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Preface

The Uranium Industry Annual provides current statistical
data on the U.S. uranium industry for the Congress,
Federal and State agencies, the uranium and electric
utility industries, and the public. It contains data from the
mandatory “Uranium Industry Annual Survey,” Form
EIA-858 for 1993; historical data collected by the Energy
Information Administration (EIA) and by the Grand
Junction Projects Office of the Albuquerque Operations
Office of the U.S. Department of Energy (DOE); and data
gathered by Federal agencies that preceded the DOE. The
report was prepared by the Energy Information Adminis-
tration, the independent agency for data collection and
analysis within the U.S. Department of Energy.

Data collected on the “Uranium Industry Annual Survey”
(UIAS) provide a comprehensive statistical characteriza-
tion of the industry's activities for the survey year and
include some information about industry plans and
commitments for the following year. Where aggregate
data are presented in this report, care has been taken to
protect the confidentiality of company-specific informa-
tion while still conveying accurate and complete statistical
data. The methodology used in the survey, including data
edit and analysis, is described in Appendix A. The
history and legal authority, an industry overview, and
methodologies used in the estimation of potential uranium
resources and uranium reserves are described in Appen-
dix B. A list of respondents to the UIAS is provided in
Appendix C. Appendix D consists of the Form EIA-858.
Metric versions of selected tables from Chapters 1 and 2
are provided for the convenience of the reader in Appen-
dix E. Standard conversion factors between U.S. custom-
ary units of measurement and the International System of
Units (SI) are provided in Table E1.

A feature article, “Uranium In Situ Leach Mining in the
United States,” is included in the Uranium Industry
Annual 1993. Questions regarding this article should be
addressed to the following individuals at the EIA:

Taesin Chung (202/254-5566)
William Szymanski (202/254-5569)

Data on uranium raw materials activities including
exploration activities and expenditures, resources and
reserves, mine production of uranium, production of
uranium concentrate, and industry employment are
presented in Chapter 1.

Data on uranium marketing activities including domestic
uranium purchases, commitments by utilities, procure-
ment arrangements, uranium imports under purchase
contracts and exports, deliveries to enrichment suppliers,
inventories, secondary market activities, and utility market
requirements are presented in Chapter 2.

Beginning in survey-year 1984, Form EIA-858, “Uranium
Industry Annual Survey,” replaced three previous EIA
surveys: “Survey of U.S. Uranium Exploration Activity,”
Form EIA-717; “Survey of United States Uranium
Marketing Activity,” Form EIA-491; and “U.S. Uranium
Industry Financial Survey,” Form EIA-854. The Uranium
Industry Annual (UIA) report series supersedes two
earlier reports namely, the Survey of U.S. Uranium
Exploration Activity and the Survey of United States
Uranium Marketing Activity, that were based on the
previous EIA surveys. The UIA also continues some of
the time series of data on the industry and on uranium
resources that were presented in the reports Statistical
Data of the Uranium Industry (GJO-100) and Uranium
Exploration Expenditures and Plans Survey (GJO-103)
that were formerly issued by the DOE's Grand Junction
Projects Office.

Questions regarding the contents of this report may be
directed to:

Survey Management Division, EI-52
Energy Information Administration
U.S. Department of Energy

1000 Independence Avenue, SW
Washington, DC 20585

Questions of a general nature should be directed to
Howard L. Walton, Director of the Survey Management
Division (202/254-5500); or Noel Balthasar, Chief of the
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Coal and Uranium Data Systems Branch (202/254-5400).
Questions of a detailed or technical nature should be
referred to the following individuals at the EIA:

Survey Methodology and Operation, Uranium
Exploration, Production, and Employment

Charles Johnson (202/254-5568)
Luther Smith (202/254-5565)

Resources and Reserves

Taesin Chung (202/254-5556)
William Szymanski (202/254-5569

Uranium Marketing Activities

Douglas Bonnar (202/254-5560)

Exploratory drilling is done to obtain data about geologic conditions that are conducive
to the formation of uranium ore deposits. Here, a fleld geologist examines samples of
rock chips (cuttings) collected from successive layers of rock penetrated during drilling
at a remote site.
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Uranium In Situ Leach Mining in the United States

by

Willlam N. Szymanski

Introduction

Uranium production in the United States has declined
dramatically from a peak of 43.7 million pounds U,O,
(16.8 thousand metric tons uranium (U)') in 1980 to
3.1 million pounds U,O, (1.2 thousand metric tons U)
in 1993.2 This decline is attributed to the world ura-
nium market experiencing oversupply and intense com-
petition. Large inventories of uranium accumulated
when optimistic forecasts for growth in nuclear power
generation were not realized. The other factor which is
affecting U.S. uranium production is that some other
countries, notably Australia and Canada, possess higher
quality uranium reserves that can be mined at lower
costs than those of the United States. Realizing its
competitive advantage, Canada was the world’s largest
producer in 1993 with an output of 23.9 million pounds
U,0; (9.2 thousand metric tons U).}

The U.S. uranium industry, responding to over a decade
of declining market prices, has downsized and adopted
less costly and more efficient production methods. The
main result has been a suspension of production from
conventional mines and mills. Since mid-1992, only
nonconventional production facilities, chiefly in situ
leach (ISL) mining and byproduct recovery,* have
operated in the United States. In contrast, noncon-
ventional souices provided only 13 percent of the
uranium produced in 1980.°

ISL mining has developed into the most cost efficient
and environmentally acceptable method for producing
uranium in the United States. The process, also known
as solution mining, differs from conventional mining in
that solutions are used to recover uranium from the

ground without excavating the ore and generating
associated solid waste. This article describes the current
ISL mining technology and its regulatory approval pro-
cess, and provides an analysis of the factors favoring
ISL mining over conventional methods in a declining
uranium market. Because of proprietary considerations,
company-specific production data are presented only if
previously published by that company.

History of ISL Mining

ISL mining was tried first on an experimental basis in
the Shirley Basin of Wyoming during the early 1960’s.
Other areas followed with small pilot projects in
attempts to recover uranium from deposits that were not
suitable for conventional mining. Many of these earlier
projects were unsuccessful. The first commercial
uranium ISL mine, Clay West in the Texas Gulf Coast
area, began operating in 1974. In April 1991, Crow
Butte in Nebraska became the latest ISL project to
begin commercial production. With licensing secured in
March 1992, Smith Ranch in Wyoming is the most
recent project to be approved for future operation.

Current Status

Eleven uranium ISL projects with a total rated plant
capacity of 8.4 million pounds U,O, (3.2 thousand
metric tons U) per year were licensed for commercial
operation as of December 31, 1993 (Table FE1). Ura-
nium was produced on a commercial scale at five
plants, three in Wyoming and one each in Nebraska and
Texas (Figure FE1) although none of the plants was
operating at full capacity. Four plants that formerly

'The symbol “U” is used to denote contained uranium. The following conversion factor applies: 1 million pounds U,0, = 0.384647 thousand metric ton U.

*Bnergy Information Administration, Uranium Industry Annual 1993, DOE/EIA-0478(93) (Washington, DC, September 1994), Table 16.

3Preliminary data from Whillans, Robert, Natural Resources Canada, personal communication, June 15, 1994.

“Uranium is commercially recovered as a byproduct during the production of phosphoric acid in Louisiana from phosphate ore mined in Florida. The uranium
content is too low for the phosphate ore to be economically mined solely for the uranium.

SEnergy Information Administration, Uranium Industry Annual 1991, DOE/EIA-0478(91) (Washington, DC October 1992), Table 18. Due to proprietary
considerations, the Energy Information Administration does not publish the ISL and byproduct components of nonconventional uranium production.
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Table FE1. Uranlum In Situ Leach Projects Commercially Licensed in the United States,

December 31, 1993

Plant
Capacity*
(pounds U,0,
Project Name Location Owner per year) Operations Status
In Production
Christensen Ranch Johnson Co., Wyoming Malapal Resources Co. 650,000 Reactivated 1991°
Crow Butte Dawaes Co., Nebraska Ferret Exploration 1,000,000 Commenced 1991
Company of Nebraska, Inc.
Highland Converse Co., Wyoming Converse County Mining Venture 2,000,000 Commenced 1988
Hollday-El Mesquite Duval Co., Texas Malapai Resources Co. 634,000 Reactivated 1991°
ingaray Johnson Co., Wyoming Malapai Resources Co. 350,000 Reactivated 1993°
B - | IS P 4,634,000
Standby or Commercial Start-up Pending
Hobson® Karnes Co., Texas Everest Exploration, inc. 1,000,000 Plant used in the restoration®
of several properties
Kingsville Dome Kleberg Co., Texas Uranium Resources, Inc.® 1,300,000 Standby since 1980, in restoration’
North Butte-Ruth Campbell and Johnson Pathfinder Mines Corp. 0 Commercial start-up pending, Ruth
Counties, Wyoming pliot plant dismantied
Rosita Duval Co., Texas Uranium Resources, Inc.* 1,000,000 Standby since 1992, in restoration’
Smith Ranch Converse Co., Wyoming Rio Algom Mining Corp. 250,000 Commercial start-up , pilot
plant on standby since 1891
Waest Cole Webb Co., Texas COGEMA Mining, Inc. 200,000 In restoration since 1989°
TOUBl o) oottt e ettt et e e e e 3,750,000

*Rmated (namapiate) capacity on December 31, 1993. No In situ leach plant was operated at full capacity on Dacember 31, 1993,

bReactiveted after being clossd in 1890.

°Resarves of the Hobeon property have been mined out. Plant is avaliable to process uranium from other properties.
%Upon cessation of uranium production, the quality of the groundwater in the former producing zones must be restored to pra-mining levels. Uranium is recovered

during the restoration process.

*Uranium Resources, Inc. (URI) concluded a partnership agreemant with Concord in early 1984 whereby Concord acquired 52 percent of URI.
Sources: Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1983) and uranium industry files.

produced are currently inactive. Small amounts of ura-
nium are recovered from these facilities as groundwater
in the former production zones is being restored to its
pre-mining quality. Two licensed projects have never
been in commercial operation. Exploration, develop-
ment, and permitting activities are being conducted in
the reserve areas outlined in Figure FE1.

Evolution of the Industry Structure

The structure of the U.S. uranium ISL mining industry
has evolved as firms have responded to changing eco-
nomic conditions. In the early 1970’s, multinational oil

companies, diversified mining companies, and electric
power utilities entered the industry as nuclear power
was seen to have a bright future. Diversification into
uranium production was seen as a way to profit in a
compatible business. Market conditions were also favor-
able for smaller, more cntrepreneurial, companies to
enter the uranium industry.

Since the late-1980’s, however, the uranium industry in
the United States has undergone fundamental structural
changes in response to years of declining market prices
(Figure FE2). The industry has seen a consolidation of
domestic ownership give rise to foreign investment and

X Energy information Administratior/ Uranium Industry Annual 1983



Figure FE1. Commercially Licensed In Situ Leach Projects and Major Uranium Reserve Areas Amenable to
In Situ Leaching, December 31, 1993
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increased partnerships and joint ventures. The com-
panies currently active in the United States have one or
more of the following strengths: low cost reserves,
exploration and mining expertise, favorable long-term
sales contracts or market share, and overall financial
strength.

Figure FE2. Historical Uranium and Oil Spot
Market Prices, 1970-1993
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Sources: Uranium—Annual average exchange values: NUEXCO Review,
January 19984, p. 30; Olt--Annual average West Texas intermediate Crude Ofl,
Qil and Gas Joumnal Database, 1994.

The consolidation in ownership of the U.S. uranium
industry arose as oil, metal mining, and nuclear service
companies headquartered in the United States left the
industry to concentrate on their core businesses.
Companies that divested uranium ISL holdings included
Conoco, Exxon, Kerr-McGee, Mobil, Phelps Dodge,
Tenneco, and Westinghouse. The exit of oil companies
was hastened by a collapse in petroleumn market prices
that followed a trend similar to that of uranium prices
(Figure FE2). At the end of 1988, almost 90 percent of
the commercially licensed ISL production capacity in
the United States was owned by two independent
uranium mining companies and one wholly owned sub-
sidiary of a domestic electric power utility (Figure
FE3).

Domestic ownership of the U.S. uranium industry has
decreased over the past 5 years. As uranium spot-
market prices declined and more favorable long-term

supply contracts expired, domestic uranium firms were
less able to rely on funds from operations to finance
capital expenditures or pay interest on loans. New loans
became difficult to secure as potential lenders viewed
uranium as an increasingly risky business. As a result,
joint ventures and partnerships became the principal
means of financing ISL projects in the United States.
Everest Exploration, for example, sold in two stages all
but a token share of its interest in Highland (Converse
County Mining Venture) to foreign-owned utilities.®
Aided by declining uranium prices and abundant
sources of reliable supply, U.S. nuclear power plant
operators became less concerned with supply risks. As
a consequence, domestic electric utility ownership of
ISL production capacity in the United States ended
when Malapai Resources was purchased in 1990 by
Electricite de France, a foreign government-owned elec-
tric power utility.

As of March 31, 1994, 40 percent of the commercially
licensed ISL production capacity in the United States
was owned by three domestic firms (Figure FE3). A
detailed listing of company ownership is presented in
Table FE2. Everest Exploration is the last wholly
independent domestic uranium mining company with
interests in ISL production facilities in the United
States. In addition to a small share in Highland, Everest
owns the Hobson plant. Uranium Resources, Inc. (URI),
an independent domestic uranium mining company,
concluded a partnership agreement with Concord in
early 1994 whereby Concord acquired 52 percent of
URI. Concord is a domestic-based firm with uranium
production (Energy Fuels) and international trading
(Nuexco) subsidiaries. The Concord/URI partnership
includes the Kingsvilie Dome and Rosita ISL plants,
formerly wholly owned by URI. Ferret Partners,
comprised of Ferret Exploration, Inc. and First Holding
Co., has a small share in Ferret Exploration Company
of Nebraska, the operator of Crow Butte.

Foreign entry into U.S. ISL mining began in the 1980’s
with investments primarily in less risky advanced-stage
projects. At the end of 1988, for example, foreign
firms, through investments in Highland and West Cole,
owned 11 percent of the commercially licensed ISL
production capacity in the United States (Figure FE3).
Investments in both properties were made in 1987 after
successful pilot tests were completed by domestic firms.
Foreign-owned subsidiaries later became more involved

SCOGEMA, Inc., a foreign government-owned integrated nuclear fuel cycle company, has subsequently acquired 25 percent of Highland.
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Figure FE3. Ownership of Uranium In Situ Leach Production Capacity in the United States,
December 31, 1988 and March 31, 1994

Commercially Licensed
As of December 31, 1988

Ownership
B Domeatic Uranium Mining Domestic Utility
I Foreign Private Utility B33 Forelgn Energy

Commaercially Licensed
50 As of March 31, 1994

47

Ownarship
I bomestic Uranlum Mining Domastic Uranium Mining/Supplier Partnership
- Forelgn Mining D Forsign Government Utility & b

Integrated Nuclear Fuel Cycle

*Share of total rated (nameplate) capacity for all operating and inactive (on standby) plants on the specified date.
bGovemment companies are those companies that are more than 50-percent govemment owned.
Sources: Energy Information Administration, Form EiA-858, “Uranium industry Annual Survey” (1963); and uranium industry files.

in exploration and development activities after acquiring
expertise in operating ISL projects.

As of March 31, 1994, the remaining 60 percent of the
commercially licensed ISL production capacity was
owned by the U.S. subsidiaries of foreign firms (Figure
FE3). Three foreign mining companies, Cameco, Rio
Algom, and Uranerz, own about 13 percent of ISL
capacity. Cameco and Uranerz are among the world’s
largest uranium producers with most of their production
coming from outside the United States. In 1993,
Uranerz extended its ownership in Crow Butte to a
majority share, Cameco, a government-affiliated com-
pany in the process of full privatization,” entered the
U.S. uranium industry in early 1994 when it purchased
a significant minority share in Crow Butte held by
Imperial Metals. Rio Algom, a diversified mining com-
pany with historical uranium production, acquired the
Smith Ranch ISL project along with the rest of Kerr-
McGee’s uranium assets in 1989.

Foreign government-owned firms,® consisting of four
electric power utilities and COGEMA, own 47 percent
of U.S. ISL production capacity. The electric power

utilities are located in France (Electricite de France),
Korea (Korean Electric Power Company), and the
United Kingdom (Nuclear Electric and Scottish
Nuclear). Electricite de France (EDF) wholly owns the
title to Malapai Resources, including the Christensen
Ranch, Irigaray, and Holiday-El Mesquite ISL proper-
ties. EDF and COGEMA, however, are joint partners in
the Malapai properties for which COGEMA earns a 71-
percent interest as operator. Korea Electric Power
Company owns a share of Crow Butte as a participant
in Ferret Exploration Company of Nebraska. Power
Resources, a wholly owned subsidiary of Nuclear Elec-
tric and Scottish Nuclear, is the operator of Highland
through its majority interest in the Converse County
Mining Venture. COGEMA is one of the world’s
largest uranium producers, as well as a provider of
integrated nuclear fuel cycle services. Besides its joint
venture with EDF, COGEMA owns all of West Cole
and North Butte-Ruth and a minority interest in High-
land through the Converse County Mining Venture with
Power Resources.

The U.S. uranium industry has continued to receive
investments despite having been declared non-viable by

"Cameco is considered to be government-affiliated since the Saskatchewan Provincial and Canadian Federal governments hold minority interests in the
company. The public currently owns just over 50 percent of Cameco. The schedule of privatization has beer delayed due to the depressed uranium market,
%“Government-owned"” is applied to those companies in which the share of government ownership exceeds 50 percent.
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Table FE2. Ownership In Uranium In Situ Leach Projects Commercially Licensed in the United
States, as of March 31, 1994

Percent
Project Name Owner Share Parent Ownership Status
Producers
Christensen Ranch Malapal Resources Co.?
1. COGEMA Mining, Inc. 71.00 COGEMA, inc. Foreign Govemment-owned”® Integrated
Nuciear Fuel Cycle
2. Fusl Intemational
Trading Corp. 29.00 Electricite de France  Foreign Govemment-owned® Utility
Crow Butte Ferrat Exploration
Company of Nebraska, inc.
1. Uranarz USA, Inc. §5.00 Uranerzbergbau GmbH Foreign Mining
(Uranerz)
2. Geomex, Inc. °30.80 Cameco Corp. Foreign Mining
3. Korean Electric Power Corp. 10,00 - Foreign Govemment-ownec® Utllity
4, Ferret Partners® ‘420 - Domestic Uranium Mining Partnership
Highland Converse County Mining Venture
1. Power Resources, Inc. 74.25 Nuclear Electric pic.  Foreign Govemriant-owria.® Uiliity
Scottish Nuclear, Ltd.  Foreign Govemmeni-cwnsc” Utilty
2. Pathfinder Mines Corp. 2500 COGEMA, Inc. Foreign Govemmeni-cwned® integrated
Nuclear Fuel Cycle
3. Everest Exploration, inc. 0.75 Domestic Mining
Holiday-El Mesquite Malapal Resources Co.*
1. COGEMA Mining, Inc. 71.00 COGEMA, Inc. Foreign Govemment-owned® Integrated
Nuclear Fuel Cycle
2. Fue! Intemational Trading Corp.  26.00  Electricite de France  Foreign Govemment-owned® Utility
Irigaray Malapal Resources Co.*
1. COGEMA Minirg, Inc. 71.00 COGEMA, Inc. Foreign Govemment-owned® Integrated
Nuclear Fuel Cycle
2. Fuel Intemational Trading Corp.  20.00  Electricite de France  Foreign Govemment-owned® Utility
Standby or Commaercial Start-up Pending
Hobson Everest Exploration, Inc. 10000 - Domestic Mining
Kingsville Dome Concord\Uranium Resources® 10000 - Domastic Uranium Mining/Supplier
Partnership
North Butte-Ruth Pathfinder Mines Corp. 100.00 COGEMA, Inc. Foreign Govemment-owned® Integrated
Nuclear Fuel Cycle
Rosita Concord\Uranium Resources® 100.00 - Domestic Uranium Mining/Supplier
Partnership
Smith Ranch Rio Algom Mining Corp. 100.00  Rio Algom Ltd. Forelgn Mining
West Cole COGEMA Mining, Inc. 100.00 COQGEMA, Inc. Foreign Govemnment-owned® Integrated

Nuclear Fuel Cycle

*Malapal Resources is 100 percent owned by Electricite da France (EDF). CCOGEMA Mining operates the Malapal properties under a joint participation agreement
with EDF whereby COGEMA recsives a 71-percent share of uranium concentraie production.
-owned” is applied to thoss companies in which the share of government ownership exceeds 50 percent.
°Shars of ownership Is rounded to two decimal places.
YFerret Partners is comprised of Ferret Exploration, Inc. and First Holding Co. which is in tum affiliated with Geomex, Inc. This arrangement effectively gives Geomex,
inc. a 35-percant controliership in Crow Butte.
SUranium Resources, Inc. (URI) conciuded a partnership agresment with Concord in earty 1984 whereby Concord acquired 52 percent of URI.
Sources: Energy Information Administration, Form EIA-858, “Uranium industry Annual Survey® (1993), and uranium Industry files,
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the Secretary of the U.S. Department of Energy every
year since 1984. These investments made during a de-
pressed uranium market suggest that the participants
have a long-term commitment to the domestic uranium
business. Foreign investment during the 1980’s and
early 1990’s was based on (1) securing diversified
sources of reliable supply, (2) acquiring existing pro-
jects at costs lower than the cost to find and develop
similar production capacity, and (3) avoiding the risk of
restrictions on uranium imports into the United States.

More recent decisions by both domestic and foreign
firms to invest in U.S. ISL projects were based on new
criteria. Cameco, for example, weighed its decision to
purchase a share of Crow Butte in 1994 on a desire to
broaden its exposure to ISL mining technology for

worldwide application,’ especially in the Common-
wealth of Independent States (CIS) which has sig-
nificant deposits suitable for ISL mining."

In March 1994, the Amendment to the Agreement Sus-
pending the Antidumping Investigation on Uranium was
signed between the U.S. Department of Commerce and
the Russian Federation’s Ministry Atomic Energy. This
agreement allows Russia to export specified quantities
of newly produced uranium to the United States as long
as it is matched by similar levels of new U.S. produc-
tion.!! Cameco, COGEMA, Concord, and Uranerz are
participating in various uranium ventures with CIS
countries and presumably could benefit by positioning
themselves in both the United States and the CIS.

Geology of ISL Deposits

referred to as vertically stacked ore bodies.

‘Permeabiiity Is a measurs of the sediment’s capabiiity to transmit fiuid.

environment.

Uranium deposits amenable to ISL mining occur in sandstones with sufficient permeability' to allow the flow of
groundwater. These deposits are often described as “sandstone-hosted.” The sandstone-hosted category includes
uranium deposits in unconsolidated sands. Uranium is also found in other sedimentary rocks interbedded with
sandstones such as mudstones and conglomerates. The host sediments were deposited in both river (Nebraska, New
Mexico, Texas, and Wyoming) and mixed river and shallow marine (Texas) palecenvironments.

Sandstone-hosted uranium deposits occur as two principal forms: (1) “roll fronts” and (2) “tabular bodies.” While both
forms may occur together, most deposits are characterized by a single dominant form. Roll fronts are typically found
in northwest Nebraska, the Powder River and other basins of Wyoming, the Texas Gulf Coast, and to a lesser degree
in the Grants mineral belt of New Mexico. In cross section, roll fronts appear as C-shaped folds cutting across
sedimentary layers with limbs that are generally parallel to layers. Higher grade uranium ore typically occurs in the
folded portion of the roll fronts. The tabular form is more characteristic of uranium mineralization in the Grants mineral
belt of New Mexico. Tabular ore bodies lie parallel to sedimentary bedding.

Sandstone-hosted uranium deposits lie along roughly linear trends. Some of the larger trends exceed 5 miles (8
kilometers) in length and 2,000 feet (610 meters) in width. The extent of ore-grade mineralization, however, can be
irragular and discontinuous given the sinuous and braided nature of the host river sediments. Individual roll fronts and
tabular bodies are usually 3 tc 15 feet (1 to 5 meters) thick. Roll fronts often occur in multiple horizons, commonly

In general, sandstone-hosted uranium deposits were formed as uranium was precipitated from oxidizing groundwater
where a reducing environment was encountered in the host sediments.® Concentrations of organic materials, such
as woody fragments, provided the reducing environment. Impermeable shales within the sedimentary sequence served
an important role in confining and concentrating ore-bearing solutions.

$An oxidation-reduction reaction takes place as slectrons are transterred betwesn molecules in a reduced state (negative slectrical charge) and molecules
In an oxidized state (positive slectrical charge). This chemical reaction results in the precipitation of uranium compounds that are insoiuble in the reducing

SNuclearFuel, February 28, 1994. p. 16, published by McGraw-Hill, Inc., New York, NY.

“Energy Information Administration, “The Uranium Industry of the Commonwealth of Independent States,” in Uranium industry Annual 1991, DOE/EIA-
0478(91) (Washington, DC, October 1992), p. 10. The Commonwealth of Independent States is an association of 12 former Soviet republics.

""The suspension agreement prior to amendment prohibited imports of uranium from Russia until a certain market-based price threshold was reached as

determined by the U.S. Department of Commerce.
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Reserves

The Energy Information Administration estimated U.S.
uranium reserves'?> amenable to ISL mining as of De-
cember 31, 1993, at 122 million pounds U,0, (47
thousand metric tons U) at forward costs of up to $30
per pound U,0, ($80 per kilogram U)."” These re-
serves are found primarily in Nebraska, New Mexico,
Texas, and Wyoming (Figure FE1). Additional ISL
reserves of 179 million pounds U,O, are estimated at
forward costs between $30 and $100 per pound U,0,.
Forward costs are based on the operating and capital
costs (in current dollars) yet to be incurred in producing
uranium from known deposits. Income tax, profit,
interest, and previously incurred (sunk) costs are not
considered in determining forward costs. The EIA con-
siders current mining and processing technology and
regulations in its economic assessments.

ISL reserves comprise 42 percent of total U.S. reserves
in the $30-per-pound U,0; cost category. The average

grade of ISL reserves is 0.13 percent U,0q, compared
with 0.14 and (1.27 percent U0, respectively, for open
pit and underground reserves.'* The lower average
grade of ISL reserves reflects the feasibility of using
ISL mining to produce from certain lower grade ores
that could not be economically recovered by con-
ventional methods.

ISL Mining Process

ISL mining consists of the extraction of uranium from
the host sandstone by chemical solutions and the
recovery of uranium at the surface (Figure FE4). It is
then processed into a marketable concentrate. The
typical ISL mining facility consists of a number of
wellfields and a central processing plant. Certain larger
projects operate more efficiently by recoverir.g uranium
at one or more satellite plants and trucking the resulting
uranium-rich slurry to a central plant for final pro-
cessing. The production site also contains evaporation
ponds used to treat waste water. Other than in

Characteristics of Uranium Ore Zones Amenable to ISL Mining

ISL mining involves the movement of groundwater to carry both the leaching agents and the liberated uranium.
Therefore, the feasibility of such a process critically depends on the certain characteristics of the uranium ore zone.
Many of the same characteristics that were important in ore deposition also aid in the ISL mining processes. For
uranium to be economically recoverable with present technology, the ore must occur in permeable sandstones that
lie below the water table. These sandstones are called aquifers because they conduct groundwater and can produce
economically significant quantities of groundwater through wells and springs. A high degree of permeability allows for
solutions to efficiently pass through the ore zone. Permeability declines as unconsolidated sediments are compacted
in the rock-forming process and pore spaces become filled with intergranular cements or silt and clay.

The intersection of the aquifer by a well acts as a point of least resistancse, inducing groundwater to flow toward the
well. Wells are arranged to maximize groundwater fiow in the vicinity of the orebody. Besides aiding in the recovery
of uranium, high flow rates promote efficient removal of contaminated groundwater from the aquifer during restoration.

Water in the aquifer is under hydrostatic pressure' due to the weight of the overlying column of water. Pressure is
increased wherever the flow of groundwater moving down dipping sandstone beds is confined by impermeable shale
beds. The ISL process is further aided if the aquifer is under enough pressure to produce water on the surface through
a well or spring. This type of flow is called artesian and reduces the effort it takes to mechanically pump water to the
surface. Impermeable beds also setve to confine the leaching solution in the ore zone. Optimal flow cannot be
achieved if groundwater is allowed to migrate vertically or horizontally outside the production zone. Groundwater
migration, also known as excursions, can be induced through springs, faults, unplugged or poorly cased wells,
underground mine workings, or neighboring pumping activities.

Hydrostatic pressure s the pressure exerted by the water at any given point in a body of water.

Reserves are generally equivalent to two other widely used resource categories: (1) “Reasonably Assured Resources™ used by the Organization for Economic
Cooperation and Development's Nuclear Energy Agency and the International Atomic Energy Agency, and (2) “Measured and Indicated Reserves™ used by the
U.S. Bureau of Mines and the U.S. Geological Survey.

‘I’F‘I::rgy Information Administration, Uranium Industry Annual 1993, DOE/EIA-0478(93) (Washington, DC, September 1994), Table 11.
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constructing roads and evaporation ponds, little of the
ground surface is disturbed during ISL mining.

ISL wellfields are constructed after the ore deposit has
been delineated and the hydrological characteristics of
the aquifer are determined. The pattern of each well-
field is arranged to optimize the recovery of uranium.
A five-spot pattern is commonly used in the United
States. This pattern resembles a grid with an injection
well at each comer and a production well in the center.
The spacing between the injection wells and production
wells usually ranges between 50 and 100 feet (15 and
30 meters) (Figure FES). After the completion of
drilling, wells are cased with PVC pipe'’ and the
space between the casing and formation is sealed with
cement. This arrangement prevents vertical migration of
contaminated groundwater from the producing zone. into
adjacent aquifers. A reaming tool is used to remove the
casing and cement at the production horizon to allow
fiow between the well and the ore zone. Current ISL
production comes from wells drilled between 300 and
850 feet (90 and 260 meters) deep. Monitor wells are
sited peripheral to the wellfield to ensure that con-
taminated water does not move outside the mining area.

Dissolved oxygen is injected into the ore zone to
oxidize the uranium minerals, thereby changing them
into a form that can be extracted through leaching and
pumped in solution to the surface. Uranium is leached
by introducing chemicals known as “lixiviants.” The
choice of lixiviants is influenced by the composition of
the uranium minerals, including coatings by other min-
erals. Alkaline lixiviants,'® such as the combination of
sodium bicarbonate and carbon dioxide, are used ex-
clusively in the United States. Earlier research projects
experimented with other types of lixiviants including
sulfuric acid. While more effective in certain situations,
sulfuric acid is no longer used because it rendered the
aquifers more difficult to restore after mining.

The production life of an individual ISL wellfield is
usually less than 3 years. Most of the uranium is
recovered during the first 6 months of the wellfield’s
operation. Production efficiencies are expressed as the
recovery rate or the percent of uranium recovered from

15pVC denotes polyvinyl chioride, a form of plastic.

o,

Abovo-ground portion of a typical uranium in situ leach
production well. The well is approximately 3 feet (1
meter) high. To protect against severe winter weather,
wells are covered with boxes like the one shown above
the arm of the engineer at the upper right hand comer of

the photograph.

the estimated geologic resource'” over the life of pro-
duction. Recovery rates vary among ISL mining
projects. The most successful projects have achieved
overall recovery of around 80 percent. Within suc-
cessful projects, however, some individual wellfields
may experience lower recovery due to localized ground-
water migration.

Over time, production flows decrease as clay and silt
become trapped in the permeable sediments in the
vicinity of the well. Enhancement techniques, such as
“workovers” and “well reversals,” are used to tempo-
rarily increase the flow of groundwater. Workovers

' Ajkaline lixiviants have pH values greater than 7.0 compared to acidic lixiviants with pH values less than 7.0. A chemical solution with a pH of 7.0 is

considered neutral (the pH of pure water).

17 Geologic resource differs from reserve in that mining and processing losses are not considered.
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Figure FE4. Process Flow Diagram for a Typical Uranium In Situ Leach Mining Facllity
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employ a jet nozzle at the end of a drill pipe to inject
solution under high pressure. The ore zone is swabbed
by moving the jet nozzle up and down the intersecting
well. Reversals employ the temporary switching of
injection and production wells to induce changes in
groundwater flow patterns.

Groundwater is circulated between the ore zone and the
uranium processing plant in a closed system (Figure
FE4). To maintain efficient flow of fluids between the
ore zone and the surface, about 1 to 3 percent of the
leach solution by volume is purged from circulation
prior to reinjection into the aquifer. The flows from a

xviii

series of wellfield patterns are controlled by valves and
manifolds. The output from each production well flows
in PVC pipes to the manifolds where it is combined
with the output from other wells. From the manifolds,
uranium-charged leach solution is sent through a larger
diameter pipe to the ion exchange columns at the pro-
cessing facility. The return flow of solution, depleted of
uranium, is diverted through the manifolds to the
injection wells.

Uranium is recovered from the uranium-charged leach
solution at the processing facility in ion exchange
columns. In this process, uranium is adsorbed by resin
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Figure FE5. Generalized Cross Section of a Portion of a Typical Uranium In Situ Leach Wellfield
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made up of small plastic beads. The ion exchange
recovery can be carried out in the central processing
plant or separately in a satellite facility from which the
loaded resin is trucked to the central plant for stripping
and further processing. The stripping process, or elu-
tion, yields a uranium-rich eluate from the loaded resin,
usually by adding sodium chloride and sodium bicar-
bonate. Once stripped of uranium, the resin can be
reused in the ion exchange columns. Uranium is precip-
itated from the eluate by adding either ammonia or
hydrogen peroxide and changing the pH of the solution.
Depending on the chemical treatment, the precipitate is
either ammonium diuranate or uranyl peroxide, both
called “yellowcake.”

The yellowcake is washed and dewatered to form a
slurry. At some plants, the slurry is shipped by tanker
truck either to another processing plant for drying and
packaging or directly to a uranium conversion facil-
ity.'"® Other plants have their own drying and pack-

aging circuit. With increased heating, the final color of
yellowcake changes from yellow to dark brown or
black. The heating drives off most of the volatile
impurities, leaving a uranium concentrate product com-
posed of various oxides of uranium popularly called
U,0,. The product is shipped in sealed metal drums to
customers.

Waste Water Treatment

Prior to disposal, the waste water from purging the
leach solution (Figure FE4) must be treated to remove
radium (Ra**®) and other contaminants such as arsenic,
iron, molybdenum, selenium, and vanadium. These
contaminants are mobilized along with uranium during
the leaching of the ore zone. Barium chloride is added
to the waste water to precipitate radium. The ensuing
sludge is disposed of in plastic-lined evaporation ponds.
Heavy metals are also settled out in evaporation ponds.

"Conversion is the process of changing natural uranium oxide (U,0y) into uranium hexafluoride (UFy), a feedstock required for enriching uranium into fuel

for nuclear power plants.
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“

1

A central processing plant for recovering uranium and producing marketable concentrate from uranium-bearing solutions

obtained through in situ leach mining.

After mining has been completed, the sludge and the
plastic liners are removed and transported to sites
licensed for disposal of low-level radioactive waste.
Some ISL operators have found it cost effective to
dispose through irrigation treated waste water that
meets environmental quality standards.

The spent eluate and waste from the washing circuit are
disposed in evaporation ponds or deep aquifers (Figure
FE4). To qualify for waste disposal, an aquifer must be
permitted for such use. Such aquifers naturally contain
water of insufficient quality for agricultural or resi-
dential uses and are sufficiently confined to prevent
migration of contaminated water into neighboring aqui-
fers.

Groundwater Restoration

After ISL mining is completed, the quality of the
remaining groundwater must be restored to a baseline
standard determined before the start of operation. Well-
field restoration often takes place concurrent with
mining as additional wellfield sites are put into produc-
tion. Restoration of the aquifer is accomplished by
using a number of methods including groundwater
sweep and the reinjection of treated mine water. The
process generally takes several years to gradually flush
dissolved contaminants out of the aquifer.

A groundwater sweep draws uncontaminated native
groundwater into the mined area as contaminated water

XX Energy Information Administrationv Uranium Industry Annual 1983




is pumped out of the aquifer. The contaminated water
is disposed of in evaporating ponds, deep wells, or is
transferred for use in new mining areas. After being
treated to remove contaminants, water can be used for
irrigating crops. Since large volumes of groundwater
must be pumped from the aquifer during restoration,
groundwater sweeps are usually augmented by the
reinjection of treated water.

The restoration process requires that water be treated
for all contaminants before it can be reinjected into the
aquifer. The uranium procz=s:ing plant is used to recover
uranium during restoration, although the groundwater
contains much less uranium than during the production
phase. Radium is removed from the solution as de-
scribed in the treatment of purged leach solutions. Other
contaminants are left to settle in evaporation pond : or
are extracted through reverse osmosis. Reverse osmwusis
is a process in which solutions under pressure: are
forced through membranes. Brines containing the con-
taminants are trapped on the high-pressure side of the
membrane while clean water passes through the mem-
brane. The brines are disposed of in evaporating ponds
or in deep disposal wells.

Radlation Safeguards

ISL mining facilities are required to have an on-site
radiation officer. The radiation officer is responsible for
training employees and performing radiation checks at
the facility. Safety inspections for individual employees
include (1) monitoring ~mployees for alpha radiation
each time they leave the processing plant and (2) quar-
terly evaluation of personal dosimeters to evaluate
exposure to gamma rays. Routine safety checks are
made in and around facilities for radon, radon
daughters, airborne uranium particles, and alpha and
gamma radiation."

Regulatory Approval Process

Uranium production is highly regulated in the United
States. Permits and approvals for constructing and
operating uranium ISL facilities are required by Federal,
State, and local governments. For example, the neces-
sary approvals required in Wyoming are summarized in
Table FE3.

The U.S. Nuclear Regulatory Commission (NRC) is the
principal Federal agency involved in regulating ISL
uranium production. The U.S. Mine Safety and Health
Administration requires operators to register mines and
submit their safety training plans for approval. Where
ISL projects are planned for lands administered by the
Bureau of Land Management or the Forest Service,
approval for their development and operation must be
secured from the appropriate Federal agency. Regula-
tions for Indian Lands are administered by the
individual tribal governments and the U.S. Bureau of
Indian Affairs.

The U.S. Congress empowered the NRC to administer
regulations issued under the Atomic Energy Act of
1954, as amended, and Titles I and II of the Uranium
Mill Tailings Radiation Control Act of 1978. The
environmental standards for these regulations, estab-
lished by the U.S. Environmental Protection Agency
(EPA), are contained in the Code of Federal Regula-
tions, 40 CFR Part 192, “Health and Environmental
Standards for Uranium and Uraniumn Mill Tailings.”
With the exception of Texas, the NRC has regulatory
authority in all States with major ISL mining projects.
Through an agreement between the State and Federal
governments, Texas administers its own regulatory
programs with standards at least equal to those
established by the EPA.

The NRC grants approval to operate an ISL uranium
project through the issuance of a source material
license. Approval requires the applicant to demonstrate
the ability to comply with environmental protection and
radiological safety standards. The NRC evaluates
technical information provided by the applicant in-
cluding local and regional environmental impact
assessments, demographic studies, operational pro-
cedures, radiological safety program, environmental
monitoring, and site restoration program. The operator
is also required to post a surety bond to assure that
sufficient funds will be available for site decom-
missioning.?® If no serious problems are encountered,
approval is usually granted in about 24 months.

In addition to the NRC (the exception for Texas was
previously noted), the prospective operator is regulated

¥Radon (Ra™) is formed during the radioactive decay of the naturally occurring isotope of uranium, U™, In turn, radon decays into its “daughters,” unstable
isotopes of polonium, bismuth, and lead. Radon and its daughters can be carried by air and water. During the decay process, energy is released in the form

of alpha and beta particles and gamma rays.

