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Preface

The Uranium IndustryAnnual providescurrentstatistical Data on uranium raw materials activities including
data on the U.S. uraniumindustryfor the Congress, exploration activities and expenditures, resources and
Federal and State agencies, the uraniumand electric reserves, mine production of uranium,productionof
utilityindustries,and thepublic.Itcontainsdata fromthe uranium concentrate, and industry employment are
mandatory "Uranium IndustryAnnual Survey," Form presentedin Chapter1.
EIA-858for 1993;historicaldatacollectedby theEnergy
Information Administration (EIA) and by the Grand Dataon uraniummarketingactivities includingdomestic
JunctionProjectsOffice of the AlbuquerqueOperations uraniumpurchases, commitmentsby utilities, procure-
Officeof the U.S. Departmentof Energy(DOE);and data ment arrangements,uranium imports under purchase
gatheredby Federalagenciesthatprecededthe DOE. The contractsand exports,deliveries to enrichmentsuppliers,
reportwas preparedby the EnergyInformationAdminis- inventories,secondarymarketactivities,andutilitymarket
tration,the independentagency for datacollection and requirementsarepresentedin Chapter2.
analysis within the U.S. Departmentof Energy.

Beginningin survey-year1984,Form EIA-858,"Uranium
Datacollectedon the "UraniumIndustryAnnualSurvey" IndustryAnnual Survey," replaced three previous EIA
(UIAS) providea comprehensive statisticalcharacteriza- surveys:"Surveyof U.S. UraniumExplorationActivity,"
tion of the industry'sactivities for the survey year and Form EIA-717; "Survey of United States Uranium
include some information about industry plans and MarketingActivity,"FormEIA-491;and"U.S. Uranium
commitments for the following year. Where aggregate IndustryFinancialSurvey,"Form EIA-854.The Uranium
data are presented in this report, carehas been taken to Ind_try Annual (UIA) report series supersedes two
protect the confidentialityof company-specificinforma- earlier reports namely, the Survey of U.S. Uranium
tionwhile still conveyingaccurateand completestatistical Exploration Activity and the Survey of United States
data.The methodologyused in thesurvey, includingdata Uranium Marketing Activity, that were based on the
edit and analysis, is described in Appendix A. The previousEIA surveys. The UIA also continues some of
history and legal authority, an industryoverview, and the time series of data on the industryand on uranium
methodologiesused in the estimationof potentialuranium resources that were presented in the reports Statistical
resourcesand uraniumreservesaredescribedin Appen- Data of the Uranium Industry.(GJO-100)and Uranium
(fix B. A list of respondents to the UIAS is providedin Exploration Expenditures and Plans Survey (GJO-103)
AppendixC. Appendix D consistsof the Form EIA-858. that were formerly issuedby the DOE'sGrandJunction
Metricversionsof selected tables fromChapters1 and2 ProjectsOffice.
areprovidedfor the convenience of the readerin Appen-
dix E. Standardconversionfactors between U.S. custom- Questions regardingthe contents of this report may be
aryunitsof measurementand the InternationalSystem of directed to:
Units (SI) areprovidedin TableEl.

SurveyManagementDivision, EI-52
A featurearticle, "UraniumIn Situ LeachMiningin the EnergyInformationAdministration
United States," is included in the Uranium Industry U.S. Departmentof Energy
Annual 1993. Questions regardingthis articleshouldbe 1000 IndependenceAvenue, SW
addressedto the following individualsat theEIA: Washington,DC 20585

Taesin Chung(202/254-5566) Questions of a general nature should be directed to
William Szymansld(202/254-5569) HowardL. Walton,Directorof the SurveyManagement

Division (202/254-5500);orNoel Balthasar,Chief of the

Energy InformaUon AdmlnMb'mtlon/Uranium Industry Annual 1993 HJ



Coal and Uranium Data Systems Branch (202/254-5400). Resources and Reserves
Questions of a detailed or technical nature should be
referred to the following individuals at the EIA: Taesin Chung (202/254-5556)

William Szymanski (202/254-5569
Survey Methodology and Operation, Uranium
Exploration, Production, and Employment Uranium Marketing Activities

Charles Johnson (202/254-5568) Douglas Bonnar (202/254-5560)
Luther Smith (202/254-5565)

Exploratory drilling Is done to obtain data about geologic conditions that are conducive
to the formation of uranium ore deposits. Here, a field 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

William N. Szymanski

Introduction ground without excavating the ore and generating
associated solid waste. This article describes the current

Uranium production in the United States has declined ISL mining technology and its regulatory approval pro-
dramatically from a peak of 43.7 million pounds U30s cuss, and provides an analysis of the factors favoring
(16.8 thousand metric tons uranium (U) _) in 1980 to ISL mining over conventional methods in a declining
3.1 million pounds U30 s (1.2 thousand metric tons U) uranium market. Because of proprietary considerations,
in 1993. 2 This decline is attributed to the world ura- company-specific production data are presented only if

nium market experiencing oversupply and intense corn- previously published by that company.
petition. Large inventories of uranium accumulated

when optimistic forecasts for growth in nuclear power History of ISL Mining
generation were not realized. The other factor which is

affecting U.S. uranium production is that some other ISL mining was tried first on an experiment_ basis in
countries, notably Australia and Canada, possess higher the Shirley Basin of Wyoming during the early 1960's.
quality uranium reserves that can be mined at lower Other areas followed with small pilot projects in
costs than those of the United States. Realizing its attempts to recover uranium from deposits that were not
competitive advantage, Canada was the world's largest suitable for conventional mining. Many of these earlier
producer in 1993 with an output of 23.9 million pounds projects were unsuccessful. The first commercial
U3Os (9.2 thousand metric tons U). 3 uranium ISL mine, Clay West in the Texas Gulf Coast

area, began operating in 1974. In April 1991, Crow
The U.S. uranium industry, responding to over a decade Butte in Nebraska became the latest ISL project to
of declining market prices, has downsized and adopted begin commercial production. With licensing secured in
less costly and more efficient production methods. The March 1992, Smith Ranch in Wyoming is the most
main result has been a suspension of production from recent project to be approved for future operation.
conventional mines and mills. Since mid-1992, only
nonconventional production facilities, chiefly in situ
leach (ISL) mining and byproduct recovery,4 have Current Status
operated in the United States. In contrast, noncon-
ventional sources provided only 13 percent of the Eleven uranium ISL projects with a total rated plant
uranium produced in 1980. 5 capacity of 8.4 million pounds U308 (3.2 thousand

metric tons U) per year were licensed for commercial
ISL mining has developed into the most cost efficient operation as of December 31, 1993 (Table FE1). Ura-
and environmentally acceptable method for producing nium was produced on a commercial scale at five
uranium in the United States. The process, also known plants, three in Wyoming and one each in Nebraska and
as solution mining, differs from conventional mining in Texas (Figure FE1) although none of the plants was
that solutions are used to recover uranium from the operating at full capacity. Four plants that formerly

_Thesymbol "U" is used to denote containeduranium. The following conversion factorapplies: 1 million poundsU30, = 0.384647 thousandmetricton U.
_nergy InformationAdministration,Uranium Industry Annual 1993, DOFJEIA-0478(93)(Washington,DC, September 1994), Table 16.
3Preliminarydata from Whillans,Robert, NaturalResources Canada,personalcommunication,June 15, 1994.
_Uraniumis commercially recoveredas abyproductduringthe productionof phosphoricacid in Louisianafrom phosphateoremined in Florida. The uranium

contentis too low for the phosphateore to be economically mined solely for the uranium.
SEnerllyInformationAdministration,Uranium Industry Annual 1991, DOE/BIA-0478(91) (Washington,DC October 1992), Table 18. Due to proprietary

considerations,the Energy InformationAdministrationdoes not publishthe ISL and byproductcomponents of nonconventionaluraniumproduction.
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Table FE1. Uranium In Situ Leach Projects Commercially Licensed In the United States,
December 31, 1993

Plant
Capaoity"

(pounds UsOa

ProJeotName Looation Owner per year) Operations Statue

In Production

ChrlstensenRanch JohnsonCo., Wyoming Malapal ResourcesCo. 650,000 Reactivated 1991b

Crow Butte Dawes Co., Nebraska Ferret Exploration 1,000,000 Commenced1991
Compr.,nyof Nebraska, Inc.

Highland ConverseCo., Wyomlng ConverseCountyMlningVenture 2,000,000 Commenced 1988

Hollday-B Mesquite Duval Co., Texas Msiapal ResourcesCO. 634,000 Reactivated1991b

Idgaray JohnsonCo., Wyoming MalapaiResourcesCo. 350,000 Reactivated1993b

Total .............................................................. 4,634,000

Standby or Commercial Start-up Pending

Hobson= Karnes Co., Texas EverestExploration,Inc. 1,000,000 Plantused inthe restorationd
of several properties

KlngsvllleDome Kleberg Co., Texas UraniumResources,Inc.° 1,300,000 Standbysince1990, inreetoral_ d

North Butte-Ruth Campbelland Johnson PathfinderMines Corp. 0 Commercialstart-uppenClng,Ru_
Counties,Wyoming pilotplantdismantled

Rostla Dural Co., Texas UraniumResources,Inc.° 1,000,000 Standbysince1992, in _d

Smith I:lanch Converse Co., Wyoming RioNgom MiningCOrp. 250,000 Commercialstart-uppending,pilot
plant on standbysince 1991

West Cole Webb CO.,Texas COGEMA Mining, Inc. 200,000 In restorationsince 1989d

Total .............................................................. 3,750,000

_tlltt¢l(nmmel)lSte)ospeottyonOecember31,1993. NoIn situleachplantwasoperatedstfullcapec_yon December31,1993.
bRem:tl_tNafterbeingdosedIn1900.
°Reearvesof_ Hot)conproperlyhsvebeenminedout. Plantisavailabletoprocessuraniumfromo_er propertlea.
dUponcessationofurlmlumprodtRtkxl,IhequalityofthegroundwaterIntheformerproducingzonesmustberestoredtopm-rnlningleve_.Ursrdumis reoovered

duringtherestorationIXOOeU.
eUrimlumResources,Inc.(URI)oon(:iudedii pllrlnell_ I1_ withConcordInearly1994wherebyConcordacquired52percentof URI.
Sources:EnergyInformationAdmlNItrellon,FormEIA-858,"UraniumIndustn/Annual8ur_ey"(1993)anduraniumindustryflies.

produced are currently inactive. Small amounts of ura- companies, diversified mining companies, and electric
nium arerecoveredfrom thesefacilities as groundwater power utilities entered the industry as nuclear power
in the formerproduction zones is being restoredto its was seen to have a bright future. Diversification into
pre-mining quality. Two licensed projects have never uranium productionwas seen as a way to profit in a
been in commercial operation. Exploration, develop compatible business. Marketconditions were also favor-
ment, and permitting activities are being conducted in able for smaller, more entrepreneurial, companies to
the reserve areas outlined in Figure FE1. enter the uraniumindustry.

Evolution of the Industry Structure Since the late- 1980's, however, the uraniumindustryin
the United Stateshas undergonefundamentalstructural

The structureof the U.S. uraniumISL mining industry changes in responseto years of declining market prices
has evolved as firms have respondedto changing eco- (FigureFE2). The industry has seen a consolidation of
nomic conditions.In the early 1970's, multinationaloil domestic ownershipgive rise to foreign investmentand

x Energy Information AdmlnlstrlflJon/Uranium Industry Annual 1993



Figure FE1. Commercially Licensed In Sltu Leach Projects and Major Uranium Reserve Areas Amenable to
in Sltu Leaching, December 31, 1993

Orlmts
MVwld
Be_

Te=u
Gulf

_"., Miles
•,',.,,._, ,,_ In Produotlonamof December31.1993

1. MalspalResources,Idgamy
2. MalapalResources, ChdstensenRanoh
3. ConverseCountyMiningVenture,Highland
4. Ferret Explorationof Nebraska,CrowButte
5. MalapeiResources,Holiday. El Me_ulte

N_P_ 4u©inaImof December31.1993v

Commercially Licensed Uranium In 81tu Leach Projects e. Path,,..JarMines,NorthButte-Ruth
7. RioAlgom Mining, Smith Ranch

Not Produelna" 8. COGEMA Mining, West Cole
0. UraniumResources,Roslts

ill r-I 10. uranium Resources,KlngevllleDome
11. EverestExploration,Hobson

O MajorUraniumReserveAmes_

Projectsonstandbyoroommerc_lre,t-uppending.
Majorareascontainingreservesthatareilmemddeto insltuleachingat renardcostsof$,30perpoundU3C_($80perkilogramU)orleu.
Sources:BasedonU.S. DepartmentofEnergy,GrandJunctionProjectOffice(GJPO),NationalUraniumRosourceEvaluation,InferlmReport(June1979)

Figure3.2;GJPOdatafiles;EnergyInformationAdministration,FormEIA-858,'UraniumIndustryAnnualSurvey"(1993);andsitevisitsbymff oftheAnalym
andSystemsDivision,OfficeofCoal,Nuclear,ElectdGandAlternateFuels.
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increased partnerships and joint ventures. The com- supply contractsexpired, domestic uraniumf'mnswere
paniescurrentlyactive in the UnitedStateshave one or less able to rely on funds from operations to finance
more of the following strengths: low cost reserves, capitalexpenditu_s or pay intereston loans. New loans
explorationand mining expertise, favorable long-term became difficult to secure as potential lenders viewed
sales contracts or market share, and overall financial uraniumas an increasinglyrisky business. As a result,
strength, joint ventures and partnershipsbecame the principal

means of financing ISL projects in the United States.

Figure FE2. Historical Uranium and 011Spot Everest Exploration,for example, sold in two stages all
Market Prices, 1970-1993 but a token share of its interest in Highland (Converse

County Mining Venture) to foreign-owned utilities,z

50- 5o Aided by declining uranium prices and abundant
sources of reliable supply, U.S. nuclear power plant

_. operators became less concerned with supply risks. As

40- WeStTexas 40
" InWnnedlateCrudeOil _ a consequence, domestic electric utility ownership of

"',, _ ISL production capacity in the United States ended

30 Uranium/ / \ ": a0 _ when Malapai Resources was purchased in 1990 by/ ,; _/_ ", '^'b Electricitede France,a foreign government-owned elec-
i 2o . 2o ill tric power utility.

10 10 As of March31, 1994, 40 percent of the commercially
_._._;, licensed ISL production capacity in the United States
..... was owned by three domestic firms (Figure FE3). A

o ..... ,................. o dtaildliting f p y hipi pre ntedin1973 1978 lg_ 1988 1993 e e s 0 com an owners s se
Table FE2. Everest Exploration is the last wholly
independent domestic uraniummining company with

Note:e_e,m_.omml_ar,, interests in ISL production facilities in the United
Sources: Umnlmn--Annuslaverageex_Nmgevalues:NUEXCOReview,

Januaff 1994, p. 30; oaF-Annualaverage WeIRTe_ Intemudete CrudeOil, States. In addition to a small share in Highland,Everest
oil_a oasJou_lt_ta_, 1_4. owns theHobson plant. UraniumResources,Inc. (URD,

an independent domestic uranium mining company,
concluded a partnership agreement with Concord in

The consolidation in ownership of the U.S. uranium early 1994 whereby Concord acquired 52 percent of
industryarose as oil, metal mining,andnuclear service URI. Concord is a domestic-based f'mmwith uranium
companies headquarteredin the United States left the production (Energy Fuels) and international trading
industry to concentrate on their core businesses. (Nuexco) subsidiaries. The Concord/URI partnership
CompaniesthatdivesteduraniumISLholdings included includes the Kingsville Dome and Rosita ISL plants,
Conoco, Exxon, Kerr-McGee, Mobil, Phelps Dodge, formerly wholly owned by URI. Ferret Partners,
Tenneco, andWestinghouse.The exit of oil companies comprisedof FerretExploration,Inc. and First Holding
was hastened by a collapse in petroleum market prices Co., has a small share in FerretExploration Company
thatfollowed a trendsimilar to that of uraniumprices of Nebraska,the operator of Crow Butte.
(Figure FE2). At the end of 1988, almost 90 percent of
the commercially ficensed ISL productioncapacity in Foreignentryinto U.S. ISL mining began in the 1980's
the United States was owned by two independent with investmentsprimarilyin less riskyadvanced-stage
uranium mining companies andone wholly owned sub- projects. At the end of 1988, for example, foreign
sidiary of a domestic electric power utility (Figure firms, throughinvestmentsin Highland andWest Cole,
FE3). owned 11 percent of the commercially licensed ISL

productioncapacity in the United States (Figure FE3).
Domestic ownership of the U.S. uraniumindustryhas Investmentsin both propertieswere made in 1987 after
decreased over the past 5 years. As uranium spot- successfulpilot testswere completedby domestic firms.
market prices declined and more favorable long-term Foreign-ownedsubsidiarieslaterbecame more involved

eCOGEMA,Inc., a foreign government-ownedintegratednuclearfuel cycle company,has subsequentlyacquired25 percentof Highland.

xit , Energy InformMIon AdmlnlMrMion/Uranium Industry Annual 1993



Figure FE3. Ownership of Uranium In Situ Leach Production Capacity in the United States,
December 31, 1988 and March 31, 1994

Commercially Licensed Comm.e.rclallyLicensed
70 As of Decemt_er31, 1988 50 As ov Marcfi 31_ 1994

J 4'60- a 40 ............................................

30 ................... 28 ....................
IS 'IS

,, j ....
_.10 .....

Ownership Ownership

Domemtl¢UraniumMining _ [)emesti©Utility _ OomestloUraniumMining _ DonwstioUraniumMining/SupplierPartnemhlp
ForeignPdvateUtility _ ForeignEnergy _ ForeignMining _ FomlgnlntegratedGOvemmentNuollmrFuelUtilllYcycle"&_

'_hare of total rated (nameplate)cepac4tyforall operatingand Inaetlve(on standby)plantson the specifieddate.
bOovemrnentcompaniesam those companiesthat are more than 50-percent governmentowned.
Sources: EnergyInformationAdministration,Fom_EIA-858, "UraniumIndustryAnnualSurvey' (1998); and uranium Induatryfllu.

in exploration anddevelopment activities afteracquiring utilities are located in France (Electricite de France),
expertise in operating ISL projects. Korea (Korean Electric Power Company), and the

United Kingdom (Nuclear Electric and Scottish
As of March 31, 1994, the remaining60 percentof the Nuclear). Electricitede France (EDF) wholly owns the
commercially licensed ISL production capacity was title to Malapai Resources, including the Christensen
owned by the U.S. subsidiariesof foreign firms(Figure Ranch, Irigaray,and Holiday-El Mesquite ISL proper-
FE3). Three foreign mining companies, Cameco, Rio ties. EDF and COGEMA,however, arejoint partnersin
Algom, and Uranerz, own about 13 percent of ISL the Malapai propertiesfor which COGEMAearnsa 71-
capacity. Cameco and Uranerz are among the world's percent interest as operator. Korea Electric Power
largest uraniumproducerswith most of their production Company owns a shareof Crow Butteas a participant
coming from outside the United States. In 1993, in Ferret Exploration Company of Nebraska. Power
Uranerz extended its ownership in Crow Butte to a Resources,a wholly owned subsidiaryof NuclearElec-
majority share. Cameco, a government-affiliatedcom- tric and Scottish Nuclear, is the operator of Highland
pany in the process of full privatization,7 entered the through its majority interest in the Converse County
U.S. uraniumindustry in early 1994 when it purchased Mining Venture. COGEMA is one of the world's
a significant minority share in Crow Butte held by largest uranium producers, as well as a provider of
ImperialMetals. Rio Algom, a diversified mining com- integrated nuclearfuel cycle services. Besides its joint
pany with historical uraniumproduction,acquiredthe venture with EDF, COGEMA owns all of West Cole
Smith Ranch ISL project along with the rest of Kerr- and North Butte-Ruth and a minority interest in High-
McGee's uraniumassets in 1989. land throughthe ConverseCountyMining Venture with

Power Resources.

Foreign government-owned firms,s consisting of four
electric power utilities and COGEMA,own 47 percent The U.S. uranium industry has continued to receive
of U.S. ISL production capacity. The electric power investments despitehaving been declarednon-viableby

7Cameco is considered to be government-affiliated since the Saskatchewan Provincial and Canadian Federal governments hold m_oflty interests in the

company. The public currently owns just over 50 percent of Cameco. The schedule of pdvatization has been delayed due to the depretsed uranium market.
S"Govemn_nt-owned" is applied to those companies in which the share of government ownership exceecb 50 percent.
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Table FE2. Ownemhlp In Uranium In Situ Leach Projects Commercially UcenmKI In the United
States, as of March 31, 1994

! 1-I iProjectName Owner Share Pmmt OwnershipStettm

Produoem

ChrbtermmPanch MalapalfleeourcesCo."
1. OOGEMA Mining, Inc. '/'1.00 OOGEMA, inc. ForalgnGovernment-ownedb Integrated

NuclearFuel Cycle
2. Fuel InternalJonal

TradingCorp. 29.00 Electricitede France ForeignGovernment-ownetlPUtility

Crow Butte Ferret Exploration
Companyof Nebraska, Inc.
1. Uranerz USA, Inc. 5S.0Q UranerzbergbeuGrni)H ForeignMining

(Uranerz)
2. Geomex, Inc. _0.80 C,em,x_ Corp. ForeignMining
3. KoreanElectricPowerCorp. 10.00 - ForeignGovemment-owneo"bUtility
4. Ferret Pal111ersd c_4.20 - DomesticUraniumMining Pmlnemhip

Highland Oonveme CountyMining Venture
1. PowerReeources, Inc. 7.4.25 NuclearElectrk:pk:. ForeignGovemr_t-ov_o_ ¢ U_lity

Nudeer,Ltd. ForeignGovemm_t.o_m__'l._t_y
2. Pathfinder Mimm Corp. 85.00 COGEMA, Inc. ForeignGovernment_wnedPIr_grat_

NucleerFuel Cycle
3. EverestExploration,Inc. I).75 Domeetk:Mining

Holid_-eMesqulW MmpalResourcesCo."
1. COGEMA Mining, Inc. 711.00 COGEMA, Inc. ForeignGovernment-ownedb Integrated

NuclemFuel Cycle
2. Fuel InternationalTrading Corp. 21).00 Electdcltede Fran_ ForeignGovernment-ownedb Uttlity

Idgamy Malapal ResourcesCo.s
1. COGEMA Mining, Inc. 71.00 COGEMA, Inc. ForeignGovernment-ownedb Integrated

Nuclear Fuel Cycle
2. Fuel InternationalTrading Corp. 29.00 Electd¢ll de France ForeignGovernment-ownedb Utility

Standby or _sl Start-up Pending

Everest Exploration,Inc. 10000 - Oomestl¢Mining

KlngsvllleDome ConcorchUranlumResources" 100.00 - DomesticUnmlumMining/Supplier
Pmmhip

Norlh Butte-Ruth PathfinderMines Corp. 100.00 COGEMA, Inc. ForeignGovernment-owneda Integrated
Nuclear Fuel Cycle

Roslta Concon_UraniumResources" 100.00 - _ Uranium Mining/Supplier
Partnership

SmithRanch Rio AlgomMiningCorp. 100.1)0 Rio AlgomLtd. ForeignMining

West Cole COGEMA Mining, Inc. 100.1)0 COGEMA, Inc. ForalgnGovemment-ownecPIntegrated
Nuolear Fuel Cycle

'_JallpaiResourcesIs100pementownedbyElectrl_edeFrance(EDF). COGEMAMiningopemteetheMllapal_ undera Jointparticipationagreement
with EDFwherebyCOGEMAreoetv_a 71-pementshamofurankJmcon_lNmlS producUon.

_-owned" k,appliedtothoeeo0mpanlmInwhlohtheshnmofgo_NKnmentownendq)exceeds50percent.
_ra of _ Isroundedto twodedmalplaom.
dFewetPartnersIsooml)dudofFerretF.xplomtion,Inc.andRmtHoldingCo.wl_h IsintumaffillltldwithGeome_Inc.TI_ arrangementeffectivelyglvu Geomex,

Inc,a _ISl_ementoontroaem_ InCrowButte.
tUrankJmPamourees,Ino.{URI)oonolud_la partnemhipagreementwflhComx)rdIneeW1994wherebyCon_rdaoqulrad52percentofURI.
8our_m: Eneq_yInformationAdministration,FormEIA-858,"UnmlumIndultqrAnnual8untey"(1_), linduraniumIndultwfiles.
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the Secretary of the U.S. Department of Energy every worldwide application, 9 especially in the Common-
year since 1984. These investments made during a de- wealth of Independent States (CIS) which has sig-
pressed uranium market suggest that the participants nificant deposits suitable for ISL mining. 1°
have a long-term commitment to the domestic uranium
business. Foreign investment during the 1980's and In March 1994, the Amendment to the Agreement Sus-
early l_90's was based on (1) securing diversified pending the Antidumping Investigation on Uranium was
somces of reliable supply, (2) acquiring existing pro- signed between the U.S. Department of Commerce and
jeers at costs lower than the cost to find and develop the Russian Federation's Ministry Atomic Energy. This
similar production capacity, and (3) avoiding the risk of agreement allows Russia to export specified quantities
restrictions on uranium imports into the United States. of newly produced uranium to the United States as long

as it is matched by similar levels of new U.S. produc-
More recent decisions by both domestic and foreign tion. Is Cameco, COGEMA_ Concord, and Uranerz are
finns to invest in U.S. ISL projects were based on new participating in various uranium ventures with CIS
criteria. _o, for example, weighed its decision to countries and presumably could benefit by positioning
purchase a share of Crow Butte in 1994 on a desire to themselves in both the United States and the CIS.
broaden its exposure to ISL mining technology for

Geology of ISL Deposits

Uranium depositsamenable to ISL miningoccurin sandstoneswith sufficientpermeability1 to allow the flow of
groundwater.Thesedepositsare oftendescribedas "sandstone-hosted."The sandstone-hostedcategoryincludes
uranium depositsin unconsolidatedsands. Uranium is also foundin other sedimentaryrocksinterbecldeclwith
sandstonessuchas mudstonesandconglomerates.The hostsedimentsweredepositedinbothriver(Nebraska,New
Mexico,Texas, andWyoming)andmixedriverandshallowmarine(Texas)paleoenvironments.

Sandstone-hosteduraniumdepositsoccuras twoprincipalforms:(1) "rollfronts"and(2) "tabularbodies."Whileboth
formsmay occurtogether,mostdepositsarecharacterizedby a singledominantform. Rollfrontsaretypicallyfound
innorthwestNebraska,thePowderRiverandotherbasinsofWyoming,the TexasGulfCoast,andto a lesserdegree
In the Grants mineralbelt of New Mexico. In crosssection,roll frontsappearas C-shapedfoldscuttingacross
sedimentarylayerswithlimbsthat are generallyparallelto layers. Highergradeuraniumore typicallyoccursin the
foldedportionofthe rollfronts.The tabularform is morecharacteristicofuraniummineralizationin the Grantsmineral
beltof New Mexico. Tabularore bodieslie parallelto sedimentarybedding.

Sandstone-boateduraniumdepositslie alongroughlylineartrends. Some of the largertrends exceed5 miles(8
kilometers)in lengthand2,000feet (610 meters)inwidth. The extentof ore-grademinerelizstion,however,can be
Irregularanddiscontinuousgiventhe sinuousandbraidednatureofthe hostriversediments. Individualrollfrontsand
tabularbodiesare usually3 to 15 feet (1 to 5 meters)thick. Rollfrontsoften occurin multiplehorizons,commonly
referredto as verticallystacked ore bodies.

Ingeneral,sandstone-hosteduraniumdepositswereformedas uraniumwaspreclpitatedfromoxidizinggroundwater
wherea reducingenvironmentwas encounteredin the hostsediments.2 Concentrationsof organlcmaterials,such
as woodyfragments,providedthereducingenvironment.Impermeableshaleswithinthe sed6mentarysequenceserved
an Importantrolein confiningand concentratingore-bearingsolutions.

_Penmmbllayisa measureofthesecllment's(:pobl,tytotmnsmltfluid.
"AnoxidaUon-re_ reactiontakesplaceaselectronsaretmnaferredbetweenmokla,deeInatroduoedattire(negativeelectdcalcharge)andmolecules

Inon oxidized8tsto(posllJveeloctrk:8lcharge).Thischernk:81rMotlonrMulteInthepredpktlonof uraniumcompoundsthatare insolubleIn thereducing
emvlrmmunL

wNuc/earF_/__ 28, 1994. p. 16, publishexlby McGraw-Hill,Inc., New York, NY.
mEamll_In_maiou Adminismuiom__1_ Unmium Industryof _ CommouwMIthof Indeix_ndAmtStaU_," in Uraniwn Ind,sWy Annual 1991, DOI_I_IA.

04711(91)(WaddnSton, DC, Octob_ 1992), p. 10. The Commonwealthof Indqx_dut Statmis an am)cleon of 12 form_ Soviet republics.
"The mmpemdoa_t pflor to _nt prohibitedimports of mlmium from Russia until a cmIJflnmad_-bued price thresholdwas rcaclwd as

dmmmd bytheU.S._ of Comme_.
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Reserves gradeof ISL reserves is 0.13 percent U30 s, compared
with 0.14 and 0.27 percent U3Os, respectively, for open

The Energy Information Administration estimated U.S. pit and underground reserves. _4 The lower average
uranium reserves t2 amenable to ISL mining as of De- grade of ISL reserves reflects the feasibility of using
cember 31, 1993, at 122 million pounds I330s (47 ISL mining to produce from certain lower grade ores
thousand metric tons U) at forward costs of up to $30 that could not be economically recovered by con-
per pound uses ($80 per kilogram U). _3 These re- ventional methods.
serves are found primarily in Nebraska, New Mexico,

Texas, and Wyoming (Figure FE1). Additional ISL IS[.Mining Process
reserves of 179 million pounds I330s are estimated at
forward costs between $30 and $100 per pound U30 e. ISL mining consists of the extraction of uranium from
Forward costs are based on the operating and capital the host sandstone by chemical solutions and the
costs (in current dollars) yet to be incurred in producing recovery of uranium at the surface (Figure FF_A).It is
uranium from known deposits. Income tax, profit, then processed into a marketable concentrate. The
interest, and previously incurred (sunk) costs are not typical ISL mining facility consists of a number of
considered in determining forward costs. The EIA con- wellfields and a central processing plant. Certain larger
siders current mining and processing technology and projects operate more efficiently by recoverir.g uranium
regulations in its economic assessments, at one or more satellite plants and trucking the resulting

uranium-rich slurry to a central plant for final pro-

ISL reserves comprise 42 percent of total U.S. reserves cessing. The production site also contains evaporation
in the $30-per-pound U30 e cost category. The average ponds used to treat waste water. Other than in

Characteristics of Uranium Ore Zones Amenable to ISL Mining

ISL mlninginvolvesthe movementof groundwaterto carry both the leachingagentsand the liberateduranium.
Therefore,the feasibilityof sucha processcriticallydependsonthe certaincharacteristicsof the uraniumore zone.
Many of the same characteristicsthat were importantin ore depositionalsoaid in the ISL miningprocesses. For
uraniumto be economicallyrecoverablewith presenttechnology,the ore mustoccurin permeablesandstonesthat
liebelowthe watertable. Thesesandstonesare calledaquifersbecausethey conductgroundwaterandcanproduce
economicallysignificantquantitiesofgroundwaterthroughwellsandsprings.A highdegreeof permeabilityallowsfor
solutionsto efficientlypass throughthe ore zone.Permeabilitydeclinesas unconsolidatedsedimentsare compacted
in the rock-formingprocessand pore spacesbecomefilledwith intergranularcementsor siltand clay.

The intersectionof the aquiferby a wellactsas a pointof leastresistance,inducinggroundwaterto flowtowardthe
well. Wellsare arrangedto maximizegroundwaterflowin the vicinityofthe on)body.Besidesaidingin the recovery
ofuranium,highflowratespromoteefficientremovalofcontaminatedgroundwaterfromtheaquiferduringrestoration.

Water In the aquiferis underhydrostaticpressureI dueto the weightof the overlyingcolumnof water. Pressureis
increasedwherevertheflowof groundwatermovingdowndippingsandstonebedsisconfinedby impermeableshale
beds. The ISL processisfurtheraidediftheaquiferisunderenoughpressuretoproducewateronthesurfacethrough
a wellorspring.Thistype offlowiscalledartesianandreducesthe effortittakesto mechanicallypumpwaterto the
surface. Impermeablebeds also serveto confinethe leachingsolutionin the on) zone. Optimalflowcannotbe
achieved if groundwateris allowedto migrateverticallyor horizontallyoutsidethe productionzone. Groundwater
migration,also knownas excursions,can be inducedthroughsprings,faults, unpluggedor poorlycased wells,
undergroundmineworkings,or neighboringpumpingactivities.

'l-I]NrostaticpressureIsthepressureexertedbythewateratanygivenpointinitbodyof water.

nReim_es agegenerallyequivalentto two otherwidely tutedgemurcecMogoriu:(1) "_nably Auuted Remurce¢' usedby the Organizationfor Economic
Coopet_on end Development's NuclearEnergy Agency andthe IntematiomlAtomic Energy Agency, and(2) "Measuredand IndicatedReserves" used by the
U.$. Bureauof Mines and the U.S. Geological Survey.

_neqly InformationAdministration,Uranium lndastry Anmm/1995, DOB/BIA-0478(93) (Washington,DC, September 1994), Table I1.
14[bid .
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constructingroads and evaporationponds, little of the
ground surface is disturbedduringISL mining.

ISL wellfields are constructedafterthe ore deposit has
been delineated and the hydrologicalcharacteristicsof
the aquifer are determined. The pattern of each well-
field is arrangedto 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 cornerand a productionwell in the center. _
The spacing between the injectionwells 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_5and the
space between the casing and formation is sealed with _:'
cement. Thisarrangementpreventsverticalmigrationof
contaminatedgroundwaterfromthe producingzone into
adjacentaquifers. A reaming tool is used to remove the
casing and cement at the productionhorizon to allow
flow between the well and the ore zone. CurrentISL
productioncomes from wells drilled between 300 and -
850 feet (90 and 260 meters) deep. Monitorwells are
sited peripheral to the wellfield to ensure that con-
taminatedwaterdoes not move outside the mining area. "' _i, _

Above-ground portion of a typical uranium in situ leach

Dissolvedoxygen is injectedinto the ore zone to production well. Thewell is appro_dmately 3 feet (1
oxidizethe uraniumminerals,therebychangingthem metal) high. To protect against severe winter weather,

into a formthatcanbe extractedthroughleachingand wellsarecoveredwithboxesliketheoneshownabove
the arm of the engineer at the upper right hand comer of

pumped in solution to the surface.Uraniumis leached the photograph.
by introducing chemicals known as "lixiviants." The
choice of lixiviants is influencedby the composition of
the uraniumminerals, includingcoatings by other min-

erals. Alkaline lixiviants,_6such as the combination of the estimated geologic resource_7over the life of pro-
sodium bicarbonate and carbon dioxide, are used ex- duction. Recovery rates vary among ISL mining
clusively in the United States.Earlierresearchprojects projects. The most successful projects have achieved
experimented with other types of lixiviants including overall recovery of around 80 percent. Within suc-
sulfuricacid. While moreeffective in certainsituations, cessful projects, however, some individual wellfields
sulfuric acid is no longer used because it renderedthe mayexperience lowerrecoverydue to localized ground-
aquifers more difficult to restoreafter mining, water migration.

The production life of an individual ISL wellfield is Over time, productionflows decrease as clay and silt
usually less than 3 years. Most of the uranium is become trapped in the permeable sediments in the
recovered during the first 6 months of the wellfield's vicinity of the well. Enhancement techniques, such as
operation. Productionefficiencies are expressed as the "workovers" and "well reversals," are used to tempo-
recovery rate or the percentof uraniumrecovered from rarily increase the flow of groundwater.Workovers

tSPVCdenotes polyvinyl chloride, a form of plastic.
_eAikalinelixivimm lave pH value8 greater than 7.0 comparedto acidic lixiviants with pH values less than7.0. A chemical solution with a pH of 7.0 is

consideeed neutral (the pH of purewater).
n7Geologic resourcediffers from reserve in that miningand processing losses are notconsidered.
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Figure FE4. Process Flow Diagram for a Typical Uranium In Situ Leach Mining Facility
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Source: ModifiedfromPowerResources,Inc.,1991,companybrochure.

employ a jet nozzle at the end of a drill pipe to inject series of wellfleld patternsare controlledby valves and
solution underhigh pressure.The ore zone is swabbed manifolds. The outputfromeach productionwell flows
by moving the jet nozzle up anddown the intersecting in PVC pipes to the manifoldswhere it is combined
well. Reversals employ the temporary switching of with the outputfrom otherwells. From the manifolds,
injection and production wells to induce changes in uranium-chargedleach solution is sent through a larger
groundwaterflow patterns, diameterpipe to the ion exchange columns at the pro-

cessing facility. The returnflow of solution,depletedof
Groundwateris circulatedbetween the ore zone and the uranium, is diverted through the manifolds to the
uraniumprocessing plant in a closed system (Figure injection wells.
FE4). To maintain efficient flow of fluids between the
ore zone and the surface, about 1 to 3 percent of the Uranium is recovered from the uranium-chargedleach
leach solution by volume is purged from circulation solution at the processing facility in ion exchange
prior to reinjection into the aquifer.The flows froma columns. In this process, uraniumis adsorbedby resin
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Figure FE5. Generalized Cross Section of a Portion of a Typical Uranium In Situ Leach Wellfleld

/ Injection Production/ ToProcesslng /Well Weft Plant InjectionWell

Note: Notdrawnto scale.
Source:EnergyInformationAdministration,Officeof Coel,Nuclear,ElecMolindAitmnatoFuels.

made up of small plastic beads. The ion exchange aging circuit.With increasedheating, the final _olor of
recovery can be carried out in the central processing yellowcake changes from yellow to dark brown or
plant or separately in a satellite facility from which the black. The heating drives off most of the volatile
loaded resin is truckedto the centralplant for stripping impurities,leaving a uraniumconcentrateproductcorn-
and furtherprocessing. The strippingprocess, or elu- posed of various oxides of uraniumpopularly called
tion, yields a uranium-richeluate fromthe loaded resin, U30s. The productis shippedin sealed metal drumsto
usually by adding sodom chloride and sodium bicar- customers.
bonate. Once stripped of uranium, the resin can be
reused in the ion exchange columns.Uraniumis precip-
itated from the eluate by adding either ammonia or Waste Water Treatment
hydrogen peroxide andchanging the pHof thesolution.
Depending on the chemical treatment,the precipitateis Prior to disposal, the waste water from purging the
either ammonium diuranate or uranyl peroxide, both leach solution (Figure FF,4) must be treated to remove
called '_ellowcake." radium(Ra_s) and other contaminantssuch as arsenic,

iron, molybdenum, selenium, and vanadium. These
The yellowcake is washed and dewateredto form a contaminantsaremobilized along with uraniumduring
slurry.At some plants, the slurryis shippedby tanker the leaching of the ore zone. Bariumchloride is added
truck either to another processing plant for drying and to the waste water to precipitate radium. The ensuing
packaging or directly to a uranium conversion facil- sludgeis disposedof in plastic-lined evaporationponds.
ity." Other plants have their own drying and pack- Heavy metals arealso settled out in evaporation ponds.

S_onveruion is the process of changingnaturaluraniumoxide(UsOOinto uraniumhexatluodde (UFs),a feedstock requiredfor enrichinguraniuminto fuel
for nuclear power plants.
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A centralprocessingplant for recoveringuraniumandproducingmarketableconcentratefrom uranium-bearingsolutions
obtainedthroughin situ leachmining.

After mining has been completed, the sludgeand the Groundwater Restoration
plastic liners are removed and transported to sites
licensed for disposal of low-level radioactive waste. After ISL mining is completed, the quality of the
Some ISL operators have found it cost effective to remaining groundwatermustbe restored to a baseline
dispose through irrigation treated waste water that standard determined before the start of operation. Well-
meets environmental quality standards, field restoration often takes place concurrent with

mining as additional wellfield sites are put into produc-

The spent eluate and waste from the washing circuit are tion. Restoration of the aquifer is accomplished by
disposed in evaporationponds or deepaquifers(Figure using a number of methods including groundwater
P'E4). To qualify for waste disposal, an aquifer must be sweep and the reinjection of treated mine water. The
permitted for such use. Such aquifers naturally contain process generally takes several years to gradually flush
water of insufficient quality for agricultural or resi- dissolved contaminants out of the aquifer.
dential uses and are sufficiently confined to prevent
migration of contaminated water into neighboring aqui- A groundwater sweep draws uncontaminated native
fers. groundwater into the mined area as contaminated water
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is pumped out of the aquifer.The contaminatedwater The U.S. NuclearRegulatoryCommission (NRC) is the
is disposed of in evaporating ponds, deep wells, or is principal Federal agency involved in regulating ISL
transferredfor use in new mining areas. After being uraniumproduction.The U.S. Mine Safety and Health
treatedto remove contaminants, watercan be used for Administrationrequires operatorsto register mines and
irrigating crops. Since large volumes of groundwater submit their safety trainingplans for approval.Where
must be pumped from the aquifer during restoration, ISL projects are plannedfor lands administeredby the
groundwater sweeps are usually augmented by the Bureau of Land Management or the Forest Service,
reinjectionof treated water, approval for their development and operation must be

securedfrom the appropriateFederal agency. Regula-
The restoration process requires that water be treated fions for Indian Lands are administered by the
for all contaminants before it can be reinjectedinto the individual tribal governmentsand the U.S. Bureauof
aquifer.The uraniumpr_:==ing plant is used to recover IndianAffairs.
uraniumduring restoration, although the groundwater

containsmuch less uraniumthan duringthe production The U.S. Congress empowered the NRC to administer
phase. Radium is removed from the solution as de- regulations issued under the Atomic Energy Act of
scribedin the treatmentof purgedleach solutions.Other 1954, as amended,and Titles I and II of the Uranium
contaminantsare left to settle in evaporation pond_or Mill Tailings Radiation Control Act of 1978. The
areextractedthroughreverse osmosis. Reverse osn,,,sis environmental standards for these regulations, estab-
is a process in which solutions under pressure_ are lished by the U.S. EnvironmentalProtection Agency
forced throughmembranes.Brines containingthe con-
taminantsare trapped on the high-pressure side of the (EPA), are contained in the Code of Federal Regula-tions, 40 CFR Part 192, "Health and Environmental
membrane while clean water passes through the mem- Standards for Uranium and Uranium Mill Tailings."
brahe.The brines are disposed of in evaporating ponds With the exception of Texas, the N'RChas regulatory
or in deep disposal wells, authorityin all States with majorISL mining projects.

Throughan agreement between the State and Federal
Radiation Safeguards governments, Texas administers its own regulatory

programs with standards at least equal to those
ISL mining facilities are required to have an on-site established by the EPA.
radiationofficer. The radiationofficer is responsiblefor
trainingemployees and performingradiationchecks at
the facility. Safety inspections forindividualemployees The NRC grants approval to operate an ISL uranium
include (1)monitoring employees for alpha radiation project through the issuance of a source material

license. Approvalrequiresthe applicantto demonstrateeach time they leave the processingplant and (2) quar-
terly evaluation of personal dosimeters to evaluate the ability to comply with environmentalprotectionand
exposure to gamma rays. Routine safety checks are radiological safety standards. The NRC evaluates
made in and around facilities for radon, radon technical information provided by the applicant in-
daughters, airborne uranium particles, and alpha and cluding local and regional environmental impact
gamma radiation,m9 assessments, demographic studies, operational pro-

cedures, radiological safety program, environmental

Regulatory Approval Process monitoring,andsiterestorationprogram.The operatoris alsorequire_lto post a suretybondto assurethat

Uranium production is highly regulated in the United sufficient funds will be available for site decom-
States. Permits and approvals for constructing and missioning.2°If no serious problems are encountered,
operatinguraniumISLfacilities are requiredby Federal, approvalis usually granted in about 24 months.
State, and local governments.For example, the neces-
saryapprovals required in Wyoming are summarizedin In addition to the NRC (the exception for Texas was
Table FE3. previouslynoted), the prospectiveoperator is regulated

S_don (Ram) is formedduringthe radioactivedecay of the naturallyoccurringisotopeof uranium,U_. In turn,radondecays into its "daughters,"unstable
isotopes of polonium, bismuth,and lead. Radon and its daughterscan be carded by air and water. During the decay process, energy is released in the form
of alpha and beta particles and ganuna rays.

mDecommiuioning is a generaltermappliedto the processof closing a nuclearfacility. The decommissioningof ISL.facilitiesinvolves dismantlingwellfields
and processing facilities, removing matefixlscontaminatedby radiation,reclaimingevaporationponds, and restoringgroundwater.

