SECTION
OFFICE DF POWER

TENNESSEE VALLEY AUTHORITY

923 CHATTANDOGA BANK BLDG.
CHATTANOOGA, TN 37401

GERALD MORA

PROGRAM SUPERVISOR
PLATEAU RESOURCES LIMITED
772 HORIZON DRIVE

GRAND JUNCTION, CO 81501

GEORGE E. MOREHOUSE
MINING ENGR,

121 NORTH 8TH STREET
GRAND JUNCTION, CO 81501

Pe Jo MORGAN

FINANCIAL ANALYST

CHEVRON RESOURCES CODMPANY
Pe«Os BOX 599

DENVER, CO 80201

RICHARD MORISSETTE
STAFF ANALYST ~ URANIUM
GENERAL ATOMIC COMPANY
P.0. BOX 81608

SAN DIEGOs, CA 92138

HISAMICHI MORITA

STAFF CORPORATE PLANNING DEPT,
MITSUBISHI OIL COMPANY

2-4% TORANOMON 1-CHOME
MINATO-KUs TOKYO» JAPAN 105

BERT C. MORRISON

BENDIX FIELD ENGINEERING CORPORATION
P.0« BOX 1569

GRAND JUNCTION, CO 81502

JEROME Go MORSE», SENICR TECH. CNSLT.
COLORADDO ENERGY RESEARCH INSTITUTE
2221 EAST STREET

GOLDEN, CO 80401

ARTHUR L. MOSSs PRESIDENT
OMAHA GEOTECHNICAL ENGRG. INC,
2817 DOUGLAS ST,

OMAHA, NB 68131

Jeo Es MOTICA, VICE PRESIDENT
RANCHERS EXPLORATION + DEV. CORP.
P.0. BOX 6217

ALBUOUERQUE, NM 87107

ROBERT F, MOYER

MARKETING MANAGER

PATHFINDER MINES CORPORATION

550 CALIFORNIA STREET, SUITE 300
SAN FRANCISCO, CA 94104

STEGFRIED MUESSIG, HMGR.
MINERALS EXPL. + MINING
GETTY OIL COMPANY

Ps0. BOX 54050

LOS ANGELES, CA 90054

ERRQOL MUIR

COMMERCTIAL COUNSELQR

EMBASSY CF AUSTRALTA

1601 MASSACHUSETTS AVE.s NoW.
WASHINGTON, DC 20036

SEAN C. MULLER, SENIOR GEOLOGIST
COUNCIL OF ENERGY RESUURCE TRIBES
5670 S SYRACUSE CIRCLE

SUITE 312

ENGLEWOOD» €D 80111

ANNE MURPHEY
ECONOMIC ANALYST
CONQCO» INC,

555 17TH STREET
DENVER, CO 80202

KATHLEEN A. MURPHY
PLANNING ASSOCIATE
MOBIL CIL CORPORATION
150 EAST ©2ND STREET
NEW YORK, NY 10017

RUSSELL A. MURPHY

MANAGERs MARKETING SERVICES
ROCKY MOUNTAIN ENERGY €O
4704 HARLAN STREET

DENVER, CO 80212
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PETER MYGATT

MANAGERS OFFICE

Ue Se¢ DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

PAUL NAGY, MANAGER (OF MINING
BERGE EXPLORATION
7100 N, BRUADWAYs, SUITE 2-L
DENVER, CO 80221

JOHN NELSON, DIST. GEOLDGIST
ENERGY FUELS NUCLEAR, INC,

3 PARK CENTRAL, SUITE 900
1515 ARAPAHUE ST,

DENVERs CO 80202

TON NETELBEEK, VICE PRESIDENT
+ MANAGER, EXPLORATION

PIONEER NUCLEAR, INC,

P.C. BOX 151

AMARILLO, TX 79105

RICK NEVILLEs PRESIDENT
SCINTI-LOGs INC.

P.0. BOX 43¢

CASPER, WY B2602

MARK NEWFELD

LANDMAN

IOAHD MINING CURPORATION
P.Us, BOX 2183

GRAND JUNCTION, C0O 81502

RANDY NICHOLSON, GEDLOGIST
COTTER CORPORATION

Pe 0. BOX 700

NUCLAs CO 81424

MERRILL Lo NIELSEN
NIELSEN EXPLORATION, INC,
13800 W. 26TH AVENUE
GOLDENs CO 80401

JAMES H. NIENABER

MANAGER, MINERALS ODIVISION
HUNT OIL COMPANY

P.0, BOX 1317

EVERGREEN, CC 80201

ROBERT D. NININGER
14627 CROSSWAY RO.
ROCKVILLE, MD 20850

RICHARD NISHIMORI
515 - 28 1/2 RO
GRAND JUNCTION, ~° 81501

E. A, NOBLE, URANTIUM DEPUTY
OFFICE OF ENERGY RESOURCES
UeSe GEOLOGICAL SURVEY
NATIONAL CENTER, MS 916
RESTON, VA 22092

To CYRIL NOON, CHATRMAN
CENTURY GEOPHYSICAL CORP,
6650 E. APACHE

TULSA, OK 741153

ROBERT NORDHAUS, PARTNER
NOROHAUS» MOSES + DUNN
200 LOMAS NoWe
ALBUQUERQUE, NM 87102

KENNETH NOVAK, ECONOMIST
CONOCOs INC.

HIGH RIDGE PARK
STAMFORD, CT 06904

SHIRLEY NOWICKI», VICE PRESIDENT
INTL. URANIUM SERVICES, LTD.
P.0. BOX 115

SARATOGA, CA 95070

ED OAKESs GEOLOGIST

SCIENCE APPLICATIONS INCORPORATED
800 OAK RIDGE TURNPIKE

DAK RIDGEy TN 37830

EOWARD L. OAKES

OAKES MINERAL CONSULTANTS, INC.
KLEE SQUARE BLDG. STE. 527

505 SOUTH WATER STREET

CORPUS CHRISTI, TX 78401

Te Po OMBRIENs RUSINESS ANALYST
UNITED NUCLEAR CORPORATION

Ps0., BOX 3951

ALBUQUERQUE, NM 87110

TERRY W, OFFIELD, CHIEF

BRANCH OF URANIUM ¢+ THORIUM
RESOURCES

Us Se GEOLOGICAL SURVEY

FEDERAL CENTER, BLDG., 25, MS 916

DENVER, €O 80225
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TAKAHARY OKUNO