PDecommissioning is a general term applied to the process of closing a nuclear facility. The decommissioning of ISL facilities involves dismantling wellfields
and processing facilities, removing materials contaminated by radiation, reclaiming evaporation ponds, and restoring groundwater.
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Table FE3. Regulatory Approvals Required for Commercial Licensing of in Situ Leach Mining
Projects in Wyoming, as of March 31, 1994

Approval

Agency Land Jurisdiction

Source Material License
- Environmental Assessment
- Safety Evaluation Report
- Surety Bond Posted by Perspective Licensee

U.S. Nuclear Regulatory Commission (NRC)

Federal, Private, State

Mine Registration U.S. Mine Safety and Health Administration  Federal, Private, State
Safety Training
404 Permit Authorizations (Applies to Construction of U.S. Army Corps of Engineers Federal, Private, State
Culverts and Managing Wetlands)
Permit to Mine Wyoming Department of Environmental Federal, Private, State
Quality (DEQ)
Mine Unit Authorization NRC and DEQ Federal, Private, State
- Baseline Programs
- Aquifer Characterization (Pump Test)
Operations Authorization U.S. Bureau of Land Management (BLM) BLM
(Concurrent with DEQ)
Wastowater Management DEQ Federal, Private, State
~ Evaporation Pond Permit
- Restoration
- Stormwater
~ Disposal Well
Plant Drying Facilities DEQ Federal, Private, State
~ Construction Permit
- Operations Permit
Groundwaster Appropristions State Engineer's Office Federal, Private, State
-~ Waelifield Block Permits
-~ Monitor Well Permits
Surface Water Appropriations State Engineer's Office Federal, Private, State
- Resarvoir Construction Permits
- Temporary Water for Drilling
Leach Field Construction Permit County Planning Office Federal, Private, State
Cultural Resources Clearance State Historical Preservation Office Federal, Private, State
Utilities, Sewer, and Roads DEQ and County Federal, Private, State

Source: Wichers, Donna, Pathfinder Mines Corporation, 1994, "Wyoming ISL Projects: Summary of Approvals Necessary for Initiation of Commercial

Operations,” unpubiished tables.

by State and local governments. Environmental
agencies, such as the Wyoming Department of Environ-
mental Quality and the Texas Natural Resources
Conservation Commission, issue mining permits and
regulate waste water management. Approval to approp-
riate groundwater for industrial use typically comes
from the State Engineer’s Office. County governments

are involved in granting wellfield construction permits
in some States.

Certain State permit applications are similar to those
required by the NRC. This duplication adds to the cost
of regulation and may delay the start of operation.
Streamlining of regulations has been implemented by
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This uranium in situ leach wellfield in northwestem Nebraska has little impact on the agrarian landscape. Well in the

foreground is approximately 3 feet (1 meter) high.

some States. Wyoming, for example, no longer re-
quires on-site pilot demonstrations if prospective
projects are shown to have characteristics similar to
successful operations.

Economic Considerations of ISL Mining

ISL mining of selected ore deposits is currently the
lowest cost method for producing uranium in the United
States. The recent level of spot-market prices of around
$10.00 per pound U,0, ($26.00 per kilogram U),*
however, is below the forward costs to produce uranium
for all but a few ISL projects. As a consequence, pro-

duction has been suspended at some facilities, and the
start of new operations has been delayed. All projects
would be benefitted by favorable long-term contracts
with electric power utilities in which the prices exceed
the current spot-market level.

A project’s economic feasibility is determined through
the evaluation of technical, financial, marketing, and
regulatory factors. The following discussion is limited
to technical factors, the physical characteristics of the
uranium orebody, host aquifer, and the mining facilities.
The characterization of these factors forms the basis for
all subsequent determinations of whether a project can

uSpot market refers to the buying and selling of uranium that typically involves transactions for delivery within a year of contract execution. The quoted
price is an approximation of monthly uranium exchange values during 1993 relative to the U.S. market in nominal dollars per pound of uranium concentrate
(U;0p). Source: NUEXCO Review, January 1994 (conversion factor: 1 pound U,0, = 0.384647 kilogram U).

Energy Information Administration/ Uranium Industry Annual 1993 xxiii




be economically operated and conform to regulatory
standards. Some of the more important technical factors
and their impact on the economic feasibility of ISL
uranium mining projects are presented in Table FE4.
Because technical factors are not constant for every
project, the success of a particular project depends on
strengths offsetting weaknesses. For example, the higher
cost to complete deeper wells could be offset by the
lower cost to pump groundwater under artesian flow.

Capital costs are expended on preparing the ISL site for
prodv tion. Such costs include development drilling,
pumping equipment, construction of wellfield and pro-
cessing facilities, preparation of environmental studies,
and pilot demonstrations. In contrast, operating ex-
penses are incurred for the day-to-day operation of the
mine. Mining, processing, restoration, and environ-
mental monitoring are considered operating activities.
Labor, chemicals, electricity, engineering, management,
and maintenance are typical ISL operating costs.

Large continuous orebodies with higher-than-average
ore grades are particularly suitable to low-cost mining.

This situation offers greater economies of scale, because
all costs are spread over larger volumes of production.
A substantial reduction in capital outlay may be
achieved through the utilization of existing processing
facilities. Uranium caa be extracted at satellite facilities
and the loaded resin trucked to an existing plant for
final processing. When total on-site integration of pro-
cessing is required, some companies have reduced plant
construction costs by purchasing existing facilities at
salvage value. Mining and restoration costs are strongly
dependent on the geological and hydrological character-
istics of the ore zone described in previous sections.

Deep orebodies require additional development drilling
and well casing. While successfully demonstrated in a
technical sense, ISL mining of deep orebodies is eco-
nomically constrained by the operating efficiency of
low-cost PVC well casing. The structural integrity of
PVC casing diminishes at depths greater {ii:n 1,000 feet
(305 meters), necessitating the use of much more costly
replacement materials.

Table FE4. The Impact of Technical Factors on the Economic Feasibility of Uranium In Situ Leach

Mining Projects

Factor impsact on Project
High Average Ore Grade * More Uranium Avallable for Recovery
Large Continuous Orebodies « Qreater Economies of Scale
(All Costs Spread Over More Units of Production)
Shallow Orebodies (below water table) + Less Drilling and Waell Casing Required
* Less Expensive PVC Casing Loses Structural Integrity at Depths Over
1,000 Feet (305 meters)
¢ Less Pumping Required
High Permeabllity of Ore Zone * Improves Flow of Groundwater; Alds in Mining and Restoration
Arteslan Groundwater Flow * Improves Flow of Groundwater; Alds in Mining and Restoration
impermeable Beds Confining Ore Zone + Lixiviant is Better Concentrated in Ore Zone
* Improves Flow of Groundwater; Alds in Mining and Restoration
* Less Monitoring of Aquifer Required Outside the Mining Area
Favorable Chemistry and Ore Mineralogy ¢ Minimal Interferance in Laaching
» Less Contaminants to Treat During Restoration
Existing Processing Plant + Lower Capital Outiay for Plant Construction

» Options Include (1) Trucking Loaded Resin to Existing Plant and (2)
Purchasing Used Plant at Salvage Value.

Source: Uranium Industry Flies of the Energy Information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels.

xxiv Energy Information Administration/ Uranium Industry Annual 1993




Comparison With Conventional Mining
and Milling

The application of the ISL technique in selected proj-
ects offers many important cost advantages over
conventional mining and milling. The advantages are
significant enough to offset the higher uranium recovery
typically achieved by conventional methods. ISL
mining does not require blasting, mechanical hauling of
ore and waste rock, or crushing and grinding of ore.
This translates into lower capital requirements and
reduced operating and maintenance costs. The simplifi-
cation of production requires fewer employees to
operate and maintain ISL mining facilities.

The U.S. uranium industry realized substantial gains in
labor productivity as a result of ISL mining’s increased
share of production. As a consequence, the annual ura-
nium output per employee has increased from about 1.3
tons of U,04 (1 metric ton U) in 1980 to over 4 tons of
U,0, (3 metric tons U) in recent years.” For com-
parable annual production rates, fewer people are
required to operate an ISL project than are required for
a conventional mining and milling project. Uranerz, for
example, reports that Crow Butte produces about
500,000 pounds U,0, (192 metric tons U) annually
with 25 on-site employees.”® The annual production
rate of Crow Butte could be increased to the nominal
plant capacity of 1 million pounds U,O, (385 metric
tons U) with little expected increase in employees. In
contrast, Pathfinder Mines employed 190 people at the
now-closed Shirley Basin conventional open-pit mine
and mill to produce at an annual rate of about 740,000
pounds U,O, (285 metric tons U).>* Expressed as
annual uranium output per employee, Crow Butte’s
productivity rate is 10 tons of U,0, (7.7 metric tons U)
compared to about 2 tons U,O, (1.5 metric tons U) for
Shirley Basin,

ISL mining has much less impact on the environment
than conventional operations. Since no mill tailings or

rock wv/aste are produced, ISL operations incur lower
reclamation and environmental monitoring costs. ISL
mining also poses less radiation and dust exposure to
employees. If enacted, proposed reductions® in the
limits of radiation exposure would significantly add to
the cost of underground mining. Because of its reduced
environmental impact, ISL uranium mining is expected
to be more widely accepted by the public than con-
ventional mining and milling.

Summary

In a little over 20 years, ISL mining has evolved from
an experimental technology to the dominant producer of
uranium in the United States. ISL mining applied to
selected sandstone-hosted deposits is currently the low-
est cost source of uranium production. Cost advantages
are realized by larger projects that utilize existing
processing facilities. Unfavorable uranium market con-
ditions, however, have resulted in excess capacity and
delays in starting new projects.

Investment continues to flow into ISL uranium mining
projects, despite the U.S. uranium industry having been
declared non-viable since 1984. Currently, 60 percent
of commercially licensed ISL production capacity is
owned by foreign companies or their wholly owned
subsidiaries. Recent acquisitions are seen as efforts by
large international uranium companies to increase their
exposure to ISL technology and ensure participation in
regulated markets.

Uranium reserves amenable to ISL recovery are found
in Nebraska, New Mexico, Texas, and Wyoming. Pend-
ing improved market conditions, any future additions to
existing uranium production capacity in the United
States are expected to be met through lower cost and
more environmentally acceptable ISL facilities, rather
than through conventional operations.

¥Energy Information Administration, Uranium Industry Annual 1993, DOE/EIA-0478(93) (Washington, DC, September 1994), derived from Tables 16 and

21

BCatchpole, G., and Kirchner, G., “The Crow Butte ISL Project-A Case History,” in Uranium In Situ Leaching, Proceedings of a Technical Committee Meeting
held by the International Atomic Energy Agency in Vienna, October 5-8, 1992, IAEA-TECDOC-720, (Vienna, September 1993), p. 81.

¥pathfinder Mines Corporation, 1990, Shirley Basin Mine (Company Brochure),

®The International Commission on Radiological Protection recommends that average annual occupational exposure limit be reduced by 60 percent.
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On October 30, 1992, the DOC determined the first
semiannual market price for uranium to be $7.95 per
pound U,04¢ as specified under the suspension agree-
ments. Deliveries of imported uranium from the CIS
Republics were prohibited for the period October 1, 1992,
through March 31, 1993. On April 1, 1993, the DOC
determined a uranium market price of $11.72 per pound
U,04e. The prohibition on all imports from the six CIS
Republics into the United States was continued through
September 30, 1993, since the DOC market price determi-
nation was below the minimum threshold price of $13.00

per pound.

The DOC's April 1, 1993, uranium market price of $11.72
per pound U,O was derived from an average spot price of
$10.14 per pound U,0,, weighted at 30.05 percent, and
an average long-term price of $12.40 per pound U,0,,
weighted at 69.95 percent. The spoi-to-long-term market
volume ratio is based on a 4-year average of U.S. utility
purchases during 1988 through 1991, as reported by
Energy Information Administration in the Uranium
Industry Annual report series.

The Ukraine on April 12, 1993, and Tajikistan on May
11, 1993, terminated their suspension agreements with the
DOC. With these actions, U.S. trade law required the
DOC to resume its antidumping investigation and to issue
an interim determination on a dumping margin for the
Ukraine and for Tajikistan. The DOC's final determina-
tion on June 29, 1993, affirmed the dumping charge for
Tajikistan and the Ukraine, and the import duty for each
was raised from the preliminary duty level of 115.82
percent to 129.29 percent. Based on the DOC action, the
International Trade Commission (ITC) resumed its
antidumping investigation. The ITC's final determination

on the cases was delivered to the DOC on August 16,
1993. The findings were that no new antidumping duties
would be imposed on imports of uranium from Tajikistan
or HEU from the Ukraine. The ITC made an affirmative
final injury determination, however, regarding imports of
uranium other than HEU from the Ukraine. This final
determination meant that the DOC would order the U.S.
Customs Service to impose a final antidumping duty on
imports of uranium other than HEU from the Ukraine.

On October 4, 1993, the DOC announced that its semian-
nual market price determination for uranium was $11.12
per pound. Uranium imports into the United States from
the CIS Republics of Kazakhstan, Kyrgyzstan, the Rus-
sian Federation, and Uzbekistan were prohibited for the
period October 1, 1993, to March 31, 1994,

On October 26, 1993, the petitioners in the uranium anti-
dumping case, charging that the suspension agreements
have been ineffective, requested that the DOC terminate
the agreements with Kazakhstan, Kyrgyzstan, the Russian
Federation, and Uzbekistan and resume investigations
leading to a final determination. The DOC and the
Russian Ministry of Atomic Energy (MINATOM)
initialed an amendment to the Russian uranium-import
suspension agreement in Décember 1993 in Moscow
under which Russia would be allowed to sell 3,000 metric
tons of natural uranium and 2 million separative work
units annually, if 50 percent (minimum) of all sales are
from new U.S. production. The amendment would, in
effect, replace the original suspension agreement's $13-
per-pound U0, threshold price, but prevent antidumping
circumvention.
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1. Uranium Raw Materials Activities

Introduction

The development of a uranium-producing industry in the
United States began in the late 1940's, following World
War IL In the years from 1947 through 1970, the domes-
tic industry was fostered through the Govemment's
uranium raw materials and procurement programs admin-
istered by the Atomic Energy Commission (AEC).

A large quantity of information about uranium as a
producible commodity has been compiled by the DOE
and its predecessor agencies since the AEC was estab-
lished in 1946. Information from this data base has been
used where appropriate in the presentation of time series
data that show trends in the industry's raw materials sec-
tor. The activities that comprise the uranium raw materials
sector are summarized below.

In the United States, exploration for new uranium depos-
its is conducted solely by the private sector. Companies
decide to conduct exploration on a particular uranium
property based on information from many sources,
including private studies and government reports.
Exploration involves the identification of prospective
areas with geologically favorable characteristics; develop-
ment of data on surface and subsuriace conditions using
mapping, sampling, drilling, and logging; and thorough
analysis and reporting of all data developed. If results are
favorable, followup drilling is conducted. The aim of
these efforts is to develop uranium reserves.

All information developed in a detailed exploration
program contributes to determining the feasibility of
mining a discovered uranium deposit. The important
parameters include accurate data about the deposit's depth
and configuration, the distribution of uranium mineraliza-
tion in the deposit, costs and the determination of cutoff
grades, and the metallurgical characteristics of the de-
posit. If the ore is sufficiently rich in uranium to be
recovered profitably, a mining operation might be estab-
lished at the deposit site.

Conventional mining includes openpit and underground
methods. Openpit methods can be used to produce ore
from deposits located near the surface or at shallow
depths. Underground mining methods are used for
deposits that are deeper and that usually contain ore of a
higher grade. Ore mined by conventional methods is
hauled to mills for processing or to buying stations or
stockpiles for future processing.

Milling of conventionally mined ore involves crushing
and grinding to reduce the ore to a nearly uniform grain
size, leaching with acid or alkaline reagents to extract the
uranium, concentration of uranium from the leach slurry,
and precipitation and drying of the uranium concentrate.
In 1993, no conventional uranium mills were operated in
the United States. Uranium can also be “mined” using in
situ leaching methods, which involvec leaching uranium
from the cre “in place” without removing the ore from the
ground. A leaching solution is circulated through the in-
place ore, the uranium-bearing leaching solution is then
pumped to the surface, and the uranium is recovered.
Leaching solutions commonly employed in solution
mining consist of water containing small quantities of
oxygen and carbon dioxide or sodium bicarbonate.
Uranium is also recovered as a byproduct from the pro-
cessing of uraniferous phosphate ore. Most of the uranium
concentrate produced by the U.S. industry in 1993 was
from in situ leach plants and from the manufacture of wet-
process phosphoric acid.

A -diagram of the major stages in the production of
uranium concentrate in the domestic industry is shown in
Figure 1. Delineation of exploration targets, exploration
and development drilling, evaluation of discovered
mineral deposits to determine reserves quantities, and
mine and mill development are the major early stages.
Mining and milling of uranium ore or processing of
uraniferous solutions (including in situ leaching) to
recover uranium concentrate complete the uranium
concentrate production process.
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Figure 1. Stages In Production of Uranilum Concentrate
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*Estimates of domestic potential resources as Estimated Additional Resources (EAR) and Speculative Resources (SR) are prepared by the Energy
information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels, and include information provided by the U.S. Geological Survey (USGS)
of the U.S. Department of the interior under a memorandum of understanding between the USGS and the Energy Information Administration.
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Source: Energy information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels.

Estimates of minable U.S. uranium reserves at specific
forward costs are made by the Analysis and Systems
Division, Energy Information Administration (EIA),
through annual analysis of current and historical informa-
tion on known uranium deposits. This information
includes gamma ray drill hole logs, mining and geologic
factors, mine production, and mining and processing
practice and costs. Reserves reported in this publication
are equivalent to the Reasonably Assured Resources
category reported in international publications. Estimates
of uranium in both the reserves and potential resources
categories are made for selected forward-cost categories
that are independent of the market price of uranium.

The Analysis and Systems Division also prepares esti-
mates of potential (or undiscovered) uranium resources
for various localities, some of which may lack production
histories. The esti- mates incorporate current inforrmation
provided by the U.S. Geological Survey (USGS), U.S.
Department of the Interior, under a memorandum of
understanding between the USGS and the EIA. These
estimates of potential resources are reported in the inter-
national classifications of Estimated Additional Resources
and Speculative Resources. The methodology for estimat-
ing reserves and potential resources is described in
Appendix B.
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Exploration Activities

Land Holdings and Acquisitions for
Uranium Exploration

At the end of 1993, about 0.5 million acres were held by
25 companies involved in domestic uranium exploration.
This was 42 percent less than the 0.8 million acres held by
32 companies at the end of 1992 (Table 1). The amount
of land held for exploration has declined each year since
1978, the peak year when 6.39 million acres were ac-
quired. Total acreage held at the end of 1993 represents

approximately 2 percent of the 19 million acres held for
exploration at the end of 1978.

The amount of land acquired during 1993 was 0.07
million acres, compared with 0.09 million acres acquired
in 1992 (Table 1). The amount of land acquired each year
in the period 1982 through 1993 has ranged between 0.48
million acres and 0.03 million acres.

Types of land held and land acquired each year can
include fee land, mineral fee, leases, patented and unpat-
ented claims, and options to purchase mineral fee land.

Table 1. U.S. Land Held and Acquired for Uranium Exploration, 1966-1993

Year(s)

1966-1973 ... - 6.9 - - %23.41 - 75.07 -
1974 ........ 69 9.0 - 55 3.32 - 12.61 3.80
1975 ........ 71 11.8 311 54 3.48 48 16.70 4.80
1976 ........ 28 15.0 27.1 81 4.75 38.5 13.89 292
1977 ........ 128 17.9 19.3 1 6.00 26.3 28.22 4.70
1978 ........ 187 19.0 8.1 118 6.39 6.5 30.73 481
1979 ........ 149 172 9.5 108 4.21 -34.1 4453 10.58
1980 ........ 127 14.9 -134 82 3.07 27.1 35.06 11.42
1981 ........ 99 9.6 358 57 2.31 -24.8 11.41 494
1982 ........ 85 5.2 -45.8 20 0.83 64.1 11.30 13.61
1883 ........ 84 4.6 115 21 0.46 448 3.03 8.59
1984 ........ 62 3.4 -26.1 20 0.48 43 1.58 3.26
1985 ........ 52 29 -14.7 9 0.13 72,9 0.89 6.74
1986 ........ 58 2.8 8.5 16 0.22 8.1 1.33 6.00
1987 ........ 49 1.9 28.5 16 %0.09 -60.0 0.79 8.96
1988 ........ 54 1.7 -12.8 14 °0.09 49 1.87 18.12
1989 ........ 53 1.5 -10.1 13 0.03 69.3 0.39 13.87
1990 ........ 45 1.2 20.9 7 0.04 252 0.40 10.21
1991 ........ 37 1.1 -12.8 7 0.03 -15.7 0.25 5.34
1982 ........ 32 0.8 25.4 5 0.09 166.5 1.38 9%8.02
1893 ........ 25 0.5 -42.0 10 0.07 23.0 1.02 %.76

*includes costs for land acquisitions and rentals in nominal dollars.

“Does not include approximately 0.61 milion acres acquired in the period 1968-1973 for which no cost data were reported.
“Land acquired in 1987 was 0.088 million acres and in 1968 was 0.092 million acres.
‘AvonooeoﬂdouMMWMMM.“mMWNWMMWWMMWM

uranium deposits.
- = Not applicabie.

Note: Average cost per acre shown here may not equal quotients obtained with independently rounded numerator and denominator.

Sources: 1968-1970—U.S. Department of Energy, Grand Junction Projects Office, Press Release No. 582 (August 12, 1871). 1971-1080—U.S. Department of Energy,
Grand Junction Projects Office, Uranium Expioration Expenditures and Plans Survey (1972-1981). 1981-1963—Energy information Administration, Survey of U.S.
Uranium Exploration Activiy 1983 (July 1964). 1984-1982—Energy information Administretion, Uranium industry Annual 1992 (October 1993). 1983—Energy information

Administration, Form EIA-858 “Uranium industry Annual Survey” (16893).
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Land Acquisition Costs

The total cost of land acquired during 1993 was $1.02
million, 25 percent less than the reported total cost in
1992 (Table 1). Since 1982, annual expenditures for land
acquisition have ranged between $0.25 million and $3.03
million. Annual expenditures for land acquisition peaked
in 1979 when 4.2 million acres were acquired for $44.5
million. Expenditures for land acquired for exploration in
1993 ranged from just over $1.00 to about $50 per acre.
The average cost of $9.76 per acre in 1993 was 22 percent
higher than in 1992. Note that this average cost does not
include the costs for land acquired under arrangements
covering purchases of properties with reserves and/or
partially delineated uranium deposits. From 1976 through
1993, the annual average cost (in nominal dollars) per
acre of acquired land ranged from $2.92 to $18.12. Ten
companies acquired land in 1993, compared with five in

1992,

Surface Drilling

Total surface drilling in the United States in 1993 includ-
ing exploration and development drilling was 1.11 million
feet in 2,020 holes (Table 2). This total footage was 4
percent greater than the 1.06 million feet reported by the
industry for 1992. During 1993, eight companies con-
ducted uranium surface drilling programs, 50 percent
fewer than in 1992. The peak year for U.S. surface
drilling was 1978 when total surface drilling was 48.1
million feet (Table 2). The total annual surface drilling
since 1976 and drilling planned for 1994 are shown in
Figure 2.

Costs incurred for surface drilling activities include those
for ground surveys, road construction and site preparation,
drilling, downhole geophysical surveys, sample collec-
tion, and geological and other technical support. In 1993,

Tabla 2. U.S. Uranium Surface Drllling Activities, 1966-1993

Change
Change Change Change from Prior

from Prior Drilling from Prior from Prior Average Year in

Number of Number Yearin Footage Yeoar in Cost® Year In Cost Average
Companies of Holss Holes {milion Feet (million Cost (dollars Cost

Yearls) ThatOdied | Driled | (porcont | toon | (percenn | ocoters) | (erceny | perfoon | (percent
1966-1973 - 351,114 - 117.53 - 164.87 - 1.29 -
1974 ......... 62 39,700 - 21.56 - 44,76 - 2.08 -

1976 ......... 66 55,886 40.8 25.42 17.9 73.81 64.9 2.90 394
1976 ......... 97 67,640 21.0 34.80 36.9 108.97 478 3.13 7.9
1977 ...con... 126 93,452 38.2 45.58 31.0 155.03 423 3.40 86
1978 ......... 162 104,353 1.7 48.10 55 169.68 9.4 3.53 3.8
1979 ......... 154 90,648 -13.1 41.08 -14.8 162.98 -3.9 3.97 125
1980 ......... 127 59,795 <340 28.19 -31.4 125.70 -22.9 4.48 123
1981 ......... 98 26,424 -56.8 14.22 -49.6 67.90 -48.0 477 7.0
1962 ......... 89 9,867 €23 5.36 824 27.85 -59.0 5.20 9.0
1983 ......... 60 7,208 -26.8 3.17 -40.8 14.42 -48.2 4,585 -12.5
1984 ......... 43 5,521 243 2.55 -19.6 11.85 -17.8 4,65 23
1985 ......... 30 3,649 -33.9 1.76 -30.9 6.53 -53.3 3.14 324
1906 ......... 35 3,831 50 2.07 176 7.74 39.9 3.74 19.0
1967 ......... 29 3,814 0.4 1.96 -5.2 6.96 -10.1 3.56 -5.1
1968 ......... 32 5,205 38.5 3.01 53.5 9.70 39.3 3.22 -9.3
1969 ......... 27 3,840 -26.2 222 -26.2 8.94 -7.8 4.03 250
1990 ......... 26 3,418 -11.4 1.68 -24.5 9.15 23 5.45 354
1991 ......... 24 3,197 €4 1.84 9.7 10.95 19.6 5.04 9.0
1992 ......... 16 1,768 -44.7 1.08 422 243 -77.8 228 €1.68

1993 ... 8 2.020 143 111 41 574 1362 518 1269

“includes cosis for exploration and development dritiing in nominal dollars.

—-Nﬂm.

Notes: Percent change may not equal quotients obtained with independently rounded numerator and denominator. Average cost per foot shown here may not equal
quotients with independently rounded numerator and denominator.

Sources: 1986-1970—).S. Energy Research and Development Administration, Grand Junction Projects Office, Press Releases No. 582 (August 12, 1971). 1071-
1880—L.8. Department of Energy, Grand Junction Projects Office, Uranium Exploration Expenditures in 1960 and Pians for 1981-1982 (May 1981). 1961-1963—Energy
Information Administration, Swvey of U.S. Uranium Exploration Activity 1983 (July 1864). 1984-1992—Energy information Administration, Uranium Industry Annual 1992,
(October 1963). 1983—Energy information Administration, Form EIA-858 “Uranium Industry Annual Survey” (1893).
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Figure 2. U.S. Uranium Exploration and Development Drilling Footage, 1976-1994

Total Drilling Footage
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1990 1994

Soures: 1976-1980—L.S. Department of Energy, Grand Junction Projects Office, Uranium Exploration Expenditures in 1980 and Plans for 1981-1982 (May 1981). 1881-
1983—Energy Information Administration, Survey of U.S. Uranium Exploration Activity 1983 (July 1984). 1984-1882—&nergy Information Administration, Uranium Industry
Annual 1992 (October 1993). 1993-1994—Energy Information Administration, Form EIA-858 “Uranium industry Annual Survey® (1993).

the costs for surface drilling ranged from about $2.00 to
nearly $51.00 per foot drilled. The average cost of surface
drilling was $5.18 per foot, an increase of 127 percent
above the average cost per foot drilled in 1992 (Table 2).

Surface drilling for uranium consists of both exploration
and development drilling (Table 3). Exploration drilling
is done in search of new ore deposits or extensions of
known deposits. Seven firms reported completing ex-
ploration drilling projects in 1993. The 0.22 million feet

of exploration drilling during 1993 was 60 percent less
than the footage reported for 1992. A total of 355
exploration holes were drilled in 1993, a decline of 62
percent from the 935 holes completed in 1992. The
average cost per foot of ex- ploration drilling in 1993 was
$4.41, nearly twice the average cost per foot of $2.25
reported in 1992. Exploration drilling reported on Form
EIA-858 includes assessment drilling completed to meet
requirements for holding land under certain lease
agreements.
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Table 3. U.S. Uranium Driiling by Type of Drilling, 1966-1993

N P

Drilling Average Drilll Average

Number of Coet"* Cost® Number of o’ Cost *¢ Cost®

Holes (million (million (dollars Holes (million (million (dotlars

Year(s) Drilled® foet)° doliars) per foot) Drilled® foot) dollars) | per foot)
1966-1973 ... 226,721 89.78 124.52 - 124,393 27.78 26.66 -
1974 ........ 27,400 14.72 34.95 2.37 12,300 6.84 9.81 143
1975 ........ 34,285 15.69 51.82 3.31 21,601 9.73 21.89 225
1976 ........ 40,409 20.36 70.70 3.47 27,231 14.44 38.30 2.65
1977 ... ... 62,597 27.96 99.40 3.56 30,855 17.82 55.60 3.16
1978 ........ 75,068 28.95 113.30 3.91 29,285 19.15 56.40 2.95
1979 ........ 60,457 28.07 119.60 4.28 30,191 13.01 43.40 3.34
1980 ........ 39,607 19.60 94.80 4.84 20,188 8.59 30.90 3.60
1981 ........ 17,751 10.87 56.43 5.19 8,673 3.35 11.47 3.42
1982 ........ 6,965 423 20.94 4.96 3,002 1.13 6.90 °6.13
1983 ........ 4,287 2.09 10.60 5.07 3,011 1.08 3.81 3.55
1984 ........ 4,798 226 10.53 4.68 723 0.29 1.32 4.60
1985 ........ 2,877 1.42 5.14 3.63 772 0.34 0.39 1.15
1966 ........ 1,085 1.10 6.40 5.83 1,848 0.97 1.35 1.38
1987 ........ 1,820 1.11 5.90 5.34 1,994 0.86 1.06 1.24
1988 ........ 2,029 1.28 6.44 5.03 3,176 1.73 326 1.88
1989 ........ 2,087 143 5.82 4.09 1,753 0.80 3.12 3.92
1980 ........ 1,507 0.87 3.21 3.68 1,908 0.81 5.95 7.37
1991 ........ 1,624 0.97 2.83 2.91 1,573 0.87 8.11 9.33
1992 ........ 835 0.56 127 2.25 833 0.50 1.16 231
1998 i _355 022 _098 4.41 1,665 0.88 475 537

“inciudes assessment drilling and drilling in search of new ore deposits or extensions of known deposits and driling at the location of a discovery up to the time the
company decides sufficient ore reserves are present to justify commercial expioitation.

Sinciudes sl crilling of an ore deposit 10 determine more precisely size, grade, and configuration subsequent 10 the time that commercial expioitation is deemed feasible.

“Number of holes for 1981 and prior years, data for dritiing footage total cost, and average cost for 1982 and prior years as reported in Statistical Data of the Uranium
Industry, GJO-100(83) (January 1, 1983). Costs shown are in nominal dollars.

9Does not include the costs for 2.074 million feet of exploration driling and 0.53 million feet of development driling for 1986-1971 for which driling costs were reported
a3 “other exploration expenditures.” Does not include costs for 9.966 milion feet of exploration and development driling reported together at a cost of $13.7 miliion, 1968-
1972.

“This high value Is attributable primarily 1o the large percentage of the total expenditures for development drilling in 1982 contributed by one company.

-- = Not applicable

Note: Average coet per foot shown here may not equai quotients obtained with independently rounded numerator and denominator.

Sources: 1988-1970—U.S. Department of Enargy, Grand Junction Projects Office, Press Release No. 582 (August 12, 1971). 1971-1980—U.S. Department of Energy,
Grand Junction Projects Office, Uranium Exploration Expanditures in 1960 and Plans for 1961-1962 (May 1981). 1981-1983—Energy Information Administration, Survey
of U.S. Uranium Exploration Activity 1963 (July 1884). 1884-1992—Energy information Administration, Uranium industry Annual 1992 (October 1993). 1983—Energy
Information Administration, Form EIA-858 “Uranium Industry Annual Survey” (1963).

Development drilling is done to define the size, shape,
and grade of known deposits and to provide data needed
for mine planning. In 1993, 0.88 million feet of develop-
ment drilling was completed in 1,665 holes (Table 3).
Development drilling was reported by six companies for
1993, compared with nine in 1992, During the period
1989 through 1993, annual development drilling has been
less than 1 million feet each year. The average cost per
foot of development drilling in 1993 was $5.37, more
than 130 percent higher than in 1992.

For most individual drilling programs in 1993, the
reported average cost-per-foot drilled ranged between
$1.00 to near $9.00 for exploration drilling and between

$1.00 to near $8.00 for development drilling. Of the
seven exploration drilling programs reported for 1993, a
majority drilled between 10,000 and 100,000 feet. Of the
six development driiling programs reported for 1993, a
majority drilled less than 100,000 feet.

Uranium Surface Drilling Footage by
State

Surface drilling in 1993 was conducted in Arizona,
Colorado, Nebraska, Texas, and Wyoming. Compared
with 1992, total surface drilling footage in 1993 increased
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in Texas and Wyoming and decreased in Arizona, Colo-
rado, and Nebraska. Wyoming accounted for about 71
percent of the total surface drilling footage reported in
1993 (Table 4). Surface drilling was reported for New
Mexico and Utah in 1992, but none was reported for
1993. Exploration drilling footages increased in Arizona

but decreased in Colorado, Nebraska, Texas, and Wyo-
ming. Development drilling in 1993 decreased in Arizona
but increased in Colorado, Nebraska, Texas, and Wyo-
ming. Drilling data for Arizona, Colorado, Nebraska, and
Texas are combined in Table 4 and Figure 3 into the
“Other” category to avoid disclosure of company-specific
data.

Table 4. Uranium Surface Drilling by State and Type of Drilling, 1893

Total as &
De t Total Percent of U.S. Total
Number of Thousand Number of Thousand Number of Thousand Number of Drilling
State Holes Feet Holes | Feet Holes Feet Holes Footage
Wyoming .... 215 135 1,288 656 1,503 791 744 714
Other* ....... 140 88 3nr 229 517 317 258 28.6
ot .., 358 —203 1.665 885 —ad20 1,108 1000 1009

“nciudes Arizona, Colorado, Nebraska, and Texas.

Notes: Totals may not equal sum of components because of independent rounding. Percentages were calculated using unrounded data,
Source: Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1993).

Figure 3. Total Surface Drilling Footage by

State, 1991-1993
Oriiwng Footege
1400 -
g -
14001 R

1/000 -1

-

*Other: 1991-1992—Arizina, Colorado, Nebraska, New Mexico, Texas, and
Utah. 1993—Arizona, Colorado, Nebraska, and Texas.
Sources: 1992: Energy Information Administration, Uranium Industry Annual
1982 (October 1993). 1993: Energy Information Administration, Form EIA-858
*Uranium industry Annual Survey" (1993)

Total Domestic Uranium Exploration
Expenditures

The total expenditures for uranium exploration shown
in Table 5 include all expenditures for land acquired
and held, surface exploration and development drilling
costs, and other exploration expenditures. Total explo-
ration expenditures in 1993 were $11.27 million,
approximately 22 percent less than the total expend-
itures in 1992. The 1993 total consisted of $1.02
million for land acquisition, $5.74 million for surface
drilling, and $4.51 million for other exploration activi-
ties.

For 1993, 15 companies incurred costs for exploration
activities in the other exploration expenditures
category. This expenditures category decreased by 22
percent compared with the 1992 level. Costs for land
acquisition, drilling, or work in foreign countries are
not included in other exploration expenditures.
Expenditures by U.S. companies for exploration in
foreign countries were reported as zero during 1993,
and like expenditures planned for 1994 were also
reported as zero on the 1993 survey.

"The category "other exploration expenditures” includes costs for geologic and geophysical investigations and research costs incurred by field personnel during
exploration, assessment work other than drilling, and overhead and administrative charges specifically associated with supervising and supporting exploration

activities,

Energy Information Administration/ Uranium Industry Annual 7



Table 5. U.S. Uranium Exploration and Development Expenditures, 1966-1993

Other Expioration
Land Acquisition 1) Total Expenditures
Percent
Cost Cost Cost Change
Number of (million Number of (mition | Numberof | (milion | trom Prior

Yeor(s) Companies’ | dollars)® | Compenies® | doliars) | Companies | doilars) Year
1966-1973 - 75.07 - 94.43 - 334.37 -
1974 ......... 55 12.61 NA 21.7 83 79.08 -
1976 ......... 54 18.70 NA 31.62 88 122,03 54.3
1978 ......... 81 12.89 NA 41.79 108 170.85 390.8
1977 ool 11 28.22 NA 74.83 148 258,08 51.2
1978 ......... 118 30.73 NA 113.85 174 314.26 218
1979 ......... 108 44.53 NA 108.40 164 316.91 05
1960 ......... 82 35.08 NA 108.20 147 266.96 -15.6
1981 ......... 96 67.90 57 11.41 NA 65.45 107 144.78 458
1962 ......... 9 27.85 20 11.30 (7] 34.47 85 73.61 -49.2
1983 ......... 60 14.42 21 3.03 (] 19.41 i 36.86 499
1984 ......... 42 11.85 20 1.58 32 13.07 53 26.48 282
1965 ......... 30 5.53 9 0.89 4 13.67 40 20.10 -24.1
1966 ......... 35 7.74 16 1.33 34 12.99 50 22.08 0.8
1987 ......... 29 6.96 18 0.79 34 11.82 42 19.67 -10.8
1988 ......... a2 9.70 14 187 31 8.73 44 20.10 22
1989 ......... 27 8.94 13 0.39 24 5.43 ) 1477 -28.5
1990 ......... 26 9.15 7 0.40 a1 7.58 17.12 169
1991 ......... 24 10.95 7 025 19 8.65 17.84 42
1992 ......... 18 243 5 1.38 21 10.72 14.51 -18.7

1988 8 574 i 102 16 4,51 1127 223

“Companies reporting surface drilling, which includes exploration and development drilting.

bIncludes costs for exploration and development in nominal dolars.
“Companies reporting land acquisitions and rentals.

Yncludes costs for tand acquisitions and rentals in nominal doliars.
*Companies reporting other exploration expendiitures.

"includes costs, in nominal dollars, for geologic and geophysical investigations and research costs incurred by fled personnei during expioration, and overhead and
administrative charges specifically associated with supervising and supporting exploration activities.

- = Not applicable.
NA = Not available.

Note: Totals may not equal sum of components because of independent rounding.
Sources: 1966-1974—U.S. Energy Research and Development Administration, Grand Junction Projects Office, Uranium Exploration Expenditures in 1974 and Plans
for 1975-1976 (April 1975). 1975-1983—Energy Information Administration, Survey of U.S. Uranium Exploration Activity 1983 (July 1984). 1984-1992—Energy
information Adminigtration, Uranium Industry Annual 1982 (October 1993). 1983—Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey”

(1993).
Foreign Participation in Domestic
Uranium Exploration

Expenditures from foreign sources in U.S. exploration
activities during 1995 were $8.5 million, a 6-percent
increase above the total of $8 million from foreign
sources in 1992 (Table 6). “Foreign” means majority-
owned by non-U.S. entities. Foreign participation in
1993 accounted for about 76 percent, a record level, of
the total domestic industry exploration expenditures, up
from 55 percent in 1992. In terms of total dollars
spent, foreign participation in 1993 at $8.5 million was
at the highest level since 1988 when $8.9 million were
expended by foreign companies in exploration in the
U.S. industry. Seven companies reported participation
in 1993 from foreign sources, one more than in

1992. The dollar amounts contributed from foreign
sources are included in all exploration expenditures
totals shown in this report.

Planned and Actual U.S. Uranium
Exploration and Development
Activities, 1980 Through 1992

A total of eight companies reported actual exploration
and development drilling activities for 1993. In
comparisor, 10 companies reported on the 1992 survey
that they had planned exploration and development
drilling programs for 1993. The actual total surface
drilling reported for 1993 was 1.1 million feet, 45
percent more that the projected (planned for 1993)
amount reported on the 1992 survey. Statistics for act-
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Table 6. Foreign Participation In U.S. Uranium Exploration, 1976-1993

Expenditures
Number of Companies Percent of
Year Reporting Million Dollars Total U.S. Expenditures
1976 ..ot 16 13.2 8
1977 .o 17 217 8
1978 ..o 31 39.3 13
1979 ... 28 34.1 LA
1980 ...l 28 37.6 14
1981 ... 25 246 17
1982 ... 14 14.6 20
1983 ... 9 4.8 13
1984 ... ... 9 6.6 25
1985 ... ... 6 5.6 28
1986 ... 8 12.0 55
1987 ..ot " 1.9 60
1988 ......iiiiiiiias " 8.9 44
1989 ..... ...l 7 6.1 42
1990 ...ttt 9 25 15
1991 ... ] 3.5 19
1992 ... 6 8.0 56
1993 ... 7 85 76

Note: Expenditures are in nominal doltars and include expenditures for land acquired and held, surface driling, and “other expioration expenditures,” which includes
Wmmhmllmmmmmmmmwmmmmowm.mmmmmmmwwﬁmy
agsociated with supervising and supporting exploration activities.

Sources: 1976-1880—U.S. Department of Energy, Grand Junction Projects Office, Uranium Exploration Expenditures and Pians Survey (1876-1960). 1961-
1983—Energy information Administration, Survey of U.S. Uranium Expioration Activity 1963 (July 1964). 1984-1982—Energy information Administration, Urankim

Industry Annual 1992 {October 1983). 1993—Energy Information Administration, Form E1A-858 “Uranium industry Annual Survey® (1993).

ual and planned exploration activities for 1980 through
1993 and planned activities for 1994 are shown in
Table 7. Total surface drilling footage planned for
1994 is projected to be 8 percent less than the actual
amount of drilling reported for 1993. The total planned
drilling expenditures for 1994 are 24 percent greater
than like expenditures reported as planned for 1993.