Energy Information Adminlatratlon/Uranium Industry Annual 1993 xxi



Table FE3. Regulatory Approvals Required for Commercial Licensing of In Sltu Leach Mining
Projects in Wyoming, as of March 31, 1994

Approval I Agency Land Jurledl©tion

Source Material Lk:enes U.S. NuclearRegulatoryCommission(NRC) Federal, Pdvate, State
- EnvironmentalAssessment

- Safety EvaluationReport
- Surety Bond Posted by PerspectiveLicensee

Mine Registration U.S. Mine Safety and Health Administration Federal, Private,State
Safety Training

404 Permit Authorbratione (Appliesto Constructionof U.S. ArmyCorpsof Engineers Federal, Pdvate, State
Culvertsand ManagingWetlands)

Permit to Mine WyomingDepartmentof Environmental Federal, Pdvate, State
Quality(DEQ)

Mine Unit Authorization NRC and DEQ Federal, Pdvate, State

- BaselinePrograms
- AquiferCharactedzatlon(PumpTest)

Operatlone Authorlzatlon U.S. Bureau of Land Management(BLM) BLM
(Concurrentwith DEO)

Wutewatw Management DEQ Federal, Pdvate, State
- EvaporaUonPond Permit
- Restoration
- Stormwater

- DisposalWell

Plant Drying Fa©llltles DEQ Federal, Pdvate, State
- ConstructionPermit
- OperationsPermit

Groundwater Approprlatione State Engineer'sOffice Federal, Pdvate, State
-Wellfleld Block Permits
- MonitorWell Permits

Surface Water Approprlatione State Engineer's Office Federal, Pdvate,State
- ReservoirConstructionPermits

- TemporaryWater for Drilling

Leach Field Constru_lon Permit Count/Planning Office Federal, Pdvate, State

Cultural Reaourcee Clearance State HistodcelPreservationOffice Federal, Pdvate, State

Utilities, Sewer, end Roads DEQ and County Federal, Pdvate, State

Source: Withers,Donna,PathfinderMinesCoq:x)mtion,1994,"WyomingISL Projects:8ummawof ApprovalsNecessaryfor Initiationof Commemlsl
Operations,"unpublishedtables.

by State and local governments. Environmental are involved in grantingwellfield construction permits
agencies, such as the Wyoming Departmentof Environ- in some States.
mental Quality and the Texas Natural Resources
Conservation Commission, issue mining permits and Certain State permit applications are similar to those
regulate waste watermanagement.Approval to appmp- requiredby the NRC. This duplication adds to the cost
riate groundwater for industrial use typically comes of regulation and may delay the start of operation.
fromthe State Engineer's Office. County governments Streamlining of regulations has been implementedby
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This uranium in situ leach wellfisld in northwestern Nebraska has tittle impact on the agrarian landscape. Well in the

foreground is approximately 3 feet (I meter) high.

some States. Wyoming, for example, no longer re- duction has been suspendedat some facilities, and the
quires on-site pilot demonstrations if prospective startof new operationshas been delayed. All projects
projects are shown to have characteristics similar to would be benefitted by favorable long-term contracts
successful operations, with electric power utilities in which the prices exceed

the currentspot-marketlevel.

Economic Considerations of ISL Mining
A project's economic feasibility is determinedthrough

ISL mining of selected ore deposits is currentlythe the evaluation of technical, financial, marketing,and
lowest cost methodfor producinguraniumin the United regulatoryfactors. The following discussion is limited
States. The recent level of spot-marketprices of around to technical factors, the physical characteristics of the
$10.00 per pound U3Os ($26.00 per kilogram U),2_ uraniumorebody,host aquifer,and the miningfacilities.
however, is below the forwardcosts to produceuranium The characterizationof these factorsforms thebasis for
for all but a few ISL projects.As a consequence,pro- all subsequent determinationsof whethera projectcan

_sSpotmarketrefers to the buying and selling of uraniumthattypically involves transactionsfor delivery within a yearof contractexecution. The quoted
priceis an approximationof monthlyuranium exchange values during1993 relative to the U.S. marketin nominal dollars per pound of uraniumconcentrate
0J3Os). Source:NUEXCO Review, January 1994 (conversion factor: I poundU3Os= 0.384647 kilogramU).
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be economically operated and conform tO regulatory This situation offersgreatereconomies of scale, because
standards.Some of the moreimportanttechnical factors all costs are spreadover largervolumes of production.
and their impact on the economic feasibility of ISL A substantial reduction in capital outlay may be
uranium mining projects are presented in Table F'E4. achieved throughthe utilization of existing processing
Because technical factors are not constant for every facilities.Uraniumcaa be extractedat satellite facilities
project, the success of a particularprojectdepends on and the loaded resin trucked tO an existing plant for
strengthsoffsetting weaknesses,Forexample,the higher final processing. When total on-site integrationof pro-
cost to complete deeper wells could be offset by the cessing is required,some companies have red.ced plant
lower cost to pump groundwaterunderartesian flow. construction costs by purchasing existing facilities at

salvage value. Mining and restorationcosts arestrongly
Capitalcosts areexpended on preparingthe ISL site for dependenton thegeological and hydrologicalcharacter-
prodv tion. Such costs include development drilling, istics of the ore zone describedin previous sections.
pumpingequipment, constructionof wellfield andpro-
cessing facilities, preparationof environmentalstudies, Deep orebodiesrequireadditionaldevelopment drilling
and pilot demonstrations. In contrast, operating ex- and well casing. While successfully demonstrated in a
penses are incurredfor the day-to-dayoperation of the technical sense, ISL mining of deep orebodies is eco-
mine. Mining, processing, restoration, and environ- nomically constrained by the operating efficiency of
mental monitoring are considered operatingactivities, low-cost PVC well casing. The structuralintegrity of
Lad_r,chemicals, electricity, engineering, management, PVC casing diminishesat depthsgreater_h,_n1,000feet
and maintenanceare typical ISL operatingcosts. (305 meters),necessitatingtheuse of much more costly

replacement materials.
Large continuous orebodies with higher-than-average
ore gradesare particularlysuitable to low-cost mining.

Table FE4. The Impact of Technical Factors on the Economic Feasibility of Uranium In Sltu Leach
Mining Projects

Factor Impamton Project

High Average Ore Grade • MoreUraniumAvailablefor Recovery
Large Continuous Orebodlea • Greater Economiesof Scale

(AllCosts SpreadOver More Unitsof Production)

8hallow Orebodlee (belowwater table) • LessDrillingand Well Casing Required
• LessExpensivePVC Casing Loses StructuralIntngdtyat Depths Over

1,000 Feet (305 meters)
• Less PumpingRequired

High Pmbllity of Ore Zone • ImprovesRow of Groundwater;,AJclsin Miningand Restoration

Arteelan Groundwater Flow • ImprovesRow of Groundwater;Aids in Mining and Restoration

Impermeable Beds Confining Ore Zone • Lixivlantis BetterConcentratedin Ore Zone
• Improves Row of Groundwater;,Aide in Miningand Reetomtion
• LessMonitoringof AquiferRequiredOutsidethe Mining Area

Favorable Chemistry and Ore Mineralogy • MinimalInterferencein Leeching
• LessContaminantsto Treat Dudng Reetomtion

Existing Processing Plant • LowerCapital Outlayfor Plant
• OptionsInclude(1) TruckingLoaded Resinto ExistingPlant and (2)

PurchasingUsed Plant at Salvage Value.

_)uroe: UraniumIndustryFliesof theEnergyInformationAdministration,Office04Coal,Nuclear,EiectdoandAlternateFuels.
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Comparison With Conventional Mining rock wasteare produced, ISL operations incur lower
and Milling reclamation and environmental monitoring COSTS.ISL

mining also poses less radiation and dust exposure to

The application of the ISL technique in selected proj- employees. If enacted, proposed reductions2s in the
limits of radiationexposure would significantly add toacts offers many important cost advantages over
thecost of undergroundmining.Because of its reducedconventional mining and milling. The advantages are
environmentalimpact,ISL uraniumminingis expectedsignificantenough to offset thehigheruraniumrecovery

typically achieved by conventional methods. ISL to be more widely accepted by the public than con-
miningdoes not requireblasting,mechanicalhaulingof ventionalmining and milling.
ore and waste rock, or crushing and grinding of ore.
This translates into lower capital requirementsand Summary
reduced operating and maintenance costs. The simplifi-
cation of production requires fewer employees to In a little over 20 years, ISL mining has evolved from
operate and maintainISL mining facilities, anexperimentaltechnologyto thedominantproducerof

uraniumin the United States. ISL mining applied to
The U,S. uraniumindustryrealized substantialgains in selectedsandstone-hosteddeposits is currentlythe low-
laborproductivityas a resultof ISLmining's increased est cost source of uraniumproduction.Cost advantages
shareof production.As a consequence, the annualura- rae realized by largt,r projects that utilize existing
nium outputperemployee hasincreasedfromabout 1.3 processingfacilities. Unfavorableuraniummarketcon-
tons of U30s (l metric ton U) in 1980 to over 4 tons of ditions, however, have resultedin excess capacity and
U30s (3 metric tons U) in recent years,u For corn- delays in startingnew projects.
parable annual production rates, fewer people are
requiredto operate an ISLproject thanarerequiredfor Investmentcontinues to flow into ISL uraniummining
a conventionalmining andmilling project.Uranerz,for projects,despite theU.S. uraniumindustryhavingbeen
example, reports that Crow Butte produces about declarednon-viable since 1984. Currently,60 percent
500,000 pounds U30s (192 metric tons U) annually of commercially licensed ISL production capacity is
with 25 on-site employees33 The annual production owned by foreign companies or their wholly owned
rateof Crow Butte could be increased to the nominal subsidiaries.Recent acquisitionsare seen as efforts by
plant capacity of 1 million pounds U30s (385 metric large internationaluraniumcompanies to increasetheir
tons U) with little expected increase in employees. In exposureto ISL technology andensure participationin
contrast,PathfinderMines employed 190 people at the regulatedmarkets.
now-closed Shirley Basin conventional open-pit mine

andmill to produceat an annualrateof about740,000 Uraniumreserves amenable to ISL recovery are found
pounds U3Os (285 metric tons U)._* Expressed as in Nebraska,New Mexico, Texas, andWyoming. Pend-
annual uranium output per employee, Crow Butte's ing improvedmarketconditions,anyfutureadditionsto
productivityrateis 10 tons of U30s (7.7 metrictons U) existing uranium production capacity in the United
comparedto about2 tons U3Os(1.5 metric tons U) for States are expected to be met through lower cost and
Shirley Basin. more environmentallyacceptable ISL facilities, rather

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

aBneigy InformationAdministration,Uranium Industry Annual 1993, DOB/BIA-0478(93) (Washington,DC, September 1994), derived from Tables 16 end
21.

_stchpole, O., andKirchner,G., "TheCrowButte ISLProject-ACase History,"in UraniumIn $1tu/_acMn&, Proceedingsof aTechnicalCommitteeMeeting
held by the laterastimml Atomic BnerllyAgency in Vienna,October 5-8, 1992, IABA-TBCIX)C.720, (Vienna,September 1993), p. 81.
_athfinderMinesCetporation, 1990,ShirleyBasinMine (CompanyBrochure).
aSTheInternationalCommission on Radiological ProtectionrecommendsthatItverageannualoccupationalexposurelimit be reduced by 60 percent.
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On October 30, 1992, the DOC determinedthe first on the cases was delivered to the DOC on August 16,
semiannual market price for uraniumto be $7.95 per 1993. The findingswerethat no new antidumpingduties
pound UaOseas specified underthe suspensionagree- wouldbe imposedon importsof uraniumfromTajikistan
ments. Deliveries of imported uraniumfrom the CIS or HEUfromthe Ukraine.The 1TCmade an affirmative
Republicswere prohibitedfor the periodOctober1, 1992, final injurydetermination,however,regardingimports of
through March31, 1993. On April 1, 1993, the DOC uraniumother than HEU from the Ukraine. This final
determineda uraniummarketpriceof $11.72 per pound determinationmeantthatthe DOC wouldorderthe U.S.
U3Ose.The prohibitionon all importsfromthe six CIS Customs Serviceto impose a final antidumping dutyon
Republicsinto the United Stateswas continuedthrough importsof uraniumother than HEU from the Ukraine.
September30, 1993,sincethe DOCmarketpricedetermi-
nationwas below the minimumthresholdpriceof $13.00 OnOctober4, 1993,the DOCannouncedthat its semian-
per pound, nualmarketpricedeterminationfor uraniumwas $11.12

perpound.Uraniumimports intothe UnitedStates from
The DOC'sApril1, 1993,uraniummarketpriceof $11.72 the CIS Republicsof Kazakhstan,Kyrgyzstan,the Rus-
perpoundU3Oswasderivedfroman averagespotpriceof sian Federation,and Uzbekistanwere prohibitedfor the
$10.14 per pound U30s, weightedat 30.05 percent, and period October 1, 1993, to March31, 1994.
an average long-term price of $12.40 per pound U_Os,
weightedat69.95 percent. The spot-to-long-termmarket OnOctober26, 1993, the petitionersin the uraniumanti-
volume ratiois based on a 4-yearaverageof U.S. utility dumping case, chargingthat the suspensionagreements
purchases during 1988 through 1991, as reported by have been ineffective, requestedthat the DOC terminate
Energy Information Administration in the Uranium the agreementswith _stan, Kyrgyzstan,the Russian
Industry Annual report series. Federation,and Uzbekistan and resume investigations

leading to a final determination. The DOC and the
The Ukraineon April 12, 1993, and Tajikistanon May Russian Ministry of Atomic Energy (MINATOM)
11, 1993, terminatedtheirsuspensionagreementswiththe initialed an amendmentto the Russian uranium-import
DOC. With these actions, U.S. trade law requiredthe suspension agreement in December 1993 in Moscow
DOC to resumeits antidumpinginvestigationand to issue underwhichRussiawouldbe allowedto sell 3,000 metric
an interimdeterminationon a dumpingmarginfor the tons of naturaluraniumand 2 million separative work
Ukraineand for Tajikistan. The DOC'sfinaldetermina- units annually, if 50 percent(minimum)of all sales are
tion on June29, 1993, affirmed the dumpingcharge for from new U.S. production.The amendmentwould, in
Tajikistanand the Ukraine,and the importdutyfor each effect, replace the original suspension agreement's$13-
was raised from the preliminaryduty level of 115.82 per-poundU3Osthresholdprice,butpreventantidumping
percentto 129.29 percent.Basedon the DOCaction, the circumvention.
International Trade Commission (ITC) resumed its
antidumpinginvestigation.The ITC'sfinal determination
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1. Uranium Raw Materials Activities

Introduction

The developmentof a uranium-producingindustryin the Conventionalminingincludes openpitandunderground
United Statesbegan in the late 1940's,following World methods. Openpitmethods can be used to produceore
WarH.In theyearsfrom 1947 through1970, thedomes- from deposits located near the surface or at shallow
tic industry was fostered through the Government's depths. Undergroundmining methods are used for
uraniumrawmaterialsandImXanementprogramsadmin- depositsthataredeeperand thatusuallycontainoreof a
isteredby the Atomic EnergyCommission(AEC). higher grade. Ore mined by conventional methods is

hauled to mills for processing or to buying stationsor
A large quantity of informationabout uraniumas a stociq_es for futureprocessing.
producibleconunodity has been compiledby the DOE
and its predecessoragencies since the AEC was estab- Milling of conventionally mined ore involves crushing
lisbed in 1946. Informationfromthis database hasbeen and grindingto reduce the ore to a nearlyuniformgrain
used where appropriatein the presentationof timeseries size,kaching with acidor alkalinereagentsto extractthe
datathatshowtrends in the industry'srawmaterialssec- uranium,concentrationof uraniumfromthe leach slurry,
tot. Theactivitiesdmtcomprisetheuraniumrawmaterials andprecipitationanddryingof the uraniumconcentrate.
sectorare summarizedbelow. In 1993,no conventionaluraniummills were operatedin

theUnitedStates. Uraniumcan alsobe "mined" using in
In theUnitedStates,explorationfor new uraniumdepos- situ leachingmethods, which involve leaching uranium
its is conductedsolely by theprivatesector. Companies from_e ore"in place"withoutremovingtheore fromthe
decide to conduct explorationon a particularuranium ground.A leachingsolutionis circulatedthroughthe in-
pmpe_ based on infom_on from many sources, place ore, the uranium-bearingleachingsolution is then i
including private studies and government reports, pumped to the surface, and the uranium is recovered.
Exploration involves the identification of prospective Leaching solutions commonly employed in solution
areaswithgeologicallyfavorablecharacteristics;develop- mining consist of watercontaining small quantitiesof
meritof dataon surfaceand subsurfaceconditionsusing oxygen and carbon dioxide or sodium bicarbonate.
mapping,sampling,drilling, and logging; a_d thorough Uraniumis also recoveredas a byproductfromthe pro-
analysisandt_xxfing of all datadeveloped. If resultsare cessingof _s phosphateore.Mostof theuranium
favorable, followup drilling is conducted. The aim of concentrateproducedby the U.S. industryin 1993 was
theseeffortsis to develop uraniumreserves, fromin situleachplantsandft_mthemanufa_lxtreof wet-

processphosphoricacid.
All information developed in a detailed exploration
program contributes to determiningthe feasibility of A .diagram of the major stages in the production of
mininga discovered uranium deposit. The important uraniumconcentratein thedomestic industryis shownin
lmrmnetmsincludeaccuratedataaboutthedeposit'sdepth Figure 1. Delineationof explorationtargets,exploration
andconfiguration,thcdistributionofuraniumminem]tza- and development drilling, evaluation of discovered
tion in the deposit, costs and the determinationof cutoff mineral deposits to determinereserves quantities, and
8rades_and the metallurgicalcharacteristicsof the de- mine and mill development are the majorearly stages.
posit. If the ore is sufficiently rich in uraniumto be Mining and milling of uraniumore or processing of
recoveredprofitably,a miningoperationmight be estab- uraniferotmsolutions (including in situ leaching) to
lishedat thedeposit site. recover uranium concentrate complete the uranium

concentrateproductionprocess.



Figure 1. Slagee in Production of Uranium Concentrate

ofdome_ _ rmou_ asEdmated_ Resources(FAR)andSpeculallveRNourcu(SR)arepreparedbytheEnergy
Inlonml_._m'don, OllloeofCoal,Nudesr,E]ec_andAltmmmFuels,andIndude_ _ bytheU.S._ _ N_)
of Ulo U.8. Dopmlmontof UloIntmlorundera momormldumof undonDn_Ys_betweenthe USGS and UloEnergyInfonnat_n Admlnlslmtlon.

of domosUo_ oJronndKloUloEnergyIrdormatlonAdmlnistmUon,Ofllc( of Coal, NuclooJ',Eloctr_oJlclAltornstoFuels.
8ouroo: EnergyInfommtionAclmlnislmtlon,0tllo0 of Coal, Nuclear,ElectricandAlternateFuels.

Estimates of ruinable U.S. uranium reserves at specific The Analysis and Systems Division also prepares esti-
forward costs are made by the Analysis and Systems mates of potential (or undiscovered)uranium resources
Division, Energy Information Administration (EIA), for various localities, some of which may lack production
flmmgh annual analysis of currentand historical informa- histories. The esti- mates incorporatecurrentinforrmation
tion on known uranium deposits. This information provided by the U.S. Geological Survey (USGS), U.S.
includes gamma ray drill hole logs, mining and geologic Department of the Interior, under a memorandum of
factors, mine production, and mining and processing understanding between the USGS and the EIA. These
practice and costs. Reserves reported in this publication estimates of potential resources are reported in the inter-
are equivalent to the Reasonably Assured Resources nationalclassifications of Estimated Additional Resources
category reported in internationalpublications. Estimates and Speculative Resources. The methodology forestimat-
of uranium in both the reserves and potential resources ing reserves and potential resources is described in
categories are made for selected forward-cost categories Appendix B.
that are independent of the market price of uranium.
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Exploration Activities approximately 2 percentof the 19 million acresheld for
exploration at the end of 1978.

Land Holdings and Acquisitions for
Uranium Exploration The amount of land acquired during 1993 was 0.07million acres, compared with 0.09 million acres acquired

in 1992 (Table 1). The amount of land acquired each year
At the end of 1993, about 0.5 million acres were held by in the period 1982 through 1993 has ranged between 0.48
25 companies involved in domestic uranium exploration, million acres and 0.03 million acres.
This was 42 percent less than the 0.8 million acres held by

32 companies at the end of 1992 (Table 1). The amount Types of land held and land acquired each year can
of land held for exploration has declined each year since include fee land, mineral fee, leases, patented and unpat-
1978, the peak year when 6.39 million acres were ac- ented claims, and options to purchase mineral fee land.
quired. Total acreage held at the end of 1993 represents

Table 1. U.S, Land Held and Aoquired for Uranium Explomtionr 1966-1993

klnd Hlld lot Explm"IUon It Enclof Vllr L.Ind Acmlulrldfor ExplomUon Durlnli the YI ,,,

Cl.lnlle
Clmqle Numlm'ol ImmPrlor

Number of from Prior ConqNnlel Year In Averlge
Comp_km Aom YIM in That Aoqulred Acrlm Coetn Coat

with Held Aeme Held Aoqulred Aeree Acquired (million (dollam
Year(s) Holdin_ (million) (percent) land (mlllk)n) (percent) dollam) pet acre)

1966-1973 ... - 6.9 - - e23.41 - 75.07 -
1974 ........ 69 9.0 - 55 3.32 - 12.61 3.80
1975 ........ 71 11.8 31.1 54 3.48 4.8 16.70 4.80
1976 ........ 96 15.0 27.1 81 4.75 36.5 13.89 2.92
1977 ........ 128 17.9 19.3 111 6.00 26.3 2822 4.70
1978 ........ 157 19.0 6.1 116 6.39 8.5 30.73 4.81
1979 ........ 149 172 .8.5 108 4.21 .34.1 44.53 10.58
1980 ........ 127 14.9 -13.4 82 3.07 -27.1 35.08 11.42
1981 ........ 99 9.6 -35.8 57 2.31 -24.8 11.41 4.94
1982 ........ 85 5.2 45.8 20 0.83 .84.1 11.30 13.61
1983 ........ 84 4.6 -11.5 21 0.48 44.6 3.03 6.59
1984 ........ 62 3.4 -26.1 20 0.48 4.3 1.98 3.26
1985 ........ 52 2.9 -14.7 9 0.13 -72.9 0.89 6.74
1886 ........ 56 2.6 -8.5 18 022 98.1 1.33 6.00
1987 ........ 49 1.9 -26.5 16 00.08 .80.0 0.79 8.96
1988 ........ 54 1.7 -12.6 14 00.08 4.9 1.67 18.12
1989 ........ 53 1.8 -10.1 13 0.03 -69.3 0.39 13.87
1990 ........ 45 1.2 -20.9 7 0.04 25.2 0.40 10.21
1991 ........ 37 1.1 -12.8 7 0.0_ -18.7 025 5.34
1992 ........ 32 0.8 -25.4 5 0.08 198.5 1.56 e8.02
1993 ........ 25 0.5 -42.0 10 0.07 -23.0 1.02 e9.76i ii

"lnckJC_costsforIm_cl_luisMtonsandrenlm innominaldollmm.
U13o_notIncludeapproximately0.61millonacreslu:quimdInthepedod1908-1973forwhichnoeoetclarawerereported.
el.andacqutredinlge7wu 0.088mlllonacmeandIn19e8m 0.0_ mllionsoma.
eA_ ooa_ _ _ mmJmcqummdtx_ meoam _ m;_modmnJImnd_ u_cW_ cov_m_,ng_ t_dA_r_ _

-= _ mppli:al:_e.
Note:A_ cee#I:N,"amom#:_mmmhNmD_ rx3teqmmJ_ eemlned_ _ m_JmM_mJmmmkxrandchmonr_nmc_r.
S_ lWe.lrto-.o.8._ d Snww,_ _ _ Omoe._ _ No._ (A,_MtI_1_1).l_rrm._mmo-.._J.S._ ofSineW.

_ _ Onk_._ F.mkv:m_E.,_m_ am_ S_'wy0_-_ml). Iml-lma.-Ene_Wlaolmmlo_Aa,,_mm#nmem._,v_ya O._.
Urlr#unl_A_#v/ry/g0_(July 11184).lllN-111_--4Smgy Irdomilon _, UmrVtm_/ndu_ryAtm_/9_R(C)clober1_). lll0_..-Ene4gy_
Admlr,l_mlo_,FormmA-Ue't_m_rn;ndmmyAnn._Survey"0ram).
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Land Acquisition Costs Surface Drilling

The total cost of land acquired during 1993 was $1.02 Total surface drilling in the United States in 1993 includ-
million, 25 percent less than the reported total cost in ing exploration and development drilling was 1.11 million
1992 (Table 1). Since 1982, annual expenditures for land feet in 2,020 holes (Table 2). This total footage was 4
acquisition have ranged between $0.25 million and $3.03 percent greater than the 1.06 million feet reported by the
million. Annual expendituresfor land acquisition peaked industry for 1992. During 1993, eight companies con-
in 1979 when 4.2 million acres were acquired for $44.5 ducted uranium surface drilling programs, 50 percent

million. Expenditures for land acquiredfor exploration in fewer than in 1992. The peak year for U.S. surface
1993 ranged from just over $1.00 to about $50 per acre. drilling was 1978 when total surface drilling was 48.1
The average cost of $9.76 per acre in 1993 was 22 percent million feet (Table 2). The total annual surface drilling
higher than in 1992. Note that this average cost does not since 1976 and drilling planned for 1994 are shown in
include the costs for land acquired under arrangements Figure 2.
coveting purchases of properties with reserves and/or
partially delineated uranium deposits. From 1976 through Costs incurredfor surfacedrilling activities include those
1993, the annual average cost (in nominal dollars) per for ground surveys, road construction and site preparation,
acre of acquired land ranged from $2.92 to $18.12. Ten drilling, downhole geophysical surveys, sample collec-
companies acquired land in 1993, compared with five in tion, and geological and other technical support. In 1993,
1992.

Table 2. U.S. Uranium Surface Drlllln 9 Activities r 1966-1993

I i i -_ Drilling from _ from _ Avlrlp YNr in
Number of Number Yw In Fomlage Year In Cost" Year In Cost Average
Conqx._,o ofHok, _ (nvmon Feet (rnmlo, Coat (cl_ara Coat

Year(s) That I_rliktcl Dt_llod (pen:ent) feet) _ercent) clc_ns) (percent) per foot) (percent)

1986-1973 .... - 351,114 - 117.53 - 164.87 - 129 -

1974 ......... 62 39,700 - 21.56 - 44.78 - 2.08 -

1975 ......... 66 55,888 40.8 25.42 17.9 73.81 64.9 2.90 39.4

1976 ......... 97 67,640 21.0 34.80 36.9 106.97 47.0 3.13 7.9

1977 ......... 125 93,452 382 45.56 31.0 155.03 42.3 3.40 8.6
1978 ......... 162 104,353 11.7 48.10 5.5 169.68 9.4 3.53 3.8

1979 ......... 154 93,648 -13.1 41.08 -14.6 162.98 -3.9 3.97 12.5

1260 ......... 127 59,795 -34.0 28.19 -31.4 125.70 -22.9 4.46 12.3

1931 ......... 93 26,424 -55.8 1422 49.6 97.90 -46.0 4.77 7.0

1962 ......... 69 9,997 -62.3 8.35 -62.4 27.85 -56.0 520 9.0

1963 ......... 60 7,296 -26.8 3.17 -40.8 14.42 -48.2 4.55 -12.5

1864 ......... 43 5,521 -24.3 2.55 -19.6 11.85 -17.8 4.65 2.3

1985 ......... 30 3,649 -33.9 1.76 -30.9 5.53 -53.3 3.14 -32.4

1386 ......... 35 3,831 5.0 2.07 17.6 7.74 39.9 3.74 19.0

1267 ......... 29 3,814 -0.4 1.38 .62 6.96 -10.1 3.55 -5.1

1ge8 ......... 32 5,205 36.5 3.01 53.5 9.70 39.3 322 -9.3

1389 ......... 27 3,840 -262 222 -262 8.94 -7.8 4.03 25.0
1990 ......... 26 3,415 -11.1 1.68 -24.5 9.15 2.3 5.48 35.4

1991 ......... 24 3,197 .6.4 1.84 9.7 10.95 19.6 5.94 9.0

1932 ......... 16 1,768 44.7 1.06 42.2 2.43 -77.8 228 -61.6

l__a__......... 8 2.ram 14.3 1.11 4tl §,7'At 136.2 5.16 126.9

elndud_ eoet8 for oxptomtJonand devek3xnent ddllingInnominsI dollsm.
-- Notmpiimble.
Notes: Perem_changemaynotequalquotients_ withIndependm_/rounded numeratorand denominator.Averagecost per footshmm here may notequal

quoemts w#h_ mund_ mmwator and clenormator.
8oureeE 1936-1970--U.8. Energy Researchand OevelepmentAcknInistmtlon,GrandJunctionProjectsOffice,PressRetem No. 582 (August12, 1971). llffl-

1980-4.t.8. Depemmm ol EneflW,GrandJtmcdmProjectsOffice,Uranlum_ _ in I MO and Pbnm for 1981.1982_day 1961). 1561-1563--Eneqw
InkxmM_ _ Sun_ of U.S. Urm/t_ _ Ac_ty IM3 (July1284). 111M-1_ InfomatkmAdminis_tion, Umn/um IndustryAnnum 19_,
(Octoberlira), llm---Em_ informaem_tmtnkmt_,FormE_4m'UmnkJmtrmstry_nuatS.rvey"(1_).
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Figure 2. U.S. Uranium Exploration and Development Drilling Footage, 1976-1994
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"Pkmnedasoftheendof 1993.
8ot_: 1976-19e0---U.8.I:)epsrlmentof_, OmndJunclJonProJecWOffice,UranlumExpk)mtion_res in 1980andPlansfor 1981.1982(May1961). 1961-

lW3.-Enef_ Infonnalk)nAdndrdstmtJon,Sun/eyoIU.S._ _ _ 1983(July1964). 19114-1992--EnergyInforn_UonAdministration,UraniumIndustry
Annua/1992(October1993).1993-1994.-EnerlWInformalk)nAdmlnletmtlon,FormEIA-858"UraniumIndustryAnn.ualSurvey"(1993).

the costs for surface drilling ranged fromabout$2.00 tO of exploration drilling during 1993 was 60 percentless
nearly$51.00 perfoot drilled.Theaveragecostof surface than the footage reported for 1992. A total of 355
drilling was $5.18 per foot, an increaseof 127 percent exploration holes were drilledin 1993, a decline of 62
abovetheaveragecost per foot dfilledin 1992(Table2). percent from the 935 holes completed in 1992. The

averagecostper footof ex- plorationdrillingin 1993 was
Surfacedrillingforuraniumconsists of both exploration $4.41, nearly twice the average cost per foot of $2.25
and developmentdrilling(Table3). Explorationdrilling reportedin 1992. Explorationdrilling reportedon Form
is done in search of new ore deposits or extensions of EIA-858includesassessment drillingcompleted to meet
known deposits. Seven firms reportedcompletingex- requirements for holding land under certain lease
plorationdrillingprojectsin 1993. The 0.22 million feet agreements.

";1,. _ _ __ Unmlum Indmmy Annual S



Table 3. U.S. Uranium Ddlllng by TYpe of Drilling, 1966-1993

_" I:_m4op..mt_

Drilling Average Drilling Average
Number of Footage Coot©d Cost e Number of Foolage° Cost o,d COSto

Holm (million (million (do,am Holes (million (million (do,am
Year(e) I)rlllede feet)° dollars) per foot) I)dllode feet} dollars) per foot)

1966-1973 ... 226,721 89.78 124.52 - 124,393 27.75 26.86 -
1974 ........ 27,400 14.72 34.95 2.37 12,300 8.84 9.81 1.43
1975 ........ 34,285 15.69 51.92 3.31 21,501 9.73 21.89 2.25
1978 ........ 40,409 20.36 70.70 3.47 27,231 14.44 38.30 2.65
1977 ........ 52,597 27.96 99.40 3.56 30,855 17.62 55.80 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 4.26 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 4.23 20.94 4.96 3,002 1.13 6.90 86.13
1983 ........ 4#.87 2.09 10.60 5.07 3,011 1.08 3.81 3.55
1984 ........ 4,798 2.26 10.53 4.66 723 0.29 1.32 4.60
1985 ........ 2,877 1.42 5.14 3.63 772 0.34 0.39 1.18
1986 ........ 1,985 1.10 6.40 5.83 1,846 0.97 1.35 1.38
1987 ........ 1,820 1.11 5.90 5.34 1,984 0.86 1.08 1.24
1988 ........ 2,029 1.28 6.44 5.03 3,178 1.73 326 1.88
1989 ........ 2,087 1.43 5.62 4.09 1,753 0.80 3.12 3.92
1990 ........ 1,507 0.87 3.21 3.68 1,908 0.81 5.95 7.37
1981 ........ 1,524 0.97 2.83 2.91 1,573 0.87 8.11 9.33
1992 ........ 935 0.56 127 2.25 833 0.50 1.16 2.31

1_ ........ ___r___ 0_7 0.98 4.41 1.665 0.88 4,75 5.37

"tnckKImammmmntddllingandddllinginmmrehofnewomdepoekor_ of knowndepoe_andddlinga _e _ ofa _ _ to _ _ _
companydeddu sufflekmtommeervasareprmenttoDMilymn',men_exple_atim.

eindudmd ddllngofm ontdepoo#todetmnlmmorepredm_eize,gntde,andeon_uratim_qu_ toewtimeart eemmen_expk_tlon I_deemedfee_ble.
_of hokmlot1gelendpdory_nk dMatotddllngfootagetotalcost,randaveragecoatforlge2andpdormm u _ In SmM_a/Dataot theUnto/urn

I_, GJO-I(X3(e3)(January1,1903).Costsehownareinnominaldolam.
eDoeenotInctudetheools for2.074mik_ feMof explmlk_d_lingand0.53mlalonfeetof __t _i_ _ 1_1971 forwhichddllingcomawerereported

a'oewexplomtk_ e_m_lttmm."DomnotIndudecoetslor9.960mllionfeetofexplorationanddevok3xnentddlingrepetted_m a _ of $13.7_, 1966-
1972.

eThishighvalueismttdbutablepdmadlytothelargepercentageofthetotalexpendituresfordevak)pmentddlllngIn 196,9.oonMbutedbyonecompe_ny.
-- Notemk:at_
Note:AverageooaperfootshownhemmawnoteqmdquotientsobtainedwahInde_enden_roundednu_ _ __.
Sourcee:ltS.llr_--U.8. _of F-.neqw,GnmdJunctionProje_(3_e, PressReleaseNo.562(August12,1971).lfM-1910-.-U.S.Defanmentof Energy,

GrandJunc_ Proje_ olnce,_ _ _/n l_eoa_ _ for1,M;-;_(May lee1), lSm.lmS-.F_rw JnfonnaS_nAd_nistmUon,Sun,_,
ofU.S._ _ _ roSS(July_Oe4)._U4.1WS--Ene_yInformationAdm_mUon, Uranium;ndua_ _nua/ ;Pg_(_r _). llm.--.Enerw
Infonnm_AdnVnletmt_,FormEIA-8_ "UraniumIndustryAnnualSun_' (1003).

Development drillingis done to define the size, shape, $1.00 to near $8.00 for developmentdrilling. Of the
andgradeof knowndepositsandto providedataneeded sevenexplorationdrillingprogramsreportedfor 1993, a
formineplanning. In 1993, 0.88 millionfeet of develop- majoritydrilledbetween10,000and 100,000 feet. Of the
ment drillingwas completed in 1,665 holes (Table 3). six developmentdrillingprogramsreportedfor 1993, a
Developmentdrillingwas reportedby six companiesfor majoritydrilledless than 100,000feet.
1993, comparedwith nine in 1992. During the period
1989through1993,L'mualdevelopmentdrillinghasbeen Uranium Surface Drilling Footage by
less than 1 million feet each year. The averagecostper State
foot of development drilling in 1993 was $5.37, more

than 130 percenthigherthanin 1992. Surface drilling in 1993 was conducted in Arizona,
Colorado,Nebraska,Texas, and Wyoming. Compared

For most individual drilling programs in 1993, the with 1992, totalsurfacedrillingfootagein 1993 increased
reported average cost-per-foot drilled ranged between
$1.00 to near$9.00 forexplorationdrillingand between

6 Energy InformationAdmlnlslmllmV Uriinlum Industry Annual



in Texas and Wyoming and decreased in Arizona,Colo- but decreased in Colorado, Nebraska, Texas, and Wyo-
rado, and Nebraska. Wyoming accounted for about 71 ruing. Development drilling in 1993 decreased in Arizona
percent of the total surface drilling footage reported in but increased in Colorado, Nebraska, Texas, and Wyo.
1993 (Table 4). Surface drilling was reported for New ming. Drilling datafor Arizona, Colorado, Nebraska, and
Mexico and Utah in 1992, but none was reported for Texas are combined in Table 4 and Figure 3 into the
1993. Exploration drilling footages increased in Arizona "Other" category to avoid disclosure of company-specific

da_

Table 4. Uranium Surface Drilling I)y State and Type of Drilling, 1993

Total as •

ExpImlMon Development Tottl Percent of U.8. Total

Numberof Thousand Numberof Thousand Numberof Thousand Numberof Ddlllng
81at• Holes Feet Holes Feet H.01es Feet Holes Footage

Wyoming .... 215 135 I _88 656 1,503 791 74.4 71.4
OIherj ....... 140 88 377 229 517 317 25.6 28.6

Total.,,,,,,, 355 22"3 1.65S ass 2.020 1.10s 100.0 lgO.O

alndudaeArizona,Colorado,Nebraska,andTexas.
Notes:Totsbmy notequalsumofcomponentsbecauseof independentrounding.Percentageswerecalculatedusingunroundaddata.
8our(:e:EnergyInfommtionAdminlndon,FormEIA-856,"UraniumIndul_/AnnualSun_/"(1_).

Rgum 3, Total Surface Drilling Footage by Total Domsstic Uranium Exploration
State, 1991-1993 Expenditures

The total expenditures for uranium exploration shown
"'"" in Table 5 include all expenditures for land acquired

-,,] 1 " and held, surface exploration and development drilling
1 ,- costs,and other exploration expenditures. Total explo.

1.aN- _ lm
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 otherexploration activi-

_- ties.t

For 1993, 15 companies incurred costs for exploratione

o,.. 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

_. lW1-1_, Cok_do0 Sebmskn0NewMexico,Texas,end not included in other exploration expenditures.
Utah.1911_-Adzorm,Colorado,Nebraska,andTexas.
_mees: 11m2:_ InfommtionAdministration,UraniumIndustrydnnua/ Expendituresby U.S. companies for explorationin
19iR(O(:tober1993). 10es: _ Inkmlllon Aemlnistmtion,FormEIA-858 foreign countries were reported as zero during 1993,
"UranlumlndustryAnnualSun_(199_) and like expenditures planned for 1994 were also

reported as zero on the 1993 survey.

'Thecategory"otherexplorationexpenditures"includescosts forgeologic and geophysicalinvestigationsandre_wch costs incurredby fieldpcnmmd during
explcmicm, assessmentwork otherthandrilling,and overheadend adnfinimaflvechargesspecificallyassociatedwithsupervisingend suppotling exploration
activities.

Energy Infomatlon Admlnletmtlon/Uranium Industry Annual 7



Table 5. U.S. Uranium Exploration and Development Expendlturasr 1966-1993 ........
OtherF.xploriion

8urfmooDdlllng LandAoq¥1sHlon Expendltt_l TolalExpenditures

- Permmt
Cost Cost Cost Cost Change

Numberof (million Numberof (million Numberof (million Numberof (million fromPrior
Ymls) Comp_les"do,m)b Comlxmb.° do,m)d Comlxmles*do,m)' Comp,mles do,ors) Yur

1966-1973.... - 164.87 - 75.07 - 94.43 - 334.37 -
1974 ......... 62 44.76 55 12.61 NA 21.71 83 79.08 -
1975 ......... 66 73.81 54 16.70 NA 31.62 86 122.03 54.3
1976 ......... 97 108.97 81 13.89 NA 47.79 108 170.65 39.8
1977 ......... 125 155.03 111 28.22 NA 74.83 146 255.08 51.2
1978 ......... 162 188.86 116 30.73 NA 113.85 174 314.26 21.8
1979 ......... 154 162.98 108 44.53 NA 108.40 164 315.91 0.5
1980 ......... 127 125.70 62 35.98 NA 10620 147 266.96 -15.5
1981 ......... 98 67.90 57 11.41 NA 65.46 107 144.76 -45.8
1982 ......... 69 27.95 20 11.30 54 34.47 85 73.61 -49.2
1963 ......... 60 14.42 21 3.03 86 19.41 77 36.86 -49.9
1984 ......... 42 11.85 20 1.98 32 13.07 53 26.48 -28.2
1965 ......... 30 6.53 9 0.89 34 13.87 40 20.10 -24.1
1986 ......... 35 7.74 16 1.33 34 12.99 60 22.06 9.8
1987 ......... 29 6.98 18 0.79 34 11.62 42 19.67 -10.8
1988 ......... 32 9.70 14 1.67 31 8.73 44 20.10 2.2
1989 ......... 27 8.94 13 0.39 24 5.43 39 14.77 -26.5
1990 ......... 26 9.15 7 0.40 31 7.58 40 17.12 15.9
1991 ......... 24 10.95 7 025 19 6.65 30 17.64 42
1982 ......... 16 2.43 8 1.35 21 10.72 28 14.51 .18.7
l__Cj__......... 8 5,74 7 1.r_ 15 4.81 10 112.7 -22.3

"Con_lu rq:x)rtlngsurfaceddlflng,whichk'_ oxplomtlonsnddev_ ddlHno.
"IncludescostsforsxplomtionenddovoiopmentInnominaldo,ors.

reporti_tendac_ieltk_s endmrdals.
_lnckJdescoalsforlandacquisitionsandrentalsInnominaldollars.
°Con_ repomngotherexplorationexpenditures.
'Includescosts,in nominaldollars,forgeologicandgeophysk_linvestigationsandrmmarchoo_sincurredbyfieldpersonnelduringexploration,andoverheadand

neminisUat_chargesspecificallyassociatedwithsupervisingendsuppor_ explomU_)nactivities.
-. Notamicable.
NA- Notavdable.
Note:Totalsmaynotequalsumofcomponentsbecauseof independentrounding.
8ourcu: 1986-1974--U.S.F.nefgyResearchandDevelopmentAdnMledmtion,GrandJunctionProjectsOffice,UraniumExplorationF.xpimdituresin 1974andPlans

for 1975.1978(Apr, 1975). 1975-1983--EnergyInformationAdministration,SurveyoqU.S.UraniumExplorationA_Wly 1983(July1964). 1984-1992--.Energy
_, Umnka_/ndus_Anmm/19_(_ 1986).1965--.F.nergyInformationAdmintsUstion,FormEIA-855,"UraniumIndustryAnnualSurvey"

(1983).

Foreign Participation in Domestic 1992. "['hedollaramountscontributedfrom foreign
sources are included in all exploration expendituresUranium

="_"*s",.xe,,,,ra,,,,n totals shownin this report.

Expendituresfromforeign sources in U.S. exploration
activities during 1993 were $8.5 million, a 6-percent Planned and Actual U.S. Uranium
increaseabovethe totalof $8 million fromforeign Exploration and Development
sourcesin 1992(Table6). "Foreign"meansmajority- Activities, 1980 Through 1992
ownedbynon-U.S,entities.Foreignparticipationin
1993 accountedfor about76 percent,a recordlevel, of A totalof eight companiesreportedactual exploration
the totaldomesticindustryexplorationexpenditures,up and development drilling activities for 1993. In
from 55 percent in 1992. In terms of total dollars comparison,10companies reportedon the 1992 survey
spent,foreignparticipationin 1993 at$8.5 millionwas that they had planned explorationand development
atthe.highestlevel since 1988 when$8.9 millionwere drilling programsfor 1993. The actual total surface
expended by foreign companies in explorationin the drilling reported for 1993 was 1.1 million feet, 45
U.S. industry.Seven companiesreportedparticipation percent more that the projected(planned for 1993)
in 1993 from foreign sources, one more than in amountreportedonthe 1992 survey. Statisticsforact-

s Energy Informltlon Administration/Uranium Industry Annual



Table 6. Foreign Participation In U.S. Uranium Exploration: 1976-1993

Number of Companies Percent of
Year .... Reporting MillionDollars Total U.S. Expenditures

1976 ....................... 15 13.2 8
1977 ....................... 17 21.7 8
1978 ....................... 31 39.3 13
1979 ....................... 28 34.1 11
1980 ....................... 28 37.6 14
1981 ....................... 25 24.6 17
1982 ....................... 14 14.6 20
1983 ....................... 9 4.8 13
1984 ....................... 9 6.6 25
1988 ....................... 6 5.8 28
1986 ....................... 8 12.0 55
1987 ....................... 11 11.9 60
1988 ....................... 11 8.9 44
1989 ....................... 7 6.1 42
1990 ....................... 9 2.5 15
1991 ....................... 6 3.5 19
1992 ....................... 6 8.0 55

I_ ....... ,.,..,.,,., ..... , 7 ,, _,_P 7(_

Note:Expendauresareinnominaldeismandincludeexpendituresforlandaoq.imdw_dheld,surf_edrilling,and"otherexplorationexpenditures,"whichIncludes
gee4oglcandgeop_yzk_invlmUonsandre_mrchcorn_.rred bynedpemon_d.dnge_0ioretk)n,andoved..Wand_Uve charges
amx_tedwithsupervisingand_ explorationactt_I.

Sources:11fflk1900--U.S.Departmentof Eneqw,GrandJunctionProjectsOffice,UraniumExplorationF_res andPlansSur4ey(1976-19e0),1N1-
19_ InfommtionAdministration,SurveyofU.S_ _fon _ 1983(July1984).10_l-10W--EneqwInformationAdministration,Utan/um
InotaWyAnm_l_(_r 1993).llm--r=nerwInfommionAdminmmUon,FormEIA-eSa'Umnk..IndustryAnnualSurvey"(1993).

ual and planned exploration activities for1980 through ateachcost level arecumulativeand includeall lower
1993 and planned activities for 1994 are shown in cost resources within that category. Because of
Table 7. Total surface drilling footage planned for limiteddirect-sampledata,the estimationof potential
1994 is projected to be 8 percent less than the actual uraniumresourcesis not precise,and the reliability of
amountof drillingreportedfor1993. Thetotalplanned the estimatesis subjectto someuncertainty.
drillingexpenditures for 1994 are 24 percentgreater
than like expendituresreportedas plannedfor 1993. Assistance provided by the U.S. Geological Survey

(USGS) to the EIA in support of the estimation of

U.S. Uranium Resources and Reserves potential resourcesand the methodologyusedare
d_'ribed in AppendixB along with an explanationof
the potentialuraniumresourcesestimatesfor 1993 and

Potential Uranium Raaourou historicalestimates.