MANAGER, OVERSEAS EXPLORATION

POWER REACTOR & NUCLEAR FUEL
DEVELOPMENT CORP,

1-9=-13 AKASAKA MINATOKU

TOKYOs JAPAN

ROBERT We OLIVER, GEOLOGIST
COAL + LIGNITE

TEXAS UTTLITIES FUEL COMPANY
2001 BRYAN TOWER

DALLAS, TX 75201

RICHARD P, ORTIZ
CONSULTANT GEOLOGIST
3940 CYNTHIA DRIVE
CASPER, WY 86201

ROBERT We. USTERSTOCK

BENDIX FIELD ENGINEERING CORP.
P.0. BOX 1569

GRAND JUNCTIONs CO 81502

KEITH Res OWENS

BENDIX FIELD ENGINEERING CORP,
PO« BOX 1569

GRAND JUNCTIONs, €O 81502

JOHN PACER

BENDIX FIELD ENGINEERING CORPORATION

P.0. BOX 1569
GRAND JUNCTION, CO 81502

Jeo 0o PALMER
GEOQLOQGIST IV

MOBIL OIL CORPORATION
P,0. BOX 5444

DENVER, CO 80217

MICHAEL L. PALMER, VICE PRESIDENT
PROFESSIONAL LOGGING SERVICES INC.
3216 NOLENE COURT
CLIFTON, CO 81520

MONTE B, PARKER

MANAGER, REACTOR ANALYSES
WESTINGHOUSE HANFORD
FEDERAL BLDG.» RM, 420
P.0. BOX 1970

RICHLAND, WA 99358

GERALD PARK

CHIEF GECOLOGIST

ALL MINERALS CORPORATION
SALT LAKE CITY, UT 84121

I. S. PARRISHs GEOLOGIST
DERRY, MICHENER & BOOTH
1536 CODLE BLVD., STE., 330
GOLDEN, CO 80401

MICHELE=-DANIELE V., PATIN
ASSOCTATE

NUCLEAR EXCHANGE CORPDRATION
3000 SAND HILL ROAD

MENLO PARKs CA §64025

JOHN A, PATTERSON
RESOURCE ASSESSMENT OPERATIONS

OFFICE OF URAN. RESDURCES + ENRICH.-RA

Us Se DEPARTMENT OF ENERGY
12TH ¢ PENNes MoS, 6521
WASHINGTONs Ds Co 20461

Te Eo PAWELs PRESIDENT
CONCORD QIL COMPANY

2300 ALAMD NATIONAL BLDG.
SAN ANTONIOs TX 78205

STEVE PAYNE

CHIEF GEOLOGIST

AMERICAN NUCLEAR CORPORATION
P.0. ROX 2713

CASPER, WY 82601

Ee Lo PEKAR, EXPL. ADVISOR

MINING + SYNTHETIC FUELSs RM 4440
EXXON CORPORATICN

1251 6TH AVENUE

NEW YORK, NY 10020

EUGENE Ce. PENDERY, VICE PRESIDENT
NUCLEAR DYNAMICS, INC,

134 UNION BLVD., SUITE 210
LAKEWGOODs CO 80228

BETTY PERKINS

LOS ALAMOS SCIENTIFIC LABORATORY
Pe O BOX 16635 MoSe 490

SANTA FE», NM 87545

ROBERT PERRY, DISTRICT GEOLOGIST
ENERGY RESERVES 6GROUP

P. 0. BOX 240

GATEWAYs CO 81522

JOHN We PETERSEN

REGIONAL MANAGER - EXPLORATION
URANERZ USA, INC,

445 UNION BLVD.

DENVER, CO 80228
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WILMER R, PETERSON
RESQURCE DIVISION

Ue Se DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

KEN PHILLIPS

SENIOR GEOLOGIST

AGIP MINING CO.s INC,

950 177H STREET, STE. 2200
DENVER, CO 80202

LANDON B, PHILLIPS
BECHTEL NATIONAL INC.
Pe0es BOX 3965

SAN FRANCISCOs CA 94070

Jo Ko PICKARD

PICKARDs LOWE + GARRICKs INC,
1200 18TH STREETs No.W.
WASHINGTON, D.Co 20036

CHARLES We PICKERING, SUPR,
CONTRACTS + STUDIES SECTION
TENNESSEE VALLEY AUTHODRITY

923 CHATTANOOGA BANK BLDG,

CHATTANDOGA, TN 37401

MICHAEL PIEDMONTE

NUCLEAR FUEL PROCUREMENY SPECIALIST
PENNSYLVANTLA "POWER + LIGHT COMPANY
TWE NORTH NINTH ST.

ALLENTOWN, P& 1810C1

JOHN A, PIERCE

STAFF ANALYST

STANDARD OIL €Q. OF CALIFORNIA
22% BUSH STREET

SAN FRANCISCOs, CA 94120

ANTHONY J, PIETROFITTA

MANAGER OF SPECIAL PROJECTS
ATULANTIC CITY ELECTRIC COMPANY
1600 PACIFIC AVENUE

ATLANTIC CITY, NJ 08404

RAYMOND C. PILCHER
CONSULTANT

1340 MAIN STREET

GRAND JUNCTICN, CO 81501

JEREMY RLATY, GEOLOGIST

ELECTRIC POWER RESEARCH INSTITUTE

P.0. BOX 10412
PALO ALTO, CA 94304

RAYMOND PLATY
VICE PRESIDENT
INTRASEARCH

1600 DGDEN STRFET
DENVER, CD 80218

BRUCE POUDHURSTs MANAGER

FUEL CYCLF SERVICES

EDLOW INTERNATIONAL

1100 17TH ST.s N.Wes SUITE 404
WASHINGTON, DC 20036

ROBERY POLING
CONSULTANT

129 VESPER RO,

0aX RIDGE, TN 37830

Ge. D. POLLOCK

THE SASKATCHEWAN MINING
DEVELOPMENT CQRPORATION

122 THIRD AVENUE NQRTH

SASKATOONs, SASKATCHEWAN S7K 2Hé

CANADA

HARLEY PONSLER
EXPLORATION GEQLOGIST
PLATEAU RESOURCES LTD.
772 HORIZON DR,

GRAND JUNCTION, COD 81501

DON A. PORTER

MANAGER, URANIUR EXPL,
CONOCO» INC.