U.S. Uranium Resources and Reserves

Potential Uranium Resources

Estimates of potential (undiscovered) uranium re-
sources for the classes of Estimated Additional Re-
sources (EAR) and Speculative Resources (SR) at
forward-cost categories of $30-, $50-, and $100-per-
pound U,0, are made annually by the EIA. Within
each forward-cost category, the estimates of resources

Energy information Administratior Uranium industry Annual

at each cost level are cumulative and include all lower
cost resources within that category. Because of
limited direct-sample data, the estimation of potential
uranium resources is not precise, and the reliability of
the estimates is subject to some uncertainty.

Assistance provided by the U.S. Geological Survey
(USGS) to the EIA in support of the estimation of
potential resources and the methodology used are
described in Appendix B along with an explanation of
the potential uranium resources estimates for 1993 and
historical estimates.

For 1993, the mean values of EAR and SR for the
$30-, $50-, and $100-per-pound U,04 forward-cost
categories declined slightly when compared with the
1992 values (Table 8).



Table 7. Planned and Actual U.S. Surface Drilling by Drilling Type and Expenditures, 1931-1994

Total Totsl
Holes Driling Footage Holes Driing Footage Footage Expenditures”
Yoer [miion) {milion dolare)
1981
............ NA 182 NA 82 204 178
Actusl ........o..nt. 178 109 87 34 142 148
1082
........ el NA 64 NA 28 8.9 7
ACtusl .....oiivnnnn. 70 42 30 14 54 74
1083
.......... .. 34 22 33 12 34 40
Actusd .......ounen. 43 21 30 1.1 3.2 37
1984
Panned ............ 48 28 16 0.9 38 33
Actudd ......oveennn. 48 23 0.7 03 25 26
1908
e 33 1.8 0.5 0.1 19 21
Actusl .....ooounnn. 29 14 0.8 0.3 18 20
1906
............ 22 15 08 04 19 19
J VT 20 11 18 1.0 2.1 22
1907
...... 1.7 1.1 14 07 18 18
Actusd .............. 1.8 1.9 20 09 20 20
1968
Panned® ............ 23 18 25 12 2.7 20
Actusl ....ooiinnnn. 20 13 32 17 30 20
1069
Planned® ............ 18 1.0 28 14 24 15
Actual .............. 2.1 14 18 08 22 15
1990
Plenned® ............ 0.8 0.6 13 0.8 13 8
Actual ...........ee. 15 0.9 19 0.8 1.7 17
1901
............ 18 10 0.9 04 14 9
Actual ........ooens 18 10 16 0.9 18 1"
1992
............ 1.1 07 1.1 07 14 7
Actudd ....oooinnnn.. 0.9 oe 0.8 0.5 1.1 2
1993
Paned® ............ 0.3 0.2 0.6 0.5 0.8 3
Actual ..........o0s 0.4 0.2 17 0.9 11 8
1994
............ 04 03 1.1 0.7 1.0 3

*For 1980-1990, Ptanned and Actual includes total expenditures for surface driling, land, and all other exploration activites. For 1991-1994, Planned and Actual include
total expenditures for surface drilling only. Expenditures shown are in nominal doliars.

Pactivity for the year indicated, planned at the end of the previous year.

NA = Not avaiable.

Note: Totals may not equal sum of components because of independent rounding.

Sources: 1980-1982 Plenned—U.S. Department of Energy, Grand Junction Projects Office, Uranium Exploration Expenditures and Plans Survey (1880-1983). 1960-
1963 Actual, 1984 Planned—Energy information Administration, Survey of U.S. Uranium Exploration Activity 1963 (July 1984). 1981 Planned—Energy Information
Administration, 1962 Survey of U.8. Uranium Exploration Activity (August 1963). 1964-1962 Actual, 1993 Planned—Energy information Administration, Uranium Industry
Annual 1992 (Ociober 1983). 1993 Actusl, 1994 Planned—Energy information Administration, Form EIA-868 “Uranium Industry Annual Survey” (1993).
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Table 8. U.S. Potential Uranium Resources by Forward-Cost Category, 1892, 1993

(Million Pounds U,0,)

Forward-Coet Category
_&nﬁm $100 nd
Yesr EAR* _SR° EAR* |  sA EAR* SR’
1 P 2,200 1,300 3,400 2,300 4,800 3,500
1908 . 2,200 1,330 3,340 2,250 4,880 3,510
A e

Notes: Values shown are the mean values for the distribution of estimates for each forward-cost category: 1992 rounded to the nearest 100 million pounds U,Oy;
1993, rounded to the nearest 10 million pounds U,0, Resource values in forward-cost categories are cumulative: that is, the quantity at each level of forward cost
includes all resources at the lower cost in that category. Estimates of uranium that could be recovered as a byproduct of other commadiities are not included.

Sources: 1992-1993—Estimates based on uranium resources data developed under the DOE National Uranium Resources Evaiuation (NURE) program, 1974-
1983, and updated as new new data on uranium resources become avaliable from the U.8. Geological Survey (USGS).

U.S. Uranlum Reserves

Uranium reserves consist of the estimated quantities of
uranium (as U,0,) occurring in known deposits of such
grade, quantity, configuration of mineralized rock,
anddepth, that, based on mining analyses and engineering
calculations, portions of the mineralized deposits can be
recovered at specified costs under current regulations
using state-of-the art mining and processing. The speci-
fied costs, which comprise the forward-cost categories,
are not the same as market prices. The EIA category of
“uranium reserves” is equivalent to the internationally
reported category of Reasonably Assured Resources
(RAR). Using historical data, industry information, and
the reserves data and estimating parameters for individual
properties reported on the 1993 Form EIA-858, the EIA
prepared the national estimates of uranium reserves
presented in this section. Reserves totals are presented for

selected forward-cost categories that cover a broad range
of costs for both short-term and long-term planning for
the supply and procurement of uranium as well as for
planning the development of energy programs by
Government and industry. Costs used in deriving the 1993
reserves estimates include capital and operating costs
associated with mining, transporting, and processing of
the uranium ores. Uranium recovery factors normally
encountered in actual mining and milling operations were
used in the estimations.

Estimates of uranium reserves for 1992 and 1993 are
shown in Table 9. As of the end of 1993, the estimate of
reserves in the $30-per-pound category located in 243
properties was 292 million pounds U;Oq, 1 percent less
than in 1992. Similarly, the estimates for 1993 of 952
million pounds U,Og reserves in the $50-per-pound cate-

Table 9. Changes in U.S. Uranium Reserves by Forward-Cost Category, 1992 to 1993

(Million Pounds U,0,)

Year End Reserves and Change

Reserves at the End of 1892
Reevaluations of Reserves in 1993

Subtractions
Depietion (Production and Erosion) in 1993
Reserves at the End of 1993

---------------------------

--------------------------------------

---------------

---------------------------

$30 per pound $50 per pound $100 per pound
208 959 1,523
6 4 2
()] () ®)
4 (5) @
202 982 1,811

Notes: Totals may not equal sum of components because of independent rounding. No reserves evaluations for new uranium properties are included in the estimates
of U.S. reserves made during 1993. Uranium reserves that could be recovered as a byproduct of phosphate and copper mining are not included in this table. Reserves
values In forward-cost categories are cumulative: that is, the quantity at each level of forward cost inciudes all reserves at the lower costs.

Sources: Estimated by Energy information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels, based on U.S. Department of Energy, Grand Junction
Projects Office data files and Form E1A-858, “Uranium industry Annual Survey” (1983).

Energy Information Adminiatration/ Uranium Industry Annual

1




gory and 1,511 million pounds in the $100-per-pound
category are each 1 percent below the corresponding
estimate at the end of 1992. Most of the decrease in
reserves was the result of the reevaluation of selected
uranium property reserves based on new data and on
costs, depletion, and availability of milling facilities
within reasonable haulage distance. Estimates of res-
erves by State are shown in Table 10 and Figure 4. Three

States, New Mexico, Texas, and Wyoming, contain about
75 percent of $30-per-pound U,0, reserves.

Based on the reserve data reported on Form EIA-858 and
on evaluation of EIA-held historical uranium-property
data, an assessment was made of the distribution of
reserves most likely to be extracted by underground,
openpit, in situ leaching, or other methods of mining.

Table 10. Uranlum Reserves by State and Forward-Cost Category, 1993

Forward-Cost Category
$30 per pound per pound $100pecpound
Ore U0, Ore U0, Ore u,0,

(miion | Grade* (milion | (milllon Grade® (mition | (million Grade' |  (million

State_ tone) nds) | _tons) rcont) | pounde)| tone) | (percent)| pounde)
NewMexico ................ 18 0.277 84 112 0.187 380 301 0.088 688
Wyoming ........ocoieinin 46 0.131 121 250 0.079 398 621 0.080 623
Arizona, Colorado, Utah ...... 7 0.203 43 45 0.133 119 88 0.087 165
TOXES . ..ot 7 0.101 13 23 0.070 32 64 0.042 53
Other® ..........ovvvvnes 8 0.196 31 28 0.110 58 57 0.070 81
Totod .................... 83 0178 202 435 0.108 952 1,139 0.066 1,811

* Weighted average.

* Includes Cailfomia, idaho, Nebraska, Nevada, North Dakota, Oregon, South Dakota, and Washington,
Notes: Uranium ressrves that could be recovered as a byproduct of phosphate and copper mining are not included in this table. Reserves values in forward-cost
categories are cumuigtive: that is, the quantity at each level of forward-cost inciudes ail reserves at the lower costs. Totals may not equal sum of components

because of independent

rounding.
Sources: Estimated by Energy Information Administration, Office of Coal, Nuciear, Electric and Alternate Fuels, based on industry conferences, U.8. Department of
Energy, Grand Junction Projects Office data files, and Form EIA-858, “Uranium Industry Annual Survey” (1993).

Figure 4. Uranlum Reserves by State, 1993

)
G-J B =
790 - -““
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P oo -
l )
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Now Mex. Wyoming AxCotR Toxss Other”
*Arizona, Colorado, and Utah.
®Inciudes Caifornia, idaho, Nebraska, Nevada, North Dakota, Oregon, South Dakota, and Washington.

Note: Rseerves values in forward-cost catogories are cumulative; that is, the quantity at each level of forward cost includeds all resources at the lower costs in that category.
Sources: Estimated by Energy Information Administration, Office of Coal, Nuciear, Electric and Attemate Fuels, based on industry conferences, U.S. Department of Energy,
Grand Junction Projects Office data files and Energy information Administration, Form EIA-858 *Uranium Industry Annual Survey” (1983).
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This distribution of reserves by expected mining method
is presented in Table 11 and Figure 5. Conventional
underground mining continues to be the dominant
method, accounting for about one-half of the total
reserves in each cost category. In the $30-per-pound cost
category, in situ leaching is the second largest mining

of 105 percent above the 1.0 million pounds produced
during 1992 (Table 12). Commercial-scale in situ leach
mining operations located in Nebraska (one), Texas (one),
and Wyoming (three) accounted for about 98 percent of
total U.S. mine production in 1993 (Table 13). Other
sources, such as recovery of uranium from mine water and

restoration of mined-out in situ leach well fields
accounted for about 3 percent. Figure 6 shows historical
mine production of uranium for the years 1968 through
1993. The number of sources for mine production of
uranium that were operating each year from 1982 through
1993 are shown on Table 14.

method, and in the $50 and $100-per-pound categories,
openpit mining is the second largest method.

U.S. Mine Production of Uranium

Production from in situ leach mines and other sources
during 1993 totaled 2.0 million pounds U,04, an increase

Table 11. U.S. Uranlum Reserves by Mining Method and Forward-Cost Category, 1993
Forward-Cost

(°" Grade® (r*%n (% Grade’ u (rﬂlf' Grade* (#m&
Underground ............... 26 0.274 140 143 0.163 488 390 0.099 m
OPONPR . ....vvereeennnnnn, 10 0.139 29 165 0.080 203 438 0.048 47
iInStuleaching ............ 47 0.130 122 131 0.079 208 288 0.082 301
oMe? ...ttt <l 0.264 <1 18 0.080 18 23 0.044 20
1 P 83 0.178 202 488 0.108 982 1,130 0.088 1,511

*Weighted average.

“inciuties heap leach, mine water, and low grade stockplies.

Notes: Uranium reserves that could be recovered as & byproduct of phosphate aivd copper mining are not included n this table. Reserves values in forward-oost
ontegories are cumuistive: that e, the quantity at each level of forward-cost inciudes all reserves at the lower costs. Totala may not equal sum of components
because of independent rounding.

Sources: Estimated by Energy Information Administration, Office of Cosl, Nuciear, Electric and Altemate Fuels, based on industry conferences, U.S. Department
of Energy, Grand Junction Projects Cffios data files, and Energy Information Administration, Form EIA-858 "Uranium industry Annual Survey® (1983).

Figure 5. U.S. Reserves by Mining Method at the End of 1893

n Sy Loash Other*
Mining Methed

Undergrownd  Openpht

“includes heap leach, mine water, and low-grade stockpiles.

Note: Ressrves vaiues in forward-0ost oategories are cumuiative; that is, the quantity at ench level of forward coet inciudes all rewouross at the lower coets in that oategory.

Souroes: Estimated by Energy information Administration, OMoe of Cosl, Nuciear, and Altemate Fuels, based on industry conferences, U.8. Department of Energy, Grand
Jundtion Projects Offica data files, and Energy Information Administration, Form ELA-858 *Uranium industry Annual Survey” (1068).
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Table 12. U.S. Uranium Mine Production by Mining Method, 1981-1993
(Million pounds UQOf
1963

—tiningWethod | 1601 | 1003

198 | 1908 | 1008 | 1067 | 1988 | 19e9 | 1900 | 1901 | 1992 | 1e03

Underground ....... 170 1208 (@) 49 4.5 6.4 49 5.4 53 w w w 0
Percentof Total .... 484 83.4 - 400 523 778 81.7 56.8 54.4 w w w -

Openplt ........... 140 76 (a) 29 20 w w w w 1.9 25 w 0
Porcentof Total .... 383 322 - 20.0 23.3 w w w w 32.0 488 w -

OIM" Ceceesaneaua (X ] 34 49 22 2.1 18 1.1 4.1 44 4.0 2.7 10 20
Percentof Total .... 183 144 20.9 220 244 22 183 432 456 68.0 51.2 100.0 100.0

Totsd . ............ . 3.6 236 238 100 8.6 83 8.0 9.5 9.7 59 5.2 1.0 20
Percent Change from

Pror YOR! woiiisns = 580 04 574  -140 B85 277 583 21 392 118 807 1061

AFor 1963, openpit plus underground mine production was 18.8 mitlion pounds U,0,, or 79.1 percent.

‘Fwtmim.uwmmmmmmmm leach, heap leach, mine water, and low-grade stockpiles. For 1985 the “Other” inciudes production
from in situ leach, mine water, and water-treatment piant solutions. For 1988 through 1989, the “Other” includes production from openpit, in situ leach, heap leach, mine
waler, and water-treatment plant soluiions. For 1990 and 1891, the “Other” includes production from underground, in situ leach, heap leach (1990), mine water, water
treatmer plant solutiona (1990), and restoration. For 1992, the"Other” includes production from underground, opanpit, and in situ leach mines and uranium bearing water
from mine workings, talings ponds, and restoration. For 1983, the *Other” includes production from in situ leach mines and uranium bearing water from mine workings and
restoration,

- = Not applicable.

W = Withheld to avoid disclosurs of company-specific data. The data are included in the total for “Other.”

Notes: Totale may not equal sum of components because of independent rounding. Percentages were calculated using unrounded data.

Sources: 1981-1982—LU.8. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1983). 1983-—Estimated by Energy
Information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels, from U.S. Department of Energy, Grand Junction Projects Office data files. 1984-
1983—Enery information Administration, Ura.sum Industry Annual 1882 (October 1983). 1893—Energy Information Administration, Form ELA-858 “Uranium Industry Annual
Survey” (1993).

Table 13. Mine Production of Uranium by State, 1968-1993

(Million Pounds U,0,)

Yoor Coloredo | _New Mexico Toxss Utsh Wyoming_ Other” Totsl
1968-1978 .......... . 168 138.5 1.2 10.1 92.9 514 310.1
117 () 164 ® ®) 1.2 138 44
1900 ......0000unin . (®) 104 7.0 (®) 128 8.2 44.4
11 IR : ® 192 64 ®) 88 82 36.6
1902 ..... Creeeeans ® 7.8 4.4 (b) 5.4 82 236
1963 ........ Ceeeee vee () 69 39 ®) 74 8.3 235
1084 ... w 3.0 27 w 1.9 24 10.0
1988 ........ crees w 1.3 241 w 16 38 8.8
1908 ........ Y w 18 1.6 w w 6.2 8.3
1987 .......... FPPYRIN W 20 0.9 w w 31 6.0
1988 .............. w w 22 w 20 53 9.5
1980 ............. oo w w 29 w 1.4 5.4 9.7
1990 .......ooiiiiien w w 20 w 13 25 5.9
1901 ...l w w 28 w 19 0.7 52
1902 .... EETEEEEY) w w 03 w 0.2 0.6 1.0

1883 ... —taaiis © () 23 0 1.1 08 29

“includes, for various years, Alaska, Arizona, Colorado, New Mexico, Nebraska, North Dakota, South Dakota, Texas, Utah, Washington, and Wyoming.

®Included in the "Other” oategory.

“Less than 0.1 milion pounds U,0,

W = Withheid to avoid disciosure of company-specific data. The data are included in the tota! for "Others.”

Note: Totals may not equal sum of components because of independent rounding.

Souroes: 1968-1882—U.8. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (1969-1863). 1983—Estimated by Energy
information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels, from U.S. Department of Enargy, Grand Juncticn Projects Office data files. 1984~

1983—Energy information Administration, Uranium Industry Annual 1992 (October 1893). 1893—Energy Information Administration, Form EIA-858 "Uranium industry
Annual Survey” (1993).
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Figure 6. Total U.S. Uranium Mine Production, 1868-1993

Milon Pounds UQ
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Sources: 1985-1982—U.S. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium industry (1968-1863). 1983-—Estimated by Energy
information Administration, Office of Coal, Nuciear, Electric and Atemate Fuels, from U.S. Department of Energy, Grand Junction Projects Office data files. 1964~
1982—Energy Information Administration, Uranium Industry Annual 1992 (October 1993). 1983—Energy information Administration, Form EIA-858 “Uranium industry

Annual Survey” (1993).

Table 14. Number of U.S. Uranium Mine Operations, 1982-1993

Mine Type 1982 | 1963 | 1984 | 1965 | 1966 | 1967 | 1988 | 1989 | 1960 | 1991 | 1992 | 1983
Underground ................ 139 94 19 13 13 19 17 19 27 6 4 0
Openpit ..........cocevvnenns 24 16 8 6 4 2 4 2 2 2 1 0
inSituleaching .............. 18 10 14 10 12 15 1" 9 7 6 4 5
other .......oeveiiiiia 10 7 1 5 2 1 0 2 3 1 8 7

Total .......ooviiiinnnn 191 127 42 L7} n a7 32 32 » 18 17 12

Sincludes, in various years, heap leach, mine water, mill tailings, well field restoration, and low-grade stockplies as sources of uranium.

Note: Table does not include byproduct sources.

Sources: 1982-1983—U.S. Department of Energy, Grand Junction Projects Office, data files. 1984-1982—Energy information Administration, Uranium Industry
Annual 1982 (October 1983). 1963-Energy information Administration, Form EIA-858 "Uranium Industry Annual Survey” (1993).

The quantities of uranium ore produced from openpit
and underground mines and received at mills for 1948
through 1992 are shown in Table 15. There were no
shipments of uranium ore from mines to uranium mills
during 1993. Uranium ore was mined from U.S.
deposits every year from 19472 through 1992, with 1980

recording the peak year for production, 40 million
pounds U;0;.  Data for in situ leach production or
miscellaneous production from mine water, heap-leach
solution, byproduct recovery, in situ leach well field
restoration, or from low grade ore on old mine dumps
are not included in Table 15.

’U&Whﬂ.mmdmummvmrusmmmmmMW&W—M}WJMM

October 1982), pp. 4, 24.
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Table 15. Uranlum Ore Produced at U.S. Mines and Recelved at U.S. Mills, 1948-1993

16

°For 1983, only total mine production deta were reported.
W = Wihheld 10 avoid disciosure of individual company data. For 1987 through 1082, the data are inciuded in the Total Receipts.

- = Not applicable.

Tota! Receipts
Ore U,0, Ore v,0, Ore U0, Percent
{thousand (miltion (thousand {million {thousand (million Change from
Yoer tons) pounds ) fons ) pounds) fons ) pounds ) Prior Year

1948 ..., (® () a8 0.2 38 0.2 -
1940 ..o 1 ) 172 1.0 173 1.0 400.0
11 I 23 0.2 228 14 251 18 60.0
T E 28 0.4 319 18 37 22 375
1952 .oiiiieeiiiinnns es 0.6 a7 20 435 28 18.2
1988 ...vvieninns 179 1.2 868 3.4 734 48 76.9
1966 ...ooiiiinnnns 268 18 840 52 1,108 7.0 52.2
1 S 374 18 1,180 72 1,524 8.8 26.7
1966 .....oovvnnnnnns 1247 64 1,758 104 3,005 16.8 20.9
217 2 1,818 68 2,082 12.8 3,605 19.8 16.7
1988 ........... e 2,358 108 2,820 172 5,178 28.0 429
[ Y 2,208 88 4,782 26.0 6,835 48 243
1980 ..vvvnnennnn, 2,908 106 5,577 27.0 7,670 are 8.0
1961 ........ 2,482 108 5,559 26.4 8,041 37.0 1.8
1982 ..t 1,782 Y 5,271 25.8 7,083 34.2 78
1983 ..ot 1,879 88 4,089 208 5,048 204 -14.0
19684 ... s 1,897 68 3,760 21.0 5,207 27.8 5.4
1985 ..ot 1,243 60 3,139 148 4378 208 25.2
1908 ......oonnnnnnn 1,39 62 2,008 138 4,320 19.8 48
1 2 1,503 64 3,607 16.0 5272 21.4 8.1
1988 ...vvenennns 2,308 92 4,082 18.0 6,448 262 178
1080 .....ccoeiinnnn. 2,173 10.4 3,731 142 5,904 24.6 2.4
1970 ...... ererreraas 2,801 11.8 3,523 13.8 8,324 25.8 41
1174 8,284 14.0 2,005 1.8 827 25.8 0.8
17 S, 3,887 162 2,531 12 8418 274 6.2
21 . T 4,544 172 1,983 100 8,537 272 07
1974 ........ eveeees 42168 148 2,811 102 7,027 24.8 88
217/ T 4247 194 2,810 10.8 7,087 24.0 a2
BT T, 4673 136 3,935 134 8,608 27.0 125
1117 2 5578 16.2 4,747 18.8 10,325 31.8 17.8
1978 ......... e 8,237 192 8,105 18.4 14,342 are 18.2
11, T, 9,855 188 5,356 128 15,011 314 -16.5
1880 .......ooeuennn. 10,394 208 8,351 19.2 18,745 40.0 274
1901 ..o 8,438 14.0 5,229 172 13,085 312 220
1902 ..t 5,504 78 2,009 124 8,313 20.2 353
1963 ........oeuennns © © () (© 7,400 18.8 7.9
1964 ......covnnn. e 1,088 29 1,027 49 2,905 7.7 588
1985 ........o0venen 838 20 570 43 1,508 83 182
1908 ................. 139 0.2 881 8.4 801 8.7 5.7
1087 ...... e, w w w w 842 49 269
1988 ....oooevveennnns w w w w 1,200 7.7 571
1960 ............... . w w w w 1,022 74 78
1900 ....ooveiiriinnns w w w w 722 42 408
1991 .ot w w w w 639 25 405

1982 ..ooiiiieiinn, w w 0 0 w w -

T I . 9 ] 0] Q. X' '] =

SVaiue is less then 1,000 fons.
Vaiue is iess than 0.2 milion pounds.

Note: Mined ore dosa not include production from mine water, in stu lsach, heep leach solutions, byproducts, or miscellaneous low-grade ore from old mine dumps.
Sources: 1848-1982—U.8. Department of Energy, Grand Junction Projects Office, Statistioal Data of the Uranium Industry (January 1963). 1983—Caliculated by
Energy information Administration, Office of Coal, Nuciear, Electric and Allemats Fuele, from U.S. Department of Energy, Grand Junction Projects Office data flles. 1984~
1993~-Energy information Administration, Uranium industry Annual 1982 (October 1983). 1883—Energy information Administration, Form E1A-858 “Uranium industry
Annual Survey” (1903).
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U.S. Uranium Concentrate Production

Total U.S. uranium concentrate (U;O;) production in
1993 declined by 46 percent from the 1992 level, pri-
marily because conventional production facilities in
Colorado, New Mexico, Utah, and Wyoming remained
inactive throughout 1993 and production from the
processing of phosphate declined in conjunction with
industry realignments. Wyoming was the leading State in
uranium concentrate production in 1993 (Table 16).
Louisiana, Nebraska, and Texas also were significant
States in uranium concentrate production. Compared with

1992, concentrate production in 1993 decreased in Texas
by 74 percent, in Wyoming by 25 percent, and in other
States by 48 percent.

Concentrate production in Texas and Wyoming in 1993
was from in situ leaching operations and restoration of
well-field aquifers. In Nebraska it was from in situ
leaching. In New Mexico, production was from pro-
cessing of mine water. In Louisiana, uranium was
recovered as a byproduct of phosphoric acid production.
Florida phosphate rock is the raw material used in the
production of phosphoric acid.

Table 16. Uranium Concentrate Production by State, 1947-1993

(Million Pounds U,0p)

State
New Cumulative
Year(s) Colorado Mexico Toxas_ Utah Wyoming Other" Total Total
1947-1969 ..... 71414 154.890 (b) 57.848 68.600 28.208 371.050 1,621.880
1870 .......... (c) 11.542 (b) (c) 7.308 6.960 25.810 396.860
1971 ....... .. (c) 10.610 (b) (©) 6.974 6.962 25.546 421.408
972 .......... {c) 10.928 (b) (c) 8.432 6.440 25.800 447.206
1973 .......... (c) 9.268 (b) (c) 10.318 6.884 26.470 473.676
1974 .......... (c) 9.902 (b) (c) 7.534 5.620 23.056 496.732
1976 .......... {c) 10.382 (c) (c) 6.894 5.924 23.200 510.832
1976 .......... (c) 12.118 (c) (c) 8.092 5.284 25.494 546.426
1977 .oooovvue (c) 13.558 (c) (c) 9.980 6.340 29.878 575.304
1978 .......... (© 17.078 (© (© 10.658 9.236 36.972 612.276
1979 .......... (c) 14.846 5.302 (c) 10.804 6.420 37.472 649.748
1980 .......... () 15.502 6.816 () 12,072 9.314 43.704 693.452
1981 .......... (c) 12.412 8.282 (c) 8.170 11.070 38.474 731.926
1982 .......... (© 7.812 4.262 (© 5.042 9.752 26.868 758.794
1983 .......... w 5.660 3.200 w 5.260 7.038 21.158 779.952
1984 .......... w 2.916 2.620 w 3.120 6.226 914.882 794.834
1085 .......... w 1.387 2.167 w 2.427 5.333 %41.314 806.148
1986 .......... w 0.751 2.586 w 0.833 9.536 43.506 819.654
1987 .......... w 0.700 2.716 w 0.567 9.008 412,991 832.645
1988 .......... w w 2.805 w 2.007 8.318 13.130 845.775
1989 .......... 0 w 2.939 w 1.607 9.291 13.837 859.612
1990 .......... 0 w 1.832 w 1.368 5.685 8.885 868.497
1991 .......... 0 w 2.343 0 2.035 3.574 7.952 876.449
1992 .......... 0 w 1.032 0 1.589 3.024 5.645 882.094
1008 9 w 02680 0 1.190 1.603 3063 080,107

%includes, for various years, Arizona, Colorado, Florida, Louisiana, Nebraska, New Mexico, South Dakota, Texas, Utah, and Washington.

*Data were not collectsd.

°included In the "Other” category.

“Total doee not include uranium concentrate production from pilot projects or other research project sources.

W = Withheld to avoid disclosure of individual company data. The data are included in “Other."

Sources: 1947-1982—LU).S. Department of Eneigy, Grand Junction Projects Office, Statistica/ Data of the Uranium Industry (January 1963). 1983—Estimated by Energy
Information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels, from U.8. Depa:iment of Energy, Grand Junction Projects Office data files. 1984-
1802--Energy information Administration, Uranium Industry Annual 1992 (October 1983). 1983—Energy Information Administration, Form EIA-858 “Uranium Industry

Annual Survey” (1903).
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Statistics on total U.S. uranium processing operations for
uranium concentrate production for 1983 through 1993
are shown in Table 17. Between 1989 and 1993,
production has ranged from 13.8 million pounds to 3.1
million pounds U;0q. There was no uranium concentrate
production from conventional milling of uranium ore in
1993, however, a small amount of uranium was recovered

from mine water processing. Production from “Other”
sources (other than from mined ore) was 3.0 million
pounds, about 1.3 million pounds less than in 1992, and
it represented 99 percent of total production in 1993.
Since 1987, production from *“Other” sources has
accounted for a steadily increasing share of total domestic
production, as the number of operating conventional mills

Table 17. U.S. Uranium Processing Operations, 1983-1993

1990

Processing Operation 1963 1984 1968 | 1908 1967 1988 1969 1991 1902 | 1903
Ore Fed to Process®

{thousand tons ore) ... 5,926 4,318 1,795 1,308 1,441 1,214 1,235 722 639 256 0

(orade)®............. 0.128 0.142 0.181 0.338 0.284 0.288 0.323 0.203 0.1%8 0.229 -

(mitlon pounds U,0,) .. 15,180  9.831 5.785 8.783 8.191 8.90¢ 7977 4227 2.529 1471 0
Other Mil Feed®

(miflion pounds U,0,) . . 0.573 0.5%8 0.750 0.260 0.507 0.429 0.485 0.179 0.181 0.042
Total Milt Feed

(mition pounds U,0,) 15752 10.168  6.535 9.043 7.505 8.408 4712 2.708 1.353 0.042
in-Process inventory Change

(millon pounds U,0,) ..  -0.280  0.048 0.208 0084 0210 0.138 0234 0244 0122 0025 0.010
Concentrate Production

(miliion pounds U,0,)

Theorstical Production® 16032 10,119  6.329 9.107 7.389 8.840 4958 2.830 1.377 0.031

Conventional Milling ... 15519  9.628 6.084 8.853 7.034 8.175 4.649 2.608 1.359 0.030

Tallings Less

Unaccountabies .. ... 0.514 0.483 0.245 0.254 0.335 0.485 0.309 0.222 0.018 0.001
Recovery From Mill Feed
(percent) ........... 96.8 95.1 98.1 97.2 95.5 94.8 93.8 92.2 88.7 -

Other Processing® ... 5.639 5.258 §.230 4,653 6.008 5.662 4,237 5.344 4.288 3.033

Total Production ... .. 21.158 '14882 '11.314 13508 '12.991 13130 13837  8.885 7.952 5.645 3.083
Concentrate Shipments

(million pounds U,0,) 19.755 15485 11760  10.841 11558 12791 14808 12957  8.437 6.853 3374

“Uranium ore “fed to process” in any year can include: ore mined and shipped to a mill during the same year, ore that was mined duting a prior year
and later shipped from mine-site stockpiies, and/or ore obtained from drawdowns of stockpiies maintained at a mil site.

Weighted average percent U,0,.

‘includes uranium from low-grade ore, mine water, tallings water, and heap ieaching, except as footnoted below.

9At 100-percent recovery.

'U,O.momupmﬁmﬁonhwlndmhmmwuawmdoﬂmm The totals for 1888 and following years include U,0,
recovered from reciamation and mine water at some mills that did not report processing of uranium ore for those years.
&mmmmmummmmmmmmmaomummmmm

- = Not applicable
Note: Totals may not equal sum of components because of independent

rounding.
Sources: 1960-1983—Calculated by Energy Information Administration, Office of Coal, Nucisar, Electric and Altemate Fuels, from U.S. Department
of Energy, Grand Junction Projects Office data files. 1684-1892-—Energy information Administration, Uranium Industry Annual 1892 (October 1893).
1983—Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1883).
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has steadily declined. The “Other” sources for 1993
include in situ leaching, byproduct, and mine water.
Annual uranium concentrate production for 1955 through
1993 is shown in Figure 7.

The byproduct uranium recovery industry began in the
United States in 1977, and the annual share of domestic

uranium concentrate derived from wet-process phosphoric
acid production has been significant. Byproduct uranium
concentrate production is not shown separately in Table
16 to avoid disclosure of proprietary data.

Shipments of U308 concentrate from domestic
production facilities was 3.4 million pounds in 1993 com-

Figure 7. U.S. Production of Uranium Concentrate, 1955-1993
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Sources: 1965-1982-—4).S. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1883). 1983—Estimated by Energy
Information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels, from U.S. Department of Energy, Grand Junction Projects Office data files. 1984-
1982—Energy information Administration, Uranium Industry Annual 1982 (October 1993). 1983—Energy Information Administration, Form EIA-858 “Uranium Industry Annual

Survey” (1863).

pared with 6.9 million pounds in 1992 (Table 17).
Concentrate shipments reported in 1993 by producers
were approximately 0.3 million pounds above the total
domestic U;0, production for the year. This resulted in an

overall decrease in concentrate inventories held at
production facilities at the end of 1993. Annual shipments
of concentrate from processing plants in 1989 through
1993 exceeded annual concentrate production in those
years.
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At the end of 1993, two phosphate byproduct and five in year. At the end of 1993, there were six inactive U.S.
situ leaching plants were in operation (Table 18), with conventional uranium mills with a combined rated
acombined rated capacity of 10.9 million pounds U,0O, per capacity of 14,650 tons of ore per day, (Tables 19).

Table 18. Operating Status of U.S. Nonconventional Uranium Plants, 1993

Rated Capacity Operating Status
Name (thousand pounds at the End
Plant Owner and State Plant Type U,0, per year) of the Year®
Converse County Mining Venture .. ... Highland (WY) In Situ Leach 2,000 (o]
COGEMAMIning, Inc. .............. Waest Cole (TX) In Situ Leach 200 !
EverestMinerals .................. Hobson (TX) In Situ Leach 1,000 |
Ferret Exploration of Nebraska ....... Crow Butte (NE) In Situ Leach 1,000 (o]
IMC-AgricoCompany .............. Sunshine Bridge (LA) Phosphate Byproduct 420 o
IMC-AgricoCompany .............. Uncle Sam (LA) Phosphate Byproduct 750 (o]
IMC-AgricoCompany .............. Plant Clty (FL) Phosphate Byproduct 608 1
IMC-Agrico Company .............. New Wales (FL) Phosphate Byproduct 750 |
Malapai Resources ................ Christensen Ranch (WY) In Situ Leach 650 (o]
Malapai Resources ................ Holiday-El Mesquite (TX) In Situ Leach 634 o]
Malapal Resources ................ Iigaray (WY) In Situ Leach 350 (o]
Rio Algom Mining Company ......... Smith Ranch (WY) In Situ Leach 250 1
Uranium Resources, Inc. ............ Kingsville Dome (TX) in Situ Leach 1,300 |
Uranlum Resources, InC. ............ Rosita (TX) In Situ Leach 1,000 |

*0 = Operating at the end of the year; | = inactive at the end of the year.

Note: Pathfinder Mines, inc. has been granted a commercial license for its North Butte-Ruth in situ ieach project in Campbeli County, Wyoming.
Sources: Energy Information Administration, Form EIA-858 *Uranium Industry Annual Survey” (1893). Energy Information Administration, *Uranium In Situ Leach Mining in
the United States,” in Uranium Industry Annual 1993, DOE/EIA-0478(83) (September 1994) (Washington, DC) pp vill-xxiv.

20 Energy information Administration/ Uranium industry Annual



Table 19. Operating Status of U.S. Conventional Uranium Mills, 1987-1993

Milling
Capacity® Operating Status at the End of the Year®
Name and (short tons of
Mill Owner State ore per day) 1987 | 1988 | 1989 | 1990 | 1891 1992 | 1993

American Nuclear ............ Gas Hills(WY) (950) | D D D D D D
Atias Minerals ............... Moab (UT) (1,400) | D D D D D D
COtOr ...oovvvvreeiniinns Canon City ( CO) 1,200 4 1 | 1 | | (
DawnMining ................ Ford ( WA) 450 | | ] | ] | ]
Homestake Mining ............ Grants (NM) (3,400) o] o o] I D D D
Green Mountain Mining

VOMUIB . .....ovevevnnnnns Sweetwater (WY)? 3,000 | I I I | | |
Pathfinder Mines ............. Lucky Mc (WY)® (2,800) o ] | | P D D
PathfinderMines ............. Shirley Basin (WY) (1,800) o ° ° (o} o D D
Plateau Resources ........... Shootering (UT)? 1,000 | | | ] 1 | |
Rio Aigom Mining . ............ Ambrosia Lake (NM)? 7,000 | | I | | | |
Rio AigomMining . ............ Lisbon (UT)? (750) o] % | | I P P
Rio Grande Resources ........ Panna Maria (TX) (*3,000) (o} o] (o} o (o} D D
Umetco Minerals/ Energy

FuelsNuclear ............... White Mesa (UT)® 2,000 o] o] o] ° I | ]
Umetco Minerals ............. Gas Hills (WY)? (1,300) i ] ] | D D D
Umetco Minerals ............. Uravan ( CO) (1,400) ] | | ! P P P
Westem Nuclear ............. Spiit Rock( wY)° (1,700) I D D D D D D
Westem Nuclear ............. Sherwood (WA)° (2,000) | I | | P P P

*Miting capacity based on historical data and data reported on Form EIA-858 for 1992. Parentheses indicate miiis that have been decommissioned

or that were permanently closed as of the end of 1983,

b0, Operating throughout the year; |, Inactive at the end of the year; P, Permanently closed as of the end of the year; D, Decommissioning:

Restoration begun or compieted.

“Inactive at the and of the year but produced during one or more months of the period.

“The following mills were (dentified in previously published versions of this table by location (within the parentheses): Sweetwater (Red Desert, WY);
Lucky Mc (Gas Hills, WY); Shootering (Ticaboo, UT); Ambrosia Lake (Grants, NM); Lisbon (LaSal, UT); White Mesa (Blanding, UT); Gas Hills
(Natrona, WY); Split Rock (Jeffrey City, WY); and Sherwood (Welipinit, WA).

*Capacity for years 1987-1990 was reported as 2,500 tons per day.

Sources: 1987-1992—Energy Information Administration, Uranium Industry Annual 1892 (October 1983). 1983—Energy Information Administration,

Form EIA-858 “Uranium Industry Annual Survey” (1983).
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None of the six mills were processing ore at the end of inactive) of nonconventional plants and conventional
1993, and no ore was fed-to-process during the year mills as of December 31, 1993 and their locations are
(Table 20). At one mill, uranium was recovered from shown in Figure 8.

mine water processing. The year-end status (active or

Table 20. Status of U.S. Conventional Uranium Mills, 1887-1993

om 1987 1968 1989 1980 1991 1992 1993
Number of Mills
Operaing ............cocvevviuvenns 8 3 3 2 2 0 0
NotOperating ..........cocoevvnnens 13 1" " 12 7 8 6
TOM ..ottt 17 14 14 14 ] 6 6
Milling Capacity
(tone of ore per day)
OPOrBtNgG ....oovvvvvvnnrnsnnnenees 13,250 7,800 7,900 4,300 4,800 (] 0
NOtOpermating . . .......ccoevvnerenns 21,400 22,700 22,700 26,300 15,400 14,650 14,650
Total ... 34,650 30,600 30,600 30,600 20,200 14,850 14,650
Average Dally Mill Feed
(onsoforeperday)® ................ 4,120 3,470 3,530 2,080 1,830 730 0
Operating Level As Percent
of Total Miting Capacity® .............. 12 1 12 7 10 5 0

350 workdays per year.
Sources; 1967-1982—Energy information Administration, Uranium industry Annua! 1882 (October 1993). 1983—Energy Information Administration, Form EIA-858

“Uranium industry Annual Survey” (1993).
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Figure 8. Major U.S. Uranlum Reserve Areas and Status of Mills and Plants, 1993

3. Malapal Resources, Irigaray

4. Malapal Resources, Christensen Ranch

6. Converse County Mining Venture, Highland

7. Ferret Expioration of Nebraska, Crow Butte
12. Malapal Resources, Holiday-E! Mesquite
17. imc-Agrico, Sunshine Bridge
18. Imc-Agrico, Uncle Sam

Uranlum Production Centers

Active Inactive

Conventional Mill

Byproduct From Phosphate Processing

O
O In Situ Leach Plant
A

Major Uranium Reserve Areas* |

:Hmumkmbypmcuﬂ\gmmtmmhmbuhmmﬂmdum 19983,
Recovered uranium by processing mine water from conventional mines during 1983
areas containing reasonably assured resources at $50-per-pound UgOg or less.