Estimates of potential (undiscovered) uranium re-
sources for the classes of Estimated Additional Re- For 1993, the mean values of BAR and SR for the
sources (EAR) and Speculative Resources (SR) at $30-, $50-, and $100-per-pound U30s forward-cost
forward-costcategories of $30-, $50-, and $100-per- categories declined slightly when comparedwith d_
pound U3Osare made annuallyby the EIA. Within 1992values (Table 8).
eachforward-costcategory,theestimatesof resources

Energy InformationAdmlnlstmllk,_ UraniumInduatryAnnual 9



Tqble 7. Planned lind ._otual U.$. $urlaoe Ddlllng by Ddll!ng TYpe and Expenditures: 1981-1994
Oewkmment

Total Told

Ho_ Orangr_4q, Horn OresPoovm _ _'
yeer (lhPVllllr_t) (mim0nfN¢l (Ul0umn_ (mlm0nfeet) (rnlmorl) (mlmo_d011m)

19ei
Plwvte_ ............ NA 18.2 NA 8.2 20.4 178

.............. 17.8 10.9 8.7 3.4 14.2 148

1882
............ NA 6.4 NA 2.8 8.9 74

A_ .............. 7.0 4.2 8.0 1.1 8.4 74

files
Plmln_ ............ 3.4 2.2 8.S 1.2 3.4 40
Ac4uld .............. 4.3 2.1 3.0 1.1 3.2 37

1N4
Plmled h ............ 4.8 2.6 1.8 0.g 3.8 38
/k:toal .............. 4.8 2.3 0.7 0.3 R.8 2e !

lm
P_ ............ 3.S 1.8 0.8 0.1 1.9 21

.............. 2.9 1.4 0.8 0.3 1.8 20

1see
............ 2.2 t.8 0.8 0.4 1.9 19

Actuld .............. 2.0 1.1 1.8 1.0 2.1 22

lg87
............ 1.7 1.1 1.4 0.7 1.8 18

.............. 1.8 1.1 2.0 0.g 2.0 20

lgM
Plann_ ............ 2.3 1.8 2.5 1.2 2.7 20

.............. 2.0 1.3 3.2 1.7 3.0 20

lgeg
............ 1.6 1.0 2.8 1.4 2.4 15

/k:tual .............. 2.1 1.4 1.8 0.8 2.2 15

lggO
............ 0.8 0.8 1.3 0.8 1.3 0

Actual .............. 1.8 0.g 1.8 0.8 1.7 17

lggl
Pkmed b ............ 1.8 1.0 0.g 0.4 1.4 g
Actual .............. 1.e 1.0 1.e 0.9 1.8 11

lgg_
............ 1.1 0.7 1.1 0.7 1.4 7

.............. 0.9 0.6 0.8 0.5 1.1 2

1980
............ 0.3 0.2 O.e O.S 0.8 3

ACtual .............. 0.4 0.2 1.7 0.g 1.1 8

lg84
Pkmn_ ............ 0.4 0.3 1.1 0.7 1.0 3

i ii i

_-or 1880-1880, PtannedmndAc_umlinc_mtotml_forgmdEeckBIng, lmnd,anddo¢hercmq_amlionmc_A_m.For1991-19g4,Pinned andAcluallncklde
to_i _ forzurfmoedfllllngonly. _m shownare Innominaldollzm.

bAotivltyfor1heywr _, pMnnedat theend of thepreviousmr.
NA,, Not avzdleb!e.
Note: Totm may not equalzum of componentzbecause of Incknpendentrounclng.
8¢tm:ee: 19_1_2P_m1n_d_U.8.__fEne_w_Gr_ndJunct_nPr_j_f_k_e_Um_m_Expend_tur_andP_nz_(1_1_). 1880-

188:1Aotmd,1N4 Phmnea_Enerw Infownat_ Aclminlztmtlon,Survey of U.S. Unto/urnF.q_rat/on A_/vffy 1983(Juty1884). 1981 P_iml¢m_Energy Information
_, IM2SurveyofU.S Unmtum_/4ceV_(Aut_JM lm). 1N4-1m Aotud, lm MannN_Enecw Inlommtion_, Uranluml_
Annua/1992 (October 1990). 19N A_luel, 11N14PlaNled--Enetw I_ Admlniztrmlion,FormEIA-888 "UraniumIndustryAnnual8urvoy"(1993).
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Table 8. U.8. Potential Uranium Resourcee by Forwlrd-Coot Category, 1992, 1993
........ (MillionPoundtU:0.).........................

........ f_prmmcoetc_ .........., .....

m _r .w,_ ....m__ .... _!_ _

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

1992 ........................... 2,200 1,300 3,400 2,300 4,900 3,500

1_ .... _. ..... _ ,.: _ ......... 2_ li330 3t340 2,250 4t880 3,510lilt ill HaIH I I it I Ill I II ill I II

'F.AR,, Elenatsd/_lBxll Remurcm.

NoNe:Valuesihownam_ mean_ forthe_ o(mtsl foreachtorvmd.omlt¢atego_.199_roundedtothenearest100mHItonpoundsusa0;
l_,mundedtothenimet 10mionpoundlU_3t Reeouroevtduesintocwlrckooet_degodl|reoumuieti_:thstle,lhequsntttysteschlevetofforwardcost
Indudu d mmu_ _ thoIoww¢o_ Inth_ mt_lor/, _ of urlmtumIMt couldberecoveredesa bypreductof olheroommodi_earenotIncluded.

8ouroes:lllU-llNla-..PJtlnvltesbesedonuraniummeoumestilts dev_ underthe0OE NattonnlUraniumResourmmEwdultton(NURE_program,1974-
1N9, _ upmtedas newnewdm onuraniumresoumesbecomeavslkil_fromtheU.8.OeofogtcmlSurvey(USG8).

U.S. Uranium Reserves selectedforwml-costcategoriesthatcoverabroadranse
of costsforbothshort-termandlong-termplanningfor

Uraniumreserves consist of the estimatedquantities of the supply and procurementof uraniumas well as for
uranium(as U3Os)occurringin knowndeposits of such planning the development of energy programs by
grade, quantity, configuration of mineralized rock, Governmentandindustry.Costsusedin derivingthe 1993
a_, that,basedonmininganalysesandengineering reserves estimates include capital and operating corn
calculations,portionsof the mineralizeddepositscan be associatedwith mining, transporting,and processingof
recovered at specified costs under currentregulations the uraniumores. Uraniumrecovery factors normally
using state-of-theartminingand processing. The speci- encounteredin actualminingand milling operationswere
fled costs, which comprise the forward-costcategories, usedin theestimations.
are not the same as marketpdces. The EIA category of
"uraniumreserves" is equivalent to the internationally Estimates of uraniumreserves for 1992 and 1993 are
reported category of Reasonably Assured Resources showninTable9. As of theendof 1993, theestimate of
(RAR). Using historicaldata,industryinformation,and reserves in the $30-per-poundcategory located in 243
the reservesdataandestimatingparan_tersfor individual propertieswas 292 million poundsU30s, I percent less
propertiesreportedon the 1993 FormEIA-858, the EIA than in 1992. Similarly,theestimates for 1993 of 952
prepared the national estimates of uranium reserves million poundsU30s reservesin the $50-per-poundcate-
presentedin thissection. Reservestotalsarepresentedfor

Table 9. Chengee In U.S. Uranium Reurvee by Forward-Cost Category, 1992 to 1993
(MillionPoundsUa0a)

I .... I'm,ms.oo_C.moryI I
ym_r_.End Reoervee lind Chlmlle _ROperpound ......i $80 perpound , $100 per pound .......l iH

Ruervee st theEnd of 1992 ........................... 295 959 1,523

Reevaluatlo_ of Reserves in 1993

......................................... e 4 a
su_ ...................................... (e) (e) (e)

OepleUon(Production and Erosion)In 1993 ............... (4) (5) (7)
ReseMm at 0m End of 19@3........................... 292 952 1,511

i ii ii ii i

Norm:Totll rnsynoteClUmlmjmof _mponentlbe(xmeso#_ rounding.NoreesnmeevllkJIdlonlfornewurenlumpr_ ire im:iudedIntheestimates
ofU.8.reesn_ml¢ledudng10_. Umnlummesn_l_(x_uldblmemm_mlbyproduotofPhoeph_lmdooppermlnlng|re_l___e. Re_Nm_
vnluesInfor_n_:oa eatsgo_ am (:umulettve:I_ ie,IhequanByat inchlevelof for_rd co_ti_ludes_1meen_ ntthe_ _.

8cxm:es:FJilknmt_byEnergyInfonnmtion_, OfficeofCoal,Nuc_r, Ek_k: andAltenvltsFuels,IxumdonU.8. DepartmentofEnergy,GrandJunction
Pro_ Office(:letsfilesandFormEIA-868,"UraniumInduetryAnnual8untey'(199_).
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gory and 1,511 million pounds in the $100-per-pound States,New Mexico,Texas,and Wyoming,containabout
category are each 1 percent below the corresponding 75 percentof $30-per-poundU3Osreserves.
estimate at the end of 1992. Most of the decrease in
reserves was the result of the reevaluationof selected Basedon the reservedatareportedon FormEIA-858 and
uraniumpropertyreserves based on new data and on on evaluationof EtA.held historicaluranium-property
costs, depletion, and availability of milling facilities data, an assessment was made of the distributionof
within reasonablehaulagedistance. Estimates of res- reserves most likely to be extractedby underground,
ervesby Stateareshownin Table10 andFigure4. Three openpit,in situ leaching,or othermethods of mining.

J Sson_rsxxJxn , ,. Seeswpc.he ..... _!0emf_

ore uA or. u,_ ore u_
(million Onldo' (mllHon (million Oxmdoa (million (million Graldo' (mlHlon

OtilSo _) {percent)pounclo) tone) (m_t) _nde) tone) {_) _)
* New Mexico ................ 18 0.277 84 ! 12 0.157 380 301 0.098 588

Wyoming .................. 40 0.131 121 250 0.079 398 821 0,050 823

Altzona, Colorado, Utah ...... 7 0293 43 48 0,133 119 95 0,087 188

TeXlm ..................... 7 0.101 13 23 0.070 32 64 0.042 53

OIh_ b .................... 8 0.198 31 28 0.110 55 57 0.070 81

+ Tetll .. .......... . _. .... 63 0.17,5 292 ....... 488 0,105 952 11139 0.08e 11811

' Wetl_mmven_,
b InokxkimCaJlk_ Idaho, NM)mak& Nevldm,Nodh Olkom, Orooon,8outhDekota, andWiudVnglon.
Not_ Umntumnmm_amU'mtooulcll_rooovemdulbYl_ductofld_q_mmndoop_rndningunlnot ___. _viuminfomunJ-oo_

oltalgOdallmOumulltlve: that il, 'dlequantityat eechlevelof forwaud-coalndmleed roeeMmmttheloweroolto. Totldilmlynot equadlumo#oomponmltl
bammof_mw,_,_.xaxan0.

8ouroN: EsllmMedby_ InfommtionAdminlatmtion,Offk:eol Coid, Nuclear,EkictdcInd AitemataFuels,bamedon Indulm/m)nfenmoee,U.8. {_of
Sneqy.OnmdJunctionProjemOmcedatalaoe.andForma:IA-e._."Umnk_Indu_ryAnmadSurvey'(Im;3).

Rgura 4. Uranium Rmrves by State, 1993
ilemlmell

II,m
m lira

n ltNml

il

[-
t-

IO0

0

PlW _ _ /Ulna Temm

*Adzona, Colorado,and Utah.
blndudN _, Idaho, Nebrm_a, Nevada, NorthDakota,Oregon,8outh Dakota,andWuhlngton.

NoW: Flmen_mv_lum In_ eategodmare mmJtUve; Umt Is,thequanmyatead_ meg o_torm.e _ _ _ __ m me_ _ _ _ _W.
8oun:m: EllmatN byEne_ Inlonml_ _, Of_e of Col, Nuclear,ElectricandAltemm Fuel, I_,md onindu_ryconference, U.8. I)epartment (_ Energy,

Grind JunetlonPn:)jee_Oflkmdatafilm and Ene_/Infon,mtlon Adminl_tmtion,FormEIA-8_8 "UraniumIndustryAnnualSun_/" (1993).
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Thisdistributionof reservesby expectedminingmethod of 105 percentabove the 1.0 million pounds produced
is presented in Table 11 and Figure 5. Conventional during1992 (Table 12). Commercial-scale in situ leach
underground mining continues to be the dominant miningoperationsl_ated inNebraska(one),Texas (one),
method,accountingfor about one-half of the total and Wyoming(three)accountedfor about98 percentof
reservesin each cost category.Inthe $30-per-poundcost total U.S. mine productionin 1993 (Table 13). Other
category, in situ leaching is the second largestmining sources,suchasrecoveryof uraniumfrommine waterand
method, and in the $50 and$100-per-poundcategories, restoration of mined-out in situ leach weU fields
openpitminingis the secondlargestmethod, accountedforabout3 percent. Figure6 shows historical

mine productionof uraniumfor the years 1968 through
U.S. Mine Produotlon of Uranium 1993. The numberof sources for mine productionof

uraniumthatwereoperatingeachyearfrom1982 through
Productionfrom in situ leach mines and other sources 1993are shownon Table 14.
during1993 totaled2.0 millionpoundsU30s, an increase

Table 11. U.$. Uranium Reurvn Method and Forward-Cost C_ 1995

Forward-Coet
iiiii i i i

......... Lmmrmmd q_Olmrmem tl0emr mere

Underground............... 2e 0274 140 1_ 0.1(18 4SO _0 0.009 772

Open_ .................... 10 0,131) 29 165 0.080 2e3 438 0,048 417

In8UuLmi:hlng ............ 47 0.130 122 131 0.079 20e 288 0.082 301
Oltwb ..................... <1 0264 ,{1 15 0.080 18 23 0.044 20

Tgtll ...................... 83 0.178 292 485 0.106 _ 1,189 o.oee 1,511
II I IllI II I I Illl I I I I I I I I m

_m_: _,__U_kml___mllmm__. T__KI_I_m__

8ourom:EUkmledW EneqlyInlmmdenAdmln/ml_,011_ofCoal,Nuekmr,Elee_andAllmm Fuekt,_ m _ _ U.8._
ofr:neqW,ann Jeneeonproleets(:_oedm _. andF.m.W,ntmmeon_'_on. Fen. StYliSe"Umnk_,nduot__n._ 0.rvoy'0re;a).

Figure 5. U.8. Reserves by Mining Method at the End of 1993

Femem emits
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___,__,___
_ _ _ In_1._ _ _ _ _, _ _#ly _ _ _t _ _ _ _ all__ _ _r_ In_ _,

Emm_dW_ t_t_mm,q_nVm_, Og_ e_Oesl.I_1_, mm_ I.ml, mmdo__i_/_, U,S,l_mm_t o_In_ly, Ont_l
J.ndeonP_ Ofneeelm _, andf.m_y,n_n_mt_n_t_nitm_, _om_mA-eu'Unm_mOnd,_/AnnueJ_rv_' Oiil),
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Tebb 12. U.8. Uranium Mine Production by Mining Method, 1981-1993
(Millionpound==U_O_) ,,,

ms.,,..e,N I,m l!mlim I ,m l,m I Im 11_ l'mllm l lm Ii;=,, I,_ I ,m
....... 17,0 12,6 (ill) 4.9 4.8 8.4 4.9 5.4 5.3 W W W 0

Pement04Told .... 48.4 63,4 - 49.0 53.3 77.8 51.7 58.8 54,4 W W W - I

O1_ ........... 14,0 7.6 (|) 2.9 2.0 W W W W 1.9 2.5 W 0

Pement04Tolld .... 80.3 _J_ - 29.0 23.3 W W W w 32.0 48.8 W -

Om_ ............ 6.6 3.4 4.9 2_ 2.1 1.8 1.1 4.1 4.4 4.0 2.7 1.0 2.0

Pement04Totld .... 16.3 14,4 20,9 22,0 24.4 22.2 18,3 43.2 45,6 88.0 51.2 100.0 100.0

Toll ............. 38.6 23.6 23.6 10.0 8.6 6.3 6.0 9.5 9.7 5.9 5.2 1.0 2.0

......pdorYear., .... i_ " -3L6 .0.4 -57.4 -14.0 -3.5 -27,7 58.3 2.1 -39.2 -11.5 -60.7 105.1
'Forlm, G_ml_I_Ue_ mmixoducmw_le.ernm_pourmu,o,,or79.1permmt.
tFGr1978-1984,INI_ _ InokldalproduoiionhornIniltu leech,helpleach,minewater,lindlow-gradestockpiles.For1985the"Othedindudaaproduction

fromInNtulea_, minerater, m_lMmr-trl/smmtplnntNiutinnc Forloee through1900,the"Other"Indud_ productionfromopen,t, insltuleach,heapleech,mine
Mlllr, andwlMr-lmllmlnlpllnt Io_ikmdl.For1920and1991,the"Other"Includesproductionfromunderground,Insituleach,heapleach(1990),minewltar,water

pllntIoiutlonl(1920),ind mlklnltlon.For1992,the'Other'Includesproductionfromunderground,openptt,nndinsltuleachminesanduraniumbesdngwater
flDmminewod_ tl_ _ iftd _. For1908,the'Other"Includes1:,odu..'ttonfromInsituleachminesanduraniumbesdngwaterfromminewoddngsand
rmlombn.

-- N_ el_lmble.
W ,, W_holdtoIm_d¢llok_wre04e¢_ datL Thedal areIncludedInthetotldfor"Other."
Nofe¢ Totlb rely notequldmint04oomponentebeelumDofk_kq_Kk_ rourdng.Pementageswere_dculatadueingunfoundeddate.
8oume¢11_.11111-.4J.8.1"4pemw_04EnMw,Gnmd_ ProjemOffioe,8m¢/_/ca/Damofthe UrantumIndustry(January1003).llle3--F._matedbyEnergy

InfommllonAdminlllrlB)n,_ of Coil, Nu¢ielr,E]estl_lindAlternateFuels,fromU.8. Departmentof Energy,GrandJunctionProjectsOfficedatefiles. 1914-
lllll--.En_ _ AdmWmas_n,Ura,At'n/r<b_yAnn_/fm (October1903).llm_Ene_y InfomatlonAdminle_t_n,FormE[A-e58"UraniumInduetW,_nnual
s,my"(l_m).

Table 13. Mine Production of Uranium by State. 1968-1993
(MillionPoundsU.O.)m,, i , ii i i,iiii i

li_8-1978 ............ 18.6 138,5 1.2 10.1 92.9 51.4 310.1

1979 ................. (b) 16.4 (b) (b) 11.2 13.8 41.4
1080 ................. (b) 18.4 7.0 (b) 12.8 8.2 44.4
1981 ................. (b) 13.2 6.4 (b) 8.8 8.2 30,6
1902 ................. (b) 7.8 4.4 (b) 5.4 6.2 23.6
11183................. (b) 6.9 3.9 (b) 7.4 8.3 23.5
1964 ................. W 3.0 2,7 W 1.9 2.4 10.0
1906 ................. W 1.3 2.1 W 1.8 3.5 8.8
1640 ................. W 1.8 1.5 W W 5.2 8.3
1987 ................. W 2.0 0.9 W W 3.1 6.0
1900 ................. W W 2.2 W 2.0 5.3 9.5
1900 ................. W W 2.9 W 1.4 5.4 9.7
1090 ................. W W 2.0 W 1.3 2.5 5.9
lWl ................. W W 2.5 W 1.9 0.7 5.2
lll0g ................. W W 0.3 W 0.2 0.5 1.0

.....1me ,,. ........ , ..... _ .... _,,) o.a O 1,1 ., o.8 2.0

=ln_xkle,forvadoulyum, Aluka, Adzona,CoiOrlKIO,NewMexico,Nebraska,No_lhDakota,SouthDakota,Texas,Utah,Washington,andWyoming.

'Lmemo.1m,_ pan=u=o,
W- _ to INoiddlloiolure04_li_lny-lpo¢iflodata. ThedataareIncludedinthetotalfor"Others."
Note:Totldlmay11o¢equalmall04oonlponentabe¢auesofIndependentrounding.
8oulo1¢1t81-1111_--U.8._ o4Ene_, GlandJunctionProJe_Office,StatisticalDataof theUraniumIndustry(1969-1983).1N3--E_matad byEnergy

Informllk)nAdndNtlral_n,Office04Co_,Nudmlr,BeotdolndNtemataFuab,fromU.S.DepartmentofEnergy,GrandJunctk)nPr_ectaOfficedatafiles.1904-
tllll.-.ExtefWkllonftl_onAdminilllWJon,UraniumIndu#tryAnnual1992(October1993).lffil3--EnergyInformatk)nAdmin_tmtk)n,FormEIA-858"UraniumIndustry
Annu¢e,rv_"(lm).
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Figure 6. Total U.S. Uranium Mine Production, 1968-1993

so

4o

lO

0

8oun:m: 1Mg-lWI--U.8. Dq:ammmt04Energy,GrandJunctionProjectsOffice,Smt_k_/_ #the Urw#_/nduetry(19e0-1m). IlI$--EsWomN byEnergy
Inlomiion ._, Oflk:eofCoal,Nuckmr,ElectricandAlternateFuels,bornU.S.Depenment_ _, _ _ _ _ _ _. 1101-
1N_--Enoflff In(hnmmionAdmln_n_, Unto/urnIndustryAnnm0I_92(October1993).lW3--Ene,gy InJomBtion/_mbdotrgtlon,FormBA-888"thanlumIndustry
k_n_ s.mw'ram).

TalI_ 14. Numberof US. Uranium Mine O rations 1982-1993
1!Be6 1MI@

Und_ ................ 139 94 19 13 +13 19 17 19 27 6 4 0
Open_ ..................... 24 16 8 6 4 2 4 2 2 2 1 0
InSI_ i._ .............. 18 10 14 10 12 15 11 9 7 6 4 5

...................... 10 7 1 5 2 1 0 2 3 1 8 7

Total .................... 191 127 42 34 _11 37 S:! U M 18 17 12

'}n_bdes,_ _sdousyears,tmeOlinch,mlnewarm',mill_ings, weafieldrestoration,andlow-wademodq_mI mumee_ unmlum.
Note:.TslJedoesno_i,_udsb,sl)mOk_sources.
Soum_:leM-1N_--U.S. Vq_mm_ o(Enemy,GrandJ,nceonPro_x:tsO_:e, datafiles,lW4-1_ Ink_m_n _, Umnksm/nOtmry

AnnuJ I_(_ 1_). lmN_er,erg,/I_ _, FormBA-eSe"UraniumIndustryAnnualSunny'(1_).

The quantities of uranium ore produced from openpit recording the peak year for production, 40 million
and underground mines and received at mills for 1948 pounds U30 s. Data for in situ leach production or
through 1992 are shown in Table 15. There were no miscellaneous production from mine water, heap-leach
shipments of uranium ore from mines to uranium mills solution, byproduct recovery, in situ leach well field
during 1993. Uranium ore was mined from U.S. restoration, or from low grade ore on old mine dumps
deposits every year from 19472th_r_gh 1992, with 1980 arenot included in Table 15.

_ & D_m_mt _, Smm_ _mry # Do,,,_ u,,_ Pro_,,m_ u.a_ru.s.,_ ._ro _ _ _ ._q_ orax4_Ol=) (Om_lJ.ao_ coim_
Ocmb_ I_), p_. 4, 24.



Table 15. Unmlum Ore Produced. at U.S. Mines andReceived 8t u.s. Miller lg48-1993

opml_ _*.lin_,mq..... To__

Ore U,O, Ore U,O, Ore U,O, Percent
(thoummd (ndflJon (thousand (million (thousand (million Changefrom

Ymr tons) pound8) tons) pounds) tons) pounds) PriorYear

lO48................. (8) _o) 88 0.2 38 0.2 -
1848 ................. 1 (1)) 172 1,0 173 1.0 400.0
1050 ................. 23 0.2 228 1.4 251 1.6 00.0
1051 ................. 23 0.4 319 1.8 347 22. 37.5
1062 ................. 85 0.8 370 2.0 435 2.8 18.2
lgM ................. 179 12. 858 3.4 734 4.6 78.g
1054 ................. 8 1.8 840 52. 1,106 7.0 52.2
lg55 ................. 374 1.8 1,180 72. 1,524 8.8 28.7
1056 ................. 1,247 8.4 1,758 10.4 3,005 16.8 g0.g
1067 ................. 1,818 6.8 2,082 12.8 3,805 19.6 16.7
lm ................. 2,868 10.8 2,820 172. s.173 20.0 42.g
lm ................. 2,208 8.8 4,7_ 20.0 8,lmS 34.8 24.3
t050................. 2,8 10.8 8,s'_ 27.0 7,97o 37.8 8.0
1051 ................. 2,482 10.8 8,530 20.4 8,041 37.0 -I.8
1052................. 1,732 8.8 8_71 20.e 7,053 342. -7.8
lm ................. 1,879 8.8 4,0CO 20.6 8,1hl8 28.4 -14.0
1054 ................. 1,_17 8.8 3,780 21.0 5,297 27.8 -5.4
108E................. 1,243 6.0 8,133 14.8 4,378 20.8 -25.2
1808 ................. 1,823 U 2,000 18.8 4,829 19.8 -4.8
1087................. 1,823 8.4 s,897 lS.0 8,_r_ 21.4 8.1
1008 ................. 2,,388 g.2 4,0(12 16.0 8,448 ?.62. 17.8
lm ................. 2,173 10.4 $,731 142. 8,g04 24.6 -2.4
1070 ................. 2,081 11.8 3,523 13.8 8,324 25.8 4.1
1971................. 8,204 14.0 2,996 11.8 6,_ 25.8 0.8
1972 ................. 8,887 18.2 2,531 112. 8,418 27.4 8.2
1073 ................. 4,644 172. 1,008 10.0 8,537 27.2 .0.7
1974 ................. 4_18 14.8 2,811 102. 7,0_7 24.8 -8.8
19'75................. 4,247 lS.4 2,810 10.e 7,057 24.0 -3=

• 1079 ................. 4,673 13.6 3,085 13.4 8,008 27.0 12.5
_ 1977 ................. 8,578 15.2 4,747 18.6 10,825 31.8 17.8

1078 ................. 8,28'7 1g.2 8,105 18.4 14,342 37.6 182.
1879 ................. 8,(156 18.8 5,358 12.8 18,011 31.4 -16.5
1080 ................. 10_504 20.8 e,351 lg2. 18,745 40.0 27.4
1081 ................. 8,438 14.0 8,229 172. 13,005 312. -22.0
1082 ................. 8,804 7.8 2,809 12.4 8,313 202. -35.3
1088 ................. (O) (¢) (c) (c) 7,400 18.8 -7.9
1084 ................. 1,888 2.g 1,027 4.9 2,906 7.7 -58.8
1088 ................. 980 2.0 570 4.3 1,538 8.3 -18.2
1886 ................. 138 02. 861 8.4 801 8.7 5.7
1087 ................. W W W W 642 4.g -26.0
1088 ................. W W W W 1,200 7.7 5'7.1
1058................. w w w w 1,0_ 7.1 -7.8
1000 ................. W W W W _ 42. -40.8
lg01 ................. W W " W W 838 2.5 -40.5
1008 ................. W W 0 0 W W -

IVslue18kill then1,000ton_
_VJd,eUkmtun0._mmonp_,x_
=For1058,mytornn_ne_ dmwwframed.
W,,WlOduidtolt_Idclleioeumoflnctddu_oompenydatLForlg_throu_ 1082,1hedlttsmrolndudodlnIheTotalReoelpll.
-- Notnmlwble.
Noto:.MInNomdoeenot18wlude_ _amminouater,/nalu leech,heepleechsolutions,bypn)duets,_ _ __ _ _ _ _ _.

mm-_05_-u.&Dupm_mmtd EmwW,_md_ _ Omoe,Su_U_u_Omot_ _ _U_),(Junuarylm). _05=--Ca_m__
En_lvU_muUon,_ts_UmU=_Ola_o_0_, Nu_m',lg_u_nnd_UnuU_-u_,_mU_._ _ _, _ _ _ _ _ _. _054-
105U-.Erm_Inlomulon_ Umn_m_kml,.4nn__ (OUotmr105_).II_-..F.n_WIn_rnnUonAdmlnlUmUon,FormE_A.8_"Uran_nin,my
,qmwJ_y" (105a).
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U.S. Uranium Concentrate Production 1992,concentrateproductionin 1993 decreasedin Texas
by 74 percent, in Wyoming by 25 percent, and in other

Total U.S. uranium concentrate (U3Os) production in Statesby 48 percent.
1993 declined by 46 percent from the 1992 level, pri-
marry because conventional production facilities in Concentrate production in Texas and Wyoming in 1993
Colorado,New Mexico, Utah, and Wyoming remained was from in situ leaching operations and restoration of
inactive throughout 1993 and production from the well-field aquifers. In Nebraska it was from in situ
processing of phosphate declined in conjunctionwith leaching. In New Mexico, production was from pro-
indumyrealignments.Wyomingwas the leadingStatein cessing of mine water. In Louisiana, uranium was
uranium concentrate production in 1993 (Table 16). recoveredas a byproductof phosphoricacid production.
Louisiana, Nebraska, and Texas also were significant Florida phosphaterock is the raw materialused in the
Statesin uraniumconcentrateproduction.Comparedwith productionof phosphoricacid.

Table lS. Uranium Concentrate Production by State, 1947-1993
(MillionPoundsUaO=)

8tit=

New CumulltiVe
YIIr(1) Colorado Mexico Texas Utah Wyoming Other= Total Total

1947-1989 ..... 71.414 154.890 (b) 57.848 58.600 28.298 371.050 1,621.980

1970 .......... (c) 11.542 (b) (c) 7.308 6.960 25.810 396.860
1971 .......... (c) 10.610 (b) (c) 6.974 6.962 25.546 421.406

1972 .......... (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

1975 .......... (c) 10.382 (c) (c) 6.694 5.924 23.200 519.932
1976 .......... (c) 12.118 (c) (c) 8.092 5.264 25.494 545.426

1977 .......... (c) 13.558 (c) (c) 9.980 6.340 29.878 575.304

1978 .......... (c) 17.078 (c) (c) 10.658 9.236 36.972 612.276
1979 .......... (c) 14.846 5.302 (c) 10.904 6.420 37.472 649.748

1980 .......... (c) 15.502 6.816 (c) 12.072 9.314 43.704 693.452
1961 .......... (c) 12.412 6.282 (c) 8.170 11.070 38.474 731.926

1982 .......... (c) 7.812 4.262 (c) 5.042 9.752 26.868 758.794
1983 .......... w 5.660 3.200 w 5.260 7.038 21.158 779.952

1864 .......... w 2.916 2.620 w 3.120 6.226 (J14.882 794.834

1985 .......... w 1.387 2.167 w 2.427 5.333 811.314 806.148
1986 .......... w 0.751 2.586 w 0.633 9.53_ d13.506 819.654

1987 .......... W 0.700 2.716 W 0.567 9.008 812.991 832.645
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 5.665 8.885 868.497
1991 .......... 0 W 2.343 0 2.035 3.574 7.952 876.449

1992 .......... 0 W 1.022 0 1.589 3.024 5.645 882.094

57

kXtm,lotvwlomlyeere,Adzonl,Colorado,Florida,Loulillml,Nelmmlm,NewMexico,8ou111Dalmm,Texas,Utah,andWashington.
werenot oogectod.

%dud=l Inthe"Othe_category.
_'_1 doeanotIndudeuraniumconeantmteproductionfrompilot_ orotherm_mmhpmJ__.
W ,. _ toavoidcllm:leaumofIndlvk:luslcompanychits.TheckltoIm Includedin"Other."
8oumea:IlW/'-lle=--U.S. Depertrnento(Energy,GrandJunctionProjectsOII!oe,8tsa_tl/_ oflhe Umniim7/n_ (Jlmulry1683).llel--F.M_r=mdbyEnergy

Into_ Admlniltmlion,Olfloeof Coal,Nuclear,BectdclindAlternateFuels,fromU.8. DepedmentofEnergy,GrlmdJunctionProjectsOffl_ datafiles.1984-
llg_-EnewIil_nll_n AdntntstmtJon,UraniumIndusttyAnnmilf992(Or:tuber1998).1111_ InformationAdrninlltrlRion,FormEIA-858"UraniumIndustry

S,m,y"(l=m).
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Statisticson totalU.S. uraniumprocessingoperationsfor from mine waterprocessing. Productionfrom "Other"
uraniumconcentrateproductionfor 1983 through1993 sources (other than from mined ore) was 3.0 million
are shown in Table 17. Between 1989 and 1993, pounds,about 1.3 million pounds less than in 1992,and
productionhas rangedfrom 13.8 million pounds to 3.1 it represented99 percent of total production in 1993.
millionpoundsU30s. Therewasno uraniumconcentrate Since 1987, production from "Other" sources has
productionfrom conventionalmilling of uraniumore in accountedfora steadilyincreasingshareof totaldomestic
1993,however,a smallamountof uraniumwasrecovered production,as thenumberof operatingconventionalmills

Proeeeel lm_l

OreFedto Proems s

(thotmandtonsore) ... 5,925 4,316 1,795 1,308 1,441 1,214 1,235 722 639 256 0

(glade)b ............. 0.128 0.112 0.161 0.336 0284 02.95 0.323 0.293 0.196 0.229 -
(miNionpoundsU:Oa).. 15.180 9.631 5.785 8.783 8.191 6.998 7.977 4.227 2.529 1.171 0

OlherMIIFeed°

(millionpoundsI._C)a).. 0.573 0.838 0.750 0.260 0.474 0.507 0.429 0.485 0.179 0.181 0.042

TotalMillFeed

(miBonpoundsUsO_) 15.752 10.168 6.538 9.043 8.684 7.505 8.406 4.712 2.708 1.353 0.042

Jn-Proce_InventoryChange

(millionpoundsU_)_) .. -0.280 0.045 0.208 -0.084 .0.210 0.136 .0234 .0.244 .0.122 -0.925 0.010

ConcentrateProduction

(m,,o, poundsU,O,)
TheoreticalProductiond 16.032 10,119 6.329 9.107 8.874 7.369 8,640 4.956 2.830 1.377 0.031

ConventionalMiging... 15.519 9.626 8.084 8.853 8.536 7.034 8.175 4.649 2.608 1.359 0.030

TsillngeLus
Unlccountabtes..... 0.514 0.493 0.245 0.254 0.358 0.335 0.465 0.309 0.222 0.018 0.001

RecoveryFromMillFeed

(percent)........... 96.8 95.1 96.1 97.2 96.2 95.5 94,6 93.8 92.2 98.7 -

OtherPmcmk_ .... 5.639 5.256 5.230 4.653 4.455 6.096 5.662 4.237 5.344 4.286 3.003

TotalProduction...... 21.156 t14.892 t11.314 f13.506 112.991 13.130 13.837 8.885 7.952 5.645 3.063

C,ono_Wm
(mtgionpoundsUIO_ .. 19.755 15.485 11.760 10.641 11.558 12.791 14.808 12.957 8.437 6.853 3.374

iH i i ,i i

"Uraniumom"fedtoprooess"inanyynr elminclude:oreminedend¢#:pedto a milld,dngmesameyear,orethatwasminedduringa prioryur
lindlitershippedfrommine-sitestociq)Uu,and/oromoblainedfromdrawdownsofIRoci_l_ mablainedItta millsite.

bWeightedaverageper_,_ U,O,.
%ckxm uranl,mfromlow-gradeore,minewster,/lingswater,sndhmpkmchtng,excqXu _ _.
d_lO0-_mmtreco_ry.
SUsOoconcentrateproductionfrominsituleachingandu 8 bypmdu_ofotherpmoeoMng.Thetotalsfor1986ltndfollowingyearsincludeU:Os

reooveredfromreclamationandminewster8tminemilbthatdidnotrqxrt prooemtngof uraniumomforthoseyearn.
h'ougdoesnotindudauraniumeormmamtepmdueeonfrompilotproJo_orotherremmmhprole_sources.
- ,-NotM_p41c_4e
Note:Totalsmaynotequalsumof componenmbeeaUleof Independmtrounding.
Sources:lllO-114_..Ca_Jlat_ by_ InloemtlonAdminilrltion,OflkmofCoal,Nuelmr,Elect_endAlteraBleFuels,fromU.8.I:)q_rtment

ofEnergy,GrandJurmtionProjectsOfficedsl files,ll164-1861-,1EneqwInfommtlonAdminlmmtion,UraniumInduetryAnnuall_t_ (Octoberlgg3).
ll0_.-Enerw InformationAdrnini_mtlon,FonnEIAlgU, "UnmlumInduWyAnm_ 8un/ey"(1_).
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has steadily declined. The '_ther" sources for 1993 uraniumconcentrate derived from wet-process phosphoric
include in situ leaching, byproduct, and mine water, acid production has been significant. Byproduct uranium
Annual uranium concentrate production for 1955 through concentrate production is not shown separately in Table
1993 is shown in Figure 7. 16 to avoid disclosure of proprietarydata.

The byproduct uranium recovery industry began in the Shipments of U308 concentrate from domestic
United States in 1977, and the annual share of domestic productionfacilities was 3.4 million pounds in 1993 com-

Figure 7. U.S. Production of Uranium Concentrate, 1955-1993
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8otmms:ll168.111M--U.S.Depwtmento(Eneqw,GrandJunctionProjectsOlflce,Sta_DatsoftheUraniumlndustry(Jsnuary 1983).19_l--.SsUmat_lbyEnergy
InformationAdministration,OfficeofCoal,Nuclear,ElectricandNtemateFuels,fromU.S. Depar_nentof Energy,GrandJunclionProjectsOfficedalafllu. 1004-
lll0_--Eneqw;,-;_,_,i_,-__,,-'-;,-_,_m_,-;,Utah/UrnIndus_Annu_ I_(_ 1998).1993---Ene_wInformationAdmtntstm_,FormEIA-eM"UnmiumIndustryAnnual
s._w"(l_m).

pared with 6.9 million pounds in 1992 (Table 17). overall decrease in concentrate inventories held at
Concentrate shipments reported in 1993 by producers production facilities at the end of 1993. Annual shipments
were approximately 0.3 million pounds above the total of concentrate from processing plants in 1989 through
domestic U3Osproduction for the year. This resulted in an 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 ratedcapacity of 10.9 million pounds U3Osper capacity of 14,650 tons of ore per day, (Tables 19),

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

I Rated Capacity Operating Statue

Nemo (thousandpounds at the End

Plant Owner .... end State Plant Type UaOaper year) of the Ymr a

ConverseCountyMiningVenture ..... Highland(WY) InSItuLeach 2,000 O

COGEMAMining, Inc............... West Cole(TX) InSituLeach 200 I

EvereatMinerals .................. Hot)son(TX) inSltuLeach 1,000 I

Ferret Explorationof Nebraska ....... CrowButte(NE) InSltuLeach 1,000 O

IMC-Agd¢oCompany .............. SunshineBddge (I.A) PhosphateByproduct 420 O

IMC-Agrk:oCompany .............. UnoleSam (LA) PhosphateByproduct 750 O

IMC-AgdcoCompany .............. PlantCity(FL) PhosphateByproduct 608 I

IMC-AgdcoCompany .............. New Wales(FL) PhosphateByproduct 750 I

Resources ................ ChdstensanRanch(WY) In Situ Leach 650 O

Malapai Ruourcea ................ Holiday-ElMesquite('TX) In SltuLeach 634 O

MalapalResources ................ Idgamy(WY) In SltuLeach 350 O

RIoNgom MirdngCompany ......... _nlth Ranch(WY) In SltuLeach 250 I
UraniumReaourcea,Inc............. KingsvtlleDome (TX) In SituLeach 1,300 I

UraniumResources,Inc............. Roslta(TX) In SituLeach 1,000 I
i ill , i i i ,

"O =Opemlingit lheendo(lheyear,I= Inactlveattheendoftheyear.
Nolo:l:_hflnderMines,Inc.hasbeengranteda commerciallicenseforitsNorthButte-RuthIn_u leachprojectInCaml:d)ellCounty,Wyoming.

8oume¢EneqlyInformationAdmlnlsb_tlon,FormEIA-858"UmnlumIndustryAnnualSurvey"(1993).EnergyInformationAdmlnistmtlon,"UraniumInSltuLeechMiningIn
lheUnitedStates,"inUraniumIndustryAnnua11993,DOE/EIA-0478(93)(September1994)(Washington,DC)ppvlH-xxlv.
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Table 19. 0 ratin Status of U.S. Conventional Uranium Mille 1987-1993
Milling

Operating Status at the End of the Yearb
N,,meand I (shorttonsof

Mill Owner State ore per day) 1987 1993

AmedcanNuclear ............ Gas Hllie(WY) (950) I D D O D D D

AtlasMinerals ............... Moab(LIT) (1,400) I D D D D D D

Cotter ...................... CanonClty(CO) I _.00 °I I I I I I I

Dawn Mlnlng ................ Ford (WA) 450 I I I I I I I

HomestskeMlnlng ............ Grants(NM) (3,400) O O O I D D D

Green MountainMining

Venture .................... Sweatwatar(WY)d 3,000 I I I I I I I

PathfinderMlnes ............. LuckyMc (WY)d (2,800) O I I I P D D

PathfinderMlnes ............. ShldeyBssln(WY) (I,800) O °I al O O D D

Plateau Resources ........... Shooterlng(UT)d 1,000 I I I I I I I

RioAlgomMining............. AmbmelaLake (NM)d 7,000 I I I I I I I

RioAlgomMlnlng............. Lisbon(UT)d (750) O °I I I I P P

RioGrende Resources ........ Panne Marls (TX) ('3,000) O O O O O D D

UmetcoMinerals/Energy
FuelsNuclear ............... White Meea (UT)d 2,000 O O O °1 I I I

UmetcoMinerals ............. Gas Hills (WY)d (1,300) I I I I D D D !

UmetcoMinerals ............. Umvan (CO) (1,400) I I I I P P P

Western Nuclear ............. Sp,t Rock(WY)(j (1,700) I D D D D D D

Western Nuclear ............. Sherwood(WA)¢ (2,000) I I I I P P P
"11 i i i

_illing cspar.itybasedonhistoricaldalsanddais reportedonFOITnEIA-S58for1992.P-,_ indicatemillsthathavebeendacommhmk_nod
orthatwerepermanentlyclosedaSoftheendof1993.

bO,Operatingthroughouttheyear;,I, Inactlveat theendoftheyear,P,Pem_meNlydosedmsof theendoftheyear,D,Decommlssloning:
Restom_k).begunorcome.ted.

Qlnactlveettheendof theyearbut_ duringoneorrnommonthsof theperiod.
_Thefollowing_lls were_lenblledinpreviouslypublishedvemlo_of_ tablebykxation(withintheperenthmu): Sweettter (RedDesert,WY);

LuckyMc(GemHills,WY);Shoot_ _, UT);Ambroe_Lalm(Gmnis,NM);Lisbon(LaBel,UT);WhiteMere(Banding,UT);GasHills
(Neerorm,WY);Sp_itRock(JeffreyC.y,WY);endSherwood0Ndp_,WA).

eCel_ foryearn1987-1990wirerepotlmdu 2,600loneperday.
8ourcee:1NT-1N2--EnergyInformationAdndnlstretion,Unto/urnIndustryAnnua11992(October1993).19N--EnergylnfommtionAdministration,

Fom_EIA-858"UraniumIndustryAnnualSurvey"(1993).
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None of the six mills were processingore 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, uraniumwas recoveredfrom shownin Figure8.
mine waterprocessing. The year-endstatus(active or

Table 20. Statue of U.S. Conventional Uranium Mille r 1987-1993

................. I I I i ! I I..... - , .,-,.,-.,-.,-.... ,.., ,., ,.
opmen0......................... e 3 3 2 2 0 0
Not Ope_ ...................... 11 11 11 12 7 6 6
Total ............................ 17 14 14 14 9 6 6

um_ c_cny
(_:moforepermy)
Oper_ ......................... 13,250 7,900 7,900 4,300 4,800 0 0
NotOpemeng...................... 21,400 223OO 223OO 20,30O 15,400 14,650 14,650
Totld ............................ 34,650 30,600 30,600 30,600 20,200 14,650 14,650

AvmmeeOmmymmlFmd
(toneof ore perc_m_j_#m................ 4,120 3,470 3,530 2,060 1,830 730 0

opemengL_M__ P_xow_
ofTotal Mltlng Capac_ .............. 12 11 12 7 10 5 0

t_qotmdedvllue. _ byEneqw_ _, Offl_ ofCoel,NuclNr,ElectdcandNtemeteFueb,bend onomfedtoProee__ 19)_
seowo,k,_j pery_r.

Som_ _-__ _onee_ku_numt_,£kan*__nd_y_mW_e(_ rim). _zm--enemyinfomuUonAc_nUmtk=,Fom_mesa
•umk__ _ s,n_y"(_m).
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Rgure 8. MaWr U.8. Uranium Reserve Areae and $_me of Mille and Plato, 199:1
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4. MelspelReeourcee,CNletemen P4m_ 2. GreenMountainlining Venture,
6. ConverseCountyMiningVo_ure, HIglMII_ _voel!_lor
7. FerretExplorationof Nel)mska,CrowBulte 5. Rio Ngom Mining,Smilh Ranch'

12. _ Resources,HolMay-BMuquIte 8. PlateauResources,Sh(x)tedng
17. Imc-Agrk:o,Sunshk_ Bridge 9. UmetcoMlnerls / EnergyFuelsNuclear,
18. Imc-Agrk:o,Uncle i _ Mm

lO.CoaerCon).,CamnC_y
11. RIONoom Mtnlng,Ambroe_ L_e b

Uranium Produ_lon Centers 13. Uranium Resourcu, Roelta

_ 14. Urenlum Resources,_ll Dome
15. EverestMlnerels,Hot)sons

• O ConventionalMill le. COGEMAMlnlng,WestCole"
i [] InSituLeachPlant 19.IMC-Agrlco,PlantCity
A A Byproduct From Phosphate Proceuing 20. IMC-Agrioo,NewWlee

_I) 4--- Major Uranium Reserve Aree_

_liorReeoveredunmlumbyp_ wmerfrominM. leechminerestomtimdudng1998.
Recoveredumntumbyprocessingminew_erfromconventionalminu duringliW.

m eonlalng rumanablymmuredreooumesati_)-t_r-poundUsOeorlem.
8oumn: BeNdonU.8. _ ofEnergy,GrandJunctionProjectOffice((3JPO),Nntlona/Umn/um_ Evl_ualk_,InterknR_Ix_ (June1979)

Figure$.2;GJPOd_a flies;EneqwInformationAdrnlnlmtlon,FormEIA-088,"tJmnlumIndu_yAnnmd8unmy"(1993);1rodlie _ bymff of theAnaly_s
8ystoms_, Offk:eof Col, Nuclear,ElectflclindAltematoFuels.
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Employment in the Uranium Raw cent, for mining by 39 percent, for milling by 49 percent,

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

Employment in the U.S. uranium raw materials industry each year since 1979 when the industry employment was
reported as 21,521 person years. The 1993 employment

in 1993 was reported as 380 person-years, a decrease 44 level in the raw materials sector is the lowest since
of percent from the 1992 total (Table 21 and Figure 9). before 1967.
Employment levels for exploration declined by 30 per-

Table 21. Employment in the U.S. Uranium Industry by Category, 1967-1993
_rerson-:ears/ ......

