
DOFJRW-0006,Rev.9

Integrated Data Basefor 1993:
U.S. Spent Fuel and RadioactiveWaste
Inventories,Projections,and Characteristics

March 1994

!

Prepared by

Oak Ridge NationalLaboratory
Managed by Martin MariettaEnergy Systems,Inc., for the
U.S. Department of EnergyundercontractDE-AC05-84OR21400

Prepared for

U.S. Department of Energy
Office of Civilian Radioactive Waste Management
Office of Environmental Restoration and Waste Management
Washington, D.C. 20585



This reporthas been reproduceddirectlyImm the best availablecopy.

Availablefrom the Office of Scientificand Technical Information, P.O. Box 62, Oak
Ridge,TN 37831; Phone:(615) 576-8401.

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



P
Z

i_

DOE/RW-(XX)6,Rev.9

! IntegratedData Basefor 1993:
U.S. Spent Fuel and RadioactiveWaste

, Inventories,Projections,and Characteristics

March 1994

Prepared by

OakRUgeNaUon=Laborat=y
Managed by Martin MariettaEnergySystems,Inc.,for the
U.S. Departmentof Energy undercontractDE-ACO5-840R21400

Prepared for

U.S. Deparlxnentof Energy
Officeof CivilianRadioactiveWaste Management
Officeof EnvironmentalRestorationand Waste Management

Washington,D.C. 20585 MASfER j_
D!STTtlItU_:P_NCIF'I"I"_tIg,l,i:'.:_._;t,..I_FtI'4, i_ ,._,I'44.._::I_-._.



PREFACE

The information in this report summarizes the U.S. Department of Energy (DOE) data base for inventories, projections,
and characteristics of domestic spent nuclear fuel and radioactivewaste. This report is updated annually to keep abreast
of continual waste inventoryand projection changes in both government and commercial sectors. Baseline information is
provided for planningpurposes and to support program decisions. Although the primary purpose of this document is to
provide background information for program planningwithin the DOE community, it has also been found useful by state
and local governments, the academic community, and a number of privatecitizens. To sustain the objectives of this program
in providing accurate and complete data in this field of operation, comments and suggestions to improve the quality and
coverage are encouraged. Such comments and any general inquiriesshould be directed to the U.S. Department of Energy
at either of the following:

' Office of CivilianRadioactive Waste Management Office of Environmental Restoration and Waste
Route Symbol RW-432 Management
1000 Independence Avenue, SW Route Symbol EM-351 or 433
Washington, DC 20585-0001 Trevion 2

Washington, DC 20585-0002

This report was prepared by the Integrated Data Base Program,which isjointly sponsored by the DOE Office of Civilian
Radioactive Waste Management and the DOE Office of Environmental Restoration and Waste Management. Suggestions,
questions, and requests for information may be directed to any of the following:

M. L. Payton, DOE/RW-432, Washington, DC 20585-0001
Telephone: (202) 5860867

J. T. Williams, DOE/EM-351, Washington, DC 20585-0002
Telephone: (301) 903-7179

M. Tolbert-Smith, DOE/EM-433, Washington, DC 20585-0002
Telephone: (301) 903-8121

J. A. Klein, ORNL, P.O. Box 2008, Oak Ridge, TN 37831-6495
Telephone: (615) 574.6823

An important part of the Integrated Data Base Program is the Steering Committee, whose members provide both
generic guidance and technical input. The membership of this committee, shown on the following page, represents all of
the major DOE sites and programs for spent fuel and radioactive waste management. Each support committee member
is assisted by a technical liaison as needed. The participation and assistance of these individuals are acknowledged with
appreciation.

>..=,,,,or _._,..,,
_ate Director _.lJeputy A._istant Secretary Deputy Ass_Iant Secretary
Office of Storage and Transportation Office of Waste Management Office of l_vironmentai Restoration
Office of CivilianRadioactive Office of Environmental Restoration Office of Environmental Restoration

Waste Management and Waste Management and Waste Management
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Waste type information/data Source(s)

Spent fuel
Commercial DOE/EtA
DOE DOE Office of Spent Fuel Management (DOE/EM-37)

High.level waste Waste Management Information System (WMIS)a
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INTEGRATED DATA BASE FOR 1993:
U.S. SPENT FUEL AND RADIOACFIVE WASTE

INVENTORIF_S, PROJECWIONS, AND CHARACTERISTICS

ABSTRACt

The IntegratedDataBase(IDB)Programhascompiledhistoricdataoninventoriesandcharacteristicsofboth
commercialand DOE spentfuel;also,commercialand U.S.government-ownedradioactivewastesthrough
December31,1992.Thesedataarebasedonthemostreliableinformationavailablefromgovernmentsources,
theopenliterature,technicalreports,anddirectcontacts.The informationforecastedisconsistentwiththelatest

U.S.DepartmentofEnergy/EnergyInformationAdministration(DOE/EIA) projectionsof U.S.commercial
nuclearpowergrowthand theexpectedDOE-relatedand privateindustrialand institutional(I/I)activities.

The radioactivematerialsconsidered,on achapter-by-chapterbasis,arespentnuclearfuel,high-levelwaste
(HLW), transuranic(TRU) waste,low-levelwaste(LLW),commercialuraniummilltailings,environmental
restorationwastes,commercialreactorandfuel-cyclefacilitydecommissioningwastes,andmixed(hazardousand
radioactive)LLW. Formostofthesecategories,currentandprojectedinventoriesaregiventhroughthecalendar-

year(CY)2030,andtheradioactivityandthermalpowerarecalculatedbasedon reportedorestimatedisotopic
compositions.In addition,characteristicsand currentinventoriesarereportedformiscellaneousradioactive
materialsthatmay requiregeologicdisposal.

0. OVERVIEW

0.I INTRODUC'IION history ends and future projections begin. Because
historical waste inventories are reported as of

This report is an update of the previousdocument I on December 31, 1992, the line is drawn between the data

radioactive waste inventories and projections that was entries for 1992 and 1993. Data reported for 1993 in this
prepared for use in the planning and analysis of waste document are regarded as projected information.
management functions. Historical waste inventories This document contains information that has been

compiled as of December 31, 1992, are reported, assembled as a part of the IDB Program at Oak Ridge
Projectionsof future wastes are generally reported through National Laboratory (ORNL), which has the lead
CY 2030. Such projections may change in future revisions responsibility for maintainingand reporting summary files
of this report as waste minimization, environmental of pertinent dataon current and projected inventoriesand
restoration, and decontamination and decommissioning characteristics of permanently discharged domestic spent
(D&D) programsand activitiesat various government and nuclear fuel and radioactive wastes.
commercial sites are defined and become operative. In Radioactive waste originates from five major sources:
manytablesofthisreport,historicalwasteinventoriesand (I)thecommercialnuclearfuelcycle;(2)DOE-related
projectiondataarereportedona CY basis.Thesetables activities;(3)institutionssuchashospitals,universities,and

usea horizontallinetomarkthepointintimewhen past researchfoundations;(4)industrialusesofradioisotopes;



and(5)miningandmillingofuraniumore.The wasteis Informationforthisreportisprovide_:lbyavarietyof
broadly categorized as spent nuclear fuel, HLW, TRU sources. The waste data reported to WMIS are received
waste, LLW, and uranium mill tailings. Large quantities of from DOE contractors through DOE operations offices.
radioactive waste willalso result from future activitiessuch DOE-HQ assigns to selected organizations major
as DOE environmental restoration activities and the D&D responsibilities for providing information on particular
programs of DOE and commercial nuclear facilities, topics invoMng spent fuel and radioactive waste

The primary purpose of this document is to report management. Further detailed information is generally
U.S. spent fuel and radioactive waste inventories, available from data bases maintained at the specific DOE
projections, and characteristics. The data presented were and commercial sites. A list of reference sites and facilities
obtained through the cooperation and assistance of the referred to in this report is provided in Appendix D.
offices and programsthat were established by DOE to
oversee the management of the various radioactive wastes
and spent fuels. In addition, the recent literature was 0.2 CHARACTERIZATION OF WASTE FORMS
reviewed to aid in selecting the data that are presented
here and to help establish a basis for many of the The major characteristicsof radioactive materials and
calculated radioactivitylevelsand heat-generation rates that wastes are described below.
are included. In this report, spent fuel and radioactive
wastes are characterized from the standpoint of their . Spent Fuel
volumes (or masses) and their nuclear, physical, and
chemical properties. The data reported are selected from Spent fuel consists of irradiated fuel discharged from
more extensive information; that information is available a nuclear reactor. Unless otherwise identified, all
upon request, spent fuels discussed in this report are assumed to be

This annual inventory report contains summarized permanently discharged and eligible for repository
dataoftypesfoundtobeusefulforprogrammaticplanning disposal.Threecategoriesofpermanentlydischarged
purposeswithintheDOE community.The dataare spentfuelareconsidered:(1)fuelfromcommercial
intendedto providea common basisforboth DOE light-waterreactors(LWRs);(2)fuelfromnon-LWR
management-levelplanningandformoredetailedanalyses commercialreactors[e.g.,the Fort St. Vrain
ofthewastemanagementsystemthatareconductedby high-temperature,gas.cooledreactor(HTGR)];and
DOE contractorsandfieldoffices.However,thisreportis (3)specialfuelsassociatedwithgovernment-sponsored
notintendedtopresentthedetailedtypesofinformation researchanddemonstrationprograms,universities,and
requiredasinputtosuchanalyses.The bestsourcesof privateindustries.Thisreportdoesnot trackthe
suchinformationaretheappropriateoperationsoffices, inventoriesofgovernmentproductionreactorspent
wastesites,orrelevantdocumentspreviouslyissued,some fuelsthathavebeenreprocessedinthemanufactureof
ofwhichmay bereferencedinthisreport, nuclearweaponsfornationaldefense.However,the

Thisreportdoes not addressthe programmatic inventoriesofHLW resultingfromthereproces,singof
implicationsofthedatapresented,suchasthepossible thesefuelsarereportedinChapter2.Also,ChapterI
futureneed for interimspent-fuelstoragefacilities, reportsquantitiesofDOEspentfuelnotscheduledfor
Discussionofthedataislimitedtotheminimum extent reprocessing.
neededtoexplainwhatthedatarepresentandthesources
fromwhichtheywerederived.Likewise,discussionsof Currently,mostLWR spent-fuelassembliesarestored
packaging details,shieldingand transportation in poolsat the reactorsites.The bulkof the
requirements,healthandenvironmentaleffects,andcosts remainderis in storageat the West Valley

arepurposelyavoided.Questionsregardingthedata DemonstrationProject(WVDP) siteatWestValley,
presentedmay beaddressedtotheIDB Program. New You'd;theIdahoNationalEngineeringLaboratory

The DOE wastedatacontainedin thisreportare (INEL)atIdahoFalls,Idaho;and theMidwestFuel
furnishedbyDOE contractorsitesthroughthe1993Waste RecoveryPlant(MFRP) at Morris,Illinois.The
ManagementInformationSystem(WMIS)datacallforthe WVDP facilityiscurrentlybeingdecommissioned.All
IDB Program.The DOE sitedata(wasteinventories, utility-ownedspent-fuelassembliespreviouslystored
projections,and characteristics)are used by DOE- therehavebeenreturnedtotheutilities,andthefuel
Headquarters (DOE-HQ), operations offices, and remaining is DOE-owned material.
operating contractors for the management and strategic
planningof various waste programs. The objective of this Spent fuels discharged from a variety of reactors are
report is to provide waste information that is consistent, currently stored at the Hanford Site (HANF) and
reflects current inventories and projections, and includes INEL. HANF contains inventories of fuel from the N
the types of basic data best suited to meet DOE waste Reactor, the Fast Flux Test Facility (FFTF), and
program planning needs, pressurized.water reactor (PWR)-Core II fuel from



Shippingport. Fuel from the damaged Three Mile materialto be irradiatedfor research anddevelopment
Island (TMI)-Unit 2 reactor, as well as some of the (R&D) only--but not for the production of power or
spent fuel from the Fort St. Vrain HTGR, are stored plutonium--and small concentrations of TRU
at INEL. Some special spent fuels are stored at the (< 100 nCi/g) radionuclides to be managed as LLW.
Savannah River Site (SRS) and at INEL. These The same DOE policy allows small volumes of DOE
special fuels are government owned and are not waste containing by-product material [specified in
scheduled for reprocessing in support of DOE Sect. 1le(2) of the Atomic Energy Act (AEA)]6 or
activities, naturally occurring and accelerator-produced

radioactivematerial(NARM) to be managed as LLW.
• HLW Any LLW that also contains hazardous chemicals

coveredbyeither the Resource ConservationRecovery
For this report, HLW means the highly radioactive Act (RCRA) 7 or the Toxic Substances Control Act
material resulting from the reprocessing of spent (TSCA)s requires management as a "mixed waste."
nuclear fuel. This includes mainly the liquid wastes
remaining from the recovery of uranium and The definition of commercial LLW is based on two
plutonium in a fuel reprocessing plant. This HLW statutes, the Nuclear Waste Policy Act (NWPA) z and
may also be in the form of sludge, calcine, or other the Low-Level Radioactive Waste Policy Amendments
products into which such liquid wastes are converted Act (LLRWPAA). s According to both the NWPA
to facilitate their handling and storage. Such waste and the LLRWPAA, commercial LLW is radioactive
contains fission products that result in the release of material that (a) is not HLW, spent nuclear fuel, TRU
considerable decay energy,z For this reason, heavy waste, or by-product material as defined in
shielding is required to absorb penetrating radiation, Sect. 1le(2) of the AEA; and (b) the U.S. Nuclear
and provisions (e.g., cooling systems) are needed to Regulatory Commission (NRC), consistent with
dissipate decay heat from HLW. existing law, classifies as LLW.

• TRU Waste The radiation level from LLW waste may sometimes
be high enough to require shielding for handling and

TRU wastes refer to radioactive wastes that contain transport. For commercial LLWs, the NRC has
more than 100 nCi/g of alpha-emitting isotopes with defined, in ref. 9, four disposal categories of LLW that
atomic numbers greater than 92 and half-lives greater require differing degrees of confinement and/or
than 20 years.3.4 Such wastes result primarily from monitoring: classes A, B, C, and Greater-Than-
fuel reprocessing and from the fabrication of Class-C(GTCC). The NRC excludes NARM from
plutonium weapons and plutonium-bearing reactor the LLW category. DOE LLWs are classified by
fuel. Generally, little or no shielding is required groupings of disposal categories that are site specific,
("contact-handled" TRU waste), but energeticgamma yet similar to the NRC categories. This report
and neutron emissions from certainTRU nuclides and documents only those inventories of solid LLW
fission-product contaminants may require shielding or destined for disposal. It includes no liquid or gas
remote handling ("remote-handled" TRU waste), waste in storage nor inventories of soils contaminated

with LLW.
• LLW

° Commeteia Uranium Mill Tailings
Several statutes (refs. 2, 4, and 5) define LLW not by
what it is, but by what it is not. In general, LLW is Commercial uranium mill tailings are the earthen
radioactive waste not classified as spent fuel, HLW, residues that remain after the extraction of uranium
TRUwaste, or by-product materials such as uranium from ores. Tailings are generated in very large
or thorium mill tailings. However, there are slight volumes and contain low concentrations of naturally
differences between the specific regulatorydefinitions occurring radioactive materials. These materials
of DOE-generated LLW and commercial LLW. comprise a potential health hazard; the isotopes of

major concern are _Ra and its daughter, tuRn.
The definitionof DOE LLW is based on DOE Order

5820.2A,4which specifies DOE's policy for radioactive • _llanoo_ Radiom:tb_ Materials
waste management. According to this order, LLW
includes all radioactive waste not classified as either A variety of miscellaneous radioactive materials
HLW, TRU waste, spent nuclear fuel or the bulk of (MRMs) are currently stored at some DOE and
the by-product railingscontaining uraniumor thorium commercial sites. These materials include hot cell solid
from processed ore. The DOE policy as stated in wastes as well as whole, sectioned, or damaged spent-
Order 5820.2A allows small volumes of fissionable fuel rods or assemblies that originated in commercial



reactors and were used in various DOE-related (temporarily) retained and monitored in a
experimental programs. Many of these materials are retrievable manner pending disposal. In this
highly radioactive and may eventually require geologic report, inventories and projections of stored
disposal, radioactive materials or wastes are reported in

volume (m3) or mass (kg) units or both.
• Mb_ LLW

-- Disposed waste. A waste that has been put in
Mixed LLW contains concentrations of both low-level final emplacement to ensure its isolation fromthe
radioactive materials and hazardous chemicals. The biosphere, with no intention of retrieval.
hazardous component of mixed waste has DcUberate action is required to regain access to
characteristics identified by any or all of the following the waste. Disposed waste includes materials
statutes: the RCRA, as amended;7 the TSCA;8 and placed in a geologic repository, buried
state regulations. Typically, mixed LLW from underground in shallow pits, dumped at sea, or
activitiessupporting DOE programs includesa variety discarded by hydrofracture injection. The latter
of contaminated materials, such as air filters, cleaning two techniques were past practices and are no
solutions, engine oils and grease, paint residues, soils, longer performed.
construction and building materials, water-treatment
chemicals, and decommissioned plant equipment. Throughout this report, the reader is urged to note the
This report documents inventories and generation distinctions between these waste conditions. Such
rates of various types of mixed wastes stored at DOE conditions have a great impact on the regulatory status of
sites based on information reported in the Federal the waste materials considered in this report.
Facilities Compliance Act (FFCA) Interim Mixed
Waste Inventory Report (IMWlR)l°and TSCA waste
information collected and reviewed for the WMIS. 0.3 METHODS AND ASSUMPTIONS USED IN
The WMIScontains information on wastes generated, RRPORT PREPARATION
stored, and disposed at DOE sites and is maintained
by the Hazardous Wastes Remedial Actions Program This reportconsolidates a large amount of information
(HAZWRAP) in support of the DOE Office of from many sources. Some of these data are historical in
Environmental Restoration and Waste Management. nature, some are current, and some are projected; some

have been calculated or estimated, and some have been
• Generated, Treated, Stored, and Dbpmed Wastes measured. Over the years, waste regulations have been

revised, waste category definitions have changed,
It should be emphasized that all of the types of measurement instruments and calibration methods have

radioactive materials and wastes discussed in this been improved, and record-keeping has been upgraded at
report can exist either as materialgenerated, treated, all waste-generating and -receivingsites. In preparing this
stored, or dis_. The distinctions among these report, a major effort has been made to integrate waste

! various waste conditions or "states" are as follows: data from many sources and to strive for a consistent and
technically rational approach for the entire scope of