. Dawn Mining, Ford
. Green Mountain Mining Venture,

Sweetwater

. Rio Aigom Mining, Smith Ranch"
. Plateau Resources, Shootering
. Umetco Minerals / Energy Fueis Nuclear,

White Mesa

. Cotter Corp., Canon City

. Rio Aigom Mining, Ambroeia Lake ®

. Uranium Resources, Rosita

. Uranium Resources, Kingsville Dome
. Everest Minerals, Hobson *

. COGEMA Mining, West Cole *

. IMC-Agrico, Plant City

. IMC-Agrico, New Wales

Sources: Based on U.8. Department of Energy, Grand Junction Project Office (RJPO), Nationa/ Uranium Resource Evaluation, Interim Report (June 1979)
Figure 3.2; GJPO data files; Energy information Administration, Form EIA-858, "Uranium Industry Annual Survey” (1993); and site visits by staff of the Analyeis
and Systems Division, Office of Coal, Nuclear, Electric and Altemate Fuels. ’
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Employment in the Uranium Raw cent, for mining by 39 percent, for milling by 49 percent,

and for processing by 49 percent. Except for 1988,
Materials Industry employment in the raw materials sector has declined

each year since 1979 when the industry employment was
reported as 21,521 person years. The 1993 employment
level in the raw materials sector is the lowest since
before 1967.

Employment in the U.S. uranium raw materials industry
in 1993 was reported as 380 person-years, a decrease 44
of percent from the 1992 total (Table 21 and Figure 9).
Employment levels for exploration declined by 30 per-

Table 21. Employment in the U.S. Uranium Industry by Category, 1967-1 993

(Person-Years)
Em'zﬂ.&«‘" Percent
Change from
Year Exploration Mining Milling Processing Total Prior Year
1967 ........ et 1,201 3,798 1,662 NA 6,751 -
1988 . ovvire it 2,108 4,440 1,717 NA 8,355 23.8
1989 . .0oviiiiii i, 2,632 4,702 1,728 NA 9,059 8.4
1970 .o 2,059 4,428 1,678 NA 8,165 29
1971 i e 1,506 4,218 1,649 NA 7,373 9.7
1972 i 1,152 3,721 1,530 NA 6,403 -13.2
2L 7< T 1,857 3516 1,522 NA 6,595 3.0
1974 0o 1,807 3,928 1,668 NA 7,293 10.6
2L 7/ T 2,049 5,386 2,237 NA 9,672 326
19768 ot 2,793 7,082 2,727 511 13,123 38.7
1977 ot 4,140 10,615 2,448 838 18,041 378
1978 o 4,449 12,071 3,063 1,267 20,840 15.5
1979 oo 4,086 12,755 3,236 1,464 21,521 33
1980 ..ivveriiiii s 3,370 11,768 3,251 1,630 19,919 74
1981 it 2,300 7.473 2,367 1,536 13,676 -31.3
1982 ..., 769 5,057 1,956 1,185 8,067 344
1983 ...t 374 2,794 1,518 929 5,615 374
1984 ..ottt 235 1,675 087 700 3,507 -35.9
1985 ..t 163 1,212 514 857 2,446 320
1986 . .oviitieiniinee, 162 954 513 490 2,120 -13.3
1987 ot 183 819 432 568 2,002 5.6
1988 ..oviieiiiiii i 144 849 572 876 2,141 6.9
1989 ...t 86 659 367 47 1,683 -26.1
1990 ..ot 73 664 304 203 1,335 -15.7
1991 it 52 411 191 361 1,016 -23.9
1992 ..ot 51 219 120 283 682 329
100 36 133 65 145 380 444

*Does not include 491 person years in 1993 for employment in reclamation work relating to expioration, mining, milting, and processing. The collection of employment
data for the reclamation category was initiated on the 1983 *Uranium Industry Annual Survey* (Form EIA-858).

-- = Not applicable.

NA = Not avaiiable,

Note: Totals may not equal sum of components because of independent rounding.

Sources: 1967-1982, Except 1982 Exploration—U.S. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1983),
1922 Exploration—Energy Information Administration, 1962 Survey of U.S. Uranium Exploration Activity (August 1963). 1983 Exploration—Energy Information
Administration, Survey of U.S. Uranium Exploration Activity 1983 (July 1984). 1983 Mining, Milling, and Processing--Energy Information Administration, Survey of
Unied States Uranium Marketing Activity (August 19684), 1984-1992—Energy Information Administration, Uranium Industry Annual 1992 (October 1993). 1993—Energy
information Administration, Form EIA-858 "Uranium Industry Annual Survey” (1993).
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Figure 9. Employment in the Uranium industry, 1967-1993
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Note: For 1993, does not include 491 person ysars for employment in reclamation work relating to exploration, mining, milling, and processing. The collection of smployment
data for the reclamation category was initiated on the 1992 "Uranium Industry Annual Survey® (Form EIA-858).

Sources: 1887-19862—U.S. Department of Energy, Grand Junction Projecta Office, Statistical Data of the Uranium Industry (January 1983). Energy information
Administration, 1962 Survey of U.S, Uranium Exploration Activity (August 1963). 1983 —Energy information Administration, Survey of U.S. Uranium Exploration Activity
1983 (July 1984). Energy information Administration, Survey of United States Uranium Marketing Activity (August 1964). 1964-1962—Energy Information Administration,
Uranium Industry Annual 1992 (October 1983). 1983-—Energy Information Administration, Form EIA-858 “Uranium Industry Annual Survey” (1993).

Wyoming, Colorado, and Texas accounted for 62
percent of employment in the raw materials sector (Table
22, Figure 10). Florida, Louisiana, and Nebraska, which
are included in the category "Other" in Table 22, ac-
counted for significant levels of employment in raw-
materials-sector activities in 1993. Employment in the
"Other" category declined by 57 percent in 1993 from
the level in 1992.

Employment data for the category of reclamation work
in the raw-materials sector was collected for the first
time in 1993 on the Form EIA-858. In 1993, the total
amount of employment reported bt the industry as
expended in reclamation projects was 491 person years.
This was 23 percent higher than the combined person
years expended in exploration, mining, milling, and
processing in 1993.

Table 22, Employment in the U.S. Uranium Industry by State, 1983

\ (Person-Years)
State Total Percent of Total
WYomINg .....coovviiiiiiinnennannns 118 3141
TOXAS ... viiiiirii it 51 134
Colorado . . ..o vt 85 17.2
0 1 T 31 8.0
ARZONA . ...i ittt ittt 14 3.7
NeWMEXICO ... .covvvivreiirrernnenes 13 34
(o1 7Y 88 23.1
Total® e 380 100.0

*includes Florida, Louisiana, Nebraska, Nevada, Washington.

®Does not include 491 person years in 1993 for employment in reclamation work relating to exploration, mining, milling,
and processing. The collection of employment data for the reclamation category was initiated on the 1993 "*Uranium

Industry Annual Survey" (Form EIA-858).

Note: Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EiA-858, “Uranium Industry Annual Survey” (1993).
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Flgure 10. Employment in the Uranium Industry by State, 1089-1993
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£1800—Florida, Louisiana, Nebraska, Oregon, Virginia and Washington; 1991-1883—Florida, Louisiana, Nebraska, Nevada, and Washington.

Note: For 1983, doee not inciude 491 person years for employment in reciamation work relating tosploration, mining, miling, and processing. The collection of employment
deta for the reciamation category was initiated on the 1992 *“Uranium industry Annual Survey” (Form EIA-858).

Sources: 1908-1802: Energy information Administration, Uranium industry Annual 1962 (1966-1902). 1993: Energy information Administration, Form EIA-858 “Uranium

Industry Annual Survey” (1993).

26 Energy information Administrationy Ursnium Industry Annual




2. Uranlum Marketing Activities

introduction

This chapter contains information on uranium marketing
activities, including the quantity of uranium delivered
under purchase contracts in 1993 and expected to be de-
livered in 1994 and beyond, uranium prices, feed de-
liveries to domestic and foreign enrichment suppliers,
uranium inventories, and secondary market transactions.
Movement of both natural and enriched uranium ma-
terials in the primary and secondary markets illustrates
for 1993 the normal market mechanisms used by U.S.
utilities and suppliers to procure and dispose of uranium

Figure 11. Uranium Marketing Activity During 1993

(Figure 11). The uranium quantities throughout this
chapter that are expressed as U,0, equivalent (or U,0,¢)
combine natural and enriched uranium. "Suppliers" are
U.S. firms or foreign firms that exchange, loan, purchase,
or sell uranium and are not U.S. electric utilities. This
includes uranium brokers, converters, enrichers, fabrica-
tors, producers, and traders. Most of t!s uranium deliv-
ered to U.S. utilities in 1993 from suppliers involved
deliveries of foreign-origin uranium. Some of these
deliveries involved importation during 1993, and the
remaining uranium was already in the United States and
not imported in 1993.

EXCHANGES, SALES & LOANS FROM UTILITIRS AND SUPPLIERS 8.9

| mvenTORY DacREASE 1.8
ADJUSTIENT QUANTITY" 3.9

“inciudes imported uranium from purchases and net inflows from exchanges and loan transactions.

*The adjustment quantity repreasnts an amount of uranium needed to make the inputs and outputs equal.

Notes: See Table 17 for Domestic Production. See Tabis 23 for Utility Purchases From Suppliers. &oTﬁb!ﬂerﬂylmmmdSwplorlnwWEmom See
Table 40 for Supplier inventory increase. See "Secondary Market Activities,” p. 48, for Net Exchanges, Sales & Loans From Utiiities to Suppliers; and Intersuppiier/interutiity
Sales, Exchanges & Loans. U,O,0 = U0, equivalent.

Sources: Prepared by the Energy information Administration, Office of Coal, Nuciear, Electric and Altemats Fuels, based on data reported on Form EIA-858 for 1983,
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Domestic Purchase Commitments by
Utilities

Deliveries of uranium from suppliers to U.S. utilities in
1993 totaled 15.5 million pounds U,Oe, 2.4 million
pounds less than the expected deliveries for contracts in
place at the beginning of 1993 (Table 23). Projected
cumulative deliveries reported for the forward 5-year
period 1994 through 1998 decreased by 5.8 million
pounds U,O,¢ from year-end 1992 to year-end 1993, an
11-percent decline. This is attributable largely to the de-

cline in the optional deliveries category, which decreased
by 4.6 million pounds U,04e (36 percent) for the 5-year
period. Uranium delivery of firm and optional com-
mitments to utilities for 1993 through 2000 and later are
displayed in Figure 12.

Utilities signed 23 uranium purchase contracts with
suppliers in 1993; 21 short-term contracts and 2 long-
term contracts (Table 24). The total amount of uranium
represented by these new contracts was 5.0 million
pounds U,0,e.

Table 23. Commitments for Delivery of Uranium from Suppliers to U.S. Utilities, 1993-2000 and Later

(Million Pounds U,0, Equivalent)

Change in Total from

December 31, 1992, to

A;_o&n«;lm_nm As of Decomber 31, 1993 31, 1993
Yoor of Deilvery | Firn | Optional | Tota | Cumulative | Fim | Optional | Total | Cumulative | Total | Cumulal
1903 .......... 17.1 08 178 17.9 1565 Y 155 15.5 24 24
1984 ......... 133 31 18.4 343 13.8 1.8 154 30.9 -1.0 -3.4
19958 ......... 13.0 34 184 50.7 10.8 1.9 127 43.6 -3.7 7.1
1986 ......... 6.2 33 0.5 60.2 58 1.8 74 50.8 2.2 0.3
1997 ......... 45 1.8 3.1 66.4 57 1.6 73 58.2 1.1 8.2
1908 ......... 3.0 14 44 70.8 27 1.7 44 62.6 0.0 -8.2
1909 ......... 1.7 0.8 23 73.1 1.7 11 29 65.5 (X ] -7.8
2000 and Later . . 4.1 0.3 44 75 43 0.8 5.1 70.6 07 -8.9
Total ........ 62.9 1485 s - - 80.3 103 706 - - -
~ = Not applicable.

Note: Totals may not equal sum of components because of independent

rounding.
Source: Einergy information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1893).

Figure 12. Uranium Delivery Commitments to U.S. Utlilities from Suppliers, 1983-2000 and Later,

as of Decomber 31, 1993
20 - Commitments
i [ L]
] B Optionsl
l " j
v g: j
! 1.—-{ Totn! Belivery
l ] .
0 - /
1 1904 1998 1000 1987 19 199¢

K}

Note: The data piotted for *2000 and Later* include more than 1 year.

]

Souros: Energy Information Administration, Form EIA-858 “Uranium Industry Annuai Survey” (1983).
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Three categories of market-price-related contracts are: (1)
contracts with a specific floor price, (2) contracts in which
the floor price is related to production cost, and (3)
contracts with no flcor price provision. For 1993 deliver-
ies under market-price-related contracts, 1.2 million
pounds U,0O,¢ (17 percent) had a price floor; 5.7 million

pounds (79 percent) had no floor as associated with the
market price; and 0.3 million pounds U,0,e (4 percent)
had a cost floor (Table 27). For all market-price contracts
in place as of December 31, 1993, 27 percent of the total
quantity to be delivered in all years had a price floor, 2
percent had a cost floor, and the remainder had no floor.

Table 26. Contract Arrangements Specified In Contract-Price Contracts for Delivery of Uranium

from Suppliers to U.S. Utilities, 1993-2000 and Later, as of December 31, 1963
Base-Price
Annual Total

Mion Peroant of Mibion Percent of (miiion

Pounds Anvwel Pounds Annual pounds

Yoar of Ude Totsl U0, Totsl U0,0)
1903" ... 49 503 34 407 8.3
1904 ... .ttt 32 s2s 29 472 6.1
1988 ........ciiihiiennniiiinns 44 gs.1 21 31.9 8s
1 T s 188 23 812 29
1907 ..o 03 o7 32 9.3 a5
1998 .........cciiiiiiiiiiainen 01 88 18 834 18
1908 L.iiiiiiiiiiieiiieaans 0.1 253 03 747 0.4
2000andlater .................. 0.1 8s 11 1.8 12
L (T 187 @1 187 549 30.4

*Actual deliveries.

Notes: Totls may not equal sum of components heosuse of independent rounding. mem“mmu Quentitiss of uranium

am U,0, equivalent (U,08).

Source: Energy information Administration, Form EIA-888, “Ursnium industry Annusl Survey” (1993).

Tabie 27. Floor Price Arrangemonts Specified In Market-Price Contracts for Delivery of Uranium from
——Suppliers to U.S. Utilities, 1993-2000 and Later, 1 of December 31, 1903
Feor Poor’ No Ploor”
Peroent Percent
Mition of Miion of Miion Annual Total
Pounds | Annusl Pounds Pounds | Percentof | (miion pounds
Yeer of Delivery U0 Towl U0 Totl U0 | Annusl Toml U,08)
1983 ....ooiiiinenenn, 12 165 03 42 8.7 793 72
1994 ..ot 11 122 03 32 79 84.6 0.3
1286 .eiiiienenenes 18 284 0 0 44 718 82
1896 .....ooovininnnnnns 17 8.8 0 0 28 612 45
1907 .o 12 308 0 0 26 9.2 38
1908 ......ieuiiinnenes 11 384 0 0 17 618 28
1980 ...t 09 35.0 0 0 18 85.0 24
2000andLater............ 18 488 0 0 20 512 39
Toteh .. ... 108 27.0 (Y] 15 28.7 71.8 0.1

“Rofers 10 contracts with a specific floor price.
Refers to contracts in which the fioor price le related 10 production cost.
“Refers 10 contracts with no floor price

provision.
Notss: Totals may not equal sum of components because of independent rounding. Percentages viere calculated using unrounded data. Quantities of uranium

are U,0, equivaient (U,0,0).

Source: Energy information Administration, Form E1A-858, “Uranium industry Anrual Survey” (198%).
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Prices of Domestic Purchases by Utilities

The first section of Table 28 is the weighted average of
reported prices for deliveries under purchases with
contract-specified prices. The average price for this type
of delivery in 1993 was $14.96 per pound U,O,e, up 14
percent from the average of $13.16 reported for 1992.

The second section is the weighted average of reported
prices for deliveries under market-price-related contracts.
The average price for this type of delivery declined 21
percent from $13.89 in 1992 to $11.03 in 1993. Prices for
market-pri contracts with a floor price declined
19 percent from $18.35 in 1992 to $14.87 in 1993, while

the aggregate average for all other market-price-related
contracts rose 11 percent from $8.65 in 1992 to $9.57 in
1993.

The final section is deliveries and prices for contract-
specified price and market-price-related procurements
combined. This provides a comprehensive average price
for all deliveries made by suppliers to U.S. utilities,
except those made under litigation settlements and “other”
pricing mechanisms. The reported prices for 1993
averaged $13.14 per pound U,0, equivalent, a 2-percent
decrease compared with the 1992 average of reported
prices of $13.45 per pound (Table 28).

Table 28. Average of Prices Paid for Purchases by U.S. Utiiities from Suppliers, 1982-1983
(Dollars per Pound U,0, Equivalent, Million Pounds U,0, Equivalent)

Yeoar of Delivery

Contract Typ2 1982 | 1963 | 1984 | 1885 | 1088 | 1987 | 1988 | 1989 | 1890 ] 1991 ]| 1982 | 1983
Contract-8pecified Price
AveragePrice ............ 8536 3990 3380 3474 3258 2016 2820 2087 1794 1394 13.16 14.98
Quaritity with Reported Price . 8.2 9.5 7.2 89 6.1 10.1 74 9.6 12.0 173 13.2 83
Markst Price Related
No Floor
AveragePrice ............ 2150 2405 1887 1546 1693 1753 1612 1148 9.18 0.04 8.85 9.57

Quantity with Reported Price . 28 43 4.1 29

3.4 27 23 19 5.1 s 3.9 5.7

Average Price ............ 80.98 50.67 4471 3562 4108 3434 3352 2250 1940 2184 1835 14.87
Quantity with Reported Price . 8.7 38 4.8 4.0 26 1.3 1.1 1.1 1.6 1.3 4.8 15
Total Markat Price Related
Avorage Price ............ 4au.27 36.18 3188 2715 2739 2285 2159 1542 1165 1262 1389 1103
Quantity with Reported Price . 85 7.9 8.9 6.9 8.0 4.0 3.4 3.0 8.7 4.8 8.5 7.2
Total Contract Specified
& Mariet Price Related
AveragePrice ............ 38.37 3821 3265 3143 3001 2737 2618 19586 1570 1368 1345 13.14
_QuantitywihReportedPrice, 167 174 161 158 121 141 108 128 187 221 218 165

Notes: Price excludes uranium delivered under litigation settiements. Prices shown are quantity-weighted averages per pound U,O, equivalent in nominal

U.S. dollars.

Sources: 1982-1983-Energy Information Administration, Form ElA-491, “Survey of United States Uranium Marketing Activity” (1962, 1863). 1884~
1982—Energy Information Administration, Uranium industry Annual 1992 (October 1993). 1983—Energy Information Administratior,, Form EIA-858,

“Uranium industry Annual Survey” (1983).
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Figure 14. Average Price of Uranium Delivered to U.S. Utilities, 1982-1993

Dollars per b. UOe

Sources: 1982-1983—Energy Information Administration, Form EIA-491, “Survey of United States Urunium Marketing Activity” (1962, 1983). 1984-1982—Energy information

Administration, Uranium Industry Annual 1982 (October 1993). 1993—Energy information Adminietration, Form EIA-858, “Uranium Industry Annual Survey” (1993).

Uranium Imports and Exports

Imports include utility, supplier, and trader/broker pur-
chases reported as imports of foreign-origin uranium
materials into the United States. Uranium materials
reported as imports under loan and exchange transactions,
custody/storage arrangements, and the delivery of foreign
material for enrichment that is subsequently exported are
also included in the "Other" category. U.S. utilities and
suppliers imported 21.0 million pounds of uranium under
purchase contracts in 1993, 10 percent less than the 23.3
million pounds of like imports in 1992 (Table 29).
Almost all of this imported material came from Australia,
Canada, China, Gabon, Germany, Kazakhstan, Kyrgyz-
stan, Mongolia, Namibia, Russia, United Kingdom, and
Uzbekistan in 1993. From 1967 through 1993, U.S.
companies imported a cumulative total of 220.3 million
pounds U;0.¢ under purchase contracts. As of December
31, 1993, import-purchase contracts were in place for an
additional 111.3 million pounds from 1994 through 2000
and later.

Top Five U040
Origin Countries (million pounds)
Canada 10.8
China 3.2
Australia 1.5
Russia 14
Namibia 0.7

Export sales of uranium by suppliers in 1993 totaled 3.0
million pounds, up from the 2.8 million pounds reported
for 1992. Since 1967, U.S. companies have exported a
cumulative total of 78.7 million pounds U,0, equivalent
under sales contracts. As of December 31, 1993, export-

sales contracts were in place for an additional 19.4 million .

pounds from 1994 through 2000 and later.

Energy Information Administration/ Uranium industry Annuai 1083
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Table 29. Deliveries and Commitments of Uranium Imports and Exports by Transaction Type,

19867 to 2000 and Later
(Million Pounds U.O, Equivalent)
Transaction * rts by Transaction Type"
Yoarof |_Purchases® | Loans Other Total Sales® Loans Other Total
Actusl Deliveries
1967 ........... 0 NA NA NA 0 14 NA NA NA 14
1968 ........... 0 NA NA NA 0 18 NA NA NA 16
1969 .......... . 0 NA NA NA 0 1.0 NA NA NA 10
1970 ........... 0 NA NA NA 0 42 NA NA NA 42
1971 .0oeinnns 0 NA NA NA 0 04 NA NA NA 0.4
T 1 S 0 NA NA NA 0 0.2 NA NA NA 02
1973 ....... el 0 NA NA NA 0 1.2 NA NA NA 12
1974 .oooennns 0 NA NA NA 0 3.0 NA NA NA 30
1976 ..onnnn s 14 NA NA NA 14 10 NA NA NA 1.0
1978 ........... 36 NA NA NA a8 1.2 NA NA NA 1.2
977 ...... 58 NA NA NA 56 40 NA NA NA 40
1978 ..........s 52 NA NA NA 52 6.8 NA NA NA 68
1979 ...... 3.0 NA NA NA 30 62 NA NA NA 62
1900 ........... 38 NA NA NA ae 5.8 NA NA NA 5.8
1981 ..oovvienns 66 NA NA NA 6.6 44 NA NA NA 44
1982 ..... ceeens 174 NA NA NA 17.4 6.2 NA NA NA 82
1983 ........... 82 NA NA NA 8.2 33 NA NA NA 33
1984 ........... 125 NA NA NA 125 22 NA NA NA 22
19685 ........... 17 0 0 NA 1m7 5.3 0 0 NA 53
1906 ........... 18.6 0 0.9 NA 144 16 0 0 NA 18
1967 ....... e 16.1 08 0 NA 169 1.0 0 0 NA 10
1988 ........... 16.8 0 12 NA 17.0 33 0 1.0 NA 43
1909 ........ e 13.1 03 03 NA 13.7 2.1 0 0.4 NA 25
1990 ........... 237 0.1 28 NA 26.8 20 0.4 0 NA 24
1901 ....eeeee. 16.3 5.7 1.4 NA 23.1 35 0 () NA 35
1992 ........... 233 24 08 18.8 454 28 0 0 18.1 20.9
1993 ........... 210 w w 19.6 4.9 3.0 w w w 21.3
Commitments
1994 ... 227 0 w w 237 35 0 0 0 35
1996 ........... 21.1 () 0 0 21.4 3.1 () o 0 3.1
1996 ........... 19.1 () 0 0 10.1 32 0 0 0 a2
1997 .oovvnnnns 18.5 () 0 0 18.5 3.1 0 0 0 a1
1906 ........... 1.7 o 0 0 1.7 27 0 [} 0 27
1999 ........... 8.5 [ 0 0 8.5 27 0 0 0 27
2000 and Later 1.7 ° o 0 1.7 14 0 () 0 1.1

%1967-1991—Does not include transactions involving the delivery of uranium materials imported for custody/storage siting, conversion, enrichment, and/or fuel
fabrication at U.S. faciiiies and subsequently exported or uranium materials exported for conversion, fuel fabrication, and/or enrichment at foreign facilities.
1902-1903-"Other" imports include uranium shipped under transactions invoiving custody/storage siting, conversion, enrichment, and/or fuei fabrication at U.S. faciiities.
“Other” exports include urenium shipped from conversion, enrichment, and/or fue! fabrication facilities in the United States.

51975-1961, Annuai total reprosents direct purchase of foreign-origin uranium by U.S. companies.

©1987-1981, Annual total represents exports by U.8. uranium producers only.

W = Withheld to avold disciosure of individual company data.

NA = Not avalieble.

Note: Tofals may not equal sum of components because of independent rounding

Sources: 1967-1983—Purchases and Sales, Energy information Administration, BumyolUnllod States Uranlum Marketing Activity 1963 (August 1984), 1984-
1982—Energy Information Administration, Uranium industry Annual 1992 (October 1993). 1983—Energy Information Administration, Form EIA-858, “Uranium Industry
Annus! Survey” (1993).
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‘igure 15. Actual and Committed imports and Exports of Uranium for Commercial Uses, 1967-2000 and
Later

imports and Exports

Milion Pounds UR Equivalant

*Annual totais for imports are for purchase contracts only and for exports are for sales contracts only.

Nots: Data piotted for years 19687 through 1993 are for actual deliveries; data pilotted for 1994 and later are commitments. The data point plotted for “2000 and Lates” inciudes
data for more than 1 year. This results in an exaggereted siope for this line sagment.

Sources: 1967-1983—Purchases and Sales, Energy Information Administration, Survey of United States Uranium Marketing Activity 1883 (August 1984), 1964-1992—Energy
Information Administration, Uranium Industry Annual 1982 (October 1983). 1993—Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1993).
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U.S. utilities accounted for roughly 75 percent of the
1993 purchase-contract imports. For years beyond 1993,
utility commitments represent 90 percent of the total
quantity under import-purchase contracts from suppliers
(Table 30). Of the 1993 uranium import deliveries under
contract-specified-price contracts, 65 percent had a fixed
price and the remaining 35 percent had base price with
escalation (Table 31). By comparison, contract-price
contracts accounted for 59 percent of the uranium deliv-
ered to U.S. utilities by suppliers, and 41 percent were
fixed-price (Table 26). Eighty-one percent of the uranium
imported by U.S. utilities in 1993 was delivered under
market-price-related contracts, and 39 percent of these
contracts included a cost or price floor (Table 32). By
comparison, of the uranium delivered to U.S. utilities by

suppliers, market-price-related contracts accounted for 46
percent of the total and 21 percent of the contracts in-
cluded a cost or price floor (Table 27).

For years beyond 1993, most of the uranium for which
U.S. utilities have current import commitments will be
delivered under market-price-related contracts, and
roughly one-half of the total committed quantity under
this type of contract is attributable to contracts which
specify a floor price.

Similar data on contracts for imports by suppliers are not
presented because the number of contracts is insufficient
to avoid disclosure of individual company data.

Table 30. Commitments for Delivery of Uranium Imports to U.S. Utilities and Suppliers
Under Purchase-Contract Imports, 1993-2000 and Later, as of December 31, 1993

(Million Pounds U,O, Equivalent)

Utilitles® s lors® Combined
Year of Deliv-
oy mﬁ i Te_tL'l Cumuistive ] _Fim Yo | cumviatie | Fim ] optionsl | Yot | Cumuiative

1983 ......... 15.7 0 15.7 15.7 53 0 53 53 210 0 210 21.0
1994 ......... 16.3 28 19.1 348 3.5 0 35 a8 19.9 2.8 2.7 437
1996 ......... 14.14 5.3 19.4 54.2 1.7 0 1.7 10.6 15.8 5.3 211 64.8
1996 ......... 11.0 8.3 173 7.5 1.8 0 1.8 124 12.8 8.3 19.1 83.8
1997 ......... 9.9 48 14.7 86.2 1.7 [ 1.7 14.1 11.6 48 16.5 100.3
1998 ......... 83 42 10.5 96.7 1.0 02 1.2 15.3 73 4.4 11.7 1121
1999 ......... 47 27 74 104.1 1.0 0.1 1.1 16.5 57 28 8.5 120.6
2000 and Later 64 5.3 1.7 1158 0 0.1 0.1 168.5 84 53 1.7 132.3
Total ......... 844 314 1158 - 16.1 0.4 16.5 - 100.5 318 1323 -

SFor 1883, includes U.S. utility, supplier, and trader/broker purchases reported as imports of foreign-origin uranium materials into the United States. Uranium materials
reported as imports under loan and exchange transactions are excluded. For *1993-2000 and Later,” the figure shown equals the amount of import commitments in each year

under purchase contracts by utilities, suppliers, and traders/brokers.
- = Not

Note: Tohlsmy;totequalsumofoonponemsbmmoflndepondomfoundhg.

Source: Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1983).
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Table 31. Contract Arrangements Specified in Contract-Price Contracts for Delivery of Uranium

Imports to U.S. Utilities, 1993-2000 and Later, as of December 31, 1993
Fixed Price Base-Price Escalated Annual Total

Million Percent of Million Percent of Million

Pounds Annual Pounds Annual Pounds

Year U,0,0" Total U,0.0* Total U,0,0"
1883 ... it 20 65.3 1.0 34.7 3.0
1994 ...l 0.9 39.3 14 80.7 24
1988 .........ccviiiiee 0.1 44 2.3 95.6 24
1908 ....... .ol 0.2 54 28 94.68 3.0
1997 ..o e 0.1 29 3.6 97.1 37
1988 ...ttt 0 n 28 100.0 - 2.8
1888 ... e 0 0 1.8 100.0 1.8
2000andlater................ 0 0 4.3 100.0 4.3
otel 33 141 19.9 85.9 232

*For 1993, includes U.S. utility, suppller, and trader/broker purchases reported as imports of foreign-origin uranium materials, U,0, equivalent, into the United
States. Uranium materials reported as imports under loan and exchange transactions are excluded. For *1994-2000 and Later*, the figure shown equals the

amount of import commitments in each year under purchase contracts by utilities, supptiers, and traders/brokers.
Note: Totals may not equal sum of components because of independent rounding

Source: Energy Information Administration, Form EIA-858, “Uranium Industry Annunl Survey” (1883).

Table 32. Floor Price Arrangements Specified in Market-Price Contracts for Delivery of Uranium
Imports to U.S. Utilities, 1963-2000 and Later, as of December 31, 1993

Annual
Price Floor Cost Floor No Floor Total
Million Percent of Million Percent of Million Percent of Million
Pounds Annual Pounds Annual Pounds Annual Pounds
Year U,0,0" Total U,0.e* Total _ U,0.0* Total U,08*
1883 ........ verssuss 48 36.2 04 3.2 77 60.6 12.7
1984 ............... 8.6 51.0 0 0 8.2 49.0 16.8
1905 ............... 8.2 48.4 0.3 20 8.4 49.6 17.0
1996 ............... 7.4 515 0.3 24 6.6 46.1 14.3
1997 ...l 87 519 0.3 28 5.0 454 11.0
1988 ............... 3.0 38.2 0.3 3.9 4.6 58.0 7.9
1988 ...l 28 50.8 0.0 0 28 49.2 5.6
2000 and Later 1.9 258 0.0 0 54 74.2 7.3
Totel ................ 42.2 45.8 1.7 1.8 48.7 52.6 _92.6

“For 1983, Includes U.S. utiity, supplier, and trader/broker purchases reported as imports of forsign-origin uranium materials, U,0, equivalent, into the United States.
Uranium materials reported as imports under loan and exchange transactions are exciudad, For *1994-2000 and Later®, the figure shown equais the amount of import
commitments in each year under purchase contracts by utilities, suppliers, and traders/brokers.

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1893).
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Since 1970, 261 import contracts have been signed for
purchase of 341.2 million pounds U;O4e (Table 33).
Because of litigation, cancellations, and contract modifi-
cations, however, many of the originally scheduled
commitments were not delivered to U.S. customers. The
actual deliveries for 1970 through 1993 have amounted to
220.3 million pounds.

New import Commitments

Suppliers and utilities signed 25 new purchase contracts
in 1993 for imports totaling 16.0 million pounds of
uranium. Short-term transactions signed by U.S. utilities
(for delivery from 1993 through 1994) totaled 0.8 million
pounds of uranium. New long-term import-purchase
contracts by utilities totaled 10.2 million pounds U,0,e
(for delivery scheduled after 1994).

Table 33. Historical Commitments and Actual Deliveries of Foreign-Origin Uranium, 1970-1993

Year of Contract Signing

Number | Million Pounds U.O,e"

1970-1980 ........ccovvnviviinneinnn 18
L1 ) 4
1082 ... ... it 17
1883 ... e 8
1984 ...t e 15
1985 ...ttt 10
1886 .....covvviiii it 15
1. 7 A 30
1988 ...t 23
1989 ...t iviiiii i e, 19
1990 ......iiiiii e 22
1991 L. e 18
L 37
1 < P 25
Total.........ccciiiiiiii i 261

New Contracts and Commitments
Actusl Deilveries®
(million pounds U,0,6)

634 224
9.8 8.6
284 171
6.2 8.2
111 12.5
14.9 1.7
221 13.5
26.8 15.1
28.6 15.8
19.7 131
38.9 237
26.0 16.3
295 233
16.0 21.0
.2 2203

*Total new contractual commitments, U,0, equivalent, as of the year shown for delivery in the ysar of contract signing and/or future years.

Bror 1985-1983, the figure shown includes U.S. utiiity, supplier, and tradentroker purchases reported as imports of uranium materials, U,0, equivalent, into the United
States. Uranium materials reported as imports under loan and exchange transactions are excluded. Actual deliveries began in 1975.

Sources: 1970-1983—~Energy information Administration, Survey of United States Uranium Marketing Activity 1983 (August 1963). 1984-1992—Energy Information
Administration, Uranium Industry Annual 1992 (October 1983). 1983—Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1993).

Prices of Uranium Imports

The quantity-weighted averages of prices paid by all
suppliers and U.S. utilities for deliveries of uranium under
purchase contract imports in 1993 was $10.53 per pound
U,04¢, down 7 percent from the $11.34 for deliveries in

1992 (Table 34). New short-term (deliveries in 1993
through 1994) import-purchase contracts signed by U.S.
utilities in 1993 totaled 0.8 million pounds, and the quan-
tity-weighted average of the prices paid under these
contracts was $8.44 per pound U,Oqe.
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Table 34. Average of Prices Paid for Imported Uranium Delivered to U.S. Utilities and Suppliers,

1983-1993
(Dollars per Pound U,0, Equivalent, Million Pounds U,O, Equivalent)

__ltem 1963 | 1084 | 1968 | 1986 | 1987 | 1988 | 1969 | 1980 | 1991 | 1992 | 1993
AveragePrice .............. 26.16 21.86 2008 2007 19.14 19.03 1676 1285 1555 11.34  10.53
Quantity with Reported Price . . . 82 11 107 128 128 1562 131 235 159 224 21.0
Total Quantity Delivered® . . . . .. 82 125 117 135 151 158 131 237 163 233 21.0

Percentage of imports Delivered

_MihReportedPriops......... 100 89 91 95 65 96 100 99 98 96 100

*The figure shown includes U.S. utility, supplier, and trader/broker purchases reported as imports of uranium materials into the United States. Uranium
materials reported as imports under loan and exchange transactions are excluded.

Notes: Prices shown are quantity-weighted averages per pound U,O, aquivaient in nominal U.S. dollars. Material quantities are milions of pounds of U,O,
oquivalent (U,0,8).

Sources: 1983—Energy Information Administration, United States Uranium Marketing Activity 1983 (August 1984). 1884-1982—Energy Information

Administration, Uranium Industry Annual 1992 (October 1993). 1993—Energy information Administration, Form EIA-858, “Uranium industry Annual Survey”
(1903).

Figure 16. U.S. Uranium Imports and Prices, 1983-1993

30 30

Deliveries

Doltars per Ib. UG Equivalent
jueeainbg On sq) uonN

83 84 85 86 87 88 89 90 91 92 93

Sources: 1883—Energy information Administration, United States Uranium Marketing Activity 1963 (August 1964). 1984-1982-Energy Information Administration, Uranium
industry Annual 1992 (October 19983), 1993—Energy Information Administration, Form EIA-858, *Uranium Industry Annual Survey” (1883).
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Uranium Purchases by U.S. Utilities

There were 37 U.S. utilities that received 31.2 million
pounds of U,Oqe at a price of $11.97 per pound under
purchase contracts in 1993. During the previous year,
40 utilities received 32.7 million pounds for $13.87 a
pound. Two distinct price distributions for 1989 through

pounds U;Oge delivered to U.S. utilities in 1993 at a
price of $11.97 per pound, 3.9 million pounds (12
percent) were of U.S. origin at a price of $15.53 per
pound. Non-U.S. origin uranium accounted for 27.3
million pounds (88 percent) of the deliveries (Table 36).
Some of this material was in the United States and not
imported in 1993.

1993 are presented in Table 35. Of the 31.2 million

Table 35. Price Distributions of Uranlum Purchases by U.S. Utilities, 1989-1993

1989 1980 1991 1962 1993
Average Average Average Average Average
Distri- Quantity Price Quantity Price Quantity Price Quantity Price Qua Price
butions (million ($ per (miltion ($ per (miltion ($ per (million ($ per (miltion ($ por
pounds pound pounds pound pounds pound pounds pound pounds pound
U;0,) U0e) | U,0.0) Uos) | UOs) | U0 U0 ) | U0 | U0e) | U0
Octile*
First ..... 29 9.29 3.9 7.70 47 7.45 4.1 7.1 39 7.80
Second .. 29 9.80 39 8.91 47 8.52 4.1 7.78 39 9.21
Thid ..... 29 10.57 39 9.13 4.7 8.3 4.1 7.08 39 9.67
Fourth 29 177 39 9.59 47 9.31 4.1 8.56 3.0 8.90
Fitth ..... 29 15.19 39 10.21 4.7 10.12 4.1 9.75 3.9 9.99
Sixth ..... 29 17.33 39 14.09 47 12.67 4.1 13.54 39 10.09
Seventh . 29 30.21 39 20.72 47 18.66 4.1 18.90 39 13.81
Eighth 29 48.18 39 44,80 4.7 39.10 4.1 37.37 3.9 25.32
Total..... 235 10.04 s 15.62 374 14.35 3.7 13.87 32 11.97
Quartile*
First ..... 22 9.87 71 8.66 57 8.27 73 7.58 115 9.29
Second 3.6 12.24 7.8 10.09 7.3 9.25 65 8.94 6.4 9.85
Third ..... 8.4 15.33 9.3 13.17 147 11.83 14 13.03 55 10.96
Fourth 9.4 27.10 75 30.87 9.8 25.43 78 25.05 7.8 18.41
Total® 235 19.04 315 15.62 374 14.35 327 13.87 3.2 11.97

* Octile distribution dividas total pounds of uranium deliversd (with a price) into octiles by price and provides the quantity-weighted average price for each octile.
® Quartile distribution divides total pounds of uranium delivered (with & price) into quartiles by each utility's aggregate weighted-average price and provides the quantity
and average price for each quartile.

*Total quantity with a reported price.

Notes: Quantities of uranium are U,0, equivalent (U,0,e) that had a reported price. Prices are quantity-weighted averages per pound U,0, equivalent in nominal us.

doliars.