F.mpIo_ Categories Percent

.......year _ Mining Milling Praoeeelng . Total PriorYear _

1967 ........................ 1,291 3,798 1,982 NA 6,751 .-
i988 ........................ 2,198 4,440 1,717 NA 8,355 23.8
1869 ........................ 2,632 4,702 1,728 NA 9,059 8.4
1970 ........................ 2,089 4,428 1,878 NA 8,165 -_9
1971 ........................ 1,506 4,218 1,849 NA 7,373 -9.',"
1972 ........................ 1,152 3,721 1,530 NA 6,403 -13.2
1973 ........................ 1,557 3,518 1,522 NA 6,695 3.0
1874 ........................ 1,897 3,928 1,868 NA 7,293 10.6
1975 ........................ 2,049 5,386 2_37 NA 9,672 32.8
1976 ........................ 2,793 7,092 2,727 511 13 123 38.7
1977 ........................ 4,140 10,615 2,448 888 18041 37.6
1978 ........................ 4,449 12,071 3,053 1,267 20840 18.5
1979 ........................ 4,068 12,755 3,236 1,484 21521 3.3
1980 ........................ 3,370 11,788 3,251 1,530 19919 -7.4
1981 ........................ 2,300 7,473 2,367 1,538 13676 -31.3
1982 ........................ 789 5,087 1,956 1,186 8957 -34.4
1983 ........................ 374 2,794 1,518 929 5,615 -37.4
1984 ........................ 235 1,875 987 700 3,697 -35.9
1985 ........................ 163 1,212 614 567 2,446 -32.0
1988 ........................ 152 954 613 490 2,120 -13.3
1987 ........................ 163 819 432 568 2,002 .5.8
1988 ........................ 144 949 572 578 2,141 6.9
1989 ........................ 55 559 367 471 1,583 -26.1
1990 ........................ 73 884 304 293 1,335 -15.7
1991 ........................ 52 411 191 861 1,016 -23.9
1992 ........................ 51 219 129 283 882 -32.9

1983a ..: ...... ,,,, T_,T.... T. 35 133 t_; 145 :_8Q "44.4

aOoeenotinclude491 perllonyeera in 1908forern_ inreclamationworkrelatingtoexploration,mining,milling,and processing.The collectionof employment
datafor thereclamation_tegc_/was initiQId on the 1998 'UraniumIndustryAnnualSurvey"(FormEIA-S58).

- =Notm_:l:ie.
NA= Notuvslsbla.
Note:Tolalamaynotequalsumofcomponentsbecauseofindependentrounding.
8oufl:a_lgf/'-l_ _ lW_Ezplmtlmt--U.S.[_ ofEnelgy,GrandJun_onPro_ Oflk:e,Stilt/Mica/DaMoftheUraniumIndustry(January1983).

19{12_ Informa_)nAdministration,1982Survayof U.S._ F._l/on Acffldfy(August1968).11183Exploration--EnergyInformation
Adnlrdsireti_,SurveyofU.$.Uran/um_bn A.c_ 1983(July1964).1983Mining,Milling,lindProoeeelng.-EnerW InformationAdministration,Surveyof
_SImt Unm_mM_m_A:_Vy(_gwt 1984).1ge4.1_ _ _uon, UmnkJm/n0tmy_nualll_,?(October1993).lW_-Energy
Informeil0flAdministration,FormEIA-858 "UraniumIndustryAnnualSurvey"(199Q).
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Figure 9. Employment in the Uranium Industry, 1967.1993
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Note:Forl_10,clmmnotinducle401peraonysemfor_inreclamstionworkmbtingtoe_q3k)mtton, minlng,rollng,wtd_. Theoollectfonof employment
clttl fortheredwnationcategorywu intllstadonthe1992"UnmlumIndustryAnnual8un_/" (FormEIA-aU).

Sourmm:1N'/-Ille_-U,$. I:)q_rtmentof Energy,GrandJunctionProjec_Office,S/af/ni_ O1_ of the Uran/um/ndu_y(January19e3). EnergyInformation
Adminbtmtion,lg82 Surveyof U.8.Unlnium_tion A_MIy(AuguM1983).19(13--EnemyinformationAdmintlmtlon,Surveyo/U.S. Unm_n F._lon A_fv/fy
Im(Ju_/10e4). Em,W _ _=Ion, Sun_ of Un/mdS=m Ura./umMa_ _(A,g.m toe4), tN4-1nS-e.nerw ;nfonma_,_t_n,
Lkank,m/ndustryAnnual_m (October11N)3).10IS.--EnergyInfommionAdministration,FormBA-e68"UnmlumIndustryAnnualSurvey"(1993).

Wyoming,Colorado,and Texas accountedfor 62 Employmentdatafor thecategoryof reclamationwork
percentofemDloymentintherawmaterialssector(Table in the raw-materialssectorwascollectedfor the first
22, Figure 10). Florida, Louisiana, and Nebraska, which time in 1993 on the FormEIA-858. In 1993, the total
are included in the category "Other" in Table 22, ac- amount of employment reportedbt the industryas
counted for significantlevels of employmentin raw- expendedinreclamationprojectswas 491 personyears.
materials-sectoractivities in 1993. Employmentin the This was 23 percenthigher than the combined person
"Other" category declined by 57 percent in 1993 from years expended in exploration, mining, milling, and
the level in 1992. processingin 1993.

Table 22. Employment In the U.S. Uranium Induetry by State, 1993
\ (Person-Years)i i I iiiiiiiiiiiii i

I i

=- t .=. t
Wyoming ........................... 118 31.1
Texas .............................. 51 13.4
Colorado............................ 65 17.2
Utah ............................... 31 8.0
Adzona ............................. 14 3.7
New Mexico ......................... 13 3.4
Other= .............................. 88 23.1

Totalb .............................. 3110 100.0
ill i i

=IncludesFlorida,Louisiana,Nebraska,Nevada,Washington.
='DoesnotInclude491personyearsin1993foremploymentinreclamationworkrelatingtoe_0_xstton,mining,mging,

andprocessing.ThecollectionofemploymentdataforthereclamationcategorywasInitiatedonthe1993"Uranium
IndustryAnnualSurvey"(FormEIA-858).

Note:Totalsmaynotequalsumofcomponentsbecauseof Independentrounding.
Source:EnergyInformationAdministration,FormEIA-858,"UraniumIndustryAnnualSunley'(1993),

Energy Infomation Administration/Uranium Industry Annual 25



Rim 10. Employment In the Uranium Induetry by 8rate, 1989-1993
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Nolo:For1gin,dollnot_ 491penl_ymutfor;,-_-q_.;_r,-;-m-;In_.._-.i_.-;woikreblln0toaq:kxlllkm,mining,nllng,and_ The_ ofeff_ioyment

dill lotI_ mdlmalmlcllogcwm _ onthe19_ 'Urank_Indua_yAnnualSurvey"(FromEIA-888).
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_ S.rvw"(_).
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2. Uranium Marketing Activities

Introduction (Figure 11). The uraniumquantities throughoutthis
chapterthatareexpressed as U3Osequivalent(or U3Ose)

Thischaptercontainsinformationon uraniummarketing combinenaturalandenricheduranium. "Suppliers"are
activities, including the quantity of uraniumdelivered U.S. firmsorforeign firmsthat exchange,loan,purchase,
underpurchasecontractsin 1993andexpected to be de- or sell uraniumand are not U.S. electric utilities. This
livered in 1994 and beyond, uraniumprices, feed de- includesuraniumbrokers,converters,enricbers,fabrica-
liveries to domestic and foreign enrichmentsuppliers, tors, producers,andtraders. Mostof _*,euraniumdeliv-
uraniuminventories,and secondarymarkettransactions, ered to U.S. utilities in 1993 from suppliers involved
Movement of both naturaland enricheduranium ma- deliveries of foreign-origin uranium. Some of these
teflals in the primaryand secondarymarketsillustrates deliveries involved importationduring 1993, and the
for 1993 the normal marketmechanismsused by U.S. remaininguraniumwas alreadyin the UnitedStatesand
utilitiesandsuppliers to procureand dispose of uranium not importedin 1993.

Figure 11. Uranium Marketing Activity During 1993

_ I-- ]
iluu. puuuuu_ooe

n ,mmuuarr

_nd.ckmmpomouraniumfrompurctmmm:lnetInflomfromexcJlw_mm:lloan_
_ _ _ _ anmournofunmtum_ tome_ems_uw m_ ou_a equ_.
Norm: 8eeTible 171orDomeltlo emduoUon. 8eeTml_231orUltNP/Purchuee From8uppllem. 8eeTmhle291orUlliilyln_nsl_iSupplierlm_. See

Tid140 I_ l_llw Invlml_ In_N_. See "Sec_ Mmdwt,la:tlvtllee,"p.48, foeNetExchlmgue,81as &LommFrom UtUltkmto 8upS; Imd IntlmmPWJe_en_tlY
_ &LoenLUsOoe=UsC_ecluivmW_

Pr_ bythe EnergyInformationAdmtniltmtion,_ of Coal,Nuckmr,_ lind NtemaU Fuels,bued ondta repomidon FormEIA-888 for lgg3.
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Domestic Purchase Commitments by cline in theoptionaldeliveriescategory,whichdecreased
Utilities by4.6 millionpoundsU3Ose(36 percent)for the 5-year

period. Uraniumdeliveryof firm andoptionalcom-
mitmentsto utilities for 1993 through2000 andlater are

Deliveries of uraniumfromsuppliersto U.S. utilities in displayedin Figure 12.
1993 totaled 15.5 million pounds U30,e, 2.4 million
poundsless than the expected deliveries forcontractsin Utilities signed 23 uranium purchase contracts with
place at the beginning of 1993 (Table 23). Projected suppliers in 1993; 21 short-termcontractsand 2 long-
cumulative deliveries reported for the forward5-year term contracts(Table 24). The total amountof uranium
period 1994 through 1998 decreased by 5.8 million represented by these new contracts was 5.0 million
poundsUsOsefrom year-end1992 to year-end1993, an PoundsU3Ose.
Il-percentdecline. This is attributablelargelyto the de-

Table 23. Commitments for Delivery of Uraniumfrom $uppllera to U.S. Utllltlu, 1993-2000 and Liter
..... (MillionPounds U,_0a Equivalent).............

Ohange In Total from

DNurtber $1,191_ tO

Amof_31, lSi#_ Asof_ber 3!:lira Demm_ttr31.lm

1893 .......... 17,1 0,8 17.6 17,6 15,5 0 15.5 15,5 -2.4 -2,4
1994 ......... 13,3 3,1 16,4 34,3 13,8 1,6 15.4 30,6 -1.0 -3,4
1995 ......... 13,0 3,4 16,4 50,7 10.8 1,9 12,7 43.6 -3,7 -7,1
1996 ......... 6.2 3.3 9.5 502. 5.8 1.5 7.4 50.9 -22 .8.3
1997 ......... 4,5 1,6 6,1 66.4 5,7 1,6 7,3 M_. 1,1 -8,2
18ge ......... 3,0 1,4 4,4 70.8 2,7 1.7 4,4 62,6 0,0 -82
196g ......... 1,7 0,6 2,3 73.1 1,7 1,1 2,6 e5,5 0,6 -7,6
2000 andLater,, 4.1 0,3 4.4 77.5 4,3 0,8 5.1 70,6 0,7 -8,6

Total ........ (12,9 14_S 77.6 - . 60_1 10_ 70,6 - - -

--N0t_.
N_ Tt ,ty nmreal.,m_ _ bin:ram_ mck_mdemm,nd_.
Imme:inettWt,fmmltlmAdminm_m.Fo,nEI*_BS8._JmnaumtndusWAnn_Sun_/"(1Sin).

Figure12. UraniumDtllvery Commitmentsto U.S.Utilitin fromSuppllem,1993-2000andLater,
amof Dtoemlxir81, 1993

No_: ThedalaplottltdIor'_R000im¢lLat_ In,de morethanI year.
8oume:ENNgyinfommtionAdmkllstm_n,FormEIA-gM"UninlumIndustryAnnualSurvey'(1990).
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Three cate_ of mad_-l_ce-related contm_ are: (1) pounds (79 percent) had no floor M associated with the
contracts with a specific floor price, (2) contracts in which market price; and 0.3 million pounds U30se (4 percent)
the floor price is related to production cost, and (3) had a cost floor (Table 27). For all _-lxice contracts
contracts with no flc_x price provision. For 1993 deliver- in place as of December 31, 1993, 27 percent of the tote]
ies under mad_t-lxice-related contracts, 1.2 millioe quantity to be delivered in all years had a price floor, 2
pounds U30_e (17 _0 had a price floor, 5.7 millioo percent had a cost floor, and the remainder had no floor.

Table 8. Contract A,,;,,-,_._,;,-,_ _ In _mmtot-Pdoe Contrae_ for I)ellvery of Uranium

from 8Ull_lkmt to U.L Utllltle_ 100t.,_00 and I.mmr_M of December 31 r lgN

i i

Annti ToMI
Mmm I,mmt of tim Permmc_ (nmm
Peunm klnua Pounm Annuld poun_

, , Yemrof D011W_ U.O.e Toi U.O.e Totml U.0.e)

lge_ .......................... 4.9 8L,1 3.4 40.7 e.3
1904 .......................... 3.R EPJ _Lg 47.2 6.1

lgg6 .......................... 4.4 88.1 2.1 31.g e.5

1_ .......................... 0.8 1U _ 812 2.g

lgg7 .......................... O,S L? 8.2 gl.3 3.5

lgg8 .......................... 0.1 0.8 1.8 g8.4 1.8

.lggg .......................... 0,1 28_ 0.3 74.7 0.4
2000 lind Latw .................. 0.1 8.8 1.1 gl.8 1.2

TatJ ........................... 1L7 48.1 18.7 _
i i i i i i

*k:tu_ ddlvm_L
Tolabml_alml_d_Mmmml0bamwdlmlqmmbMimwB_. _lgmmelleulllMul_llunmendNdla. Otlntll_efumnlum

TM_Ie 27. Floor Pdoe AI_ _ b llildnM-l_1oe _ for Dellve_ of Umn|um from

8uppllem_ to U.8. _ 1_ _ __ a. of DcmembM $1, lgN

_ of tamm AnnualToi
_ Pemm Ar._ Peenm Pen_ntof (maonpo,m.

Ymre_om_q u.o.e _ tt,O.e y©t_ Ua0._ _ Te_ U.O.e)

lgg3 .................... 1.2 1U 0.3 4,2 8.7 7g.8 7.2

lg94 .................... 1.1 12,,t 0.8 32 7.g 84.8 0._

_ .................... 1.8 28A 0 0 4.4 71 .e 8.2

lgg6 .................... 1.7 88.8 0 0 2.8 81.2 4.8

lgg7 .................... 1.2 _0.8 0 0 2.8 8g.2 3.8

lgg0 .................... 1.1 38.4 0 0 1.7 81.6 2.8

lg99 .................... 0.9 38.0 0 0 1.e 08.0 2.4

_,oooendLaUw............ _._ _ 0 0 S.O S_ S.O

Total .................... 10.8 _rJ'.o 0.8 1.11 1.7 71.8 40.1

•P_ tocentmm_ • mee_ neerIxtee.
I_:1041i) 00111_i0_1In | Ihl _oor_r_otII i | ploliloio_OOlL
_ toomeaete _ m aeor pde, _
Notes:Tot_ mmynot_lUmloumoloompomm_bemmeollndNxmdmltmundln_Peromlmg_mree_lmlm:lu_ngumoundoddml_Qu_11_ofumnlum

m u,o__ (u,O,e).
s_: Em.W_mm_ _WV_m. FormB_m. "um_, _my k_,_ eun_'(1_0.
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Pdeesof DonmeticPurchasesby Utilities the aggregateaverage for all other market-price-related
contracts rose 11 percent from $8.65 in 1992 to $9.57 in

The first section of Table 28 is the weighted average of 1993.
rep(xted prices for deliveries under purchases with
contract-specified prices. The averase price for this type The final section is deliveries and prices for contract-
of delivery in 1993 was $14.96 per ponnd U3Oee, up 14 specified price and market-price-related procurements
percent from the average of $13.16 reported for 1992. combined. This provides a comprehensive average price

; for all deliveries made by suppliers to U.S. utilities,

The second section is the weighted average of reported except those made u,der litigation settlements and "other"
prices for deliveries under made-price-related contracts, pricin8 mechanisms. The reported prices for 1993
The avemse price for this type of delivery declined 21 averased $13.14 per pound U3Osequivalent, a 2-percent
pen:entfrom $13.89 in 1992to$11.03 in 1993. Prices for decrease compared with the 1992 average of reported
market-ptim-mla_ contracts with a floor price declined prices of $13.45 per pound (Table 28).
19 percent from $18.35 in 1992 to $14.87 in 1993, while

Table 28, Average of Prim Paid for Purchases by U.S. Utilities from Suppliers, 1982.1993

(Dollarsper PoundU,O, E uivalent_MillionPoundsU,O. Equivalent)q i i i
I

i vw ofDalv,

l 1.1,. I ,..11.1,. 11u7 I l I,.11-
Oe,._,_.,_, Prim

Avent_Prlm............ U,35 _,50 _,50 34.74 _,se _,18 _.20 20._ 17._t ia.04 i&18 14.98
Qu_ wllh Rqx)rbld Price. 8.2 9.5 7.2 8.9 8.1 10.1 7.4 9.8 12.0 17.3 13.2 8.3

IkldmtPrl_ Relltld
NoFkxx
AveragePrice ............ 21.50 24.05 18.67 15.48 18.33 17.53 16.12 11.48 9.18 9.04 8.65 9.57
Qu_ _ Rq)orled Prk:e . 2.8 4.3 4.1 2.9 3.4 2.7 2.3 1.9 8.1 3.5 3.9 5.7
Palosand (:at Floor

Averlge PltCe ............ 50.98 50.67 44.71 35.82 41.05 34.34 33.52 22.50 19.40 21.34 18.35 14.87

with ReportedPdoe . 8.7 3.6 4.8 4.0 2.8 1.3 1.1 1.1 1.8 1.3 4.8 1.5
TorsiIklrl_ PrloeP.ekld
Av,m_ Pr_ ............ 41.27 35.18 81.66 27.18 U.35 22.65 21.89 lS.42 11.65 12.82 13._ 11.05
QuanetywtthFteportmPdee. 83 7.9 8.9 8.9 e.o 4.0 3.4 3.0 8,7 4.8 8.s 7.2

Tom,Cemmetepee,_e
& lhwllm Prlee Relatm

Averllge Price ............ 38.37 38.21 32.65 31.43 30.01 27.37 26.15 19.53 15.70 13.66 13.45 13.14

Ousnl_ with ReoortsdPrk:e. 16.7 17.4 19,1 15.8 12.1 14.1 10.8 12.6 18.7 22.1 21.8 15.5

Nom[ Prk:e,,=ka_ unmand,_md underI_at_ mtm,mmts.Prkm shownarequ_h_y-we_htmarm,gin p,xpoundU,O,eq,tvakmt_ normJ
U.8.dolam.

8ourom: 1111-11_ InfomlltionAdmkttllrltk_,Fore1EIA-491,'Sun_yofUnitod8titre Unmtumk_ A_ (198,?.,lm). 1N4-
1t11-._ I,k)mla_ AdmtnllnlUOn,_/n_AnnuM lltgR(Omober1993).111_ InfomlatlonAdmlnlltnltlor,,FormEIA-858,
•umnu. ,ndm_ _ Sme¢' (10m).
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Figure 14. Average Price of Uranium Delivered to U.S. Utilities, 1982-1993
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80UmU: 111l_.1_ InfommtlonAdmlnbtmtion,Form EIA-491, "Surveyof UnitedSlates Umnk_ _ Activity"(1982, 1983). 1t84-1_ Information
_, _/txAmby Annua/19R (October1998). lW3--Enefw informationAdmlnMIn_on,FormEIA-SM, "UrlmlumIndustryAnnual8untey"(1998).

Uranium Imports and Exports TopFive UsO0e
OriginCountries (millionpounds)

Imports include utility, supplier,andtrader/brokerpur-
chases reportedas imports of foreign-origin uranium Canada 10.8
mat_ab into the United States. Uranium materials China 3.2
repm_ as impom underloanandexchangetransactions,
custody/_ arrangements,andthedeliveryof foreign Australia 1.5
materialforenrichmentthatis subsequentlyexportedare
also includedin the "Other"category. U.S. utilities and Russia 1.4
supplienimpomd 21.0 millionpoundsof uraniumunder Namibla 0.7
purchasecontractsin 1993, 10 percentless thanthe23.3
million pounds of like imports in 1992 (Table 29).

Almost all of this importedmaterialcamefromAustralia, Exportsalesof uraniumby suppliersin 1993 totaled3.0
Canada,China, Gabon, Germany,Kazakhstan,Kyrgyz- millionpounds,up fromthe2.8 million pound_reported
sten, Mongolia, Namibia, Russia, United Kingdom,end for 1992. Since 1967, U.S. companies have exporteda
Uzbekistan in 1993. From 1967 through 1993, U.S. cumulativetotalof 78.7 million poundsU30, equivalent
companies importeda cumulativetotal of 220.3 million undersales contracts.As of De, tuber31, 1993, export-
poundsU3Oteunderpurchasecontracts.As of December salescontractswerein placefor an additional19.4 million
31, 1993, import-purchasecontractswere in place for an poundsfrom 1994through2000 andlater.
additional111.3millionpounds from1994 through2000
end later.
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Table 29. Deliveries and Commitments of Uranium Imports and Exports by Transaction Type,
1967 to 2000 and Later

, (MillionPounds U=Oa,Equivalent) ............

J _ by Tmnmc_ Type" Exporttlby Tranuctk)n Type"Yew of l:leNN_ _b]Loe_. I_]OIherl To=, =,.o Total

Actual _

1997 ........... 0 NA NA NA 0 1.4 NA NA NA 1.4

1068 ........... 0 NA NA NA 0 1.6 NA NA NA 1.8

1969 ........... 0 NA NA NA 0 1.0 NA NA NA 1.0

1970 ........... 0 NA NA NA 0 4.2 NA NA NA 4.2

1971 ........... 0 NA NA NA 0 0.4 NA NA NA 0.4

1972 ........... 0 NA NA NA 0 02 NA NA NA 0.2

1973 ........... 0 NA NA NA 0 1.2 NA NA NA 1.2

1974 ........... 0 NA NA NA 0 3.0 NA NA NA 3.0

1976 ........... 1.4 NA NA NA 1.4 1.0 NA NA NA 1.0

1976 ........... 8.6 NA NA HA 3.8 1.2 NA NA NA 1.2

lrr7 ........... 8.6 NA NA NA 5.6 4.0 NA NA NA 4.0

1976 ........... 5.2 NA NA NA 8.2 6.8 NA NA NA 8.8

1979 ........... 3.0 NA NA NA 3.0 6.2 NA NA NA 62.

1080 ........... 8.8 NA NA NA 8.8 5.8 NA NA NA 5.8

1961 ........... 6.6 NA NA NA 8.6 4.4 NA NA NA 4.4

1082 ........... 17.1 NA NA NA 17.1 6.2 NA NA NA 6.2

1983 ........... 9.2 NA NA NA 8.2 3.3 NA NA NA 3.3

1984 ........... 12.5 NA NA NA 12.5 2.2 NA NA NA 2.2

1968 ........... 11.7 0 0 NA 11.7 5.3 0 0 NA 5.3

1986 ........... 13.5 0 0.9 NA 14.4 1.6 0 0 NA 1.6

1967 ........... 15.1 0.8 0 NA 15.9 1.0 0 0 NA 1.0

1088 ........... 16.8 0 1.2 NA 17.0 3.3 0 1.0 NA 4.3

1989 ........... 13.1 0.8 0.3 NA 13.7 2.1 0 0.4 NA 2.8

1000 ........... 23.7 0.1 2.8 NA 26.8 2.0 0.4 0 NA 2.4

1901 ........... 18.3 5.7 1.1 NA 23.1 3.5 0 0 NA 3.5

1_ ........... 23.3 2.4 0.8 18.8 45.4 2.8 0 0 18.1 20.9

lg_ ........... 21.0 W W 19.6 41.9 3.0 W W W 21.3

C_

11_1 ........... 22.7 0 W W 23.7 3.5 0 0 0 3.5

1995 ........... 21.1 0 0 0 21.1 3.1 0 0 0 3.1

1996 ........... 19.1 0 0 0 19.1 3.2 0 0 0 3.2

1N7 ........... 18.5 0 0 0 16.5 3.1 0 0 0 3.1

1908 ........... 11.7 0 0 0 11.7 2.7 0 0 0 2.7

1_ ........... 8.5 0 0 0 8.5 2.7 0 0 0 2.7

2000 lindLAtor 11.7 0 0 0 11.7 1.1 0 0 0 1.1
i t | i ,,,,,u i i

s10e'i'.19111--Ooesnot IncludeInlnmlctlonsinvolvingthe ckdiveryof uraniummstedm impo_d for cuslod,//elonlgeslung,conversion,endchment,sndlor hJel
talx_dlon st U.8. _ wtd _ exportedor umn_rt mmdm exportedfor eoevmlon, fuelhd)dcz_n, end/oreeflchrr,mtst toretgnlac_Utles.
lm.lm.'oh." Impom Includeuraniummhippedunder_ _voMng c.=tody/etom_ rang, coevmkm, eedehemt, m_Vor rueafabricationat U.S. f_ml_.

expo01sin,de umnkmlihipped fromc_wemlon, Imdchment,and/orfuellld:,_stion htcilltlesIn the United8tares.
b1971F1261,Ann_l totldrel_metU cllmctpur_nmmof fomlgn-odg_urtm_mby U.8. oompen_s.
=1267-1981,Annualtotal reprmmm exportsbyU.8. uraniumix'oducm only.
W - Wllhheldto avoiddisclosureof Individualeompenydin.
NA-. Nmemilio.

Toblo nw/mX equals,m of oomponent_Ixm,se of _ nxm"ng.
80uroN: 10e'/'-llle:l-.-Purehssesand 8ales, EnergyInfonnstlonAdminimrstlon,Survey o_Un/fed 8tam Umn/um Matkel;_ Act/v_ 1983 (August1964), 1N4-

lll0a--..Enmw Inlmmsllon_, Umn/um/ndumy,4nnug 1992(Octobor 1993). 199_---EnerW InfommlionAdminis/nl_n, Form EIA-858, "UraniumIndu_y
,,_mJstoW"(lm).
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•"lgure15. ActualandCommittedImportsandExportsof Uraniumfor CommercialUses,1967-2000and
Later
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U.S. utilities accounted for roughly75 percent of the suppliers,market-price-relatedcontractsaccountedfor 46
1993purchase-contractimports. Foryearsbeyond 1993, percentof the total and 21 percent of the contracts in-
utility commitments represent 90 percent of the total cludeda cost or pricefloor (Table 27).
quantityunderimport-purchasecontractsfromsuppliers
(Table30). Of the 1993 uraniumimportdeliveriesunder For yearsbeyond 1993, most of the uraniumfor which
contract-specified-pricecontracts,65 percenthada fixed U.S. utilities have current importcommitmentswill be
price and the remaining35 percent hadbase pricewith delivered under market-price-relatedcontracts, and
escalation (Table 31). By comparison,contract-price roughlyone-half of the total committed quantity under
contractsaccountedfor 59 percentof the uraniumdeliv- this type of contract is attributable to contracts which
ered to U.S. utilities by suppliers, and 41 percentwere specify a floorprice.
fixed-price(Table26). Eighty-onepercentof the uranium
importedby U.S. utilities in 1993 was delivered under Similar dataon contractsfor importsby suppliersarenot
market-price-relatedcontracts, and 39 percent of these presentedbecausethe numberof contractsis insufficient
contractsincluded a cost or price floor (Table 32). By to avoiddisclosureof individualcompany data.
comparison,of the uraniumdeliveredtO U.S. utilities by

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
(MillionPoundsU=Oa,Equivalent) ,.

19_ ......... 15.7 0 15.7 15.7 5.3 0 5.3 5.3 21.0 0 21.0 21.0

1994 ......... 16.3 2.8 19.1 34.8 3.5 0 3.5 8.8 19.9 2.8 22.7 43.7

1996 ......... 14.1 5.3 19.4 542. 1.7 0 1.7 10.6 15.8 5.3 21.1 64.8

1996 ......... 11.0 6.3 17.3 71.5 1.8 0 1.8 12.4 12.8 6.3 19.1 83.8

1997 ......... 9.9 4.8 14.7 86.2 1.7 0 1.7 14.1 11.6 4.8 16.5 100.3

1996 ......... 6.3 42. 10.5 96.7 1.0 0.2 1.2 15.3 7.3 4.4 11.7 112.1

1999 ......... 4.7 2.7 7.4 104.1 1.0 0.1 1.1 16.5 5.7 2.8 8.5 120.6

2000 and Later 6.4 5.3 11.7 115.8 0 0.1 0.1 16.5 6.4 5.3 11.7 132.3

Tat=d ......... 84.4 31.4 115.8 - 16.1 0.4 , 111.6 - 100.5 31.8 132.3 -

_or 19g_, IncludesU.S. utility,supplier,andtrader/brokerpurchasesropoftedas Imports04foreign-odglnuraniummaterialsintothe UnitedStates. Uraniummaterials
mpomsdss knl)Omunderloan andexchangetrsnsac_ns areexcimkd. For"1998-2000_cl Later,"thefigureshownequalsthe amountof tmportcommttmenm_ _ _r
underpurchasecontractsby utilities,supr_rs, andtraders/brokers.

-,, Not opplksble.
Note: Total8may not equslsumof componentsbecauseof Independentrounding.
Source: Ene_/Information Administration,FormEIA-858, "UraniumIndustwAnnualSunmy"(1993).
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Table 31. Contract Arrangements Specified In Contract-Price Contracts for Delivery of Uranium
Imports to U.S. Utilitiesr 1993-2000 and Laterr as of December 31_1993

Fixed Price . BMe-Prlce Escalated Annual Total

Million Percentof Million Percentof Million
Pounds Annual Pounds Annual Pounds

Year U=Oie' Total U,O.ea Total U._O,ea

1993 ........................ 2.0 65.3 1.0 34.7 3.0

1994 ........................ 0.9 39.3 1.4 80.7 2.4

1095 ........................ 0.1 4.4 2.3 95.6 2.4

1996 ........................ 0.2 5.4 2.8 94.6 3.0

1097 ........................ 0.1 2.9 3.6 97.1 3.7

1998 ........................ 0 0 2.8 100.0 2.6

1999 ........................ 0 0 1.8 100.0 1.8

2000 and LAter ................ 0 0 4.3 100.0 4.3

Totld ................ _..,,_ _1_1 14,1 19r9 85.9 2_.2

_or 1993,includesU.8.utility,eu_ler, andtrader_rokerpurchasesreportedasimportsofforeign-originuraniummateriels,UsO,equivalent,intotheUnited
8tile. UraniummaterialsreportedIs importsunderloon_ exchangetmnsact_sareexcluded.For"1994-2000andLate_',theI1gumshownequalsthe
amountofImportcommitmentsineeohyearunderpurchasecontactsbyutilities,suppliers,andtmdemforokem.

Note:TotalsmaynotequalmumofconXx)nentsbecauseofindependentrounding.
8ouroe:EnergyInformationAdmblstmtlon,FormEIA-858,*UraniumIndustryAnnualSun_ (1993).

Table 32. Floor Price Arrangements Specified in Market-Price Contracts for Delivery of Uranium
Imports to U.S. Utilities r 1993-2000 and Latervas of December 31_ 1993

Annual

Price Root Cost Roor No Floor Total

Million Percentof Million Percentof Million Percentof Million
Pounds Annual Pounds Annual Pounds Annual Pounds

Year U,O,ei Total U,O,e' Total UnOAe" Total U,O,e"

1993 .................. 4.6 362. 0.4 3.2 7.7 80.8 12.7

1994 ................. 8.6 51.0 0 0 8.2 49.0 16.8

1gO5 ................. 8.2 48.4 0.3 2.0 8.4 49.6 17.0

1998 ................. 7.4 51.5 0.3 2.4 6.6 46.1 14.3

1997 ................. 5.7 51.9 0.3 2.8 5.0 45.4 11.0

1996 ................. 3.0 38.2 0.3 3.9 4.6 58.0 7.9

1999 ................. 2.8 50.8 0.0 0 2.8 49.2 5.6

2000 and LAter ......... 1.9 25.8 0.0 0 5.4 74.2 7.3

Tot!l' .................. 42.2 48.8 1.7 . 1.8 48.7 52.8 92.8

log0,InckKlseU.8.utile/,Iml_, endlmderR)rokerpumhmmreportedu Importsofforetgn-odgtnuraniummaterials,UmOmequivalent,intotheUnitedStates.
Uraniummatodidere_ asImlxxtsunderloanendexchangetmnmctloneareexcluded.For'1994-2(X)0endLater',thefigureshownequalstheamountof import
comndmmUin eachyearunderpurdvmemntm:tsbyutilities,suppliers,andtmdem'orokers.

Note:Totl_ maynotequalsumofmmpmemsbecauesof Independentrounding.
8ouroe:EnergyInformatlonAdminlstmtlon,FormEIA-858,"UraniumIndustn/Annual8urvey"(1993).

Energy In_ Adminllltmtl(m/Uranium Industry Annual 199:1 37



Since 1970, 261 import contracts have been signed for New Import Commitments
purchase of 341.2 million pounds U_O,e (Table 33).

Because of litigation, cancellations, and contract modifi- Suppliers and utilities signed 25 new purchase contracts
cations, however, many of the originally scheduled in 1993 for imports totaling 16.0 million pounds of
commitments were not delivered to U.S. customers. The uranium. Short-term transactions signed by U.S. utilities
actual deliveries for 1970 through 1993 have amounted to (for delivery from 1993 through 1994) totaled 0.8 million
220.3 million pounds, pounds of uranium. New long-term import-purchase

contracts by utilities totaled 10.2 million poundsU3Ose
(for delivery scheduled after 1994).

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

New ConlraeW and Cemmltmants

I Actual DellverkmbYear of ComrmM8klnlna Number MillionPoundsU,O,es (millionpoundsU,O,e)

1970-1980 .......................... 18 63.4 22.4
1981 ............................... 4 9.8 6.6

1982 ............................... 17 28.4 17.1

1883 ............................... 8 62 8.2
1984 ............................... 15 11.1 12.6

1985 ............................... 10 14.9 11.7
1986 ............................... 15 22.1 13.5

1987 ............................... 30 26.6 15.1
1988 ............................... 23 28.6 15.8

1989 19 19.7 13.1

1990 ............................... 22 38.9 23.7
1991 ............................... 16 26.0 16.3

1992 ............................... 37 29.5 23.3

1863 ............................... 25 16.0 21.0
Total ............................... 261 341.2 220.3

, i

*TotednewoontmelUldoonvnimmlm,U,Osequivalent,u 04theyearshownfordeliven/intheyear04contractsigningand/orfutureyum.
_or loss.ira, thengum_ indu_ U.8.utile,_l_ier, _1 vederR.,m_pu_ reportedss_ 04unmlummindS, U,O,equivmnt,intotheUnited

8tatm. Uraniumnmtedlllrapomidlm_ underloenImdexchangetranmctloneareexduded.Azlualdelivedesbeglmin1975.
Sotmm_10"t0-11_ _ _tion, Surveyd UnitedStatN UraniumMarketi_ AcIMty 1983(Augurer1983).llNI4-111ll2--EnergyInforrmtion

Adminlstniflon,_ In_Annua/1992 (Oet¢dmr1993).1N3--EnergyInformationAdministration,FormEIA-858,"UraniumIndustryAnnualSunmy"(1993).

Prices of Uranium Imports 1992 (Table 34). New short-term (deliveries in 1993
through 1994) import-purchase contracts signed by U.S.

The quantity-weighted averages of prices paid by all utilities in 1993 totaled 0.8 million pounds, and the quan-
suppliers and U.S. utilities for deliveries of uraniumunder tity-weighted average of the prices paid under these
purchase contract imports in 1993 was $10.53 per pound contracts was $8.44 per pound U3Ose.
U3Ose, down 7 percent from the $11.34 for deliveries in
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Table 34. Average of Prices Paid for imported Uranium Delivered to U.8. Utilities and 8uppllers,
1983-1993

(Dollarsper PoundU,O=Equivalentr MillionPoundsU,O. Equivalent) ...........

Itlm ..... I 1" I 1_ ! 1N8 1100611987110011 I 1" I 1N0 I 19111 I'" I '"

AveragePltce .............. 26.16 21.86 20.08 20.07 19.14 19.03 16.75 12.55 15.55 11.34 10.53

QuanUtywl_ ReportedPrice ... 8.2 11.1 10.7 12.8 12.9 15.2 13.1 23.5 16.9 22.4 21.0

TotalQuantityDelivereda ...... 8.2 12.5 11.7 13.5 15.1 15.8 13.1 23.7 16.3 23.3 21.0

PercenUlgeof ImportsDelivered

Reogftedpdolm.,,,,,,,, 100 I_ 91 9_ 85 96 1l_) 99 98 96 1(_)

figurethownInekxleeU.8. utility,lul_ller,andtrader/brokerpu_ reportedas_ ofunmtummatedabIntotheUnited8tatee.Unmlum
materials_ u Imlx,_ underloanandexchangetmr,mclfo_areexcluded.

NoNe:Pdoeslhown|re_mnlAy.weio_lwemgesperpoundU_:),equlvakl_innocrdnslU.8.doglml,klstedslqulntitleslremillonsofpoundsofUeOo
(u,o,o).

Sourom:1Ha--EnemyInfom_Uon_b_nktmUon.U_todSere_ _ Ac_4y1M3(_ 10e4).1N4-1_ 0nfon,aUon
/¢kNnllmmn, Urar*_ I/lduny,4_ua/Im (Oct0ber1903).1NS---E_rw Infon_tion_t_, Fo_ ELa,-eSe,"Unml,mInd,ary/V,_d Survey'
(i_).

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

30 3O

25 -25

15 15 i
10 10

S _ -5

0 I I I I I 1 I I I 0

83 84 85 86 87 88 89 90 91 92 93

Year

Sources:llB3-ErmgyInfommlion_, UnitedStatesUraniumMatkN_ _ 1983(August1984).1N4-191g--EnergyInformationAdministration,Uranium
I_Annua/1992 (Octoberlg93). 1003-EnergyInformationAdmtnlstratk)n,FormEIA-858,'UraniumIndustryAnnualSurvey'(1993).
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Uranium Purchases by U.S. Utilities poundsU3Osedeliveredto U.S. utilitiesin 1993 ata
price of $11.97 per pound, 3.9 million pounds (12

There were 37 U.S. utilities thatreceived 31.2 million percent) were of U.S. origin at a price of $15.53 per
pounds of U3Oseat a priceof $11.97 perpound under pound. Non-U.S. origin uraniumaccountedfor 27.3millionpounds(88 percent)of thedeliveries(Table36).
purchase contractsin 1993. Duringthe previousyear, Some of this materialwas in the UnitedStatesandnot
40 utilities received 32.7 million pounds for $13.87 a
pound.Twodistinctpricedistributionsfor 1989 through importedin 1993.
1993 arepresentedin Table 35. Of the 31.2 million

Tabl e 35. Price Distributions of Uranium Purchases by U.S. Utllitles_1989-1993

1989 1990 191)1 1982 1983,i llll

Average Average Average Average Average
Dlstrk Quantity Price Quantity Price Quantity Price Quanllty Price Quanltty Price

butlone (mllllon ($per (mllllon ($ per (million ($ per (mllllon ($ per (mllllon ($ per
pounds pound pounds pound pounds pound pounds pound pounds pound
U,O,e) U_O,e) U,O,e) U,O,e) U,O,e) UIO,e) UIO,e) U,O,e) U,O,e) U,O,e)i

Octlk,':

First ..... 2.9 9.29 3.9 7.70 4.7 7.45 4.1 7.11 3.9 7.80
Second... 2.9 9.80 3.9 8.91 4.7 8.52 4.1 7.75 3.9 9.21

Third ..... 2.9 10.57 3.9 9.13 4.7 8.93 4.1 7.98 3.9 9.67

Fourth .... 2.9 11.77 3.9 9.59 4.7 9.31 4.1 8.56 3.9 9.90

Fifth ..... 2.9 15.19 3.9 10.21 4.7 10.12 4.1 9.75 3.9 9.99
Sixth ..... 2.9 17.33 3.9 14.09 4.7 12.67 4.1 13.54 3.9 10.09

Seventh .. 2.9 30.21 3.9 20.72 4.7 18.66 4.1 18.90 3.9 13.81

Eighth .... 2.9 48.18 3.9 44.60 4.7 39.10 4.1 37.37 3.9 25.32

Total ..... 23.5 19.04 31.5 15.62 37.4 14.3S 32.7 13.87 31.2 11.87

Qtmrtlk#:

First ..... 2.2 9.87 7.1 8.66 5.7 8.27 7.3 7.58 11.5 9.29
Second... 3.6 12.24 7.6 10.09 7.3 9.25 6.5 8.94 6.4 9.85

Third ..... 8.4 15.33 9.3 13.17 14.7 11.83 11.1 13.03 5.5 10.96
Fourth .... 9.4 27.10 7.5 30.87 9.8 25.43 7.8 25.05 7.8 18.41

Total' .... 23.5 19.04 31.5 15.62 37.4 14.35 32.7 13.87 31.2 11.97
m ,_.

• OctUedistrlbulk)ndividestotalpoundsofuraniumdelivered(withaprice)intoocttlesbypriceandprovidesthequanffiy-weightedaveragepriceforeachoctUe.
*Quartiledistrlbutlondividestotalpoundsofuraniumdelivered(witha price)intoqua_lesby eachuffilt_ssggregetawelghtad-avemgepriceandprovidesthequanffiy

andaveragepriceforeachquartile.
"Totalquantitywaha reportedprice.
Notes: Quantitiesof uraniumamUaO,equivalent(U,O,e)thathada reportedprice.Pricesarequantity-weightedaveragesperpoundU=O,equivalentinnominalU.8.

dollars.
Source:EnergyInformationAdministration.FormEIA-858,"UraniumIndustryAnnual8un_y"(19e9.1993).
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Table 36. U.s. Utility Purc haaes Of uranium end Enrichmen t Servlceo by Origin, 199.3............

I I)eliverles

Uranium EnrichmentFeed Separative
(mllllonpounds (millionpounds WorkUnlts

OriginCountry UaOaequivalent) UsO0equivalent) (millionswu) .....
i

Australia 1.8 1.6 --
Canada 14.0 11.5 --

China 2.9 3.5 W=

France 0 W Wb
Gabon W 0.6 --

Germany W W Wa

Mongolia W 0 --
Namibla 0.4 0.7 --
Netherlands .... Wd

Niger 0 (e) --
NISfTotal 6.2 7.3 --

Kazakhstan 1.6 1.1 --

Kyrgyzstan W W --
Russia 3.7 5.4 0.2g
Uzbeldstan W W --

SouthAfrica W 1.1 0h

Spain 0 W --

UnitedKingdom W W Wj
UnitedStates 3.9 7.8 8.1i

Total ........... ; ............................... 31.2 35.1 8.8
l iH ii

• ChinaNuclearEnergyIn¢_ Coq).ald_tmentplant,_ Province,PeoplesRepublicofChina.
bEurodWenddwnentplant,Georges_,m, France.
• Urenooendelvnent_ Gronau,Germany.
_Urencoendehmentplant.Almelo,Nethedanda.
'Lessthan0.08millionpoundsUsOoequivalent.
t NI8,, NewlyIndependentStates
eTectmne_xport(Tenex)enrichmentpkmtalocxtadInAngamk,Russia;Elmtadnburg,Russia;Kraamoyamk,Rualm;andTomsk,Ruula.
hAtomtcEnergyCoflx)mlionof8oulhNrica,Ltd.enrichmentplsnt,Vslindabs,SouthAfdcx.
Uren¢oendchrmntplant,Capenhum,UnitedKingdom.

!DGEA,'SECenrichmentplanta,Paducah,KentuckyandPortxmoulh,Ohto.
W= WilhheldtoavoiddisclosureofIndividualcompanydata.
-. Notamicable.
Note:Totalsmaynotequalsumofcomparisonsbecauseof IrKlependentrotJndlng.
8ource:EnecgyInf¢rmatlonAdministration,FormEIA4B&qJmrdumIndustryAnnual8UMW'(1990).

Deliveries to Enrichment Suppliers by ered to foreign enrichment plantsin 1993. Enrichment
U.S. Utilities feed deliveriesfor U.S. enrichmentas a percentageof

total deliveries was 92 percent in 1993. In 1993, 8.8
million separativework units(SWU) werepurchasedby

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, 32.4 foreign enrichment) (Table 36). Projected feed deliver-
million pounds were delivered to DOFJUSEC 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. Dellverlee of Uranium Feed by U.S. Utllltleo to Enrichment Suppllero, 1993
..... (MillionPoundsU_O,Equivalent) ..............

i i_ _mll_ tlsPliM __ Ur_lum To_d

Domestlo(DOF.dUSEC)EnrichmentPlants ............... 7.7 24.6 32.4

ForelgnEnddlment Pllmts ........................... 0.1 2.7 2.7

Told ........................................... 7.8 27.,1 U.1
i i ii ,i ii i

Note:Toljs maynmecluslmJmof_nponm_ begun of_ roundl_
80urce:EnergyI_tton Adminlltmtlon.FormEIA-858."UraniumindustryAnnual8un_/' (1890).