-- Generated waste. A material recentlydischarged coverage. Our primary sources of data are referenced,
from a facility production process or operation and, for calculated values (e.g., decayed radioactivity and
that can be regardedas a waste because it has no thermal power), the bases for the calculations are
economic value. In this report, quantities of identified. To achieve adequate integration of data,
generated waste are measured in units of volume numerous factors had to be considered; these are cited in
[cubic meters (m3)] or mass (kg) produced footnotes that generally accompany the tables and figures
during a calendar year. of this report. In some cases, a more thorough explanation

is provided in the text.
-- Treated waste. A waste that, following Each chapter details the assumptions on which its

generation, has been altered chemically or waste inventoriesand projections are based. The broader
physically to reduce its toxicityor prepare it for assumptions are mentioned here and are listed in
storage or disposal on- or off-site. Waste Table 0.1. These include the projected time frame and
treatment canincludevolume-reduction activities, specific assumptions used for estimating commercial and
such as incinerationor compaction, which may be government (DOE) waste projections. For the commercial
done prior to either storage or disposal or both fuel cycle, the spent-fuel and waste projections depend
(discussed next), upon the nuclear power growth scenario. The commercial

fuel cycle waste projections reported in this document
-- Stored waste. A waste that, following generation assume a reference projection of nuclearpower growthand

(and usually some treatment), is being no spent fuel reprocessing. The reference nuclear power



electrical growth projection (and associated discharged reported in cubic meters (m3) and generally reflects the
spent-fuel schedule) used throughout this report is the amount of space occupied by the waste and its container.
1993 DOE/EIA No New Orders Case.n In addition, this Radioactivity represents the rate of spontaneous
document also includes a set of nuclear capacity and spent- disintegration of the radionucUdes comprising the waste.
fuel projectionsassociated with the 1993 DOE/EIA Lower In this report, radioactivity is measured by a unit called a
Reference Case to illustrate, for planning purposes, a curie (CI), which is 3.7 x 101°nuclear disintegrations per
conservative upper bound of commercial nuclear power second. Over time, radionuclidesdecay to nonradioactive,
growth,n The No New Orders and Lower Reference stable isotopes. As an example, the short-lived
spent-fuel and power.capacity projection cases are each radionuclides found in spent nuclear fuel rapidly decay
based on a unique set of assumptions involving nuclear during the first few years after the fuel is removed from a
electricity generation growth, reactor fuel burnup levels, reactor.
reactor construction schedules, and reactor operating It should be noted that while waste volumes
lifetimes and capacity factors. These assumptions are accumulate with time by conventional addition, total
documented by DOE/EIA in ref. 11. In particular, the No radioactivity does not. Because of radioactive decay,
New Orders Case assumes that all reactors will be retired cumulative activity cannot be based on reported annual
upon the expiration date of their respective operating additions; rather it must be estimated from knowledge of
licenses. By contrast, the 1993 Lower Reference Case the waste composition, which includes the radionuclides
assumes that 50%of the reactorswill have their respective comprising the waste, their concentrations, and decay
operating licemcs renewed for 20 years past the 40.year attributes (e.g., half-lives and decay schemes). In this
period for nominal operation, report, decayed radioactivity is generally estimated for

Detailed information about reactors already built, various wastes by an abridged version of the ORIGEN2
being built, or planned in the United States for domestic code (ref. 13).
use or export as of December31, 1992, is providedin Thermalpowerisa measureof therate of heat-energy
report DOE/OSTI-8200-R56 (ref. 12). That document emissionresultingfrom the decayof radionuclidesin a
contains a comprehensive listing of all domestic reactors waste. Like radioactivity,thermal power is not cumulative
categorized by primary function or purpose: viz., civilian, by conventional addition becauseof radioactive decay.
production, military, export, and critical assembly. Information on thermal power is needed in the design of

The data for total waste inventories (which comprise shipping casks, storage facilities, and repositories where
historicaldata) are obviously less accurate than the values temperature rise, especially with regard to spent fuel and
recordedfor recent waste additions. The number of digits HLW, is an important concern. Thermal energy
used in reporting these values is generally greater than generation rates are highest for spent fuel, HLW, and
justified in terms of numerical significance, but thisproves remote-handled TRU waste. They may also be important
useful and necessary for bookkeeping purposes. In some for certain types of LLW. The unit of thermal power used
cases, the values cited are significantlydifferent from those in this report is the watt (W), which represents 1 joule of
previously reported. This is generally a result of improved thermal energy emitted per second. Estimates of thermal
estimates, new measurements, or redefinition of terms, power are based on radionucUdecomposition as well as
Explanations are given in such cases. Many of the total activity. While levels of thermal power may not be
comments received during the final review stage of this significant for certain waste forms (particularly some types
report deal with changes that have occurred after of LLW), they are nevertheless reported for the major
December 31, 1992--some as recently as February 1994. radioactive waste categories referenced in this report to
These changes are generally cited in footnotes, provide a standard for comparison.

For the sake of brevity, many of the figures and tables For spent fuel and TRU waste, mass is reported to
of this report use the exponential (E) notation. As provide better assurances of accountability. Spent fuel is
examples of this notation, the constant 1.234E+2 means reported in units of metric tons of initial heavy metal
1.234 x 10z, or 123.4; and 1.234E-4 means 1.234 x 10.4, (MTIHM) to avoid difficulties and confusion arising from
which is 0.0001234. the need to estimate ranges of varied heavy-metal content

(IWI--'HM)that result from different levels of enrichment
and reactor fuel burnup.Mass is reported in kilograms (kg)

0.4 WAS'IE CHARA_CS AND uNrrs for the TRU radionucUdescomprising TRU wastes.
REPORTED In this report, quantities of generated wastes are

expressed in terms of either the amount of mass (kg) or
Principal characteristics reported for most radioactive volume (ms) produced in a given calendar year. Thus,

wastes discussed inthisreport includevolume, radioactivity, generation rates for wastes are expressed in either
and thermal power. All characteristics are reported in kilograms per year (kg/year) or cubic meters per year
metric units and, depending on the waste form, can be (mS/year),depending on the availabilityof site information.
significant considerations in meeting the requirements for Annual generation rates are reported in this document for
waste treatment, storage, and disposal. Waste volume is spent fuel, TRU waste, LLW, and mixed LLW. Annual



generation ratesare not reported for HLW in partbecause A brief summary of each chapter in this report is
of security restrictions for the DOE nuclear weapon presented in the following paragraphs.
production activities that produce these wastes.
Additionally, there are problems in accurately estimating 0.5.1 Sl_t Fucl
HLW generation levels. One majordifficulty isaccounting
for net waste-quantitychanges due to the combined effects Chapter 1 of this report presents national data on the
of various modes of site waste management operations quantities of permanently discharged spent fuel from
such as evaporation and calcination, commercial nuclear power reactors. Historical data on

Quantities of wastes can also be reported in terms of commercial spent-fuel inventories_4are reported alongwith
the number and types of waste containers. LWR spent, two sets of DOE/EIA projections,H the No New Orders
fuel inventories and projections can be expressed Interms and Lower Reference cases. The No New Orders Case
of the number of permanently discharged boiling.water (without reactor license renewal) is the baseline commercial
reactor (BWR) and pressurized-waterreactor (PWR) fuel scenario used throughout this report to make waste
assemblies. HLW willbe immobilized in either borosilicate projections. In contrast, the Lower Reference Case (with
glass or a glass/ceramic matrix solidified in stainless steel reactor license renewal) is used in this report to represent
canisters. Estimates of the quantities of HLW to be a conservative upper limit of spent-fuel projections. For
disposed of in a geologic repository are based on the the projection period considered in this report
number and types of these canisters. Quantities of LLW (CYs 1993-2030), the No New Orders Case assumes that
and stored TRU waste can be based on the number and no new reactors will be ordered.

types of drums, boxes, or containers used or scheduled for DOE spent-fuel inventories that are not scheduled for
use. reproeessing are reported in Chapter 1 and Appendix A.

Waste characteristics are also identified by waste These includevarious types of research reactor spent fuels
composition. Throughout this report, waste composition which are stored at the SRS and the INEL.
is expressedin termsof the following: In this report, the massof dischargedspent fuel is

s radioacttvity(Ci)orspeciflc.activity(Ci/m3)breakdown measuredin MTIHM. The term "initial heavymetal"
by radionucllde (with accompanyingdaughter referstn the originalmassof the actlnideelementsof the
products)and fuel, mostof whichis uranium. (Elementsof theactinide

groupare thosewith atomicnumbers greaterthan 89.)

• physicalform(solid,liquid,gas,orsludge)orchemical O.5.2 HLW
content(by chemicalcomponent),expressedin terms
of eithervolume(m3)or mass(kS)or asa percentage
of total weight (wt %), volume (vol %), or activity The inventoriesof HLW in storage at the end of
(act %). CY 1992 and projectedthrough CY 2030 are given in

Chapter2. The wasteforms includeliquid, sludge,salt
Thisannualreportalsoprovidessomeinformationon cake,slum/,calcine,precipitate,zeolite,glass,andcapsules

thestatusof landusageat LLW burialanddisposalsites, of separatedstrontium and cesium. Vitrified defense
Suchinformationincludestotal sitearea, estimatedtotal HLW is projectedafter thestartupof the DefenseWaste
usablelandarea,andestimatedareacurrentlyutilized.To ProcessingFacility (DWPF) at SRS in 1996, and
conformwith the metricunit format usedin thisreport, projectionsofvitrifiedHLW from commercialreprocessing
theseland-usage-areaparametersarc reported in unitsof activitiesare givenfor the WVDP. Projectionsrecently
hectares, where 1 hectare (ha) --- 10,000 mz, or made of the number of canisterscontainingthe fnal
2.4710acres, immobilizedform for the DOE HLW at HANF and the

INEL are alsoreported. In addition,Chapter2 givesthe
locations,volumes,andradioactivitiesof HLW.

0.5 SUMMARY DATA AND CHAFI'ER In 1992, DOE decided to phase out the reprocesslng
OVFJ_VIEWS of its production reactor spent fuels. Until then, the

reprocessing activities recovered enriched uranium and
A few graphicalpresentations and summary tables are plutonium which were used to support nuclear weapons

included in this chapter to provide a broad overview, production. As a consequence of ceasing to reprocess
Figures 0.1 and 0.2, respectively, show the volumes and reactor spent fuels, little additionalHLW is expected to be
radioactivities of commercial and DOE wastes and spent generated at DOE sites in the future. However, DOE site
fuel accumulatedthrough1992. D&D activitiesmaygeneratesomewasteswith radioactivity

Summaries of spent-fuel and radioactive waste levelshigh enoughto requiredisposalin a deeplymined
inventoriesandprojectionsare providedin Tables0.2 and geologicrepository.
0.3. In general,materialto be sentto R&D facilitiesorto
the proposednationalgeologicrepositoryfor spentfuel
and HLW is stilllistedin eachindividualsite'sinventory.



o.5.3 TRUWmU_ 0.5.5 Commm_ UraniumMm

The locations, inventories, and projections of TRU Current inventories and projections of tailings from
waste buffed and storedat DOE sitesare presentedin commercialuranium mill operationsare summarizedin
Chapter 3. Current Inventories of TRU waste are virtually Chapter 5. Twenty-six licensed uranium mills have
all derived from government operations. The inventories accumulated railings from their operations. Half of these
documented in this report are based on data provided by mills have accumulated both commercial and government
the sitesand include wastevolumesand the massesand tailinBs. Bytheendof 1992,only twoof the NRC-licensed
radioactlvttiesofcontainedradionuclides.Projectedfuture mills were still active. To date, almost all domestic
TRU waste volumes throughCY 2020 were also requested uranium has been produced by conventional mining and
from the sites, but the siteswere not able to make such millingmethodsfrom whichthesetailingsderive. A small
estimatesin all cases. Projectionsare reported through portion has been obtainedvia in situ leaching,recovery
CY 2020 for thosesitesthat providedestimates, from minewater, recoveryfrom copper/vanadiumdump

In 1984, DOE (with input from other federal leach liquor, and recoveryfrom wet.processphosphoric
agencies) revised the minimum radioactMty concentration acid effluents. Projections of uranium mill tailtngs are
level for defining TRU waste_from greater than 10 nCi/g baaedon commercial fuel-cycle requirements, adjusted for
to greater than 100 nCt/g.Is _uently, the waste foreign imports, as specified by the DOE/EIA Lower
currently in the inventory contains wastes stored under Reference Case projection of commercial reactor power
both criteria. This redefinition, as well as the development growth. Tailingsfrom the now inactive mills that produced
of instrumentation to detect these low levels of uranium only for government operations are classified as
radioactivity, wig reduce the volume of TRU waste. As environmental restoration wastes (see Chapter 6).
the waste is assayed, that portion of it which is greater than
10 nCi/g and less than 100 nCi/g will be reclassified to 0.5.6 ]_lvil'z3_llellW _ WJt_
other waste categories.

The DOE Assistant Secretary for Environmental
0.5.4 LLW Restoration and Waste Management (DOE/EM) oversees

the assessment and remediation (environmental
Data for LLW from commercial and government restoration) of contaminated inactive facilities at all DOE

activities are given in Chapter 4 and Appendix A. sites and some non.DOE sites for which DOE has
Commercial fuel-cycle LLW is generated from the responsibility. Recently, the Office of Environmental
conversion of yeliowcake to uranium hexafluoride (UF6), Restoration and Waste Management was renamed the
enrichment, fuel fabrication,and reactor operation. LLW Office of Environmental Management. This modification
also results from commercial operations by private will be incorporatedin other sectionsin futureupdatesof
organizationsthat are licensedto useradioactivematerials, thisdocument.
These include institutions and industries engaged in An overview of DOE environmental restoration
research and various medical and industrial activities, projects and activities is given below. Further details are
DOE LLW is similar in nature to the commercial I/l waste provided in Chapter 6. The scope of Chapter 6 is limited
and the commercial fuel cycle LLW. to radioactive and mixed (radioactive and chemically

A wide variety of radionuclides are found in LLW. hazardous) wastes that could be generated by
Uranium isotopes and their daughters dominate in the environmental restoration activities. Nonradioactive
conversion, enrichment, and fuel-fabrication steps of the hazardous and sanitarywastes are outside the scope of this
nuclear fuel cycle. Reactor operations produce LLW report.
containing mostly activationproducts and fission products. The major objective for DOE environmental
A signUtcantfraction of institutional LLW that is shipped restoration activities is to ensure that risks to the
to disposalsites iscontaminated with small quantities of 3H environment and to human health and safety posed by
and t4C. inactive and surplus facilities and sites contaminated by

By the end of 1992, approximately 66% of the total radioactive and chemically hazardous materials are either
cumulativevolume of disposed LLWresulted fromvarious eliminated or reduced to prescribed, safe levels. Projects
DOE activities. The remaining 34% resulted from within the Office of Environmental Restoration (EM-40)
domestic commercial activities. About 54% of thevolume are comprised of remedial action (RA) and D&D activities.
of LLW disposed during 1992 resulted from commercial RA involves the assessment and cleanup of inactive sites
activities, and deals mainlywith contaminated environmental media



suchassoil,sediment,andgroundwater. D&D activities (Chapter4). Rather,commercialdecommtMioningwaste
are primarilyconcernedwiththesafecaretaldngof surplus projectionsare reportedseparatelyin Chapter7.
nuclearfacilitiesfollowingshutdownand for either their
ensuing decontaminationfor reuse or their complete 0.5.8 _ _ I_
dismantlement.About 500 contaminatedfacilitiesare
currently includedunder the EM-40 D&D Program. Inventories and characteristicsof miscellaneous
Activitiesassociatedwithenvironmentalrestorationprojects radioactivematerialsare reported in AppendixA. Such
are found in 31 states, materials consist mainly of permanently discharged or

DOE EM-40 is currently undertaking a major damagedspentfuel (pellets,rods,andother fuel.assembly
initiativeto determinethevolumesandtypesof wastethat components) from civilian and government.sponsored
may be generated duringfuture environmental restoration experimental nuclear programs.
activities. The_ studieshavenotyet reachedthe pointat
which realistic waste projections can be made. Results 0.5.9 Mired LLW
from these studies shouldbe available within the next few

years. For this reason, inventories and projections for Current inventories and generation rates of mixed
actual environmental restoration wastes are not provided LLW from both DOE and commercial sources are
in this report. However, the volumes of contaminated solid summarized in Chapter8. These wastes are contaminated
media, suchas soilsand debris from which environmental with both low.level radioactivityand chemically hazardous
restorationwasteswill be generated, are known to a substances.The radioactivecomponentsare definedby
reasonable degree at many EM.40 project sites. Estimates the Atomic Energy Act of 1954 (AEA), ts while the
of the volumes of such contaminated media are reported hazardous components are defined by the, RCRA, 6 the
in Chapter 6. TSCA,_and pertinent state regulations. As tff the end of

1992, inventories of mixed LLW at DOE rites totaled
0.5.7 CommgcdM _ Wmtes about 182,400 ms. It is estimated that about d0,000 ms of

additional mixed LLW will be generated during the period
Chapter 7 presents waste projections for the 1993-1997.

decommissioning of commercial power reactors and fuel
cycle facilities. "l'he D&D activities at such installations 0.5.10 Ap_
mayresultin very largevolumesofLLW, dependingon
the methodsselected.The majorLLWvolumeswillresult In addition to Appendix A, which documents
from the decommissioningof power reactors,whichwill miscellaneousradioactive materials that may poedbly
also produce a small volume of high-activitywaste. Unlike require repository disposal, several other appendixes are
that for other waste generation activities, the timing of included in this report. A tabulation of the propertiesof
decommissioning operations is very uncertain, since important radionuciides is given in Appendix B.
facilitiesmaybe eitherdecommissioneduponshutdownor Appendix C is a compilationof wasteflowsheets,source
put into a mothballedor protectivestorageconditionto terms, and characteristicsused for waste projections.
allow for sufficient radioactive decay before Source terms include both quantitativeand descriptive
decommissioning.Chapter7 reports a set of projected characteristicsused to describeradioactivewastes. As
characteristics for wastes from commercial LWR developedand usedin the IDB Program,thesourceterm
decommmiordngactivitie¢Theseprojectionsarebasedon for a particularwaste is comprisedof two components
theassumptlonthateachpowcrreactorisdecommissioned unique to that waste: (1) the number of curies of
soonafter it isshutdown. To date,onlya few commercial radioactivity,expreuedeitherperunitof facilityproduction
reactorshavebeenfully dccommisdoned,andseveralhave or per unit of wastevolume or mass,and (2) a listingof
been placed in protective storage. Wastes from completed the relativecontributions of component radioisotopes per
decommissioning actions have been included with existing curie of radioactivity of the waste. Appendix D lists the
lnventorles dtscussed in other chapters. Because of timing sites and facilities referred to in this report, and
uncertainties, projected commercial decommissioning Appendix E describes a reader comment form, which is
wastes are not included in the projections of LLW provided at the end of this report.
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Tablo 0.1. N_or _awq_ioM und in this report