Source: Energy Information Administration, Form EIA-858, “Uranium Industry Annual Survey” (1989-19883).
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Table 36. U.S. Utllity Purchases of Uranium and Enrichment Services by Origin, 1993

Deliveries

Uranium Enrichment Feed Separative

(million pounds (million pounds Work Units

Origin Country U,0, equivalent) | UsO, equivalent) (million SWU)
Australia 1.8 1.6 -
Canada 14.0 11.5 -
China 29 3.5 we
France 0 w wb
Gabon w 0.6 -
Germany w w we
Mongolia w 0 -
Namibia 04 0.7 -
Netherlands - - we
Niger 0 (e) -
NIS' Total 6.2 7.3 -
Kazakhstan 1.6 1.1 -
Kyrgyzstan W w -
Russia 37 5.4 0.2¢
Uzbekistan w w -
South Africa w 1.1 o"
Spain 0 w -
United Kingdom w w w
United States 3.9 7.8 8.1/
Total ........... G et 3.2 35.1 88

* China Nuclear Energy Industry Com. enrichment plant, Lanzhou Provincs, Peoples Republic of China.
® Eurodif enrichment plant, Georges Besse, France.
* Urenco enrichment plant, Gronau, Germany.
4 Urenco enrichment plant, Aimelo, Netherlands.
*Less than 0.05 miltion pounds U,0, aquivalent.
' NIS = Nowly independent States
’Tedmbemoﬂ (Tenex) enrichment plants located in Angarsk, Russia; Ekaterinburg, Russia; Krasnoyarsk, Russia; and Tomsk, Russia.
AlonicEnemyComomﬂonofSouﬂ'tAMcl Ltd. enrichment plant, Valindaba, South Africa.
! Urenco enrichment plant, Capenhurst, United Kingdom.
) DOEMUSEC enrichment plants, Paducah, Kentucky and Portsmouth, Ohio.
W = Withheid to avoid disclosure of individual company data.
~ = Not applicable.
Note: Totals may not equal sum of components because of rounding.
Source: Energy Information Administration, Form EiA-888,"Uranium Industry Annual Survey”(1993).

Deliveries to Enrichment Suppliers by ered to foreign enrichment plants in 1993. Enrichment
U.S. Utilities feed deliveries for U.S. enrichment as a percentage of
- total deliveries was 92 percent in 1993, In 1993, 8.8

million separative work units (SWU) were purchased by

In 1993, U.S. utilities delivered 35.1 million pounds of U.S. utilities under enrichment service contracts (91
uranium feed to enrichment suppliers (Tables 36 and percent from U.S. enrichment and 9 percent from
37). Of the 35.1 million -pounds of uranium feed, 3.2.4 foreign enrichment) (Table 36). Projected feed deliver-
million pounds were delivered to DOE/USEC enrich- ies for 1994 through 2002 decreased by 25.2 million
ment plants (7.7 million pounds of U.S. origin material pounds from those reported in the 1992 survey (Table
and 24.6 million pounds of foreign-origin material). A 38).

total of 2.7 million pounds of uranium feed was deliv-
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Table 37. Deliveries of Uranium Feed by U.S. Utllities to Enrichment Suppliers, 1993

(Million Pounds U.O, Equivalent)

Domeetic Foreign
Enrichment Supplier Uranlum | Ursnium Total
Domestic (DOEAJSEC) EnrichmentPlants ............... 77 246 324
Foreign EnrichmentPlants ...................covvuues 0.1 27 27
L T 7.8 273 28.1

Note: Totals may not equal sum of components because of independent

rounding.
Source: Energy Information Administration, Form EIA-888, “Uranium Industry Annual Survey” (1993).

Table 38. Projected Shipments of Uranium by Utilities to Domestic and Foreign Enrichment Suppliers,

1994-2003
(Million Pounds U,0O, Equivalent)
Amount to be Shi to1
Asof I As of
Yeer of Shipment December 31, 1992 December 31, 1993 Annual Cumulative
1994 ..ottt 434 27 0.8 -0.6
1996 ...ttt 420 4.6 27 20
1 N 48.3 4“5 38 -1.8
1997 i 48.9 447 -2.1 -3.9
1908 .....ooiiiiiieiie 485 45.2 33 7.2
1989 ......ooiiiiiins 48.8 454 0.4 7.8
2000 ... 49.5 40.8 8.6 -18.2
2001 ...t 46.0 433 2.7 -19.0
2002 ... 46.9 40.7 82 -25.2
SR003 NR 434 - -
NR = Not reported.
- = Not applicable.

Sources: 1983—Energy information Administration, Uranium industry Annual 1982 (Cciober 1993). 1963—Energy information Administration, Form EIA-858, “Uranium

Industry Annual Survey” (1993).

Uranium Inventories

Total commercial inventories decreased by 12.8 million
pounds, from 117.3 million pounds U,0¢ as of Decem-
ber 31, 1992, to 104.4 million pounds as of December
31, 1993 (Table 39). Utility inventories decreased by
11.3 million pounds from 92.1 million pounds as of
December 31, 1992, to 80.7 million pounds as of
December 31, 1993. The commercial inventories of

42

natural uranium at the end of 1993 are equivalent to less
than 2 years of supply for utility enrichment feed deliv-
eries (Figure 17). The Department of Energy (DOE) and
United States Enrichment Corporation (USEC) in-
ventories of natural uranium increased from 45.8 million
pounds U,O4¢ in 1992 to 46.7 million pounds in 1993
(Table 40). The amount of enriched uranium held in
inventory by the DOE and USEC increased from 23.1
million pounds to 26.9 million pounds.
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Table 39. Commercial Uranium Inventories at End of Year, 1990-1993

(Million Pounds U,0, Equivalent)
l
——Type of Uranium inventory 1990 | 1991 I 1902 | 1909 | tee0 | tee1 | 192 | 1963
U,0,
Domeetic ................... 17.0 13.8 126 10.0 3368 7.7 R24.4 217
Forelgn .......... Ceeserinae 88 11.0 134 16.3 121 13.4 R19.8 208
TOt .ovoviririnnsnnnanines 289 40 26.0 203 48.7 41.1 R443 422
Natural UF,*
Domestic ................... 6.1 1.8 18 1.5 6.4 22 20 22
Forelgn ...........ocovinunne 22 19 4.0 34 24 20 42 40
Total .cooveecinrncncnnenss 8.3 3.7 8.5 4.9 8.8 42 6.2 62
Natural UF, Under Usage
Agresments
Domestic ................... 226 282 18.0 11.7 23.9 255 18.1 120
Forelgn .......... e 47 79 8.9 9.3 8.1 79 8.9 9.5
Total ..coceeecnnnnnncnannsne 273 332 209 21.1 20 338 270 218
Natural UF, at Enrichers®
Domestic ................... 74 33 R1.9 1.0 74 5.0 R1.9 18
Foreign ....... Cevianas eeaee 33 58 R6.3 44 33 58 R6.3 5.0
Total...covvevennnrnnnenees 10.7 91 8.2 sS4 10.7 10.7 8.2 (X
Enriched UF, at Enrichers
Domestic .............c..... NR 13 1.6 186 NR 13 1.6 1.6
Forelgn ...........ccovvevnns NR 1.0 0.9 0.7 NR 1.0 09 08
Bariched UF, .. .oeinnnnens
Domestic ........ Ceseserenes 6.4 42 3.2 1.6 75 5.0 4.4 3.0
FOreign .......oovvvvvvnnnnns 4.0 46 R5.8 79 7.3 5.9 R10.7 15
Total .oovvennnnnnnnnncnnnns 104 88 R9.0 9.6 14.8 103 R18.1 144
Fabricated Fuel (Enriched UF,)
Domestic ................... 123 7.8 R8.4 6.2 123 76 R8.4 8.2
Foreign .................o0 77 84 R5.8 5.1 7.7 8.4 R5.6 8.1
Total ccovvvrecncnonancannee 200 16.0 R14.0 113 20.0 160 R14.0 113
Total inventories
Domestic ................... 718 57.3 R47.1 337 91.1 74.4 R60.7 48.1
Foreign ...........covevvennne 30.9 40.6 R48.0 474 38.0 443 RG8.6 56.3
Total oovvnniiiiiiiiiiiinns 1027 96.0 R92.1 80.7 129.1 187 R117.3 1044

*UF, = Uranium hexaftuoride.

both natural and enriched uranium for 1980. Beginning in 1062, natural UF, and enriched UF, at enrichment suppliers were reported

separately.
R = Revised deta. NR = Not Reported.

Note: Totals may not equal sum of components because of independent

rounding.
Sourcos: 1880-1991--Energy Information Administration, Uranium industry Annual 1992 (October 1883). 1992-1983—Energy Information
Administration, Form EIA-858, “Uranium Industry Annual Survey” (1893).
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Table 40. Commerclal and U.S. Government Inventories of Natural and Enriched Uranium as of End
of Year, 1990-1993

(Million Pounds U,0, Equivalent)

inventories at the End of the Year
Type of Urenium Inventory 1990 1991 1992 1993
Utliity Stocks
NI UPBIIESTY . .. eeveeeeeveeneennreennenenns 61.5 70.9 R66.8 678
Enrched UrBNIUM® . .. ..o vvrrerenireenrionines 41.2 271 R25.5 23.1
Domestic Supplier Stocks
NGTUPBI UPBIIUM .. ovovn e e e e enacianaenenes 220 18.7 R19.1 18.7
Enrched Uranium® . ....ooviiirieen veecrnanonin 44 20 6.1 8.0
Total Commercial StOcKS .. ... ...oovvvnirenerinns 120.1 118.7 R117.3 104.4
Government-Owned Stocks®
Natural UrBRIUM . ..ot iereeeenannannnns §9.8 46.8 45.8 48.7
Enrichad UMBNIUM ... .\oviviin e ervenenerirenens 328 38.7 23.1 26.9

“nciudes amounts reported as inventories of UF, at Enrichment Suppliers.

®Includes amounts reported as inventories by DOE and the United States Enrichment Corporation (USEC) for 18823,

R = Revised deta.

Nota: Totals may not equal sum of components because of independent rounding.

Souross: 1990-1981—Energy Information Administration, Uranium industry Annual 1992 (October 1993). 1992-1993—Energy information Administration, Form EIA-
858, "Uranium Industry Annual Survey” (1993). 19980-1993, Government-owned uranium onty—Office of Uranium Programs (NE-30), U.8. Department of Energy,
and the United States Enrichment Corporation (USEC).

Figure 17. Commercial Inventories of Uranium for 1983 and Utility Enrichment Feed Dellveries for
1994-1995 as of December 31, 1993

Faed Cveren 1 the End of 1900
100 - \ mm Urarium (67.3 mitions Pounds)
(76.3 iion Pounce)
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g o
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Note: Values for Projected Utility Enrichment Feed Deliveries for the years indicated equal the amounts to be shipped in Table 38.
Source: Energy Information Administration, Form EIA-888, *Uranium Industry Annual Survey” (1993).
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Uranium Used in Fuel Assemblies

The total amount of new uranium fuel loaded into U.S.
nuclear reactors during 1993 was 45.1 million pounds
U,04e, as reported by utilities and reactor operators. This
was 2.2 million pounds U,O¢ more than in 1992. These
quantities do not include any fuel rods removed from
reactors and later reloaded into the reactor.

Secondary Market Activities

Secondary market transactions include sales, exchanges,
and loans of uranium other than direct sales by suppliers
to U.S. utilities or direct imports by U.S. utilities. For
1993, utility exchanges and net loans of uranium with
suppliers totaled 3.8 million pounds U,O4e. Utility sales
to suppliers totaled 2.1 million pounds. Intersupplier
transactions totaled 41.9 million pounds U,O,e in 1993.
Intersupplier sales were 15.3 million pounds; exchanges
were 12.2 million pounds; and loans were 14.4 million
pounds. Interutility transactions totaled 0.6 million
pounds U,0O,¢ in 1993.

Anticipated Uranlum Market Require-
ments of U.S. Utilities

Unfilied Uranium Requirements

Unfilled requirements are the additional natural uranium
that utilities need to purchase after considering their total
future enrichment feed delivery requirements, less inven-
tory drawdowns and deliveries under existing procure-
ment contracts. Unfilled requirements also include
purchases necessary to maintain a desired level of inven-
tory coverage.

Annual unfilled uranium requirements for reactors in
operation or under construction for 1994 through 2003 are
reported, as of the end of 1993, to be 264.3 million
pounds U,0O4e (Table 41). Unfilled requirements for the
period 1994 through 2002 show a decrease, from 234.9
million pounds reported at the end of 1992, to 217.8
million pounds reported at the end of 1993.

Table 41. Unfilled Uranium Requirements of Utilitles, 1994-2003

(Million Pounds U,0, Equivalent)

|___As of December 31, 1991 As of 31,1 r 31

Year nual Anwel | Cumuistive
1904 ..ot 0.3 0.3 62 6.2 28 26
1085 ... 174 2.6 8.8 15.0 65 9.1
1996 ....ouiniiiiiniiiiainen 229 49.5 154 30.4 124 218
1907 .o 279 774 222 52.6 204 42.0
1998 .....vnrnenenenenenannens 38.8 118.0 208 82.4 258 67.8
1989 ..o.iniiiieneieiianen, a7 187.7 32.4 1149 283 98.1
2000 ... .t 403 196.0 38.1 1829 329 1289
2001 ...t 452 2432 408 193.7 49 1789
2002 ...eoiniiiiiiiaaiennes - - 411 2349 40 217.8

L2008 .. - - - - 485 2043

Nots: Totals may not equal sum of componeris beceuse of

Sources: 1901-1902—Energy information

Annual Survey” (1989).
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Uranium Requirements

Data from various parts of this chapter are combined in
Table 42 to produce an aggregate picture of selected
aspects of U.S. uranium requirements. Anticipated market
requirements are computed by summing the quantities of
uranium under contract and unfilled requirements. Utility
contracts for uranium include firm and optional domestic
purchase commitments and imports.

The two components of anticipated market requirements
are shown in Figure 18. Unfilled requirements constitute
a small portion of anticipated market requirements in
1994. However, they increase to 48 percent of total
anticipated requirements by 1997 and to 93 percent by

2002. Also shown in Figure 18 is the schedule reported
by U.S. utilities for enrichment feed deliveries to their
enrichment suppliers. For the years 1994 through 2000,
utilities apparently plan to meet a portion of their enrich-
ment feed deliveries by drawing down uranium invento-
ries.

Potential Inventory Drawdown represents the difference
between anticipated market requirements and reported
enrichment feed deliveries. When reported enrichment
feed deliveries in a year exceed anticipated market re-
quirements, a potential can exist for drawdown of inven-
tory. When feed deliveries are less than anticipated
market requirements, a potential can exist for build-up of
inventory.

Table 42. Anticipated Uranium Market Requirements of Utilities, 1994-2002, as of December 31, 1993

(Million Pounds U,0, Equivalent)

Quantity of Anticipated Projected
Uranlum Unfilled Market Enrichment
Year of Delivery Under Contract Requirements Requirements Feed Daliveries
1984 ...l 347 26 37.2 42.7
1985 ... ..o 348 65 413 44.8
1986 ..., 30.0 124 424 445
1987 ... 221 204 425 44.7
1988 ..........c0ciiiiinnn, 17.8 258 43.6 452
1999 .........oiiii e 11.8 28.3 40.1 454
2000 .....000iiiiiinininnn 7.4 329 40.3 40.8
2001 .......oiiii e, 53 46.9 52.2 433
002 33 420 45.3 40.7

Note: Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-858, "Uranium Industry Annual Survey” (1893).
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Figure 18. Anticipated Uranium Market Requirements of Utllities, 1994-2002, as of December 31, 1993

Projected Anticipated
Enrichment Market
Feed Deliveries Requirements

Note: Values for Projected Enrichment Feed Deliveries equal the amount to be iiipped shown in Table 38. Values for contracted quantities and unfilled requirements are
cumuiative.
8ource: Energy information Administration, Forrn EIA-858, "Uranium industry Annual Survey” (1983).
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Diamond dril core, obtained by drifing through & subsurface ore horizon, can provide information
about the spatial distbution of uranlum mineralization and other dstalls of host-rock
chamcteristios. The information is used in the planning of follow up development drilling and any
future mining operations,



Appendix A

Survey Methodology

Survey Design

The 10th comprehensive survey of the U.S. uranium
industry was conducted in 1994 by the Energy Infor-
mation Administration (EIA) using the “Uranium Industry
Annual Survey,” Form EIA-858. Data were collected
from all companies involved in the U.S. uranium industry.
The survey form was mailed to these firms in January
1994. The data reported in this publication were devel-
oped from the Form EIA-858 1993 survey and predeces-
sor data bases.

Respondents to the “Uranium Industry Annual Survey”
were asked to provide data current to the end of 1993
about the following: uranium raw materials activities
(including land holdings, exploration and development
activities, uranium-bearing properties and resources,
uranium mines, uranium processing facilities, and ura-
nium industry employment for exploration, mining,
milling, processing, and reclamation); uranium marketing
activities (including contracts, contract prices, delivery
schedules, uranium inventories, enrichment feed deliver-
ies, unfilled market requirements, uranium used in fuel
assemblies, and purchases of enrichment services.)

The data collected on Form EIA-858 are subject to
various sources of error. These sources are: (1) coverage
(the list of respondents may not be complete or, on the
other hand, there may be double counting); (2) non-
response (all units that are surveyed may not respond or
may not provide all the information requested); (3)
respondents (respondents may commit errors in reporting
the data); (4) processing (the data collection agency may
omit or incorrectly transcribe a submission); (5) concept
(the data collection elements may not measure the items
they were intended to measure); and (6) adjustments
(errors may be made in estimating values for missing
data).

Because the “Uranium Industry Annual Survey” is nota
sample survey, the estimates shown in this report are not
subject to sampling error.! Although it is not possible to
present estimates of non-sampling error, precautionary
steps were taken at each stage of the survey design to
minimize the possible occurrence of these errors. The
steps are described below, with the error they were
designed to minimize shown in parenthesis.

Survey Universe and Frame (Coverage
Errors)

The survey universe includes all companies involved in
the U.S. uranium industry. The universe includes all
firms meeting one or more of the following criteria: (1)
are controllers or were controllers during any portion of
1993, or are identified in EIA records as the most recent
controllers, of uranium properties, mines, mills, or plant;
(2) involved as controllers of uranium exploration and
development ventures in the United State; (3) incurred
uranium exploration expenditures in 1993 or plan such
expenditures in 1994; (4) hold uranium reserves; (5)
control uranium mining properties; (6) control commer-
cial uranium extraction operations; and (7) purchase, sell,
held, or own domestic- or foreign-origin uranium,; offered
uranium enrichment services; imported or exported
uranium; and (utilities only) purchased uranium enrich-
ment services from an enrichment supplier. (See Form
EIA-858 in Appendix D for an explanation of these
categories.)

The respondent list used for the Form EIA-858 survey
was developed from a frame of all establishments known
to meet the selection criteria. The frame of potential
respondents was compiled from previous surveys and
from information in the public domain. The frame was in-

1Sampling error is a measure of the variation that occurs by chance because a sample rather than a complete enumeration of units is surveyed.
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tended to cover the following: all utilities owning nuclear-
fueled generating stations; uranium converters,enrichers,
and fuel fabricators; uranium traders and brokers; large
and small companies actively engaged in exploration,
development, or extraction in the U.S. uranium industry;
and companies holding all large properties with uranium
reserves. Companies meeting these criteria include: those
involved in exploration, development, mining, milling,
and trading of uranium; landowners; fuel converters,
enrichers, and fabricators; and utilities with whole or
partial ownership in operating or planned uranium-fueled
power plants.

Survey Procedures (Nonresponse)

The survey forms were sent via first class mail to ensure
their receipt only by the proper respondent organization.
If the U.S. Postal Service was unable to deliver the survey
form, the corrected address was obtained where possible.
In a few instances, businesses that had reported in earlier
surveys were no longer operating. All known companies
currently conducting business in the U.S. uranium indus-
try were contacted during this survey.

Form EIA-858, “Uranium Industry Annual Survey,” is a
self-administered questionnaire requesting data about
many areas of company operations. The scope of the
questions is necessarily broad, and self-reporting of
company-specific data is required.

Cooperation from industry on the 1993 survey was, as in
previous years, excellent. A large number of respondents
replied to the form within the specified deadlines. Those
that had not responded by the due dates (March 1st for
Schedules A and B) were telephoned to encourage
submission of the forms, and those calls resulted in the
submission of most of the remaining forms. In addition,
a followup letter was mailed to nonrespondents requesting
compliance with the survey by May 15th. Subsequently,
telephone calls were made to obtain forms not yet submit-
ted. In a few instances, company data were collected
through telephone conversations, followed by submissions
of the survey forms.

In order to reduce the burden to the respondents, every
effort was made to identify the properties, mines, mills,
plants, and long-term contracts that form the bulk of
responses to the 1992 survey. Selected data elements for
these items that were reported by industry companies on
the previous year's forms were preprinted on the 1993
form.

Data Editing, Analysis, and Processing
(Respondent and Processing Errors)

The survey forms are logged in and reviewed by agency
personnel prior to data entry into the Uranium Industry
Annual System, an automated data base containing all
current and historical data from each company's submis-
sions. The data base is maintained on the EIA computer
facility in Washington, DC. After entry into the data
base, a copy of each section of the Form EIA-858 was
distributed to the Survey Management Division analyst
responsible for that section. The submissions were
checked for internal consistency, and the reported data
were compared with previous collections of similar data.
After reviewing these submissions, the analyst consulted
with the reporting company, as needed, to resolve data
problems and to confirm any corrections of the data.

Data areas that were reviewed and the corrections that
were made differed from company to company. Most
represented different interpretations of the data item
definitions. No data in the data base were changed
without first consulting with the reporting company.
Computer edits were also used to identify keypunch
errors, out-of-range values, and unlikely data combina-
tions. These also were either corrected to represent the
data reported on the submissions or were changed only
after confirming the corrected values by telephone
conversations with company representatives. Data coding
and entry errors were eliminated by proofing data after
entry. All changes to reported data are documented.

Response Rates

Schedule A of Form EIA-858 was mailed to 76 firms,
Schedule B was mailed to 134 firms. The response
statistics for the 1993 survey are shown in Table Al.
Overall, 92 percent of the schedules that were mailed to
industry companies were returned with the data requested
on the form or marked as not applicable to the company
for this survey year.

Missing Data
Some omissions of data were identified during the

prescreening and editing of the data. Most omitted data
elements fell into two categories: withheld because of
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contractual constraints or contracts that were under
litigation, or inadvertent omissions. Respondents were
contacted regarding omissions to obtain the data or to
verify that it could not be reported. Only confirmed
company-reported data are contained in the data base and
included in this report.

Data Revisions

The Office of Coal, Nuclear, Electric and Alternate Fuels,
Energy Information Administration, has adopted the
following policy for review and correction (revision) of

Table A1. Response Statletics for the 1993 Uranlum Industry Annual Survey

Schedule
Response Status _A I B
Survey Schedules MalledOut ................... 76 134
DataProvided ............cciivviinninvennnen, 57 82
Reported as Not Applicable® .................... 19 52

*Includes eight non-respondents stating that in 1883 the company did not meet any of the criteria for inclusion in the survey.
Source: Energy Information Administration, Form EIA-858, “Uranium industry Annual Survey” (1993).

data it collects and publishes. The policy covers revisions
to prior published data. This new policy was initially
implemented with the publication of the Uranium Industry
Annual 1992.

1. Annual survey data are publiished either as prelimi-
nary or final when they first appear in a data report.
Data released as preliminary will be identified as
such. When necessary, preliminary data will be
revised and declared to be final at the next publica-
tion of that data.

2. Monthly and quarterly survey data are published
initially as preliminary data. They will be revised
only after the completion of the data collection cycle
for the full 12-month survey period. Revisions will
not be made to monthly or quarterly data prior to
this time.

3. The magnitude of historical data revisions experi-
enced will be included in each data report to inform
the reader about the accuracy of the data presented.

4. Revisions to data published as final will be made
only in the event that newly available information
would result in a change to published data of greater
than one percent difference at the national level.
Revisions for changes of lesser magnitudes will be
made at the discretion of the Office Director.

All data, except for uranium inventories data are pub-
lished as final data. Data on uranium inventories for the
survey year are published as preliminary data because
survey respondents are requested to make changes to their
prior year inventories data, if necessary, when reporting
inventories data for the current survey year. These
revised inventory data are indicated by an “R” in front of
the revised data cell.

Changes to the prior year's total uranium inventory figures
based on revisions reported on Form EIA-858 have been:
for 1992, 0.1 million pounds U,0, (<0.1 percent); 1991,-
1.3 million pounds U,04(-1.1);1990, -3.1 million pounds
U,;04 (-2.3); 1989, 1.0 million pounds U;04 (0.7); 1988,
0.1 million pounds U;0; (<0.1); 1987, 0.3 million pounds
U,0; (0.2); and 1986, 0.4 million pounds U,0; (0.2
percent),

Nondisclosure of Data

To protect the confidentiality of individual respondents’
data, a policy was implemented to ensure that the re-
porting of survey data in this publication would not
associate those data with a particular company. This is in
compliance with EIA Standard No. 88-05-06, “Nondis-
closure of Company Identifiable Data in Aggregate
Cells.” In tables where the nonzero value of a cell is
composed of data from fewer than three companies or if
a single company dominates a table-cell value so that the
publication of the value would lead to identification of
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a company's data, then the EIA classifies the cell value as

“sensitive,” and the cell value is withheld (“W”) from
publication. Within a table with a sensitive cell value,
selected values in other cells of the table are also with-
held, as necessary, so that the sensitive cell value cannot
be computed using the values in published cells.

A sensitive table-cell value can be reported, if permission
is first obtained from each company (whose data contrib-
ute to the sensitivity) to publish the value and if the
company believes that publishing the value would not
harm its competitive position. This is the only exception
to the application of EIA Standard No. 88-05-06 in this
report.
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jon exchange resin-bead 1anks and fiow-control pipes at an in situ leach plant. Beds of resin
peads in the tanks (background) solectively adsorb uranium-bearing anions from incoming well-
field solutions by the process of ion exchange, In which anions are captul

each resin bead to concentrate uranium values from the relatively dilute well-fieid solutions. lon-
exchange can provide high yranium recovery and a final uranium product of high purity.



Appendix B

Technical Notes

History and Legal Authority

From August 1942 through 1946, the Manhattan Engineer
District (MED), under the U.S. Army Corps of Engineers,
was responsible for development of nuclear weapons.' In
that role, MED administered U.S. uranium procurement
programs along with its nuclear research and
development, engineering, and production operations.’
The Atomic Energy Act, signed on August 1, 1946,
resulted in the establishment of the Atomic Energy
Commission (AEC). By Executive Order 9816, the
Government-owned facilities and functions of MED were
transferred to the AEC at midnight December 31, 1946.
The following is quoted from a 1982 DOE publication.

Procurement of uranium concentrates by the
AEC spanned the period from 1947 through
1970. During those years, in definable stages, the
market for uranium concentrates changed from a
monopsony with the Federal Government as the
only buyer, to a completely commercial market
with no Government purchases. From the
viewpoint of the Government as a consumer, the
foreseeable supply of uranium increased from
desperately short of that which was required for
defense needs, to adequate, to surplus.
Procvrement policies and contracting practices
were adopted, implemented, and modified in
response to the Government's changing needs
and the perceived lack or adequacy of uranium
supplies with which to meet them.

The AEC procurement policies and practices
were not dictated solely by its defense needs,
however. The agency was also guided by
provisions of the Atomic Energy Acts of 1946 and

1954, which were designed to  foster
development and utilization of atomic energy
for peaceful purposes. Therefore, procurement
policies also reflected concern for fostering and
maintaining a producing uranium industry
which would be able to supply the nation's
expected uranium requirements for private
nuclear power development.

The Atomic Energy Act of 1954 (Public Law 83-703)
eased the Government's control over nonmilitary uses of
atomic energy by making lawful the private de-
velopment and ownership of reactors. The Act stipulated
that the fuel to power privately owned reactors could be
obtained only from the AEC through lease
arrangements. By 1963, advances had taken place to
further the commercial viability of nuclear power, and
many interest groups contended that nuclear fuels
should be allowed to compete with other fuels in the
marketplace.

Legislation to permit private ownership of nuclear fuels
was passed in 1964 in the form of the Private Owner-
ship of Special Nuclear Materials Act (Public Law
88-489). This Act allowed the AEC to provide toll-paid
enrichment services for privately owned uranium. It also
authorized the AEC to limit the offering of enrichment
services for foreign-origin uranium owned by domestic
customers to the extent necessary to maintain a viable
domestic uranium industry. The latter provision has
been the authority upon which the AEC and successor
agencies have monitored the status of the U.S. uranium
industry.

Public Law No. 97-415, the Nuclear Regulatory Com-
mission (NRC) Authorization Act of 1983 enacted on
January 4, 1983, further strengthened the Federal Gov-

IR.G. Hewlett and O.E. Anderson, Jr., “A History of the United States Atomic Energy Commission,” The New World, 1939-1946, Volume 1 (University Park,

Pennsylvania: The Pennsylvania State University Press, 1962), p. 82.

2U.S. Department of Energy, Summary History of Domestic Uranium Procurement Under U.S. Atomic Energy Commission Contracts, Final Report, GTBX-220(82)

Grand Junction, Colorado, October 1982), p. 3.

.S. Department of Energy, Summary History of Domestic Uranium Procurement Under U.S. Atomic Energy Commission Contracts, GJIBX-220(82) (Grand Junction,

Colorado, October 1982), pp. 3-4.
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ernment's role in monitoring the status of the U.S. uran-
ium industry. This law amended the Atomic Energy Act
of 1954 by adding Section 170B, which required the
Secretary of Energy to determine annually, for the years
1983 through 1992, the viability of the domestic uranium
industry.

Determination of the uranium industry's viability requires
a continuing review of the industry's status and prospects.
Reports on domestic uranium raw materials and
marketing activities have been published since 1968, first
under the direction of the AEC, later by the Energy
Research and Development Administration, then by the
Assistant Secretary for Nuclear Energy, Office of
Uranium Enrichment and Assessment in the U.S.
Department of Energy (DOE), and more recently by the
Energy Information Administration (EIA). The legal
authority for Form EIA-858, “Uranium Industry Annual
Survey,” is stated on the form as follows:

Data on this mandatory survey are collected
under authority of Section 170B of the Atomic
Energy Act of 1954 as amended (42 U.S.C. 790a)
and the Federal Energy Administration Act of
1974 (15 U.S.C. 2210b).

On October 24, 1992, the Congress enacted the Energy
Policy Act of 1992 (EPACT 1992), Public Law 102-486.
This law provides under Subtitle B, 42 USC § 2296b-4,
Sec. 1015, that:

... the owner or operator of any civilian nuclear
power reactor shall report to the Secretary (of
Energy), acting through the Administrator of the
Energy Information Administration, for activities
of the previous fiscal year—

(1) the country of origin and the seller of
any uranium or enriched uranium
purchased or imported into the United
States either direc:ly or indirectly by such
owner or operator; and

(2) the country of origin and the seller of
any enrichment services purchased by such
owner or operator.

The information is required to be made available to the
Congress annually.

Uranium and the Uranium industry: A
Brief Description

Prior to 1942, uranium for domestic consumption was
obtained from ores that were mined primarily for their
associated radium and vanadium.* The radium was used
in medical therapy; the vanadium was used primarily to
improve the metallurgical properties of steel, cast iron,
and other metals. The uranium was used in
manufacturing glass and ceramics to produce yellow-to-
brown colors; it was also used in making special alloys
of steel, copper, and nickel.

Since passage of the Atomic Energy Act of 1954, ura-
nium has been produced primarily as a fuel for nuclear
reactors. Heat produced by the fissioning of U in a
reactor is used to generate steam, which is then used to
generate electricity. One pound of natural uranium can
produce as much energy as about 14,000 pounds of coal.
Uranium is also used in the production of various
radioactive isotopes for medical and other applications
and for scientific research.

The average concentration of uranium in the earth's
crust is approximately 2 parts per million. Uranium is
more abundant than such “common” elements as mer-
cury, silver, and gold. Many rocks contain minor
quantities of uranium, and economically important
quantities occur in naturally formed concentrations of
minerals such as pitchblende, uraninite, coffinite, and
camotite. Pitchblende, which contains various uranium
oxides, is the richest uranium ore mineral.

In the United States, most uranium deposits occur in
sandstone host rocks. Significant deposits also occur in
mineralized breccia in solution-collapse structures and
as veins and fracture fillings in metamorphic and gra-
nitic rocks, and, to a lesser extent, in volcanic rocks
which host lower-grade deposits. Uranium deposits in
sandstones commonly consist of finely divided uranium
mineral grains that fill pore spaces, and the uranium can
replace some primary mineral grains and cementing
materials of the host rock. Other metals associated with
uranium in some deposits are vanadium, copper,
selenium, molybdenum, beryllium, and chromium.

Exploration for uranium deposits can involve searching
for near-surface deposits as well as deposits at depths of

“U.S. Geclogical Survey, Warren I. Finch and others, “Uranium,” United States Mineral Resources, Professional Paper 820 (Washington, DC, 1973), pp. 455-468.
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several thousand feet. A principal technique in uranium
exploration involves the measurement of radioactivity in
holes drilled to evaluate a prospective host rock. System-
atic logging of boreholes with a variety of geophysical
techniques, including gamma-ray, self-potential, resis-
tivity, and other surveys, is a standard practice in uranium
exploration. Modem exploration procedures also include
detailed geological mapping, geochemical surveys,
and analysis of borehole cuttings and cores in the field
and laboratory. The principal States in which uranium-
bearing ores have been mined, primarily for their uranium
content, are Arizona, Colorado, Nebraska, New Mexico,
South Dakota, Texas, Utah, Washington, and Wyoming.
Both openpit and under-ground mining methods can be
used to produce uranium ores from the ground; these
methods are referred to as “conventional” mining. In
addition, significant amounts of uranium concentrate are
produced by “nonconventional” methods such as solution
mining (in situ leaching), and recovery as a byproduct of
phosphate, copper, and beryllium production.

At uranium mills, usually located near conventional
mines, uranium is extracted from ores by chemical
leaching to obtain uranium concentrate. The concentrate
from mills, in situ leach plants (including slurry), and
byproduct recovery is shipped to conversion facilities,
where it is used in the production of uranium hexafluoride

(UFy).

Uranium hexafluoride is the feed material for the uranium
enrichment process. Currently there are two types of
enrichment processes used commercially: gaseous
diffusion and centrifuge. In the gaseous diffusion process
used in the United States, gaseous UF; is passed through
a series, or cascade, of porous membrane filters. The UF;
contains the uranium isotopes U** (0.7 percent), which is
naturally fissionable, and U (99.3 percent), which is not
naturally fissionable. In the filtering process, UF;
molecules containing the U? isotope diffuse through the
filters more readily than molecules containing the U™®
isotope. Repeated several times in series, the diffusion
process eventually results in two product streams of UF,.
Compared with the original feed material, one product
stream is relatively enriched in the isotope U**, and the
other is relatively depleted in U5,

In the enrichment process for commercial nuclear fuel, the
concentration of U2 is increased from the naturally
occurring 0.7 percent to about 3.5 percent. Enrichment is
necessary for uranium used as fuel in light-water reactors,
because the amount of fissile U%* in natural uranium is
too low to sustain a nuclear chain reaction in those
reactors. Uranium used as fuel for heavy-water reactors

does not require enrichment.

At the fuel fabrication plant, the enriched UF, is
converted to uranium dioxide (UO,). The uranium diox-
ide is compressed into solid, cylinder-shaped pellets that
are placed in hollow rods made of a zirconium stainless-
steel alloy. These rods are grouped to form fuel-rod
assemblies, which, in various configurations, are
shipped to nuclear power plants for use as nuclear
reactor fuel.

Estimation of Reserves and Potential
Resources

This section discusses the methodologies used to esti-
mate the U.S. uranium resources. Three classes of
resources are estimated: Reserves, Estimated Additional
Resources (EAR), and Speculative Resources (SR).
EAR and SR categories have been updated using
information provided by the U.S. Geological Survey.

A diagram showing a comparison of nomenclatural
schemes used by the EIA and predecessor agencies for
reporting estimates of U.S. uranium resources since
1974 is provided in Figure B1.

Appraisal of Potential Resources

The appraisal of the Nation's potential resources of
uranium, which comprise the EAR and SR categories,
is based on extensive data collected under the uranium
procurement and resource appraisal programs of DOE,
its predecessor agencies, and the USGS. These data
include: analyses of company-supplied gamma-ray logs
of drill holes; chemical assays of core samples; data
from geochemical surveys of groundwater and stream
water and sediment; aerial radiometric surveys; limited
selective drilling to fill voids in subsurface information;
and extensive geological studies of field areas throug-
hout the United States.

An estimate of the uranium endowment is calculated for
each geologically favorable setting delineated. The
estimate is derived through evaluation and integration of
data from field studies, as well as from mathematical
and geological models of known uranium deposits
(control areas). The uranium endowment, for a given
geographical area under study, is an estimate of the
quantity of all uranium-bearing material with a grade of
at least 0.01 percent U,O;4 postulated to occur in that
setting. This estimate is made before any consideration
is given to the economics of exploration and exploi-
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tation. It therefore includes undiscovered resources (EAR
and SR), as well as associated additional material at or
above the 0.01 percent cut-off grade within the area for
which the estimate is made.

In the estimation of potential resources, economic factors
for discovering, mining, and milling the undiscovered
deposits in the favorable area are determined, and the
costs are computed considering information about dep-
posit location, depth, and other parameters. Computer-
based models are used to determine operating costs for
mining, hauling, milling, severance and ad valorem taxes,
royalty, and capital costs for land acquisition, exploration,

development, mining, and milling. All costs are forward
costs: that is, costs that have not beenincurred. The cost
factors are used to calculate average and cut-off grades
that are expected to be economic for the $30-, $50-, and
$100-per-pound U,O, category in each favorable area.
A grade-tonnage relationship, usually derived from the
selected control area, is also needed to calculate
economic potential resources. The grade-tonnage rela-
tionship is used to define a probability distribution for
various grades, which in tumn is used to develop a
probability statement about the quantity of resources
likely to meet or exceed the grade criteria.

Figure B1. Comparison of Historical and Current U.S. and NEA/IAEA Classification Nomenclatures
for Uranium Resources

*“This nomenclature was adopted in 1983 by the U.S. Department of Enaergy and was pattemed after the Nuciear Energy Agency/intemational Atomic Energy Agency

Standard.

The ciassifications shown for the United States prior to and after 1963 and the NEANAEA are not strictly comparable, because the criteria used in the Individual systems
are not identical. Precise correlations are not possible, particularty for the less assured resources. Nonetheless, based on the principal criterion of geological assurance
of existence, this figure presents a reasonable approximation of uranium resources classification comparabliity.

SNEAMAEA: Nuciear Energy Agency/intemational Atomic Energy Age

ncy.
Nots: The NEAIAEA separates the Estimated Additional Resources (EAR) into Categories | and il based primarily on geological inference. Categories | and Il of EAR

are not utilized for estimates of resources in the United States.

Source: Prepared by the Energy Information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels.
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Estimates of Potential Uranium Resources, 1965 ities of potential resources across the wide variety of
Through 1973 geological environments investigated during the

nationwide program. The three classes of resources used
Prior to 1974, estimates of undiscovered uranium during the NURE program were Probable Potential,
resources made by the U.S. Department of Energy (DOE) Possible Potential, and Speculative Potential Resources.

were assigned to a single resource class, potential uranium The NURE program was terminated in 1983,

resources. The estimates were made for geologically

favorable settings in the western United States, primarily Support from the U.S. Geological Survey

in and adjacent to established uranium mining districts, by

using the principles of geological analogy to compare In accordance with a Memorandum of Understanding
geological characteristics favorable for the occurrence of (MOU) signed in 1984 between the EIA and the U.S.
uranium deposits between a “favorable” area and a similar Geological Survey (USGS) of the U.S. Department of
area with known deposits. The methodology yielded point the Interior, the USGS provides support for the annual
estimates that lacked associated probability distributions. assessment of the Nation's uranium endowment and its
The estimates of potential uranium resources made for undiscovered uranium resources. Through its ongoing
geological programs, the USGS conducts studies of ura-
nium districts and favorable geological environments in
Potential Uranium Resources, 1974 - 1993 selected localities where, because of the availability of

new scientific knowledge or industry-developed
From January 1974 through September 1983, the Atomic information relating to uranium resources, opportunities
Energy Commission (AEC), the Energy Research and exist for updating the National uranium resource data
Development Administration (ERDA), and the DOE base, the Uranium Resources Assessment Data (URAD)
conducted the National Uranium Resource Evaluation System, first developed under the NURE program. In
(NURE) program to appraise the uranium resources this manner, the USGS is continuing the assessment of
(including uranium reserves) in favorable geological the Nation's uranium endowment and undiscovered
settings throughout the United States, Estimates of uranium resources begun under the DOE's uranium
potential resources made during these years were reported resource appraisal program. The methodology used by

1965 through 1973 are shown in Table B1.

for three resource classes to aid in describing thereliabil-

Table B1. Potential U.S. Uranium Resources at the End of the Year, 1965-1973
(Million Pounds U,0,)

Forward-Cost
Year $8 per pound $10 per pound $15 per pound $30 per pound

1965 ................ (a) 650 1,050 1,330
1968 .........cvnees (b) (b) (0) (b)

1967 ...l 490 700 1,140 2,000
1968 ................ (b) (b) (b) (b)

1969 ..........iiie 770 1,200 1,820 3,200
1970 ... e 980 1,360 2,080 3,200
1971 ... el 820 1,300 2,000 3,200
1972 ...l 900 1,400 2,000 3,200
1973 ... 800 ) 1,400 2,000 3,200

*Not estimated at this forward cost.