Table 38. Projected Shipments of Uranium by Utilltkm to Domeotic end Foreign Endohment$uppllem,
1994-2003
(Mill.ionPoundsU,43.Equivalent)

.... k.ounttouetmIppN __m, lmto lm
Asof Asof

YNr Of8hlpnmM Oecember31, 1992 _ber 3111993 ..... Annual Cumullltlve

1994 ....................... 43.4 42.7 .0.e .0.e

1995 ....................... 42.0 44.6 2.7 2.0

189e ....................... 48.3 44.6 -3.8 -1.8

1997 ....................... 46.9 44.7 -2.1 -3.9

1996 ....................... 46.5 45.2 -3.3 -7.2

1999 ....................... 45.8 45.4 -0.4 -7.6

2000 ....................... 49.5 40.8 -8.6 -16.2

2001 ....................... 46.0 43.3 -2.7 -19.0

....................... 46.e 40.7 -8_ .2s,_

2003 ............ ,,, ........ NR _t_,4 - - .......

NR- Notmpmtod.
-, Notspl_.
8cua¢ l_--Ermgylniomm__, U__,a.mwW _oa_(_tgea). tU_=nwgylnfom=_ _, r-o_BA-aM,'Umnlwn

IndumyAn_=l Su_/' (1_).

Uranium Inventories naturaluraniumattheendof 1993areequivalentto less
than 2 years of supply for utilityenrichmentfeed deliv-

Totalcommercialinventoriesdecreasedby 12.8 million cries(Figure17). The Departmentof Energy(DOE)and
pounds,from 117.3million poundsU3Oseasof Decem- United States Enrichment Corporation (USEC) in-
her 31',1992, to 104.4 million poundsas of December ventoriesof naturaluraniumincreasedfrom45.8 million
31, 1993 (Table 39). Utility inventoriesdecreasedby pounds U300e in 1992 to 46.7 million poundsin 1993
11.3 million pounds from 92.1 million pounds as of (Table 40). The amount of enricheduraniumheld in
December 31, 1992, to 80.7 million pounds as of inventoryby the DOEand USEC increasedfrom 23.1
December 31, 1993. The commercial inventoriesof millionpoundsto 26.9 million pounds.
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Table 39. Commerolal Uranium Inventorlea at End of Year, 1990-1993
........(Mi, Pound=U,O,Equ,W ) , ,

Oomutlo ................... 17.0 13.8 12.6 10.0 33.8 27.7 1:124.4 21.7

Foreign..................... 8.9 11.0 13.4 18.3 12.1 13.4 R19.9 20.5
Totd ...................... 26,9 24,11 20.0 I,,,I 48,7 41,1 R44.6 42.2

N,mmOUP."
................... 0.1 1.8 1.8 1.5 8.4 2.2 2.0 2.2

Foreign..................... 2.2 1.9 4.0 3,4 2.4 2.0 4.2 4,0
Total ...................... 8a L7 8.8 4,0 8.8 4.2 8.2 0a

Nm_ UP,U,xWU,m,
Apwumt8

Domu_ ................... 22.8 203. 18.0 11.7 23.9 25.5 18.1 12.0

Foridgn..................... 4.7 7.8 8.9 9.3 5.1 7.9 8.9 0.5
Total ...................... 27.,t S3.:1 29,9 21.1 29.6 33,6 27.0 21.6

lkituml UF, antEnrkdle_ n'
Oom4mtlc ................... 7.4 3.3 R1.9 1.0 7.4 5.0 R1.9 1.5

Foreign..................... 3.3 0.8 R6.3 4.4 3.3 5.8 R6.3 5.0
Totld ...................... 10.7 0,1 8.2 8.4 10.7 10.7 8.2 0.6

enrlmmd UP, at F.ndohem
DomeMk: ................... NR 1.3 1.6 1.0 NR 1.3 1.6 1.6

Foreign ..................... NR 1.0 0o9 0.7 NR 1.0 0.9 0.8
Total ...................... - 2.3 U 2.3 - U 2.6 2.4

e.rk_N UF,.................
Domestlo ................... 8.4 4.2 3.2 1.0 7.5 5.0 4.4 3.0

Foreign ..................... 4.0 4.8 R5.8 7.9 7.3 8.9 R10.7 11.5
TotM ...................... 10.4 8.6 R0,0 0.6 14.8 10.0 RI&I 14.4

i,,_ (enrke._dUF.)
Oornestk: ................... 12.3 7.8 R8.4 6.2 12.3 7.8 R8.4 8.2

Foreign ..................... 7.7 8.4 RS.O 5.1 7.7 8.4 R8.6 5.1
Totld ...................... 20,0 10.0 R14.0 11.3 20.0 10,0 n14,0 11.6

Total Inverldorles

Domestic ................... 71.8 57.3 R47.1 33.7 81.1 74.4 R60.7 48.1

Foreign..................... 30.9 40.6 R48.0 /.,7.1 38.0 44.3 R56.8 56.3

Totld ...................... 102.7 96,0 R92.1 80.7 129.1 118.7 Rl17.$ 104.4
H

. Unmlumhexafluorlde.
bo(hnamd lndmdoh_lumnkJmfor1000.Beglr_ kl 1_, nmtmMUFoIndonddwdUF*atendohrnent_lem wet, reponed

mzm_.
R- Rev_ld dli. NR- NotRep(Med.
Noto: Totldsrely notequldsumof cofq)onentsbecauu ofindependentroundly.
Soumm:IR0-1m--F.nerw InforlUon_t_rt, _ Indu_y/W'._118=,?,(_r 1sin). lmm.lWS-_ InformaUon

Adm_Wr_n, FormBA-eM,"Uranium0ndu=WAnnu_Sun_/' (1_).
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Table 40. Commemliil and U.S. GovernmentInventories of Natural and Enriched Uranium lie of End
of Year, 1990-1993
(MillionPoundsU.O0Equivalent) .................

! I 'nvent°rlm"_ '_ ofthe'Y'm' ! ............, TWle of Urlmlum !n_ 1990 ......... i 1991 1992 1_

umyetoGk=
Natural Urllnl_l ................................ 61.5 70.9 Re0.5 57.6
EndohedUranium".............................. 41.2 27.1 1=,25.5 23.1 ]

oo..m_ e.mw etoeu
hlldurldUrardum................................ 22.0 18.7 Rlg.1 18.7

EnrichedUraniuma .............................. 4.4 2.0 6.1 5.0

TotalCommerc_l Stocks ........................ 129.1 118.7 R117.3 104.4

oov,mmem.o,mNatom_
NaturalUranium................................ 59.8 4O.8 45.8 4e.7
EnrichedUranium.............................. 32.e 30.7 23.1 20,9

i i ii i i ii ill i i i i

amountsmxxtedas inventoriesof UF,atEnd_hm_tS,PI_m.
blnduckieimsountsrqx:)rtedas Inventod_oyDOEimdtheUnited8tadesEnriohmentCoqxntlon(UBEC)for1093.
Ft,,Revlasddm.
Note:Totm my notequalsumofcx:xnponentebecauseof Independentrouncgng.
8ourcas:1N0-1II_I--Emxw InfonmdlonAdn-dnlammtm,Uran/_n/nduamyAnnua11992(October1993).lltll3-1llNk-Ene_gyInfommUonAdmthWtmUon,FonnEIA-

888, "UnmlumIndustryAnnualSunday"(1099). 1000-1l_1,Govwmmmt-ownedunmlmss_ ofUraniumPrograms(NE-30),U.8.I)epautmentofEnergy,
andtheUnited8taresEnrichmentP.,oq_rotton(USEC).

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

_umy_
FeedOellvwteeadtheEnclof 1008

Commed(:bd (87.3mmlormPounds)
Inventodmof NadumlUranium

100

IdtheEndof 190_

i (7'0.3MIHIonPounds)

t

0 _
1993 1994-1995

Note:ViduesforProjeotedUttfltyEnrlohmentFeedDeliveriesfortheyearsIndk_tedequaltheamountstobeshippedinTable38.
8aurae:EnergyInfomlatlonAdministration,FormEIA-858,"UraniumIndustryAnnualSurvey"(1993).
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Uranium Used in Fuel Assemblies An|i©ipeted Uranium Market Require-
ments of U.S. Utilities

The total amount of new uranium fuel loaded into U.S.

nuclear reactorsduring 1993 was 45.1 million pounds Unfilled Uranium Requirements
U3Ose,as reportedby utilitiesandreactoroperators.This
was 2.2 millionpoundsUsO,e morethanin 1992. These Unfilledrequirementsaretheadditionalnaturaluranium
quantifies do not include any fuel rods removed from thatutilitiesneedto purchaseafterconsideringtheirtotal
reactorsandlaterreloadedintothe reactor, futureenrichmentfeed deliveryrequirements,less inven-

tory drawdownsand deliveries underexisting procure-
Secondary Market Activities ment contracts.Unfilled requirementsabo include

purchasesnecessaryto maintainadesiredlevelofinven-
Secondarymarkettransactionsincludesales, exchanges, tory coverage.
andloans of uraniumotherthandirectsales by suppliers
to U.S. utilities or direct importsby U.S. utilities. For Annual unfilled uraniumrequirementsfor reactors in
1993, utility exchanges and net loans of uraniumwith opemionorunderconstructionfor 1994 through2003 are
supplierstotaled3.8 miUionpoundsU3OF. Utility sales reported,as of the end of 1993, to be 264.3 million
to suppliers totaled 2.1 million pounds. Intersupplier poundsU30,e (Table41). Unfilled requirementsforthe
transactionstotaled 41.9 millionpounds U30,e in 1993. period 1994 through2002 show a decrease,from 234.9
Intersuppliersales were 15.3 millionpounds; exchanges million pounds reportedat the end of 1992, to 217.8
were 12.2 million pounds;and loans were 14.4 million millionpoundsreportedat the end of 1993.
pounds. Interutility transactions totaled 0.6 million
pounds U30,e in 1993.

Table 41. Unfilled Uranium Requirements of Utilltleo, 1994-2003
(Million,PoundsU:O,,Equivalent) ,,

., _,ofmm,,,i,wst,1,,,1 _o, .o.w,,_ol,lm M_Dem.e_,,_1.lm
I

Yw _ M, kma c.m.k_, Annum [ c.mu_M,
1994 ........................... 9.3 9.0 6.2 6.2 2.6 2.6

lOOe........................... 17.4 _.e e.e le.O e.e o.1

1096 ........................... 22.9 48.5 16.4 30.4 12.4 21.5

1997 ........................... 27.9 77.4 22.2 52.6 20.4 42.0

looe........................... _.a 11e.o 29.0 e2.4 _.e 57.e

1999 ........................... 41.7 157.7 32.4 114.0 28.3 0e.1

2000 ........................... 40.3 100.0 38.1 152.0 32.0 128.0

2001 ........................... 462 2432 40.8 193.7 43.0 175.0

2002 ........................... - - 41.1 234.0 42.0 217.0

.2003 ...... . ................ _... - . - - ,, :- 45.e 2e4.3,

N_. r_mmy._ oq_m_n_ oommwu_ _ _ _
8oumm:lSll-tSll-.Eneqylnlomil_/IdlmtllNIl_ _/tldtaryAnmalt fmlm(OmNlw19N).1Nl-.Enlflwlnlandon _,l_,llmlon,'Umnlum _

_ sm_/'(1am).
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Uranium Requirements 2002. Also shown in Figure 18 is the schedulereported
by U.S. utilities for enrichmentfeed deliveries to their

Data fromvariouspartsof this chapterare combinedin enrichmentsuppliers.Forthe years1994 through2000,
Table 42 to produce an aggregate picture of selected utilitiesapparentlyplanto meet a portionof their enrich-
aspectsof U.S. uraniumrequirements.Anticipatedmarket mentfeed deliveries by drawingdown uraniuminvento-
requirementsarecomputedby summingthequantities of ries.
uraniumundercontractand unfilledrequirements.Utility
contn_ foruraniumincludefirmand optionaldomestic PotentialInventoryDrawdow, represents the difference
purchasecommitmentsand imports, between anticipatedmarket requirementsand reported

enrichmentfeed deliveries. When reported enrichment
Thetwo components of anticipatedmarketrequirements feed deliveries in a year exceed anticipatedmarketre-
areshownin Figure 18. Unfilled requirementsconstitute quirements,a potential can exist fordrawdownof inven-
a small portion of anticipated marketrequirementsin tory. When feed deliveries are less than anticipated
1994. However, they increase to 48 percent of total mafloetrequirements,a potential can exist for build-upof
anticipatedrequirementsby 1997 and to 93 percentby inventory.

Table 42. Antlclpeted Uronlum Market Requirements of Utilities, 1994-2002, as of December 31, 1993
(MillionPound8U._OnEquivalentS)

I _Ul_ of Anticlpat_ ProJectN

Uranium Unfilled Mlrket Enrichment

...... vw of_r_,q, _ _ ,=lui,,mm ,=luI_ roodo_M,r_,
1994 ...................... 34.7 2.6 37.2 42.7

i_,_ ...................... _.e e.s 41.3 44.a

1996 ...................... 30.0 12.4 42.4 44.5

1997 ...................... 22.1 20.4 42.5 44.7

1998 ...................... 17.S 25.8 43.6 45.2

1999 ...................... 11.8 28.3 40.1 45.4

2000 ...................... 7.4 32.9 40.3 40.8

2001 ...................... 5.3 46.9 52_2 43.3

co02...... ,...,,, _,,,,,, ,, s.s 42.0 _._ 4q,7
Note:T°tlll mY n°t equalmJm°t °°ng°emntmbecauw°f independentr°unding'
Sourm:Enerw InfonnWton_, Fo_ BA-eS0,"Urem_.umInclua_AnnualSurvey'(1993).
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Figure 18. Antioipated Uranium Market Requirements of Utllitln, 1994-2002, M of December 31, 1993

Enrlohment
m) F,edD,liml_ I_luk, nmU

I"
10

Note:V_umtkxPmje(:_ EndchmentFeedDelivedeeeClUOJlheamounttobea_ippedshownInTable38. Valuesfor_ _ andunfilledrequiremmUm
cumulative.
8ouroe:EnergyInformationAclministmtion,FormEIA.658,"UraniumIndustryAnnualSurvey"(19g_).
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Appendlx A

Survey Methodology

Survey Design Because the "UraniumIndustryAnnualSurvey" is not a
samplesurvey, the estimatesshownin this reportarenot

The 10th comprehensive survey of the U.S. uranium subjectto samplingerror.'Althoughit is not possible to
industrywas conducted in 1994 by the Energy Infor- present estimates of non-samplingerror,precautionary
marionAdministration(EIA)using the "UraniumIndustry steps were taken at each stage of the survey design to
Annual Survey," Form EIA-858. Data were collected minimizethe possible occurrenceof these errors. The
fromall companiesinvolvedinthe U.S. uraniumindustry, steps are described below, with the error they were
The survey form was mailed to these firms in January designed to minimizeshownin parenthesis.
1994. The datareportedin this publicationweredevel-
opedfromtheFormEIA-8581993 surveyandpredeces- Survey Universe and Frame (Coverage
sordatabases. Errors)

Respondents to the "UraniumIndustryAnnualSurvey" The surveyuniverseincludes all companies involved in
were asked to provide datacurrentto the end of 1993 the U.S. uraniumindustry. The universe includes all
about the following: uraniumraw materials activities firms meetingone or more of the following criteria:(1)
(including land holdings, explorationand development are controllersor were controllersduringany portion of
activities, uranium-bearingproperties and resources, 1993, or areidentified in EtA recordsas the most recent
uraniummines, uraniumprocessing facilities, and ura- controllers,of uraniumproperties,mines, mills, orplant;
Ilium industry employment for exploration, mining, (2) involved as controllersof uraniumexploration and
milling,processing,andreclamation);uraniummarketing developmentventures in the UnitedState; (3) incurred
activities (includingcontracts, contractprices, delivery uraniumexplorationexpendituresin 1993 or plan such
schedules,uraniuminventories,enrichmentfeed deliver- expendituresin 1994; (4) hold uraniumreserves; (5)
ies, unfilled marketrequirements,uraniumused in fuel controluraniummining properties;(6) control commer-
assemblies, andpurchasesof enrichmentservices.) cial uraniumextractionoperations;and (7) purchase,sell,

held,orown domestic-or foreign-originuranium;offered
The data collected on Form EIA-858 are subject to uranium enrichment services; imported or exported
varioussourcesof error.These sourcesare:(1) coverage uranium;and(utilities only) purchaseduraniumenrich-
(the list of respondents maynot be complete or, on the ment services from an enrichmentsupplier. (See Form
other hand, there may be double counting); (2) non- EIA-858 in Appendix D for an explanation of these
response (all units that aresurveyedmay not respondor categories.)
may not provide all the information requested); (3)
respondents(respondentsmaycommiterrorsin reporting The respondentlist used for the Form EIA-858 survey
the data);(4) processing(thedatacollection agency may wasdevelopedfroma frameof all establishmentsknown
omit or incorrectlytranscribea submission);(5) concept to meet the selection criteria. The frame of potential
(the datacollection elementsmay not measurethe items respondents was compiled from previous surveys and
they were intended to measure); and (6) adjustments frominformationin the publicdomain.The framewas in-
(errorsmay be made in estimating values for missing
data).

tSamplingerroris a measureof thevariationthatoccursby chancebecauseasampleratherthana completeenumerationof units is surveyed.
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tendedto coverthefollowing: allutilitiesowningnuclear- Data Editing, Analysis, and Processing
fueledgeneratingstations;uraniumconverters,enrichers,(Respondent and Processing Errors)and fuel fabricators; uranium waders and brokers; large

and small companies actively engaged in exploration, The survey forms are logged in and reviewed by agency
development, or extraction in the U.S. uranium industry; personnel prior to data entry into the Uranium Industry
and companies holding all large properties with uranium Annual System, an automated data base containing all
reserves. Companies meeting these criteriainclude: those current and historical data from each company's submis-
involved in exploration, development, mining, milling, sions. The data base is maintained on the EIA computer
and trading of uranium; landowners; fuel converters, facility in Washington, DC. After entry into the data
enrichers, and fabricators; and utilities with whole or

base, a copy of each section of the Form EIA-858 was
partialownership in operating or planned uranium-fueled distributed to the Survey Management Division analyst
power plants, responsible for that section. The submissions were

checked for internal consistency, and the reported data
SurveyProcedures(Nonresponse) were compared with previous collections of similar data.

After reviewing these submissions, the analyst consulted
The survey forms were sent via first class mail to ensure with the reporting company, as needed, to resolve data
their receipt only by the proper respondent organization, problems and to confirm any corrections of the data.
If the U.S. Postal Service was unable to deriver the survey
form, the conected address was obtained where possible. Data areas that were reviewed and the corrections that

In a few instances, businesses that had reported in earlier were made differed from company to company. Most
surveys were no longer operating. All known companies represented different interpretations of the data item
currentlyconducting business in the U.S. uranium indus- definitions. No data in the data base were changed
try were contacted during this survey, without first consulting with the reporting company.

Computer edits were also used to identify keypunch
FormEIA-858, "Uranium Industry Annual Survey," is a errors, out-of-range values, and unlikely data combina-
self-administered questionnaire requesting data about tions. These also were either corrected to represent the
many areas of company operations. The scope of the data reported on the submissions or were changed only
questions is necessarily broad, and self-reporting of after confirming the corrected values by telephone
company-specific data is required, conversations with company representatives. Data coding

and entry errors were eliminated by proofing data after
Cooperation from industry on the 1993 survey was, as in entry. All changes to reported data aredocumented.
previous years, excellent. A large number of respondents

replied to the form within the specified deadlines. Those Response Rates
that had not responded by the due dates (March 1st for

Schedules A and B) were telephoned to encourage Schedule A of Form EIA-858 was mailed to 76 firms,
submission of the forms, and those calls resulted in the Schedule B was mailed to 134 rums. The response
submission of most of the remaining forms. In addition, statistics for the 1993 survey are shown in Table AI.
a followup letter was mailed to nonrespondents requesting Overall, 92 percent of the schedules that were mailed to
compliance with the survey by May 15th. Subsequently, industrycompanies were remmed with the datarequested
telephone calls were made to obtain forms not yet submit- on the form or marked as not applicable to the company
ted. In a few instances, company data were collected for this survey year.
through telephone conversations, followed by submissions

of the survey forms. Missing Data
In order to reduce the burden to the respondents, every
effort was made to identify the properties, mines, mills, Some omissions of data were identified during the
plants, and long-term contractsthat form the bulk of prescreening and editing of the data. Most omitted data
responses to the 1992 survey. Selected data elements for elements fell into two categories: withheld because of
these items that were reported by industry companies on
the previous years forms were preprinted on the 1993
form.
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contractual constraints or contracts that were under Data Revisions
litigation, or inadvertentomissions. Respondents were
contacted regardingomissions to obtain the dataor to TheOfficeof Coal,Nuclear, ElectricandAlternateFuels,
verify that it could not be reported. Only confirmed Energy Information Administration,has adopted the
company-reporteddata arecontainedin the data baseand following policy forreview and correction(revision)of
includedin this report.

Table A1. Response Statistics for the 1993 Uranium Industry Annual Surveyi

Schedule

Response Statue A i R

SurveySchedulesMailedOut ................... 76 134
Data Provided................................ 57 82

Reportedas Not Applicablea .................... 19 52
Mll

alndudeseightnon-respondenlaslatingthatIn1993thecompanydidnotmeetanyoftheodterklforinclusioninthesurvey.
Source:EnergyInformationAdministration,FormEIA-858,"UrlmiumIndustryAnnualSurvey'(1993).

data itcollects andpublishes.The policy coversrevisions All data, except for uraniuminventoriesdata are pub-
to prior published data. This new policy was initially lished as final data. Data on uraniuminventoriesfor the
implementedwith the publicationof the UraniumIndustry survey year are published as preliminarydata because
Annual 1992. surveyrespondentsarerequestedto makechanges to their

prioryearinventoriesdata,if necessary, when reporting

1. Annualsurveydata arepublishedeither as prelimi- inventories data for the current survey year. These
nary orfinal when theyfirstappearin a data report, revisedinventorydataareindicatedby an "R" in frontof
Data released as preliminary will be identified as the revised data cell.
such. When necessary, preliminarydata will be
revised and declared to befinal atthe nextpublica- Changesto the prioryear'stotaluraniuminventoryfigures
tion of thatdata. basedon revisionsreportedon Form EIA-858have been:

for 1992, 0.1 millionpoundsU3Os(<0.1 percent); 1991,-
2. Monthly and quarterlysurvey data are published 1.3millionpoundsU3Os(-1.1);1990,-3.1 million pounds

initially as preliminary data.They will be revised U3Os(-2.3); 1989, 1.0 millionpoundsU3Os(0.7); 1988,
onlyafterthe completionof the datacollectioncycle 0.1 millionpoundsU3Os(<0.1); 1987,0.3 million pounds
for the full 12-monthsurvey period.Revisions will U3Os (0.2); and 1986, 0.4 million pounds U3Os (0.2
not be made to monthly or quarterlydata priorto percent).
this time.

Nondisclosure of Data
3. The magnitudeof historical datarevisionsexperi-

encedwill be includedineach datareportto inform To protectthe confidentialityof individual respondents'
the readeraboutthe accuracyof the data presented, data, a policy was implemented to ensure that the re-

porting of survey data in this publication would not
4. Revisions to data published as final will be made associatethose datawith a particularcompany. This is in

only in the event that newly availableinformation compliance with EIA StandardNo. 88-05-06, "Nondis-
wouldresultin a change to publisheddataof greater closure of Company Identifiable Data in Aggregate
than one percent difference at the national level. Cells." In tables where the nonzero value of a cell is
Revisions for changes of lessermagnitudeswill be composed of data fromfewer than threecompanies orif
made at the discretionof the Office Director. a singlecompanydominatesa table-cell value so that the

publicationof the value would lead to identificationof
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a company'sdata,thenthe EIAclassifies the cell valueas A sensitivetable-cellvalue can be reported,if permission
"sensitive," and the cell value is withheld("W") from is firstobtainedfromeachcompany(whose datacontrib-
publication. Within a table with a sensitive cell value, ute to the sensitivity) to publish the value and if the
selected values in other cells of the table are also with- company believes that publishing the value would not
held, as necessary,so that the sensitive cell valuecannot harmits competitive position.This is the only exception
be computedusing the values in publishedcells, to the applicationof EIA StandardNo. 88-05-06 in this

report.
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Appendix B

Technical Notes

History and Legal Authority 1954, which were designed to foster
development and utilization of atomic energy

From August 1942 through 1946, the Manhattan Engineer for peaceful purposes. Therefore, procurement
District (MED), under the U.S. Army Corps of Engineers, policies also reflected concern for fostering and
was responsible for development of nuclear weapons. ! In maintaining a producing uranium industry
that role, MED administered U.S. uranium procurement which would be able to supply the nation's
programs along with its nuclear research and expected uranium requirements for private
development, engineering, and production operations.2 nuclear power development.
The Atomic Energy Act, signed on August 1, 1946,
resulted in the establishment of the Atomic Energy The Atomic Energy Act of 1954 (Public Law 83-703)
Commission (AEC). By Executive Order 9816, the eased the Government's control over nonmilitaryuses of
Govemment-owned facilities and functions ofMEDwere atomic energy by making lawful the private de-
transferred to the AEC at midnight December 31, 1946. velopment and ownership of reactors. The Act stipulated
The following is quoted from a 1982 DOE publication) that the fuel to power privately owned reactors could be

obtained only from the AEC through lease

Procurement of uranium concentrates by the arrangements. By 1963, advances had taken place to
AEC spanned the period from 1947 through further the commercial viability of nuclear power, and
1970. During those years, in definablestages, the many interest groups contended that nuclear fuels

should be allowed to compete with other fuels in themarket for uranium concentrates changed from a
monopsony with the Federal Government as the marketplace.
only buyer, to a completely commercial market
with no Government purchases. From the Legislation to permit private ownership of nuclear fuels
viewpoint of the Government as a consumer, the was passed in 1964 in the form of the Private Owner-
foreseeable supply of uranium increased from ship of Special Nuclear Materials Act (Public Law
desperately short of that which was required for 88-489). This Act allowed the AEC to provide toll-paid
defense needs, to adequate, to surplus, enrichment services for privately owned uranium. It also
Procurement policies and contracting practices authorized the AEC to limit the offering of enrichment
were adopted, implemented, and modified /n _rviees for foreign-origin uranium owned by domestic
response to the Government's changing needs customers to the extent necessary to maintain a viable
and the perceived lack or adequacy of uranium domestic uranium industry. The latter provision has
supplies with which to meet them. been the authority upon which the AEC and successor

agencies have monitored the status of the U.S. uranium

The AEC procurement policies and practices industry.
were not dictated solely by its defense needs,
however. The agency was also guided by Public Law No. 97-415, the Nuclear Regulatory Corn-
provisions of the Atomic Energy Acts of 1946 and 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 Historyof the UnitedStatesAtomic EnergyCommission," The New World, 1939-1946, Volume 1 (UniversityPark,
Pennsylvania:The PennsylvaniaStateUniversityPress, 1%2), p. 82.
2U.S._t of Energy,Summary Historyof Domestic Uranium ProcurementUnder U.S.Atomic Energy Commission Contracts,Final Report,GJBX.220(82)
_GrandJunction,Colorado,October1982), p. 3.
_U.S.Deparln_t of Energy,SununaryHistoryof DomesticUranium ProcurementUnder U.$.Atomic EnergyCommissionContracts,CdBX-220(82)(GrandJunction,
Colorado,October1982), pp. 3-4.
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emment'sroleinmonitoringthestatusof the U.S.Utah- Uranium and the Uranium Industry: A
ium industry. This law amendedtheAtomic Energy Act Brief Description
of 1954 by adding Section 170B, which requiredthe

Secretaryof Energyto determineannually,for the years Priorto 1942, uraniumfordomestic consumptionwas
1983through1992, the viabilityof the domesticuranium obtainedfromores thatwere mined primarilyfortheir
industry, associatedradiumandvanadium.4The radiumwas used

Determinationof theuraniumindustry'sviability requires in medicaltherapy;the vanadiumwas usedprimarilytoimprovethe metallurgicalpropertiesof steel, cast iron,
a continuingreview of the industry'sstatusand prospects, and other metals. The uranium was used in
Reports on domestic uranium raw materials and manufacturingglass andceramicstoproduceyellow-to-
marketingactivitieshavebeenpublishedsince 1968, first browncolors;it was also used in makingspecialalloys
under the direction of the AEC, later by the Energy of steel, copper, andnickel.
Researchand DevelopmentAdministration,thenby the
Assistant Secretary for Nuclear Energy, Office of
Uranium Enrichment and Assessment in the U.S. Since passageof theAtomic EnergyAct of 1954, ura-
Departmentof Energy(DOE),and morerecentlyby the niumhas been producedprimarilyas a fuel for nuclear
Energy InformationAdministration (EIA). The legal reactors. Heat producedby the fissioning of U_s in a
authorityfor FormEIA-858, "UraniumIndustryAnnual reactoris used to generatesteam,which is then used to

generateelectricity.One pound of naturaluraniumcan
Survey,"is statedon the form as follows: produceasmuchenergyas about14,000poundsofcoal.

Data on this mandatory survey are collected Uraniumis also used in the production of various
under authority of Section 170B of the Atomic radioactiveisotopes for medicalandother applications
Energy Act of 1954as amended (42 U.S.C. 790a) and for scientificresearch.
and the Federal Energy Administration Act of
1974 (15 U.S.C. 2210b). The average concentrationof uraniumin the earth's

crustis approximately2 partsper million. Uraniumis

On October24, 1992, the Congressenacted the Energy more abundantthan such "common" elements as mer-
PolicyActof 1992(EPACT 1992),Public Law 102-486. cury, silver, and gold. Many rocks contain minor
This law providesunderSubtitleB, 42 USC § 2296b-4, quantifies of uranium, and economically important

quantities occur in naturallyformed concentrationsof
Sec. 1015, that: mineralssuch as pitchblende,uraninite,coffinite, and

... the owner or operator of any civilian nuclear camotite.Pitchblende,which contains variousuranium
power reactor shall report to the Secretary (of oxides, is the richesturaniumore mineral.
Energy),acting through the Administrator of the
Energy InformationAdmbzistration,for activities In the United States, most uraniumdeposits occur in
of the previous fiscal year-- sandstonehostrocks. Significant deposits also occur in

mineralizedbrecciain solution-collapsestructuresand

(I) the country of origin and the seller of as veins and fracturefillings in metamorphicand gra-
any uranium or enriched uranium nitic rocks, and, to a lesser extent, in volcanic rocks
purchased or imported into the United which host lower-gradedeposits. Uraniumdeposits in
States either directly or indirectly by such sandstonescommonlyconsistof finely divided uranium
owner or operator; and mineralgrainsthatfill porespaces,and the uraniumcan

replace some primarymineral grains and cementing

(2) the country of origin and the seller of materialsof thehost rock.Othermetalsassociatedwith
any enrichment servicespurchased by such uranium in some deposits are vanadium, copper,
owner or operator, selenium,molybdenum,beryllium, andchromium.

The informationis required tO be made availableto the Explorationforuraniumdepositscan involve searching
Congressannually, fornear-surfacedepositsas well asdepositsatdepthsof

4U.S.GeO.ogical Survey,WarrenI. Pinchand others,"Uranium,"Unitedgt_es Mb_eralResources, Pmfenional Paper820 (Wmhington,DC, 1973), pp. 455-468.
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severalthousandfeet. A principaltechniquein uranium does not requireenrichment.
explorationinvolves the measurementof radioactivityin
holesdrilledto evaluatea prospectivehost rock.System- At the fuel fabrication plant, the enriched UF6 is
atic logging of boreholes with a varietyof geophysical convertedtouraniumdioxide(UO2).Theuraniumdiox-
techniques, including gamma-ray,self-potential, resis- ida is compressedintosolid,cylinder-shapedpelletsthat
tivity,and othersurveys,is a standardpracticein uranium areplacedin hollowrodsmadeof a zirconiumstainless-
exploration.Modernexplorationproceduresalso include steel alloy. These rods are grouped to form fuel-rod
detailed geological mapping, geochemicalsurveys, assemblies, which, in various configurations, are
and analysis of borehole cuttings andcores in the field shipped to nuclear power plants for use as nuclear
andlaboratory.The principalStates in which uranium- reactorfuel.
_g oreshavebeenmined,primarilyfortheiruranium
content,areArizona,Colorado,Nebraska,New Mexico, Estimation of Reserves and Potential
SouthDakota,Texas, Utah,Washington,and Wyoming. Resources
Both openpitand under-groundmining methods can be
used to produce uraniumores from the ground;these This sectiondiscusses the methodologies used to esti-methods are referred to as "conventional" mining. In mate the U.S. uraniumresources. Three classes of
addition,significantamountsof uraniumconcentrateare
producedby "nonconventional"methodssuch as solution resourcesareestimated:Reserves,EstimatedAdditional
mining(in situ leaching),and recoveryas a byproductof Resources (EAR), and Speculative Resources (SR).EAR and SR categories have been updated using
phosphate,copper,and beryllium production, informationprovidedby theU.S. Geological Survey.

At uranium mills, usually located near conventional A diagramshowing a comparison of nomenclatural
mines, uranium is extracted from ores by chemical schemesused by the EIA and predecessoragencies for
leaching to obtainuraniumconcentrate.Theconcentrate reportingestimates of U.S. uraniumresources since
from mills, in situ leach plants (including slurry),and 1974 is providedin FigureB1.
byproductrecovery is shipped to conversionfacilities,
whereit is usedin the productionof uraniumhexafluoride
(uF_). Appraisal of Potential Resources

Uranium hexafluorideis the feed materialfortheuranium The appraisalof the Nation's potential resources of
enrichmentprocess. Currently there are two types of uranium,which comprise the EAR andSR categories,
enrichment processes used commercially: gaseous is based on extensivedatacollectedunderthe uranium
diffusionand centrifuge.Inthe gaseousdiffusionprocess procurementand resourceappraisalprograms of DOE,
used inthe United States,gaseous UFsis passedthrough its predecessor agencies, and the USGS. These data
a series,orcascade, of porousmembranefilters.The UF6 include:analysesof company-suppliedgamma-raylogs
containstheuraniumisotopesU23s(0.7 percent),whichis of drill holes; chemical assays of core samples; data
naturallyfissionable,and U23s(99.3 percent),whichis not from geochemical surveysof groundwaterand stream
naturally fissionable. In the filtering process, UF6 waterand sediment;aerialradiometricsurveys;limited
moleculescontainingthe U23sisotope diffuse throughthe selectivedrillingto fill voidsin subsurfaceinformation;
filters more readily than molecules containing the Uz_s and extensivegeological studies of field areasthroug-
isotope. Repeated several times in series, the diffusion bout the United States.
processeventuallyresultsin two productstreamsof UF6.
Comparedwith the original feed material, one product An estimateof theuraniumendowmentis calculatedfor
streamis relatively enrichedin the isotope U235,and the each geologically favorable setting delineated. The
otheris relatively depletedin U23s. estimateis derivedthroughevaluationand integrationof

datafrom field studies, as well as from mathematical

Inthe enrichmentprocessforcommercialnuclearfuel, the and geological models of known uranium deposits
concentrationof U23sis increased from the naturally (controlareas). The uraniumendowment,for a given
occurring0.7 percentto about3.5 percent.Enrichmentis geographical areaunder study, is an estimate of the
necessaryforuraniumused asfuel in light-waterreactors, quantityof all uranium-_ng materialwith a gradeof
because the amountof fissile U23sin naturaluraniumis at least 0.01 percent U3Ospostulatedto occur in that
too low to sustain a nuclear chain reaction in those setting.Thisestimate is madebeforeany consideration
reactors. Uraniumused as fuel for heavy-waterreactors is given to the economics of explorationand exploi-
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ration.It thereforeincludesundiscoveredresources(FAR development,mining,andmilling.All costs areforward
and SR), as well as associatedadditionalmaterialat or costs:thatis, coststhathavenot beenincurred.The cost
above the 0.01 percentcut-off gradewithinthe areafor factorsareused to calculateaverageandcut-off [Fades
whichthe estimate is made. thatareexpectedto be economicfor the $30-, $50-, and

$100-per-poundU30, categoryin each favorablearea.
In theestimationof potentialresources,economicfactors A grade-tonnagerelationship,usually derived fromthe
for discovering, mining, and milling the undiscovered selected control area, is also needed to calculate
deposits in the favorable areaare determined,and the economic potentialresources.The grade-tonnagerela-
costs are computed consideringinformationabout dep- tionship is used to define a probabilitydistributionfor
posit location, depth, and other parameters.Computer- various grades, which in turn is used to develop a
based models are used to determineoperatingcosts for probabilitystatementabout the quantityof resources
mining,hauling,milling,severanceandad valoremtaxes, likely to meet orexceed the gradecriteria.
royalty,andcapitalcosts forlandacquisition,exploration,

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

8farm|
lima.lime ,.

sadNEMAEAu

"Thisnomenolsturewasedoptedin 1983bytheU.S. DepartmentofEnergyendm patternedafterUleNudellrEnergyAgency/InternationalAtornk:EnergyAgency
81andard.

Thedesellloslfo_shownfortheUnited8tarespflortoand after1963andtheNEMAEAam not stfl¢_/compaml_, becausetheodterlausedIntheIndividuale/stems
arenotIdentical.PrecisecorrelationsarenotIXXlelble,paflk:ulaftyforthelessassuredresources.Nonetheless,basedonthepdnctpal_tte/ionof geologio_sesumnGe

, thlafigurepresents a reaso_e s_ro3dmatk_of uraniumresources_uss_th_n _mbll_.
: Nu_mr Energy#_mo//Interna_nel AtomicEnergy_no/,

Nots:TheNEA/IAEAupamtestheEstimatedAdditionalResources(EAR)intoCategoriesIandIIbasedpdmarUyongeologloalInferer_e.CategoriesI andII ofEAR
Ire notuffilzedforedmatesofresourcesintheUnitedStates.

8ouroe:PreparedbytheEnergyInformationAdmlnistmtion,Officeof Coal,Nuclear,Elect_and AitemateFuels.
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Estimates of Potential UraniumResources, 1065 ities of potentialresourcesacrossthe wide varietyof
Through 1973 geological environmentsinvestigatedduring the

nationwideprogram.Thethreeclassesofresourcesused
Prior to 1974, estimatesof undiscovereduranium duringthe NURI/programwereProbablePotential,
resourcesmadeby theU.S.DepartmentofEnergy(DOE) PossiblePotential,andSpeculativePotentialResources.
wereassignedtoa singleresourceclass,potentialuranium TheNUREprogramwas terminatedin 1983.
resources.The estimateswere made for geologically
favorablesettingsinthe westernUnitedStates,primarily Support from the U.S. osologloalSurvey
in andadjacenttoestablisheduraniumminingdistricts,by
using the principlesof geologicalanalogyto compare Inaccordancewitha Memorandumof Understanding
geologicalcharacteristicsfavorablefortheoccurrenceof (MOU)signedin 1984betweentheEIAandthe U.S.
uraniumdepositsbetweena"favorable"areaandasimilar GeologicalSurvey(USGS)of the U.S. Departmentof
areawithknowndeposits.Themethodologyyieldedpoint theInterior,theUSGSprovidessupportforthe annual
estimatesthatlackedassociatedprobabilitydistributions, assessmentof theNation'suraniumendowmentandits
The estimatesof potentialuraniumresourcesmadefor undiscovereduraniumresources.Throughits ongoing
1965 through1973areshowninTableB1. geologicalprograms,theUSGSconductsstudiesof ura-

niumdistrictsandfavorablegeologicalenvironmentsin
Potential UraniumResources,1974- 1993 selectedlocalitieswhere,becauseof the availability of

new scientific knowledge or industry-developed
FromJanuary1974throughSeptember1983,theAtonflc informationrelatingtouraniumresources,opportunities
EnergyCommission(AEC),the EnergyResearchand exist forupdatingthe Nationaluraniumresourcedata
DevelopmentAdministration(ERDA),and the DOE base,theUraniumResourcesAssessmentDataCURAD)
conductedthe NationalUraniumResourceEvaluation System,firstdevelopedunderthe NL_ program.In
(NURE) programto appraisethe uraniumresources thismanner,the USGSis continuingtheassessmentof
(includinguraniumreserves)in favorablegeological the Nation'suraniumendowmentand undiscovered
settings throughoutthe United States. Estimatesof uraniumresourcesbegun underthe DOE'suranium
potentialresourcesmadeduringtheseyearswerereported resourceappraisalprogram.Themethodologyusedby
forthreeresourceclassesto aidin describingthereliabil-

Table B1. Potential U.S.UraniumResourcesat the Endof theYear,185-1873
.... (MillionPoun,dsU_Os) ...............

, F,__ _ ,,,

Year _8 per pound I _110per pound i _115perpo_Jnd i l_3Qperpqund....

1965 ................ (a) 650 1,050 1,330

1966 ................ (b) (b) (b) (b)
1867 ................ 490 700 1,140 2,000

1968 ................ (b) (b) (b) (b)

1969 ................ 770 1,200 1,920 3,200

1970 ................ 980 1,360 2,0so 3,200

1971 ................ 920 1,300 2,000 3,200

1972 ................ 900 1,400 2,000 3,200

1973 ................ 900 1,400 2,000 3,200
i i i i i ii i i ii iiii lllm,l.l ii |ii,i i

"NotestimatedatthlafOnNardCOSt.
bNoe_matesweremadefortheendofyears1866and1968.
Note:PotentialresourcesatfonNardcostsabove$30perpoundUsOswerenotestimatedpriorto1977.
8oume:U.S.DepartmentofEnergy,GrandJunetlonProjectsOffl_e,b"tat/st/oalDa_lofP" UraniumIndustry(JanuaryI_3).
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the USGS to develop the U.S. uranium endowment esti- for 1993 is shown in Table B2. The distribution of
mates is described in USGS Circular 994 (1987)/ endowment values for all regions are unchanged from

1992 values. These endowment values represent the ag-
In 1989, the EIA's estimate of potential resource,s reported gregate totals across all favorable localities within each
for the Colorado Plateau region incoq)orated for the first region of the estimated uranium at a grade of 0.01 percent
time values for uranium endowment supplied by the U3Os and higher grades. Uranium resource regions are
USGS for deposits associated with the solution-collapse, defined by geologic and physiographic characteristics and
breccia-pipe environment common in the northern the regions are shown in Figure B2.
Arizona area. The USGS endowment estimates were used
in the EIA costmodel,alongwith endowmentestimates Potential Uranium Resources for 1993, EAR and
for other localities to develop estimates of U.S. potential SR
resources.