Invmtory/pzoj_tlon basis

• Inventories ere reported for Decee_ber 31, 1092
• Projections art made for the CYs 1003-2030

MLMaoLldl£Soetion activities

• For WVDP, HLH eolidifi©ation (81008 produ©tion) starts in 1096 and 18 completed in 1900
• For RRS, HLH solidification [81ees production at the Defense Waste Proaeseins Facility (DWPF)]

starts in 1906 and continues throush 2015
• For llfl[L, KLH solidifi©atlon (immobLlisatlon) starts in 2007 and continues throu8h 2030
• For HANF, HLW solidifloatlon (borosilleate 81a88 production at the Hanford Waste Vitrlflcetion

Plant) starts in 2000 and continues throush 2030

C@mmorelal activities

• DOE/EIA projections of installed net Lk_t eleotrloal capaclty for the No Hew Orders • and Lower
Reference oases of ref. O:

No How Orders Ceeo

Year 1993 1995 2000 2005 2010 2015 2020 2025 2030
_(e) 09 100 101 102 88 6t tO 2t S

Lower Referen©t Case

Year 1993 1095 2000 2005 2010 2015 2020 2025 2030
G;,/(e) 99 100 101 104 102 100 113 116 119

• DOE/KIA assumptions for L_ fuel enrichment and burnup:

CYe fuel Is Fuel enriclment Dosi8n burnup
L_ fuel ).ceded (Z 235U)

BI_ 1993-1994 3.016 33,000
1993-2001 3.193 36,000
2002-2010 3.320 39,000
2011-2030 3.554 43,000

I_IR 1993-1997 3.775 42,000
1008-2003 4.000 46,000
2004-2006 4.319 50,000
2007-2030 4.695 55,000

• 5pent fuel from commercial reactors Is not reprocessed. Thus, a £uel cycle without reprocesslnS i8
assumed for all comnercl8£ projections

aThis ease assumes that each reactor will be retired when the expiration date specified in its
operetin8 license is reached.
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Table O.Z. Spent i_el amd_lioaetivtmto lmmBtoziaa as otDsoumboe $10 199a

TRU Thermal

isotopes Mass Volume Activity e power
Waste catesory (ks) (HTIIZ4) (m3) (10 6 Cl) (10 4 W)

Spent fuel
Commercial

Bkq_s 9,547 3,849 b 7,037 25,900
l_s 16,375 8,601 b 19,374 7*°300

DOE 2123.5 c c c

HAsh-level waste
Savannah River (DOE) 126,900 032.4 1,724
Idaho (DOE) 11,200 44.9 130
nantord (DOE) d a58,700 380.7 1,041
West Valley (commercial) 1,550 25.9 79

Transuranic waste (DOE)
Buried TRU waste >352 204,436 >0.73 >5.2
Potentially contaminated soil d >32,000 >0.08 d
Stored TRU waste 2,975 105,948 1.86 33.9

Low-level waste
DOE sites

Generated 37,244 c c
Stored 115,040 c c

Disposed 2,834,878 12.4 17.4
Commercial sites

Disposed 1,472,129 5.7 21.1

Uranium mill tailinss (comnercial)
Licensed mill sites e 118,600,000 c c

Environmental restoration proaram c c c
wastes (DOE) f

Commercial reactor decoanissionin8 8 $ 8

Hiscellaneous radioactive materials 243.2 c c c

Mixed LLW

DOE 203,$08 h 182,372 c c
Commercial c c c c

aActivity data are calculated decayed values as of December 31, 1992.
blncludes volume of 8pacin8 between the fuel rods of each assembly.
Clnformation not available.

dHanford tank wastes consist of HEW, TRU waste, and LLW. However, in the interim storase mode,
the tank wastes are manased as if they contain HLW and, therefore, are included in the HLW inventory.

elncludes contributions from 26 _RC-licansed mills.
tlnformation currently not available. DOE is undertakin8 several initiatives to determine the

volumes and types of wastes currently in storaae at environmental restoration sites and those which
may be sanerated durin$ future ramediatlon activities across the entire DOE complex. This
information, which should become known in a few years, will be included when available in future
revisions of this report.

8Most of this activity has Involved small test reactors. (Exceptions ere the Shippinsport and
Three Mile Island-Unit 2 reactor facilities, whose inventories are reported in Chapter 7.) The LLW
collected to date from such small reactors is included in the LLW inventories listed above.

ht4ass of mixed LLW is expressed in metric tons (t) and includes other elements in addition to
heavy metals.
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Table 0.3. Curre.t md l_roJ._td ommlativo quaetitiu of rdtoaotive rote ind hi-mr fuel

[Quantities are expressed as volume (103 m3) unless otherwise indicated]

End of calender year

Source and type of material 1992 2000 2010 2020 2030

DOZ
m H

Interim storase 397 342 318 302 301
Glass or 818es/©ersmic a 0 0.44 3.19 14.6 40.2

l_U b
Buried 204 204 204 204 204
Stored 106 c c c c

LLW (buried)d 2,83S 3,763 4,645 5,432 5,945
Environmant el restoration c c c c c

prosrm wastes e
Hixed LLW 182.4 c c c c
Hiacellaneou8 radioactive 243.2 c c c c

materials, mess, HTIHH

Commerc i a L
L_ spent fuel, mass, MTIHMf

(no reprocessin8)
No New Orders Case 25,922 42,100 61,700 76,700 84,300
Lower Reference Case 25,922 42,100 61,300 81,600 103,000

HLW (WVDP)
Interim storase 1. 550 0.0 0.0 0.0 0.0
Glass 0.0 0.24 0.24 0.24 0.24

LLW (no reprocessins) 1,472 c c c c
DaD (LLW)S

Classes A, B, and C LL_ -- 0.00 25.86 628.21 1,239.65
Greater-than-Clas8-C LLW -- 0.00 0.01 0.22 O. 44

Hill teilins8 (no 118,600 118,800 c c c
reprocessin8)

Hixed LLW c c c c c

aInclude8 projections for 8Lass at SI_ and 81ass/ceramlc at ICPP.
bInventories and projections are updated mainly as s result of Improvments in detection

methods.
CZnformatlon not avail_ble.
dproJectlons include contributions £rca SRS saltstone.
eInformatlon currently not available. DOE is undertakins several initiatives to determine the

volumes and types of wastes currently in etorase at environmental restoration sites and those which
may be Sanerated durln8 future remedlatlon activities across the entire DOv. complex. This
information, which should become know in a few years, will be included when available in future
revisions st this report.

flIlmtorlcally, spent fuel has been measured in unite o£ mass (HTII_4) rather than units of

volume. The 1992 discharsed spent fuel mass is a BWR and I_R mess sum rounded to the nearest metric
ton. Such roundlns may result in sllsht differences between the spent fuel inventories and
projections reported in this document and those reported by DOE/EIA.

8ProJected DaD wastes from llsht-weter reactors shut down after 1992, Wastes collected from
hlstorlcel D&D st reactors ere included in the LLW Inventorlea listed above.
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1. SPENT FUEL

1.1 INTRODUCTION The reference scenarios considered for projecting
accumulated spent fuel assume a fuel cycle with no

This chapter reports the quantities and characteristics reprocessing. Commercial spent fuel projections developed
of spent fuel that has been permanently discharged from for the DOE/EIA No New Orders Case and the DOE/EIA
commercialLWRs and one-of-a-kind reactors. In addition, Lower Reference Case are illustrated, along with historical
this chapter contains a mass summary report of DOE discharge data, in Figs. 1.2-1.5. Spent fuel discharge
spent fuel whichis not scheduled for reprocessing. Though projections for both schedules, in terms of annual mass
currently in storage at numerous commercial and DOE discharged and accumulated radioactivity,are graphically
sites, this fuel in itsentirety ultimatelywill require geologic illustrated in Figs. 1.2 and 1.3, respectively. A graph
disposal, showing the increase in the cumulative mass of discharged

For inventories of special fuels (from DOE/civilian spent fuel for the DOE/EIA No New Orders Case is
development programs) stored at various DOE and shown in Fig. 1.4. This plot also shows both the age and
commercial sites as of December 31, 1992, the reader is mass distribution for spent fuel from 1970 to 2030.
referred to Sect. 1.4 and Appendix A. Though now in Figure 1.5 is a similar plot showing the increase in the
storage at the locations cited in Sect. 1.4 and Appendix A, cumulative mass of discharged spent fuel for the DOE/EIA
these special fuels also may possibly require geologic Lower Reference Case.
disposal. DOE/EIA projections for both the No New Orders

Some commercial spent fuel in inventory will be Case and the Lower Reference Case assume that burnup
reinserted into reactors for further irradiation. However, levels of discharged spent fuel will increase from their
this amount is relatively small, and the schedules for current averagelevelsof28,806and36,446 MWd/MTIHM
reinsertion are not always predictable. Therefore, for the for BWR and PWR fuel, respectively, at the rate of about
purposes of this report, all spent fuel is considered 0.6% per year for BWR fuel and about 1.5% per year for
permanently discharged from the reactors. PWR fuel. This increase in burnup is projected to occur

Historical inventories of LWR spent fuel have been from 1992 to approximately 2022 for BWR fuel and from
updated through December 31, 1992.1 The data reported 1992 to 2013 for PWR fuel, at which times the equilibrium
in this chapter include the inventories of spent fuel stored cycle discharges will level out at values of roughly 42,000
at the WVDP, the MFRP, and the INEL sites in addition and 53,000 MWd/MTIHM 3 for BWR and PWR fuel,
to those stored at the various reactor sites. The map in respectively. The final cycle discharges will be somewhat
Fig. 1.1 shows the locations of existing and planned power lower because most of the final cycle cores will not have
reactor sites and commercial LWR spent fuel storage achieved the projected design burnups. Figure 1.6
facilities. A list of commercial reactors is given also in graphically illustrates how the activityand thermal power of
report DOE/OSTI-8200-R56 (ref. 2). BWR and PWR spent fuels vary with burnup and time

Projections of nuclear capacity and spent fuel from discharge?
discharges are given for the years 1993-2030 for two
forecast schedules, the DOE/EIA No-New-Orders-Case
and the DOE/EIA Lower-Reference-Case forecasts, 1.2 COMMERCIAL SPENTFUEL
reported in ref. 3. The No-New-Orders-Case for,_.cast
projects installed capacity to increase from 98.9 GW(e) at
the end of 1992 to 101.3 GW(e) by the year 2000, 1.2.1 lnventmies and
ultimately decreasing to 4.7 GW(e) by 2030. The Lower-
Reference-Case forecast predicts that the installed U.S. The total inventory of commercial LWR spent fuel in
commercial nuclear electrical generating capacity will storage at the WVDP site, the MFRP, INEL, and the
increase from 98.9 GW(e) at the end of 1992 to reactor sites as of December31, 1992, amounted to
101.3 GW(e) by 2000 and to 118.8 GW(e) by 2030. 25,922 MTIHM. Of this total amount, 27 MTIHM are in

15
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storage at the WVDP site,s 674 MTIHM are in storage at LWR spent fuel as of December 31, 1992, are listed in
the MFRP, 1 and 43 MTIHM are in storage at INEL. 1 Table C.2 in Appendix C.
The remainder is stored at the reactor sites. These

inventories do not include the spent fuel reprocessed at the
WVDP site when the facility was operated as a fuel 1.3 DISPOSAL
reproce_ing plant. Additional information on _Wv'DP
spent fuel inventories is given in Chapter 7, Table 7.9. Surface-based studies for the determination of the
Details concerning the spent fuel reprocessed at West suitability of Nucca Mountain, Nevada, as a geologic
Valley may be obtained from ref. d. repository continued. In addition, in April 1993,

A B_VR/P_0VRbreakdown of the electric power constructionof the Exploratory Studies Facilitywas begun.
generating capacity for both the No-New-Orders-Case and Completion, by drilling and blasting, of the first 5000-ft
the _r-Reference-Case forecasts is given in Table 1.1, section of tunnel is expected by the end of 1994. In May
along with historical reactorcapacity data. Table 1.2 gives 1993, DOE awarded a contract for the 25-fl-diam tunnel
the projected cumulative mass of commercial spent fuel boring machine, which is expected to begin the next
discharges associated with the DOE/EIA capacity-growth sections of tunnel in the spring of 1994.
scenarios of Table 1.1. The historical and projected The Multi-Purpose CanisterImplementation Program
buildups ofpermanentlydischargedBWRandPWRspent Conceptual Design Phase Report was published in
fuel mass, radioactivity, and thermal power are given for September 1993.
the DOE/EIA No New Orders Case in Table 1.3 and for
the DOE/EIA Lower Reference Case in Table 1.4.

Projections of the number of permanently discharged 1.4 DOE SPENT FUEL
BWR and PWR spent fuel assemblies for the DOE/EIA
No New Orders Case and Lower Reference Case are given Summary characteristics of current DOE spent fuel
in Tables 1.5 and 1.6, respectively, inventories not scheduled for reprocessing are given in

The historical and projected mass of spent fuel Table 1.11 (rinsed on refs. 12-19). Projected ten-year
discharged from a one-of-a-kind reactor,the Fort St. Vrain inventory increases reported by a few sites to the DOE
HTGR, 7 is given in Table 1.7. All of the discharged fuel Office of Spent Fuel Management and Special Projects
from the Fort St. Vrain reactorthat has been shipped off- (DOE/EM-37) are reported in Table 1.12 (based on
site is located at the ICPP (see Table A.6 in Appendix A). ref. 12).
The Fort St. Vrain reactorwas permanently shut down in For purposes of clarification, the quantities of spent

i 1989. fuel reported in Tables 1.11 and 1.12 include contributions
from other fuels besides those permanently discharged

1.2.2 _ from production reactors. Spent fuels reported in these
tables also include DOE.owned nuclear fuel that has been

Reference characteristics of BWR and PWR fuel withdrawn from or resides for storage in a nuclear reactor
assemblies, obtained from refs. 8 and 9, were used for this following irradiation, the constituent elements of which
report. These characteristicsare summarized in Table 1.8. have not been separated by processing. In addition to
Fuel assembly structural materialmasses and compositions, intact fuel, reactor-irradiated fuel materials requiring
nonactinide fuel impurities, and other physical and specialhandling (e.g., defective fuel and special fuel forms)
irradiationcharacteristicsof LWR spent fuel are discussed are also considered spent fuel and are eligible for inclusion
in ref. 10. More detailed information on spent fuel in Tables 1.11 and 1.12. These tables also list some
characteristics may be found in ref. 11. The BWR and commercially generated fuels and fuels from foreign
PWR spent fuel annually discharged has a broad range of reactors and university research reactors which are stored
burnup levels, as illustrated in Tables 1.9 and 1.10, at DOE sites. More detailed information on these special
respectively. The mass, radioactivity,and thermal powerof fuels will be included in future updates of this report.
the nuclides contained in all stored domestic commercial
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Table 1.1. aSst_rioalmdproJeetodlnmtelAedLlleleetrto power 8eueraUn8 oepaetty
for b lM_lllltilol,awOIP<Ion end Lowmrbforenoo oases

No New Ordorm Case Lower Reference Case

Hiltortcal ©apactty a projected ©aplctty b,c projected capacity c,d
End of (GH(o)| End of (G_/(I)] ((34(e)]
calandsr calandar .......... - ..... •.....- ....

year BVtR lq,IR Total year /MR _ Total _ _ Total

1960 0.1 O.Z 0.3 1993 31.8 67.2 99.0 31.8 67.2 99.0
1961 0.1 0.2 0.3 1994 31.6 67.2 99.0 31.6 68.4 100.2
1962 0.1 O.a 0.4 1995 31.8 68.4 100.2 31.8 68.4 100.2
1963 0.1 0.2 0,4 1996 31.6 69._ 101.4 31.8 69.5 101.4
1964 0.1 0,2 0.4 1997 31.8 _9.5 101.4 31.8 69.5 101.4
1965 0.1 0.2 0.4 1998 31.8 69.5 101.4 31.8 69.5 101.4
1966 0.1 0.2 0.4 1999 31.6 69.5 101.4 31.8 69.5 101.4
1967 0.1 1.3 1.4 2000 31.8 69.5 101.3 31.8 69.5 101.3
1968 0.2 1.2 1.4 2001 31.8 70.7 102.5 31.8 70.7 102.S
1969 0.6 1.7 2.6 2002 31.8 70.7 102.5 31.6 70.7 102.5
1970 2.9 2.9 5.8 2003 31.8 70.7 102.5 31.8 71.3 103.1
1971 4.3 3.7 8.0 2004 31.2 70.7 101.9 31.8 71.3 103.1
1972 7.0 6.5 13.5 2005 31.2 70.7 101.9 31.8 72.6 104.4
1973 6.1 14.1 22.1 2006 30.4 70.7 101.1 31.8 72.6 104.4
1974 13.3 19.4 32,7 2007 30.4 66.1 98.5 31.8 72.8 104.4
1973 15.0 23.3 38.3 2008 28.3 65.7 94.0 31.8 72.6 104.4
1976 16.6 27.9 44.7 2009 27.7 64.2 91.9 30.6 72.6 103.2
1977 16.8 30.4 47.2 2010 26.5 62.0 88.5 29.8 72.6 102.4
1978 17.6 32.2 49.8 2011 25.8 62.0 87.7 29.7 75.9 105.8
1979 17.6 32.2 49.8 2012 23.0 61.2 84.2 29.5 77.7 107.2
1980 17.6 34.3 51.9 2013 22.0 52.0 74.0 29.5 76.8 106.3
1981 17.6 38.6 56.2 2014 17.3 47.2 64.5 25.8 77.7 103.5
1982 18.7 40.5 59.2 2015 17.3 46.3 63.7 27.0 81.0 106.0
1983 10.7 43.6 63.3 2016 15.5 41.9 57.4 27.1 78.3 105.4
1964 24,2 45.6 70.0 2017 15.5 39.2 54.7 28.6 77.5 106.2
1985 26.8 51.7 78.5 2018 14.7 37.4 52.2 27.9 79.4 107.3
1986 28.9 55.2 84.1 2019 14.7 37.4 52.2 29.1 80.9 110.0
1987 31.8 60.8 92.6 2020 14.7 34.3 49.0 30.6 62.2 112.8
1988 31.8 63.1 94.9 2021 14.7 31.2 45.9 30.6 82.7 113.3
1969 33.8 64.1 97.9 2022 11.5 30.3 41.8 31.8 83.2 115.0

i 1990 32.9 66.7 99.6 2023 9.4 28.4 37.7 33.4 83.4 116.7
1991 32.0 67.7 99.6 2024 7.3 22.6 29.9 31.1 85.0 116.2
1992 31.8 67.1 96.9 2025 5.3 19.1 24.4 31.4 84.4 115.8

2026 1.1 13.8 14.8 32.6 86.4 119.0
2027 1.1 6.2 9.3 31.8 86.9 118.7
2028 1.1 7.0 8.0 33.0 67.6 120.6
2029 0.0 5.8 5.8 33.1 86.7 119.8
2030 0.0 4.7 4.7 33.7 85.2 118.8

abased on ref. 1,

bData frem ref. 3 update. Assumes (1) _Lat no new reactors wi12 be ordered and (2) that a few units
currently under construction will be canceled.