555 17TH 8T,

DENVER, CO 8202

RICHARD C. POTTER
SENIOR STAFF ENGINEER
SHELL 0OIL COMPANY
P.0eo BOX 2099
HOUSTON, TX 77001

Jo DAN POWELL

POWELL + ASSOCIATES

230 MUSIC LANE

GRAND JUNCTION, €D 81501

NETL Be. PRENN

CHIEF MINING ENGINEER
CYPRUS MINES CORP.
1790 30TH STREET
BOULDER, (O 80301
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THOMAS J. PRICE

RENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTIOMN,; CC 81502

RON PURVIANCE

ROCKY MOUNTAIN ENERGY (0.
4704 HARLAN STREET
DENVERs CO 80212

Ko We PUTT

PLANNING € ADMINISTRATION MANAGER
ESSO MINERALS CANADA

500 SIXTH AVE.» SeWe

CALGARY, ALBERTA

CANADA T2P 051

Ge WILLIAM QUINN

NUCLFAR ASSURANCE CCRPORATION
715 HORIZON DRIVE

GRAND JUNCTION, CO 81501

RORERT G. RABBEs CONSULTANT
725 GOLFMORE DRIVE
GRAND JUNCTIONs €0 81501

RUFFIN T, RACKLEY
CONSULTING GEOLODGIST
2651 SOUTH CHASE LANE
DENVERs CO 80227

CHARLES RAITZ

CONSULTANT

410 17TH STREET, STE. 2010
DENVER, CO 80202

THOMAS RALLO
CONTRACT ADMINISTRATOR

PUBLIC SERVICE ELECTRIC + GAS COMPANY

B0 PARK PLACE, RM, 6203
NEWARK, NJ 07101

BRYAN J. RAMSEY

SRe DEVELOPMENT ENGINEER
PATHFINDER MINES CORPORATION
550 CALIFORNIA ST,

SAN FRANCISCO, CA 96106

LEIGH A, READDY

SPECIAL CONSULTANT-GEOLCGY
GOLDER ASSOCIATES INC.
10628 NyE. 38TH PLACE
KIRKLANDs WA 98033

Me Jo REAVES, MANAGER
BRUSINESS DEVELOPMENT

NUCLEAR EXCHANGE CORPORATION
3000 SAND HILL ROAD

MENLO PARK, CA 94025

JOAN RECEK

SENIDR ANALYST
COLORADD NUCLEAR CORP.
1550 WOODMOOR DRIVE
MONUMENT, CO 80132

L ARRY REGEN

STAFF MINING ENGINEER

NORTH AMERICAN COAL CORPORATION
7616 LBJ FREEWAY, SUITE 404
DALLAS, TX 75251

LOUIS R, REIMER

EXPLORATION MANAGER

ANSCHUTZ URANIUM CORPORATION
2400 ANACONDA TOWER

555 17TH STREET

DENVER, CO 80202

WILLTAM REINHART

BENDIX FIELD ENGINRERING CDRP,
P.Ce BOX 1569

GRAND JUNCTIONs CO 81502

TED RHOADS

LANDMAN

MINERALS SERVICE COMPANY
P. 0. BOX 3523

GRAND JUNCTION, CO 81502

KENNEDY P, RICHARDSON
INVESTMENT ANALYST
LOOMISs SAYLES

225 FRANKLIN STREET
BOSTONs MA 02110

JIM RICHARDSON, CHIEF GECLOGISY
EXPLORATION/ADMINISTRATION
COMINCO LIMITED

2200 GRANVILLE SQUARE

VANCOUVER 2» BoCos CANADA

ROD Pe RICKETTS

MARKETING DIRECTOR

PHILLIPS URANIUM CORPORATION
BOX 26236

ALBUQUERQUEs NM B7125
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DONALD W. RIEDEL, MANAGER
MINERALS EXPLORATION
KILBORN/ZNUS INC.

720 S. COLORADO BLVDe» ND. 930
DENVER, CD 80222

We Co RIGGLE

LANDHMAN

586 29-1/2 ROAD

GRAND JUNCTION, CO 81501

JILL Ko RILEY

BENDIX FIELD ENGINEERING CORPORATION
Pe0, BOX 1569

GRAND JUNCTION, CO 81502

TOM RITNER

MANAGER, URANIUM MANAGEMENT
FUEL APPLICATION
WESTINGHOUSE WRD

Psle BOX 355

PITTSBURGHs PA 15230

GILMAN C. RITTER

BENDIX FIELD ENGINEERING CORP,
P.00, BOX 1569

GRAND JUNCTION, CO 81502

WILLIAM RITZ
ENERGY WRITER

THE DENVER POST
650 15TH STREET
DENVER; CO 80201

CARL H. ROACH

NURE PROJECT OFFICE

Us Se DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTION, CO 81502

DONALD C. ROACH

VICE PRES. - BUSINESS PLANNING
UNITED NUCLEAR CORPORATION
P.0s BOX 3951

ALBUQUERQUE, NM 87110

DAVID A. ROBBINS, CONSULTANT
DAVID ROBBINS ¢ ASSOC.

9429 NEWPORT HWY,

SPOKANE, WA 99218

JAMES A, ROBERTSCN

MINISTRY OF NATURAL RESOURCES
ONTARIO DIVISIDN OF MINES
ROOM 1119, 77 GRENVILLE ST,

TORONTO, ONTARIO, CANADA M1L 3€8

Me We ROBERTSON
CORPORATE PLANNING
GULF OIL CORPORATION
P.0, BOX 1166
PITTSBURGH, PA 15230

RANDY ROBERTS, GEOLOGIST
ADOBE OIL + GAS CORPORATION
1700 BROADWAYs STE. 1407
DENVER, CO 80290

STEVE ROBERTS, ECONOMISY
SCIENCE APPLICAVIONS, INC,
40 DYC WEST

7935 EAST PRENTICE AVE,
ENGLEWDODOD, CO 80111

WAYNE A. ROBERTS

UeSes DEPARTMENT OF ENERGY
PeOao BOX 2567

GRAND JUNCTION. CO 81502

JOSEPH Be. ROSENBAUM
CONSULTING METALLURGISY
1149 MERCEDES WAY

SALY LAKE CITY, UT 84108

MARVIN ROTH

SALES MANAGER
AMERIGAS~SEC DIVISION
P.0. BOX 1128

COMMERCE CITYs CO 80022

JEAN-PAUL ROULLIER
INTERNATIONAL SECRETARY
URANIUM PECHINEY

23 RUE BALZAC

PARIS, FRANCE 75008

R. €+ RODUTLEDGEs GEQLOGIST
DERRY, MICHENER ¢+ BOOTH
SUITE 2302 - 401 BAY STREET
TORONTO, CANADA MSH2Y4

MICHAEL ROWENs GEOLOGIST
FELMONT .OIL CORPORATION
1530 BOTSE AVENUE
LOVELAND, €O 803537
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Co Co RUBINS