Annual estimates of U.S. potential uranium resol_rces as

Uranium Endowment by Resource Region EAR and SR arepreparedfrom the uraniumendowment
data. These estimates consist of the portions of the

The distribution of mean values of uranium endowment endowment for over 700 favorable localities that could be
estimates provided by the USGS forU.S. resource regions recoverable at selected forwardcosts of production based

on economic evaluation of anticipated operating and cap-

Table 82. U.S. Uranium Endowment by Resource Region, 1993
, (MillionPoundsU,1,0a)

Emk)wment Associated wilh I Endowment Amloolated with

i

I:b__murceRelllon Eltlmated Additional Resource" I Speculative Resources"

ColoradoPlateau .................................... 3,950 2,430

WyomingBasins .................................... 1,990 450

Coastal Plain ....................................... 910 410

NorthernRoctdes.................................... 680 3,940

Coloradoand Southern Rockies ........................ 320 360

Great Plains ........................................ 310 950

Basin and Range .................................... 1,420 1,080

Central Lowlands .................................... (b) 280

AppalachianHighlands ............................... 120 1,140

Other Regior_ ...................................... 50 120

Total .............................................. 9,750 11,180
. i. i

_Valuesshownarethemeanvaluesf(xthedbtdbultonofestlmsteaforeachfon_rd-ccatcategory,roundedtothenearest10millionpoundsUsO,.
bNouraniumendowmentIntheE_rnatedAdditionalRim)umlmcategoryisestimatedforthisresourceregion.
°lndudeaendowmentmmoclatedwithF..stimatedAddttion_ResourcesforPad_:Coastn_ion andNeskaandendowmentassociatedwithSpeculativeResourcesfor

ColumbiaPlateau,Pao,ioCoast,andSouthernCanad_ ShieldregionsandAleska.
Notes:Estimatesofuraniumthatcouldberecoveredas a byproductof othercommoditiesarenotIncluded.Totalsmaynotequalsumofcomponentsbecauseof

Independentrounding.
Sources:Eslknat_arebaledonuraniumrmourcaedatadevek3ledundertheDOENationalUraniumR_ourceaEvalustion(NURE)programusingmelhodoiowdmcrl0ed

inAnAssessmentReportonUtah/Urn/n_e UPdtcdStllteSofAmerk_(October1980),inU.S.Departmentof EnergyUraniumIndustrySem/nar(OcKd_r1980),andunder
theUSG8UraniumFkmoume_ projectusingthemethodologyde_dbedinUraniumResourcesAssessmentby the_ Survey:.MethodologyandPlan
to UpdatetheNationalResourceBase,U.S.GeologicalSurveyCircular9_4(1987).

sW.I. Finch and R.B. McCammon, "Uranium Resource Assessment by the C,eok_gicalSurvey: Methodology and Plan to Update the National
Resource Base,"U.S. Geological Sur_,ey Circular 944 (Denver, Colorado, 1987), p. 31.
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Figure B2. Uranium Resource Regions of the United States

Source:U.S.Departmentof Energy,AnAssessmentReportonUraniumin theUnitedStatesofAn_rk_ GJO-111(80)(GrandJunction,Colorado,October1980).

italcosts, cutoff grade,minimummininggrade,andother change resultedin overallincreases in the estimates for
factors, the totalEAR andSR cost categorieswith progressively

smaller increaseswith each higher cost category. Esti-
Estimatesof U.S. EAR and SRwere updatedfor 1993 by mates for yearspriorto 1990 would also be affected by
usingrevised economicindex values (currentto Decem- this change;however, the changes in the values are not
her 1993) in the URAD System'scost model, the exten- significantand therefore have not been made.Estimates
sive dataon potential uraniumresources thatwere com- of potentialresourcesin the EAR andSR classesfor 1974
piled during the NURE program,and subsequentdata through1993 areshown in TableB3.
developed by the USGS. Theeconomic indexes arethe
WholesalePriceIndex-IndustrialCommodities(WPI),the For 1993, the m_anvalues for the $30-, $50-, and$100-
Marshall and Swift Mining-Milling Equipment Cost per-poundU3Osforward-costcategoriesof EAR and SR
Index (MSI), and the Chemical EngineeringPlant Cost declined slightlywhen comparedwith the EAR and SR
Index (CEP). For 1990, the URAD System cost model values for 1992. These differences are not apparentin
was updatedto raise the pre-set thresholdvalue for the Table B3, becausethe valuesof EARand SR arerounded
average-gradecutoff to reflect the higherrangeof average to the nearest100 million poundsU3Osin 1992.
gradesencounteredin deposits in thebreccia-pipeenvi-
ronmentin northernArizona.In 1991, the thresholdvalue Diatflbutlon of EAR and SR by Resource Region
forthe averagegradecutoff wasremoved altogether.This
was done in orderto reflect more accuratelythe entire The mean values of EAR and SR are summarizedfor
rangein gradesof theuraniuminventory representedby principal resource regions and forward-costcategories
thegrade-tonnagecurves acrossall controlareas. This
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Table B3. U.S. Potential Uranium Resources by Forward-Cost Category and Resource Class, 1974-
1993
(MillionPounds,,,..U_O=)

Forwl,,,rc_,oetCategory

Ii _10perpound _;15per.Round $30I)erI:oJnd $50_r Ix)und $100perpound

1974 .................... 900 1000 1400 1700 2300 3500 (c) (C) (c) (d)

1975 .................... 900 1100 1300 1900 2100 3700 (c) (c) (c) (d)

1976 .................... 600 400 1200 1400 2,200 3,200 2 700 3,900 (c) (d)

1977 .................... (c) (c) 1100 1300 2,000 3,100 2 800 4,200 (c) (d)

1978 .................... (c) (c) 800 600 2,000 2,000 3 000 3,400 (c) (d)

19790 ................... (c) (c) 800 600 2,000 2,000 3 000 3,400 (c) (d)

1980 .................... (C) (C) 600 300 1,800 1,300 2 900 2,200 4,200 3,400

1981 .................... (C) (C) (¢) (C) 1,2.00 900 2 200 1,800 3,500 2,900

1982 .................... (C) (C) (¢) (¢) 1,300 900 2 300 1,800 3,800 3,000

1983 .................... (C) (C) (C) (C) 1,300 1,000 2 400 2,000 3,800 3,200

1984 .................... (C) (C) (C) (¢) 1,300 1,000 2,300 2,000 3,700 3,200

1985 .................... (C) (C) (C) (C) 1,300 1,000 2,400 1,900 3,800 3,200

1986 .................... (C) (C) (C) (C) 1,300 1,000 2,400 1,900 3,800 3,200

1987 .................... (C) (C) (C) (¢) 1,300 1,000 2 300 2,000 3,700 3,200

1988 .................... (C) (C) (C) (C) 1,300 1,000 2 300 2,000 3,800 3,200

1989 .................... (C) (C) (C) (e) 2,300 1,400 3,400 2,300 5,000 3,500

1990 .................... (c) (C) (c) (e) 2,200 1,300 3,400 2,200 4,900 3,500

1991 .................... (¢) (¢) (c) (e) 2,200 1,400 3,400 2,300 4,900 3,600

1992 .................... (c) (c) (e) {e) 2,200 1,300 3,400 2,300 4,900 3,500

1993 .................... (¢) (¢) (e) (e) 2,200 1,330 3,340 2,250 4,880 3,510
... iii ill i

'_=AR= Estimated_1 Resources
bSR= SpeculativeResoumes
=Note_matedfortheindicatedforwlrd-coacategow.
dNonewestimateswererelasesdfortheendof 1979,sincetheNUREprogramwastopublishestimatesof potentialresourcesbyOctober1980.
SResouroevalueswereestimatedforthe$15perpoundU=O=fon_rd.ccatcategory,butwerenotIncludedinthetable.
Nora: Vlduesilhownire themeanvaluesforthedistributionof estimmeforinchfonNmdC0ltcategory:1974-1982-roundadtothenearest100millionpoundsU=Os;

1993-roundedtothenearest10millionpoundsU=Oo.Estimatesofuraniumthatcouldberecoveredasa byproductofothercommoditiesamnotIncluded.Resource
valuesinforward-co_categorkmarecumulative:thatis,thequantityliteachlevelofforwardcostIncludesall resourcesatthelowercostinthatcategory.

Sources:l174-1N2--U.S. Departmentof Energy,GrandJunctionProject=Office,Stsl/sl/ca/Dataof theUraniumIndustry(January1983).1N3-1988--Estimates
basedonuraniumresoumesdatadevelopedundertheDOENationalUraniumResourceEvaluation(NURE)program,1974-1983,usingmethodologydescribedinAn
_t ReportonUraniumIntheUnited8taresofAmer_ (October19e0)inU.S.Departmentof Energy,UraniumIndustrySeminar(October1980);andunder
U.S.Geoiogi_Survey(USGa)UraniumResource_ Project19m.11W--EiiBt-,Eesbe_KIonuraniumresourc_datadevelopedundertheNUREprogram
andUSGSUranium_rca h.smmmentProjectuling methodologydel_:)ed inUraniumResourceAssessmentbytheGeologicalSurvey:MethodologyandPlan
to UpdatetheNationalResourceBase,U.$. Geological8un_yCircular994(19e7).

in TableB4. Resource regions areshownon FigureB2. Distribution of EAR and SR by Land Status
Declines occurredin 1993 in the $30-per-poundU3Os
EAR values for the ColoradoPlateau and in the SR The distributionby land statusof mean values for $50-
values for the Colorado Plateau, and Other Regions. per-poundEAR and SR atthe end of 1993 is shown in
Declinesalso areshownfor severalregionsatthe higher Table BS. Estimatesfor the quantities of EAR show
forward-costcategories. The declines are a result of minorchanges compared with 1992. The full extent of
assumed higher economic indexes due to escalation of these small changes is not apparentin the values shown
costs in the U.S. economy, on Table BS, because those values are roundedto the

nearest10 millionpoundsof U3Os.
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Table B4. U.S. Potential Uranium Resources by Forward-Cost Category and Resource Region, 1993
(MillionPoundsU_OR)

Forwm'd-Coot Catl_xy

$30pelpound 950pelpound _;100perpound

Resource Region EAR' SRb EAR" SRb EAR" SRb........

ColoradoPlateau .................................. 1,350 480 1,910 780 2,550 1,220

WyomingBasJrm .................................. 160 90 350 160 670 250
CoastalPlaln ..................................... 370 130 490 180 600 230
NorthemRocklu .................................. 30 1I0 60 200 170 300

ColoradoandSouthemRocldes ...................... 140 90 180 140 220 190

BulnandRange.................................. 50 I00 160 170 400 320
Other Reglone° ................................... 110 330 180 620 270 1,000

Totll ............................................ 2,200 1,330 3,340 2,250 4,880 3,510
i

= EstimatedAdditionalResources
_SR=8fleculatlveResources
alr_ludeaApl:ml_hlanHighlands,GreatPlains,PacificCoastandSierraNevada,CentralLowlands,andColumbiaPlateauregionsandAlaska.
Not_.ValuesadlownarethemeanvaluesfortheclisUl)uttonofestimatesforeachforward.costcategory,roundedtothenearest10millionpoundsU308. Estimates

of uraniumthatcouIdberm:overedasabyproductofotherconvn(xNtlasarenotinciuded.Reaourcavsiueain_caWgodeam_mMttve: thatla,thequantity i
liteechleveloffoRmrdoostincludesallresourcesat thelowercostin thatcategory.Totalsmaynotequalsumofcomlx)nentobecauseof independentrounding.

8oumee:Prq_eredbytheEnergyInformdonAdmt_, OfficeofCoal,Nuclear,Electrk:and,alternateFuels,basedonuraniumresourcesdatadevelopedunder
DOENal_na/Unm/umP.amur_Eva/ua_n(NURE)programandtheUSGSUraniumResourceAssessmentproject,uadngmetho(:lolowdescribedinUraniumResource
Aueswnentby b_eGeok)gtcalSurvey:.MethodologyandPlanto UpdatetheNationalResourceBase,U.8.GeologicalSurveyCircular994(1987).

Decreasesin thequantitiesoverthose for 1992 areshown The costs used to categorize uranium resources are
for EAR for Bureau of LandManagementLand,Indian forwardco_ts(operatingandcapitalcosts) in current(year
Lands,andPrivateFee Lands and for SR forPrivateFee of estimate) dollarsthatwould be incurredin producing
Lands. the uranium.The costs indirectlycoverpower and fuel,

labor, materials, royalties, payroll, severance and ad
U.S. Uranium Reserves valoremtaxes,insurance,and applicablegeneraland

administrative costs.Previous expenditures(beforethe

Uraniumreservesarethe estimatedquantitiesof uranium time of the estimate)for such items as propertyacquisi-
that occur in known deposits of such grade, quantity, tion, exploration,minedevelopment,and mill construc-
configuration,and depth that they can be recoveredat or tionareexcluded.Also excludedareincometaxes,profit,
below a specified cost with state-of-the-artmining and and the cost of money. The forward-costcategoriesare
processing technology. Estimatedreservesarebased on independentof the marketprice at which the uranium
direct radiometricand chemical measurementsin drill might be sold. In estimating reserves for developed
holes and other types of samplingof deposits. Mineral properties,land acquisitionand explorationcosts com-
gradesand thickness,spatial relationships,depthsbelow monly are pastexpendituresand thus areexcluded from
the surface,miningand reclamationmethods,distancesto the cost estimates.
milling facilities, and amenability of ores to processing
areconsideredin theevaluation.Theamountsofuranium Procedure for Estimating Reserves, 1964-1983
in orethatcouldbeexploitedwithinspecifiedforward-
cost levels are estimated according to conventional U.S. uraniumreservesfrom1964to 1983 were estimated
engineering practices, using available engineering, by the DOE usingdatavoluntarilyprovidedby uranium
geologic,and economicdata. Uraniumreservesestimated companiesto DOE'sGrandJunctionProjectsOffice. Re-
by the DOE have been adjusted for mining dilutionand serves were estimatedfor each propertyindividuallyand
mill recovery, were basedon availabledatafromsamples, drillholes,

Energy Informstlon AdmlnlstmtloNUrlnlum Imlul_ry Annual 11_1 65



Table B5. Estimated Additional Resources (EAR) and Speculative Resources (SR) in the $50-per-
Pound Forward-Cost Categol y by Land Status at the End of 1993

F.dmWml Addi_nsl Rseourcee Speculative Resources

I iLand 81atus Million Pounds U,O, Percentof Total M!!.UonP..ounds UzO= Total

PublicLands

Bureauof Land Management
and Forest ServiceLands ........................... 960 28.8 480 21.2

Bureau of Reclamation............................... (a) (b) (a) 0.2

WlldamessAreas ................................... 20 0.4 20 0.7

NationalParkService Lands .......................... 110 3.3 10 0.5

WildlifeRefuges .................................... (a) (b) (a) 0.I

DOE-Admlnlstered .................................. 10 0.2 (a) (b)

IndianLands ........................................ 450 13.6 230 10.2

StateLands ........................................ 200 5.g 160 7.2

PrtwlteFee Lands° ................................... 1,530 45.9 1,300 57.7

Other(MlUtaryReservations,Waterways,Reclamation

Projects,ProposedWithdrawals,etc.) .................. 60 1.8 50 2.2

Total .............................................. 3,3,10 150.0 2,250 100.0
i i i ii Hi

'Value isless than5 re,lion poundsU,O,.
bValue is lessthan0.05 percent.
=Includesrailroadlandsand patentedclaims.
Notes:Valu_ shownarethe meanwJu_ for_hedistributionof estimatesof EAR andSR, roundedtothe nearest 10 millionpoundsUsO_. Estimatesof uraniumthat

c,:,uldbe recoveredas a byproductof othercommodittssare notIncluded. Totalsmay not equalsum ofcomponentsbecauseofindependentrounding.
Sources:Prqmred bytheEnergyInfommtlonAdmlnla_tlon,OfficeofC(_, Nuclear,ElectricandNten'mteFuels,basedonuraniumresourcesdata developedunder

DOE Na_oa/Umn/um ResouraeEva/uaUon(NURE)programandthe USG8 UraniumResource_ project,usingmethodologydsacdbedInUranlum Resource
Assessment by the Geologk_l Survey: Methodologyand Plan toUpdate the National Resource Base, U.S. GeologicalSurveyClrcular994 (1987).

and property maps. The amounts of uranium in ore that R = royaltycosts per ton of ore,
couldbe producedfroma propertyat maximumforward Mt = cost of millingper tonof ore,
costs of $15-, $30-, $50-, and$100-per-poundU3Oswere CC = chosencost per poundU3Os,and
estimatedby the generalprocedureoutlinedbelow. This M, = mill recoveryrate(in percent).
procedurewas appliedto the estimates of reservesto be
recoveredby openpit, underground,and in situ leaching 2. The quantityof mineralizedmaterial in the deposit
operations, that metor exceededthe cut-off gradeand thickness

criteriawas estimated,in tons of materialandaver-
1. The cut-off grade was determinedto define the age gradeadjustedforminingrecoveryanddilution.

lowest grade(in percentU3Oe)of materialthatcould
be minedfroma propertyat a given thickness,where 3. All forward operating and capital costs not yet
the total operating cost per pound of recoverable incurredwere appliedto determinethe averagecost
U3Osin such materialwouldbe equal to thechosen formining andprocessingper pound U3Os.
cost ($15-, $30-, $50-, or$100-) per-pound.Thecut-
off gradewas determinedby the following formula: 4. If the averagecostper poundU30s derived in Step 3

was equal to or less than the chosen cost category,
(Mn + H + R + Mt)(lO0) the materialwas assigned to that cost category.

CG=
, The procedures described above applied to reserves

suitableforconventionalmining. The quantities of U3Os
(CC) (M,) (2,000) estimatedto t. recoverablefromin situ leachingopera-

where: tions areinclt. :n reservestotalsbutwere estimatedby
anothermethou, situ leaching above a selected mini-

CG = cut-off grade in percent, mum thickness wele calculated for those propertieson
Mn = cost of miningperton of ore, which insituminingwas in progressor wasplanned. The
H = cost of haulingper ton of ore, minimum grade-thickness was determined for each
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property,andthe reservesweredeterminedby multiplying providedby theminingcompanies. This approachrelies
theestimatedamountof U3Osby a mining recoveryfactor on closercooperation and informationexchange with the

uraniumcompanies.Directuse of companyestimatesand
Procedure for Estimating Reserves for 1984 to 1989 informationare made to the maximumextent possible.

Company reserveestimatesareused directlywherethey
During 1983, the estimationproceduredescribedabove conformto EIA definitionsand criteria. Modificationto
wasended. Estimatesfor the end of 1984 through1989 company estimates are made as needed to put them in
weremadeby adjustingtheestimatesmadefor theend of conformitywith the EIA standardsor use of historical
1983. Forthisperiod,additionsto reserveswere madefor data to develop missing estimates. Where this is not
propertiesnot in the NURE database. Deletions from possible independent deposit reserve estimates using
reserves were made during the period for properties methods similarto the 1964-1983 proceduredescribed
reportedas mined out. Adjustmentswere also made to above aremadeby EIA staff.
accountforproduction,including"erosion"of highercost
reservescausedby the miningof lower cost reserves. The costs considered for each cost level includes all

forward-costestimatesrequiredto develop and produce
Beginning in 1984, the Energy InformationAdminis- the uraniumthat will be recovered in the mining and
tration (EIA), through the Form EIA-858, "Uranium processing of ores. This includes capitaland operating
IndustryAnnual Survey," requestedthat domestic ura- costs incurredfromthe nominaldate of the estimate.
nium industrycompanies report their estimates of eco-
nomic reserves of uranium. Aggregationsof U.S. eco- There arethreemaincomponentsto the new approach;
nomic reserves quantifieswere published in the report
series Uranium Industry Annual beginning in 1985. 1. Gatheringof Information by Questionnaire,Form
Domestic uranium companies also were requested, EIA-858
beginning in 1985, to report estimates of their
subeconomic uraniumreserves. The estimates of eco- Form EIA-858 was revised for 1990 to clearly lay
nomic and subeconomic reserves were derived by the out EIA objectives and criteria to encourage full
uraniumcompaniesbasedon analysesof allpertinentdata reportingof essential reservedata and related infor-
e_xluiredin the explorationanddevelopmentof individual mation. In addition, the Form was simplified and
properties and on cost anticipated for the individual clarified. Some items previouslyrequested,such as
mining operations, company estimates of "economic" and "subeco-

nomic"reserves,were eliminated. The responsesto
Current Procedure for Estimating the Form provide the basic inputfromthe industry
Resel_'es on the status of the propertieswith uranium re-

sources,explorationand developmentactivities, and

Estimatesof reserves asof the end of 1990 through1993 the company estimates of reserves underthe EIA
reflect the phasing in of a new approachto estimation criteriaor underthe criteria being used by the corn-
now employed by the EIA. The previous procedurein panies,togetherwith informationon the criteria and
whichestimateswere madeby modifyingearlierdeposit- proceduresused. Reviewof the informationreceived
by-depositestimates madeby DOE staff, which was in from the Form provides a basis for determining
use since 1984 and is describedabove, hasbeen phased furtheractionby EIA, in conjunctionwith histori-
out. The basicdepositestimatesthatwerebeing modified cal informationheldby the EIAconcerningcompany
arenow thought to be too old to serve as a suitable base estimationprocedures.
for making current reserve estimates. Additional
changes have taken place affecting the status of the 2. Review of Company Procedures
deposits thatcannotbe reflected in a modificationof the
estimates based primarily on adjustment for annual Building on informationprovidedby companies in
production. These include increased knowledge of the the Form EIA-858providesa basis fordetermining
depositsfromrecentexplorationand mining,environmen- whether the company'sestimatesmeet EIA criteria
tal restrictionthatimpact on the abilityof the domestic without modification. If EIA criteriaare not met,
industryto economically produceuranium,the changing followup meetingsare held with company staff. In
status of industry rums, and changes in mining and these meetingsa detaileddiscussionof the company

criteriaand proceduresforreserveestimationis held.processingtechnology.
The new prcr.edaredevelopscurrentestimatesof reserves A clear understandingof company procedurescan
producibleat.selectedCost levels usingbasic information providea basis for modifyingcompany estimates to
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make themconsistentwith EIA criteria. Establish- Compilation of _e estimates for individual uranium
ment of such understandingwith a companycan propertiesgatheredat the various steps results in a
providea simplifiedprocedurefor theEIA to usein national uraniumreserveestimateat variouscostcatego-
handling data received from the company in the ties. Sincea completecycleof reviewof industryproce-
future, dures has not been completed, the currently reported

estimatesdo notcompletelyreflect the resultsof thenew
3. IndependentEIA Estimates procedure.This will takea few moreyearsto complete.

The currentreserveestimatesarebasedon a combination

Where a review of companyproceduresindicatesit of EIA-held historicaldata,company-reporteddata, and
is not feasibleto acceptcompanyestimatesdirectly independentreserveestimates. The 1993 estimatesof
or to modify them to conform to EIA criteria, nationaluraniumreservesarebasedoncurrentknowledge
independent EIA estimates of reserves are made about domestic deposits and on a consistently applied set
using company-provided basic data. In some cases, of estimating criteria. Current and historical estimates of
independent reserve estimation and analysis aredone reserves since 1947 are shown in Table Bt. The trends in
to establish ore deposit parametric relationships that estimated reserves quantities in each forward-cost cate-
provide a means to modify company estimates to gory are shown in Figure B3 for the period 1964-1993.
EIA criteria without complete deposit reevaluation.
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Table B6. U.S. Uranium Reserves, 1947-1993
(MillionPoundsU,,O,,)

. Forward-Cost Category .............

Y._r i _8 per pound [ ,1.§ per pound :rr30per pound I _soper pound ] ,100 per pound .. I

1947....................... 4 (-) (a) (a) (a)
1948 ....................... 4 (a) (a) (a) (a)
1949....................... 4 (a) (a) (a) (o)
I_,O.......................e (e) (a) (a) (a)
19S1 ....................... 12 (a) (a) (a) (a)
I_ ....................... IS (a) (a) (a) (s)
1_ ....................... 3o (a) (a) (a) (a)
I¢94.......................ss (a) (o) (a) (a)
1965 ....................... 135 (a) (s) (a) (s)
1998 ....................... 240 (a) (s) (a) (s)
ires7......................._ (s) (a) (a) (a)
I_ ....................... _w (a) (a) (a) (a)
1959 ....................... 394 (a) (a) (a) (a)
lamO....................... 374 (a) (.) (a) (a)
1981 ....................... 348 (a) (a) (a) (a)
1_m......................._ (o) (a) (e) (n)
1983 ....................... 320 (a) (a) (a) (a)
l_m ....................... 3o_ (a) (.) (a) (o)
1968 ....................... 290 (a) (a) (a) (a)
198e....................... 2_ (a) (a) (a) (a)
I_ ......................._ 498 (a) (a) (a)
1_ma....................... _ _ (a) (a) (a)
i_ ....................... 4o8 (_w (s) (a) (a)
1970 ....................... 492 782 (a) (a) (,,,)
1971 ....................... 546 1,040 (a) (a) (a)
1972 ....................... 546 1,040 (a) (a) (s)
1973....................... 554 1,040 1,268 (a) ',a)
1974 ....................... 400 840 1,200 (s) (a)

1975 ....................... (b) N0 1,280 (a) (a)
1976 ....................... (b) 860 1,360 1,680 (a)
1977 ....................... (b) 820 1,380 1,780 (a)
1978 ....................... (b) 740 1,380 1,840 (a)
1979 ....................... (b) 580 1,290 1,e72 2,244
1980 ....................... (b) 450 940 1,574 2,068
1981 ....................... (b) 224 410 1,188 1,788
1982 ....................... (b) (b) 360 1,152 1,778
1983 ....................... (b) (b) 360 1,140 1,770
1984 ....................... (b) (b) °359 =1,106 1,7t9
1985 ....................... (b) (b) 0345 Ol,072 1,675
1966 ....................... (b) (b) °322 ©1,036 1,630
1987 ....................... (b) (b) =304 =1,005 1,592
1988 ....................... (b) (b) °289 =981 1,560
1969 ....................... (b) (i)) °277 =962 1,537
1990 ....................... (b) (b) ©265 °926 1,511
1991 ....................... (b) (b) =304 =975 1,542
1992 ....................... (b) (b) o295 ©959 =1,523
1993 ..........,,,,...._....... (b) (b) 0292 =952 =I,G11

estlmatedfor the indicatedfon_rd-cost category.
bFor1974, separstaevaluationswere madeof the amountsof resenlesthat couldbe exploitedat the maximumforward-costsof $8, $15, and $30 per pound U:O..

FonNan:l-costms=ryeswere notesllmatadforthe $8 perpound¢atagorYin 1978,IsrgelYbecauseshaq)increaseinproductioncostsand marketpdcu inme 1972-1975
periodfocusedatl_ion onthe =con=ink:avsJlsb_ of reseNesat higherforward-costoltegodes. AfterJanuary1, 1975. the$8 per poundforward-costcategorywas
noIongw_ fordomestiorese,'4m. P,apld_dslng_ costsdudng1980-19e2 resultedingrea_ reducedamountsofforward-costreservesin the $15 per
poundcategolyin eachofthose yeanl. The quan_y estinmtadfor19el was insignificant,and thiscatagory of forward-costreserveswas not reportedafterJanuary 1,
1982. Reaslves values in forwa_ catagodesare cumukmtive;that is, thequantityat each levelof forwardcost includesall reservesat the lowercosts.

_Uranlumresenmsthat couldbe recoveredas a byproduotof pho_hsta and coppermlnlngare not Includedin these reserves.
Soumes: 11MT.198,1--4J.8.Depamnentof Energy, GrandJunctionProjectsOffice, 8tatlstlcalData of the Uranium Industry (January 1978). 19_I-1982--U.S.

Departmentof Energy,GrandJunotlonProJeotsOffkm,S1atk_tkJDam of the UraniumIndustry(January1983). 1983-1_matsd bythe EnergyInformation
Admlnistmtlon,Oflkm of Coal, Nuclear, Electdonnd Altamlta Fuels,basedon U.8. Departmentof Energy,Grand JunctionProjectsOffice data files and Energy
InforrnltlonAdmlnlstratlon,FormEIA-898, "UraniumIndustryAnnualSurvey"(1984-1998).
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Rgure B3. U.S. Reserves by Cumulatlve Forward-Cost Categorlee, 1964-1993
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_,eaervea Inthe $8 per poundforward-costcategorywere not reportedafterJanuary I, 1975.
_lisearves inthe$15 per poundforward-costcategory were not reportedafterJanuary1, 1981.
Notes: Reservesestimatedat the end of theyear. Estimatesof uraniumthat couldbe recoveredas a byproductof othercommodi_eaare not Included. Forint.colt

catagodeaof reaorv_ am curnulalhrewilhineach year, ttmtis, the quant,y at each levelof forwardcostIncludesall resourcesat thelowercost levels.
Sources:1984-1geg--U.8.DeNrtment of Energy,Grand JunctionProjectsOffice,StatisticalDataof the UraniumIndustry(January 1983). 19_l-lN3-.Eetimated by the

F.nefgyInformalkmAdmntstmtlen,Of_:e of Ccal,Nuclear,ElectricandAlternateFuels,basedon U.S. Departmentof Energy,Grand JunctionProjectsOfficedata filesand
EnergyInformationAclmini_mtlen,FormEIA-868, "UraniumIndustryAnnualSurvey' (1984-1993).
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AppendixC

Respondents to
the Uranium
Industry Annual
Survey
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Thlssolu_onIsthentreatedtopreclpltateItsdluolveduranlum.TheprecipitateIsreeoveredIn
tlJefilterpre_andisthendriedandpreparedforshlpmentasyellowcake.



Respondentsto theEnergyInformationAdministration's cluded in the listingare respondentsthat statedthat no
(EIA) 1993FormEIA-858, "UraniumIndustryAnnual partof the FormEIA-858wasapplicabletO their opera-
Survey,"arelistedalphabeticallyin TableC1. Foreach tions as of theend of thesurveyyear.
respondent, an industry-activitycode (or codes) is
shown. The activity code (codes) broadlydescribesthe An explanationfor the activitycodes is providedin the
respondent'smajorindustryactivityfromtheFormEIA- notes at the endof TableC1.
858 andfrom publiclyavailable information. Not in-

. Table 01. Respondents t0 t he 1993 Uranium Industry Annual Survey

Company Name IndustryActivityCodea CompanyName IndustryActivityCodea

AlabamaPowerCo. (Southern UTL CotterCorporation UPH,MI_
Nuclear)

AlbuquerqueUraniumCorporation UPH,BRO Cycle ResourcesInvestmentCorp. BRO

Allled-Signal,Inc. (ConverDyn) CON CyprusMinesCorporation UPH

AmeflcanElectricPower Svc. Corp. UTL DaveBlake MiningCompany UPH

AmericanNuclearCorporation UPH Dawn MiningCompany UPH,MLG

AndrewsMiningCompany UPH De_t of Energy,Office of Ura-
niumPrograms ENR

ArizonaPublic Service Company UTL DetroitEdison UTL

AtlasCorporation UPH DukePowerCompany UTL

B & WFuelCompany FAB DuquesneLightCompany

B. B. BrooksCompany UPH EnergyFuelsCorporation UPH,TRA

BaltimoreGas and Electric UTL EnserchExploration,Inc. UPH

BGS MiningCompany UPH EntergyOperations,Inc. UTL

BostonEdison Company UTL EverestExploration,Inc. UPH, MLG,TRA

Cameco U.S. Inc. UPH FerretExplorationCompanyof NE UPH, MIX]

CargillFertilizer UPH FerretF_plorationCompany,Inc UPH

C_olll_ Power& Light UTL FloridaPOWIM'CoI1_Ott

Ceal_rio¢EnergyCoqmmflon U'rL FloridaPowerendLight UTL

Cobb ResourcesCoqx>ration UPH GeneralElectricCompany FAB

Cogema, Inc. BRO Geomex Minerals,Inc. UPH

Cogema MiningInc. (TotalMinerals) UPH,MLG GeorgiaPowerCo.(SouthernNuclear) UTL

CombustionEngineering,Inc. FAB GPUNuclearCorporation UTL

Comm_wealth Edison UTL Gravesand HudspethCompany UPH

C.mmoHdatedEdison Co. of NY, Inc. UTL GreenMountainMiningVenture UPH, MLG

Comumen PowerCompany UTL GulfStatesUtilitiesCompany UTL
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Table C1. Respondents to the !993 Uranium Induetry Annual 8u_e¥ (Continued) .....

I
CompanyName ............. IndustryActivityCode' CompanyName i IndustryActivity Codea

H_ MiningCompany UPH PECOEnerlD,Company UTL

HoustonLtghltng& Power Co. UTL PennsylvaniaPower & Ught U'rL
comply

IES Utilities, Inc. UTL Pmmomics Company(C/OTexaco)" UPH

lllinois PowerCompany UTL PlatmmRumucm Limited UPH, MLG

IMCFenilim, Inc. MLG portlandGenml _ Company trlL

Cccpomion UPH PowerResources,Inc. UPH, MLG

M_IaeYankeeAtomicPower Co. UTL PublicServiceElectric& Gas UTL

Malslm/ResourcesCompany UPH,MLG RajahVentures,Limited UPH

MatquezDevelopmentC..mpm_on UPH Ralph Foster& Sons UPH

Melvin StMts Company UPH RhonePonienc, Inc. MLG

MesaL/m/ted_p UPH RioAIgomMiningCorp. UPH, MLG

Mining Unlimi_l, Inc. UPH RioOrandeResour_ Crop. UPH

NebraskaPublic PowerDimtct UTL RiversidePublicUtilityDeFt UTL

New YorkPower Authority UTL _ PartnersL.P. UPH

New YorkNuclearCorp./NYNCO BRO RochesterGas & I_ctric Corp. UTL
Trading

NiNpn MohawkPowerCorporation UTL Sactmne_o Municil_l UtilityDist. UTL

NonmdaExploration.Inc. UPH San Diego Gas andElectric UTL

NorthAtlanticEaergy Service Corp. UTL SanRafmlEnergy, Inc. UPH

NortheastUtilities Service Co. UTL Section 2JointVenture UPH

NorthernStatesPowerCompany UTL Sheep MountainPartners UPH

Nose Rock, Inc. UPH SiemensNuclearPowerCoi0oration FAB

NuclearFuelServices, Inc. UPH SimonsAssociates UPH

NuexcoTradingCorporation TRA,BRO SouthCarolinaElectric& Gas UTL

Nukem, Inc. - TRA, BRO Southern C_lifomiaEdisonCompany UTL

OhioEdisonCo. and Pennsylvania UTL SouthernCross Services,Inc. BRO
PowerCo.

OmahaPublic PowerDistrict UTL Tam/rice,Inc. UPH

PacificGas andElectricCompany UTL Tennessee ValleyAuthority UTL

PACIFICORP UPH Texas Utilities ElectricCompany UTL

l_uhflnderMines Corp.(C/O UPH UGU.S.A., Inc. UPH, TRA
Cogema)
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Table C1. Respondents to th9,,1993Uranlumlndustry Annual SU_ey (Continued) ..................

.......CompanyName ........... ] Industry,Activity C_°d¢' CompanyName ] IndustryActivity Code'
Ume¢o Minerab Company UPH, MLG VermontYankeeNuclearPowerCorp. UTL

UnionElectricCompany UTL VirginiaElectricandPowerco. UTL

Un/tod NuclearCorporadon UPH WashingtonPublicPowerSupply UTL
System

UnitedSlatesEaddunent Corpmation BNR Wutern Nuclear,Inc. UPH

UnmerzUSA, Inc. UPH,BRO WestinghouseElectricCorporation FAB

UnmiumExchanaeCompany TRA,BRO WisconsinElectricPowerCompany UTL

UrmiumKing Coq3ot_on UPH WisconsinPublic ServiceCorp. UTL

UnmiumRe_un:a lnco_ UPH,MLG, TRA WoldNuclearCompany UPH

USX Corp(ndon UPH Wolf CreekNuclearOperatingCorp. UTL
Illl lil III II, -- m __ I I I I I I I

'BRO = UraniumbrokerNNcompuy;CON = Uraniumconversionlervicesupplier;ENR= Uraniumenrichmentservicesupplier;FAB = Uraniumfuelfabflcation
letvice supplier,MLG = UnmiummUlinll/procesdngo0mpany(caninvolveownershipof auraniumproperty);TRA = Uraniumtradingcompany;UPHffiUranium
Wolmrtyholder(can includeactivitiesrelal_dtouraniumexploration,reserves,and/ormining);UTL ffiNuclearelectricutilitycompany.

Somce:Preparedby theBnerByInfonaationAdminimr_on,Officeof Coal,Nuclear,BlectrtcandAlternateFuels,bard oninformationreportedon theFormBIA-858
"Ursdum Indum_ AnnualSurvey"(1993).
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Appendlx D

Form EIA-858:
Uranium Industry
Annual Survey
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PennEIA.:S8(12-92)

EaeqLy Infommt/on Administration FormApproved
U.S. Department of Energy O.M.BNo. 1905-0160EzpblionDate:12/31/94

Instructions for

Uranium Industry Annual Survey
Form EIA-8$8

Survey Yelr 1993
i

For assistance oo|eernin8 the Form EIA4S8,[contact the Survey Manuaer on (202) 254.5HS.

I. Purpose V. When to Respond

The Form EIA-858, "UraniumIndustryAnnual Survey",is used Schedules A end B of the Fore EIA-858 must be filed with the
to collect data about the U.S. uranium industry. The data are EtA by l_ch 1, 1994.
collectedunderauthorityof theFederaiEnersyAdminis4n_en
Act of 1974 (15 U.S.C. 2210b) and Sectiou 1015 of the Energy VI. How aud Where to Respond

POlicyAct of 1992 (Public Law 102-486). Schedules A and B of Form EIA-8$8 can be submittedby mail,
The data are used in these Energy InfomutienAdminislration either in hard copy or micro-computer diskette versions (see
(EIA)publications:Uranium IndustryAnnual,Annua!_er#y belOW),orby facsimiletnmsmission.

Review,and the Uranium PurchasesReport. Mm_: Hard copy and micro-computerdiskette versions
!1. Form'EIA-8S8 Format should be mailed to: (A pfe_ envelope is lxovided)

The two Schedules of Form EIA-858 collect industrydata about Enetlly Information Adminislratiou
these topics: Mail Station: BG-094 Fonesud

Tmie U.S. Depmnent of Energy

A Uranium Raw Matedais Activities Wsshlngwn, D.C. 20277-7091

B Uranium MsrketingActivities Fm_rimile(FAX): R_ts who do not usethediske_
version and who want to submit Form EIA.8,58 by FAX

Schedules A and B, which are includedin this package,are should call to inform the Survey Manaaer (see number
mailed to respmdents in late December of the Survey Year. above) of the incoming transmission. The FAX Iransm_iun

number at the Technical Assistance Center fYAC), Energy
IlL Who Must Respond Information Administration., 1707 H Street, WmhingWn,

The Form EIA-858 must be completed by firms and individuals D.C, is shown below. The TAC is staffed Monday through
that were involved in the U.S. uranium industry(that is, within Friday f:om 6:30 am. until 6:00 p.m. each day.
the 50 States, District of Columbia, Puma Rico, the Virain
Ishmds, Gu8_, 81KIother U.S. IXJSaessiens)during 1992. Transmission VerJflcotJon
Specific Crimia that define conditions for responding to 811or (202) 254-5765 (202) 254-5565
portions of Schedules A and B are, provided below under
General lnsueedons. (202) 254-6233 (202) 2.54-5568

iV. Saset/ons To minutesuccessful data umumission by FAX, reslxmdents
should verify receipt of complete and legible data pages at the

'rbe timely submiuiun of I_A-858 by those requiredto reportIs EIA's Technical Assistance Center by calling a v_cadon
mmdatm3, under sectkm 13('o) of the Federal Energy nmnl_r MmwnM_oveupen complet/oa of data umsmiuiun. The
Administratien Act of 1974 (FEAA) (Public Law 93-275), as nmte of the person who verifies receipt of the mmsmissioa
mended. Failure to respondmy result in a civil penaltyofnot should be noted.
mine than 52,500 for each violatina, of a fine of not more th4m

$5,000 for each willful violatl_. The government may bring a 7tkm.Computer Form EIA.8$8: If you wish to receive the
,civil action to prohibit reporting violations which my result in micro-computerversion of Form EIA-858, contact the Survey
a temporary restraining order _ a preliminary or permanent
injunedou without bond. In such civil action, thecourt my also Manager. This version opmates on an IBM PC, PC/XT, PC/386,
issue mandatory injunctions ccemumding any person to comply or compatible computer with either:.(1) a floppy-disk drive (5
with these repot'ringrequirements. 1/4 inch) pins a hard disk drive or (2) two floppy-disk drives.

It requiresa minimum system memory of 512 kilo-bytes and the
Disk OperatingSystem (DOS), Version 2.0 or above.
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PortoEIA-8S8(12.92)

OVERVIEW AND CRITERIA FOR
SCHEDULES A AND B

Overview the operationof uraniummines,mills, or processingplants;or
are theoperatmsof uranium.industryjoint ventmes.

Your finn's name and sddreu me preprintedon Form EIA-858.
Selecteddataalsoarepfel_nte(kwhereapplicable,onSchedule Criteria for Schedule A
A for uranium properties,mills, andplantsandon ScheduleB
for contracts and uranium inventories. The prewinted Firms that during 1993:
information,re_ on yore' finn'sF,mm EIA-8$8forthe
previous Survey Year, ts duplicated here to aid in completing the A. Were controllm or _ ideotifl_l in _ records as
currentForm EIA-858. Review all ixepdnted information, and most recent controllers of unmium-reserves _es and
update, change, or correct it Its necessaryto repoll current uraldummines,mills, or plantsin the UnitedSlates,including,
Survey Year information, but not limited to, those named on pages 3 and $ of Form EIA.

858;
A set of blank pages is provided forreportingdata on other (not
preprinted)uranium.reserveslxopenJes,mtlls`plants`andmarket B. Were involved as contmilers of uranium exploration and
commitments that your firmacquiredduringthe Survey Year. development ventures in the United States: U.S. firms that

conducted in foreign countries uranium exploration and
On page 1, complete the section "Applicabilityof Schedules A development activities that were funded by U.S. operations;
and B"by stating (in column b or c) whether Schedule A (Pans
I through IV) and Schedule B apply to your firm for Survey C. Incurredexpenditures for uranium exploration in the Survey
Year 1993. If Parts !I 8nd I!1 apply, enter in column d the Year or plan such expenditures during the following year;,
total number of reserves properties, mill, and plants you are
reporting. If Schedule B applies, enter the total number of D. Held uraniumreserves in specific properties by rightof title"
_ontracts you are repolling, contract, lease,,or concession and that were dimcOyresponsible

for the development 8ridexploitation of those reserves;
Within a Part that is applicable to yourfirm, an Item that is not
applicable should be marked 8s "NA." If zero or none is the E. Were controllers of uranium mining _es` including
answer to an Item, please enter a "0"or "none"for that Item,not firms that were controllers of mines under joint-ownership
the symbol "HA". agreements or by contract agreements; firms that were

contmllen ofinsit. uraniumrecovery facilities;or
On page 1, give the names and phone humbert of contact
persons for the data reportedon Schedules A and B, if different F. Were conerollersof commercial extraction of uranium from
from the person who signed the certification statement, ore (or leach solution) or as a byproduct of the processing of a

differentcommodity.
If SchedulesA andB are separatedfor completionby different
personsin yourfirm, pleaseprovidea copyof the instructions Criteria for ScheduleB
with eachSchedule.

Finns that during 1993:
If more space is needed to report informationfor any Item, use
the COMMENTSspacosprovidedattheendofeachSchedule. G. Held existing conmu:ts covering the Sale, Purchase,
Please key each comment of note to its Item number. Exchange, Loan, or Losn Repayment of uranium or entered into

similar new contracts; was the importer and/or exporter of
A Glossary is provided at the end of the instructions, uraniummaterials in conjunction with such contracts;

H. He!d _Imium materials and/or offered the service of storing
Criteria for Respondlnl to Form EIA-8S8 such materials at any site in the United States under a holding

agm_ent when the ownershipof those materials remain with a
In the Criteriabelow, controllers arefirms or individuals that,by foreign entity;
virtueof title, contract, lease, or concession, own propertieswith
uranium reserves or are responsible for the exploration and I. Offered the service ofendching uraniummaterials in anyform
development of uranium reserves and the extraction of uranium in the isotope =sU;
as a primaryproduct or byproduct;own or are responsible for

ii F.nmMInhmmdonAdmlnblmlbn
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Pro. mA4._ O2-92)

J. Wm tlw actual entity _ impom_ and/or exporug uranium L. HeAdinvenuxim of uranium in any form excluding re,ac_x
mmntals in conJuncUonwith pcovtding the services of uranium inmrU_ fa_icau_d fuel; maintained a forward-coverage.
emidmem, conversion, fuel fabrication, and/o¢mm_o_, ummium-invenu_ policy (utilities only).

of who owned U_e uranium materials tim were
shipped; M. (U_illtlm only) _ unmium enrichm_t services

during1993 I_m either the U.$. Enrichment Cccpc_tton, from
K. Made actmd deliveries of unmium feed materials to any a foreign emtchme_t supplier, or from both.
mrichmem m]pplie_,

Bneqly Infomatlon AdmlnlstrtnionA_snlumImluetWAnnualll_ 81



FormEIA-SS8(12-92)

INSTRUCTIONS FOR COMPLETING

SCHEDULE A, URANIUM RAW MATERIALS ACTIVITIES

General Outline Item 5. Foreign Contributions to Exploration Expenditures

The tbur Pans of Schedule A cover:. Report the percentages of your total exploration expendinnm
(sum of Items 2 + 3 + 4) contributed by fo_ip.contmlled

Part Tnnte . cmnpantes in 1993 (Survey Year) and planned for 1994
- (Following Year). Foreign controlled means majority-ownedby

I Exploration and Development non-U.S, entities.
II Reserves and Mine Production by
HI Milling _ Ploceuing Item 5. Expenditures for Uranium Exploration in Foreiln
IV Employment (inciudJnl contractor support) Countries

Report total exploration expenditures by coontry for 1993
Data reported should be current to December 31, 1993. (Survey Year) and amount planned for 1994 (Following Year).

Part l. Exploration sad Development General Procedure for Respondlns to Parts ii, Ill and IV

Item 1. Joint Venture Arranlements In a case ofjointiy-own_ land, mine, mill, plant,or other entity
for which data an: requested underone or more items of Form

The controlling panner in a joint venture should reixxt on the ,_A-858, the operating (or controlling) partner must report the
full _ of activities conducted underthe venture. To prevent total data for that entity. That is, the data relative to each
duplfi:atereporting, the other venture partnersshoeidnot report owner's participation in activities gemmne to an Item must be
data _or those same activities, included in your response given on Form EIA-858.

Item 2. Exploration Land Status and Cost for the Survey
Year Pai't !1. Reserves andMine Production by Property

Enterinthetabletheamountof landacquiredin 1993for UnderPartII,thefollowingdataarerequestedforeach
uranium exploration. Examples of land that should be repm',_ with uranium ruterves controlled by your finn during 1993:
included: mineral fee, patenml and unpa_.'ntedmining claims, quantity of uranium reserves and related costs, reserve-
and options to purchase mineral fee land. Exclude land held for estimation paramems, and conventional and nonconventional
uranium production, and land held in foreign countries, mine statusand related mine production.

If, during 1993, your firm controlled other (not preprinted)
Item 3. Exploration and Development Drillin8 by State and uranium-r_-.rv_ propertiesalso complete Items7 through12forTotal Cost

each such pmpe_. A blank set of Items 7 through 12 (pages
3 and 4) is provided. Append additional pages at the end of Part

Enterby state the number of drin holes and footagec_mpleted 11.
during 1993 for exploration finclude asse_ment drilltn_ and

development. Do not include drilli_-done-in foreign counuries. Item 7. Property Information
Definitions of drilling categorte'sare provided in the Glossary.

Property Name mud Location: _tter prepay name slid
For projected drilling in.the following year, enter on the line location information as requested. Give longitude and latitude
provided the numbers of drill holes and footage planned for to the nearest degree and minute.
exploration and development.

Ownership: Self explanatory.
Item 4. Other Exploration and Development Expenditures

Controllership: If your firm no longer controls this prOl_ny,
Report all other expenditures directly a,tsocheed with your give name, address, and phone number of the patty to which it
company's domestic exploration and development effmt, was transferred. If the property reverted to a Slate or Federal
Include expenditures for asw.xqment work mher than drimno, agency during the Survey Year,provide the name andaddress of
geological research;geochemical, and geophysical surveys;costs the agency.
incurredby field personnel in the course of exploration work;
andoverhead and administrativecha_es directlyassocis_ with Stotus: Cbe_ only one box. If a mine was t_pmaflly closed
supervising and supporting field and explorationactivities. Do or permanently closed, you must provide the date (Iv_.
not include expenditures for Isnd acquisitions and drilling Temporarily closed includes long-term closure, but is short of
programs reported under Items 2 and 3 above or for internal permanent closure.

corporate charges, such as directon' salaries, not directly Studies: Check all boxes that apply.associated with the company's exploration effmt.

iv Em,qlyInbmullo. Adminbntm [_
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FormEIA.858(12-92)

Item 8. Property Uranium Reserves Estimates Part IlL Uranium Milling and Processing

For each reserves property, enter in the tableyour estimates of Under Part Ill, data are requested on the status of mills and
uraniumreserves for the forward cost categories of $15, $30, plants, their operations, and production of uranium concentrate
$50, and $100 by the mining method used to calculate the for 1993.
reserves. Report the reserves anticipated to be recoverable
considering ore recovery and dilution. If reserves estimates are If your firm controlled other (not preprinted) uranium milling
not available for the forward cost categories shown, enter in the and processing facilities during 1993, also complete Items 13
far rightcolumns the cost category (or categories) yon chose for through 16 for each such facility. A set of blank Items 13
estimating reserves and the quantityof reservesestimatedat that through16 (page 5) is provided. Append additional pages at the
COStby mining method, end of PartHI.