CTho projections contained in thls table show mlnor differences from thole found in the publication
World Nuclear Canacity and Fuel Cycle Rea_irementm 1993, DOE/EIA-0436(93). The differentia are
attributable to the availability of updated data not available for this DOE/EIA report.

dData from re£. 3 update, Assumes basically the same criteria as given in footnote "b", except the
case further assumes that any 8eneratin8 capacity lost due to reactor shutdown will be replaced.
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table 1.1. l_roJwbod emul,_lv, ames of oemuorol,l
trpm_ fuel dLts_srSen for s]Lt4rutive

IX]E/IDA maomsrlo,
,m _ J:t.. 1_ • : _

EBd el Cumulative lpemt £uol dilehSzlod, 103 HTIHH
calends= -- ..................

7e,_ We New Orders Came Lower Reference Case

1002 a a5.0 15.0
1003b 28.3 28.3
2004 30.0 30.0
1805 3a.4 32.4
1000 34.1 34.2
1907 36.1 36.1
2908 38.1 36.2
1000 40.0 40.0
CO00 4a.1 42.1
ZOO1 44,2 44.Z
ZOO2 48.0 48.0
ZOO3 48.0 48.0
ZOO4 50.0 50.0
1005 51.8 52.8
Z008 53.0 53.7
ZOO7 55.8 55.7
ZOO8 58.0 57.5
2000 S8.O 50.8
2020 02.7 01.3
2011 63.5 63.5
2012 65.3 85.3
2013 67.5 87.7
2014 so.s 70.1
2015 70.8 71.0
2018 72.5 74.0
2017 73.5 70.0
2018 74.7 77.g
2019 75.7 70.7
2020 76.7 01.6
2021 77.7 83.6
2022 78.7 85.4
2023 7o.g 87.5
2024 81.0 88.8
2025 81.8 92.1
2020 83.1 03.0
2027 83.0 88.1
2028 83.0 08.4
2028 84.2 100.7
2030 e4.3 lo3.o

eRe]ported historical data from ref. 1.
bDate for years 1993-2030 from rot. 3 update. The

projections contained in this table showmLnor differences
from those found in the publi©atlon WorLdgucletl; Capacity, and
Fuel Cycle Reau_rempnte _gg3. DOE/EZA-0436(03). The
differences are attributable to the availability of updated
data not available for this IX)EIEZAreport.



24

TebLe 1.1. Ittstoztnl. end pzo_Jeetod ires, rmdkoutlv/ty, end thonml poser of
disehsrSut spent fuel by nmetor type

f_z the _/1_ go new Oz6s.-s tess
- ,,[/,_,,,,_ , ,.,,, ,,, , ,, , ± i,,,,,

et Hass,a,b _XIM hdieu_ivttT, 108 Ct Thereatpower, I00 W
eele_ar
yeu Annual CumulatLve AnnuaE C_latLve Annual Cumula&ive

hil_-matureeete_

1001_1070 18 11 0.0
1071 84 80 190 107 0.7 0.8
1972 142 2,aa 431 486 1.7 1.8
1973 93 317 349 441 1.4 1.7
197¢ 245 581 008 i,Oia 3.8 4.0
197S _8 787 020 1,218 3.7 4.7
1976 397 1,084 1,151 1,581 4.5 8.1
1077 303 1,467 1,500 3,120 0.2 0.2
1079 383 1,050 1,018 2,412 0.$ 0.3
1979 400 2,2S0 1,734 2,728 7.i 10.5
1OSO 820 2,870 2,885 3,888 10.0 15.1
1981 430 3,320 2,014 3,864 8.2 14.0
19i_ 357 3,606 1,582 3,362 6.5 12.0
1083 401 4,177 2,218 4,015 0.1 15.1
1984 408 4,875 2,211 4,283 9.0 10.0
1085 515 5,100 2,246 4,519 0.2 16.7
1086 458 5,048 1,063 4,404 0.0 10.0
1087 609 6,347 2,010 8,411 11.7 10.8
1986 530 6,083 2,363 5,177 0.7 18.6
1080 715 7,508 3,000 0,030 12.6 22.1
1900 833 8,231 2,821 6,101 11.6 _i.3
1901 588 8,819 2,800 0,188 11.1 22.5
1093 720 0.547 . _,359 ...... _.037 ...... 13.9 25.0
1093 700 10,300 3,400 7,500 14.1 87.5
1994 000 10,800 2,800 7,200 11.6 26.2
1995 800 11,700 4,000 8,600 10.0 31.0
1096 $00 12,200 2,500 7,800 10.7 27.8
1007 700 12,900 3,200 8,300 13.7 30.5
1908 700 13,500 3,200 8,600 13.6 31.5
1000 600 14,100 2,000 0,500 12.2 31.0
2000 700 14,800 3,300 0,100 14.0 33.1
2001 800 15,600 3,900 10,000 16.7 36.0
2002 400 16,000 1,900 0,400 9.0 30.1
2003 800 16,800 3,600 10,000 16.2 36.8
2004 800 17,400 3,100 9,900 13.0 35.7
2005 SO0 10,000 2,700 9,600 11.5 34.5
2006 800 18,800 3,900 10,600 16.4 30 5
2007 600 10,300 2,700 10,100 11.8 366
2008 800 20,200 3,900 11,300 16.5 413
2009 800 20,800 3,100 11,000 13.3 397
2010 700 21,500 3,200 11,100 13.4 400
2011 600 22,100 3,100 11,100 12.9 396
2012 gO0 23,000 4,400 12,500 18.3 455
2013 300 23,500 2,400 11,100 10.3 395
2014 000 a4,500 4,300 12,800 17.9 460
2015 400 24,800 1,000 10,000 8.0 37 0
2016 500 25,400 2,600 11,100 10.0 30 2
2017 300 25,700 1,400 10,000 0.1 34 8
2018 400 20,100 2,000 10,300 8.0 358
2019 300 26,400 1,600 9,800 6.7 34 2
2080 300 26,700 1,500 9,600 6.4 335
2021 300 26,900 1,300 9,300 5.0 32 4
2022 500 27,500 2,500 10,400 10.3 30 8
2023 500 28,000 2,600 10,700 10.8 38 1
2024 400 28,400 1,700 10,000 7.0 35 3
2025 400 28,600 1,900 10,000 7.8 35.3
2026 500 29,300 2,300 10,400 g.1 38.6
2027 0 20,300 0 6,100 0.0 27.6
2028 0 29,400 200 7,700 1.0 28.0
2029 100 29,500 600 7,700 2.4 26.4
2030 0 20,500 0 7,000 0.0 23.6

-- I It Ill



Table 1.3 (eon_Lnued)

End of Hass, s,b MTXHH RadioaotivAty, 106 Ci Themal i_ve:, 106 H
calender --,, - _ _ - ,..-- -_-* _- --- ,,

year Annual Cumulative ;Umual Cumulative ;_nual Cumulative

heasu_isedle_e: reaator

1970 39 39 204 204 0.8 0.8
1971 44 63 247 296 1.0 1.2
1972 100 183 545 638 2.2 2.5
1973 67 250 374 571 1.5 2.2
1974 208 458 1,098 1,320 4.4 5.2
1975 322 760 1,893 2,098 6.7 8,2
1976 401 i,181 2,222 2,694 8.9 11.3
1977 467 1,648 2,660 3,677 10.8 14.5
1978 899 2,347 4,030 50426 16.4 21.$
1979 721 3,066 4,185 6,254 17.1 24.7
1980 618 3,686 3,667 6,248 15.0 24.5
1081 676 4,362 4,025 6°667 16.5 26.9
1982 640 5,002 3,797 7,037 15.6 27.2
1983 772 $,775 4,590 8,077 18.8 3!.2
1984 842 6,616 4,078 8,943 20.4 34.4
i985 861 7,478 5,196 9,641 21.4 37.0
1986 1,001 8,478 5,969 10,909 24.5 41.8
1987 1,114 9,592 6,687 12,240 27.5 46.9
1988 1,125 10,717 6,665 13,132 26.3 50.3
1089 1,227 11,944 7,422 14,347 30.5 54.8
1990 1,532 13,476 9,405 17,026 36.9 65,5
1091 1,298 14,774 8,049 18,681 33.4 64.4
1992 1.801 .......... 16._7_ 10,Q32 ............ 19.37_ ............ _1.7 74.3
1993 1,600 18 ooo 1o 6oo 21 lOO 44.z 81.1
1994 1.200 19 200 7 500 19 100 31.3 72.3
1095 1 500 20 700 9 800 21 400 41.1 81.4
1996 1.300 21 000 8 300 20 800 34.8 78.7
1997 1 300 23 200 8 $00 21 400 36.0 60.6
1998 1 300 24 600 8.800 22 200 37.2 83.7
1999 1200 25 800 6 000 22 000 33.9 82.5
2000 1 400 27 300 9.400 23 700 39.6 89.2
2001 1300 28 600 8.700 23 900 36.9 09.5
2002 1 400 30 000 9 300 25 000 39.4 93.7
2003 1 200 31 200 8,200 24 800 34.8 91.5
2004 1,300 32 300 8 700 25 300 36.8 94.2
2005 1 300 33 800 8 500 25 500 35.9 95.2
2006 1 200 33 000 7 700 25 200 33.0 03,7
2007 1 600 38 600 10 700 28 SO0 45,3 106.7
2008 1_300 37 000 8 400 27 400 35.7 101.9
2000 1 300 39 100 8 500 27 600 36.3 102.8
2010 1, O0 40 200 7 400 26 900 31.5 99.5
2011 1,200 41 400 7 800 27 400 33.8 101.6
2012 000 42 300 8 100 28 000 26.0 95.4
2013 1,700 44 000 11,000 30 700 46.4 114.6
2014 1,200 45.200 8,000 29 200 34.1 108.2
2015 800 48 000 $ 600 26 800 24.1 06.3
2016 1,100 47.100 7 600 28 300 32.4 104.4
2017 700 47.900 3 000 28 100 21.2 94 9
2018 800 48 600 $ 200 25 800 22 4 93 9
2019 800 49 300 4 300 24 700 18 6 80 5
2020 700 50 000 4 800 24.900 20 5 90 2
2021 800 50 800 5 200 25 200 22 2 0117
2022 500 51 200 3 100 23.300 13 4 63 4
2023 600 51 800 4 000 23 500 17 1 84 6
2024 600 52 600 4 900 24.300 20 6 88 0
2025 500 53 100 3,500 23 000 14 5 82 6
2028 800 53 700 3,900 23.000 16 2 82 8
2027 500 54 300 3,300 22 300 13.7 79 7
2028 200 54 500 1,500 20 000 6.0 70 8
2029 200 54 700 1,400 19 100 5.8 67 4
2030 100 54 800 900 18 000 3.5 63 3
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Tablo 1.8 ¢oontlnuo4)

of Hass,a,b IfrXBH RadLoaotLvLty, I06 CA 1_emal power, 108 H
calendar

year Annuai CumulatAve Annual Cumulative Annual Cumulative

Tet,a]L

1988..1970 53 215 0.8
1071 108 183 438 492 1.7 1.9
1972 241 405 976 1,104 3.9 4.3
1973 162 $67 724 1,013 2.9 3.9
1974 432 1,019 2,006 2,383 7.9 9.2
1975 547 1,567 2,603 3,316 10.3 12.9
1976 898 2,265 3,373 4,475 13.4 17.4
1977 850 3,115 4,225 5,806 17.0 22.6
1978 1,082 4,197 3,646 7,840 22.9 30.8
1979 1,121 5,318 5,920 8,982 24.1 35.2
1980 1,238 6,$$8 6,351 10,136 26.0 39.6
1961 1,135 7,691 6,039 10,551 24.7 40.9
1982 998 8,888 5,37_ 10,309 22.0 39.8
1983 1,284 9,952 6,808 12,092 27.0 46.3
1984 1,340 11,292 7,188 13,226 29.4 50.4
1985 1,376 12,887 7,442 14,160 30.6 53.6
1986 1,459 14,126 7,931 15,313 32.5 57.9
1987 1,813 15,940 9,606 17,651 39.2 80.8
1988 1,661 17,600 0,229 18,310 38.0 69.1
1980 1,942 19,542 10,512 20,385 43.1 76.9
1990 2,185 21,707 12,225 230120 50.4 87.8
1991 1,686 23,592 10,7k5 23,067 44.5 87.0
1992 2.330 25.922 ......... 13.391 i. 26.410 $5.6 ;QQ,2
1993 2,400 28 300 13900 28,500 58.3 108.6
1994 1,700 30 000 10 200 28,300 42.9 98.6
1995 2,300 32 400 13 800 29,900 58.0 113.3
1996 1,800 34 100 10 800 28,500 45.5 106.6
1997 2,000 36 100 11.800 29,800 49.7 111.3
1998 2,000 38 100 12100 30,800 50.8 115.3
1999 1,800 40 000 10900 30,600 46.1 113.5
2000 2,100 42 100 12.700 32,800 53.6 122.3
2001 2,100 44 200 12.700 33,900 $3.S 126.4
2002 1,800 46 000 11 200 33,400 47.4 123.7
2003 2,000 48 000 12 000 34,600 51.0 128.3
2004 2,000 S0 000 11 800 35,100 49.8 130.0
2005 1,800 51 800 11 200 35,100 47.4 129.7
2006 2,000 53 800 11 600 36,100 49.4 133.2
2007 2,200 55 900 13 S00 38,600 56.9 143.3
2006 2,100 58 000 12 400 38,700 52.3 143.1
2009 1,900 $9 900 11 600 38,600 49.6 142.5
2010 1,800 61 700 10 600 38,000 44.9 139.5
2011 1,800 63 500 10 900 38,500 46.6 141.4
2012 1,800 65 300 10400 38,500 44.3 140.9
2013 2,200 67 S00 13 500 41,800 56.7 154.1
2014 2,100 69 800 12 400 41,900 52.0 154.2
2015 1,200 70 800 7,500 37 600 32 0 136.2
2016 1,700 72 S00 10,200 39 400 43 3 143.6
2017 1,000 73 $00 6,400 36 100 27 4 129.6
2018 1,200 74 700 7,300 38 100 31 0 129.7
2019 900 75 700 5,900 34 600 25 4 123.7
2020 1,000 76 700 6,300 34.500 26 9 123.6
2021 1,000 77 700 6,500 34.600 27.7 124.0
2022 1,000 78 700 5,800 33.600 23.6 120.0
2023 1,100 79 900 6,600 34.200 27.8 122.7
2024 1,100 81 000 6,700 34 300 27.6 123.3
2025 900 61,900 5,300 33 000 22.3 117 6
2026 1,100 83 100 8,200 33 400 25.4 110 3
2027 500 83.600 3,300 30 400 13.7 107 3
2028 300 83.900 1,700 27 700 7.0 96 8
2029 300 84.200 2,000 26,900 8.2 93 8
2030 100 84.300 900 25,000 3.5 86 8

aRef. 1 (1968-1992).
bRef. 3 (1993-2030). Assumes no future reprocessLns.
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Table 1.4. iListorioel md proJeated suB, radiosetivity, sod themI pomDr of
pemMmun_ly d,toobaX'led 8pem_ fuel by remet,,or type

£or the DOE/EIA Lower btermm,0e Cue

End ot Hue, a,b HTI_4 Rsdiosctivi_y, 106 Cl Thermal power, 108
¢a1_dar

year _'ulual CumulatLve Annual CumulatLve Annual Cumulative

_oi[iDS-'qeete_ rOIGt,O_

1988-!070 18 11 0.0
1971 84 80 190 197 0.7 0.8
1972 142 222 431 468 1.7 1.8
1973 95 317 349 441 1.4 1.7
1974 245 581 908 1,042 3.6 4.0
1975 226 787 920 1,218 3.7 4.7
1976 297 1,084 1,151 1,581 4,5 6.1
1977 383 1,487 1,566 2,129 6.2 8.2
1978 383 1,850 1,618 2,412 6.5 9.3
1979 400 2,250 1,734 2,728 7.1 10.5
1980 820 2,870 2,685 3,888 10.9 15.1
1981 459 3 329 2,014 3,684 8.2 14.0
1982 357 3 686 1,562 3,362 8.5 12.6
1983 491 4 177 2,218 4 015 9.1 15.1
1984 498 4 675 2,211 4 283 9.0 16.0
1985 515 5 190 2,248 4 519 9.2 16.7
1988 458 5 848 1,963 4 404 8.0 18.0
1987 699 6 347 2,919 5 411 11.7 19.8
1988 538 6 883 2,363 5 177 9.7 18.8
1989 715 7 598 3,090 6 038 12.8 22.1
1990 633 8 231 2,821 6 101 11.6 22.3
1991 588 8 819 2,696 8 186 11.1 22.5
1992 729 9.547 _,3_ 7,_37 13.9 25,9
1993 700 10 300 3,400 7,500 14.1 27.5
1994 800 10 800 2,800 7,200 11,6 26.2
1995 800 11 700 4,000 8,600 18.9 31.9
1996 500 A2 200 2,500 7,600 10.7 27,8
1997 700 12 900 3,200 8 300 13.7 30.5
1998 700 13 500 3,200 8 800 13.6 31.5
1999 600 14 100 2,900 8 500 12.2 31.0
2000 700 14 800 3,300 9 100 14.0 33.1
2001 800 15 600 3,900 10 000 16.7 36.9
2002 400 16 000 1,900 8 400 8.0 30.1
2003 800 18 800 3,800 10 000 16.2 36.6
2004 600 17 400 2,800 0.600 12 0 34.7
2005 SO0 17 900 2,700 9 500 11 5 34.3
2006 700 18 600 3,400 10.300 14 7 37 6
2007 600 19 200 3,000 10 200 12 6 37 0
2008 600 19 800 3,000 10 400 12 8 37 5
2009 900 20.700 4,200 11 700 17 6 42 8
2010 600 21 300 2,800 10,900 11 8 39 1
2011 900 22.100 4,200 12 100 17 S 44 2
2012 800 22 900 3,600 12,100 15 1 43 7
2013 800 23.700 3,600 12 200 15.0 44 1
2014 1,100 24 700 5,100 13 800 21,0 50 5
2015 600 25,300 2,600 12 000 11.0 42 8
2016 600 25 900 2,800 11 900 11.7 42 1
2017 600 28 500 2,800 11 800 11.7 41 7
2016 600 27 100 3,100 12 100 13.0 43 1
2019 600 27 700 2,800 11 900 11.7 42 3
2020 600 28 300 2,900 12 000 12.2 43 0
2021 500 28_800 2,600 11 900 10.9 42 2
2022 600 29 400 2,800 12 100 12.0 43 3
2023 600 30 000 3,100 12 500 13.3 45 0
2024 900 30 900 4,200 13 700 17.5 50 2
2025 800 31,700 3,800 13 800 16.0 50 6
2026 600 32,200 2,800 13 100 11.8 47.3
2027 700 32,900 3,400 13,600 14.2 49.2
2028 800 33,700 3,900 14,200 16.6 52.1
2029 700 34,400 3,300 14,000 14.0 51.0
2030 800 35,200 3,900 14,600 16.5 53.5
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Tebt, 1.4 (om2tim_l)