DISTRICY SUPERVISOR
CHEVRON RESCOURCES COMPANY
8026 VANTAGE SUITE 1004
SAN ANTONICD, TX 78230

JOHN G. RUNDLE

BENDIX FIELD ENGINEERING CORPORATION

Po0s BOX 1569
GRAND JUNCTION, CO 81502

CHRIS RUSCH

FUELS CONTRACT ANALYST
PORTLAND GENERAL ELECTRIC CO.
121 SeW. SALMON STREET
PORTLAND, OR 97223

JAMES D. RUSH
UeSe DEPARTMENT CF ENERGY
P.0. BOX 2567
GRAND JUNCTION, CO 81502

KIICHIRD S&IDO

STAFF ENGINEER

NUS CORPTORATICON

4 RESEARCH PLACE
ROCKVILLEs MD 20850

Re Jo SALTER, AREA GEQLOGIST
GULF MINERAL RESOURCES COMPANY
Pe Do BOX 26459

CASPERs WY 82602

LAURENCE R. SANDERS, JR,
SUPPLY ANALYSIS DIVISION
Ue Se DEPARTMENT OF ENERGY
P.0s BOX 2567

GRAND JUNCTIONs, CO 81502

DON C. SARGENT, CONSULTANT
ASSCCIATED GEOSCIENTISTS
10131 TAFT COURT NW
ALBUQUERQUE, NM 87114

EVELYN SAUCIER, EDITOR

NEW MEXICO URANIUM NEWSLETTER
SEDIMET, INC.

BOX 827

CEDAR CREST, NM 87008

GENE SAUCIER, CONSULTANT
SEDIMET, INC.

P.0. BOX 827

CEDAR CREST, NM 87008

DASH SAYALA

BENDIX FIELD ENGINEERING CORP.
PsCo BOX 1569

GRAND JUNCTION, CO 81501

ROBERT H, SAYRE

CONSULTING MINING ENGINEER
72¢ 26 RCAD

GRAND JUNCTION, CO 81501

RCBERT SCARBOURDUGH
GECLOGIST

ARIZONA BUREAU OF GEOLOGY
UNIVERSITY OF ARIZONA
TUCSON, A7 85721

DAVID SCHAER

BENDIX FIFLD ENGINEERING CORPORATION

PeOes BOX 1569
GRAND JUNCTION, CO 81502

RORERT N. SCHAFER
CONSULTING GEGLOGIST

111 S0. DURBINs, STE. 302
CASPER, WY 82601

LARRY R, SCHERPEREEL, MANAGER
FUEL APPLICATION

WESTINGHOUSE WRD

P.Co BCX 355

PITTSBURGHs, PA 15230

ROBERT Bo. SCHICK

VICE PRESIDENT, EXPLORATION
FEDERAL RESOURCES CORPORATION
P. 0. BOX 806

SALT LAKE CITY, UT 84110

JAMES So SCHMIDT

RENDIX FIELD ENGINEERING CORP,
P.0., BOX 1569

GRAND JUNCTION, CO 81502

PAUL E. SCHNERINGER
URANIUM SUPPLY + SERVICES
GENERAL ATOMIC COMPANY
P.0. BOX €1608

SAN DIEGO, CA 92138

RON C. SCHUEMAN, SENIOR GECLOGIST

ROCKY MOUNTAIN ENERGY CD.
4704 HARLAN ST,
DENVERs CO 80212

MARK R, SCHUKNECHT

GECLOGIST - ENGINEER
ANSCHUYZ URANIUM CORPORATION
Po0s BCX 12

NATURITA, CO 81422
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DAVID SCHULTEs FUEL ENGINEER
FLORIDA POWER + LIGHT COMPANY
P.0e. RDX 529100

MIAMI, FL 33152

FRED Co SCHULTE

DIRECTORs MKTGe + PLANNING
SANTA FE MINING, INC.

2500 LOUISTIANA N.E.» SUITE 310
ALBUQUERQUE, NM 87110

STEVE SCHURMAN
MINERALS GEOLQGIST
ENERGY RESERVES GROUP
9525 MENAUL NE NO, 1
ALBUQUERQUE, NM 87112

JAMES A, SCOTT, JR,

VICE PRESIDENT

HILLS GASs INC.

3622 GALLEY RDAD

COLORADUO SPRINGS, €C 80909

JAMES A. SEERY

NUCLEAR FUEL DIVISION HEAD
BOSTON EDISON CO.

BOO BOYLSTOMN ST,

BOSTONs MA 02199

MAJOR W. SEERY

MANAGER EXPLORATION

WYDFING MINERAL CORPORATION
3900 S. WADSWORTH BLVD,
LAKEWOODs €0 80235

WAYNE SEICK, DISTRICY GEQLOGIST
ENERGY FUFLS NUCLEAR, INC.