Give the date (month/year) the repm'_ estimates of reserves Item 13. Mill or Plant Information
were made.

Name and Location: Enter mill or plant name and location

Item 9. Operating Costs Used In Estimating Reserves informationas requested. Provide longitude and latitude to the
nearest degree and minute.

Enter in the table the costs used in estimating reserves for this
property. Definitions of cost termsare providedin theGlossary. Ownersh Jp"Self explanatory.
If the costs for your reserves estimates are defined differently,
enter your costs and state how they are defined (that is, what Controllership: lfyonrfinn no longer controls this facility, give
each cost includes) under Comments for Schedule A on page the name, address, and phone number of the party to which it
6. Foropenpit and undergroundmining, providecosts perton of was transferred. Mark one box to indicate the nature of the
ore mined. For in situ leaching or other leaching, provide the arrangement between your firm and the party to which the
average cost per pound of U30, recovered. Reportall costs in facility was transferred.

current1993 dollars. Item 14. Rated Capacity

Item 10. Total Capital Costs by Minima Method Rated capacity is synonymous with nominal capacity and

Enter in the table total capital costs (which includes nameplate capacity.

develonmenc construction, and eouinment exnenditures_for the Item 1S. Operating Status During Survey Year
chosen mining method for a miI_ or ISL field and for a mill or

plant associated with this property. Reportall costs in current If the facility was not operated duringthe Survey Year, the date
1993 dollars, of the facility closing must be entered.

Item 11. Drilling and Reserves Estimation Parameters Note: The EIA might publish your firm's responses for the
RatedCapacityandtheStatusatEnd ofSurveyYearforeach

Givetotalnumberofholesdrilled,includingbarrenholes,inthe millandplantinselecteddatareports.Refertothesection
reserves outline on this prolx_y during 1993 and total holes "ProvisionsRegarding Confidentiality of Information" on page
drilled prior to 1993. x.

Enter in the table, by applicable mining method (openpit, Item 16. Uranium Concentrate Production
underground,or in situ leach), the parametersused in calculating
the reported estimates of reserves for this property. Conventional Mills and Nonconventional Plants: Enter

requested data on uranium concentrate production for each
Item lI. Mine Production and Shipments of Ore or Pregnant facility. Please include all concentrate produced from
Solutions cleanup/reclamation operations. Mark all boxes necessary to

indicate sources of "OtherMill Feed" and "Total Plant Feed'"

Report quantities of ore and poundsmined to thenearest ton of
ore and pound of U30, and V=Os.

Part IV. Employment
Uranium and Vanadium Mined: Enter in the table the
quantities of uranium and vanadiummined during1993 foreach Item 17. Employment by State
applicable mining method. For in situleaching, state the grade
of ore. If quantities are reported for "Other"mining method, Enter the number of person-years (see Glossary) by state
specify the method in the space provided, expended by your firm during 1993 in uranium exploration,

mining, milling, processing, lectmminn (m include staff and
Shipment of Ore or Prqnant Solutions: Enter in the table the contract nersonnel_, and person-years for assessment work.
quantities of ore or pregnant solutions shipped to mills, plants, Include person-years expended for standby and maintenance
or to other sites during1993.Statethename of each mill, plant, operatlons,site-security personneland forcontracted manpower
or other site to which the shipments were made. paid for by your firm during the year. See "Person Year" in

the Glossary.

EnergyInlommlionAdmJnbtmtkm v
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FormEIA-SSS(12.92)

INSTRUCTIONS FOR COMPLETING

SCHEDULE B, URANIUM MARKET ACTIVITIES

General Outline You may append copies of contract pages or quoted contract
informationafter each Item 1, Contract, to reportinformation

The six Items of Schedule B cover, that cannot be entered onto the form or to include additional

Item Topic information that will assist EIA in utilizing the contract data

I Contract (MarketCommiunen0 providedunder Item I.
2 Uranium Inventories A. Name of Other Party
3 Utility Uranium Inventory Policy
4 Actual Enrichment Feed Deliveries Self explanatory.
5 Projected Enrichment Feed Deliveries and

Unfilled MarketRequirements. B. Date Contract Signed
6 Uranium used in Fuel Assemblies
7 Enrichment Services Purchased by Utilities Give the date a contract was originally signed. If applicable

give the latest date it was renegotiated 9ridindicate whetherthis
Item 1. Contract (Market Commitment) was _nri¢_related.

Item I covers Sale, Purchase, F,xchanae, Loan°Loan Repayment C. Types of Transactions
and/or Other contractsand Custody contractsactive during 1993.
Exchanges include physical-origin and ownership exchanges. Transfer of Title: Indicate whether a contract is a Sale,
Instructionsfor each contracttype (transaction)are given below. Purchase, Exchange, Loan, Loan Repayment, or Other by
Report each contract that was active at the end of 1993 or that markingthe appropriateboxes. If Other, specify. If more than
was performed (completed) during 1993. one iransactiontype is involved, mark the firstwith thenumber

1. the second with the number 2 and .u3on.
EIA must be able to account for all transfers of title to uranium
materials during the Survey Year. Any transaction that involved For a Loan and Loan Repayment, indicate whether your firm
the transfer of title, i.e., a Sale, Purchase, Exchange, Loan, Loan was the Lender or the Borrower. A Purchase or Sale of SWU
Repayment, orOther mechanism shouldbe reported. A separate by, in effect, transferringtitle of enriched uranium for nstura]
Item 1 must be completed to report the information requested uranium (or vice versa) should be reported as an Exchange.
underItems 1.Athrough I.M for each quantity of uranium (Item Please indicate if this transaction involves an intracompany
l.J) involved in a transferof title during 1993. transferof material.

Under certain conditions, a Sale or Purchaseof separative work Custody: If this transactioninvolves taking custody to uranium
units (SWU) in the secondarymarketconstitutes such a transfer, materials under a storage or holding agreement, mark this box.
A Sale or Purchase of SWU that, in fact, involves the transferof If other, specify.

a title to enriched uranium fora title to naturaluranium,or vice- Note that the question relating to intracompany transfer of
versa, should be reported as an Exchange. A sale or purchaseof materials in orderto meet a contractual obligation being reported
SWU throughassignment of an enrichmentcontractshould not applies both to transfer of title and to custody transactions.
be reported OnForm EIA-858. Please answer Yes or No, as appropriate.

Uranium materials of foreign ownership that were physically D. Type of Material Covered Under this Contract
located during Survey Year at any of your company's sites
should be reported underthe Item 1.C.2 Custody Transactions. Mark theappropriatebox (or boxes) to indicate the material type
An example could be uranium materials entering the United (or types)sent or received under this contract. If more than one
States undera contributionof capital arrangement(butthat does type of material is marked, explain under Comments.
not result in a transfer of title to the custody company). For E. Origin and Destination
materials that fall under this category, a separateItem I must be
completed to report the information requestedunder 1.A through State the countryof uranium mining, of conversion service, and
I.F and 13 foreach custody transactionduringthe Survey Year. of enrichment service corresponding to the type of material

Data on active contracts reportedon your firm'sForm EIA-858 marked under D. The term Actual refers to material delivered
for the prior Survey Yearmight be preprintedunderItem 1. If, duringtheSurvey Year, the term Future refers to material to be
during 1993, your firm held or enteredinto other contracts (that delivered duringa fu(ure year. If the Future material can have
is, those not preprinted), a separateItem I must be completed to more than one origin and destination, state the material types,

countries,quantities, and prices applicable underComments. If
report each such contract. A blank Item 1 (pa_e 7) is provided, the contractdoes not specify the country where the uraniumwas

mined or the countryof component-service performance, please
write in "Unspecified."

vi Enlqp/InlimlultkmMmlnillmtkm F_[_

84 EnergyInformationAdministration/UraniumInduetryAnnual1993



EIA4$S(12-92)

Providethecountryofd_ti_Uon fortheActualandFuture "Other"includescomplex-pricing-mech_ismcontractsthatdo
(estimated)uranium commitments (or SWU transferagreement), not fit readily into the Contract Specified or Market-Price
Countryof destinationrefers to the countryto which the material Related categories. Describe the mechanism underComments.
ultimately will be delivered under this contract.

Other is always the pricing-mechanism category for a captive
F. Importation and Exportation of Uramium operation.

Receivers: Indicate whether your firm is importing material If a contract provides for delivery under a contract-price
underthis contract, and, if so, name the shipping facility, arrangementfor a portion of the delivery period and undera

If your finn is buying uranium from a foreign company and market-price arrangementfor the remainder of the period, you
taking title after it has entered the United States, this is should follow instruction "a'or "b"below. Complete either.

cot_Ideredan importation by your firm. Foreign.origin uranium (a) a _eparate Item 1 for each relevant combination of
already within the United States bought by your firm from quantity-price-period (years)in the contract, or
another U.S. company Is not an importation by your finn.

Co) a single Item I and explain underComment: the period
Foreign-origin uranium, located at a foreign site, that is (years)for eachquantity-price combination.
purchased,borrowed, or exchanged by your finn and then is sent
directly to another foreign destination is not an importationuntil If a contractcovers deliveries of materials of different origins at
the uranium enters the United States. The transaction,however, different prices, explain underComment: each combination of
should be reported underItem I. quantity-price-period (years). If a contract specifies a "fiat"fee,

as in a Loan, yo_ may explain the fee arrangement under
Shippers: Indicatewhether yourfirm isexportinguraniumunder Comment:. Please key your comments to specific contracts.
this contract,and, if so, name the countryof end use: that is, the
countryto which the uraniumultimately will be delivered under H. Litigation Status

this contract. Exports can include loans and loan repayments. Self explanatory.

If yourfinn is delivering uranium to a foreign firm thatwill take I. Contract Options
title to the uranium within the United States and will then ship
it to a foreign destination, this should be reported as an export Indicate whether the contract permits (at the buyer's or seller's
by your firm. option): (1) delivery of optional quantities (amount specified);

(2) delivery of additional quantities (amount not specified); (3)
G. Pricing Mechanism cancellationof some or all deliveries; (4) substitutionof material

For a Sale or Purchase contract, indicate whether the pricing not from the sellet's own production; and/or (5) change in
mechanism is "ContractSpecified', "Market.PriceRelated",or delivery dates. Explain other options or flexibility in the
"Other." Indicate under Contract Specified or Market.Price contract under Comments for Schedule B.

Related the appropriate'pricing-mechanism mode. J. Uranium Quantity

In a ContractSpecified contract, price is determined at the time State the actual quantities of uranium, in thousand pounds U30,
of contractsigning as either a Fixed Price or a Base Price with equivalent, thatchanged ownership undera contractduring1993
escalation factors. Spot and secondary-marketpurchases canbe andthe Firm and/or Optional quantities specified in the contract
reported as ContractSpecified. for delivery in future years. If different types of material are

In a Market-Price Related contract, price commonly is specified for any given year, state the amount of each type under
determined ator before delivery and is based on price prevailing Comments for Schedule B.

at the timeof delivery. If price is, or will be, tied to an external If UFe is the material under contract, give under J the U30,
indicator(e.g., published spot price), mark "ExternalIndicator" equivalent assuming a 0.20 percent U-235 tails assay value:
as the settlement mode. If price is settled by ran's-length
negotiation, mark "Negotiated"as the settlement mode. Undera Market-Pricecontract, if the price for 1993 and/or 1993

deliveries was settled by December 31, 1993, state the yearly
A Market-PriceRelated contractcan have eitheran expiicit floor quantities on the Settled Price rows. If the price for deliveries
price or a cost-related floor plice. Markall applicable boxes, was not settled by December 31, 1993, state the yearlyquantifies

,In some contracts, price is defined as the higherof either base- on the Not Settled Price rows.

price escalated or market price. Ynese contracts should be For a contract with Contract Specified or Other pricing
t_xgted as Market.PriceRelated with a floor price rather than mechanism, state the 1993 quantity in the Settled Price row.
as Contract Specified.

Indicate whether the contract has provision for a Ceiling Price.

EneqlyInfommtionAdmlnblmtkm vii
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K. Market-Price; L. Contract-Price; and M, Other Item 4. Actual Uranium Enrichment Feed Deliveries

Procurement Enter the quantities of uranium feed materials (both U.S.- and
Prices need not be reported for Exchange, Loan, and Loan foreign-origin) shipped to U.S. Departmentof Energy(DOE) or
Repaymentcontracts and for captive production. U.S. Enrichment Corporation(USEC) enrichmentplants and to

foreign enrichment plants in 1993.
Enteractual price perpound 1.730,for 1993 and 1994deliveries.
For futureyears, enterestimated or fixed prices. Enterpricesby Do not include deliveries placed in your DOE/USEC usage
column according to wicing mechanism markedunderG above, agreement account that are not intended for withdrawal until

1993 or later. Withdrawals of enriched uranium from your
If contractquantities are quoted in UFe or other terms, convert usage agreement account in 1993, however, should be included
to equivalent U30, values net of the UFe ceavenioa cost. as appropriate in your feed deliveries to DOE/USEC plants.

For each year beyond 1993, give prices both In nonescalated State under 5.E the equivalent of DOE/USEC separativework
dollars (use a factorof "1",or zero escalation) and in escalated units (SWU) that your firm purchased In the secondary market
dollars using either contract-specified escalators or your best in 1993.
estimate of escalators. The escalated column should contain the
actual price paid or received for deliveries in 1993 and 1994 Item $. Projected Enrichment Feed Deliveries and Unfilled
(when applicable), and estimates of futureyear'sprices basedon Market Requirements
the price-escalation fsctors specified in the contract.

In the left-hand colunm, enter your finn's total projected
For a contract-price procurement with a fixed price, reportthe shipments to enrichment service suppliers (DOE/USEC- plus
fixed price in Item I.L using the column entitled Escalated. foreign-enrichment suppliers) for each year. Include enriched

uranium (SWU) to be received through all purchase and
For a market.price contract without a settled price, enter the exchange contracts in effect as of December 31, 1993. Exclude
floor price if applicable. Stat,_escalated and neeedaali/_ floor feed deliveries of uranium scheduled for a canceled rector,
Ixices as Ippmpriate. If the floor pdce is expressly _lated to a unless the enriched product will be used in another of your
seller's production cost and the production cost cabot be firm's reactor units.
estimated, enter "Cost"in the Settled Price column. If price is
not settled in a necker-price contract without a floor, leave K In the fight.hand column, enter your firm'stotal unfilled market
blank;however, do reportapplicable quantities undercolumn J. requirements for each year.

Item 2. Uranium Inventories Item 6. Uranium Used In Fuel Assemblies

State the inventoryquantities, both domestic- and foreign-origin, This item is to be answered only by utilities. Report only the
to which your firmheld titie as of December 31,1993, including total of unirradiated uranium in fuel assemblies loaded into
uraniumunderfinancial lease. Ret_uxl quantitiesshould agree reactors in 1992 and 1993, by origin. Do not include uranium
with inventory quantifiesreportedlast year and with data remov_ from reactorsthat subsequently will be reloaded.
provided elsewhere in Form EIA-858. That is, 1993 inventory
values should reflect last year's values (which are preprinted) Item 7. Enrichment Services Purchased by Utilities

withadjustmentsfor subsequentstock additions"purchases,snles" In accordance with Section 1015 of the Energy Policy Act of
and usages, eto, reported on other INn of this form. Please 1992 (P. L. 102-486), Domestic Utilities are required to report
revise the preprtntedvalues for 1992 to report any corrections their purchases of enrichment services during the survey year.
for those data. Please include the name, quantity, and country location of the

Item 3. Utlll_ Uranium Inventory Policy seller.

Markthe box to _ndicate whether your company has a uranium
inventory policy. If Yes, fill in the table for each applicable
typeof inventory. The sumof the inventor/values should equal
.your total desired inventory.

viii Enery/InlomwtionAdm{nislmtion [_
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GLOSSARY

Acqubltlon Coat: Cost of acqulflng miningand production expenses, property taxes, and similar administrative
dDhtsto a uranium property, expenm.

AmieammentWodc The annual or biennialworkperformed In $,4haLeech MI_ (1eL): The recovery, by chemical
on a mining claim (or cladms), after claim location and leeching, of the valuable components of an ore body
before patent, to benefit or developtheclaim and to protect withoutphysicalextractionof the ore from the ground. Also
It from relocationby third;turtles. referredto as 'solution mining."

Break-even CutxaffGrmdo:The lowest gradeof materialthat Mill Capital:Costfor constructingand equipping a plantfor
can be mined and processed consideringal applcable procaselng ore or other feed materials.

costs, without Incurringa Io88 or gaininga profit. Mlno CapbI: Cost for exploration and development, pro-
C_ Coot: Cost of mine development and mill or plant mining stripping, shaft sinking and mine development
constructionand the equipment requiredforthe production (including in situ leaching), and the mine plant end its
of uranium from 8 property, excludingsunk costs, equipment.

DeveloFnent Ddling:. Ddlllng done in an ore deposit to Other Capital Coots: Costs for items or activities not
determine more precisely size, grade, and configuration Included elsewhereunder capital-costtabulations, such8s
subsequent to the time the determinationis made that the for and decommissioning,dismantling, and reclamation.
depositcan be commercially developed. Not Included are:
(1) secondary development drilling, (2) solution-mining Other Operating Costs: Costs for other items or activities
ddlllngforproduction,or(3)production-relatedunderground not Included elsewhere in operaUng-cost _bulatlons, but
and openpit drillingdone for controlof mining oparation_, requiredto supportthe calculationof a'cutoff grade for orereserves estlmatlon.
Dkai_ Miring Colt: Operating costs directly attributableto
the processing of ores or other feed materials Including Peroon Year:.One whole year, or fraction thereof, worked
labor, supervision, engineering, power, fuel, supples, by an employee, including contracted manpower. It 18
reagents, and maintenance, expressedas a quotient(to two decimal plaoss) of the time

units worked dudng • year (hours, weeks, or months)
Mining Coot: Operating cost directlyattributableto divided by the liketotal time units In a year. For example:

the mining of ore including costs for labor, supervision, 80 hours worked Is 0.04 (rounded) of a person year;, 8
enginserlng,power, fuel, supples, equipmentreplacement, weeks worked Is 0.15 (rounded) of 8 pemon year;, 12
maintenance, and taxes on production, months worked is 1.0 person year. Contracted manpower

Includessurveycrews,drillingcrews,consultants,and other
Eqalmatlon Dring:. Orilllngdone in search of new mineral personswho worked under contract to supportyour firm's
deposits, on extensions of known ore deposits, or at the ongoing operations.
locationof a discovery up to the time when the company
decides that sufficient reserves are present to justify Proosselng:UranSum.recoveryoperationswhetherat a mill,
commercial development. Assessment ddllingis reported an in sil_ leach, byproductplant, or other type of recovery
a8 exploration drilling, operabon.

Fonmmt Coot: Forward costs are those operating and Reserve Coot Categodim air$1S, $30, $S0, and $100 INN'
capital costs yet to be Incurredat the time an estimate of Pound UsO,: Clessitlcation of uranium reserves estimated
reserves is made. Profits and "sunk"costs,such as past by usingbreak-evencutoffgradesthat are calculated based
expendituresfor propertyacquisition,exploration,andmine on forward-operatingcosts of le ihan $15, $30, $50, and
development, are not included. Therefore, the vadous $100 per pound UaO..
forward-costcategoriesare Independentofthe market price
at which uranium produced from the reserves would be Royalty Coot:A share of the profitor product reserved by

the grantor of 8 mining lease, such as a royalty paid to s
sold. lessee.

Hsubge Cost: Cost of loading ore at a mine site and
transportingit to 8 processingplant. Separative Work Unit ($WU): The standard measure of

enrichmentservices. The effort expended In separating a
IndirectCost: Costs not directly relatedto miningor milling mass F of feed assay xF Into a mass P of product of
operations, such as overhead, Insurance, security,office assay Xp and waste of mass W and assay xw Is

EnergyInfommllonAdmhblmtlon ix
i
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expressed In terms of the number of separativework units Uranium Pr_. A specific tract of land with known
needed, given by the expression uraniumreserves that could be developed for mining.

SWU = W V(Xw) + P V(xp) -F V(xf,) Uranium Reserves: Estimated quantities of uranium In
where V(x)Isthe "valuefunction,"definedas known mlnerel deposits of such size, grade, and

configurationthat the uranium could be recovered at orr...1

V(x) -(1 -2x) Inl_"xl below 8 specified production cost with currently proven
[xj mining and processing technology and under currant law

Sunk Coot: Part of the capitalcosts actually Incurredup to and regulations. Reserves are based on direct radlometdc
the date of reserves estimation minus depreciation and andchemicalmeasurementsof drillhole and othertypesof
amortizationexpenses. Items such as explorationcosts, 88mpNngof the deposits. Mineral grades end tldckne88,
land acquisition costs, and costs of financing can be spatialrelationships,depths below the surface, mining and
Included. recantation methods, distances to milling fecllitles, and

arnerulbllltyof era8 to processing are considered in the
Uranium ExlxxlmtJon:The actual physical movement of evaluation. The amounts of uranium In ore that couldbe
uranium from 8 location Inside the United States to a exploited witldn the chosen forward-cost levels are
locationoutsidethe United States. estimated uUllzing available sampling, engineering,
Uranium I_tion: The actual physical movement of geologic, and economic data in accordance with
uranium from a location outside the United States to 8 conventionalenglnsering practices.
location Insidethe United States.

PROVISIONS REGARDING CONFIOENTIAUTY OF INFORM._T!ON

The following information and data elements will not be The Information contained on this form will be kept
treated as confidentialby the EIA: ¢onfldanUaland not disclosed to the public to the extent

that it setisflesthe cflterlaforexemption underthe Freedom
a. Rated capacity of 8 conventionalmill (under Item of Information Act (FOIA), 5 U.S.C. §552, the DOE

14).
b. Rated capacity of a nonconventionalplant (under regulations, 10 C.F.R. §1004.11, Implementing the FOIA,

Item 14). and the Trade Secrets Act, 18 U.S.C. §1905.

c. Operating status of 8 facility at the end of the Upon receipt of 8 request for this Information underthe
Survey Year (under Item 15). FOIA, the DOE shall make a final determination whether

Otherwise, the Office of Legal Counsel of the Department the Information is exempt from disclosure in accordance
of Justice concluded on March 20, 1991, that the Federal withthe proceduresand cdteda providedInthe regulations.
Energy AdministrationAct requires the Energy Information To assist us in this determination, respondents should
AdministraUonto provide company-specific data to the demonstrateto the DOE that, forexample, their Information
Department of JusUca, or to any other Federal agency contains trade secrets or commercial or finenct81
when requested for official use, which may Include Information whose release would be likely to cause
enforcementof Federal law. The Informationcontainedon substantialharm to their company's competitive position.
this form may also be made available, upon request, to A letter accompanyingthe submissionthat explains (onan
another componentof the Department of Energy (DOE); to element-by-elementbasis)the reasons whythe Information
any Committee of Congress, the General Accounting would be likely to cause the respondent substantial
Office, or otherCongressionalagencies authorized by law competitive harm if released to the public wouldaid In this
to receive such Information. A court of competent determination. A new justification does not need to be
Judsdictlonmay obtain this Information in response to an providedeach time Information is submitted on the form, if
order, thecompany haspreviouslysubmitteda Justificationforthat

Informationand the JusUficaUonhas not changed.

x EnergyInfoneetJoeAdmbblmllon
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EIA-aSS(12_3) Energy Information Administration Form Approved
U.S. Department of Energy Exptres: 12/31/94

Uranium Industry Annual Survey
Survey Year 1993

i u l __ __ , ,.,,, ,.,. i i |u i

Data on this mandatory survey are collected under authority of Section 17OB of the Atomic Energy Act of 1954, as amended (42 U.S.C. 790a),
and the Federal Energy Administration Act of 1974 (]5 U.S.C. 2210b). Provisions regarding sanctions are described in Part IV, page i of the
instructions. Provisions regarding the confidcntialtty of information submitted m response to this survey are set forth on page x of the instructions
for Schedules A and B.

The public reporting burden for thls form is estimated lo 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 comments 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, E1.73, 1000 Independence Avenue SW, Washington, DC 20585; and to the Office of Information and
P,egulato_ Affairs, Office of Management and Budget, Washington, DC 20503.

RESPONDENT IDENTIFICATION

Company Name:

 Re,rondent-ID(F'orTEIAu,eOnly),

l !Ei)i i).,)City: State: Zip:

Parent Company:

APPLICABILITY OF SCHEDULES A AND B

Check one box on each line under column (b) or (c). If Part II and Part III arc 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.

" - _._. ., _..: :_... ......_4_:;_.....,....__._'.".,.r_._.:_.,: ' - .. _:. , !..!_. _- '

_@%_=_:_,-_::i_':,:_!.::_:._ "__,,_::!:_:_,i:_x__::_::::, _i_, i _]_Applos 0.... Does Not __':_-_':_:_'_,__

A, Part I: Exvi0ratJofi a._dDevelopment" -::.,:!_i__,_::..... _ I-1 i-i i.:._f:._:_::d.,._
A. Part ll:Re_erves and Mine Production bv Property ' [] []
A_ Part (1I: _Uranium Milling and Processing ,_"_ I-I. []
A, Part.IV:Employment :_..:_._:_._-:>.i_,_...' ._,.,:..._ [] [] i,_i:{.:_i!::!:__!;T;..':.{..,, _ , ",, ,,,/"::* : l ,

B: Uranium Marketine>Activiti¢_::'`:,_:.... qm: _ .... ' _ ?_'_1 _1 _ -- O ' --

CONTACT PERSONS

Schedule A: Name: Phone: ( ..... )-

Schedule B: Name: Phone: (. )-
lllll Ill I I ill i l

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: ( ..... )
I I I I Hill I __ III

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.vep.omo,of ,..,,,,,,,,,,Uranium Industry Annual Survey

Survey Year 1993 !
SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES

Part 1: Exp|oration and Development
iiii i i iiii

ITEM 1: JOINT VENTURE ARRANGEMENTS

Was your company the controlling partner in one or more joint ventures in the Survey Year? F"]Yes V"]No
E'Yes', list names of'joint ventures. Ir'No', go to Item 2.

I. 4.

2. 5.

3. 6.

ITEM "2: ExPLoRATION LAND STATUS AND COST FOR THE SURVEY YEAR

_loration iandacquiredi_: • .,_.._.,.-"-_:_'_:,,_:_....;:......_- ::-,_. Acres
iCostofall,explorationlandacquh-ed..,-_-....,.....:.- $i

_Total explorations.landreleased:,:'_':_:_._,.,::,._;._._,.,:.-'"......_-.':_,_,-,...-" Acres
i.Totalexplorationl_ndheldi,Dec.eml_r-31st'of"Survey.-'.Year.' Acres

ITEM 3: EXPLORATION AND DEVELOPMENT DRILLING BY STATE AND TOTAL COST

SurveyYearDrilling:Includedrillingdearf_Ir_ssessmentunderexplorationdrilling.
i H i iii l i i IH iii i .,lill=l_

............ _. ..... , )ior_Uon Driillug I . , ,,:_.__":.;_:/_I_,velopmentDriHing_-._

_,, . ..... ,.......,.=, . ._,_._ .. .,. " :._,_ .-.:.......
' t .... ,ll L :, ,, , . i ) , ,,

FollowingYear:. I_,t_ _.'_ed r_:'

l_T._Cost::.

ITEM 4: OTHER EXPLORATION AND ' i ITEM 6: EXPENDITURES FOR EXPLORATION'

DEVELOPMENT EXPENDITURES ! IN FOREIGN COUNTRIES(Include assessmen,, activities)
Allother expenditures: $ ll_:_=,__t:_,To_l:,_ e_tures..-:
ITEM 5: 'OREIGN CONTRIBUTIONS TO --,_,__:'-:____Year::i,:., __

EXPLORATION EXPENDITURES $ $
$ $

Contribution by foreign-owned companies: $ $
$ $

Survey Year. _ %
Following Year (planned): __ %

ii i

Page 2
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_' '!_ U.S. Department of Energy , I ], I I ,",,,,
Uranium Industry Annual Survey J] ] ] ] I I I I I I

Survey Year 1993
SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES

Part lh Reserves and Mine Production by Property

PRoi_ER_IT ....ITEM 7: INFORMATION

Identification:
Property Name: State:
Other Name(s) Used: County:

_J_,_,. _!_i_+_,_.:Sectio_+: :_'it_ilff'ownshi_iN._,.erS._ Rinlte_E. or_W.,';,Latitude:N,_ILOn__W_!
° 'N o 'W, , , ,,m, , ,, ,,

° 'N ° "w
° 'N o 'W....

Status (Check only one):
Ownership: 17Only assessment work being done

! :i_'_'_::-_+"__--:+'+ _+Y / _:i'_'__ r'l Exploration continuing
_.+_++, -+:;_++++. +.,_:+._.+.,,_++:. :i__lO_bi+ [] Exploration completed

l CIDevelopment drilling complete

i_ Under development for production
!"!Mine in production

, , [] Mined out
I-iMine closed temporarily "t __._J__

Controllership: [] Mine closed permanently f MM/YR
If your firm no longer controls this property, identify
the party to which it was transferred: Studies Completed (Check all that apply):

IZlPrelinfinary reserves estimate
Name: 1"1Final reserves estimate
Address: I"1Preliminary feasibility study
City: State: __ Zip: _--_.__ 1"3Final feasibility study
Phone: ( ) - I"1Mining plan

I III I II II

ITEM 8: PROPERTY URANIUM RESERVES ESTIMATES

:.::....Method+::_F ._..++++.. • .....+++,_.,+.,:+++++.+++ -, .
+,_._+,. . .._',' .+.+ ++ .

,....... .++_. Ore (lO00.tons} _ + +" 1+ ?" ' m:_+;+ (_1 + + _+'_+ _'+ [m

++_+'+O_it_:_ `'.UgOs +IO00 lbs+ +'+'_++r++_+:`++_+4++
t_.+ ++" • .... t _ + . . J l 11 1.

t:v2ostmoo:me)-+ IIII I I III

_+_.-+.++__+:i Ore +_lO00+tons+ ,.'++;_+_.+_+_ ....... ......
+Td+_ U:iOS , I+ Ib+ r + ..... + +
+_:;......+_: +V20_(l_:Ibs+ !++++_:.++ ,,
':+++++".+.:,++, _ • _+:
_++::'-+_+"[/_Si_.+_:Ore: fGrade+% or.::1000 '_ot3t+

0_er (Specifyl O,re (Gr_/de_:.P/oor:l.000_t+nS_
t.ff._Og_1000.tbs_ •+._:_+_: ' ",.,

Reserves estimation date: .__/__(MM/YY)

ITEM 9: OPERATING COSTS USED IN ESTIMATING RESERVES

Other (Specify):

i i ii

Page 3

klformIIiO_ AdlVl_knn Indulll_ Annulmlg_l 91



m^.sss 021+3) Energy Information Administration IFoIt m^ use ONLY

__ U.S. Department of Energy , ["iI I,, I'i', ,',
Uranium Industry Annual Survey I I I l] I I llll I

Survey Year 1993
Schedule A: URANIUM RAW MATERIAL ACTIVITIES

Part lh Reserves and Mine Production by Property (Continued)

POpmy...........................Name:
_I'PEM '1'0:"CAPITAL COSTS BY MINING METHOD ..........

Capital Costs for Development, Construction and Equipment

•..... +,.,++.".:!i .il, ,. L'> ;
_Mlnlni:Mgi_ixl :_i._+,,,

+O_vit _,__+++++:+:+++u++ ' "' +k ....... ' .....

k
+.O,_er+:,+ii._++++_+++_i++:++,++++ l_ ,,
x Other: (Specify method chosen)

ITEM 11: DRILLING AND RESERVES ESTIMATION PARAM'ETERS

Number of holes drilled, including barren holes, in the reserves outline:

During the Survey Yea_. _ Holes. Prior to the Survey Year: Holes.

""°_+_+'++..... + ...... + O ;n'>++++e_....+'" ......":"++d '+>:+++'+_+:++: "+:+._" • " ......... +' ':" .... +'="::++ Im plt+;+,+++:i:++,:;!_Undergroun +:/++_++I£_¢h:_l_:_,>.-_i;,;R_rves,E_tlmte P_ter.,++_,.=:,,._+,+>_,,_.+_, _:,

+Break,even++':........ ""'+"cutoff ...... mrado(Percent?U30__.... ;.... "+=++++...._':-+_+i+.+i:+1`+.+ +++++'+J++'rV+ "+ ' 4.++_ + ......... ' "+: ++;+m'+_+++++ml.+,+ :++,++++-+ % , 4'0++++/+.,_'1 ++,+++++

+Zimde:x_thtckness(F+t,,,Percent+:._,,+.o,. , _++., .. ,:+..:_._<+...++,,:+_,,,+-,• .+/.+'+..... .:?++!++:+),_+P++i+ ++,+<<++:_,_+_,_+_
-_ ..... .. , .., ,+,.. - . ...+..,.__..p+T+_+.,+_:• . ,. ,_,,%.+.,: . ...,.+ ,,+< .......
I_toff om,thtckness+.++.:+,,,+:._+....._.,.., '+'1'++_2 ..... ++ + . ....... "" +:' + .... : ": ' .... ' ....

,, + ). .,_,.. . .+,,_+ ,: , _,,.++:..,.,._,++ _,.*+,, ,.

!A,_r+atte_ . + + ._=.,<+.,,,,.........++,.+..,.. ..... ++._.. area of mfluenc¢tmr'+_,KolefSo: Ft+>>+++....m:1_'' '
. ' ..... - ...... . , _,¢'_" '+=_ ._.: +.;':_ "__,,+_:,_,7 .," .... '".': ,,

+Tbnna.e .factor+(Cul+ie,:Fdetmr.+Ton+_ +"."-?'.++';:_!:.,_++ , ,
+Mine llm6V+ factOiTP+r.c_;nt_++..:_+',:+-+Y_+++++->.:+_+,
v+ . _ .++,, = . . +,,, , . , _, . +) _.,. ..... : .... _ i J".... . ,. ,:',.Millor nlan_t:mover_+tPemmt_'.,..,++++ ' +-:':+,-+'.. , k . , 7<+ , m++ :' ,,=

iA+mmme.,denth?toore'[_Pe+t_+ .-'+,++::_++_,.._>.._,-:..+..,++,,.._,..... ,....
)A_,ertttmore_thickness:(F_) ' :_.'_+._+'._" "_<'::".+:....-+'+.'.:++_W'+:Y_.++++_;.;_: + "+'_.'" + +_,::i," ,,' .,++- ! ., .. ., , , .,,

)A,emie.omtrado "++....... "`.+++'_++m+'.'+...... +:'++:"+'Pl_'¢_nt,:Lls_+_::.....,,"+i_.'....,+.:.,+_,p.,':.. ........

ITEM 12:'MINE PRO'DUCTION AND SHIPMENTS OF ORE OR i)REGNANT SOLUTIONS

Uranlum and Vtnmilm Mlml

• , ,. + +, • ..-_,.+:.:,.,.+++_+++.,.._Coutaln_.,.+,:_.....,_+_n4_Imed,.Inlng+, eth , re.._6ns)_ ..... .,.,+++_:++.,, .,,- ..... .++.... .+ , + ++..

_de+mm_d+ `+:,, _ ,...... :++:-+ + ,+ ....... I I
• . _P,hOp:+?;+++;+m++,'_l(TonsOrGrade): I , , . 1"+'___

Other, please specify:

Shipments of Ore or Pregnant Solutions

_'_ +"_:+":_'-+'_+__tli,+'l_Hl++++"l+_itl'+St+0+":'++ , . "++ >++''+._m_ "m_t+:`,;+'''_': ,''<i_'.+ +++m+l
I
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mx4ss 02,_3) Energy Information Administration [F__

V___X U.S. Department of Energy
Uranium Industry Annual Survey ! [111 1111 III

Survey Year 1993
SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES

Part llh Uranium Milling and Processing

......... Facility:"iTEM 13: MILL OR PLANT INFORMATION T 'ype of
Name and Location: [] Conventional mill
Facility Name: State:__ Q Nonconventional plant
Other Name(s) Used: County: 1"3Other (Specify):

_:;, _..+.=_%:_+_,./.i::Seetio_(s)__.:,._ _-i,i _+_!_:_Township_N. ORS, RanRe.E."or W_!,Latltude N. Lonnitude_.W.',
...... ....... ° 'n" o',,"w

............. * 'N o 'W, ,,, ,.. ,

° 'N ° "W................. ii

Ownershlp_ Controllership:

++;,_,:_++.... +.:++:++ • ++',++++I"'+-!'++:+,+c• ',,'++_,+'•. ,_.,-+ _++0,_,+_,++.+,-_++-,+_+......-+++++_+_+./,[i,!:Percent+,_ It'your firm no longer controls this facility, identity
+.:. ....+ ,++++,_+++,mv++++m+_+++++:_+++:+_'/+++++::+/i:lO.wnersM.p+ the party to which it was transferred:

l Name:
Address:

.... City: State:__ Zip:
Phone: ( ) - ..

immM......14: 'RATED CAPACITY Indicate the nature el- the arrangement between your
firm and the firm named above (mark one):

_nvenuonal n_.llCrons :,oreper.da_) +_•!_l
_NonconvendOnaL plant:{Lbs IU3Os per'yr)_] D Title transfer I'1 Contract [] Lease
tSee provisions ,egarding confidentiality [] Other arrangement (Specify): ....
ofinformationintheinstructions........ _

'ITEM 15':'OPERATING STATUS DURING SuI_VEY YEAR ...............

Number ot-days operated in Survey Year, Nominal: _____ Days Actual: ...___ Days
Was facility operated throughout Survey Year? r-lYes I"lNo IfNo, give closing date: .._./.._. MM/YY

Was facility operating at end of Survey Year? _ r-lyes i"lNo

"I-I Closed temporarily (Restart plan_ed ior Foll0'_ing Year) [l.l'oldin_ (standb+_!:cost Vet +,earl$
[] Closed indefinitely (Following Year restart not planned) lOne,time:cOattO+_._opcn.+_ '..."_:.!1$ .....
I"1Closed permanently (Will not be restarted) [+.Months_:r_uired_t_L_,.tumplan[,,_:__
I"IReclaimed(Restoration inprogressorcompleted) Iprodu_on,""':'":....."if"d_d_"' a:r +'''Q'+_ ..... on,December.,31''++: '+_
,,I-IOtherstatus(Pleasemecify): , u ,, , lof:;_+:Su_ey Y6ar:.,,_?.+.+._+]:q+:_'.__i l +?_4' I months
"Seenrovisio6'_on conlid_nttal'it_eltmi3rmationintheinstructions.

l[ t _ ] I IIII IIIIIlllll| lllllllI III I I I

ITEM 16:URANIUM CONCENTRATE PRODUCTION
tOther Mill Feed:
(Check all sources)
[] Mine water
[] Heap leach
[] Tailings water
[] Other (Specify):

2Total Plant Feed:
(Check all sources)
[3 InsituLeach

Reclamation

_ Byproduct recoveryOther (Specify):
Ja_mammm_ ,,,,,, ,,,

I III I I II II I II I I ' I I II I I I
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_-IA4SS(12,_3) Energy Information Administration IFOREIAUSE ONLY[

__ U.S. Department of Energy , [i III I I II I i 1
Uranium Industry Annual Survey

Survey Year 1993
SCHEDULE A: URANIUM RAW MATERIAL ACTIVITIES

Part IV: Employment
H ii

ITEM 17: EMPLOYMENT BY STATE

*.:::_ti_,EXploration,_: :. Minin_,!7_i,,.,, Milling :_!,_,Processing _Roclamation,:_:;_,! i
• % , ,,r%_ _ ..... ' i" ' "l'i_ " iiiiiiii illlll ii i i i ...... " i "=_

! A_5n'a,,_,i_:,_., :_,_ ......
!_Colorado.:.._:_i.-_._•:.:.i!,_'_ .....

-- " i i • H , . ,. ' ,

!iNew, Mexic6_:_i, -"'_'__,,-.,_:._

;.Washington ,:_..... . :_,:._,._....
, , ,,=

Other _Srmify);
,, ,, ,.

FOR " " ....COMMENTS SCHEDULE A

II I' I I I Ill

Page 6
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EIA-gS8(Revised 12/93) Energy InformationAdmlnlstmtion JFORB^ USEONLY

U.S. Departmentof Energy [[,,,]i,lll]
Uranium Industry Annual Survey [ I ! i I I ! [ I I I I

Survey Year 1993
SCHEDULE B: URANIUM MARKETING ACTIVITIES

iTEIV CT": ...............I I: CONTRA Complete one copy of this page for each contract (market commitment and/or custody transaction)

your firm had in placeon V_b_ 31 of the Survey Year. _ If not applicable, check box.

A. Other Party Name: B. Date Contract Signed: -.--/_/_
FOR EIA USE ONLY: Daw Contract Renqotiated: ---./.__/_

D Checkif the reneptiatlon was price re,!ated_
C. I. Transfer of Title: Mark in order. 2. Cumdy 'rranuctions. (involving D. Type of Material Coveted Under this

I-ISale O Purchase O Exchange foreign-own _1 uranium) Contract: Mark box or boxes to show
Lender Borrower []Storage/holding Agrc_nent material sent and/or received.

Loan: [] [] [] Other Custody Transaction Uranium Natural Enriched
Loan Repayment: [] r'l (Specify): Ore UK)l UFI UF.
[] Other Transfer of Title (Specify): Sent: r-I [] []

Does this transaction involveintracompanv transfer of material? [-]Yes [] N O Received: [] I"l [] O
E. Origin and Destination: Give country of origin and of destinationfor the material F. Importation and £x_:

specified under Item D above. RECEIVERS: Does thls commitment
involve importation of uranium?

I; . I_omuUtion:_. ,:"ii_ !i_: U:g:)ser.i_:_i NaturalUF*lml, ,i_!_ .F_.; lives: name country shipped from:ut.,_oni=_+_:_c0nvermcos_ :+'::_-_swu++__: []No.

!Country whero mined: :': ..... .:__ SHIPPERS: Does this commitment

......... •;iil _,.' involve exportation of uranium'/Conversionse_co counu'_ "_,_.:,:
__:'_/: _'__ [] Yes: name country of end use:

!.Co,n_ordestination,: ,-i:,,,,, , _`_ [] No.

G. Pricing Mechanism:

[] 1. Contract specified: I-! Fixed price I-1 Base-price escalated !. ContrxctOptions: At whose option can the
1"i2. Market-price related: following take place'/ Buyer's Seller's

a. Settlement mode: i-I External indicator [] Negotiated I. Optional quantities O []
b. Floor type,: [] Fixed floor price [] Escalated floor 2. Additional quantities [] r'!

[] Cost floor [] No floor 3. Cancel some or all deliveries [] []

e. Ceiling price: [] Yes [] No 4. Substitution of material r'! r-I

[] 3. Other (Explain pricing m(_'hanism(s)under Comments on Page9.) $. Change in deliverydat_(s) r"l []

H. Status of Litigation: ]. In litigation on De,m,nb_r 31, 1993: []Yes []No.

i ......_"_;__....-" ,_..J,:Quantity.,,%,_ .,_%,,__......._,,_._Prk_($perpoundU._Os)......'_._,__;i:"_....:':

_?. :_:_:_ .usesequlvalent)_.::.,.sm_....,mo_r.(_r_pp_mm)_,_::-.... •...._. ,,...._,.__i _D_Ilve__.:_ _._ ,........ ,...., :_....,..--,----__

993,Settled Price :__ ;,:__,_,_:_:,
L993N0t_Settl_l Price :--,*,_., .
994Se_edTfiee_-_-_ ""_"_....

,, ,

199_. __._,.
,,, _"1 _". . , ,

L998-: ,,, ' ' "
|999......__i

, ,

ii
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mA-SSS0 2_3) Energy Information Administration [FOR_.laUSeONLV

___X U.S. Department of Energy [[][l[l[[[lJ
Uranium Industry Annual Survey

Survey Year 1993
SCHEDULE B: URANIUM MARKETING ACTIVITIES

IIIII I I

iTEM 2: URANIUM INVENTOR'iES: Include material reported in Item 1.C.2 above dmt belongs to a
foreign company and was stored at your site(s) at year end.

:.-,:_,g. "1 _. of:.][IWelltO - • ,_ ,._ , .................. .,,.
: _*_ _'_¢__;_,,.Year-end:::.-,_Year-end: :,Year-end_,__year-en&

I _ I . ,illl, i) lll_ • II . [ 2. , '_., _ .

_ U_Osort_hand, an,ofl_stte_sto_()_ot:_at_;_,_,,:_: I

]B_.. Natur_e_on_d-i_iin _riva te,_ff-sit_,_ i._,_:._i,

_, ' (Exclude:amouri_eld.under:usaie aiteements)

_ Enriched':_Ff4t:_'tchm_gt, _PP liers :::i'_i__:_:.
c '" E :, :" :- " ' -.. • . " . 7 ' ' 'q

D;:++F.a_richectUF+on,ha:a_:an, d[or.mvrivate:storage

[ g;,, Fabricated fuel not..:insort_'_t0:;a:_reactor, on '
i _ hand, alqdtormvrtvate stora_. _,:,_,,,,,:: : _*._. . .......

I_: NaturaL::UFsyoUr_company.,ha[,deliveted to -:.

_. DOE/USEC u_r usue a_r0e_et)tS_:,. "7:'<,i:'!":

! I , I I )

ITEM 3: UTILITY URANIUM INVENTORY POLICY: Does your company have an inventory policy on
any form ef uranium? 12Yes 12No (If Yes, provide the following data)

.'_L_JHN Off llW1)ntory ,. _.... =-. :::._i._..,' ....,./2,..,_!.'.,.".....

i_'.-:>::,,::.:!:,:,<_:'_,:>.,..:l_IonthS:"of,for_rd coverageI :_u_nd_i)oUnd, 0",O, equivalent_
. uos :. .............' ..........................) '
N_itu..ral,UF_,,,_,::,:.;._..[ ]
Enriched UFe _'i!.=:',]

_.F_icated Fu_I ,_i,:: I ..........