®No estimates wers made for the snd of years 1966 and 1968.

Note: Potential resources at forward costs above $30 per pound U,0, were not estimated prior to 1977.

Source: U.S. Department of Energy, Grand Junction Projects Office, Statistical Daa of t+- Uranium Industry (January 1983).
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the USGS to develop the U.S. uranium endowment esti-
mates is described in USGS Circular 994 (1987).°

In 1989, the EIA's estimate of potential resources reported
for the Colorado Plateau region incorporated for the first
time values for uranium endowment supplied by the
USGS for deposits associated with the solution-collapse,
breccia-pipe environment common in the northern
Arizona area. The USGS endowment estimates were used
in the EIA cost model, along with endowment estimates
for other localities to develop estimates of U.S. potential
resources.

Uranium Endowment by Resource Region

The distribution of mean values of uranium endowment
estimates provided by the USGS for U.S. resource regions

for 1993 is shown in Table B2. The distribution of
endowment values for all regions are unchanged from
1992 values. These endowment values represent the ag-
gregate totals across all favorable localities within each
region of the estimated uranium at a grade of 0.01 percent
U;0; and higher grades. Uranium resource regions are
defined by geologic and physiographic characteristics and
the regions are shown in Figure B2.

Potential Uranium Resources for 1993, EAR and
SR

Annual estimates of U.S. potential uranium resources as
EAR and SR are prepared from the uranium endowment
data. These estimates consist of the portions of the
endowment for over 700 favorable localities that could be
recoverable at selected forward costs of production based
on economic evaluation of anticipated operating and cap-

Table B2. U.S. Uranium Endowment by Resource Region, 1993

(Million Pounds U.0,)

Endowment Assoclated with Endowment Assoclated with
Resource Region Estimated Additional Resources® Speculative Resources’
Colorado Plateau ...........ccoveiiiiinrreinriirennees 3,950 2,430
WyomingBasing ...........cevveniieieronsinineinan, 1,990 450
Coastal Plain ........cccovviverinnnniornnreannenannns 910 410
Northem Rockies ............ccoiiniiivieniineivanasens 680 3,940
Colorado and Southem Rockles .............cocvvuvvuens 320 360
GreatPlaing ..........co i ittt i e 310 950
Basinand Range ...........c.coieeniiivrnreiiannaneiens 1,420 1,080
ContralLowlands ...........cciiivivveerreeriiiannns (v) 280
AppalachianHighlands ...............ccoiivieniines, 120 1,140
Other ROGIONS® . . .. evieeereeranacarennrecansses 50 120
-+ 9,750 11,160

*Values shown are the mean values for the diatribution of estimates for each forward-cost category, rounded to the nearest 10 million pounds U,0,.
®No uranium endowment in the Estimated Additional Resourcas category is estimated for this resource region.
°Includes endowment associated with Estimated Additional Resources for Pac'c Coast negion and Alaska and endowment associated with Speculative Resources for

Columbia Plateau, Pacific Coast, and Southem Canadian Shieid regions and Alaska.

Notes: Estimates of uranium that could be recovered as a byproduct of cther commodiiies are not included. Totals may not aqual sum of components because of

indspendent rounding.

Sources: Estimates are based on uranium resources data developed under the DOE National Uranium Resources Evaluation (NURE) program using

described

methodology
in An Assessment Raport on Uranium in the United States of America (October 1860), in U.S. Department of Energy Uranium Industry Seminar (October 1980), and under
the USGS Uranium Resource Assessment project using the methodology described in Uranium Resources Assessment by the Geological Survey: Methodology and Plan

to Update the National Resource Base, U.S. Geological Survey Circular 924 (1987).

W I Finch and R.B. McCammon, “Uranium Resource Assessment by the Geological Survey: Methodology and Plan to Update the National
Resource Base,” U.S. Geological Survey Circular 944 (Denver, Colorado, 1987), p. 31.
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Figure B2. Uranium Resource Regions of the United States

Source: U.S. Department of Energy, An Assessment Report on Uranium in the United States of America, GJO-111(80) (Grand Junction, Colorado, October 1880).

ital costs, cutoff grade, minimum mining grade, and other
factors.

Estimates of U.S. EAR and SR were updated for 1993 by
using revised economic index values (current to Decem-
ber 1993) in the URAD System's cost model, the exten-
sive data on potential uranium resources that were com-
piled during the NURE program, and subsequent data
developed by the USGS. The economic indexes are the
Wholesale Price Index-Industrial Commodities (WPI), the
Marshali and Swift Mining-Milling Equipment Cost
Index (MSI), and the Chemical Engineering Plant Cost
Index (CEP). For 1990, the URAD System cost model
was updated to raise the pre-set threshold value for the
average-grade cutoff to reflect the higher range of average
grades encountered in deposits in the breccia-pipe envi-
ronment in northern Arizona. In 1991, the threshold value
for the average grade cutoff was removed altogether. This
was done in order to reflect more accurately the entire
range in grades of the uranium inventory represented by
the grade-tonnage curves across all control areas. This

change resulted in overall increeses in the estimates for
the total EAR and SR cost categories with progressively
smaller increases with each higher cost category. Esti-
mates for years prior to 1990 would also be affected by
this change; however, the changes in the values are not
significant and therefore have not been made. Estimates
of potential resources in the EAR and SR classes for 1974
through 1993 are shown in Table B3.

For 1993, the mean values for the $30-, $50-, and $100-
per-pound U;0, forward-cost categories of EAR and SR
declined slightly when compared with the EAR and SR
values for 1992. These differences are not apparent in
Table B3, because the values of EAR and SR are rounded
to the nearest 100 million pounds U;0O; in 1992,

Distribution of EAR and SR by Resource Reglon

The mean values of EAR and SR are summarized for
principal resource regions and forward-cost categories
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Table B3. U.S. Potential Uranium Resources by Forward-Cost Category and Resource Class, 1974-

1993
(Million Pounds U;0,)
Forward-Cost Cat

10 nd $16 per pound r pound 50 per pound 100 per pound

Yosr EAR'_| sA" | EAR" sRb | EaR | sR® | EaRt | SR’ | EAR" | SR

17 S 200 1000 1400 1700 2300 3500 (© (© (© (d

174 J 900 1100 1300 1900 2100 3700 (© (© (© (d)

17 3 800 400 1200 1400 2200 3,200 2,700 3,900 (© (d)

217 2 2 (© {© 1100 1300 2,000 3,100 2,800 4,200 (© (d)

1978 oo () (© 800 800 2,000 2,000 3,000 3,400 (© (d)

1979° .. (© (©) 800 600 2,000 2,000 3,000 3,400 (© (d)
19B0 ..., () (©) 600 300 1,800 1,300 2,800 2,200 4,200 3,400
T 1 I © ) (© (© 1,200 800 2,200 1,800 3,500 2,900
1982 . oovvieiie e () (© (© (©) 1,300 800 2,300 1,800 3,800 3,000
1983 .ovviiniiiienenen, (© © () (© 1,300 1,000 2,400 2,000 3800 3,200
1984 .. oiiiiiiiiiieenn (©) (© (© (© 1,300 1,000 2,300 2,000 3700 3,200
1985 .. iiii i (© (© (© (© 1,300 1,000 2,400 1900 3800 3,200
1986 ...ttt (© (© () (© 1,300 1,000 2,400 1,900 3,800 3,200
1.7 2. © (© (© (© 1,300 1,000 2,300 2,000 3700 3,200
1988 ..ooviiiiiiieiiaen (© ) (© (© 1,300 1,000 2,300 2,000 3,800 3,200
1989 . .ovveeeinineinn, (© (©) (© (e) 2,300 1,400 3400 2,300 5000 3,500
1990 .. ie i (© ) (© (e) 2200 1,300 3,400 2200 4900 3,500
1 T I (© () (© (e) 2,200 1,400 3400 2,300 4900 3,600
1992 .0 ii i © (© (0) (e) 2,200 1,300 3400 2,300 4900 3,500
1 < J © (© (0 (o) 2200 1,330 3340 2250 4,880 3,510

*EAR = Estimated Additional Resources
SR = Spaculative Resources

°Not estimated for the indicated forward-cost category.

9No new estimates were releasad for the end of 1979, since the NURE program was to publish estimates of potential resources by October 1980.

*Resource vaiues were estimated for the $15 per pound U,0, forward-cost category, but were not included in the table.

Notes: Vaiues shown are the mean values for the distribution of estimates for each forward-cost category: 1974-1892- rounded to the nearest 100 million pounds U,0,;
1993- rounded to the nearest 10 million pounds U,0,. Estimates of urenium that could be recovered as a byproduct of other commodities are not Included. Resource
values in forward-cost categories are cumulative: that is, the quantity at each level of forward cost Includes all resources at the lower cost in that category.

Sources: 1974-1882—U.S. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1983), 1983-1888—Estimates
based on uranium resources data developed under the DOE National Uranium Resource Evaluation (NURE) program, 1874-1883, using methodology described in An
Assessment Report on Uranium in the United States of Amarica (October 1980) in U.S. Department of Energy, Uranium Industry Seminar (October 1980); and under
U.8. Geological Survey (USGS) Uranium Resource Assessment Project. 1989-1983—Estimates based on uranium resources data developed under the NURE program
and USGS Uranium Resource Assessment Project using methodology described in Uranium Resource Assessment by the Geological Survey: Methodology and Plan
to Update the National Resource Base, U.S. Geological Survey Circular 994 (1987).

in Table B4, Resource regions are shown on Figure B2.
Declines occurred in 1993 in the $30-per-pound U,0,
EAR values for the Colorado Plateau and in the SR
values for the Colorado Plateau, and Other Regions.
Declines also are shown for several regions at the higher
forward-cost categories. The declines are a result of
assumed higher economic indexes due to escalation of
costs in the U.S. economy.

Distribution of EAR and SR by Land Status

The distribution by land status of mean values for $50-
per-pound EAR and SR at the end of 1993 is shown in
Table BS. Estimates for the quantities of EAR show
minor changes compared with 1992. The full extent of
these small changes is not apparent in the values shown
on Table BS, because those values are rounded to the
nearest 10 million pounds of U,Os.
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Table B4. U.S. Potential Uranlum Resources by Forward-Cost Category and Resource Region, 1993

(Million Pounds U,O.)

Forward-Cost Category
$30 per pound $50 per pound $100 per pound

Resource Reglon EAR* SR® EAR* SR EAR® SR
Colorado Plateau ..........ccooviviviinreeneesenrens 1,350 480 1,810 780 2,550 1,220
WyomingBasing ...............ccooiiiiiiiiiiiaen 160 90 350 160 870 250
CoastalPlain .............cciiiiiiiiiiniernnnnanns 370 130 490 180 600 230
Northem RoOCkIes .............covivreininivnnrnnans 30 110 80 200 170 300
Colorado and Southem Rockies ............c.vevveunn 140 80 180 140 220 190
BasinandRange ...............cooviiiinriiiinnnn, 50 100 160 170 400 320
Other Hedona" ................................... 110 330 180 620 270 1,000
TRl . ... it it i it e i s 2,200 1,330 3,340 2,250 4,880 3,610

*EAR = Estimated Additional Resources
SR = Speculative Resources

%nciudes Appalachian Highlands, Great Plains, Pacific Coast and Slerra Nevada, Central Lowlands, and Columbla Plateau regions and Alaska.

Notes: Values shown are the mean values for the distribution of estimates for each forward-cost category, rounded to the nearest 10 million pounds U308. Estimates
of uranium that could be recovered as a byproduci of other commodities are not included. Resource values in forward-cost categories are cumulative: that is, the quantity
at each level of forward cost includes all resources at the lower cost in that category. Totals may not equal sum of components because of independent rounding.

Sources: Prepared by the Energy Information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels, based on uranium resources data developed under

DOE National/ Uranium Resource Evaluation (NURE) program and the USGS Uranium Resource Assessment

described in Uranium Resource

project, using methodology
Assessment by the Geological Survey: Methodology and Plan to Update the National Resource Base, U.8. Geological Survey Circular 994 (1887).

Decreases in the quantities over those for 1992 are shown
for EAR for Bureau of Land Management Land, Indian
Lands, and Private Fee Lands and for SR for Private Fee
Lands.

U.S. Uranium Reserves

Uranium reserves are the estimated quantities of uranium
that occur in known deposits of such grade, quantity,
configuration, and depth that they can be recovered at or
below a specified cost with state-of-the-art mining and
processing technology. Estimated reserves are based on
direct radiometric and chemical measurements in drill
holes and other types of sampling of deposits. Mineral
grades and thickness, spatial relationships, depths below
the surface, mining and reclamation methods, distances to
milling facilities, and amenability of ores to processing
are considered in the evaluation. The amounts of uranium
in ore that could be exploited within specified forward-
cost levels are estimated according to conventional
engineering practices, using available engineering,
geologic, and economic data. Uranium reserves estimated
by the DOE have been adjusted for mining dilution and
mill recovery.

The costs used to categorize uranium resources are
forward costs (operating and capital costs) in current (year
of estimate) dollars that would be incurred in producing
the uranium. The costs indirectly cover power and fuel,
labor, materials, royalties, payroll, severance and ad
valorem taxes, insurance, and applicable general and
administrative costs. Previous expenditures (before the
time of the estimate) for such items as property acquisi-
tion, exploration, mine development, and mill construc-
tion are excluded. Also excluded are income taxes, profit,
and the cost of money. The forward-cost categories are
independent of the market price at which the uranium
might be sold. In estimating reserves for developed
properties, land acquisition and exploration costs com-
monly are past expenditures and thus are excluded from
the cost estimates.

Procedure for Estimating Reserves, 1964-1983

U.S. uranium reserves from 1964 to 1983 were estimated
by the DOE using data voluntarily provided by uranium
companies to DOE's Grand Junction Projects Office. Re-
serves were estimated for each property individually and
were based on available data from samples, drill holes,
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Table B5. Estimated Additional Resources (EAR) and Speculative Resources (SR) In the $50-per-

Pound Forward-Cost Category by Land Status at the End o
Estimated Additional Resources

ulative Resources
Percent of
Million Pounds U,0 Percent of Total Mitlion Pounds U0, _ | Total

Land Status

Public Lands
Bureau of Land Management
and Forest Service Lands
Bureau of Reclamation
Wilderness Areas .. .......ccoovvvriiniierennanesines
National Park Service Lands
Wildife Refuges ............ccoiiviiiineiiiiiieines
DOE-Administered

...........................

...............................
..........................

..................................

........................................

...................................

Other (Mliitary Reservations, Waterways, Reclamation
Projects, Proposed Withdrawals, etc.) ..................

..............................................

(a)
110
(a)

10
450

1,630

3,340

1993

288 480 21.2
(b) (a) 0.2
0.4 20 0.7
33 10 0.5
() (a) 0.1
0.2 (a) (b)

13.6 230 10.2
5.9 1680 72

459 1,300 67.7
1.8 50 22

100.0 2,250 100.0

*alue is less than § million pounds U,0,.
bValue is less than 0.05 percent.
“includes railroad lands and patented claims.

Notes: Values shown are the mean values for the distribution of estimates of EAR and SR, rounded to the nearest 10 million pounds U,0,. Estimates of uranium that
could be recovered as a byproduct of other commodities are not included. Totals may not equal sum of components because of independent rounding.
Sourcas: Prepared by the Energy Information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels, based on uranium resources data developed under

DOE National Uranium Resource Evaluation (NURE) program and the USGS Uranium Resource Assessment

described in Uranlum Resource

project, using methodology
Assessment by the Geological Survey: Methodology and Plan to Update the National Resource Bass, U.S. Geological Survey Circular 994 (1987).

and property maps. The amounts of uranium in ore that
could be produced from a property at maximum forward
costs of $15-, $30-, $50-, and $100-per-pound U,O, were
estimated by the general procedure outlined below. This
procedure was applied to the estimates of reserves to be
recovered by openpit, underground, and in situ leaching
operations.

1. The cut-off grade was determined to define the
lowest grade (in percent U,0;) of material that could
be mined from a property at a given thickness, where
the total operating cost per pound of recoverable
U,0; in such material would be equal to the chosen
cost ($15-, $30-, $50-, or $100-) per-pound. The cut-
off grade was determined by the following formula:

(M, + H+ R+ M)(100)
CG=
(CC) (M,) (2,000)
where:
CG = cut-off grade in percent,
M, = cost of mining per ton of ore,
H = cost of hauling per ton of ore,

R = royalty costs per ton of ore,
M, = cost of milling per ton of ore,
CC = chosen cost per pound U,0;, and
M, = mill recovery rate (in percent).

2. The quantity of mineralized material in the deposit
that met or exceeded the cut-off grade and thickness
criteria was estimated, in tons of material and aver-
age grade adjusted for mining recovery and dilution.

All forward operating and capital costs not yet
incurred were applied to determine the average cost
for mining and processing per pound U0,

4. If the average cost per pound U,O; derived in Step 3
was equal to or less than the chosen cost category,
the material was assigned to that cost category.

The procedures described above applied to reserves
suitable for conventional mining. The quantities of U;04
estimated to b vecoverable from in situ leaching opera-
tions are incli.  ‘n reserves totals but were estimated by
another methou. - situ leaching above a selected mini-
mum thickness were calculated for those properties on
which in situ mining was in progress or was planned. The
minimum grade-thickness was determined for each
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property, and the reserves were determined by multiplying
the estimated amount of U,O, by a mining recovery factor

Procedure for Estimating Reserves for 1984 to 1989

During 1983, the estimation procedure described above
was ended. Estimates for the end of 1984 through 1989
were made by adjusting the estimates made for the end of
1983. For this period, additions to reserves were made for
properties not in the NURE data base. Deletions from
reserves wete made during the period for properties
reported as mined out. Adjustments were also made to
account for production, including “erosion” of higher cost
reserves caused by the mining of lower cost reserves.

Beginning in 1984, the Energy Information Adminis-
tration (EIA), through the Form EIA-858, “Uranium
Industry Annual Survey,” requested that domestic ura-
nium industry companies report their estimates of eco-
nomic reserves of uranium. Aggregations of U.S. eco-
nomic reserves quantities were published in the report
series Uranium Industry Annual beginning in 198S.
Domestic uranium companies also were requested,
beginning in 1985, to report estimates of their
subeconomic uranium reserves. The estimates of eco-
nomic and subeconomic reserves were derived by the
uranium companies based on analyses of all pertinent data
acquired in the exploration and development of individual
properties and on cost anticipated for the individual
mining operations.

Current Procedure for Estimating
Reserves

Estimates of reserves as of the end of 1990 through 1993
reflect the phasing in of a new approach to estimation
now employed by the EIA. The previous procedure in
which estimates were made by modifying earlier deposit-
by-deposit estimates made by DOE staff, which was in
use since 1984 and is described above, has been phased
out. The basic deposit estimates that were being modified
are now thought to be too old to serve as a suitable base
for making current reserve estimates. Additional
changes have taken place affecting the status of the
deposits that cannot be reflected in a modification of the
estimates based primarily on adjustment for annual
production. These include increased knowledge of the
deposits from recent exploration and mining, environmen-
tal restriction that impact on the ability of the domestic
industry to economically produce uranium, the changing
status of industry firms, and changes in mining and
processing technology.

The new procedure develops current estimates of reserves
producible at selected cost levels using basic information

provided by the mining companies. This approach relies
on closer cooperation and information exchange with the
uranium companies. Direct use of company estimates and
information are made to the maximum extent possible.
Company reserve estimates are used directly where they
conform to EIA definitions and criteria. Modification to
company estimates are made as needed to put them in
conformity with the EIA standards or use of historical
data to develop missing estimates. Where this is not
possible independent deposit reserve estimates using
methods similar to the 1964-1983 procedure described
above are made by EIA staff.

The costs considered for each cost level includes all
forward-cost estimates required to develop and produce
the uranium that will be recovered in the mining and
processing of ores. This includes capital and operating
costs incurred from the nominal date of the estimate.

There are three main components to the new approach;

1. Gathering of Information by Questionnaire, Form
EIA-858

Form EIA-858 was revised for 1990 to clearly lay
out EIA objectives and criteria to encourage full
reporting of essential reserve data and related infor-
mation. In addition, the Form was simplified and
clarified. Some items previously requested, such as
company estimates of “economic” and “subeco-
nomic” reserves, were eliminated. The responses to
the Form provide the basic input from the industry
on the status of the properties with uranium re-
sources, exploration and development activities, and
the company estimates of reserves under the EIA
criteria or under the criteria being used by the com-
panies, together with information on the criteria and
procedures used. Review of the information received
from the Form provides a basis for determining
further action by EIA, in conjunction with histori-
cal information held by the EIA conceming company
estimation procedures.

2. Review of Company Procedures

Building on information provided by companies in
the Form EIA-858 provides a basis for determining
whether the company's estimates meet EIA criteria
without modification. If EIA criteria are not met,
followup meetings are held with company staff. In
these meetings a detailed discussion of the company
criteria and procedures for reserve estimation is held.
A clear understanding of company procedures can
provide a basis for modifying company estimates to
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make them consistent with EIA criteria. Establish-
ment of such understanding with a company can
provide a simplified procedure for the EIA to use in
handling data received from the company in the
future.

. Independent EIA Estimates

Where a review of company procedures indicates it
is not feasible to accept company estimates directly
or to modify them to conform to EIA criteria,
independent EIA estimates of reserves are made
using company-provided basic data. In some cases,
independent reserve estimation and analysis are done
to establish ore deposit parametric relationships that
provide a means to modify company estimates to
EIA criteria without complete deposit reevaluation.

Compilation of the estimates for individual uranium
properties gathered at the various steps results in a
national uranium reserve estimate at various cost catego-
ries. Since a complete cycle of review of industry proce-
dures has not been completed, the currently reported
estimates do not completely reflect the results of the new
procedure. This will take a few more years to complete.
The current reserve estimates are based on a combination
of EIA-held historical data, company-reported data, and
independent reserve estimates. The 1993 estimates of
national uranium reserves are based on current knowledge
about domestic deposits and on a consistently applied set
of estimating criteria. Current and historical estimates of
reserves since 1947 are shown in Table B6. The trends in
estimated reserves quantities in each forward-cost cate-
gory are shown in Figure B3 for the period 1964-1993.
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Table B6. U.S. Uranium Reserves, 1947-1993

(Million Pounds U,0,)

Forward-Cost Category

Yoar $8 per pound $15 per pound $30 per pound $50 per pound 100 per
1947 . e 4 (a) (a) (a) (a)
1948 oovvitiiiiiiiiiiianes 4 (a) (a) (a) (a)
1949 .....cviiiiiiiiiiieee 4 (a) (&) (a) (a)
1980 voiviiniiiiiiiiieees [ (a) (a) {a) (a)
1961 .o 12 (a) (a) (a) (@)
1982 ..t 15 (@) (a) (a) (a)
1983 . ovoiiiiei i 30 (a) (a) (a) (a)
L7 58 (a) (a) (a) (a)
1986 ......cviiiiiiiies 136 (@) (a) (a) (a)
1988 ..ot i 240 (a) (a) (a) (a)
1957 .. 333 (a) (a) (a) (a)
1988 ....oiviiiiiiiii e 364 (a) (a) (a) ()
1988 ......ociii e 394 (a) (a) (a) (a)
1980 .....ovvvereiniiniiinne 374 (a) (a) (a) (a)
1981 . ovviiiriiiiiiiiaae 348 (a) (a) (a) (a)
1982 ....iviiiii e 332 (a) (a) (a) (a)
1963 .. iviiviiniinieniaees 320 (a) (a) (a) (a)
1984 ......oviniiiireriiies 302 (a) (a) (8) (a)
1985 .. .0cveiriiniiiiniiins 290 (a) (a) (a) (a)
1988 ........ccvihiiiiiiinnn 282 (a) (a) (a) (a)
1 7 N 208 498 (a) (a) (a)
1968 ..o vvvrinniiriniinans 322 530 (a) (a) (a)
1989 .. ..vviiiiiiiiiiies 408 634 (a) (a) (a)
- 7+ 492 782 (a) (a) (a)
L1 74 I 548 1,040 (a) (a) (a)
1972 o i 548 1,040 (a) (a) (8)
1878 e 554 1,040 1,268 (a) ‘a)
1974 (.o iiii i 400 840 1,200 (a) (a)
1976 vt (b) 880 1,260 (a) (a)
10768 ...t (Y] 880 1,360 1,680 (a)
L1 7 2 2 (d) 820 1,380 1,780 (a)
1978 . \vveee e eaieeeeeenns (b) 740 1,380 1,840 (a)
1879t (V)] 580 1,280 1,872 2,244
1880 o\ vvvvvrnrenniiaeeienns (b) 450 940 1,574 2,068
1881 (b) 224 410 1,188 1,788
1082 ® (®) 360 1,152 1,778
1063 ®) (b) 360 1,140 1,770
1984 () {b) °359 °1,108 1,719
1985 ®) ®) 345 1,072 1,675
1966 (b) {b) °322 1,038 1,630
1987 () (b) 304 1,006 1,692
1888 (b) (b) °289 981 1,560
1889 (] (b) %217 962 1,537
1980 .. (b) ()] 266 °g26 1,511
1991 .. ®) (b) °304 976 1,542
1902 .... {0) (b) 2085 °g59 ©1,623
1893 (b) {t) 292 ‘952 1,511

*Not estimated for the indicated forward-cost category.

®For 1974, separate evaluaticns were made of the amounts of reserves that could be exploited at the maximum forward-costs of $8, $15, and $30 per pound U,0,.
Forward-cost reserves were not estimated for the $8 per pound category in 1975, largely because sharm increase in production costs and market prices in the 1972-1875
period focused attention on the economic avallabliity of reserves at higher forward-cost categories. After January 1, 1975, the $8 per pound forward-cost category was
1o longer reported for domestic reserves. Rapidly rising production costs during 1980-1862 resulted in greatty reduced amounts of forward-cost reserves in the $15 per
pound category in each of those years. The quantity estimeted for 1081 was insignificant, and this category of forward-cost reserves was not reported after January 1,
1982. Reserves values in forward-cost categories are cumulative; that is, the quantity at each level of forward cost includes all reserves at the lower costs.

Uranium resarves that could be recovered as a byproduct of phosphate and copper mining are not included in these reserves.

Sources: 1947-1963—U.S. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium industry (January 1978). 1964-1862—U.S.
Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1983). 1983-1983—Estimated by the Energy Information
Administration, Office of Coal, Nuclear, Electric and Altemate Fuels, based on U.S. Department of Energy, Grand Junction Projects Office data files and Energy
Information Administration, Form EIA-858, "Uranium industry Annual Survey” (1884-1903).
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Figure B3. U.S. Reserves by Cumulative Forward-Cost Categories, 1964-1993
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*Reserves in the $8 per pound forward-cost category were not reported after January 1, 1975.

Reserves in the $15 per pound forward-cost category were not reported after January 1, 1981.

Notes: Reserves estimated at the end of the year. Estimates of uranium that could be recovered as a byproduct of other commodities are not included. Forward-cost
categories of reserves are cumulative within sach year; that is, the quantity at each lave! of forward cost includes all resources at the iower cost levels.

Sources: 1964-1982-U.8. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1883). 1983-1983--Estimated by the
Energy Information Administration, Office of Coal, Nuclear, Electric and Altemate Fuels, based on U.S. Department of Energy, Grand Junction Projecta Office data files and
Energy Information Administration, Form EIA-858, *Uranium Industry Annual Survey” (1984-1993).
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Appendix C

Respondents to
the Uranium
Industry Annual
Survey

The fiter-prass equipment (background) is used to procuce high-quality yellowcake (U,O,). After
beds of resin beads in ion exchange tanks have become saturat:d with uranium-bearing anions,
washing of the beds with a solvent yieids a relatively pure and concentrated uranium solution.
This solution s then treated to precipitate /ts dissolved uranium. The precipitate is recovered in
the filter press and is then dried and prapared for shipment as yelowcake.



Respondents to the Energy Information Administration's
(EIA) 1993 Form EIA-858, "Uranium Industry Annual
Survey," are listed alphabetically in Table C1. For each
respondent, an industry-activity code (or codes) is
shown. The activity code (codes) broadly describes the
respondent's major industry activity from the Form EIA-
858 and from publicly available information. Not in-

cluded in the listing are respondents that stated that no
part of the Form EIA-858 was applicable to their opera-
tions as of the end of the survey year.

An explanation for the activity codes is provided in the

notes at the end of Table C1.

Table C1. Respondents to the 1993 Uranium Industry Annual Survey

Company Name Industry Activity Code® | Company Name Industry Activity Code®
Alabama Power Co. (Southern UTL Cotter Corporation UPHMLG
Nugclear)

Albuquergue Uranium Corporation UPH, BRO Cycle Resources Investment Corp. BRO
Allied-Signal, Inc. (ConverDyn) CON Cyprus Mines Corporation UPH
American Electric Power Svc. Corp. UTL Dave Blake Mining Company UPH
American Nuclear Corporation UPH Dawn Mining Company UPHMLG
Andrews Mining Company UPH Department of Energy, Office of Ura-

nium Programs ENR
Arizona Public Service Company UTL Detroit Edison UTL
Atlas Corporation UPH Duke Power Company UTL
B & W Fuel Company FAB Duquesne Light Company UTL
B. B. Brooks Company UPH Energy Fuels Corporation UPH,TRA
Baltimore Gas and Electric UTL Enserch Exploration, Inc. UPH
BGS Mining Company UPH Entergy Operations, Inc. UTL
Boston Edison Company UTL Everest Exploration, Inc. UPH, MLG,TRA
Cameco U.S. Inc. UPH Ferret Exploration Company of NE UPH, MLG
Cargill Fertilizer UPH Ferret Exploration Company, Inc UPH
Carolina Power & Light UTL Florida Power Corporation UTL
Centerior Energy Corporation UTL Florida Power and Light UTL
Cobb Resources Corporation UPH General Electric Company FAB
Cogema, Inc. BRO Geomex Minerals, Inc. UPH
Cogema Mining Inc. (Total Minerals) UPHMLG Georgia Power Co. (Southern Nuclear) UTL
Combustion Engineering, Inc. FAB GPU Nuclear Corporation UTL
Commonwealth Edison UTL Graves and Hudspeth Company UPH
Consolidated Edison Co. of NY, Inc. UTL Green Mountain Mining Venture UPH, MLG
Consumers Power Company UTL Gulf States Utilities Company UTL
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Table C1. Respondents to the 1993 Uranium Industry Annual Survey (Continued)

Company Name Industry Activity Code® | Company Name Industry Activity Code*
Homestake Mining Company UPH PECO Energy Company UTL
Houston Lighting & Power Co. UTL Pennsylvania Power & Light UTL

Company
IES Utilities, Inc. UTL Petrotomics Company (C/O Texaco)' UPH
Titinois Power Company UTL Plateau Resources Limited UPH, MLG
IMC Fertilizer, Inc. MLG Portland General Electric Company UTL
Kennecott Corporation UPH Power Resources, Inc. UPH, MLG
Maine Yankee Atomic Power Co. UTL Public Service Electric & Gas UTL
Malapai Resources Company UPHMLG Rajah Ventures, Limited UPH
Marquez Development Corporation UPH Ralph Foster & Sons UPH
Melvin Staats Company UPH Rhone Poulenc, Inc. MLG
Mesa Limited Partnership UPH Rio Algom Mining Corp. UPH, MLG
Mining Unlimited, Inc. UPH Rio Grande Resource Corp. UPH
Nebraska Public Power District UTL Riverside Public Utility Dept. UTL
New York Power Authority UTL RME Partners L. P. UPH
New York Nuclear Corp. / NYNCO BRO Rochester Gas & Electric Corp. UTL
Trading
Niagara Mohawk Power Corporation UTL Sacramento Municipal Utility Dist. UTL
Noranda Exploration, Inc. UPH San Diego Gas and Electric UTL
North Atlantic Energy Service Corp. San Rafael Energy, Inc. UPH
Northeast Utilities Service Co. UTL Section 2 Joint Venture UPH
Northern States Power Company Sheep Mountain Partners UPH
Nose Rock, Inc. UPH Siemens Nuclear Power Coiporation FAB
Nuclear Fuel Services, Inc. UPH Simons Associates UPH
Nuexco Trading Corporation TRA, BRO South Carolina Electric & Gas UTL
Nukem, Inc. - TRA, BRO Southem California Edison Company UTL
Ohio Edison Co. and Pennsylvania UTL Southern Cross Services, Inc. BRO
Power Co.
Omaha Public Power District UTL Taminco, Inc. UPH
Pacific Gas and Electric Company UTL Tennessee Valley Authority UTL
PACIFICORP UPH Texas Utilities Electric Company UTL
Pathfinder Mines Corp. (C/O UPH UGUSA, Inc. UPH, TRA

Cogema)
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Table C1. Respondents to the 1993 Uranium Industry Annual Survey (Continued)

Company Name Industry Activity Code" | Company Name Industry Activity Code®
Umetco Minerals Company UPH, MLG Vermont Yankee Nuclear Power Corp. UTL
Union Electric Company UTL Virginia Electric and Power co. UTL
United Nuclear Corporation UPH Washington Public Power Supply UTL

System
United States Enrichment Corporation ENR Western Nuclear, Inc. UPH
Uranerz USA, Inc. UPH, BRO Westinghouse Electric Corporation FAB
Uranium Bxchange Company TRA,BRO Wisconsin Electric Power Company UTL
Uranium King Corporation UPH Wisconsin Public Service Corp. UTL
Uranium Resources Incorporated UPH, MLG, TRA Wold Nuclear Company UPH
USX Corporation UPH Wolf Creek Nuclear Operating Corp. UTL

*BRO = Uranium brokerage company; CON = Yranium conversion service supplier; ENR = Uranium enrichment service supplier; FAB = Uranium fuel fabrication
service supplier; MLG = Uranium milling/processing company (can involve ownership of a uranium property); TRA = Uranium trading company; UPH = Uranium
property holder (can include activities related to uranium exploration, reserves, and/or mining); UTL = Nuclear electric utility company.

Source: Prepared by the Energy Information Administration, Office of Coal, Nuclear, Eiectric and Alternate Fuels, based on information reported on the Form EIA-858
“Uranium Industry Annual Survey” (1993).
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Appendix D

Form EIA-858:
Uranlum Industry
Annual Survey

ARer uranium has been mined, milied, and converted lo uranium hewafuoride (UF,), 1t is enriched
for uoe as fuel in nuciear electric generation plants. Enrichment raises the Uranlum 235 isotope
concentration from the natural 0.7 £ roent (o about 3.5 percent **UJ for use in ight-weter reactors.
The * U isotape oan be flasioned, or spit, in & nuciear readtor, produoing heat that is hamessed
for electriolly generation, This photo shows an amay of paseous diffusion stegea through which
uranium, in gaseous form, is pumped 1o achieve the desired enrichment ievel,
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Form EIA-858 (12-92)

Energy Information Administration
U.S. Department of Energy

Form Approved
O.M.B No. 1905-0160
Expirstion Date: 12/3154

Instructions for
Uranium Industry Annual Survey
Form EIA-858

Survey Year 1993

For assistance concerning the Form EIA-858,
contact the Survey Manager on (202) 254-5565.

L. Purpose

The Form EIA-858, "Uranium Industry Annual Survey", is used
to collect data about the U.S. uranium industry. The data are
collected under authority of the Federal Energy Administration
Act of 1974 (15 U.S.C. 2210b) and Section 1015 of the Energy
Policy Act of 1992 (Public Law 102-486).

The data are used in these Energy Information Administration
(EIA) publications: Uranium Industry Annual, Annual Energy
Review, and the Uranium Purchases Report.

Il. Form"EIA-858 Format

The two Schedules of Form EIA-858 collect industry data about
these topics:

Schedule Topic
A Uranium Raw Materials Activities
B Uranium Marketing Activities

Schedules A and B, which are included in this package, are
mailed to respondents in late December of the Survey Year.

IIl. Who Must Respond

The Form EIA-858 must be completed by firms and irdividuals
that were involved in the U.S. uranium industry (that is, within
the SO States, District of Columbia, Puerto Rico, the Virgin
Islands, Guam, and other U.S. possessions) during 1992.
Specific Criteria that define conditions for responding to all or
portions of Schedules A and B are provided below under
General Instructions.

IV. Sanctions

The timely submission of EIA-858 by those required to report is

mandatory under section 13(b) of the Federal Energy
Administration Act of 1974 (FEAA) (Public Law 93-275), as
amended. Failure to respond may result in a civil penalty of not
more than $2,500 for each violation, or a fine of not more than
$5,000 for each willful violatidn. The government may bring a
Fivil action to prohibit reporting violations which may result in
a temporary restraining order or a preliminary or permanent
injunction without bond. In such civil action, the court may also
issue mandatory injunctions commanding any person to comply
with these reporting requirements.

B1RN

V. When to Respoad

Schedules A and B of the Form EIA-858 must be filed with the
EIA by March 1, 1994.

VI. How and Wkere to Respond

Scheduiles A and B of Form EIA-858 can be submitted by mail,
cither in hard copy or micro-computer diskette versions (see
below), or by facsimile transmission.

Mail: Hard copy and micro-computer diskette versions
should be mailed to: (A pre-addressed envelope is provided)

Energy Information Administration
Mail Station: BG-094 Forrestal

U.S. Department of Energy
Washington, D.C. 20277-7091

Facsimile (FAX): Respondents who do not use the diskette
version and who want to submit Form EIA-858 by FAX
should call to inform the Survey Manager (see number
above) of the incoming transmission. The FAX transmission
number at the Technical Assistance Center (TAC), Energy
Information Administration, 1707 H Street, Washington,
D.C., is shown below. The TAC is staffed Monday through
Friday from 6:30 a.m. until 6:00 p.m. each day.

Transmission Verification
(202) 254-5765 (202) 254-5565
(202) 254-6233 (202) 254-5568

To assure successful data transmission by FAX, respondents
should verify receipt of complete and legible data pages at the
EIA's Technical Assistance Center by calling a verification
number shown above upon completion of data transmission. The
name of the person who verifies receipt of the transmission
should be noted.

Micro-Computer Form EIA-858: If you wish to receive the
micro-computer version of Form EIA-858, contact the Survey
Manager. This version operates on an IBM PC, PC/XT, PC/386,
or compatible computer with either: (1) a floppy-disk drive (5
1/4 inch) plus a hard disk drive or (2) two floppy-disk drives.
It requires a minimum system memory of 512 kilo-bytes and the
Disk Operating System (DOS), Version 2.0 or above.

Energy Information Administration i
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Form EIA-858 (12-92)

OVERVIEW AND CRITERIA FOR
SCHEDULES A AND B

Overview

Your firm's name and address are preprinted on Form EIA-858.
Selected data also are preprinted, where applicable, on Schedule
A for uranium properties, mills, and plants and on Schedule B
for contracts and uranjum inventories. The preprinted
information, reported on your firm's Form EIA-858 for the
previous Survey Year, is duplicated bere to aid in completing the
current Form EIA-858. Review all preprinted information, and
update, change, Or correct it as necessary to report current
Survey Year information.

A set of blank pages is provided for reporting data on other (not
preprinted) uranium-reserves properties, mills, plants, and market
commitments that your firm acquired during the Survey Year.

On page 1, complete the section "Applicability of Schedules A
and B" by stating (in column b or c) whether Schedule A (Parts
1 through IV) and Schedule B apply to your firm for Survey
Year 1993. If Parts II and IIT apply, enter in column d the
total number of reserves properties, miil, and plants you are
reporting. If Schedule B applies, enter the total number of
contracts you are reporting.

Within a Part that is applicable to your firm, an Item that is not
applicable should be marked as "NA." If zero or none is the
answer to an Item, please enter a "0" or "none" for that Item, not
the symbol "NA",

On page 1, give the names and phone numbers of contact
persons for the data reported on Schedules A and B, if different
from the person who signed the certification statement.

If Schedules A and B are separated for completion by different

persons in your firm, please provide a copy of the instructions
with each Schedule.

If more space is needed to report information for any Item, use
the COMMENTS spaces provided at the end of each Schedule.
Please key each comment or note to its Item number.

A Glossary is provided at the end of the instructions.

Criteria for Responding to Form EJA-858

In the Criteria below, controllers are firms or individuals that, by
virtue of title, contract, lease, or concession, own properties with
uranium reserves or are responsible for the exploration and
development of uranium reserves and the extraction of uranium
as a primary product or byproduct; own or are responsible for

ii Energy Informaiion Administration

the operation of uranium mines, mills, or processing plants; or
are the operators of uranium-industry joint ventures.