End o_ Haas,*,b HTXI_ Radloaetlvity, 108 Ci _ezma2 power, 106 W
©aiendar

year Anaua2 Cumulstlve Annual Cumulatlve Annual Cumulatlve

Prenuriaod-weter ruotMr

1970 39 30 204 204 0.8 0.8
1071 44 83 247 290 1.0 1.2
1072 100 183 545 838 2.2 2.5
1973 87 250 374 371 1.5 2.2

1974 208 450 1,008 i,320 4.4 5.2
1975 322 780 1,683 2,098 6.7 8.2
1976 401 1,101 2,222 2,094 8.0 11.3
1977 467 1,846 2,660 3,677 10.8 14 $
1978 899 2,347 4,030 5,428 16.4 21 $
1979 721 3,068 4,185 6,254 17.1 24 7
1980 516 3,686 3,687 8,248 15.0 24 5
1981 878 4,362 4,025 6,887 16.5 28 0
1982 640 5,002 3,797 7,037 15.6 27 2
1983 772 5,775 4,590 8,077 16.8 31 2
1984 842 6,626 4,978 8,943 20.4 34 4
1985 881 7,478 5,196 9,641 21.4 37 0
1986 1,001 8,478 5,969 10,909 24.5 41 8
1987 1,114 9,592 6,687 12,240 27.5 46 9
1988 1,125 10,717 6,865 13,132 28.3 50 3
1989 1,227 11,944 7,422 14,347 30.5 54 8
1990 1,532 13,476 9,405 17,026 38.9 65 5
1991 1,298 14,774 8,049 18,881 33,4 64 4
1092__ .....1.801 18.37_ ....... ;Q,032 19.37_ 41._ ....... 74.3
1993 1 600 18 000 10,600 21,100 44.2 81.1
1994 1 200 19 200 7,500 19,100 31.3 72.3
1995 1 500 20 700 9,800 21,400 41.1 81.4
1998 1 300 22 000 8,400 21,000 35.5 79.4
1997 1.300 23 200 8,400 21,300 35.3 80.3
1998 1 400 24 600 9,000 22,400 38.0 84.5
1999 1 200 25 900 8,000 22,100 33.9 82.8
2000 1 400 27 300 9,200 23,600 38.8 88.5
2001 1 300 28 600 8,900 24,000 37,7 90,2
2002 1 400 30 000 9,300 25,000 39.4 93.9
2003 I 200 31 200 8,000 24,400 33.9 90.8
2004 1 400 32 600 9,000 25,500 38.1 95.3
2005 1 300 33 900 8 800 25,700 36.3 95.9
2006 1 200 35 000 7 800 25,400 33.1 94.1
2007 1 400 36 500 9 800 27,300 40.7 102,3
2008 1 200 37 700 8 200 28,900 35.1 100.2
2009 1.200 38 900 8 000 27,000 34.4 100.5
2010 1 100 40 000 7 600 28,900 32.9 100.1
2011 1 300 41 300 8 000 28,400 38.5 106.6
2012 1 100 42 400 7 400 27,700 31.6 103.0
2013 1 600 44 000 10 800 31,100 45.9 117.0
2014 1.400 45 400 9.300 30,600 39.4 115.7
2015 1.200 46 600 8300 30,300 35.6 113.3
2016 1 500 48 100 10 200 32,300 43.4 121.5
2017 1400 49 500 9 200 32,200 39.2 120.7
2018 1200 50 700 8 300 31,600 35.6 118.3
2019 1.300 52 000 8 600 32,000 37,2 120.2
2020 1300 53 300 8 900 32,700 37.9 122.5
2021 1 500 54 800 10 000 34,200 42.9 128.9
2022 1 200 56 000 8 200 33,200 35.0 124.1
2023 1 400 57 500 9,800 34,700 41.8 130.6
2024 1 500 58 900 9,800 35,400 42.2 133.7
2025 1 500 60 400 10,200 36,300 43.6 137.4
2026 1.300 61 700 8,500 35,300 36.7 133.1
2027 1 $00 63 200 10,400 37,_00 44.6 140.8
2028 1,500 64 700 10,400 37,900 44.4 143.7
2029 1,500 68 300 10,400 38,500 44.3 145.9
2030 1,500 67 800 10,200 38,800 43.4 146.7
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Tsblo 1.4 (contlnuod)

End of Mass, a,b HTII_4 Radioactivity, 106 CI Thermal power, 106 W
calendar

yoar Annual Cumulative Annual Cumulative Annual C_unulatlve

Tota2

1988-1070 55 215 0 8
1071 108 163 _38 402 1.7 1 9
1072 241 405 076 1,104 3.0 4 3
1073 182 587 724 1,013 2.9 3 9
1074 452 1,019 2,008 2 363 7.9 9 2
1975 547 1,567 2,603 3 316 10.3 12 9
1976 898 2,265 3 373 4.475 13.4 17 4
1977 850 3.115 4 225 5 806 17.0 22 6
1978 1,082 4 197 5 648 7 840 22.9 30 8
1979 1,121 5 318 5 920 8.982 24.1 35 2
1980 1,238 8 556 6 351 10.136 26.0 39 6
1981 1,135 7 691 6 039 10 551 24.7 40.9
1982 998 8 688 5 379 10 399 22.0 39.8
1983 1,284 9 952 6 808 12 092 27.9 46.3
1084 1,340 11 292 7 188 13 226 29.4 50.4
1985 1,376 12 667 7 442 14 160 30.8 53.8
1988 1,459 14 126 7 931 15 313 32.5 57.9
1987 1,813 15 940 9 606 17 651 39.2 66.8
1988 1,661 17 600 9 229 18 310 38.0 69.1
1989 1,042 19 542 10 512 20 385 43.1 76.9
1090 2,165 21 707 12 225 23 126 50.4 87.8
1991 1,886 23 502 10 745 23 067 44,5 87.0
_92 2,330 25,922 13,391 26,410 55,6 100.2
1993 2 400 28 300 13 000 28 500 58.3 108.6
1904 1 700 30 000 10 200 26 300 42.9 98.6
1995 2 300 32 400 13 800 29 900 58.0 113.3
1996 1 800 34 200 11 000 28 600 46.2 107.3
1997 1.000 36 100 11 600 20 600 49.0 110.8
1998 2.100 38 200 12 300 31 000 51.6 116.0
1999 1.800 40 000 10 900 30 600 46.1 113.7
2000 2 100 42 100 12 500 32 600 52.7 121.6
2001 2 200 44 200 12 900 34 000 54.4 127.1
2002 1.800 46 000 11 200 33 400 47 4 123.9
2003 2 000 48 000 11 800 34 400 50 1 127.5
2004 1 900 50 000 11 800 35 100 50 1 130.0
2005 1 800 51 800 11 300 35 200 47 8 130.2
2006 1 000 53 700 11 200 35 700 47 8 131.8
2007 2 000 55 700 12 500 37 500 53 3 139.2
2008 I 800 57 500 11 200 37 200 47 8 137 7
2009 2 000 59 600 12 200 38 700 52 0 143 3
2010 1 700 61 300 10 500 37 800 44 7 139 2
2011 2,200 63 500 13 100 40 600 56 0 150 9
2012 1,900 65 300 11 000 39 700 46 8 146 7
2013 2,400 67 700 14 400 43 300 60 8 161 1
2014 2,500 70 100 14 300 44 700 60 3 166 2
2015 1,800 71 900 11 000 42 300 46 6 156 1
2016 2,100 74 000 13 000 44 200 55 1 163 6
2017 1,900 76 000 12 000 44 000 50 9 162 4
2018 1 900 77 900 11 400 43 800 48,7 161 4
2019 1 800 79 700 11 400 44 000 48 9 162 5
2020 1 900 81 600 11 700 44 700 50 1 165 5
2021 2 000 83 600 12 600 46 100 53 8 171 1
2022 1 800 85 400 11 000 45 300 47 0 167 4
2023 2 100 87 500 12 900 47 200 55 1 175.6
2024 2 300 80 800 14 000 49 200 59 6 183.9
2025 2 300 92,100 13 900 50 200 59 5 188.0
2026 1 800 93,900 II 300 48 400 48.6 180.4

2027 2 300 96,100 13 800 50 800 58.8 190.0
2028 2 300 08,400 14 200 52 100 61.0 195.7
2029 2,200 100,700 13 700 52 500 58.4 196.9
2030 2,300 103,000 14.100 53 400 59.8 200.3

aP.ef. 1 (1968-1992). i

bRef. 3 (1993-2030). Assumes no future reprocesstn8.
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Tab2e 1.5. ProJe©todn_er of poz_anent27die©hsJ_sedL_R spent rue2
wssembliee for the iXXlEIANo lmeOrders Cue

End of B_ I_R Total
oalendar
year Annual Cumulative Annual Cumulative Annual Cumulative

1992 a 4,024 52 597 3,713 38,274 7 737 90 871
1993 b 4,000 56 600 3,800 42,000 7 800 98 700
1994 3,200 59 900 2,700 44,700 5 900 104 600
1995 4,700 64 600 3,500 48,200 8 200 112,800
1996 2,900 67 500 2,900 51,100 5 900 118 600
1997 3,800 71 300 3,000 54,200 6 800 125 500
1998 3,800 75 100 3 100 57,300 6 900 132 400
1999 3,400 78 500 2 900 60,100 6 200 138 600
2000 3,900 82 400 3 300 63,400 7 200 145 800
2001 4,600 87 000 3 100 66,500 7 700 153 500
2002 2,200 89 200 3 300 69,800 5 500 159 000
2003 4,500 93 700 2 800 72,700 7 300 166 400
2004 3,700 97 400 3 100 75,700 6 700 173 100
2005 3,100 100 500 2_900 78,700 6 100 179,200
2006 4,600 105 100 2 700 81,400 7 300 186 500
2007 3,200 108 300 3 800 85,200 7 000 193 400
2008 4,700 113 000 3_000 88 100 7 700 20],100
2009 3,700 116 600 2 900 91 000 6 600 207 700
2010 3,800 120 500 2,500 93 600 6 400 214 100
2011 3,700 124 100 2,700 96 300 6 400 220 400
2012 5,300 129 400 2,000 98 300 7 300 227 700
2013 2,800 132 200 3,900 102 200 6 700 234 400
2014 5,200 137 400 2,800 105 000 8 000 242 400
2015 2,100 139 600 1,900 106 900 4 000 246 400
2016 3,000 142 600 2,600 109 500 5 600 252 000
2017 1,600 144 200 1,700 111 100 3 300 255 300
2018 2,300 146 500 1,800 112 900 4 100 259 400
2019 1,800 148 300 1,400 114 400 3 200 262 600

2020 1,700 150 000 1,600 116 000 3 300 266 000
2021 1,500 151 500 1,700 117 700 3 200 269 200
2022 3,100 154 600 1,100 118 800 4 200 273 400
2023 3,000 157 600 1,400 120 200 4 400 277 800
2024 2,200 159 800 1,800 122 000 3 900 281 700
2025 2,200 162 000 1,200 123 200 3 400 285 200
2026 2,900 164 900 1,400 124 600 4 300 289 500
2027 0 164 900 1,200 125 800 1 200 290 700
2028 300 165 100 500 126 200 700 291 400
2029 800 165 900 500 126 700 1,200 292 600
2030 0 165 900 300 127 000 300 292 900

aReported historical data (ref. 1).
bData for years 1993-2030 are based on 101.3 GW(e) installed in the year 2000 and

4.7 GW(e) installed In the year 2030 (ref. 3). Number of pro_ected fuel assemblies
reported has been rounded to the nearest 100.
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Table 1.6. ]Projected mmbem o£ po_umant_ dta©hsrBod LI_ spent JL_oI
ustebLILes for th. I)GSIEL& Lower ibf.reneo Cue

End of BWR PWR To_al
ca2endar

year Annual Cumulative Annual Cumulative Annual Cumulative

1992 a 4 024 52 597 3,713 38 274 7,737 90 871
1993 b 4 000 56.600 3,800 42 000 7,800 98 700
1994 3 200 59 900 2,700 44 700 5.900 104 600
1995 4 700 64 600 3 500 48 200 8,200 112 800
1996 2 900 67 500 3 000 51 200 5,900 118.700
1997 3 800 71 300 3 000 54 200 6,800 125 500
1998 3 800 75 100 3 200 57 300 7,000 132 500
1999 3 400 78 500 2 900 60 200 6 200 138 700
2000 3.900 82 400 3 200 63 400 7 200 145 800
2001 4600 87 000 3 100 66 600 7 800 153 600
2002 2.200 89 200 3 300 69 900 5 500 159 100
2003 4.500 93 700 2 800 72 700 7 300 166 400
2004 3.300 g7 000 3 200 75 800 6 500 172 900
2005 3.100 100 100 3 000 78 800 6 100 179 000
2006 4 000 104 100 2 700 81 500 6 700 185 700
2007 3 400 107 600 3 300 84 800 6 700 192 400
2008 3 500 111 100 2 800 87 700 6 300 198 700
2009 5 000 116 000 2 700 90 400 7.700 206 400
2010 3 400 119 400 2_600 93 000 6.000 212 400
2011 5 000 124 400 3 100 96 000 8.100 220 500
2012 4 300 128 700 2 500 98 600 6_800 227:300
2013 4 300 133 000 3 700 102,300 8 000 235 300
2014 6 100 139 100 3 200 105,500 9 300 244.600
2015 3 100 142 200 2 800 108,400 6 000 250 600
2016 3 400 145,600 3 500 111,800 6 800 257 400
2017 3 300 148,900 3 100 115,000 6 400 263 900
2018 3 600 152,500 2 900 117,800 6 500 270 400
2019 3 300 155,800 2,900 120,700 6 200 276 500
2020 3 300 159,100 3,000 123,800 6 300 282 800
2021 3 000 162,100 3,400 127,100 6 400 289 200
2022 3 300 165,400 2,800 130,000 6 100 29_ 300
2023 3 500 168,900 3,400 133,300 6 800 302 200
2024 4 900 173,700 3,400 136,700 8 200 310 400
2025 4 400 178,100 3,400 140,100 7 800 318 200
2026 3 100 181,200 2,900 143,000 6 000 324 200
2027 4 100 185,300 3,500 146,500 7 600 331 800
2028 4 400 189,700 3,500 150,000 7 900 339 700
2029 3 900 193,600 3,500 153,500 7 400 347 100
2030 4 500 198,100 3,500 157,100 8 000 355 100

aReported hlstorlcal data (re£. 1).
bData for years 1993-2030 are based on 101.3 GW(o) Installed in the year 2000 and

118,8 GW(e) installed in the year 2030 (re£. 3). Humber o£ projected fuel assemblies
reported has been rounded to the nearest 100.
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Table 1.7o 2_peRt £uol dis©haraoa frcm tho Fort St. VrainHTGR a

Humber o£ fuel assemblies Mass of fuel dlschersed
End of dlscharsed (HTI_4)

©alondar

year Annual Cumulative Annual Cumulative

1979 246 b 246 2.80 2.80
1980 0 248 0.00 2.80
1981 240 486 2.77 5.57
1982 0 486 0.00 5.57
1983 0 486 0.00 5.57
1984 240 728 2.85 8.42
1985 0 726 0.00 8.42
1986 0 726 0.00 8.42
1987 0 726 0.00 8.42
1988 0 726 c 0.00 8.42
1989 d,e 128 852 1.32 9.74
1990 d 332 1,184 3.49 13.23
1991 £ 42 1,226 0.48 13.71
19928 982 ........ 2r208 10.29 24.00

1993-1998 h 0 2,208 0 24.00

abased on ref. 7. Discharses identified in this table are those made
directly from the reactor.

bThis ro£uolins replaced 240 standard fuel elements and 6 fuel test
elements.

CAll spent fuel diecharsed prior to December 31, 1988, i8 located at

the ICPP (see Table A.6 of Appendix A).
dFuol removed from the reactor in 1989 and 1990 was temporarily stored

in on-site storasa wells.
epower operations effectively ceased on Ausust 18, 1989.
fin 1991, 18 of the dlscharsed spent fuel elements were sent to ICPP,

elements were transferred to an on-site independent spent fuel storase
installation (ISFSI), and 8 elements were temporarily stored in on-site
storase wells.

8All spent fuel elements have been discharsed from the reactor and
transferred to the ISFSI. All spent fuel elements in temporary on-site
storage wells have been relocated to the ISFSI.

"Durin8 this period, Public Service Company of Colorado plans to ship
the 1,464 elements currently in the ISFSI to ICPP. However, leaal issues
have not been fully resolved.
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Tsblo 1.0. I13 zo£ormoe aharaotor/stlos
o£ Lll fuol auambl/am

Charaotorlstles Bk_ a lq4Rb

Ovsra12 assambly Ionsth, m 4.470 4.059
Cross section, cm 13.9 x 13.9 21.4 x 21.4
¥us2 rod lensth, m 4.064 3.851
Active fuel hsIsht, m 3.759 3.658
Fuel rod outer diameter, cm 1.252 0.950
Fuel rod array 8 x 8 17 x 17
Fuel rods per sssomb2y 63 264
Assembly tots2 wetsht, ks 319.9 657.9
Urantum/ssnmbly, ks 183.3 461.4
UO2/assonbly, ks 208.0 523.4
ZlrcaXoy/asslmbly, ks 103.30 108.4 d
Hazdwars/assombly, ks 8.6 e 26.1 £
Tota2 mots2/assembly, ks 111.9 134.5
Nominal volume/assembly, m3 0.08648 _ 0.1868

aRoe'. 8.
_o_. 9.
Clno].udos Zlrcsloy £uol-rod mpacors and £uol channel.
dlnoludos Zlrcalw/ control-rod 8uido thlmblos.
STncludss stainloss stool rio-plates, Tnconel sprinss, and

planum sprinss.