P. C. BOX 787

BLANDING, UT 84511

DON C. SEIDEL

RESEARCH SUPERVISOR

Us $o BUREAU 0OF MINES
1600 EAST 1ST SOUTH

SALT LAKE CITY, UT 84112

JOE SELDNE®R, REPQORTER
THE DENVER POST

650 15TH STREET
DENVER, CC 80201

DIPAK SENGUPTA

MINING ENGINEER

SCIENCF APPLICATIONS INC.
15646 COLE BLVD,

GOLDEN, CC 80401

JOHN J, SENSF, PRESIDENT
READING + BATES

1300 MIDCONTINENT BUILDING
TULS A, OK 74103

MICHAEL A, SERAFIN

FUEL CONTRACT COORDINATOR
OHIO EDISON

76 SO. MAIN STREET

AKRQONs OH 44308

Ao GEDORGE SETTER

PRESIDENT

SUMMIT FNGINEERING + FAB. CO.
123 NORTH 8TH STREET

GRAND JUNCTION, €O 81501

ROBERT M. SHEA

STUDENT

MESA CCULLEGE

GRAND JUNCTION, €D 81501

RICHARD Jo SHEPARD
GECOLOGIST

ANACCNDA COMPANY
55% 17TH

DENVER, CO 80202

ROBERT SHERRILL

CONSULTING GEQLGOGIST - ENGINEER
2917 FORMAY

GRAND JUNCTION, CO 81501

HOWARD SHIMON

CONTRACT ADMINISTRATOR NUCLEAR FUEL

WISCONSIN ELECTRIC POWER CO.
231 W, MICHIGAN STRFET
MILWAUKEE, WI 53201

JIM SHCORT

OPERATION MANAGER

CCOASTAL URANIUM, INC,
Po0o DRAWER 521

CORPUS CHRISTI, TX 78603

WILLIAM 0. SHORT

BENDIX FIELD ENGINEERING CORP.
PO, BOX 1569

GRAND JUNCTION, CO 81502

JON SHOWALTER

STUDENTY

MESA CCLLEGE

GRAND JUNCTIONs €O 81501
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BILL STEBERT

SENIOR GEOLOGIST
AMDCO MINERALS

333 W. HAMPTON
ENGLEWOODs CO 80110

TOM SILLSs, GEOLCGIST
PAN OCEAN OIL L7TD.
1050 = 3 CALGARY PLACE
355 4TH AVE-) S.W.
CALGARY, ALBERTA
CANADA T2P 0J1

LEON T, SILVERs PROF. OF GEOLOGY

DIV. OF GEOLOGY 4 PLANETARY SCIENCE
CALIF. INSTITUTE OF TECHNOLOGY»170-25

1201 E. CALIFORNIA
PASADENA, CA 91125

JEFF SIMONSEN
CONSULTANT

32 S. HOLMAN
GOLDENs CO 80401

WILLTAM So SKIBITSKYs GEN, SUPR,
NUCLEAR FUEL SUPPLY

CONSUMERS POWER COMPANY

1945 W, PARNALL ROAD

JACKSON, MI 49201

DAVID SKIDMORE
ADMIN, ASSISTANT
GEX COLORADO CO.
P.0. BOX W
PALISADEs, CD 81526

GARY D. SLUSHER, GEOLOGIST

NCCIDENTAL MINERALS CORPORATION

777 S. WADSWORTH BLVD.
LAKEWODD, CO 80226

CECIL H, SMITH

REGIONAL MINERAL EXPLORATION MGR.

GETTY OIL COMPANY
Pe 0. BOX 15668
SALT LAKE CITY, UT 84115

Jeo Ho SMITHERMAN, MANAGER

PLANNING + ECONCMICS / MINING VENTURES

SHELL OIL COMPANY
PesO. BOX 2099
HOUSTON, TX 77001

FRED Lo SMITH, CONSULTANT
10305 W 34 AVENUE
WHEATRIDGE, CO 80033

HAROLD SMITH

EXECs VICE PRESIDENT

HILLS GAS, INCs

3622 GALLEY ROAD

COLORADD SPRINGS, CO 80909

JEFFREY SMITH

ENGINEERTING ANALYST

NUCLEAR ASSURANCE CORPORATION
24 EXECUTIVE PARK WEST, NE
ATLANTA, GA 30329

LUTHER Lo SMITH

RESOURCE DIVISION

Us Se DEPARTMENT OF ENFRGY
P.0. BOX 2567

GRAND JUNCTIOMN, CO 81502

RHONNIE L. SHMITH

OFFICE OF URANIUM RESOURCES

AND ENRICHMENT = RA
UeSe DEPARTMENT OF ENERGY
IZTH + PENN.»s MOS. 6521
WASHINGTON, DC 20461

ROBERT Bs SMITH
GEOLOGIST

DAMES + MOORE
1626 COLE BLVD.
GOLDEN, CO 80401

DAVID SMUIN, GEOLOGIST
UNITED ENERGY INC.

P.0. BOX 3252

GRAND JUNCTION, CO 81502

FRED SOLHEIM

AERQ SYSTEMS

P. D, BOX 3602
BOULDER, CO 80307

RICHARD SPEIER
FOREIGN AFFAIRS OFFICER

UeSe ARMS CONTROL + DISARMAMENT AGENCY

BUILDING SA=6,s ROOM 437
WASHINGTON, DC 20451

JOHN SQUYRES

MANAGER, URANIUM DIVISION
AMOCO MINERALS

333 w. HAMPTON AVE,
ENGLEWOOD, €O 80110
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DAVID R. STANNARD, GEOLDGIST
GENERAL ELECTRIC

P.0. BOX 467

NATURITA, CO 81422

ROBERT STEELEs DIRECTOR
LAND + MINFRAL CFFICE
PUEBLD OF LAGUNA

P00, BOX 194

OLD LAGUNA, NM 87026

MARK We STEINBRUCH

METAL + ORE SALES

FREEPORT URANIUM RECOVERY COMPANY
200 PARK AVE,

NEW YORK, NY 10017

DONALD K, STEINMAN, PROGRAM MANAGER
IRT CORPORATION

7650 CONVOY COURT

SAN DIEGOD, Ca 92111

HARK STEPHEN, GEDLOGIST
WYOMING FUEL COMPANY
P.0. BOX 428

NATURITA, CO B1422

SCOTT STEPHENSON, ANALYST
MIGHLAND URANIUM QPERATIONS
EXXCN MINERALS COMPANYs UoSeh.
Pele BOX 3020

CASPERs WY B2602

DAVID A. STERLING

Yo Seo DEPARTMENT OF ENERGY
SUTITE 540

350 SOUTH CENTER STREET
RENG, NV B9501

DENNIS He STEWART

SENIOR GEQLOGIST

RESOURCE ASSOCIATES OF ALASKA
5926 MC INTYRE STREET

GOLDENs CD 80401

JULIAN Jo STEYN

PRINCIPAL CONSULTANT

INTERNATIONAL ENERGY ASSOCIATES LTD.
600 NEW HAMPSHIRE AVE.»NW»STE.600
WASHINGTONs DoC. 20037

ALBERT Fo, STOICK, VICE PRESIDENT
NUBETH JOINT VENTURE

NUCLEAR DYNAMICS, INC,

200 S. LOWELL

CASPERy WY 82601

MARVIN 6. STOLL

RESOURCE DIVISION

Ue S DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCTICN, CO 81502

JOHN M, STONE
GEGLDGIST

CONGCO» INC.