Criteria for Schedule A
Firms that during 1993:

A. Were controllers or were identified in EIA records as the
most recent controllers of uranium-reserves properties and
uranium mines, mills, or plants in the United States, including,
but not limited to, those named on pages 3 and S of Form EIA-
858;

B. Were involved as controllers of uranium exploration and
development ventures in the United States: U.S. firms that
conducted in foreign countries uranium exploration and
development activities that were funded by U.S. operations;

C. Incurred expenditures for uranium exploration in the Survey
Year or plan such expenditures during the following year;

D. Held uranium reserves in specific properties by right of title,
contract, lease, or concession and that were directly responsible
for the development and exploitation of those reserves;

E. Were controllers of uranium mining properties, including
firms that were controllers of mines under joint-ownership
agreements or by contract agreements; firms that were
controtlers of in situ uranium recovery facilities; or

F. Were controllers of commercial extraction of uranium from
ore (or leach solution) or as a byproduct of the processing of a
different commodity.

Criteria for Schedule B
Firms that during 1993:

G. Held existing contracts covering the Sale, Purchase,
Exchange, Loan, or Loan Repayment of uranium or entered into
similar new contracts; was the importer and/or exporter of
uranium materials in conjunction with such contracts;

H. He!d uranium materials and/or offered the service of storing
such materials at any site in the United States under a holding
agreement when the ownership of those materials remain with a
foreign entity;

1. Offered the service of enriching uranium materials in any formn
in the isotope 2*U;

EIRN
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Form BIA-858 (12-92)

J. Was the ectual eatity that imported and/or exported uranium
materials in conjunction with providing the services of uranium
enrichment, conversion, fuel fabrication, and/or transportation,
regardiess of who owned the uranium materials that were
shipped;

K. Made actual deliveries of uranium feed materials to any
enrichment supplier;

L. Held inventories of uranium in any form excluding reactor
inserted, fahricated fuel; maintained a forward-coverage,
uranium-inventory policy (utilities only).

M. (Udlities only) Purchased uranium enrichment services
during 1993 from either the U.S. Enrichment Corporation, from
a foreign enrichment supplier, or from both,

Energy information Administration ili
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Form E1A-858 (12-92)

General Outline

The tour Parts of Schedule A cover:
Pan —Topic
I Exploration and Development
11 Reserves and Mine Production by Property
I  Milling and Processing
IV Employment (including contractor support)

Data reported should be current to December 31, 1993,

Part [. Exploration and Development
Item 1. Joint Venture Arrangements

The controlling partner in a joint venture should report on the
full scope of activities conducted under the venture. To prevent
duplicate reporting, the other venture partners shoyld not report
data or those same activities.

Item 2. Exploration Land Status and Cost for the Survey
Year

Enter in the table the amount of land acquired in 1993 for
uranium exploration. Examples of land that should be reported
included: mineral fee, patented and unpai:nted mining claims,
and options to purchase mineral fee land. Exclude land held for
uranium production, and land held in foreign countries.

Item 3. Exploration and Development Drilling by State and
Total Cost

Enter by state the number of drill holes and footage completed
during 1993 for exploration (i and
development. Do not include drilling-done-in foreign countries.
Definitions of drilling categories are provided in the Glossary.

For projected drilling in_the following year, enter on the line
provided the numbers of drill holes and footage planned for
exploration and development.

Item 4. Other Exploration and Development Expenditures

Report all other expenditures directly associated with your
company's  domestic exploration and development effort.
Include expenditures for assessment work other than drilling,
geological research; geochemical, and geophysical surveys; costs
incurred by field personnel in the course of exploration work;
and overhead and administrative charges directly associated with
supervising and supporting ficld and exploration activities. Do
not include expenditures for land acquisitions and driiling
programs reported under Items 2 and 3 above or for internal
corporate charges, such as directors' salaries, not directly
associated with the company's exploration effort.

iv Energy information Administation

INSTRUCTIONS FOR COMPLETING

SCHEDULE A, URANIUM RAW MATERIALS ACTIVITIES

Item §. Foreign Contributions to Exploration Expenditures

Report the percentages of your total exploration expenditures
(sum of Items 2 + 3 + 4) contributed by foreign-controlled
companies in 1993 (Survey Year) and planned for 1994
(Following Year). Foreign controlled means majority-owned by
non-U.S. entities.

Item 6. Expenditures for Uranium Exploration in Foreign
Countries

Report total exploration expenditures by country for 1993
(Survey Year) and amount planned for 1934 (Following Year).

General Procedure for Responding to Parts II, III and IV

In a case of jointly-owned land, mine, mill, piant, or other entity
for which data are requested under one or more items of Form
EIA-858, the operating (or controlling) partner must report the
total data for that entity. That is, the data relative to each
owner's participation in activities germane to an-Item must be
included in your response given on Form EIA-858.

Pairt II. Reserves and Mine Production by Property

Under Part I1, the following data are requested for each

with uranium reserves controlled by your firm during 1993:
quantity of uranium reserves and related costs, reserves-
estimation parameters, and conventional and nonconventional
mine status and related mine production.

If, during 1993, your firm controlled other (not preprinted)
uranium-reserves properties also complete Items 7 through 12 for
each such . A blank set of Items 7 through 12 (pages
% and 4) is provided. Append additional pages at the end of Part

Item 7. Property Information

Property Name and Location: Enter name and
location information as requested. Give longitude and latitude
to the nearest degree and minute.

Owaership: Self explanatory.

Controllership: If your firm no longer controls this property,
give name, address, and phone number of the paity to which it
was transferred. If the property reverted to a State or Federal
agency during the Survey Year, provide the name and address of

the agency.
Status: Check only one box. If a mine was temporarily closed
or permanently closed, you must provide the date (MM/YY).

Temporarily closed includes long-term closure, but is short of
permanent closure.

Studies: Check all boxes that apply.

BTN
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Form EI1A-858 (12-92)

Item 8. Property Uranium Reserves Estimates

For each reserves property, enter in the table your estimates of
uranium reserves for the forward cost categories of $15, $30,
$50, and $100 by the mining method used to calculate the
reserves. Report the reserves anticipated to be recoverable
considering ore recovery and dilution. If reserves estimates are
not available for the forward cost categories shown, enter in the
far right columns the cost category (or categories) you chose for
estimating reserves and the quantity of reserves estimated at that
cost by mining method.

Give the date (month/year) the reported estimates of reserves
were made.

Item 9. Operating Costs Used in Estimating Reserves

Enter in the table the costs used in estimating reserves for this
property. Definitions of cost terms are provided in the Glossary.
If the costs for your reserves estimates are defined differently,
enter your costs and state how they are defined (that is, what
each cost includes) under Comments for Schedule A on page
6. For openpit and underground mining, provide costs per ton of
ore mined. For in situ leaching or other leaching, provide the
average cost per pound of U,O, recovered. Report all costs in
current 1993 dollars.

Item 10. Total Capital Costs by Mining Method

Enter in the table total capital costs (which includes

for the
chosen mining method for a mine or ISL field and for a mill or
plant associated with this property. Report all costs in current
1993 dollars.

Item 11. Drilling and Reserves Estimation Parameters

Give total number of holes drilled, including barren holes, in the
seserves outline on this property during 1993 and total holes
drilled prior to 1993.

Enter in the table, by applicable mining method (openpit,
underground, or in situ leach), the parameters used in calculating
the reported estimates of reserves for this property.

Item 12. Mine Production and Shipments of Ore or Pregnant
Solutions

Report quantities of ore and pounds mined to the nearest ton of
ore and pound of U,0O, and V,0,.

Uranium and Vanadium Mined: Enter in the table the
quantities of uranium and vanadium mined during 1993 for each
applicable mining method. For in situ leaching, state the grade
of ore. If quantities are reporied for "Other” mining method,
specify the method in the space provided.

Shipment of Ore or Pregnant Soiutions: Enter in the table the
quantities of ore or pregnant solutions shipped to mills, plants,
or to other sites during 1993. State the name of each mill, plant,
or other site to which the shipments were made.

EIN

Part III. Uranium Milling and Processing

Under Part III, data are requested on the status of mills and
plants, their operations, and production of uranium concentrate
for 1993,

If your firm controlled other (not preprinted) uranium milling
and processing facilities during 1993, also complete Items 13
through 16 for each such facility. A set of blank Items 13
through 16 (page 5) is provided. Append additional pages at the
end of Part Il

Item 13. Mill or Plant Information

Name and Location: Enter mill or plant name and location
information as requested. Provide longitude and latitude to the
nearest degree and minute.

Owaership: Self explanatory.

Controllership: If your firm no longer controls this facility, give
the name, address, and phone number of the party to which it
was transferred. Mark one box to indicate the nature of the
arrangement between your firm and the party to which the
facility was transferred,

Item 14. Rated Capacity

Rated capacity is synonymous with nominal capacity and
nameplate capacity.

Item 15. Operating Status During Survey Year

If the facility was not operated during the Survey Year, the date
of the facility closing must be entered.

Note: The EIA might publish your firm's responses for the
Rated Capacity and the Status at End of Survey Year for each
mill and plant in selected data reports. Refer to the section

"Provisions Regarding Confidentiality of Information”™ on page
x.

Item 16. Uranium Concentrate Production

Conventional Mills and Nonconventional Plants: Enter
requested data on uranium concentrate production for each
facility. Please include all concentrate produced from
cleanup/reclamation operations. Mark all boxes necessary to
indicate sources of "Other Mill Feed" and "Total Plant Feed."

Part IV, Employment
Item 17. Employment by State

Enter the number of person-years (see Glossary) by state
expended by your firm during 1993 in uranium exploration,
mining, milling, processing, reclamation (to include staff and
contract personnel), and person-years for assessment work.
Include person-years expended for standby and maintenance
operations, site-security personnel and for contracted manpower
paid for by your firm during the year. See "Person Year" in
the Glossary.

Energy information Administration v
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Form EIA-858 (12-92)

INSTRUCTIONS FOR COMPLETING
SCHEDULE B, URANIUM MARKET ACTIVITIES

General Outline
The six Items of Schedule B cover:
Jtem Topic

Contract (Market Commitment)
Uranium Inventories

Utility Uranium Inven Policy

Actual Enrichment Feed Deliveries
Projected Enrichment Feed Deliveries and
Unfilled Market Requirements.

Uranium used in Fuel Assemblies
Enrichment Services Purchased by Utilities

NN LB WN-

Item 1. Contract (Market Commitment)

Item 1 covers Sale, Purchase, Exchange, Loan, Loan Repayment
end/or Other contracts and Custody contracts active during 1993.
Exchanges include physical-origin and ownership exchanges.
Instructions for each contract type (transaction) are given below.
Report each contract that was active at the end of 1993 or that
was performed (completed) during 1993.

EIA must be able to account for all transfers of title to uranium
materials during the Survey Year. Any transaction that involved
the transfer of title, i.e., a Sale, Purchase, Exchange, Loan, Loan
Repayment, or Other mechanism should be reported. A separate
Item 1 must be completed to report the information requested
under Items 1.A through 1.M for each quantity of uranium (item
1.J) involved in a transfer of title during 1993,

Under certain conditions, a Sale or Purchase of separative work
units (SWU) in the secondary market constitutes such a transfer.
A Sale or Purchase of SWU that, in fact, involves the transfer of
a title to enriched uranium for a title to natural uranium, or vice-
versa, should be reported as an Exchange. A sale or purchase of
SWU through assignment of an enrichment contract should not
be reported on Form EIA-858.

Uranium materials of foreign ownership that were physically
located during Survey Year at any of your company's sites
should be reported under the Item 1.C.2 Custody Transactions.
An example could be uranium materials entering the United
States under a contribution of capital arrangement (but that does
not result in a transfer of title to the custody company). For
materials that fall under this category, a separate Item 1 must be
completed to report the information requested under 1.A through
1.F and 1.J for each custody transaction during the Survey Year.

Data on active contracts reported on your firm's Form EIA-858
for the prior Survey Year might be preprinted under Item 1. If,
during 1993, your firm held or entered into other contracts (that
is, those not preprinted), a separate Item 1 must be completed to
report each such contract. A blank Item 1 (pane 7) is provided.

vi Energy information Administration

You may append copies of contract pages or quoted contract
information after each Item 1, Contract, to report information
that cannot be entered onto the form or to include additional
information that will assist EIA in utilizing the contract data
provided under Item 1.

A. Name of Other Party
Self explanatory.
B. Date Contract Signed

Give the date a contract was originally signed. If applicable
give the latest date it was renegotiated and indicate whether this
was price related,

C. Types of Transactions

Transfer of Title: Indicate whether a contract is a Sale,
Purchase, Exchange, Loan, Loan Repayment, or Other by
marking the appropriate boxes. If Other, specify. If more than
one gransaction type is involved, mark the first with the number
1.the second with the number 2 and so .on,

For a Loan and Loan Repayment, indicate whether your firm
was the Lender or the Borrower. A Purchase or Sale of SWU
by, in effect, transferring title of enriched uranium for natural
uranium (or vice versa) should be reported as an Exchange.
Please indicate if this transaction involves an intracompany
transfer of material.

Custody: If this transaction involves taking custody to uranium
materials under a storage or holding agreement, mark this box.
If other, specify.

Note that the question relating to intracompany transfer of
materials in order to meet a contractual obligation being reported
applies both to transfer of title and to custody transactions.
Please answer Yes or No, as appropriate.

D. Type of Material Covered Under this Contract

Mark the appropriate box (or boxes) to indicate the material type
(or types) sent or received under this contract. If more than one
type of material is marked, explain under Comments.

E. Origin and Destination

State the country of uranium mining, of conversion service, and
of enrichment service corresponding to the type of material
marked under D. The term Actual refers to material delivered
during the Survey Year; the term Future refers to material to be
delivered during a future year. If the Future material can have
more than one origin and destination, state the material types,
countries, quantities, and prices applicable under Comments. If
the contract does not specify the country where the uranium was
mined or the country of component-service performance, please
write in "Unspecified.”

EA
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Provide the country of destination for the Actual and Future
(estimated) uranium commitments (or SWU transfer agreement).
Country of destination refers t0 the country to which the material
ultimately will be delivered under this contract.

F. Importation and Exportation of Uranium

Receivers: Indicate whether your firm is importing material
under this contract, and, if so, name the shipping facility.

If your firm is buying uranium from a foreign company and
taking title after it has entered the United States, this is
considered an importation by your firm. Foreign-origin uranjum
already within the United States bought by your firm from
another U.S. company is not an importation by your firm.

Foreign-origin uranium, located at a foreign site, that is
purchased, borrowed, or exchanged by your firm and then is sent
directly to another foreign destination is not an importation until
the uranium enters the United States. The transaction, however,
should be reported under Item 1.

Shippers: Indicate whether your firm is exporting uranium under
this contract, and, if so, name the country of end use: that is, the
country to which the uranium ultimately will be delivered under
this contract. Exports can include loans and loan repayments.

If your firm is delivering uranium to a foreign firm that will take
title to the uranium within the United States and will then ship
it to a foreign destination, this should be reporied as an export
by your firm,

G. Pricing Mechanism

For a Sale or Purchase contract, indicate whether the pricing
mechanism is "Contract Specified”, "Market-Price Related”, or
"Other." Indicate under Contract Specified or Market-Price
Related the appropriate’ pricing-mechanism mode.

In a Contract Specified contract, price is determined at the time
of contract signing as either a Fixed Price or a Base Price with
escalation factors. Spot and secondary-market purchases can be
reported as Contract Specified.

In a Market-Price Related contract, price commonly is
determined at or before delivery and is based on price prevailing
at the time of delivery. If price is, or will be, tied to an external
indicator (e.g., published spot price), mark "External Indicator"
as the settlement mode. If price is settled by arm's-length
negotiation, mark "Negotiated” as the settlement mode.

A Market-Price Related contract can have either an expiicit floor
price or a cost-related floor psice. Mark all applicable boxes.

4n some contracts, price is defined as the higher of either base-

price escalated or market price. These contracts should be
reported as Market-Price Related with a floor price rather than
as Contract Specified.

Indicate whether the contract has provision for a Ceiling Price.

EA

"Other” includes complex-pricing-mechanism contracts that do
not fit readily into the Contract Specified or Market-Price
Related categories. Describe the mechanism under Comments.

Other is always the pricing-mechanism category for a captive
operation.

If a contract provides for delivery under a contract-price
arrangement for a portion of the delivery period and under a
market-price arrangement for the remainder of the period, you
should follow instruction "a" or "b" below. Complete either:

(a) a separate Item 1 for each relevant combination of
quantity-price-period (years) in the contract, or

(b) asingle Item 1 and explain under Comments the period
(years) for each quantity-price combination.

If a contract covers deliveries of materials of different origins at
different prices, explain under Comments each combination of
quantity-price-period (years). If a contract specifies a "flat" fee,
as in a Loan, yoc may explain the fee arrangement under
Comments. Please key your comments to specific contracts.

H. Litigation Status
Self explanatory.
I. Contract Options

Indicate whether the contract permits (at the buyer's or seller's
option): (1) delivery of optional quantities (amount specified);
(2) delivery of additional quantities (amount not specified); (3)
cancellation of some or all deliveries; (4) substitution of material
not from the selles's own production; and/or (5) change in
delivery dates. Explain other options or flexibility in the
contract under Comments for Schedule B.

J. Uranium Quantity

State the actual quantities of uranium, in thousand pounds U,O,
equivalent, that changed ownership under a contract during 1993
and the Firm and/or Optional quantities specified in the contract
for delivery in future years, If different types of material are
specified for any given year, state the amount of each type under
Comments for Schedule B.

If UF, is the material under contract, give under J the U,0,
equivalent assuming a 0.20 percent U-235 tails assay value:

Under a Market-Price contract, if the price for 1993 and/or 1993
deliveries was settled by December 31, 1993, state the yearly
quantities on the Settled Price rows. If the price for deliveries
was not settled by December 31, 1993, state the yearly quantities
on the Not Settled Price rows.

For a contract with Contract Specified or Other pricing
mechanism, state the 1993 quantity in the Settled Price row.

Energy information Adminietration vii
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K. Market-Price;
Procurement

Prices need not be reported for Exchange, Loan, and Loan
Repayment contracts and for captive production.

Enter actual price per pound U,O, for 1993 and 1994 deliveries.
For future years, enter estimated or fixed prices. Enter prices by
column according to pricing mechanism marked under G above.

If contract quantities are quoted in UF, or other terms, convert
to equivalent U,O, values net of the UF, conversion cost.

For each year beyond 1993, give prices both in nonescalated
dollars (use a factor of "1", or zero escalation) and in escalated
dollars using either contract-specified escalators or your best
estimate of escalators. The escalated column should contain the
actual price paid or received for deliveries in 1993 and 1994
(when applicable), and estimates of future year's prices based on
the price-escalation factors specified in the contract.

For a contract-price procurement with a fixed price, report the
fixed price in Item 1.L using the column entitled Escalated.

For a market-price contract without a settled price, enter the
floor price if applicable. Stat: escalated and nongsealited floor
prices as appropriate. If the floor price is expressly felated to a
seller's production cost and the production cost canhot be
estimated, enter "Cost” in the Settled Price column. If price is
not settled in a market-price contract without a floor, leave K
blank; however, do report applicable quantities under column J.

L. Contract-Price; and M, Other

Item 2. Uranium Inventories

State the inventory quantities, both domestic- and foreign-origin,
to which your firm held title as of December 31, 1993, including
uranium under financial lease. Reported quantities should agree
with inventory quantities reported last year and with data
provided elsewhere in Form EIA-858. That is, 1993 inventory
values should reflect last year's values (which are preprinted)
with adjustments for subsequent stock additions, purchases, sales,
and usages, etc., reported on other parts of this form. Please
revise the preprinted values for 1992 to report any corrections
for those data.

Item 3. Utility Uranium Inventory Policy

Mark the box to indicate whether your company has a uranium
inventory policy. If Yes, fill in the table for each applicable
type of inventory. The sum of the inventory values should equal
.your total desired inventory.

viii Energy information Administration

Item 4. Actual Uranium Enrichment Feed Deliveries

Enter the quantities of uranium feed materials (both U.S.- and
foreign-origin) shipped to U.S. Department of Energy (DOE) or
U.S. Enrichment Corporation (USEC) enrichment plants and to
foreign enrichment plants in 1993,

Do not include deliveries placed in your DOE/USEC usage
agreement account that are not intended for withdrawal until
1993 or later. Withdrawals of enriched uranium from your
usage agreement account in 1993, however, should be included
as appropriate in your feed deliveries to DOE/USEC plants.

State under 5.E the equivalent of DOE/USEC separative work
units (SWU) that your firm purchased in the secondary market
in 1993.

Item 5. Projected Enrichment Feed Deliveries and Unfilled
Market Requirements

In the left-hand column, enter your firm's total projected
shipments to enrichment service suppliers (DOE/USEC- plus
foreign-enrichment suppliers) for each year. Include enriched
uranium (SWU) to be received through all purchase and
exchange contracts in effect as of December 31, 1993, Exclude
feed deliveries of uranium scheduled for a canceled reactor,
unless the enriched product will be used in another of your
firm's reactor units.

In the right-hand column, enter your firm's total unfilled market
requirements for each year.

Item 6. Uranium Used in Fuel Assemblies

This item is to be answered only by utilities. Report only the
total of unirradiated uranium in fuel assemblies loaded into
reactors in 1992 and 1993, by origin. Do not include uranium
removed from reactors that subsequently will be reloaded.

Item 7. Enrichment Services Purchased by Utilities

In accordance with Section 1015 of the Energy Policy Act of
1992 (P. L. 102-486), Domestic Utilities are required to report
their purchases of enrichment services during the survey year.
Please include the name, quantity, and country location of the
seller.

E1D
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GLOSSARY

Acquisition Coat: Cost of acquiring mining and production
nghts to a uranium property.

Assessment Work: The annual or biennial work performed
on a mining claim (or claims), after claim location and
before patent, to benefit or develop the claim and to protect
it from relocation by third parties.

Break-even Cutoff Grade: The lowest grade of material that
can be mined and processad considering all applicable
costs, without incurring a loss or gaining a profit.

Caphal Cost: Cost of mine development and mill or plant
construction and the equipment required for the production
of uranium from a property, excluding sunk costs.

Development Drilling: Drilling dore in an ore deposit to
determine more precisely size, grade, and configuration

subsequent to the time the determination is made that the
deposit can be commercially developed. Not included are:
(1) secondary development drilling, (2) solution-mining
drilling for production, or (3) production-related underground
and openpit drilling done for control of mining operations.

Direct Milling Cost: Operating costs directly attributable to
the processing of ores or other feed materials including
labor, supervision, engineering, power, fuel, supplies,
reagents, and maintenance.

Direct Mining Cost: Operating cost directly attributable to
the mining of ore including costs for labor, supervision,
engineering, power, fuel, supplies, equipment replacement,
maintenance, and taxes on production.

Exploration Drilling: Drilling done in search of new mineral
deposits, on extensions of known ore deposits, or at the
location of a discovery up to the time when the company
decides that sufficient reserves are present to justity
commercial development. Assassment drilling is reported
as exploration drilling.

Forward Cost: Forward costs are those operating and
capital costs yet to be incurred at the time an estimate of
reserves is made. Profits and "sunk® costs, such as past
expenditures for property acquisition, exploration, and mine
development, are not included. Therefore, the various
forward-cost categories are independent of the market price
at which uranium produced from the reserves would be
sold.

Haulage Cost: Cost of ioading ore at a mine site and
transporting it to a processing plant.

indirect Cost: Costs not directly reiated to mining or milling
operations, such as overhead, insurance, security, office

B

expenses, property taxes, and similar administrative
expenses.

In Sku Leach Mining (ISL): The recovery, by chemical
leaching, of the valuable components of an ore body
without physical extraction of the ore from the ground. Also
referred to as "solution mining.*

M#l CapRai: Cost for constructing and equipping a plant for
processing ore or other feed materials.

Mine Capltal: Cost for exploration and development, pre-
mining stripping, shaft sinking and mine development
(including /n situ leaching), and the mine plant and its
equipment.

Other Capital Costs: Costs for items or activities not
included elsewhere under capital-cost tabulations, such as
for and decommissioning, dismantling, and reclamation.

Other Operating Costs: Costs for other items or activities
not included elsewhera in operating-cost tabulations, but
required to support the calculation of a‘cutoif grade for ore
reservas estimation.

Person Year: One whole year, or fraction thereof, worked
by an employee, inciuding contracted manpower. it Is
expressed as a quotient (to two decimal piaces) of the time
units worked during a year (hours, weeks, or months)
divided by the like total time units in a year. For example:
80 hours worked Iis 0.04 (rounded) of a person year; 8
weeks worked Is 0.15 (rounded) of a person year; 12
months worked is 1.0 person year. Contracted manpower
includes survey crews, drilling crews, consultants, and other
persons who worked under contract to support your firm's
ongoing operations.

Processing: Uranium-recovery operations whether at a mill,
an in sit. leach, byproduct plant, or other type of recovery
operation.

Reserve Cost Categories of $15, $30, $50, and $100 per
Pound U,0,: Classification of uranium reserves estimated
by using break-even cutoff grades that are cakulated based
on forward-operating costs of le- than $15, $30, $50, and

$100 per pound U,0,.

Royalty Cost: A share of the profit or product reserved by
the grantor of a mining lease, such as a royalty paid to a
lessee.

Separative Work Unk (SWU): The standard measure of
enrichment services. The efiort expended in separating a
mass F of feed assay x; into a mass P of product of
assay X, and waste of mass W and assay x, Is

Energy Information Administration ix

Energy Information Administration/Uranium Industry Annual1993

87



Form EIA-858 (12-92)

expressed in terms of the number of separative work units
needed, given by the expression

SWU =W V(x,) +P V(x,) -F V(x;)
where V(x) is the "value function,* defined as

Vix) = (1 -2x) ln[lxi

Sunk Cost: Part of the capital costs actually incurred up to
the date of reserves estimation minus depreciation and
amortization expenses. Items such as exploration costs,
land acquisition costs, and costs of financing can be
included.

Uranium Exportation: The actual physical movement of
uranium from a location inside the United States to a
location outside the United States.

Uranium importation: The actual physical movement of
uranium trom a location outside the United States to a
location inside the United States.

Uranium Property: A specific tract of land with known
uranium reserves that could be developed for mining.

Uranium Reserves: Estimated quantities of uranium in
known mineral deposits of such size, grade, and
configuration that the uranium could be recovered at or
below a specified production cost with currently proven
mining and processing technology and under current law
and regulations. Reserves are based on direct radiometric
and chemical measurements of drill hoie and other types of
sampling of the deposits. Mineral grades and thickness,
spatial relationships, depths beiow the surtace, mining and
reclamation methods, distances to milling facllities, and
amenabliity of ores to processing are considered In the
evaluation. The amounts of uranium Iin ore that could be
exploited within the chosen forward-cost levels are
estimated utilizing avallable sampling, engineering,
goologic, and economic data Iin accordance with
conventional engineering practices.

The following information and data elements will not be
treated as confidential by the EIA:

a. Rated capacity of a conventional mill (under item

14).

b.  Rated capacity of a nonconventional plant (under
ftem 14), ‘

¢. Operating status of a facllity at the end ot the
Survey Year (under item 15).

Otherwise, the Office of Legal Counsel of the Department
of Justice concluded on March 20, 1991, that the Federal
Energy Administration Act requires the Energy Information
Administration to provide company-specific data to the
Department of Justice, or to any other Federal agency
when requested for officlai use, which may include
entorcement of Federal law. The information contained on
this form may also be made avalliable, upon request, to
another component of the Department of Energy (DOE); to
any Committee of Congress, the General Accounting
Office, or other Congressional agencles authorized by law
to receive such information. A court of competent
jurisdiction may obtain this information in response to an
order.

X Energy information Adminisiration

PROVISIONS REGARDING CONFIDENTIALITY OF INFORMATION

The information contained on this form will be kept
confidential and not disclosed to the public to the extent
that it satisfies the criteria for exemption under the Freedom
of Information Act (FOIA), 5 U.S.C. §552, the DOE
regulations, 10 C.F.R. §1004.11, implementing the FOIA,
and the Trade Secrets Act, 18 U.S.C. §1905.

Upon recelpt of a request for this information under the
FOIA, the DOE shali make a final determination whether
the information Is exempt from disclosure in accordance
with the procedures and criteria provided in the regulations.
To assist us in this determination, respondents should
demonstrate to the DOE that, for example, their information
contains trade secrets or commercial or financlal
information whose release would be llkely to cause
substantial harm to their company's competitive position.
A letter accompanying the submission that explains (on an
element-by-alement basis) the reasons why the information
would be likely to cause the respondent substantial
competitive harm if released to the public would aid in this
determination. A new justification does not need to be
provided each time Information Is submitted on the form, it
the company has previously submitted a justification for that
information and the justification has not changed.
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EIA-858 (12%93) Energy Information Administration Form Approved 160
U.S. Department of Energy Expires: 12/31/94
Uranium Industry Annual Survey

Survey Year 1993

Data on this mandatory survey are collected under authority of Section 170B of the Atomic Energy Act of 1954, as amended (42 U.S.C. 790a),
and the Federal Energy Administration Act of 1974 (15 US.C. 2210b). Provisions regarding sanctions are described in Part 1V, page i of the
instructions. Provisions regarding the confidcntiality of information submitted 1n response to this survey are set forth on page x of the instructions
for Schedules A and B.

The public reporting burden for this form Is estimated io average 25.0 ours per response, including the time of reviewing instructions, searching existing
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Please send your commenis about
this burden estimate, suggestions for reducing this burden, or any other aspect of this collection of information to: the Energy Information
Administration, Office of Statistical Standards, EI-73, 1000 Independence Avenue SW, Washington, DC 20585; and to the Qffice of Information and
Regulatory Affairs, Office of Management and Budget, Washingion, DC 20503.

RESPONDENT IDENTIFICATION

Company Name:

Address:

~ Respondent 1D (For EIA Use Only). .

City: State: Zip: Ll L.

Parent Company:

APPLICABILITY OF SCHEDULES A AND B

Check one box on each line under column (b) or (¢). If Part II and Part I11 are applicable, give in
column (d) the total number of properties and mills or plants reported. If Schedule B is applicable, give the
total number of contracts (Item 1 of Schedule B) reported.

L .Does Not.
: “Apply to This
L Company
5 B : : ¢ . (o)
A, Part l Exgloration and ]Develo ent R : 0
+* Reserves and Mine Production by Propertv 0
A, Part [11: -Uranium Mllhgg and Proccssngg g 0
A, Part’ [V Emgloymc 0
i 0
CONTACT PERSONS
Schedule A: Name: Phone: ( ) -
Schedule B: Name: Phone: ( ) -
CERTIFICATION

I certify that the historical and estimated information provided hereon and appended hereto are true,
complete, and accurate to the best of my knowledge, information, and belief.

Name (Please print): Title:
Signature: Date:
Phone: ( )

Title 18 U.S.C. 1001 makes it a crime for any person knowingly and willingly to make to any Agency or
Department of the United States any false, fictitious or fraudulent statement or misrepresentation as to any
matter within its jurisdiction.
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U.S. Department of Energy
- Uranium Industry Annual Survey
Survey Year 1993

SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES
Part I: Expioration and Development

ITEM 1: JOINT VENTURE ARRANGEMENTS

Was your company the controlling partner in one or more joint ventures in the Survey Year? DYes DNO
If “Yes”, list names of joint ventures. If “No”, go to ltem 2.

L. : 4.
2. S.
3. 6.

'ITEM 2: EXPLORATION LAND STATUS AND COST FOR THE SURVEY YEAR

:Exploration land ‘acquired:
iCost of all ¢xploration land: aoquu-ed ;
<Total exploration-land released: - B i ' Acres
tTotal exploration jon land held, I. Deccmber 31st of Survey Year' Acres

ITEM 3: EXPLORATION AND DEVELOPMENT DRILLING BY STATE AND TOTAL COST

Acres

Survey Year Drilling: Include drilling donrf,'i'*ssessment under exploration drilling.

2 LR Development Dnllm m
H°|“ %5 Feet -

thngton

a7

LWyoming.:
Other ( Snccva)

1 [fies o] ]
ITEM 4: OTHER EXPLORATION AND ITEM 6: EXPENDITURES FOR EXPLORATION
DEVELOPMENT EXPENDITURES IN FOREIGN COUNTRIES

(Includc assessment activities)
All other expenditures: §

ITEM 5: FOREIGN CONTRIBUTIONS TO
EXPLORATION EXPENDITURES

$
b)
Contribution by foreign-owned companies: S
S

N "

Survey Year: %
Following Year (planned). ___ %

Page 2
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U.S. Department of Energy
Uranium Industry Annual Survey
Survey Year 1993

SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES
Part II: Reserves and Mine Production by Property

ITEM 7: PROPERTY INFORMATION

Identification:
Property Name: State:
Other Name(s) Used: County:
o i Se p Neor S{[Range. E. orW.[ Latitude N.

o 'N
>N
° 'N

=3
£|€|€|E

Status (Check only one):

O Only assessment work being done
O Exploration continuing

O Exploration completed

0O Development drilling complete

O Under development for production
0O Mine in production

0 Mined out
0O Mine closed temporarily .
Controllership: O Mine closed permanently { MM/YR
If your firm no longer controls this property, identify
the party to which it was transferred: Studies Completed (Check all that apply):
[0 Preliminary reserves estimate
Name: O Final rescrves cstimate
Address: 0O Preliminary feasibility study
City: State: __ Zip: 0O Final feasibility study

Phone: ( ) - [0 Mining plan

ITEM 8: PROPERTY URANIUM RESERVES ESTIMATES

~*~T=Reserves Quantities by Cost Category (3 per pound U3Os)
U oSS | 8305 oSS0 | - $100 ¢ |S S

——

Reserves estimation date: ____(MM/YY)

ITEM 9: OPERATING COSTS USED IN ESTIMATING RESERVES

=i

i _Deﬁne Other Cost

. I

Page 3
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| U.S. Department of Energy
Uranium Industry Annual Survey
Survey Year 1993

Schedule A: URANIUM RAW MATERIAL ACTIVITIES
Part II: Reserves and Mine Production by Property ( Continued)

Property Name:

10: CAPITA S M

Capital Costs for Development, Construction and Equipment

SN Capital Costs 5
;Mine or: lSL Field:{: .. Mill-or. Plant

1 Othcr. (Specxfy mcthod chosen)
ITEM 11: DRILLING AND RESERVES ESTIMATION PARAMETERS

Number of holes drilled, including barren holes, in the reserves outline:

During the Survey Year: Holes. Prior to the Survey Year: Holes.

ITEM 12: MINE PRODUCTION AND SHIPMENTS OF ORE OR PREGNANT SOLUTIONS
Uranium and Vanadium Mined

SO§ (Poumi;);'- ;

ther, please specify:

Shipments of Ore or Pregnant Solutions

Page 4
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EIA-858 (12/93) Energy Information Administration
U.S. Department of Energy

Uranium Industry Annual Survey
Survey Year 1993
SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES

Part I1I: Uranium Milling and Processing

FOR EIA USE ONLY

ITEM 13: MILL OR PLANT INFORMATION

Type of Facility:

Name and Location: 0O Conventional mill
Facility Name: State: ___ O Nonconventional plant
Other Name(s) Used: County: 0 Other (Specify):
s "Section(s) . . ... [TownshipN. or S; [Range E. or W:[ Latitude N. | Longitude W,
° ’ N ° g w
-] ’ N o 4 w
[} ’ \ ° ’ w

f ~Percent .,
: Ownershin« the party to which it was transferred:

ITEM 14: RATED CAPACITY

1See provisions regarding confidentiality
of information in the instructions.

Controllership:

If your firm no longer controls this (acility, identify

Name:

Address:

City:

Phone: (

) -

State: __ Zip:

Indicate the nature of thc arrangement between your
firm and the firm named above (mark onc):

O Title transfer

O Other arrangement (Specify):

0O Contract QOLeasc

ITEM 15: OPERATING STATUS DURING SURVEY YEAR

Number of days operated in Survey Year. Nominal:

— Days

Actual:

Days

Was facility operated throughout Survey Year? JYes CONo If No, give closing date: __/ MM/YY

Was facility operating at end of Survey Year?!

Dch E]\Jo

-

»‘.
‘‘‘‘‘

S

U ACTiphe PR S5 g

I Tacility did-not operate du urvey Year:
O Closed temporarily (Restart planned for FoTlowmg Ycar)

O Closed indcfinitely (Following Year restart not planned)

O Closed permanently (Will not be restarted)

O Reclaimed (Restoration in progress or completed)

{3 Other status (Please sEecif'¥):
e LY o o\

€ provisions on conlidentiaiitv ol imniormation in the instruction

~=E€.DIOVISIONS on conticentalty ol injormation in the instructions,

One-time cost to
‘Months required.
productxon. if di

of:.thk'Survey Y:g}'” £ 50 ““ -3

lloldxgg (standby) cost ger year 5

Eggsn R 4 s
R %mtum plant.to-full sy
on Dcce nber.3]§

n.

ITEM 16: URANIUM CONCENTRATE PRODUCTION

10ther Mill Feed:
> |(Check all sources)
[ i, U |0 Mine water
mw ~eiiiat: |00 Heap lcach
. mm ageltd | Tailings water
Processmlnventon' (Ehs:1J30s; ';;; jor. Year: e r 0O Other (Specify):
"of December’ 313i I ‘f«Sum:v-Year B :
Possible Productit n* ‘ - s <
Total Plant:Feed4 bs* é ) ««“' N B 2Total Plant Feed:
ntratd Production’tl FU ‘). AN {Check all sources)
ings and<ldnaccotintable (b ' 8 |0 In situ Leach
Recovery: Pértent kil O Reclamation
‘ nccntrate* yentore® (LB 1Ls0Os). - | Prioi DB)"Kroduct recoveryl
Af Decy - [Sarvey- er (Specify):
ncentrate:Shippéd:(LbixlI30g) k- wWi R
Page §
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U.S. Department of Energy (111110
Uranium Industry Annual Survey
Survey Year 1993
SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES
Part [V: Employment

ITEM 17: EMPLOYMENT BY STATE

£ e - Employment (Person-Years): Iniclude staff and contract personnel.. i
A%t Exploration:|  Mining> ... Milling | Processing | Reclamation - "

COMMENTS FOR SCHEDULE A

Page 6
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Survey Year 1993
SCHEDULE B:

Energy Information Administration
U.S. Department of Energy
Uranium Industry Annual Survey

FOR EIA USE ONLY

URANIUM MARKETING ACTIVITIES

ITEM 1I: CONTRACT:

your firm had in place on December 31 of the Survey Year.

A. Other Party Name:

FOR EIA USE ONLY:

Complete one copy of this page for each contract (market commitment and/or custody transaction)

(] 1f not applicable, check box.

B. Date Contract Signed: —t
Datc Contract Renegotiated: __ /___ /___

) Check if the renegotiation was price related.

C. 1. Transfer of Title: Mark in order. 2. Custady Transactions: (Involving

D. Type of Material Covered Under this

Osale OPurchase [ Exchange foreign-ownrd uranium) Contract: Mark box or boxes to show
Lender Borrower CStorage/holding Agreement material sent and/or received.

Loan: a O OOther Custody Transaction Uranium Natural Enriched

Loan Repayment: [0 0 (Specify): Ore UsOs UFs UFs

CJOther Transfer of Title (Specify): | Sent: 0 || a D

Does this transaction involve intracompany transfer of material?  [JYes OONo| Reccived: O a O O

E. Origin and Destination: Give country of origin and of destination for the material

specificd under Item D above.

F. Importation and Exportation:
RECEIVERS: Docs this commitment
involve importation of uranium?

o Natural UFs. and Emclwd UFa a0 [0 Yes: name country shipped from:
§ T lnformuion )
N Requested S Copwmw S ‘ “and SWU- ONo. _
10t et -‘Jxvst - Actual Futun Asuul l'!m“n- i
aUW"“‘)’ where mined: SHIPPERS: Docs this commitment
; Conversion servico country —~ involve exportation of uranium?
“Enrichment scrvice: country: e i O Yes: name country of end use:
iCountry of destination: . " -3¢ ONo.
G. Pricing Mechanism:

O1. Contract specified: [ Fixed price O Base-price escalated 1. Contract Options: At whose option can the

2. Market-price related:

a. Seitlement mode: [ External indicator [J Negotiated

b. Floor type: O Fixed floor price  [J Escalated Noor
O Cost floor 0O No floor
c. Ceiling price: 0O Yes O No

[3J3. Other (Explain pricing mechanism(s) under Comments on Page 9.)

following take placc? Buyer's Scller’s

1. Optional quantitics O a
2. Additional quantities a a
3. Cancel some or all dciiveries [J 0
4. Substitution of material 0 0
S. Change in dclivery dates) (3 O

H. Status of Litigation: 1. In litigation on December 31, 1993: [ Yes [ONo.

- J.. Quantity S e > Price (S per Eund U10s) = Gatd
(Thousand pounds W Wiarket: me- Precurement - i Price .3
UsOa equivalent) - »smu _ Floor (If Applicable) S a5

=+ Fiem - o.cmu T Price - | Escalated : | Non-Escalated | . Escalated - | Non-Escalated |

ettled: Pnce e

ot:Settled Price

19 ‘ Settled Price <

1994 Not*Settled Pnce

Page 7
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EIA-858 (12/93)

EIDN

Energy Information Administration
U.S. Department of Energy

Uranium Industry Annual Survey
Survey Year 1993

FOR EIA USE ONLY

ENNERERERD

SCHEDULE B: URANIUM MARKETING ACTIVITIES

ITEM 2: URANIUM INVENTORIES: Include material reported in Item 1.C.2 above that belongs to a
foreign company and was stored at your site(s) at year end.