£1neludos stalnless stool nozzlos and Inoonol-718 srlds.
SBased on overall outsido dlmonslon. Includes spaclns

botwoon tho stscked fuol rods of an assembly.



Yablo 1.9. El_r.o_l muss of omms_lal _ _ _ dim_m_sd at _ z_Sss o£ bmmmpa, b

/mnuLL mass of dischsrSed spent fuel for va:ious bu:nup :snses, _ TotLL _amLL
End of mum over a11

cale=dar O- 5,000- 10, OOO- 15,000- 20,000- 23,000- 30,000- 35,000- 40,000- b,=anp raaSes
yea: 4,999 c 9,999 14,999 19,999 24,999 29,999 34,999 39,999 44,999 (HI'I]E)

1968 O. 6 O. 6
1969 1.2 1.0 7.3 0.2 0.1 9.8
1970 5.6 5.6
1971 41.5 8.1 2.8 10.0 1.6 64.0
1972 97.9 12.1 27.6 4.0 141.5
1973 9.7 16.5 30.9 36.4 1.5 O.1 95.1
1974 78.4 117.7 44.7 3.8 244.6
1975 O. 3 1.7 62.0 136.4 23.3 225.6
1976 O. 9 67.1 108.7 118.4 2.3 297.4
1977 48.0 40.3 235.0 `;8.9 0.7 382.9
1978 6.3 32.4 13.1 84.2 232.0 15.2 383.2
1979 18.6 108.7 149.2 123.1 O. 3 399.8 4_
1980 14.0 0.4 0.8 93.3 413.3 87.6 10.7 619.9
1981 0.2 O.2 58.1 265.4 133.3 O.7 0.7 458.7
1982 0.7. 4.6 25.6 138.5 173.6 13.8 O. 6 0.4 357.2
1983 0.9 2.9 113.5 337.8 35.7 0.4 491.3
1984 7.9 43.0 0.3 1,36.7. 7.39.5 70.8 0.4 498.0
1985 16.9 42.5 18.3 3`;. 8 93.2 297.4 10.2 0.2 `;14.6
1986 50.8 32.4 47.. 5 66.6 43.1 180.7 41.7 O.4 458.2
1987 133. `; 36.1 68.8 40.8 24.7 3';2.4 42.9 0.4 699.4
1988 17.0 7.4.5 1.8 47.. 9 !88.3 192.4 88.7 535.6
1989 30.9 16.9 85.3 71.8 193.2 227.7 85.5 3.6 714.9
1990 17.0 34.0 67.6 106.2 7.47.5 158.9 1.6 637.. 8
1991 17.8 24.6 7.2 7.4.0 215.0 287.7. 12.1 588.0
1992 7.6 86.1 85.1 83.9 362.7 103.4 77.8.7

abased on ref. 1.

bDoes not include com_:cial spant fuel reprocessed st k_)P.
CBurnup ranSe is 8tven in units of MIM/MTI_£



Tabls 1.10. Ht.st.oz'ir.al mass of ccsma_i.aL Hm _ fins1 dis_ at. varim zips of lmmspa0 b

Aunual mass of discheucsed spent fuel for various burnup =ariSes. _ Total Imnal
End o£ mass over a11

calendar O- 5,000- 10,000- 15,000- 20,000- 25,000- 30,000- 35,000- 40,000- 45,000- 50,000- 55,000- buxnup =smSes
year 4,999 c 9,999 14,999 19,999 24,999 29,999 34,999 39,999 44,998 49,999 ._, 999 59,999 (M1_1_I)

1970 1.7 37.3 39.0
1971 4.6 6.2 33.7 44. S
1972 11.9 29.3 27.8 8.9 22.1 99.9
1973 26.2 33.3 7.6 87.1
1974 7.4 1.5 86.4 13.6 40.5 57.2 1.1 207.7
1975 2.7 42.6 95.0 53.6 79.4 25.3 23.1 321.8
1976 5.6 194.2 82.4 63.3 55.4 401.0
1977 2.8 108.3 113.1 140.3 87.1 15.4 466.9
1978 1.4 47.9 89.8 39.1 336.9 123.1 60.4 0.4 699.0
1979 30.6 109.4 64.0 232.3 234.3 50.1 0.5 721.2
1980 0.4 66.8 241.8 280.6 26.3 2.0 618.1
1981 17.2 1.9 25.8 228.5 351.1 50.1 1.3 675.9 _'_
1982 1.8 81.1 80.4 61.4 292.0 118.3 2.7 0.4 1.3 0.9 640.4
1983 5.5 4.0 80.6 44.2 168.9 331.8 131.4 5.4 0.5 772.2
1984 58.0 45.2 56.3 198.4 37,_.8 104.8 4.1 841.7
1985 49.0 13.6 217.0 317.8 239.4 24.1 0.4 881.3
1986 0.8 27.6 132.0 19.3 180.2 335.4 268.0 35.0 1.3 1.3 1,000.9
1987 27.2 78.1 53.4 175.7 411.9 315.8 51.8 1,113.8
1988 83.9 15.0 139.2 349.6 427.4 103.1 4.6 0.4 2.0 1,125.2
1989 48.0 91.4 68.6 112.1 286.7 415.0 189.3 15.2 0.4 1,228.7
1990 24.0 85.2 24.0 127.5 398.0 616.4 249.4 7.0 0.3 1,531.9
1991 9.2 53.2 1.4 79.4 60.5 159.4 809.9 257.1 64.2 3.4 1,297.7
1992 19.8 14.8 43.7 15.0 111.8 304.1 453.0 505.0 119.0 14.8 1,601.0

abased on ref. 1.

bDoes not include commercial spent fuel rsprocessed at WVDP.

CBurnup ranse is siren in units of M_d/M_I_4.



Tsb_ I._. S_sry imutory ca o£ has sprat _m_ not _ f_c _
ii

Spent fuel mass i

Site Spent fuel source/type _mber/type of fuel Initial Discharsod
components Tog_l hoar7 heart ustel

ANL-E Hot ceLL experJJmmt samples Fuel pins, pisces, and pellets b b O.080
Research zoacto: tarsst_ b b 0.001

AHL-E mass total b b 0.081

AHL-W F_per_tal Breeder Reactor (EBR) II 85 assemblies; 36 partial b b 17.500
fuel assemblies

Hot Fuel Exmn£natton Facility Research 2,047 elmse_ts and subassemblies b b 1.000
Reactor fuel

Neutron Radtoszaphy Research Reacts= 116 elements b b 0.001
fuel

Radioactive Scrap taxi Waste Facility 15,000 slem_ts end subassemblies b b 7.000
reactor fuel

T=anstant Reactor Test Facility fuel 390 assemblies b b 0.014

Zero Power Rhysics Reactor fuel 65,600 rods and plat, ms b b c

ANL-W mass tot_l b b >25.515

BNL Brookhaven Medics1 Research React_: fuel 4 elements b b 0.001
High Flux Beam Reactor fuel 839 elements b b 0.316

.
BNL mass total b b 0.317

GAd Hot cell rue! samples Fuel plus, pieces, and peLLets b b 0.004........

HAHFe PHL fuel
• Full ccsma=clal assemblies 7 assemblies b b 2.400
• Secticmed coanercial rods and b b b 0.012

assmnbl_es
• Research reactor fuel pieces b b b 0.025

Fast Flux Test FaciLtty fuel f 329 assemblies b b 13.000
H-Reactor production fuel 103,680 essanblies b b 2,113.300
Shippinsport fuel (T-Pl_mt Basin) 72 assemblies b b 16.&00
SJ_sle Pass Reactor production fuels 964 essembl_os b 3.4 3.300

(other production reactors)
TRIGA Research Reactor fuel 101 assemblies b b 0.020

i iql,



TabEo 1.11 (cm_mmd)
i

5p_t fuel hess

Site Spent fuel source/type Number/type of fuel In£tAal Dtscbazsod
components Tote1 hsa_ hoaWr metal(t) _tal CHUM)

CHTZm_)

HAHFe 200-West Area Burial Ground fuel 90 fuel pieces b b 0.650
(co_t_.) (from commercial reectors, FFTF, and

TRIG& reactor)

HANF mass total 2,149.107

TNEL Advlncod Test Reactor fuel elements and b b b 0.100
experimental debris

Fort St. VrLtn _ fuel 744 assemblies b 8.9 8.9
Fuel Element Cutttns Facility 2 elements b b b
Irradiated Fuel Storqe Facility b b b 0.500

co_rcial s:aphtte fuel
Materials Test Reactor commercial fuel 107 canisters b b 0.280

and scrap
Naval Reactors Expm_ed Core Facility b b b 3.500

(naval fuel) ._

Power Burst Facility reactor fuel b b b 0.562 -4
Reactivity Measurements Facility fuel b - b b 0.230
Test Area North fuelJ

• Intact commercial fuel elements b b b 38.100
• Com_rcial and Loss of Fluid Test Intact rods and canned d___:Is b b 2.800

(_) fuel
• TJ_-_t 2 fuel DmnaSed fuel debris 155.9 82.8 82.8

Underszound StoraKe Facility commrctal Intact 8nd sectioned rods and b b 92.9*0
and research fuel assemblies

Underwater Fuel Storase (naval, b b b 7.580
ccamercial, research and production
fuels)

IREL mass total >155.9 >91.5 >238.072

LARL Chemtst_r and He_ur_r Research 46 elemmlts b b 0.010
Bui]xllns fuel

Omega West Reactor fuel 40 eleme_te b b 0.009

LAHL mass total b b 0.019

LTC Cc_orcial fuel rods and sections 3 intact rods; 17 secticmed rods b b 0.044

MOUND Californium MultipLier Facilit7 fuelh 210 fuel plates b b 0.002



Ydde 1.11 (cmedneed)I I II

fmsl Is

5£te Spent fuel source/type Numberlt3_pe of fuel Inlt£al Dischm_sd
cmlxments Total bosvy heavy metal

(t) amt_L (_)

III II

QRNL DutldtnS 3019 fuels
s Ccmercial fuel (CanadalCou Ed) 40S cams b b 1.043
• Han£o_lt produ©tioa fuel 41 cans b b 0.023
• SRS productLou fuel 144 cans b b 0.070

BulldLns 4501 fuel sectJLoDs 40 sections 0.007 0.007 0.007
BulX Shieldt_8 Reactor fuel storase

• Bulk Shielding Reactor fuel 41 elM_nts 0.184 0.007 0.007

• Oak Rtdse Research Reactor 32 elemmnt_ O. 143 0.0S2 O. 052
Classified b_:iLt li_om_ b b b b
Hish Flux Isotopes Rescto= fuel 43 usemblies 5.864 0.404 0.404
Homosenema8 React_: fuel 13S ELL o£ urmnyL sul4/sat_ 0.500 0.004 0.004
Holten Salt Koacto: F.xpertmmnt fuel LJ.F end BmF2 salt mlxta_e I1. SSO 0.038 0.038
Research reactor fuel Ln BuLldLnss 3_25, Fuel samples and tazlets _1.246 b b

7920, 7823A. 7827, and 7829
Tome= ShteLdtns Reactoz fuel 1 assembly 0.182 0.008 0.009

(]RNL mass toter1 >19.676 >1.657 >1.857

SHLA Annual Core Research Reactor fuel b b b 0.001
Hot Celt Facility fuel components fir_ Zntact rods. fuel pisces in dry b b 0.009

:esearch and production zeacto:cs add wet wollJ
Hanzamo StoroJLe FactlLty (research b b b 0.025

=eacto: fuel stored in d_--y casks)
Sandia Pulse Reacto: fuel in dry wells b b b 0.029
Special Nuclear Material Storqe 2 elemmnLa b b 0.011

Facility fuel in DOT contaLnm

SHIJ_ mass total b b 0.070

l_oduction reactor fuel assemblies and Assemblies and tazKets h b 153.700
taxsets in disass_17 basins and
canyons

Roceivins basin foe off-s/to fuel:
• CcmnercL81 fuel 97 assemblies and cans b b ._.010

• _qperLmental matsrial 585 assemblies and cans b b 19.070
• ForeLKn fuel 534 assemblies add cam b b 20.612
• Research =eacto: fuel 1,304 assemblies and cans b b 0.355
• Tar&ors b b b 17.400



Tabl._-. 1.U (_)
t,

Spat _uel mess

Site Spent fuel souzcelt3_pe NmberltYpe of fuel XnAtial
components Total hoa_ Dischaz_ed

(t) metal hee_ metal

SRS Research reactor fuel sections in 4 soctiaas b b b

(contd.) Buildin8 773-A
Test reactor pile (305-H) fuel b b b b

mass total 21,. 147

WVDP Commercially seneratod fuel in Fuel
Receivln8 and Storase FaciLity
• _R fuel 85 assemblies b 11.5 b
• I_R fuel 40 assemblies b 15.3 b

_NDPmass total 28.8 25.6

Y-12 HealLh Physics Research Reactor (HPRR) 170 pieces b 0.204 0.184
fuel pieces

Space Huclear Auxiliazy Power (SHAP-IO) 36 rods _ 0.005 O.OOS ,_
reactor fuel

" Y-12mass total b 0.209 0.189

D(Z camplex mass total >2,05Ao8 )123.5 >2,654.8

aInfoxmation as of December 31, 1992, unless indicated otherwise. Based on refs. 12-20.
bZn_ozmation not 8reliable.
cC18ssified.
dc_meral Atamic. San Dieso.
eInformation as of October 1, 1993.
fIncludes inventory of fresh and partially used fuel.
KFuel from aLL other Hartford Site production reactors.
hThis material at the MO_D Plant is not spent nuclear fuel since, b_ definition, it has not bum irradiated in a reactor.

The material is actually part of a neutron rad/osral_h7 facility. However, it is reporta_ in this table because it m includ_
in the DOE vulnerahi_it_r assessment of react_)r-irr_iated nuclear materials (ref. 19).
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Tobit 1. ]Jt. rroJeet_d 10-you tuvomtoz7 imz,ueU of IX]8 spent fuel not ioh,dul,d for r,prooeaain8 o

8pen_ fuel mass

Initial heavy Dischiroad
Totsl metal heavy metal Numbor of

Bite Spent fuel sourooltypo (t) (HTIHH) (HTHI4) ammemblLem

ANL-H Test end oxperAmonta2 roaotor b b 2.7 b
fuel with stainleso steel
clod

BRL H/oh Flux Boa Remoter fuel b b 0.25 7690
with aluminum eladdin8

InL _umLnum-basod fuel b b 1.13 b
Fort St. Vrein tuel to be b b 16.7 b

shipped from Colorado d
Naval roaster fuel b b 14.2 b

Toot end experimental reactor b b 0.27 b
fuel with etainleoo stool
oladdin8

$NEL total b b 32.3 b

Alumlnum-band fuol b b 1.1 b

Other Foreion roe©tot rue1 b b 8.51 b
Reaeazoh reactor fuels b b 0.05 b
University reactor fuel b b 4.32 b

Other total b b 12.68 b

Orend total b b 49.23 _760

abased on rot. 12. Projections oover the period 1993-2002.
blnformation not ovsilable.
°Fuel olemento.

dPublie Borvico Company of Colorado piano to ship the remaLndor of the dis©horsed Fort St. Vrain
fuel currently bolas held in the independent spent fuel otoraso installatLon (I8F8I) to ICPP. Howavor,
lo|ol ionue8 hove not boon tully resolved.





2. HIGH-LEVELWA_E

2,1 [NTRODUCHON These wastesare not as generated;they have already
undergone one or more treatment steps (e.g.,

High-level waste (HLW), which h waste that is neutralization, precipitation, decantation, or evaporation).
generated by the rcproceaaingof spent reactor fuel and Their volumes depend strongly on the particularsteps to
irradiatedtargets, generally contains more than 99% of the which they have been subjected. Most of these wastes will
nonvolatile fissionproductsproducedin the fuelor targets require incorporationinto a stable,solidmedium (e.g.,
during reactor operation. The HLW from a facility that glass) for final disposal. Data on the volume, radioactivity,
recoversuranium and plutoniumcontainsapprmlmately distribution,and locationof HLW (through 1992) are
0.5% of these elements, while the HLW from a facilitythat shown in FiBs. 2.1-2.4. Current (and projected) HLW
recoversonlyuraniumcontainsapproximately0.5% of the operationsat thesesitesare depictedin Figs.2.5-2.8.
uranium and essentially aftof the plutonium. Most of the The DOE HLW at INEL (Fig. 2.6) results from the
current U.S. inventoryof HLW is that which has resulted reprocessin8of nuclear fuels from naval propulsion
from DOE activities and which is stored at the Savannah reactorsand special researchand test reactors at the ICPP.
River Site (SRS), Idaho National Engineering Laboratory The acidic liquid portion of this waste is stored in tanks,
(INEL) [at the Idaho Chemical Processing Plant (ICPP)], although the bulk of this material has been converted to a
and Hanford Site (HANF). A small amount of HLW was stable, granular solid (calcine).
generated at the commercial Nuclear Fuel Services (NFS) At SRS (Fig. 2.5) and HANF (Fig. 2.7), the acidic
Plant near West Valley, New York, during the period liquid waste from reprocesdng production reactor fuel has
1966-1972. After 1972, fuel reprocessing operations at been made alkaline (with the addition of caustic soda) and
this plant were discontinued permanently, stored in tanks. During storage, these alkaline wastes

The West Valley facility is now owned by the New separate into two phases: liquid and sludge. When the
York State Energy Research and Development Authority liquid phase is removed and reduced in "volume by
(NYSERDA). In 1980, Congress passed the West Valley evaporation, a wet solid (called salt cake) is formed in the
Demonstration Project (WVDP) Act, which authorized tanks holding evaporator concentrates (see Fig. 2.5). The
DOE to decommission the facility and immobilize the relative proportions of liquid and salt cake depend upon
radioactive wastes. The WVDP is the responsibilityof the how much water is removed by waste evaporators during
DOE Operations Office, Idaho, West Valley Project interim waste management operations. The condensed
Office. The WVDP b a joint project of DOE (90% water at HANF (114,600 m3are projected to be generated
funding)and NYSERDA (10% funding). The DOE isnot from 1993 to 1997) is to be placed into interim storage in
paying anything for lease of the premises. All the waste a double-lined surface impoundment while the Effluent
and all the facilities at the site are owned by NYSERDA Treatment Facility is being constructed. This facilitywill
in perpetuity-except for the solidified HLW canisters, provide destruction of trace organic contaminants and
which will become titled to DOE at the time the canisters removal of all radionuclides, except tritium, prior to
are delivered to a federal repository, discharge to a permitted soil-column disposal site. The

West Valley Nuclear Services, Inc. (a subsidiary of disposal site is located in a manner such as to maximize the
Westinghouse Electric Corporation), is the prime ground.water travel time to the Columbia River, thus
contractor and site operator for the WVDP. The prime allowing enough time for tritium to decay. At SRS
contractor and site operator for HLW at SRS is (Fig. 2.5), the condensate issent to the Effluent Treatment
Westinghouse Savannah River Company; for INEL, Facility, where it is treated and discharged to the
Westinghouse Idaho Nuclear Company, Inc.; and for environment. Also at SRS (Fig. C.3 in Appendix C), the
HANF, Westinghouse llanford Company (all subsidiaries procesdng of salt cake for future glassmaldng generates a
of Westinghouse Electric Corporation). waste called precipitate. At HANF, all the wastes

The historical and projected I ILW inventories contained in double-shelltanks consistof mixtures of
presented here (except for HLW solidified in glass or HLW, TRU waste, and several LLWs (Fig. 2.7), which
glass/ceramic forms) are for wastes in interim storage, have unique rheological properties and are referred to as

43
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slurry. In HANF storage practice, the double-shell tanks Precipitate results when salt cake is treated by the in-tank
are managed as if they contain only HLW. Thus, their precipitation process.
contents are included in the HLW inventory.