P+0. BOX %18

FALLS CITY, TXx 78113

HENRY F, STRAW

STAFF PETRUOLEUM ENGINEER
TEXACO» INC.

P.0. BOX 2100

DENVERy CC 80201

TOM STROMBOTNE

CHIEF ENGINEER
GEOSCIENCE ASSOC.s INC,
3998 S. MARIPOSA ST,
ENGLEWDDDs CO 80110

KATHLEEN STRONG

FUEL CYCLE ANALYST
TRANSNUCLEARs INC.

ONE NORTH BRUOADWAY
WHITE PLAINS, NY 10601

STEVE STURM

STUDENT

MESA CCLLEGE

GRAND JUNCTION, CO 81501

THAD C. SUEDEKUM
ELECTRONIC TECHNICIAN
URINCO

P.D., BOX 1191

GRAND JUNCTION, CO 81502

SUGI MASAAKI SUGINOHARAs GEN. MGR,
POWER REACTOR + NUCLEAR

FUEL DEVELOPMENT CORP,
3060-6%0 Ws GEORGIA ST,
BOX 115715 VANCOBUVER CENTRE
VANCOUVER; B.C. V6B 4N8

JIM SURUP, GEDLOGISY
ROCKY MOUNTAIN ENERGY COD.
190 PRUNGHORN

CASPER, WY 82801
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CARDLE SUTHERLANDs SECRETARY
DOMINCO RESQURCES INC.

BOX 154

GRAND JUNCTICN, CO 81502

ICHIE SUZUKI

ASST. GEN, MGR. = METAL DEPT
MITSUTI + COMPANY (USA) INC.
200 PARK AVENUE

NEW YORKs, NY 10017

GORDON SWARTZs RESEARCH ASSOCIATE

RESEARCH ASSOCIATE, ENERGY LAB

MASSACHUSETTS INSTITUTE OF
TECHNQOLOGY

BLDG. €38-416

CAMBRIDGE, MA 02139

RICHARD M, SWERDFEGER
GENERAL MANAGER

RAJAH VENTURES LTD.

2721 N, 12TH ST.s NC. 30
GRAND JUNCTIONs CO 81501

GERALD G. SWIFT

VePss URANIUM DIV,

SABINE PRODUCTION COMPANY
501 OIL INDUSTRY BUILDING
CORPUS CHRISTI, TX 78401

TOSHIO TAGUCHI

ASSISTANT T0O SCIENCE ATTACHE
EMBASSY OF JAPAN

600 WATERGATE, STE. 900

600 NEW HAMPSHIRE AVE.s NoWe
WASHINGTONs DeCes 20037

Co ALAN TAPP, CHIEF MINES GEOLOGIST

PLATEAU RESOURCES LTD.
772 HORIZON DR,
GRAND JUNCTICON, CO 81501

ROBERT TAYLORs, PRESIDENT
TAMINCO, INC.

415 WALNUT AVENUE

GRAND JUNCTIONs, CO 81501

STEVE TAYLORs GEOLOGIST
EXPLORATICON DIVISION
COTTER CCORPORATION

P.0., BOX 55%

MOAB, UT B&532

RONALD Jo TECK

BENDIX FIELD ENGINEERING CORP.
P.0. BOX 1569

GRAND JUNCTION, CO 81502

BILL R. TEER, VICE PRES.
TRANSNUCLEAR, INC,

ONE NO. BROADWAY

WHITE PLAINS, NY 10601

N Jo TERWPLE
MANAGER, WESTERN DIV,

PUBLIC SERVICE COMPANY OF COLORADD

Ps 0. BOX 849
GRAND JUNCTION, CO 81501

DERORAH L. TENVELDEN
GEOLOGIST

SOUTH PARK RANCHES - MINERAL DIV.

5828 WILSHIRE BLVD.
LOS ANGELES, CA 90036

JOHN Ko THAMM

CONSULTANT

704 NIBLIC DRIVE

GRAND JUNCTION, CO 81501

NICHOLAS THEIS

BENDTX FIELD ENGINEERING CORP.
P.0. BOX 1569

GRAND JUNCTION, CO 81502

STEWART A. THOMAS

RESOURCE DIVISION

Ues Seo DEPARTMENT OF ENERGY
P.0s BOX 2567

GRAND JUNCTION, CO 81502

THOMAS H. THOMAS

PROJECT GEOLOGIST

WESTERN NUCLEARs INC.

50 FREEPORT BLVD.s STE. 20
SPARKS, NV 89431

RAYMOND M. THOMPSON, PRESIDENT
VIPONT MINING COMPANY

7006 SO. ALTON WAY BLDG. A
ENGLEWDOD, CO 80112

ROBERY M, THOMPSON, SR. GEOL.
CDAL + ENERGY RESOURCES DEPT,
TEXACO» INCo

P 0. BOX 2100

DENVER, CO 80201

ROBERT THORNTON, PHYSICIST
LAWRENCE LIVERMORE LABORATORY
MAIL STOP L=216

P.0. BOX 808

LIVERMOREs, CA 94550
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CAROL S. THORUPs VICE PRESIDENT
NUCLEAR ASSURANCE CORPORATION
24 EXECUTIVE PARK WEST, NE
ATLANTA, GA 30329