ITEM 4: ACTUAL ENRICHMENT FEED DELIVEI]IES IN THE SORVEY YEAR "

_, _...... _._",*,_..-..,_ ,_,;,,. _I:.: F._lUtValent),....1.1_C0untry.,,.:,.,
_&_,,:,Shit)ment._iofO;$:.,orimn mate D'a12:i0:_OE/05EC:.:_richment___, I " I_,'..0_ .-,'_<

_ Total (A_,> B'_,.__D_'_B)I__ ,..,''___ I I_:._:.-'_'.._
l| II |II lfl I I lll|l II I
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mA-SS8(I2,93) Energy Information Administration [FOREIAUSv.ONLY,

U.S. Departmentof Energy II l[llll[li]
Uranium Industry Annual Survey

Survey Year 1993
SCHEDULE B: URANIUM MARKETING ACTIVITIES

ITEM 5: PROJECTED ENRICHMENT FEED DELIvERIF_ AND ................
UNFILLED MARKET REQUIREMENTS

i_, .... :_Nil_l_to_,,_htp)nents ;to>enrichmentsuppliers :_:_,Unfill__.market requirements::+i;_;i,:_ii
_,__,1994_;i_i:;,_<,,,'_ "' , _ -, ......... , .......... -

ii   iI997i i!>1

ITEM 6: URANIUM 'usED IN FUEL ASSEMBLIES IN THE StJRVEY YEA'R

_,.,:_: , , ......, ,_';',, , , !,,,,,.,._?, .., -_..,;, ...... ,, ...... . ..........
i' Utilities One:.,: Report only the.tptal of umrradtated._. " Quantlty(1000 .Ibs:of U3Os Equivalent)'___!i:_,_

iii._n!.um. i_.eL-i_'ssembltos ii:!0adCd'._iinto_ireactors':/_,,. Domestic=Orlgin ;;_,,I_:.., ....Foreign,Orlgln/!_iii:_i._!_
_'d_ng th_ve_:?Yea_iand 'dUring the_prior year::: ,. .."/: _-. ,,"".: '..,':"L:il-_.- .'.,<',-. _i'" ..,,:.,,.i,_;_-_;.:_)_brigin:!_6!"n__iin¢I/Idei._tun:r_n_gved from :.Year-end [:':_ear_,nd. ,:l-Year-end _:l ;¥ekr-end;.:

t_ii_ctors tha_subsequenOywill be rcloaded, . ' :_!-,. 1992.. l,,,,..,,1993,,,.,., l ,_::1992 • J,.._,,.<.1993,:._......_ ',_,":' :"", "......." _" ',,: .... "_'"<_", , :_"'_ :" " ""i ' , :'+': '._; ". • - I _'''_ " -"_-:::_ I "_'_ '_ ' "_>4'''¢,_:::_ "_._;'_:_'_,?*'!

,,'Unirradia_d Uranium in.FueliAssemblios-:. ,, '"';..... .... "'1 ..... " .....l ,,',,,' '" " 1" ' ", ....

.............7: ENRICHM'F.NT SERVICES PURCHASED BY UTILITIES

">::."C-ountryL0cation '.... ,"_ i'iQuantlty_!..:.' ' i:!!_.._!i_?_,..::.i_Scheduled:,i 'i:_i
-!",!:'_::::i?,?,'-iofSeHer. .: ' '(Selmratlve Work.Units)/. :. 'DeliveryDate ii:,ii_ii_i;l'i:_• ,..... :_'_". . ;,.',.;.

iii ii Ill Ill I

COMMENTS FOR SCHEDULE B

I ii iiiii i i I II IIII I I I i
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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 uraniumhasbeen enriched,the uraniumhexafluoride(UF=]isprocessedinto uranium oxide
(UOa)powder, which is then formedinto half.inch longpellets. The hard, ceramic-like pellets are
loaded into longmetal (zirconiumalloy) tubes to form fuelrods. Fuel rods are grouped together
to form fuel assemblies. Fuel assemblies form the reactor core of a large nuclear power planL
Each fuel pellet can generate as much electricityas approximately 1,600pounds of coal



Appendix E

U.5. Customary Units of Measurement, International
System of Units (SI), and Selected Data Tables in

SI 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 El. These factors arc provided as a Conversion factors are provided only for the U.S. units of

coherent and consistent set of units for the convenience measurement quoted in this report.

Table El, ConversionFactomforU,S,CustomaryUnitsand SlMetric UnitsofMeasurement

To ¢onwrt from: , To: Multiplyby:a

Am
ii ill ,i

acre metera(mt) 4,047

Le.gth

• foot (ft) .... meter(m) ..... 0.3048. '
yard(ycl) meter(m) 0.9144

iii i ii i• , i. ii i,iii =i

,. MasS, .......... _
(Ib,,ydp) _k_mm(kg) o.4_8pound--a_mu_s

pound--avolrdupolsUsO0-- kilogramU 0.3847
tonwshort(2_000Ib) ........... metdoton(t) .... 0.9072 .......

"AnImtodlkidterthelastdigitofthefactorIndicatesthattheconversionfactorleexactandthatelltub_Kluentdigitsarezero.Allotherconversionfacton_are
roundedtofouroJ_i_antdigS.

_rhehintorof 1poundUsO_,,0.8480poundsUw_ usedInthisoonversion.
8our0o:TableE1ispettemedalterTable3,"ConversionFactorsfor$1MetricUnbandU,8,CustommyUnbofMeasurement,"In8.M.LongandA.M.Oretlena,

"TheMeffioSystem,"inSu_ toAuthomoftheReportsoftheUn/tedStatesGeo/og/ca/Survey,SixthEdition,U.8,GovemmentPrintingOffice(Wanhlngton,OC,
1978)pp,192.196.

EnergyInfm'mMIonAdministration/UraniumIndustryAnmm11993 10!



Forward Cost and Average Price Conversions Selected Tables Converted to Sl Metric Values

The forward-costcategoriesof $US80 through$US260 Nine principaltables of datafrom the UraniumIndustry
per pound U shown on Table E3 to report uranium Annual1993(UIA)convertedto equivalentmetricvalues
reserves quantities were convertedfromunits of "$ per areshownon the following pages. The crosswalkgiven
poundU3Os"to "$ perkilogramIY' by multiplyingby the below showsthe correlationbetweenthe tables of metric
standardfactor of 2.6 and rounding the results to the values and their correspondingtables in U.S. customary
nearestmultiple of $US10. The "Averagesof Reported unitsin themainbody of the UIA.
Prices" shown on Tables E7 and E9 were derived by
applying that same factor to convert to "dollars per
kilogramU." Theseaverageswere calculatedfrom data
reported in Item _, "Contract,"of ScheduleB, "Ura-
nium Marketing ,_ctivities," Form EIA-858, for the
surveyyear.

Appendix E UIA Chapter and
Table Number Table Number

E2 .......................... Chapter1, Table3
E3 .......................... Chapter1, Table9
E4 .......................... Chapter1, Table 12
E5 .......................... Chapter1, Table 17
E6 .......................... Chapter 2, Table 23
E7 .......................... Chapter2, Table 28
E.8 .......................... Chapter2, Table 29
E9 .......................... Chapter2, Table 34
El0 ......................... Chapter2_Table 40 .
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T!ble F.2. U.S. Uranium Ddlllna by Type of Drilling, 1H6-1993 .........

ii i illl

Y,,r(,) .,,o. _tm' kr,)" mew,)'.... _ Orhd .,,on.ram' .... km)_' m_'i i L

1906-1973 228,721 27.36 124.62 4.U 124,38_ 8.49 2(I._1 -

1974 27,400 4.49 34.06 7.79 12,300 2.00 9.81 4.71

1976 34,208 4.78 51._ 10.06 21,(100 2.97 21.89 7.39

1976 40,409 0.21 70.70 11.30 :PT',R31 4.40 38.30 8.7

1977 A2,897 8.82 90.40 11.63 30,888 6.37 88.80 10.35

1978 76,0011 8.8l 115.30 12.84 29#.88 6.84 66.40 9.M

1979 00,487 O.M 119.80 15.M 30,101 8.97 43.40 10.96

1980 39,007 8.97 94.80 16.87 20,188 2.(12 30.90 11.80

1961 17,781 8.81 86.43 17.63 86,673 1.02 11.47 1123

19m (t,ll_i 1.29 20.94 1024 8,00a 0.34 0.90 _P0.03

11_ 4,287 0.64 10.00 10.64 3,011 0.33 3.84 11.57

1964 4,716 0.60 10.63 15.29 723 0.0l) 1.32 14.93

1906 2,877 0.43 6.14 11.63 772 0.10 0.39 $.7ll

1986 1,968 0.34 0.40 19.09 1,346 0.30 1.36 4.57

1967 1,820 0.34 6.60 t7.44 1,994 020 1.06 4.04

1908 2,029 0.30 0.44 16.61 3,176 0.63 3.26 0.10

1900 2,067 0.44 6.82 13.38 1,763 024 3.12 12.80

1900 1,607 027 321 12.11 1,906 028 6.96 24.10

1901 1,624 0.20 2.83 0.57 1,673 028 0.11 20.58

1093 I_ 0.17 127 7.44 833 0.16 1.18 7.01

0.0-, 0.00 14.46 1,m 027 4. s I.01

m Im l_nmelntW JtJaHdfy_mnvnlmdllOXlOlO4atlm_.Corn _ we innominalU.8. dollmrm.
_'lnducmd cMBIngO4anomdmmdttodamnVnemorepmdnelytheobo,grade,and(xx_lgur_ md_uqu_mt1o_hetimethatomnme_ explol_ ledeemedf_.

Col ehomrareinnominalU.8. Oo4br_
'Nombero4hornbr ImI m_d_ y_m md dm br m_m d_bd,_o_oo_,_d _m_m _x_ br I_ _d wkxyem _ _ _ _ _ U_ _

GJO.1(X)(63XJmwyI, Ira). 0o_ m_w. ml. nommJ0U.8. do_rL
"Ooeenotinducb_heoom_ o.e_ ndlonmare o4eq_m)n ddlno_ndo.le ndb_ rnetmO4_ cbt_ tot lOee-lml _ whk:hc_nngcorn weremponed

I'Oew_ eq)endltimm."Oomnolinoludeoo41mtor3.0_Smllmmelmo4_mnd_d_lngrq_(orlmdtogolher_m _O4513.7 _, 1906-
1972.

•ThishighvllueInmVdxdablepdmm_tothehirgepercentl0eO4Iotml_m fordevelopment_ _ 1902oltflbulabletooneoompeny.

Ncm:Aveq_ ooetpermetermhownhemm_ynote(ml quotlemo4mJnedwilh_ _ numemor_ __.
8ourom:111_.19704J.8.l)eperlm_ O4EneqW,GrandJur_lon_ OIIk:e,Pro_ Rtdee_No.682(August12,1971).llrrl-llleO-u.8. _ o(EneflW,Grind
JunclJonProlo_ Olfloe,Umnk_ _#on _ ln 1980tnd Pl_m forlMf-fB82 _dly1981). ll_-lll_.Ene_yin_ Adrnhlhmtlon,8un'eyo_U.S
u_ E_rm_ A_V),_,_(d_/lm4).lm-__ _ormm_Adm_rmt_._ Znd_yA_n_Y_(Oo_ 1_). _m-Enerwmn_,nm_on
_, FormEIA-S68,"Urlnk_ In(kmy AnnuelSurvey"(10_).
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Table E3. Changes in U.S. Ursnlum by Forward-Cost Category, 1993
_ThousandMetricTonsU)

..... Forward-Cost Category

$US80 I $US130 I $US260Ylr End Reemvw lind Ch,,,,,mnp perk!logram U per kilogramU per kilogramU

Reeen_l at the Endof 1992 ........................... 114 369 586

Reewduatloneof Reserves in 1993

Addmo_......................................... 2 1 1
8ubtrlctione ...................................... (2) (2) (3)

Oepletlon(Productionand Erosion)in 1093 ............... (1) (2) (3)
Reoerveaat the Endof 1993 ........................... 112 366 581

, i ,, ,i i ,i i ,i ,i i|,

Norm:TotI_ maynotequalsumofcompormUbecauseofIndependentrounding.Noreservesevaluationsfornewuraniumprope_esan)includedintheestimates
ofU.8. m madedudng1903.Umntumm thatcouldbe_ asa byproductofphosphateandcopperminingamnotincludedinthisraise.Reserves
VldUeeInrenard-coatcategoriesamcumulative:thatill,thequantityateachlevelofforwardcostincludesall reservesat thelowercosta.

8oucN¢F.10i_m byIltaffoftheAnaJyMIandSystemsDivision,OfficeofCoal,Nuclear,Elec_candAlternateFuels,EnergyInformationAdministration(EIA),based
onU.S.DepeilmentofEnemy,GrandJunctionProjectsOfficedatafilesandFormEIA-858,"UraniumIndustryAnnualSurvey"(1993).

Table E4. U.S. Uranium Mine Production of Uranium by Mining Method, 1981 - 1992
_ThousandMetricTonsU!

MInlnollkcHl°d i 161 !.1982 I lm I 10(14 1166 ,j 198611987 '1198811989 11990 I ,-: I 1.=ii1,

Un¢l_ ....... 6.5 4.8 (a) 1.9 1.7 2.5 1.9 2.1 2.0 W W W 0
Percentof Total ..... 46.4 53.4 -- 49.0 52.3 77.8 81.7 56.8 54.4 W W W --

Opeq_ Mlmm ...... 5.4 2.9 (a) 1.I 0.8 W W W W 0.7 1.0 W 0
Percentof Total ..... 38.3 32.2 - 29.0 23.3 W W W W 32.0 48.8 W --

OO_ ............ 2.2 1.3 1.9 0.8 0.8 0.7 0.4 1.6 1.7 1.5 1.0 0.4 0.8
Percentof Total ..... 15.3 14.4 20.9 22.0 24.4 22.2 18.3 43.2 45.6 68.0 51.2 100.0 100.0

Total ............... 14.1 9.1 9.0 3.8 3.3 3.2 2.3 3.7 3.7 2.3 2.0 0.4 0.8

Percent Chr._e from
PdorYear .......... - -35.6 -0.4 -57.4 -14.0 -3.5 -27.7 58.3 2.1 -39.2 -11.8 -80.7 105.1

ii iJ ,i i ,,

_For1963,openpltplusundergroundmineproductionwas7.2thousandmetrictonsU,or79.1percent.
_:x' 1978-1004,the_ catago_yInckKlespa0duclk_horninMuleach,heapleach,minewater,andlow-gradestockpiles.For1985the"Other"includes

productionfromIn_ leach,minewatar,lindwater.treatmentplantsolutions.For1986through1989,the"Other"Includesproductionfromopeni)lt,insitu
leech,helpleech,minewater,andwatar-tmelmentplantsolutions.For1990and1991,the "Other"Includesproductionfromunderground,insltuleach,heap
leech(1990),minewater,watar-tnmVnentplantsolutions(1990),andrestoration.For1992,the "Other"includesproductionfromundergroundandinsltuleach
mines,uraNumbesdngwatarfrommineworkingsandtallingsponds,andmstomtk)n.For1993,the"Otherincludesproductionforminsituleachminesand
uraniumbeadngwaterfromrestoration.

- - Notal_icable.
W - Withheldtoa_oiddlaciosureofcompeny-q0ec_data.Thedateareincludedinthetotalfor"Other."
Notes:Totalsrallynotequalsumofcomponentsbecauseof independentrounding.Percentageswerecalculatedusingunfoundeddata.
Soumes:1978-111N--U.S.Departmentof Energy,GrandJunctionProjectsOffice,Stall, a/Damof theUnto/urnIndustP/(January1983).1983--Estirnated

byatlffof_e _ lindSymmsDivision,Officeof Coal,Nuclear,BectdcandAlternateFuels,EnergyInformationAdministration,fromU.S.Department
of Energy,GrandJunctionProjectsOfficedatafiles. 19_l-lN2--Energy InformationAdministration,UraniumIndustryAnnual 1992(October1993). •
1983--EneRlyInformationAdministration,FormEIA-858,"UraniumIndustryAnnualSurvey"(1993).
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Table E5. U.S. Uranium Processing Operationsr 1983-1993 ......

ProoeeslngOpemtlon J l g_. 8 1984 J 19_, I lm '1 1987 I 1988 ! I m 1'"'19110 I 1991 ! 1992 I 1993

OreFed to Process*

(thousandmetrictons U) 5,375 3,915 1,628 1,187 1,307 1,101 1,120 655 580 232 0

(grads)b ............. 0.128 0.112 0.161 0.336 0.284 0.288 0.323 0.293 0.198 0.229 -

(thounnd met_ tons U) 5.839 3.706 2.225 3.378 3.151 2.892 3.068 1.626 0.973 0.450 0

OtherMillFeed=

(thousandrnetrk:tonsU) 0.220 0.206 0288 0.100 0.182 0.195 0.165 0.186 0.069 0.070 0.016

TotalMill Feed

(thousandmetric:toneU) 6.059 3.911 2.514 3.478 3.333 2.887 3.233 1.812 1.042 0.520 0.016

In-ProcessInventoryChange

(thousandmet_ tonsU) -0.108 0,018 0.079 -0.025 .0.981 0.052 .0.090 -0.094 .0.047 0.010 0.004

ConcentrateProduction

(thoumzl metr_ tonsU)
TheoreticalProductiond 6.187 3.892 2.484 3,S03 3.413 2.834 3.323 1.906 1.069 0.530 0.012

ConventlonolMilling... 5.969 3.703 2.340 3.405 3.283 2.706 3.144 1.788 1.003 0.523 0.012

TellingsLm
Unaccountables ..... 0.198 0.190 0.094 0.098 0.130 0.129 0.179 0.119 0.095 0.007 0.001

RecoveryFromMill Feed

(percent) ........... 98.8 95.1 98.1 87.2 98.2 95.5 94.8 93.8 92.2 98.7 -

Other Procaesing" .... 2.169 2.022 2.012 1,790 1.714 2.345 2.178 1.830 2.056 1.649 1.166

Total Production...... 8.138 f5.724 f4.352 '5.195 14.997 5.080 5.322 3.418 3.059 2.171 1.178

ConcentrateShipments

(thousandmetrictons U) 7.599 8.956 4.523 4.093 4.448 4.920 5.696 4.984 3.245 2.636 1288

_Umnlumore "fedto process'inanyyear can Include:ore mined_ shippedto • milldudngthe same year,ore that wasmineddudnga pdoryear
andlater shippedfrom mine-sitestockpiles,and/orom obt•lned fromdmwdownsofstockpilesmaintainedat it rata_te.

bWeightedaveragepercent.
"Includesuraniumfromlow-gradeore, ndrmwater,laHlngswater, andheap becNng, except u _ed below.
dAt100-percantrecovery.
"Unmiumconcentrate_ frominIdtukmcNngancles II bypmcklotofotherprocessing.1he to/b for 1995 imdfollowingyesm includauranium

ooncantmterecoveredfromreclamationlindmineMiter lit •oral _ thatdid notrupertpme_ of unmlumore for theseyearn.
'Total doesnot includeuraniumoonoentmtaproductionfrompilotWuteoUor otherresearchWojeotzoorc_.
- - Notapplicable
Note: Totalsmay notequalsum of componantsbecauesof _ pounding.
8ourcae: 1983---Calculatedby EnergyInfommtionAclminkltmtJon,Olflca of Coal,Nuclear, Electrk:andAlternateFuels, from U.S. Departmentof

Energy, Grand JunctionProJeotsOffice data files. 1954-1_ Infom_tlonAdministration,Uranium Industry Annual 1992(October 1993).
1953--Energy InformationAdrnin_mtion, FormEIA-858, 'UraniumIndust_ AnnualSurvey"(1993).
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Table E6. C_nmitments for Delivery of Uranium from Suppliers to U.S. Utilities, 1993-2000 end Later
_r'housandMetricTons U Equivalent) .......

I Chum_To_ frm

December31,19ilg,to
Amof fl::tecember31m19fl2 U ofD,f:ettdw31t lm , Dx, mlxN',?lftm

Year._ F1irmI OtadlonalI Totsl I Cumulatl_ Flmn [ I ,-o,.,i L,Total t Cumuknivo ,

1008 ............ 6.6 0.3 6.9 0.9 6.0 0 6.0 6.0 .0.9 -0.9
1004 ............ 5.1 12 6.3 132 5.3 0.6 6.9 11.9 -0.4 -1.3
1005 ............ 5.0 1.3 6.8 19.5 4.1 0.7 4.9 16.8 -1.4 -2.7
1006 ............ 2.4 1.3 3.7 232 22 0.6 2.9 19.6 -0.8 .3.6
1997 ............ 1.7 0.6 2.4 25.5 22 0.6 2.8 22.4 0.4 -3.1
1998 ............ 12 0.5 1.7 272 1.1 0.6 1.7 24.1 0.0 -3.1
1099 ............ 0.7 02 0.9 28.1 0.7 0.4 1.1 252. 02 .2.9
2000andlaw .... 1.6 C 1 1.7 29.8 1.6 0.3 2.0 272. 0.3 .2.6

T(II .......... _ 5.8 29.8 - ,'!3,2 4.0 Zi%-1 - - -
i tim i llll

-- Not_.
Nm: Totm rosynoteqmlsumot_ bemu_ of_ ro,nd_.
8orwce:EnergyInlonnmtionAdminisbation,FormEIA-S58,"UraniumIndustryAnnumlSurvey"(199_).
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Table E7. Average of Pric_mPaid for Purchases by U.S. Utllltlee from Suppllere, 1982-191_

_DollamperKik)_mm U Equivalent,ThousandMetricTonsEquivalent)
I. Yw _ o_h,,q

CorCZ'ac'tType I 1982 ! 1983 I 1984 I 1985 I 1986 ! 1987 ! 1988 I 1989 I 1990,,[ 1991 ! 1992 I 1.

Comn,o_m_,d Pr_,
A_ PItCe ............ 01.94 103.74 87.3e g0.32 84.71 ?6.32 7'3.32 5426 46,94 3824 34_g 38.90

Qulmtlty with Reported Price. 3_ 3.7 2.e 3.4 2.s s.o 2.e s.7 4.e e.7 6.1 u

Price Related

Ne Flmw

AveragePrice ............ ,.oo e¢, 43,M 40.20 44.02 45.59 41.91 29.85 23.87 23.5 22.49 24.88 !

Qu_ withReportedPdce. 1.1 1,7 1.e 1.1 1.3 1.0 o,o 0.7 _.0 1,s 1.s u J
Prk:emd Coet Floor

AveragePrice ............ I_.M lal.74 11e._ 32.el lOe._ 59_ _.ls 59.e0 50.44 59.7e 47.71 _e6
QuantitywithReportedPdce. 2.2 1.4 1.e 1.s 1.0 o.s 0.4 0.4 o.e o.s 1.e o.e

Total Mm'lmtPrk:e Related

Avl_l_ge PI_) ............ 107.30 94.07 82.81) 70.89 71.21 59.41 59.13 40.00 30.29 32,01 _16.10 28.59

QuantitywithReportedPdce. a.s 3.o s.4 2.7 ca 1.s 1.a 1.2 u 1.o s.s ale

Tcn_ConU,__
& Mm'lmtPrice Related

AveragePrice ............ B).Te m).as e4.59 el.'t2 7e,os 71.1e 07.29 so.ee 4o.e_ _.e_ 84.m a4.17
QuantitywithReoortedPrice. e.4 e.;, e2 e,1 4.,7 s.4 4.2 4.s 7.2 s,s e,4 e.o

Norm:PdcemcluckmuraniumdellvemclunderlitigationNttlemen_.Pd¢_ ahownareq_ averagmperIdtogramU equivalentInnominal
U.8.dolar¢

8oume¢1M2-11_ InfatuationAdmtnislmtion.FormEIA.491."SurveyofUnited81at_UmnlumI_ Activity"(1N2. lge3). 1M4-
111_ InformationAdministration.Utah/UrnIndustryAnnua/199,?(October1993).191_ Information_. FormEIA-SM.
•un._mIncu__n.¢ Survey"(1_).
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Table ES. Deliveries and Commitments of Uranium Imports and Exports by Transaction
Type, 1967 to 2000 and later
(ThousandMetricTonsU Equivalent)

Imp¢_ lit T_ ll_/Im" Expmll I1_Tranmctk)n Type"YNrof_ Pu_' I Lolms I _ ! OIher I ,olal _lee ° I Loans I Exchlmo_ I O_r I Total

A_ml O01MIdN

1987 ........... 0 NA NA NA 0 0.5 NA NA NA 0.5

1908 ........... 0 NA NA NA 0 0.6 NA NA NA 0.6

1980 ........... 0 NA NA NA 0 0.4 NA NA NA 0.4

1970 ........... 0 NA NA NA 0 1.6 NA NA NA 1.6

1971 ........... 0 NA NA NA 0 02 NA NA NA 0.2

1972 ........... 0 NA NA NA 0 0.1 NA NA NA 0.1

197'3 ........... 0 NA NA NA 0 0.5 NA NA NA 0.5

1974 ........... 0 NA NA NA 0 12 NA NA NA 1.2

1975 ........... 0.5 NA NA NA 0.5 0.4 NA NA NA 0.4

1976 ........... 1.4 NA NA NA 1.4 0.5 NA NA NA 0.5

1977 ........... 2_ NA NA NA 22. 1.5 NA NA NA 1.5

1978 ........... 2.0 NA NA NA 2.0 2.6 NA NA NA 2.6

1979 ........... 12 NA NA NA 12 2.4 NA NA NA 2.4

1gO0 ........... 1.4 NA NA NA 1.4 22 NA NA NA 2.2

1981 ........... 2.5 NA NA NA 2.5 1.7 NA NA NA 1.7

1982 ........... 6.6 NA NA NA 6.6 2.4 NA NA NA 2.4

1983 ........... 32. NA NA NA 32 1.3 NA NA NA 1.3

1984 ........... 4.8 NA NA NA 4.8 0.9 NA NA NA 0.g

1985 ........... 4.5 0 0 NA 4.5 2.0 0 0 NA 2.0

1986 ........... 52 0 0.3 NA 5.5 0.8 0 0 NA 0.8

1987 ........... 5.8 0.3 0 NA 6.1 0.4 0 0 NA 0.4

1988 ........... 6.1 0 0.5 NA 6.5 1.3 0 0.4 NA 1.7

198g ........... 5.0 0,1 0.1 NA 5.3 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 ........... 6.3 22 0.4 NA 8.9 1.4 0 0 NA 1.4

1982 ........... 9.0 0.9 0.3 72 17.5 1.1 0 0 7.0 8.0

1993 ........... 8.1 W W 7.5 16.1 12 W W W 82

r,m_mlmtents

1994 ........... 8.7 0 W W 9.1 1.3 0 0 0 1.3

1995 ........... 8.1 0 0 0 8.1 12 0 0 0 1.2

1996 ........... 7.3 0 0 0 7.3 12 0 0 0 12
i

1997 ........... 6.3 0 0 0 6.3 12 0 0 0 12

1998 ........... 4.5 0 0 0 4.5 1.1 0 0 0 1.1

1999 ........... 3.3 0 0 0 3.3 1.1 0 0 0 1.1

2000 llndLatin 4.5 0 0 0 4,5 0.4 0 0 0 0.4

"1987-1N1---Ooes not includetmnmctlons Involvingthe deliveryof uraniummaterialsImportedforcuMody/storageKing, conversion,enrichment,and/or fuel
fabdcollonstU.S. faciNtlesandsubsequenUyexportedor uraniumrnsterbdsexportedfix convendon,fuelhd)dcatbn,and/orendchmentst foreignfacllltles.
llm.llm.'ob'w" irmxts includeurmum mippedunder_ _ cuax_y/mmge siting,conver_n, enrichment,and/or fuetfabricationat U.S. fa_Ukm.
"Other' expo_s Includeuraniumshippedfromconversion,endchmmt,m_l/orfuelM:,tca_n _ In the UnitedStates.

a1975-1981, Annualtotal representsdirectpurchaseof fomtgn-odgtnurlrdum byU.8. Oonlpenkm.
©1967-1981,Annual tOtlllrepresentsexportsbyU.S. uranium_ only.
W: With_Hdto avoiddisclosureof individualcompanydata.
NA- Not availab_.
Note: Totldsmay not equalsumof componentsbecauseo4_ muncllng.
8oumo¢, 198/-1983-4_rchues m_l Sales, Energy IrdocmationAdminbtmtion,Survey of Un#ed ,.qmtu _ _ Act/v_ I983 (August1964), 1984-

1981--EnoRw _ Adodnllmdk_,UtwdumInduaryAnnua/1992 (Ocloblr 1993). 1983--Enecw InformationAdndntstmtlon,FormEIA-858, "UraniumIndustry
Smoy' (1_).
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Table E9. Average of Prices Paid for Imported Uranium Delivered to U.S. Utilities and Suppliers,
1983-1993

_Dollamper KilogramU Equivalent,ThousandMetricTons Equivalent)i

Average Price .............. 68.02 56.84 52.21 52.18 49.76 49.48 43.55 32.63 40.43 29.48 27.37

Quantity_ ReportedPdce ... 3.2 4.3 4.1 4.9 5.0 5.8 5.0 9.0 6.1 6.6 8.1

TotalQuantttyDelivere_ ...... 3.2 4.8 4.5 5.2 5.8 6.1 5.0 9.1 6.3 9.0 8.1

Percentageof Imports Delivered

withRt_X)lled Prices ......... 100 89 91 95 85 96 100 99 98 96 ,,. 100

_rhe figureshownIncludesU.S.utility,supplis_,andtrader/brokerpurchasesrep_ed as importsofuraniummaterialsintotheUnitedSlates. Uranium
mstedalsreportedasimportsunderloanandexchangetransactionsareexcluded.

Notes:Pricesshownarequantity.weightedaveragesperkUogmmU equivalentinnominalU.S.dollem.Materialquantitiesam millionsofkilogramU
eq.Mmnt

Sources:19e3.--EnergyInformationAdministration,UnitedStatesUraniumMarketingActivity1983(August1964). 1904-1992--EnergyInformation
AfkninletralJon,UraniumIndustryAnnual1992(October1993).1993--EnergyInformationAdmlnistralkxt,FormEIA-858,"UraniumIndustryAnnualSurvey"
(1_).

Table El0. Commercial and U.S. Govemment Inventories of Natural and Enriched Uranium as of End
of Year, 1990-1993
_housand MetricTons U

Inventorkm lit the End of the Year

Type of Uranium Inventory 1990 1991 1992 1993

UUlnyStock:
Natural Uranium ................................ 23.7 27.3 25.6 22.2

EnrichedUranium: .............................. 15.8 10.4 R9.8 8.9

DomesticSupplierStooks
NaturalUranium................................ 8.5 7.2 7.4 7.2
EndchedUraniuma .............................. 1.7 0.8 2.3 1.9

TotalCommercialStocks ........................ 49.6 45.7 45.1 40.2

Go_xnment-Owned 8toclmb
Natural Uranium ................................ 23.0 18.0 17.6 17.9

EnrichedUranium .............................. 12.6 14.1 8.9 10.3
i

alncludesamountsreportedas inventoriesofUF,atEnrichmentSuppliers.
blncludesamountsreportedas inventoflesbyDOEandtheUnited8taresEnrichmentCoR)omlion(USEC)for1993.
R = Reviseddata.
Note:Totalsmaynotequalsumofcomponentsbecauseofindependentrounding.
Sources:1990-1991--EnergyInformationAdministration,UraniumIndustryAnnua11992(October1993).1992-19N-.4EnergyInformationAdministration,FormEIA-

858, "UraniumIndustryAnnualSurvey"(1993).1990-1993,Government-owneduraniumonly-OfficeofUraniumPrograms(NE-30),U.S.OepeNnentof Energy,
andtheUnitedStatesEnrichmentCorporation(USEC).
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Glossary

Average delivered price: The weighted average of all towarduraniumexploration,development,mining, and
contract-pricecommitmentsand market-pricesettlements milling; marketingof uraniummaterials;enrichment;
in a deliveryyear. fabrication;or acquisitionand managementof uranium

materialsforuse in commercialnuclearpower plants.
Contract price: The delivery pricedeterminedwhen a
contractis signed. Itcan be a fixed priceor a base price Enrichment feed deliveries: Uraniumthat is shipped
escalatedaccordingto a given formula, undercontractto a supplierof enrichmentservicesfor use

in preparingenricheduraniumproductto a specified =sU
Conventional mill (uranium):A facilityengineeredand concentrationandthatultimatelywill be used as fuel in a
builtprincipallyforprocessingof uraniferousore materi- nuclearreactor.
als mined from the earthand the recovery,by chemical
treatmentin the mill's circuits, of uraniumand/or other Enriched uranium: Uraniumin which the _sU isotope
valuedcoproductcomponentsfromthe processedore. concentrationhasbeen increasedto greaterthanthe0.711

percent_sU (by weight) presentin naturaluranium.
Cost model for undiscovered resources: A computer-
ized algorithm that uses the uraniumendowment esti- Exploration drilling: Drilling done in search of new
mated for a given geological areaand selected industry mineraldeposits,on extensionsof knownore deposits, or
economic indexes to develop random variables that at the location of a discovery up to the time when the
describethe undiscovered resourcesultimatelyexpected companydecidesthat sufficientorereservesmepresentto
to be discovered in that area at chosen forward-cost justify commercialexploitation. Assessment drilling is
categories, reportedas explorationdrilling.

Cutoff grade: The lowest grade, in percent U3Os,of Fabricated fuel: Fuel assemblies composed of an array
uraniumoreat a minimumspecifiedthicknessthat can be of fuel rods loaded with pellets of enriched uranium
mined at specified cost. dioxide.

Development drilling: Drillingdone to determinemore Floorprice: A pricespecifiedin a market-pricecontracts
preciselysize, grade,andconfigurationof an ore deposit as the lowest purchasepriceof the uranium,even if the
subsequentto the time the determinationis madethat the marketprice falls below the spe:',ifiedprice. The floor
deposit can be commerciallydeveloped, price maybe relatedto the seller'sproductioncosts.

Domestic: Doraesticmeanswithin the 50 States,District Forward cost:The operatingandcapitalcosts still to be
of Columbia,PuertoRico, the Virgin Islands, Guam,and incurred in the productionof uranium from in-place
otherU.S. possessions.The word"domestic"is used also reserves. By usingforwasdcosting,estimatesof reserves
in conjunctionwith data and informationthat are com- forore depositsin differinggeological settingsandstatus
piled tocharacterizea particularsegmentor aspectof the of development can be aggregated and reported for
uraniumindustryin theUnitedStates. selected cost categories. Included are costs for labor,

materials,power and fuel, royalties,payrolltaxes, insur-
Domestic uranium industry: Collectively, those busi- ance, and applicable general and administrativecosts.
nesses (whetherU.S. or foreign-based)that operateunder Excludedfromforwardcost estimatesarepriorexpendt-
the laws and regulations pertainingto the conduct of tures, if any, incurredfor propertyacquisition,explora-
commercewilhin the United Statesand its territoriesand llon, minedevelopment,andmill construction,as well u
possessionsandthatengegein activitieswithinthe United income taxes, profit, end the cost of money. Forward
States,its territories,andpossessionsspecificallydirected costs are neither the full costs of production nor the
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mazketpriceatwhichtheuranium,whenproduced,might marketprice at the time of delivery. A market-price
be sold. contractmayincludea floorprice,thatis, a lowerlimiton

theeventualsettledprice.The floor priceandthemethod
Heap leach solutions: The separation,ordissolving-out, of price escalation generally are determinedwhen the
from minedrock of the soluble uraniumconstituentsby contractis signed.The contractmayalso include a price
the naturalaction of percolatinga preparedchemical ceiling or a discountfrom the agreed-uponmarketprice
solution throughmounded(heaped)rock material. The reference.
moundedmaterialusuallycontainslow grademineralized
materialand/or waste reck woduced from openpit or Market.price settlement: The price paid for uranium
undergroundmines. The solutions are collected after delivery under a market-pricecontract. The price is
percolation is completed and Wcga_sedto recoverthe commonly (but not always) determinedat or sometime
valuedcomlxments, beforedeliveryandmaybe relatedto a floor price,ceiling

price, or discount.
Heavy water: Watercontaininga significantlygreater
proportion of heavy hydrogen (deuterium) atoms to Millingof uranium: The processingof uraniumfromore
ordinaryhydrogenatomsthanis foundin ordinary(light) minedby conventionalmethods, such as undergroundor
water. Heavy water is used as a moderatorin some openpit methods, to separate the uranium from the
reactors,because it slows neutronseffectively and also undesiredmaterialin the ore.
hasa low cross section forabsorbtionof neutrons.

National Uranium Resource Evaluation (NURE): A
Heavy-water-moderated rmaor: A reactorthat uses programbegun by the U.S. AtomicEnergyCommission
heavywateras its modem_. Heavywateris anexcellent (AEC) in 1974 to make a comprehensiveevaluationof
moderatorandthuspermitsthz use of inexpemive natural U.S. uraniumresources and continuedthrough 1983 by
(unenriched)uraniumas fuel. the AEC'ssuccessoragencies, the EnergyResearchand

. DevelopmentAdministration(ERDA) and the Depart-
In _ leach mining (ISL): The recovery,by chemical ment of Energy (DOE). The NURE programincluded
leaching, of the valuable components of an orebody aerial radiometric and magnetic surveys, hydrogeo-
without physical extractionof the ore from the ground, chemical and streamsedimentsurveys,geologic drilling
Also referredtoas "solutionmining." in selected areas, geophysical logging of selected

boreholes,andgeologic studies to identify andevaluate
L_t water rmetor (LWit):A nuclearreactorthat uses geologic environmentsfavorableforuranium.
wateras theptin_ coolantandnmdemmr,with slightly
enricheduraniumas fuel. Therearetwo types of com- Net imports: The uraniumimportsminus exports in a
mercial light-water reaeugs-the boiling-water reactor given delivery period.
(BWR) andthepressurized-waterreactor(PWR).

Nonconventional plant (uranium): A facility engi-
Long4crm pm'dmN: A purchase contngt underwhich neeredandbuiltprincipallyforprocessingof uraniferous
at lint one delivery of mat_al is scheduled to occur solutions that are producedduringin situ leach mining,
duringthe secondcalendaryearafterthecontract-signing from heap leaching, or in the manufacture of other
year.Deliveriesalsocamoccurduringfl_ contract-signing commodities,and the recovery, by chemical treatmentin
year, duringthe first calendaryearthereafter,or during the plant'scircuits, of uraniumfromthe processedsolu-
any subsequentcalendaryear. tions.

Market price: The prevailingpricelevel in themarketat Nudear reactor: An apparatusin whicha nuclearfission
a given time. It generallyreflectsa publishedspot price, reaction,i.e., the splittingof atomic nucleito release heat
is mutuallyagreeduponby thecontractingparties,or is energy, can be initiated, controlled, and sustained at a
independentlydetmminedby an unbiasedoutside arbitra- specific rate. A reactorincludes fuel (fissionable mate-
tar. tiM), moderating materials to control the rate of

fissioning,a heavy-walledpressurevessel to housereactor
Marbbprke eontrsa: A contractin which thepriceof components, shielding to protectpersonnel, a system to
uraniumis not specifically determinedat the time the conductheataway fromthe reactor,and instrumentation
contractis signed butis basedinsteadon the prevailing for monitoringandcontrollingthe reactor'ssystems.
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Optional delivery commitment: A provisionto allow isotopesareuranium-235anduranium-238.Uranium-235
the conditionalpurchaseor sale of a specificquantityof is indispensableto thenuclearindustrybecause it is the
materialin additionto the firmquantityin the contract, only isotope existing in natureto anyappreciableextent

that is fissionable by thermal neutrons.Uranium-238is
Processing of uranium: The recoveryof uraniumfrom also importantbecause it absorbsneutronsto producea
solutionsproducedby nonconventioanlminingmethods, radioactiveisotopethatsubsequentlydecaysto the isotope
i.e., in situ leach mining (ISL),a byproductof copperor plutonium-239, which also is fissionable by thermal
phosphatemining, or heap leaching, neutrons.

Purchase.contract imports of uranium: The amountof Uranium concatrate: A yellow or brown powder
foreign-ori0n uraniummaterialthat enters the United producedfrom naturallyoccurringuraniummineralsas
Statesduringa surveyyearas reportedon the "Uranium a result of milling uraniumore or processing uranium-
IndustryAnnual Survey" (UIAS), Form EIA-858, as bearingsolutions.Synonynmuswithyellowcake,U3Os,or
purchasesof uraniumore_U3Os,naturalUF6,or enriched uraniumoxide.
UF6.The amountof foreign-originuraniummaterialsthat
enter the countryduring a surveyyearunderothertypes Uranium depodt: A discrete concentrationof uranium
of contracts,i.e., loans and exchanges, is excluded, mineralizationthatis of possible economic interest.

Sepmtive Work Units (SWU): The standardmeasure Uraniummdewment: The uraniumthatis estimatedto
of enrichmentservices. The effortexpendedin separating occur in rockwith a gradeof atleast 0.01 percentU3Os.
a mass F of feed of assay xf into a mass P of product The estimate of the uraniumendowmentis madebefore
assay xp and waste of massW andassay xw is expressed considerationof economicavailabilityandany associated
in termsof the numberof separativeworkunitsneeded, uraniumresources.
given by the expression SWU - WV(x,,) + PV(xp) -
FV(x_),where V(x) is the "value function," defined as Uranium huaflum_e (UFs):A whilesolid obtainedby
V(x) = (1 - 2x) In((1 - x)/x), chemicaltreatmentof U30, and which forms a vaporat

temperaturesabove 56 degrees Centigrade.UFs is the
Short.term purchase: A purchasecontractunderwhich formof uraniumrequiredfor theenrichmentprocess.
all deliveries of materials are scheduledto be completed
by the end of the first calendar year following the Uranium ore: Rock containinguraniummineralization
contract-signingyear. Deliveries can be madeduringthe in concentrationsthatcan be minedeconomically, (typi-
contractyear, but deliveries are not scheduled to occur cally 1 to 4 poundsof U3Osperton or0.05 to 0.20 percent
beyond the firstcalendar year thereafter. U_Os).

Spot market: Buying and sellingof uraniumforimmedi- Uranium oxide: Unmium concentrate or yellowcake.
ate or very near-term delivery. It typically involves Abbreviatedas U3Os.
transactionsfor delivery of up to 500,000 pounds U3Os
within a yearof contractexecution. Uranium property: A specific piece of land with ura-

nium reserves that is held for the ultimate purpose of
Spot.market price: A transactionprice concluded"on economically recoveringthe uranium. The landcan be
the spot," that is, on a one-time, promptbasis. The developed for productionor undeveloped.
transactionusuallyinvolves only one specific quantityof
product.This contrastswith a term-contractsale price, Uranium reserves: Estimatedquantitiesof uraniumin
whichobligatesthe sellerto delivera productatan agreed knownmineraldepositsof such size, grade,and configu-
frequencyand price over an extendedperiod, rationthat the uraniumcouldbe recoveredat or below a

specifiedproductionCost with currentlyprovenmining
Unfilled requirements: Requirements not covered by and processing technology and under currentlaw and
usage of inventoryor supply contractsin existence as of regulations.Reserveserebasedon directradiometricand
January1 of the surveyyear. chemical measurementsof drillholes and othertypes of

sampling of the deposits. Mineralgradesandthickness,
Uranium: A heavy, naturally radioactive, metallic spatial relationships,depths below the surface,mining
elmnent(atomicnumber92). Itstwo principallyoccurring andreclamationmethods,dimncm to milling facilities,
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and amenabilityof ores to processingare consideredin • Speculativeresources (SR):Uraniumin additionto
the evaluation.The amountof uraniumin ore thatcould EAR that is thought to exist, mostly on thebasis of
be exploited within the chosen forward-costlevels are indirectevidence and geological extrapolations,in
estimatedin accordancewith conventionalengineering deposits discoverable with existing exploration
practices, techniques.The locationsof deposits in thiscategory

can generallybe specifiedonly as being somewhere
Uranium resourem categories: Three categories of within given regionsor geological trends. The est-
uraniumresourcesare used to reflectdifferinglevels of imam in thiscategoryareless reliablethanestimates
confidencein theresourcesreported.Reasonablyassured of RAR andEAR. The categoryof SR corresponds
resources(RAR),estimatedadditionalresources(EAR), to DOE'spossible potentialresources plus specula-
andspeculativeresources (SR) aredescribedbelow, tive potential resourcescategoriescombined.

• Rensonably assured resources (RAR): The ura- UsageAgreement:Contractsheldby enrichmentcustom-
niumthatoccurs in knownmineraldeposits of such ers thatallowfeed materialto be storedat the enrichment
size, grade,andconfigurationthat itcouldbe recov- plantsite in sdvance of need.
ered withinthegiven productioncost ranges,with
currentlyprovenminingandprocessingtechnology. Yellowcake:(See uraniumoxide)
_ of_e and_ m buedou_ecLfic
sample data and measurementsof the deposits and
on knowledge of deposit characteristics. RAR
correspondto DOE'suraniumreservescategory.

• Estlmated additional resources (EAR): The
uraniumin addition to RAR that is expected to
occur, mostly on the basis of direct geological
evidence, in extensions of well-explored deposits,
Httleexploreddeposits, and undiscovereddeposits
believedtoexist alongwell-definedgeologicaltrends
with known deposits, such that the uraniumcan
subsequentlybe recovered within the given cost
ranges.Estimatesof tonnageandgradearebased on
available sampling data and on knowledge of the
depo_|t characteristics, as determined in the best-
known partsof the deposit or in similar deposits.
PAR correspondto DOE's probable potential re-
sourcescategory.
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Natural Gas 1992 Issues and Trends

"...a must read for
anyone in the natural gas industry..."

'...not the usual government tome rehashing old numbers,
but a document with timely, information tt_t newcomers
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