The commercial HLW at WVDP consists of both 2.2.2 HLW Inventories at _ 0X)E)
alkalineand acidicwastes (Fig. 2.8); the alkalinewaste was
generated by the reprocessing of commercialpowerreactor The 11,200 m3of HLW stored at INEL (at the ICPP)
fuels and Hanford N-Reactor fuels, while the acidic waste consist of 7,670 m3 of liquid waste and 3,540 m3of calcine
was generated by reprocessing a small amount of (Tables 2.4 and 2.5). Liquid HLW is generated at ICPP
commercial fuel containing thorium. Also at WVDP, the primarily by the reprocessing of spent fuel from naval
processing of liquid waste for future glassmakinggenerates propulsion nuclear reactors and reactor testing programs;
a granular solid waste, which is a zeolite loaded with a small amount is generated by reprocessing fuel from
radioactive cesium (Fig. 2.8). research reactors. This acidic liquid waste is stored in

The historicaland projected inventories of HLW that underground stainless-steel tanks that are housed in
is stored in tanks, bins, and capsules are presented in concrete vaults. The waste is then converted to a calcine
Table 2.1. Projected inventories of HLW that is and stored retrievablyin stainless-steel bins that are housed
incorporated into glass or glass/ceramic are given in in reinforced concrete vaults.
Table 2.2. A year-by-yearestimate of the number of HLW
canisters, by source, is presented in Table 2.3. The volume 2.2.3 HLW Inventmies at HANF ODOR)
and radioactivityof HLW in storage at the end of 1992are
given in Tables 2.4 and Table 2.5, respectively. Historical The 258,700 m3 of alkaline HLW stored at HANF is
and projected volume, radioactivity, and thermal power categorized as liquid (25,100 ms), sludge (46,000 m3), and
data for DOE and commercial HLW are given in salt cake (93,000 m3) that are stored in single-shell tanks
Tables 2.6-2.8. The data for DOE sites represent a and as slurry (94,700 m3) that is stored in double-shell
summary of information obtained from each of the tanks. This waste, which has been accumulating since
sites,l(a)'l(c) In 1992, the DOE decided to phase out 1944, was generated duringthe reprocessing of production
reprocessing of fuel to recover enriched uranium or reactor fuel which recovered plutonium, uranium, and
plutonium in support of weapons production; thus, little neptunium for defense and other national programsin past
additionalHLW is expected to be generated by this source, years. Most of the high-heat-emitting nuclides (_Sr, 137Cs,
Decontamination and decommissioning activities may and their daughters) were removed from the old waste,
generate wastes with activity ievels high enough such as to converted to solids (strontium fluoride and cesium
require disposal in a mined, deep geologic repository. The chloride), placed in double-wailed capsules, and stored in
information on commercial HLW at WVDP was taken a water basin. Currently,1,328 cesium capsules (2.45 m3)
largely from data given in ref. l(d). and 605 strontium capsules (1.08 m3) require storage. Of

the 1,328 cesium capsules, 959 are in storage at HANF,
and 369 are on lease off-site for beneficial uses. Of the

.2.2 INVF2i'IDRIES 605 strontium capsules, 601 are in storage at HANF, and
4 are on lease off-site for beneficial u_s. The liquid,

Inventories of HLW at the various DOE sites and the sludge, salt.cake, and slurry wastes are stored in
WVDP through 1992 are presented in this section, underground concrete tanks with carbon steel liners.
Significantchanges affecting HLW inventories are shown Currentinventories of these wastes at HANF are listed in
in Table 2.9. Tables 2.4 and 2.5.

2.2.1 HLWInventoriesat SRS(DOE) 2.2.4 HLWn_mtoriesat WVDP(Commerci_)

Approximately 126,900 m3 of alkaline HLW that has Reprocessing at the NFS plantwas terminated in 1972,
accumulated at the SRS during about the past 4 decades and no additional HLW has been generated since. As of
is being stored in underground, high-integrity, December 31, 1992, the 1,550 m3 of HLW stored at
double-walled,carbon-steel tanks. The current inventories WVDP consist of 1,440 m3 of alkaline waste (1,390 m3 of
(Tables 2.4 and 2.5) include alkaline liquid (59,300 m3), liquid plus 50 m3 of sludge), 50 m3 of acidic waste, and 60
sludge (14,300 m3), salt cake (53,100 m3), and precipitate m3of an inorganicion-exchange material(a zeolite) loaded

134 135 137
(172 m°) that were generated primarily by the PUREX with radioactive cesium ( Cs, Cs, and Cs). The
reprocessing of nuclear fuels and targets from production alkaline waste was generated by reprocessing commercial
reactors. Most of the waste, as generated, is acidic liquid, and Hanford N-Reactor spent fuels. As generated, the
and the sludge is formed duringsubsequent treatmentwith waste was acidic; treatment with excess sodium hydroxide
caustic soda and during aging. Salt cake results when the resulted in the formation of an alkaline sludge. The small
supernatant liquor is concentrated in evaporators, amount of acidic waste now in storage was generated by
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reprocessing a batch of thorium.uranium fuel from the of a potential number of canisters of solidified HLW that
Indian Point-1 Reactor. Storage for the alkaline waste is may be generated by the site is shown in Table 2.3.
provided in an underground carbon- steel tank, while The HLW projections for SRS are based on the
storage for acidic waste is prcr,,idedin an underground assumptions that (1) one reactor for producing plutonium
stainless-steel tank. or tritium was operating during 1992 and will continue

In May 1988, the processing of high.level alkaline operating through 2007; (2) the irradiated (spent) fuel
liquid waste started at the WVDP. This liquid was from this reactor will be reprocessed; and (3) the Defense
decontaminated to LLW in the WVDP Supematant Waste Processing Facility (DWPF) will begin to produce a
Treatment System (STS) in preparation for the glass waste form (see flowsbeet in Fig. C.3 of Appendix C)
incorporation of all HLW at the WVDP into a glass. In in 1996, following the schedule shown in Table 2.3. These
the STS, an ion-exchange process, operated in a batch assumptions continue to be followed for projection
mode, is employed to remove cesium from alkaline liquid purposes since no revised versions are currentlyavailable.
waste, as depicted in Fig. 2.8. The ion-exchange columns The HLW glass will be stored on-site until a national
are located in the underground carbon-steel tank, which reposito_ becomes available. Current plans call for the
was originally installed as a backup tank for the storage of DWPF to produce 5,462 canisters of glass from 1996 until
alkalineHLW. The sludgeinthebottomofthetankhas theendof year2015.
beenmixedwiththeresidualsupernatantandanalkaline The HLW projectionsfor ICPP are based on
washsolution.The firstfoursludge-washprocessingcycles predictionsofnofuelreprocessingandcontinuedoperation
areinprogress.Thewashsolutionsarealsotreatedinthe ofwastemanagementthroughtheyear2030.A facilityto
STS priortoincorporationincement, immobilizenewlygeneratedHLW atICPP isplannedfor

The washedsludge,acidicwaste,and loadedzeolite operationbytheearlypartofthenextcentury,s Itwillalso
willbe combinedand incorporatedintoa glass.The becapableofprocessingthestoredcalcine.Evaluationsof
currentinventoriesofHLW atWVDP arepresentedin wasteimmobilizationprocessesarecontinuingatICPP,the
Tables2.4and2.5. identificationof a referencewaste form (glass,

glass/ceramic, etc.) and process isscheduled for completion
in the 1990s. The projections of HLW presented in

2..3 WASTE CHARAC'I'F_.RIZ_TION Tables 2.6-2.8 for ICPPare based on waste immobilization
in a glass/ceramic form.

A generic characterization of HLW at any site is The HLW projections for HANF are based on the
difficult, because over theyears severaldifferent flowsheets assumptions that (1) the fuel reprocessing plant is not
have been used for the processes that generated the wastes restarted and (2) the irradiatedfuel remains inwet storage.
and several methods have been used to prepare the wastes A Hanford Waste Vitrification Plant (HWVP) is to begin
for storage (e.g., evaporation and precipitation). In some operation in 1999.s'_ The planned operations for the
instances, various types of wastes have been blended. HWVP are discussed in ref. 7. Estimates of the number
However, representativedata on chemical and radionuclide of canisters of HLW incorporated in borosilicate glass that
compositions are given in Tables 2.10-2.21 for currentand might be generated annually by the HWVP are given in
projected HLW at SRS, ICPP, HANF, and WVDP. The Table 2.3. The projections of HLW given in
information used to construct these tables was taken from Tables 2.6-2.8 for HANF do not include vitrification

refs. l(a)-l(d), as well as from the references cited in the because material balances for such processes are not yet
footnotes to the tables, available. At the WVDP, vitrification of the HLW

(Fig. 2.8) is scheduled to begin in 1996 and to be
completed in 1998.

2.4 PROJECTIONS The cost for the disposal of DOE HLW in a national
repository will be paid by DOE into the Nuclear Waste

Projected inventories (volume, radioactivity, and Fund. Reference 8 states that the number of canisters
thermal power) for HLW are presented in Tables 2.6L.2.8. used in the estimates of this cost will be published in the
These projections were generated by each site (based on IDB. Table 2.3 includes potential production schedules for
the assumptions given below) and should be considered canisters which are not intended for use in DOE disposal
only as current best estimates. An estimate by each site1 cost estimates.
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Fig, 2.1. Total volume of HLW through 1992.
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Fib 2.2. Total radioactivity of HLW through 1992.
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Fig. 2.4. Locations and total volumes of HLW through 1992.
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Fig. 2.5. Treatment meUmds for HLW in lanks and canisters at SRS.
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Fig. 2.6. TrEatment methods for HLW in tanks, bins, and canisters at INEL
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Table 2.1. IliatorAoa]. mod ln'oJeotd mmmZative voltmo,
rsdioutivtty, and tr,hemL power of EUJ4at,orad in

ta'_a, bins. lald aalwu]Lea by aouroea, b,c

Cumulative
End of

calendar Volume Radioactivity Thermal power
year (103 m3) (106 Ci) (103 W)

DOS(iS, XClq', mad HAW)

1980 295 1310 3 298
1981 305 1 577 4,748
1982 340 1317 3 918
1983 351 1 248 3.653
1984 381 1 397 4.226
1985 355 1.465 4 466
1988 364 1 417 4 475
1987 379 1 277 3 750
1988 383 1 174 3 380
1989 379 1 081 3 072
1990 397 1 015 2 876
1991 395 971 2 758

1992 397 ...... 1.038 _,89Q
1993 417 1,004 2,802
1994 382 939 2,598
1995 362 912 2,526
1996 361 862 2,397
1997 356 776 2,187
1998 354 724 2,059
1999 345 683 1,952
2000 342 650 1,863
2001 339 619 1,776
2002 336 594 1,703
2003 332 570 1,632
2004 343 558 1,590
2005 342 536 1,523
2006 331 518 1,463
2007 327 481 1,361
2008 326 447 1,262
2009 320 417 1,174
2010 318 386 1,084
2011 314 362 1,012
2012 312 339 948
2013 309 311 874
2014 307 295 827
2015 304 278 781
2016 302 269 756
2017 302 261 733
2018 302 253 713
2019 302 246 692
2020 302 239 671
2021 302 232 652
2022 302 226 635
2023 302 220 619
2024 302 214 603
2025 302 209 588
2026 301 204 574

2027 301 199 561
2028 301 195 546
2029 301 190 535
2030 301 186 523

Ccamer©ia2 (k'?l)P)

1980 2.2 33.4 96.9
1981 2.2 32.7 94.7
1982 2.2 31.9 92.6
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Table 1.1 (omt, lnued)

CuimuI.at:l,vo
hd of

oa).endmr Volume Radioactivity Thermal power
year (103 m3) (108 C1) ( 103 14)

Commrolal (NIDP) (©ontinued)

1983 2.2 31.2 90.5
1984 2.2 30. $ 88.4
1985 2.2 29.8 86.4
1988 Z.2 29.1 84.5
1987 2.2 28.4 81.2
1988 2.1 27.9 80.8
1989 2.4 27.3 79.3
1900 1.2 26.7 77.0
1991 1.7 28.2 75.9
lOO2 1, g 2:5.9 70,1
1993 2. $ 25.3 77.1
1994 2. $ 24.7 75.3
1995 1.3 24.1 73. $
1998 o. 8 15.8 48.1
1997 O. 3 7.8 23.2

TOt4L1.

1980 297 1,344 3,394
1981 307 1,610 4,843
1982 342 1,340 4,011
1983 353 1,279 3,743
1984 363 1,427 4,315
1985 357 1,495 4,553
1986 366 1,446 4,560
1987 381 1,305 3,831
1988 385 1,202 3,460
1989 381 1,108 3,151
1990 398 1,042 2,953
1991 397 997 2,833
1992 _99 1.08_ _,_7,_
1993 420 1,030 2,879
1994 384 964 2,673
1995 364 938 2,600
1996 362 877 2,445
1997 357 783 2,211
1998 354 724 2,059
1999 345 683 1,952
2000 342 650 1,863
2001 339 619 1,776
2002 336 594 1,703
2003 332 570 1,632
2004 343 558 1,590
2005 342 538 1,523 "
2006 331 518 1,463
2007 327 481 1,361
2008 328 447 1,262
2009 320 417 1,174
2010 318 388 1,084
2011 314 382 1,012
2012 312 339 948
2013 309 311 874
2014 307 295 827
2015 304 278 781
2018 302 269 756
2017 302 281 733
2018 302 253 713
2019 302 248 692
2020 302 239 671
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Table |.I (een_inued)

CuamlatLve
hd ot .......

oa_emda_ ¥o_une RadioaotLvLty Thereta_ power
year (103 n 3) (108 CL) (10 ° H)

Tot41 (cent/sued)

2021 30Z a3Z e52
2022 30Z 2Z8 835
2023 30a ZZO ale
2024 303 214 603
202S $02 aOg 588
2028 301 204 574
2027 301 188 SOl
2028 301 185 5*8
2020 301 100 $35
2030 301 286 523

aR/stor/oal invents=Lea £o= HLH are taken £zom the pzevious edition
of this :sport [i.e., DOZ/RH-O006, Ray. 8 (October 1992)]. The
invents=lea tot 1992, and the p=oJeottons throush 2030 aze taken from
rs£. 1.

bAnnual rates tot volume aze not 8£venbeoause they can f2uotuate
widely depend/as upon wsste 8enerat/on (or nonsenerat/on) ooup2ed w/th
waste manalement operatLons such as evaporatLon end/or oale/nst£on.
Annual rates £or zad/oaotiv/ty and thermal powez a=e not 8/ven £or these
same reasons and because :ad/oaotive decay, espeo/ally re: shozt-ltved
act/v/ty, causes appazent pertuzbat/ons.

CP.adioaot/ve does7 t8 taken /nto account by each s/re th:oush
isotope seneratLon/depletLon codes.
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Table Z.Z. Pro_eot_dvolme, zmbo_ttvlty, end themalpmmr of HLl_818ss
and eLMslaeremla et_ed in oanlstoroby 8o_roe e

Volumo Radioe©tivity Tharmal power
End o5 (103 m3) (108 C/) (103 H)

calender -- -- --

year Annual Cumulative JUmue_ Cumulative Annual Cumulative

nm(mmmd xCt,l,)b

1908 0.05 0.05 11 11 27 27
1097 0.08 0.13 61 71 147 175
1998 0.08 0.20 33 105 82 258
1900 0.08 0.28 12 117 30 289
2000 0.16 0.44 21 137 59 352
2001 0.24 0.89 19 156 62 419
2002 0.25 0.93 15 172 51 472
2003 0.10 1.13 14 185 48 522
2004 0.15 1.28 12 108 42 567
2005 0,18 1.46 14 212 51 620
2006 0.22 1.68 24 238 77 701
2007 0 25 1.03 32 289 99 801
2008 0 35 2.29 31 200 97 901
2009 0 41 2.69 28 326 83 988
2010 0 50 3.19 28 354 80 1,079
2011 0 59 3.77 16 370 $6 1,136
2012 0 68 4.46 15 385 44 1,177
2013 0 84 5,30 27 413 79 1,261
2014 0.95 6.25 12 424 34 1,289
2015 1.11 7.36 16 440 49 1,341
2016 1.14 8.30 12 443 38 1,348
2017 1.20 9.79 14 446 39 1,355
2018 1.45 11.24 13 434 42 1,367
2019 1.60 12.84 16 461 48 1,392
2020 1.76 14.60 17 470 50 1,410
2021 1.91 16.52 18 479 53 1,443
2022 2.07 18.59 18 480 53 1,470
2023 2.23 20.81 18 501 54 1,499
2024 2.38 23.20 19 511 34 1,529
2025 2.53 25.72 19 522 54 1,581
2026 2.65 28.37 18 533 53 1,591
2027 2.77 31,14 16 543 52 1,622
2028 2.90 34.04 18 553 51 1,651
2029 3.02 37.06 17 564 50 1,681
2030 3.14 40.20 17 575 49 1,709

C_mr©i_t (ttVDP) c

1996 0.08 7.8 23.7
1997 0,16 15.3 45.7
1998 0.24 22.3 65,9
1999 0.24 21.8 64.4
2000 0.24 21.3 62.9
2001 0.24 20.8 61.4
2002 0.24 20.3 60.0
2003 0.24 19.8 58.6
2004 0.24 19.4 57.2
2005 0.24 18.0 55.9
2006 0.24 18.5 54.6
2007 0.24 18.1 53,3
2008 0.24 17.6 52.1
2009 0.24 17.2 50.9

- 2010 0.24 16.8 49.7
2011 0.24 16.5 48.5
2012 0.24 16.1 47.4



Table 2.2 (o_tinuod)

Volume Radioectivity Thermal power
End of (103 m3) (106 Ct) (103 W)

calender

year Annual Cumulative Annual Cumulative Annual Cumulative

C(merolal (MVDP)c (continued)