AL R. THREADGILL

OWNER

URINCO

Ps Cs BOX 1191

GRAND JUNCTION, CO 81502

0o LYLE TIFFANY, CORP, DIRECTOR
INDEPENDENT RESEARCH 4 DEVELOPMENT
BENDIX CORPORATION

CIVIC CENTER DRIVE

SOUTHFIELD, MT 48076

Ao KURT TOLLESTRUP, GEOLOGIST
MINATDME CORPDRATION

2040 S, ONEIDA

DENVER, CO 80224

JOYCE TRANTINA

CONTRACT ADMINISTRATOR
UNION CARBIDE CORPORATION
Po0s BOX 1029

GRAND JUNCTION, CO 81502

GLORIA TRIPLETY

BENDIX FIELD ENGINEERING CORPORATION

Pe0o BOX 1569
GRAND JUNCTION, €0 81502

We Do TRIPP, QOWNER

We De TRIPP MINING COMPANY
924 26 RpAD

GRAND JUNCTION, CO 81501

STEVEN R. TRUDEAU

DISTRICT GEOLOGIST

PIONEER NUCLEAR, INC,

162% S0. PADRE ISLAND DRIVE
CORPUS CHRISTI, TX 78416

BRUCE R, TUCKER

MANAGING EDITOR

NUCLEAR FUEL

1221 AVENUE OF THE AMERICAS
NEW YORKs NY 10020

JIM TURNER

VICE PRESIDENTs OPERATIONS
CENTURY GEOPHYSICAL CORP,
6650 E. APACHE

TULSA, OK 74115

DOUGLAS UNDERHILL
EXPLORATTON MANAGER
PLATEAU RESOURCES LTD,
772 HORIZON DRIVE

GRAND JUNCTION, CO 81501

LINDA UNWIN, GECLOGIST
PETROLEUM INFORMATION
1375 DELAWARE

DENVER, CO 80204

THDS. Bo UPCHURCH, MANAGER
URANTUM BUSINESS DEVELOPMENY
EXXON NUCLEAR COMPANY
C=-00777

BELLEVUE, WA 98009

SCCTT Go. VAILs GEQLOGIST
THE ANACONDA COPPER CO.
555 17TH STREET

DENVER, CO 80202

KAREL VALASEK

SENIOR GEOLOGIST

OCCIDENTAL MINERALS CORPORATION
IRONGATE BLDG. IV

777 S, WADSWORTH BLVD.
LAKEWOQD, €0 80225

JOHN M, VALLANCE, CONSULTANT
PICKARD, LOWE + GARRICK, INC,
1200 18TH ST, NoWe
WASHINGTON, D.C. 20036

Ee Re VANHOOFs DIRECTOR
NUCLEAR FUEL SUPPLY
CONJSUMERS POWER COMPANY
19645 W, PARNALL ROAD
JACKSONs MI 49201

WAVE VENNERI
GENERAL DELIVERY
GREEN RIVER, UT 84525

WALTER G. VERMNER, MANAGER
NUCLEAR LOGGING SERVICE
604 We KIMBARK STREFT
LAFAYETTE, €O 80026

GARY W, VICINUS

FUEL ANALYST

CARQLINA POWER + LIGHT CD.
P.0, 8Cx 1551

RALEIGHs NC 27602
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HENRY VIZCAIND

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTICON, CO 81502

ALFRED H, VODELKER

RESEARCH STAFF MEMBER

DAK RIDGE NATIONAL LABORATORY
P. 0. BOX X» BLDG. 4500N

OAK RIDGE, TN 37830

JOHN Rs VOGTs PRODUCT MANAGER
URANIUM

UNION CARBIDE CORPORATION

270 PARK AVENUF

NEW YORK, NY 10017

BILL WAGNERs GENERAL MANAGER
COBB NUCLEAR CORPORATION

20 FIRST PLAZA» SUITE 404
ALBUQUERQUE, NM 87102

NORMAN C, WAITTEN

DIRECTOR OF PLANNING FOR EXPLORATION
GULF MINERAL RESODURCES CO.

1726 S. BELLAIRE ST,

DENVER, CT 80222

THOMAS J. WAJDA

U.S. DEPARTMENT OF STATE
OES/NTCs RMo 43274
WASHINGTON, D.C. 20520

JOHN WAKE, PRESIDENT

COALs URANIUM ¢ MIN. SER, DIV.
TEXAS INTERNATICNAL CO.

620 MILLER C7.

LAKEWOOD, CO 80215

BRUCE WALKER

BENDIX FIELD ENGINEERING CORP.
P.0Cs BOX 1569

GRAND JUNCTICN, CO 81502

Gs R. WALLIS

DIRECTOR = MINERALS
ROBERTSON RESEARCH = CANADA
501 CLEVELAND CRESCENT, NE
CALGARY, ALBERTA

CANADA T2G 4R8

DANIEL L. WARD

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, CO 81502

Jo MERSH WARDs DISTRICT GEOLOGISY
HOMESTAKE MINING COMPANY

P 0. BOX 397

GUNNISON, CO 81230

ROBERT 0. WARNER

RESOURCE DIVISION

Ue S. DEPARTMENT OF ENERGY
P.0. BOX 2567

GRAND JUNCYICON, CO 81502

ROLAND WARNER, GEOLOGIST
PLATEAU RESOURCES LTD,
772 HORIZON DRIVE

GRAND JUNCTION, CO 81501

NOBORU WATANABE

NON=FERROUS METAL DIVISION
MITSUBISHI INTL. CORPORATION
277 PARK AVENUE

NEW YORK, NY 10017

ROBERT I, WATKINS

MGR,» WESTERN DPERATIONS

URANTUM RESOURCES + DEVELOPMENT (O,
1229 N. 23RD STREET

GRAND JUNCTION, CO 81501

BRAD C. WATTSs DISTRICT GEOLOGIST
ENERGY FUELS NUCLEARs INC.

3 PARK CENTRAL, SUITE 900

1515 ARAPAMOE ST.

DENVER, CC 80202

Yo Eo WAYLAND

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, CO 81502

MILES A. WEAVER

MINE SUPERINTENDENT
CHEVRON RESOURCES COMPANY
P.0. BOX 1000

HOBSONs TX 78117

GENE WEBR

VICE PRESIDENT

FERRRET EXPLORATION CO. INC,
3540 ANACONDA TOWER

555 17TH STREET

DENVER, CO 80202

JACK Co WEBSTER

MARKETING REPRESENTATIVE
SCINTREX INC,

1973 WJNORTH TEMPLE

SALT LAKE CITY, UT 84116
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HELMUTH WEDOW, CONSULTANT

0AK RIDGE NATIONAL LABORATORY
P.0. BOX 11542

KNOXVILLE, TN 37919

RITA WEINBECKs ASSOCIATE NUCLEAR
FUEL SUPPLY ENGINEER

SOUTHERN CALTFORNIA EDISON €O,
P.0. BOX BOO

ROSEMEADs, CA 91770

KEN W, WEISSENBURGER, GECLOGIST
DEPT. OF APPLIED EARTH SCIENCES
STANFORD UNIVERSITY
STANFORD, CA 94305

LAWRENCE WELBORN
PROJECT MANAGER
DAMES + MDORE
1626 COLE “BLYD,
GOLDEN, €O 80401

LARRY MWERTS .