Quantity (1000 Ibs-of:U3Os Equivalent) o

Domestic-Origin

- aij. Forelgn-Origm

Uaos omhand mkoﬁ'-sne»'stora eugr.a, e

”s" k,

a(}l. Enrnched;'UFouaa 1P2ichynchmem supphers

‘ﬂr B SR ﬂﬁg'

ITEM 3: UTILITY URANIUM INVENTORY POLICY: Does your company have an inventory policy on

any form of uranium? 00 Yes ONo

(If Yes, provide the following data)

i Desired Inventory, Levels

R T wm
e AR

‘Thousand- pounds U3Os equivaleni"ﬁ

e ry -Months of fomrd coverage

+ Fabricated Fut Fuel

ITEM 4: ACTUAL ENRICHMENT FEED DELIVERIES IN THE SURVEY YEAR

51000, 1bs V:04 ,
" Equivalent) *".[¥¥Co

uantity -

e

i . Sh.
ot Shi n:
~Source:4r* ustra 3

Sourcc xSou

o Sourced

~ :Shlpmen 7
” including:

Slupmen%{)‘f,f

includi seco a i

e,

gm“‘mat

~Source* -Sp!
U303 Egy ivalent:of$o '.b,n ;
:exéhang glf‘o wD(') SEC
- Total (A

e

Q' on~

3. enrichment suppliers¥:
SWU» ur&b ‘sed treceivedin exchatige) <is

;to nonsL)iS:e chment:s“ix
s@d&"-f ce jed ‘}E change)’
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ElA-838 (12:93) Energy Information Administration FOR EIA USE ONLY]

A U.S. Department of Energy T

Uranium Industry Annual Survey
Survey Year 1993
SCHEDULE B: URANIUM MARKETING ACTIVITIES

ITEM 5: PROJECTED ENRICHMENT FEED DELIVERIES AND
UNFILLED MARKET REQUIREMENTS

e o Y& (1000 Ihs UaOs equivalent) #3885 =
.| sProjected. shipments to enrichment suppliers , yUnﬂlled market requirements

" Unilities Only: . Report oxll)ly the total of umrradlatcdg * Quantity (1000 Ibs of U3Os Equivalent);?
;.uranium. in::fiel;assemblics -loaded " into.. reactors'{.  Domestic-Origin - |+ elon-t
‘*durmg the ﬁnvcy Year.and durmg the~pnor year |— ,?fms c_._‘g l,‘_
byxongm D6 not include uranium removed from | ‘Year-end |*Year-eid* [y

Meactors thatrsubsequently will be rcloadcd 1992, Jan 1993 e

Umrradmted Uranium in. Fuel Assembhcs ,

ITEM 7: ENRICHMENT SERVICES PURCHASED BY UTILITIES

Country Loeation ~ |© - Quantity’- %54 . Scheduled . '
% of Seller . 3 (Separative Work Uni \) _ Delivery Date:

COMMENTS FOR SCHEDULE B
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Appendix E

U.S. Customary Units
of Measurement,
International System
of Units (Sl), and
Selected Data Tables
in Sl Metric Units

After uranium has been enriched, the uranium hexafluoride (UF,) is processed into uranium oxide
(UO,) powder, which is then formed into half-inch long pellets. The hard, ceramic-like pellets are
loaded into long metal (zirconium alloy) tubes to form fuel rods. Fuel rods are grouped together
to form fuel assemblies. Fuel assemblies form the reactor core of a large nuclear power plant.
Each fuel pellet can generate as much electricity as approximately 1,600 pounds of coal.




Appendix E

U.S. Customary Units of Measurement, International
System of Units (Sl), and Selected Data Tables in
Sl Metric Units

Standard Factors for interconversion between U.S. of the reader in making conversions between U.S. and
customary units and the International System of Units (SI) metric units of measure for data published in this report.
are shown in Table E1. These factors are provided as a Conversion factors are provided only for the U.S. units of
coherent and consistent set of units for the convenience measurcment quoted in this report.

Table E1. Conversion Factors for U.S. Customary Units and S| Metric Units of Measurement

Yo convert from: To: Multiply by:"
Area
acre meter® (m?) 4,047
Length
foot (ft) meter (m) 0.3048,
yard (yd) meter (m) 0.9144
Mass

pound—avoirdupols (b avdp) kliogram (kg) 0.4538
pound—avoirdupois U,0,° kilogram U 0.3847
fon, short (2,000 Ib) metric ton (1) 0.9072

®An asteriek after the last digit of the factor indicates that the conversion factor is exact and that alt subsequent digits are zero. All other conversion factors are
roundad o four significant digits.

The factor of 1 pound U,0, = 0.8480 pounds U was used in this conversion.

Source: Table E1 is pattemed after Table 3, “Conversion Factors for S| Metric Units and U.S. Customary Units of Measurement,” in 8.M. Long and A.M. Oreilana,

“The Metric System,” in Suggestions to Authors of the Reports of the United States Geological Survey, Sixth Edition, U.S. Govemnment Printing Office (Washington, DC,
1978) pp. 1892-196.
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Forward Cost and Average Price Conversions

The forward-cost categories of $US80 through $US260
per pound U shown on Table E3 to report uranium
reserves quantities were converted from units of “$ per
pound U,0;” to “$ per kilogram U” by multiplying by the
standard factor of 2.6 and rounding the results to the

Selected Tables Converted to Sl Metric Values

Nine principal tables of data from the Uranium Industry
Annual 1993 (UIA) converted to equivalent metric values
are shown on the following pages. The crosswalk given
below shows the correlation between the tables of metric
values and their corresponding tables in U.S. customary

nearest multiple of $US10. The “Averages of Reported units in the main body of the UIA.

Prices” shown on Tables E7 and E9 were derived by

applying that same factor to convert to “dollars per

kilogram U.” These averages were calculated from data

reported in Item !, “Contract,” of Schedule B, “Ura-

nium Marketing Activities,” Form EIA-858, for the

survey year.

Appendix E UIA Chapter and
Table Number Table Number

B2 ot Chapter 1, Table 3
Bl e Chapter 1, Table 9
BA ... Chapter 1, Table 12
ES ... Chapter 1, Table 17
B6 ..o Chapter 2, Table 23
BT e Chapter 2, Table 28
B8 ... Chapter 2, Table 29
BY e Chapter 2, Table 34
| (T Chapter 2, Table 40
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Table E2. U.S. Uranium Drilling by Type of Drilling, 1968-1993

Explorstion Oriiting* Development Drilling®
Cost Average Cost Cost Average Cost
Number of (mitfion: dol- (doars per Number of (milon dol- (dollars per

% Yeerls) Holes Drilled | Mision Meters* lare)* metern)® Holes Drilled | Milion Meters® lars)™ meter)
1966-1973 220,721 27.38 124.52 4.55 124,383 | 8.48 26.68 -
1974 27,400 449 34.98 7.7 12,300 208 9.81 4T
1978 34,265 4.78 51.82 10.88 21,600 297 21.89 7.39
197¢ 40,409 8.2 70.70 11.3¢ 27,291 440 38.30 8.7
1977 82,597 8.52 99.40 11.68 30,858 537 58.60 10.35
1978 75,088 8.82 113.30 12.84 20,288 5.84 58.40 9.08
1979 60,457 8.%8 119.60 13.68 30,191 397 43.40 10.98
1960 39,807 8.97 94.80 18.67 20,168 262 30.90 11.80
1981 17,751 3.31 56.43 17.03 88,673 1.02 11.47 11.23
1062 6.968 129 20.94 16.24 3,002 0.34 6.90 €20.03
1983 4,287 0.64 10.60 16.84 3,011 0.33 3.84 11.57
1984 4,798 0.69 10.53 15.29 723 0.0 1.32 14.93
1985 2,877 043 5.14 11.88 772 0.10 0.39 3.78
1068 1,988 0.34 8.40 19.09 1,848 0.30 1.358 4.57
1087 1,820 0.34 5.60 17.44 1,994 0.26 1.08 4.04
1968 2,020 0.30 844 16.51 3,176 0.83 326 6.18
1969 2,087 0.44 5.82 13.38 1,763 0.24 3.12 12.80
1990 1,507 027 3.21 12.11 1,908 0.25 5.96 24.10
1901 1,624 0.30 283 9.57 1,573 026 8.11 30.58
1002 935 0.17 127 7.4 833 0.1 116 7.81
1993 ass 0.07 0.96 14.48 1,688 027 478 17.61

“includes ciriling in search of new ore deposits or exteneions of known deposits and driling at the location of a discovery up to the time the company decides sufficient ore
reserves are present 1o justify commercial exploitation. Costs shown are in nominal U.S. dollars.

“inciudes all driing of an ore deposit 10 determine more precisely the size, grade, and configuration subssquent 1o the time that commercial exploitation is deemed feasible.
Costs shown are in nomina! U.S. Dollars.

*Number of holes for 1981 and prior years and deta for meters drilled, totai cost, and average cost for 1962 and prior years based on Statistica/ Data of the Uranium industry,
GJO-100(83)(January 1, 1983). Cost shown are in nominal, U.S. dollars.

“Does not include the costs for 0.632 milion meters of exploration driling and 0.18 milion metars of development drilling for 1968-1971 for which drilling costs were reported
a3 “other explomtion expenditures.” Does not include ccets for 3.038 millon meters of exploration and development driling rep{orted together at a cost of $13.7 milion, 1966-
1972

*This high vaiue in attributable primarily to the large percentage of total expenditures for development driling in 1862 attributable to one company.

-~ = Not applicable

Note: Avernge cOst per meter shown here may not equal quotients obtained with independently rounded numerator and denominator.

Sources: 1968-1870-U.S. Department of Energy, Grand Junction Projects Office, Press Release No. 582 (August 12, 1971). 1971-1080-U.S. Department of Energy, Grand
Junction Projects Office, Uranium Explomation Expenditures in 1980 and Plans for 1981-1982 (May 1981). 1981-1883-Energy information Administration, Survey of U.S.
Uranium Exploration Activity 1983 (July 1984). 1984-1882-Energy Information Administration, Uranium industry Annual 1992October 1993). 1983-Energy Information
Administration, Form EIA-858, “Uranium industry Annual Survey” (1093).
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Table E3. Changes in U.S. Uranium by Forward-Cost Category, 1993

{Thousand Metric Tons U)
Forward-Cost Category
$US80 $US130 $US260
Yoar End Reserves and Change per kilogram U per kilogram U per kilogram U
Reservesatthe Endof 1992 ..............cc0vevinnnnnn 114 369 586
Reevaluations of Reserves in 1993
ADDIONS ... ..ottt s 2 1 1
SUDITBCHONS ... .. i i e ) ) (3)
Depletion (Production and Erosion) in 1893 .. ............. (1) ) 3)
Reserves atthe Endof 1993 ...........cvviviineinnnns 112 366 581

Notes: Totals may not equal sum of components because of independent rounding. No reserves evaluations for new uranium properties are inciuded in the estimates
of U.8. reserves made during 1993. Uranium reserves that could be recovered as a byproduct of phosphate and copper mining are not inciuded in this table. Reserves
values in forward-cost categories are cumulative: that is, the quantity at each level of forward cost includes all reserves at the lower costs.

Sources: Estimates by staff of the Analysis and Systems Division, Office of Coal, Nuclear, Electric and Alternate Fuels, Energy Information Administration (E1A), based
on U.8. Department of Energy, Grand Junction Projects Office data files and Form EIA-858, “Uranium Industry Annual Survey” (19983).

Table E4. U.S. Uranium Mine Production of Uranium by Mining Method, 1981 - 1992

(Thousand Metric Tons U)

Mining Method 1981 | 1982 | 1083 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993
Underground ....... 6.5 48 (a) 19 17 25 19 21 20 W w w 0

Percent of Total ..... 464 534 - 490 523 778 817 568 544 W w w -

OpenpitMines ...... 5.4 29 (a) 11 08 W w w w 07 10 W 0

Percent of Total ... .. 383 322 - 200 233 W w w w 320 488 W -

Othet® ......... ... 22 13 19 0.8 08 07 0.4 16 17 15 1.0 0.4 0.8
Percent of Total ... .. 153 144 209 220 244 222 183 432 456 680 512 1000 100.0
Total ..........nn 14.1 9.1 80 38 33 32 23 37 37 2.3 2.0 0.4 0.8
Percent Change from

PriorYear .......... - 36 04 -574 -140 -35 -27.7 583 21 -382 -11.8 -80.7 105.

*For 1983, openpit plus underground mine production was 7.2 thousand metric tons U, or 79.1 percent.

“’For 1878-1964, the “Other” category includes production from in situ leach, heap leach, mine water, and low-grade stockpiles. For 1985 the “Other” includes
production from In situ leach, mine water, and water-treatment plant solutions. For 1986 through 1989, the “Other” includes production from openpit, in situ
leach, heap leach, mine water, and water-treatment plant solutions. For 1890 and 1991, the “Other” includes production from underground, in situ leach, heap
leach (1990), mine water, water-treatment plant solutions (1990), and restoration. For 1992, the "Other” includes production from underground and in situ leach

mines, uranium bearing water from mine workings and tallings ponds, and restoration. For 1993, the "Other includes production form in situ leach mines and
uranium bearing water from restoration.

- = Not applicable.

W = Withheld to avoid disclosure of company-specific data. The data are included in the total for “Other.”

Notes: Totals may not equal sum of components because of independent rounding. Percentages were calculated using unrounded data.

Sources: 1978-1982—U.S. Department of Energy, Grand Junction Projects Office, Statistical Data of the Uranium Industry (January 1983). 1983—Estimated
by staff of the Analysis and Systems Division, Office of Coal, Nuclear, Electric and Aliemate Fuels, Energy Information Administration, from U.S. Department
of Energy, Grand Junction Projects Office data files. 1984-1982—Energy Information Administration, Uranium Industry Annual 1992 (October 1983).
1983—Energy information Administration, Form EIA-858, “Uranium Industry Annual Survey® (1993).
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Table E5. U.S. Uranium Processing Operations, 1983-1993

_Processing Operation 1983 1984 1988 1908 1987 1988 1989 1990 1991 1992 | 1903
Ore Fed to Process®
(thousand metric tons U) 5,375 3,915 1,628 1,187 1,307 1,101 1,120 655 580 232 0
(gmdo)" ............. 0.128 0.112 0.161 0.336 0.264 0.268 0.323 0.293 0.198 0.229 -
(thousand metric tons U) 5.839 3.708 2225 3.378 3.151 26892 3.088 1.626 0.973 0.450 0
Other Mill Feed®
(thousand metric tons U) 0.220 0.208 0.268 0.100 0.182 0.195 0.168 0.186 0.089 0.070 0.016
Total Ml Feed
(thousand metric tons U) 6.059 3.911 2.514 3.478 3.333 2.887 3.233 1.812 1.042 0.520 0.018
In-Procsss inventory Change
{thousand metric tons U) -0.108 0.018 0.079 -0.025 0.081 0.052 -0.080 -0.094 -0.047 0.010 0.004
Concentrate Production
(thousand metric tons U)
Theoretical Production® 6.187 3.802 2434 3.503 3.413 2,834 3.323 1.908 1.089 0.530 0.012
Conventional Milling . .. 5.969 3.703 2.340 3.405 3.283 2,706 3144 1.788 1.003 0.523 0.012
Tallings Less
Unaccountables .. ... 0.198 0.190 0.094 0.098 0.130 0.129 0.179 0.119 0.085 0.007 0.001
Recovery From Mill Feed
(percent) ........... 96.8 95.1 96.1 972 98.2 95.5 94.8 83.8 922 28.7 -
Other Processing® .. .. 2.169 2.022 2,012 1.790 1.714 2.345 2.178 1.630 2,058 1.649 1.168
Total Production ...... 8138 's724 4382  'si95 4997, 5080 5.322 3.418 3.058 21471 1.178
Concentrate Shipments
(thousand metric tons U) 7.509 5.958 4.523 4,083 4.448 4.820 5.6898 4.984 3.245 2.636 1.208

*Uranium ore “fed to process” in any year can include: ore mined and shipped to a mill during the same year, ore that was mined during a prior year

and later shipped from mine-site stockpiles, and/or ore obtained from drawdowns of stockpiles maintained at a mill site.

SWeighted avsrage percent.

“Includes uranium from low-grade ore, mine water, taliings water, and heap leaching, except as footnoted beiow.

9At 100-percent recovery.

*Uranium concentrate production from in situ leaching and a3 & byproduct of other processing. The totals for 1986 and following years include uranium

concentrate recovered from reclamation and mine water at soma miila that did not report proceasing of uranium ore for those years.
otal does not include uranium concentrate production from piiot projects or other research project sources.

- = Not applicable

Note: Totals may not equal sum of components because of independent rounding.

Sources: 1983—Calculated by Energy Information Administration, Office of Coal, Nuciear, Electric and Altemate Fuels, from U.S. Department of
Energy, Grand Junction Projects Office data files. 1984-1982—Energy Information Administration, Uranium Industry Annual 1992 (October 1993).
1993—Energy information Administration, Form E1A-858, "Uranium Industry Annual Survey” (1993).
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Table E6. Commitments for Delivery of Uranium from Suppliers to U.S. Utilities, 1993-2000 and Later
(Thousand Metric Tons U Equivalent)

Change in Total from
December 31, 1992, to
As of December 31, 1992 As of Decomber 31, 1993 December 31, 1983

Yeer of Delivery Fim Optional I Total Cumulative Flmn__ @_}w Cumulative Jotal I Cumuiative
1908 ............ [.X] 03 6.9 8.9 8.0 0 8.0 6.0 0.8 0.9
1984 ............ 8.1 12 83 13.2 53 0.6 59 1.9 0.4 1.3
1995 ............ 5.0 1.3 6.3 19.5 4.1 0.7 4.9 168 -1.4 2.7
196 ............ 24 13 37 232 22 0.6 28 19.6 0.8 36
1997 ............ 1.7 06 24 25.8 22 0.6 28 24 04 3.1
1998 ............ 1.2 0.5 1.7 27.2 11 0.6 1.7 241 0.0 3.1
1999 ............ 0.7 02 0.8 28.1 0.7 04 11 25.2 0.2 2.9
2000 and Later . ... 16 (WA ] 1.7 20.8 16 0.3 20 27.2 0.3 26

Total .......... 242 58 28 - n2 40 72 - - -

- = Not applicable.
Note: Totals may not equal sum of components because of rounding.
Sorsrce: Energy information Administration, Form EIA-858, 'UranimnlndusﬂyAmunlSmwy’(WQG)
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Table E7. Average of Prices Pald for Purchases by U.S. Utilities from Suppliers, 1982-1993

(Dollars per Kilogram U Equivalent, Thousand Metric Tons Equivalent)

Year of Delivery
Contract Type 1982 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1982 | 1983

Contract-Specified Price

Average Price ............ 91.94 10374 8736 9032  BATM 7582 7382 5426 4864 3824 M2 B0

Quantity with Reported Price . 32 37 28 34 23 39 28 a7 40 67 8.1 32
Market Price Reiated

No Floor

AveragePrice ............ 55.90 6253 43.98 4020 44.02 45.58 41.91 20.85 2387 238 2249 24.88

Quantity with Reported Price . 11 17 1.6 11 13 1.0 09 07 20 13 18 22
Price and Cost Floor

AveragePrice ............ 132.55 13174 11825 9261 10878 8928  67.45 5850 5044 5878 4.7 30.65

Quantity with Reported Price 22 1.4 18 18 10 05 04 04 0e 08 18 0s
Total Market Price Related

Average Price ............ 107.30 0407 8280 708 721 50.41 56.13 4000 3029 3281 3.10 2808

Quantity with Reported Price . 33 30 34 27 23 1.5 13 12 26 19 33 28
Tota! Contract Specified
& Market Price Related

AveragePrice ............ 99.76 99.35 8480 8172 78.03 71.16 67.99 8086 4082 85.52 408 M7

~—Quantity with Reported Price . L4 sl S2. 2.1 47 54 42 40 12 Y] L4 20

Notes: Price excludes uranium delivered under iitigation settiements. Prices shown are quantity-weighted averages per kilogram U equivalent in nominal
U.S. dollars.

Sources: 1982-1883—Energy Information Administration, Form ElA-481, "Survey of United States Uranium Marketing Activity” (1962, 1963). 1984~
1982—Energy Information Administration, Uranium Industry Annual 1992 (October 1993). 1983—Energy Information Administration, Form EIA-868,
“Urantum industry Annual Survey” (1993).
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Table ES8. Deliveries and Commitments of Uranium Imports and Exports by Transaction

Type, 1967 to 2000 and Later
(Thousand Metric Tons U Equivalent)
Transaction * Transaction *
Yoar of Purchases® | Loans Other Total Sales’ Loans Other Total
Actusl Deliveries
1967 ...c..vnnes 0 NA NA NA 0 05 NA NA NA 0.5
1968 ........... ) NA NA NA 0 0.6 NA NA NA 08
1969 ........... 0 NA NA NA 0 0.4 NA NA NA 04
1970 ........... 0 NA NA NA 0 18 NA NA NA 18
197 e 0 NA NA NA 0 0.2 NA NA NA 0.2
1972 ...0onnne. 0 NA NA NA 0 0.1 NA NA NA 0.1
1978 ..oovnnnns 0 NA NA NA 0 0.5 NA NA NA 05
1974 ...ovnnns 0 NA NA NA 0 12 NA NA NA 12
1975 ....oviens 0.5 NA NA NA 05 04 NA NA NA 0.4
1976 ........... 14 NA NA NA 14 0.5 NA NA NA 05
977 ol 22 NA NA NA 22 1.5 NA NA NA 1.5
1978 ....ooees 20 NA NA NA 20 28 NA NA NA 28
1979 ....eees 12 NA NA NA 12 24 NA NA NA 24
1960 ........... 14 NA NA NA 14 22 NA NA NA 22
1981 ........... 25 NA NA NA 25 17 NA NA NA 17
1962 ........... Y NA NA NA 68 24 NA NA NA 24
1963 ........... 32 NA NA NA 32 13 NA NA NA 13
1984 ........... 48 NA NA NA 48 09 NA NA NA 09
1985 ........... 45 0 0 NA 45 20 0 0 NA 20
1906 ........... 52 0 03 NA 55 08 0 0 NA 08
1987 ........... 5.8 0.3 0 NA 6.1 0.4 0 ] NA 04
1968 ........... 8.1 0 05 NA 8.5 13 0 0.4 NA 17
1989 ........... 5.0 0.1 0.1 NA 53 0.8 0 0.1 NA 1.0
1990 ........... 9.1 <0.1 1.1 NA 102 0.8 0.1 0 NA 0.9
1991 ...l 8.3 22 0.4 NA 89 14 0 0 NA 14
1982 ........... 9.0 0.9 0.3 72 175 11 0 0 70 8.0
1983 ........... 8.1 w w 75 16.1 12 w w w 82
Commitments

1904 ........... 87 0 w w 9.1 13 0 0 0 13
1985 ........... 8.1 0 0 0 8.1 12 0 0 0 12
1996 ........... 73 0 ()} 0 73 12 0 0 0 12
1997 ........... 6.3 0 0 0 63 1.2 0 0 0 1.2
1998 ........... 45 0 0 0 45 11 0 0 0 i1
1999 ........... 33 0 0 0 33 11 0 0 0 11
2000 and Later 45 0 0 0 45 04 0 (] 0 04

*1987-1891—Does not include transactions involving the delivery of uranium materiais imported for custody/storage siting, conversion, enrichment, and/or fuel
fabrication at U.S. facilities and subsequently exported or uranium materials exported for conversion, fuel fabrication, and/or enrichment at foreign facilities.
1982-1983-"Other” imports include uranium shipped under transactions involving custody/storage siting, conversion, enrichment, and/or fuel fabrication at U.S. facilities.
“Other” exports include uranium shipped from conversion, enrichment, and/or fuel fabrication facilities in the United States.

51975-1981, Annual total represents direct purchase of foreign-origin uranium by U.S. companies.

©1967-1981, Annual total represents exports by U.S. uranium producers only.

W = Withheid to avoid disclosure of individual company data.

NA = Not available.

Nots: Totals may not equal sum of components because of independent rounding.

Sources: 1967-1983—FPurchases and Sales, Energy Information Administration, Survey of United States Uranium Marketing Activity 1983 (August 1984), 1984-
1982—Energy Informstion Administration, Uranium Industry Annual 1992 (Octobar 1993). 1993—Energy information Administration, Form EIA-858, “Uranium industry
Annual Survey” (1993).
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Table E9. Average of Prices Paid for Imported Uranium Delivered to U.S. Utllities and Suppliers,
1983-1993

~ (Dollars per Kilogram U Equivalent, Thousand Metric Tons Equivalent)

ftem 1983 1984 1985 1986 1987 1988 1889 1290 1981 1892 1983
AveragePrice .............. 68.02 5684 5221 52.18 4976 4948 4355 3263 4043 2848 2737
Quantity with Reported Price . . . 3.2 43 4.1 4.9 5.0 5.8 5.0 9.0 6.1 8.6 8.1
Total Quantity Delivered® . .. . .. 32 48 45 52 5.8 6.1 5.0 9.1 6.3 9.0 8.1

Percentage of Imports Delivered

with Reported Prices ... ...... 100 89 91 95 85 96 100 99 98 96 100

A

*The figure shown includes U.S, utility, supplie:, and traderbroker purchases reported as imports of uranium materials into the United States. Uranium
materials reported as imports under loan and exchange transactions are excluded.

Notes: Prices shown are quantity-weighted averages per kilogram U equivalent in nominal U.S. dollars. Material quantities are millions of kilogram U
equivalent.

Sources: 1883—Energy Information Administration, United States Uranium Marketing Activity 1983 (August 1884). 1884-1982—Energy Information

Administration, Uranium Industry Annual 1992 (October 1993). 1893—Energy Information Administration, Form EJA-858, “Uranium Industry Annual Survey”
(1993).

Table E10. Commercial and U.S. Government Inventories of Natural and Enriched Uranium as of End
of Year, 1990-1993
(Thousand Metric Tons U Equivalent)

Inventories at the End of the Year

Type of Uranlgm inventory 1990 1991 1992 1993
Utliity Stocks
Natural Uranium ... ..o ittt it ieneaaeenann 23.7 273 25.6 222
Endched Uranlum® . ..........coiviiiiennnnnnnnns 15.8 10.4 R9.8 8.9
Domestic Supplier Stocks
NaturalUranium . ...............000 RN 8.5 7.2 7.4 7.2
EndchedUranium® .. .......oovrii i iiineen, 1.7 0.8 23 1.9
TotalCommercIalStocks.................: ...... 49.6 45.7 45.1 40.2
Government-Owned Stocks®
Natural Uranium . ........coii i it iea e 23.0 18.0 17.6 17.9
EnrichedUranium ..........c.covverivninnnnonns 12.6 141 8.9 10.3

%includes amounts reported as inventories of UF, at Enrichment Suppliers.

®Inciudes amounts reported as inventories by DOE and the United States Enrichment Corporation (USEC) for 1993.
R = Revised data.

Note: Totals may not equal sum of components because of independent rounding.
Sources: 1890-1991—Energy Information Administration, Uranium Industry Annual 1992 (October 1993). 19892-1993—Energy Information Administration, Form EIA-

858, "Uranium Industry Annual Survey” (1983). 19890-19883, Government-owned uranium onty—Office of Uranium Programe (NE-30), U.S. Department of Energy,
and the United States Enrichment Corporation (USEC).
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Glossary

Average delivered price: The weighted average of all
contract-price commitments and market-price settlements
in a delivery year.

Contract price: The delivery price determined when a
contract is signed. It can be a fixed price or a base price
escalated according to a given formula.

Conventional mill (uranium): A facility engineered and
built principally for processing of uraniferous ore materi-
als mined from the earth and the recovery, by chemical
treatment in the mill's circuits, of uranium and/or other
valued coproduct components from the processed ore.

Cost model for undiscovered resources: A computer-
ized algorithm that uses the uranium endowment esti-
mated for a given geological area and selected industry
economic indexes to develop random variables that
describe the undiscovered resources ultimately expected
to be discovered in that area at chosen forward-cost
categories.

Cutoff grade: The lowest grade, in percent U,O,, of
uranium ore at a minimum specified thickness that can be
mined at specified cost.

Development drilling: Drilling done to determine more
precisely size, grade, and configuration of an ore deposit
subsequent to the time the determination is made that the
deposit can be commercially developed.

Domestic: Domestic means within the 50 States, District
of Columbia, Puerto Rico, the Virgin Islands, Guam, and
other U.S. possessions. The word “domestic” is used also
in conjunction with data and information that are com-
piled to characterize a particular segment or aspect of the
uranium industry in the United States.

Domestic uranium industry: Collectively, those busi-
nesses (whether U.S. or foreign-based) that operate under
the laws and regulations pertaining to the conduct of
commerce within the United States and its territories and
possessions and that engage in activities within the United
States, its territories, and possessions specifically directed

toward uranium exploration, development, mining, and
milling; marketing of uranium materials; enrichment;
fabrication; or acquisition and management of uranium
materials for use in commercial nuclear power plants.

Enrichment feed deliveries: Uranium that is shipped
under contract to a supplier of enrichment services for use
in preparing enriched uranium product to a specified **U
concentration and that ultimately will be used as fuelina
nuclear reactor.

Enriched uranium: Uranium in which the U isotope
concentration has been increased to greater than the 0.711
percent 25U (by weight) present in natural uranium.

Exploration drilling: Drilling done in search of new
mineral deposits, on extensions of known ore deposits, or
at the location of a discovery up to the time when the
company decides that sufficient ore reserves are present to
justify commercial exploitation. Assessment drilling is
reported as exploration drilling.

Fabricated fuel: Fuel assemblies composed of an array
of fuel rods loaded with pellets of enriched uranium
dioxide.

Floor price: A price specified in a market-price contracts
as the lowest purchase price of the uranium, even if the
market price falls below the specified price. The floor
price may be related to the seller's production costs.

Forward cost: The operating and capital costs still to be
incurred in the production of uranium from in-place
reserves. By using forward costing, estimates of reserves
for ore deposits in differing geological settings and status
of development can be aggregated and reported for
selected cost categories. Included are costs for labor,
materials, power and fuel, royalties, payroll taxes, insur-
ance, and applicable general and administrative costs.
Excluded from forward cost estimates are prior expendi-
tures, if any, incurred for property acquisition, explora-
tion, mine development, and mill construction, as well as
income taxes, profit, and the cost of money. Forward
costs are neither the full costs of production nor the
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market price at which the uranium, when produced, might
be sold.

Heap leach solutions: The separation, or dissolving-out,
from mined rock of the soluble uranium constituents by
the natural action of percolating a prepared chemical
solution through mounded (heaped) rock material. The
mounded material usually contains low grade mineralized
material and/or waste rock produced from openpit or
underground mines. The solutions are collected after
percolation is completed and processed to recover the
valued components.

Heavy water: Water containing a significantly greater
proportion of heavy hydrogen (deuterium) atoms to
ordinary hydrogen atoms than is found in ordinary (light)
water. Heavy water is used as a moderator in some
reactors, because it slows neutrons effectively and also
has a low cross section for absorbtion of neutrons.

Heavy-water-moderated reactor: A reactor that uses
heavy water as its moderator. Heavy water is an excellent
moderator and thus permits the use of inexpensive natural
(unenriched) uranium as fuel.

In situ leach mining (ISL): The recovery, by chemical
leaching, of the valuable components of an orebody
without physical extraction of the ore from the ground.
Also referred to as "solution mining."

Light water reactor (LWR): A nuclear reactor that uses
water as the primary coolant and moderator, with slightly
enriched uranium as fuel. There are two types of com-
mercial light-water reactors--the boiling-water reactor
(BWR) and the pressurized-water reactor (PWR).

Long-term purchase: A purchase contract under which
at least one delivery of material is scheduled to occur
during the second calendar year after the contract-signing
year. Deliveries also can occur during the contract-signing
year, during the first calendar year thereafter, or during
any subsequent calendar year.

Market price: The prevailing price level in the market at
a given time. It generally reflects a published spot price,
is mutually agreed upon by the contracting parties, or is
independently determined by an unbiased outside arbitra-
tor.

Market-price contract: A contract in which the price of
uranium is not specifically determined at the time the
contract is signed but is based instead on the prevailing

market price at the time of delivery. A market-price
contract may include a floor price, that is, a lower limit on
the eventual settled price. The floor price and the method
of price escalation generally are determined when the
contract is signed. The contract may also include a price
ceiling or a discount from the agreed-upon market price
reference.

Market-price settlement: The price paid for uranium
delivery under a market-price contract. The price is
commonly (but not always) determined at or sometime
before delivery and may be related to a floor price, ceiling
price, or discount.

Milling of uranium: The processing of uranium from ore
mined by conventional methods, such as underground or
openpit methods, to separate the uranium from the
undesired material in the ore.

National Uranium Resource Evaluation (NURE): A
program begun by the U.S. Atomic Energy Commission
(AEC) in 1974 to make a comprehensive evaluation of
U.S. uranium resources and continued through 1983 by
the AEC's successor agencies, the Energy Research and
Development Administration (ERDA) and the Depart-
ment of Energy (DOE). The NURE program included
aerial radiometric and magnetic surveys, hydrogeo-
chemical and stream sediment surveys, geologic drilling
in selected areas, geophysical logging of selected
boreholes, and geologic studies to identify and evaluate
geologic environments favorable for uranium.

Net imports: The uranium imports minus exports in a
given delivery period.

Nonconventional plant (uranium): A facility engi-
neered and built principally for processing of uraniferous
solutions that are produced during in situ leach mining,
from heap leaching, or in the manufacture of other
commodities, and the recovery, by chemical treatment in
the plant's circuits, of uranium from the processed solu-
tions.

Nuclear reactor: An apparatus in which a nuclear fission
reaction, i.e., the splitting of atomic nuclei to release heat
energy, can be initiated, controlled, and sustained at a
specific rate. A reactor includes fuel (fissionable mate-
rial), moderating materials to control the rate of
fissioning, a heavy-walled pressure vessel to house reactor
components, shielding to protect personnel, a system to
conduct heat away from the reactor, and instrumentation
for monitoring and controlling the reactor's systems.
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Optional delivery commitment: A provision to allow
the conditional purchase or sale of a specific quantity of
material in addition to the firm quantity in the contract.

Processing of uranium: The recovery of uranium from
solutions produced by nonconventioanl mining methods,
i.e., in situ leach mining (ISL), a byproduct of copper or
phosphate mining, or heap leaching.

Purchase-contract imports of uranium: The amount of
foreign-origin uranium material that enters the United
States during a survey year as reported on the “Uranium
Industry Annual Survey” (UIAS), Form EIA-858, as
purchases of uranium ore. 1,0, natural UF,, or enriched
UF;. The amount of foreign-origin uranium materials that
enter the country during a survey year under other types
of contracts, i.e., loans and exchanges, is excluded.

Separative Work Units (SWU): The standard measure
of enrichment services. The effort expended in separating
a mass F of feed of assay xf into a mass P of product
assay xp and waste of mass W and assay xw is expressed
in terms of the number of separative work units needed,
given by the expression SWU = WV(x,) + PV(x)) -
FV(x,), where V(x) is the "value function," defined as
V(x) = (1 - 2x) In((1 - x)/x).

Short-term purchase: A purchase contract under which
all deliveries of materials are scheduled to be completed
by the end of the first calendar year following the
contract-signing year. Deliveries can be made during the
contract year, but deliveries are not scheduled to occur
beyond the first calendar year thereafter.

Spot market: Buying and selling of uranium for immedi-
ate or very near-term delivery. It typically involves
transactions for delivery of up to 500,000 pounds U,0,
within a year of contract execution.

Spot-market price: A transaction price concluded “on
the spot,” that is, on a one-time, prompt basis. The
transaction usually involves only one specific quantity of
product. This contrasts with a term-contract sale price,
which obligates the seller to deliver a product at an agreed
frequency and price over an extended period.

Unfilled requirements: Requirements not covered by
usage of inventory or supply contracts in existence as of
January 1 of the survey year.

Uranium: A heavy, naturally radioactive, metallic
element (atomic number 92). Its two principally occurring

isotopes are uranium-235 and uranium-238. Uranium-235
is indispensable to the nuclear industry because it is the
only isotope existing in nature to any appreciable extent
that is fissionable by thermal neutrons. Uranium-238 is
also important because it absorbs neutrons to produce a
radioactive isotope that subsequently decays to the isotope
plutonium-239, which also is fissionable by thermal
neutrons.

Uranium concentrate: A yellow or brown powder
produced from naturally occurring uranium minerals as
a result of milling uranium ore or processing uranium-
bearing solutions. Synonymous with yellowcake, U,Oy, or
uranium oxide.

Uranium deposit: A discrete concentration of uranium
mineralization that is of possible economic interest.

Uranium endowment: The uranium that is estimated to
occur in rock with a grade of at least 0.01 percent U,0,.
The estimate of the uranium endowment is made before
consideration of economic availability and any associated
uranium resources.

Uranium hexafluoride (UF¢): A white solid obtained by
chemical treatment of U,0, and which forms a vapor at
temperatures above 56 degrees Centigrade. UF; is the
form of uranium required for the enrichment process.

Uranium ore: Rock containing uranium mineralization
in concentrations that can be mined economically, (typi-
cally 1 to 4 pounds of U,O, per ton or 0.05 to 0.20 percent
U,0y).

Uranium oxide: Uranium concentrate or yellowcake.
Abbreviated as U;0,.

Uranium property: A specific piece of land with ura-
nium reserves that is held for the ultimate purpose of
economically recovering the uranium. The land can be
developed for production or undeveloped.

Uranium reserves: Estimated quantities of uranium in
known mineral deposits of such size, grade, and configu-
ration that the uranium could be recovered at or below a
specified production cost with currently proven mining
and processing technology and under current law and
regulations. Reserves are based on direct radiometric and
chemical measurements of drill holes and other types of
sampling of the deposits. Mineral grades and thickness,
spatial relationships, depths below the surface, mining
and reclamation methods, distances to milling facilities,
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and amenability of ores to processing are considered in
the evaluation. The amount of uranium in ore that could
be exploited within the chosen forward-cost levels are
estimated in accordance with conventional engineering

practices.

Uranium resources categories: Three categories of
uranium resources are used to reflect differing levels of
confidence in the resources reported. Reasonably assured
resources (RAR), estimated additional resources (EAR),
and speculative resources (SR) are described below.

@ Reasonably assured resources (RAR): The ura-
nium that occurs in known mineral deposits of such
size, grade, and configuration that it could be recov-
ered within the given production cost ranges, with
currently proven mining and processing technology.
Estimates of tonnage and grade are based on specific
sample data and measurements of the deposits and
on knowledge of deposit characteristics. RAR
correspond to DOE's uranium reserves category.

¢ Estimated additional resources (EAR): The
uranium in addition to RAR that is expected to
occur, mostly on the basis of direct geological
evidence, in extensions of well-explored deposits,
little explored deposits, and undiscovered deposits
believed to exist along well-defined geological trends
with known deposits, such that the uranium can
subsequently be recovered within the given cost
ranges. Estimates of tonnage and grade are based on
available sampling data and on knowledge of the
deposit characteristics, as determined in the best-
known parts of the deposit or in similar deposits.
EAR correspond to DOE's probable potential re-
sources category.

@ Speculative resources (SR): Uranium in addition to
EAR that is thought to exist, mostly on the basis of
indirect evidence and geological extrapolations, in
deposits discoverable with existing exploration
techniques. The locations of deposits in this category
can generally be specified only as being somewhere
within given regions or geological trends. The est-
imates in this category are less reliable than estimates
of RAR and EAR. The category of SR corresponds
to DOE's possible potential resources plus specula-
tive potential resources categories combined.

Usage Agreement: Contracts held by enrichment custom-
ers that allow feed material to be stored at the enrichment
plant site in advance of need.

Yellowcake: (See uranium oxide)
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