VICE PRESIDENT, EXPLORATION
KERR~MCGEE CORPORATION

P. 0. BOX 25861

OKLAHOMA CITY, 0K 73125

Jo Lo WESTRRDOK

FINANCE OFFICER

MESA COUNTY GOVERNMENT
Po0, BOX 897

GRAND JUNCTION, €O 81502

JERRY B, WESTs VICE PRES,
ENGINEERING

CENTURY GEOPHYSICAL CORP.
6650 E. APACHE

TULSAs 0K 74115

JIM WHETSTINE

MINE GEOLOGISY

UNION CARBIDE CORPORATION
P.0. BOX 94

URAVAN, CO 81436

JACK WHISNANT, MANAGER
CARDOLINA GEOSCIENCE
1629 NEWBERRY AVE,
coLuMBTIA, SC 29210

DOSS He WHITE
PHYSICAL SCIENTISY
UsS. BUREAU OF MINES
2401 E. ST. N
WASHINGTON, DC 20241

GEDRGE WHITE, JR.

EXECUTIVE VICE PRESIDENT
NUCLEAR EXCHANGE CORPORATION
3000 SAND HILL ROAD

MENLD PARK, CA 94025

JAMES €, WHITE

TECHNICAL SERVICES MANAGER
UNION CARBIDE CORPDRATION
NUCLEAR DIVISION

PO, BOX Ys BUILDING 9723-14
0AK RIDGE, TN 37830

MARSHA B, WHITE
INFORMATION ANALYST

ECOLOGICAL SCIENCES INFORMATION CENTER

OAK RIDGE NATIONAL LABORATORY
P.0, BOX X BLDG. 2028
OAK RIDGE», TN 37830

MARK S WHITNEY, GEOLOGIST
PHILLIPS URANIUM CORPORATION
Po D. BOX 6256

PENDs NV 89513

WILLIAM Po WILBERT

BENDIX FIELD ENGINEERING CCORPORATION
2201 SAN PEDRO NE, STE. 220
ALBUQUERQUE, NM 87110

JAMES WILKINSON

DISTRICT GEDLOGIST

UsSe BUREAU OF LAND MANAGEMENT
730 HORIZON DRIVE

GRAND JUNCTIDN, €O 81501

JEFFREY WILLIAMS, DISTRICT GEOLOGIST
UsSe BUREAU OF {AND MANAGEMENT

P.0. BOX 870

MOAB, UT 84532

Jo HARLEY WILLIAMS
SOHID NATURAL RESOURCES CO0.
125 S+ WACKER DRIVE
CHICAGD, IL 60606
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DAVID WILSON, MANAGER
MINERAL ECONOMICS

Se Mo STOLLER CORPORATION

1919 14TH ST,
800 COLCRADD BUILDING
BOQULDER, CO 80302

ROBERT Do WILSON

BENDIX FIFELD ENGINEERING CORP,

P.0. BOX 1569
GRAND JUNCTION, CO 81502

We Lo WILSONs PRESIDENT
I0AHO MINING CORPORATION
Po 0. BOX 2183

GRAND JUNCTIONs CO 81502

ANTONI WODZICKI
PROJECT GEOLOGIST

GEODEXPLORERS INTERNATIONAL, INC,

WESTERN WASHINGTON UNIV.s
BELLINGHAM, WA 98225

JAMES L. WOMACK

SALES MGR.

EIMCO

12952 W, VIRGINIA AVE.
LAKEWDDDs CO 80228

CHARLES V. WOODARD
GENERAL PARTNER

RAJAH VENTURES LTD.

2721 N, 12TH ST.» NO. 30
GRAND JUNCTION, CO 81501

GEOLOGY

FRANK E. WOODARD

RAJAH VENTURES LTD.

2721 No 12TH STes NO. 30
GRAND JUNCTIONs, CO 81501

BUD WOODWARD

CONSULTANT

LAW ENGINEERING

109 INVERNESS DRIVE FAST, STE. WEST B
ENGLEWOODs CO 80110

BIRL WORLEYs CONSULTANT
BENGUET CONS.

535 CEDAR AVENUE

GRAND JUNCTIONs CO 81502

JOHN So WRIGHT

SUPERVISORy, MINERAL RESOURCES
WASHINGTON PUBLIC POWER SUPPLY SYSTEH
P.D. BOX 968

RICHLAND, WA 99352

ROBERT Jo WRIGHT

RESOURCE ASSESSMENT OPERATIONS

OFFICE OF URAN. RESOURCES + ENRICH,=-RA
Us Se DEPARTMENT 0OF ENERGY

12TH + PENN.» M.S.6521

WASHINGTON, D. Co 20461

JOUN Co WYETH

GEDLOGIST

EVEREST MINERALS

761 BRADSHAW

CORPUS CHRISTI, TX 78412

Se R, WYMAN

SALES MGR.p, ENERGY MINERALS
MOBIL OIL CORPORATION

P.0s BOX 5644

DENVERs CO 80217

DENNIS L. YAKOBSON, VICE PRES.
POWER RESOURCES CORPORATION
102 INVERNESS TERRACE EAST
ENGLEWCOD» CO 80112

Ao No YATER, GEOLOGIST
IDAHD MINING CORPORATICN
P.C. BCX 2183

GRAND JUNCTION, CO 81502

GENE F. YODER

LAND MANAGER

UNION CARBIDE CORPORATION
P.0., BOX 1029

GRAND JUNCTION, CO 81502

ELTON A. YOUNGRERG
CONSULTING MINING ENGINEER
Pe O. BOX 2667

GRAND JUNCTION, CO 81502

ROBERT G. YOUNG

BENDIX FIELD ENGINEERING CORP,
P.0. BOX 1569

GRAND JUNCTION, €CO 81502

WILLIAM YURTHs CONSULTANT
333 WESY HAMPDEN AVE.»
SUITE 403

ENGLEWOODs CO 80123
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AKHTAR ZAMAN, GEOLOGIST

THE NAVAJO TRIBE

QFFICE OF MINERALS DEVELOPMENT
BOX 146

WINDOW ROCKs AZ 86515

STEPHEN ZENGERs GEOLOGISY
CAROLINA GEOSCIENCE

1629 NEWBERRY AVENUE
COLUNBIA, SC 29210

JOMN C. ZINK

MANAGER, NUCLEAR FUEL

PUBLTIC SERVICE CO. OF OKLAHOMA
P00, BOX 201

TULSA, OK 74102