_013 0.24 15.7 46.3
2014 0.24 15.4 45.2
2015 0.24 14.0 44.2
2016 0.24 14.6 43.1
2017 0.24 14.2 42.1
2016 0.24 13.9 41.2
2019 0.24 13.6 40.2
2020 0.24 13.3 39.3
2021 0.24 13.0 38.4
2022 0.24 _ 22.7 37.5
2023 0.24 12.4 38.6
2024 0.24 12.1 35.8
2025 0.24 11.8 34.9
2026 0.24 11.5 34.1
2027 0.24 11.2 33.4
2028 0.24 11.0 32.6
2029 0.24 10.7 31.8
2030 0.24 10.5 31.1

Total

1996 0.05 0.13 11 19 27 50
1997 0.08 0.28 61 87 147 221
1998 0.08 0.44 33 127 82 324
1999 0.08 0.52 12 139 30 354
2000 0.16 0.68 21 159 59 415
2001 0.24 0.93 19 177 62 480
2002 0.25 1.17 15 192 51 532
2003 0.19 1.37 14 205 48 581
2004 0.13 1.52 12 217 42 624
2005 0 18 1.70 14 231 51 676
2006 0 22 1.92 24 255 77 756
2007 0 25 2.17 32 287 99 854
2008 0 35 2.53 31 317 97 953
2009 0 41 2.93 26 343 83 1,037
2010 0 50 3.43 28 371 89 1,129
2011 0 59 4.01 18 387 56 1,185
2012 0 68 4.70 15 401 44 1,224
2013 0 84 5.34 27 428 79 1,308
2014 0 95 6.49 12 440 34 1,334
2015 1 11 7.60 16 454 49 1,385
2016 1 14 6.74 12 456 36 1,389
2017 1 29 10.03 14 463 39 1,397
2018 1 45 11 48 15 468 42 1,408
2019 1 60 13 08 16 474 46 1,432
2020 1 76 14 84 17 483 50 1,449
2021 1 91 18 76 18 492 53 1,481
2022 2 07 18 83 18 501 53 1,508
2023 2 23 21 05 18 513 34 1,536
2024 2 38 23 44 19 323 54 1,565
2025 2 53 25 96 19 533 54 1,596
2026 2 65 28 61 18 544 33 1,625
2027 2.77 31.38 18 555 52 1,655
2028 2.90 34.28 18 564 51 1,684
2029 3.02 37.30 17 575 50 1,713
2030 3.14 40.44 17 586 49 1,740
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Tab]L. a.Z (continued)

aGlaaa and sloes/certain inly be Ln mtorogo at the alto, in tranait to a repository, or
in a repooLtory.

bTskon from, or calculated with, data given in role. l(o) and l(b). At Slqfl, the D_P7
(nee Fig. C,3 in Appendlx_C) canisters are 2 ft in diem by I0 ft in length. Each is assumed
to be filled with 0.625 m3 of 81as8 [i.e., 85| of the usable capacity (0,735 m3)] made with
HLWfrom the roprocosains of spent fuel at SRS. The gloss incorporates 36 wt | oxides from
waste (28 wt I from spent fuel and 8 wt X from processing chemicals) and 64 wt Z oxides from
nonradioactive gloss frLt. Volumes reported ore for the glass waste form and not the
canisters (ace Table 2.3 for the nunber of can/storm and Table 2.0 for the volume of glass).
At TCPP, each canister is assumed to contain nominally 0.92 m3 o£ a llaaslcaremio waste form
mode with BLW from the roprocossLns of spent fuel. 8co Table 2.3 for the number of
canisters and Table 2.6 _or the volume of 81oaa/corsmlc at ICPP.

CTakon from data 8Lyon Ln rof. l(d). It L8 assumed that 300 canisters (2 ft in diem by
I0 ft Ln length) ere filled with waste glass during 1006-1008 and that each canister
contains 0.8 m3 of glass at the filllng temperature.
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Table Z.3. I[sthsatodpotoatial amber of BLNcmiotorob7 souraoa

Humber of Qanlsters

8RBb ICPPc IL_F d WVDPs

Year Annual Cumulativa Annual Cumulstivo Annual Cumulatlva Annual Cumulative

1906 73 73 100 100
1997 125 190 100 200
1998 125 324 100 300
1999 124 448 300
2000 257 706 290 290 300
2001 387 1,094 290 580 300
2002 390 1,484 320 900 300
2003 307 1,792 320 1.220 300
2004 243 2.035 320 1,540 300
2005 286 2,322 320 1.880 300
2008 351 2,873 320 2,180 300
2007 382 3,026 27 27 320 2,500 300
2008 402 3,428 82 110 320 2,820 300
2009 398 3,824 136 246 320 3,140 300
2010 403 4,228 215 481 320 3,460 300
2011 319 4,548 335 796 320 3,780 300
2012 249 4,797 458 1,254 320 4,100 300
2013 258 5,058 587 1,842 320 4,420 300
2014 203 5,259 717 2,550 320 4,740 300
2015 203 5,462 852 3.410 320 5.060 300
2016 5,462 988 4 399 320 5,380 300
2017 5,482 1,123 5 522 320 5,700 300
2018 5,482 1,259 6 781 320 8,020 300
2019 5,482 1,394 8 175 320 6 340 300
2020 5,462 1,530 9 705 320 6 680 300
2021 5,462 1,660 11 371 320 6 980 300
2022 5,462 1,801 13 172 320 7 300 300
2023 5,482 1,036 15 108 320 7 620 300
2024 5,462 2,072 17,180 320 7,940 300
2025 5,462 2,198 19,377 320 8 260 300
2026 5,462 2,304 21,680 320 8 580 300
2027 5,482 2,411 24 091 320 8 900 300
2028 5,462 2,518 26 609 320 9,220 300
2029 5,462 2,626 29 235 320 0,540 300
2030 5,462 2,733 31,967 320 9,860 300

aTLken from rof. 1. The pto_ected waste volume, radioactivity, and thermal power values at SRS, ICPP,
and _rvl)P are consistent w£th the number of canisters reported because these sites have developed materlal
balances for their ao21dification faci21tles. The number of canisters at HANF Is not related to projected
waste vo2umes, radioactivity, and themal power values because material balances for the solldlf_catlon
facility at this site are still in the plannins state.

bcanistere are 2 ft in dim by 10 ft in lansth. Each canister is assumed to contain 0.825 m3 of slats

m_da with HLW from the reprocesslnl of spent fuel at SRS. The slats incorporates 36 wt X oxides from waste
(28wt Z from spent fuel and 8wt Z from procosslns chemicals) and 64 wt X oxides from nonrsdioactlv, $1sss
frit.

CDimensions of canisters have not boon set. Each canister is assumed to contain nominally 0.98 m3 of

a 81asslcermic waste form.
dcanlsters are 2 ft in dlem by 10 ft in lansth. Etch canister of vitrified waste is assumed to contain

0.62 m3 of a borosillcate slas_ incorporatins waste solids.
ecanisters are 2 ft in diem by 10 ft in lansth. Each canister is assumed to contain 0.8 m3 of a

borosillcate slats Incorporatlns waste solids.



Table 2.4. CurreBt vohme of HLW in a_or_q_e by slte thro_ 1992

Volume. 103 m3

Capsules d

Site a Liquid Sludge Salt cake Slurr_ Calcine Precipitate c Zeolite Sr Cs Total

DOE e

SRS 5g.3 14.3 53.1 f f 0.2 f f f 128.9

ICPP 7.7 f f f S. 5 f f f f 11.2

HANFg 25 .1 46 .0 93.0 94.7 f f f 0.00108 0 .00245 258.7

Subtotal g2.1 60.3 146.1 94.7 3.5 0.2 f 0.00108 0.00245 396.8

Commercial h

WVDP

Acid waste 0.05 f f f f f f f f 0.05

Alkaline waste 1.3g 0.05 f f f f f f f 1.44

Zeolite waste f f f f f f 0.06 f f 0.06

Subtotal 1.44 0.05 f f f f 0.08 f f 1.55

Total 93.54 @0.3 146.1 g4.7 3.5 0.2 0.08 0.00108 0.00245 398.35

aSRS is Savannah R/ver Site, ICPP is Idaho Chemical Processing Plant, HANF is Hanford Site, and WVDP is West ValleyDemonstration Project.

bSlurry refers to all waste (regardless of when it was Kenerated) contained in double-shell tanks.
Precipitate (non-Newtonian fluid) from the in-tank precipitation process.

apsules contain either strontium (g0sr-g0y) fluoride or cesium (137Cs-137mBa) chloride.
eTaken from refs. l(a)-l(c).

fNot applicable.

gHanford single-shell tank wastes (L.e., liquid, sludge, and salt cake) and double-shell tank wastes (i.e., slurry) consist of

HLW, TRU waste, and several LLWs. However, in storage practice, all tanks are managed as if they contain only HLW. Thus, theircontents are included in the HLW inventory.
hTaken from ref. l(d).



Table 2.5. Cn_zmt radioactITityofBLWinetoz_ebyaltethrou&h 1902

Radioactivity, a 106 Ci

Capsules" Thermal
power

Sitsb Liquid Sludge Salt cake Slurryc Calcine Precipitate d Zeolite Sr Cs Total (106 W)

DOE f
SRS 86.4 400.9 145.0 g g 0.1 S 8 8 632.4 1.724
ICPP 4.5 g 8 g 40.4 8 g g g 44.9 0.130
HANFh 19.9 110.3 11.5 62.1 g g g 49.0 108.0 360.7 1.041

Subtotal 110.8 511.2 156.5 62.1 40.4 0.1 g 49.0 108.0 1,038.0 2.894

Commeccial i
WVDP

Acid waste 1.8 8 g 8 8 g 8 8 g 1.8 0.010
Alkaline waste 1.9 11.6 g g g g g g 8 13.5 0.043
Zeolite waste g 8 g g g 8 I0.6 g g I0.6 0.026

Subtotal 3.7 ii.6 g 8 g g 10.6 g g 25.9 0.079

Total 114.5 522.8 156.5 62.1 40.4 0.1 10.6 49.0 108.0 1,063.9 2.973

aCalculated values allowing for radioactive decay.
bSRS is Savannah River Site, ICPP is Idaho Chemical Processing Plant, HANF is Hanford Site, and WVDP is West Valley Demonstration

Pro_ect.
CSlurry refers to all waste (regardless of when it was $anerated) contained in double-shell tanks.
dprecipitate (non-New_onian fluid) from the in-tank precipitation process=_

ecapsulas contain either strontium (90Sr-90y) fluoride or cesium (l_ICs-l_ImBa) chloride. Radioactivity values are for the pair,
that is, parent plus daughter radionuclide.

fTaken from refs. l(a)-l(c).

gnat applicable.
hHanford single-shell tank wastes (i.e., liquid, sludge, and salt cake) and double-shell tank wastes (i.e., slurry) consist of HI.W,TRU

waste, and several LLWs. However, in storage practice, all tanks are managed as if they contain only HLW. Thus, their contents are included
in the HLW inventory.

iTaken from ref. l(d).



Yablo 2.8. Etstoz_l©a]L and pzoJected total. _oLmm o£ ELM in stozqse by site _ 2030 a

Vol_._,, 10 3 ,,,3
End of

calenda: SaSt Glass or
year Liquid Sludse cake Slu:z? Ca2cAne Prec£pitate ZeoLite Capsules b glass/cera_Lc ¢ Total

Smmmah ]Ltmm Site

1980 59.8 10.5 28.4 98.7
1985 71.3 13.8 37.8 122.7
1986 72.8 13.8 41.2 127.8
1987 63.2 13.8 50.5 0.1 127.6
1988 64.2 14.1 50.0 0.1 128.5
1989 53.3 13.8 54.8 O. 1 122.1
1990 61.3 14.8 55.5 0.1 131.7
1991 57.2 14.5 55.7 0.5 128.0

1992 59,3. 14,3 53,t 0,2 128,9
1995 54.4 14.3 48.5 0.4 117.6
2000 51.6 12.5 30.6 O.1 O.4 95.2
2005 48.8 8.2 21.4 O. 2 1.5 80.2
2010 46.3 3.2 13.5 0.3 2.7 66.0
2015 44.9 3.8 O. 4 3.4 52.6
2020 44.9 2.6 0.2 3.4 51.2

2025 44.9 2.8 0.2 3.4 51.2
2030 44.9 2.6 0.2 3.4 51.2

Iddw (:bm_caL l_Dcessi_ Plas_

1980 9.3 2.1 11.4
1985 7.1 3.0 10.1
1986 8.5 3.0 9.5
1987 8.9 3.0 11.9
1988 7.6 3.4 11.0
1989 8.5 3.5 12.0
1990 8.5 3.5 12.0
1991 6.8 3.6 10.4

1992 7 _7 3.5 11.2
19_5 7.8 3.7 11.5
2000 4.8 5.0 9.8
2005 5. _ 5.0 10.8
2010 0.1 4.9 0.5 5.5
2015 0.0 3.8 3.9 7.7
2020 0.1 2.5 11.2 13.8
2025 O. 1 1.3 22.3 23.7
2030 0.1 0.1 36.8 37.0



Table 2.6 (continued)

Volume. 103 m3
End of

calendar Salt Glass or
year Liquid Sludse cake Slur:y Calcine Precipitate Zeolite Capsules b slass/caram£c c Total

Hm_ord Site

1980 39.0 49.0 95.0 4.0 0.0017 187.0
1985 28.1 46.0 93.0 55.1 0.0040 222.1
1986 28.0 46.0 93.0 59.5 0.0040 226.4
1987 27.3 46.0 93.0 73.4 0.0040 239.7
1988 26.8 46.0 93.0 77.7 0.0038 243.4
1989 26.5 46.0 93.0 79.3 0.0036 244.8
1990 26.4 48.0 93.0 88.2 0.0036 253.6
1991 25.5 46.0 93.0 92.0 0.0035 256.4

1992 25.1 46,0 93_0 94_7 0,0035 258,7
1995 12.2 46.0 93.0 82.2 0.0035 233.3
2000 12.0 46.0 93.0 86.7 0.0035 237.6
2005 12.0 46.0 93.0 102.0 0.0035 252.9
2010 12.0 48.0 93.0 98.3 0.0035 249.3
2015 12.0 46.0 93.0 99.7 0.0035 250.7
2020 12.0 46.0 93.0 100.7 0.0035 251.6
2025 12.0 46.0 93.0 101.5 0.0035 252.4
2030 12.0 46.0 93.0 102.1 0.0035 253.0 ¢_

Wwst VallmyDmsmmt.ratimPzo3mct

1980 2.145 0.046 2.191
1985 2.145 0.046 2.191
1986 2.145 0.048 2.191
1987 2.145 0.046 2.191
1988 2.065 0.046 0.013 2.124
1989 2.305 0.046 0.031 2.382
1990 1.135 0.046 0.045 1.226
1991 1.620 0.057 0.052 1.729
1992 1_440 0_050 0.060 1.550
1995 1.310 1"31ud
2000 0.240 0.240
2005 0.240 0.240
2010 0.240 0.240
2015 0.240 0.240
2020 0.240 0.240

2025 0.240 0.240
2030 0.240 0.240

aHistorical inventories for HLW are taken from the previous edition of this report [i.e., DOEIRW-0006, Rev. 8 (October 1992)]. The

inventories for 1992 end the projections throush 2030 are taken from ref. 1.
bCapsules contain either strontium (90Sr-90y) fluoride or cesium (137Cs-137m_a) chloride.
CGlass is waste form for SRS and WVDP. Glass/ceramlc is waste fom for ICPP. Glass is most likely waste fom for HANF.

dVolume is a mixture of acidic liquid, alkaline sludse, zeolite, end any residual liquid.



Tablo 2.7. Hlstoricalm_lpro_octedtotalradtoactivityofHLWinstoragebys£___30 a

Radioactivity, 10 6 Ci
End of

calendsr Sslt Glass or

yoar Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsules b glass/ceramic c Total

Savemmh]LtvozSito

1980 187.4 429.0 82.6 699.0
1985 93.3 561.3 186.8 841.4
1986 88.1 517.2 189.4 794.7
1987 105.2 460.4 168.2 0.2 734.0
1988 99.0 403.1 162.1 0.2 664.4
1989 94.6 351.2 152.8 0.3 598.9
1990 91.6 319.8 150.1 0.1 561.6

1991 89.0 302.1 146.4 0.1 537.6
1992 86_4 400,9 145.0 0_1 632.4
1995 84.0 307.4 131.0 15.4 537.8
2000 79.8 175.4 63.3 1.7 137.3 457.5
2005 68.0 141.0 31.9 3.0 212.1 456.0
2010 57.7 50.3 15.7 6.2 349.0 478.9
2015 49.5 1.4 0.8 7.6 393.0 452.3
2020 44.1 0.8 0.3 6.1 349.7 401.0
2025 39.4 0.9 0.2 5.5 309.5 355.4 O_
2030 35.1 0.8 0.2 4.9 275.3 316.3 tO

Idaho Ch_ical Processinl_ Pllnt

1980 17.0 36.4 53.4
1985 21.7 47.7 69.4
1986 12.9 47.7 60.6
1987 14.3 48.2 62.5
1968 10.1 56.9 67.0
1989 11.5 56.9 68.4
1990 7.5 55.7 63.2
1991 2.4 57.0 59.4
1992 4.5 40.4 44.9
1995 1.9 40.1 42.0
2000 1.2 35.3 36.5
2005 1.1 31.1 32.2
2010 25.3 4.8 30.1
2015 13.7 46.5 60.2
2020 4.8 120.0 124.8
2025 0.8 212.0 212.8
2030 0.1 300.0 300.1



Table 2.7 (continued)

Radioactivity, 106 Ci

End of
calendar Salt Glass or

yew Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsulesb glasalceramic c Total

Hmmfozd SAte

1980 34.6 175.0 16.0 0.3 332.0 557.9
1985 26.2 130.5 13.6 171.2 212.8 554.2
1986 25.5 127.4 13.3 187.3 207.9 561.3
1987 24.4 124.4 12.9 115.8 203.1 480.6

1988 23.3 121.4 12.6 110.9 174.7 442.9
1989 22.6 118.5 12.4 89.6 170.8 413.8

1990 22.0 115.7 12.1 74.6 166.1 390.4
1991 20.8 113.0 11.8 66.9 161.2 373.6
1992 19.9 110.3 11.5 62_1 157.0 360.7
1995 9.0 102.7 10.7 62.9 146.4 331.7
2000 7.9 91.0 9.5 54.1 130.3 292.6
2005 7.0 80.8 8.5 47.6 115.9 259.8
2010 6.3 71.7 7.5 42.2 103.2 230.9
2015 5.6 63.6 6.7 37.6 91.8 205.3
2020 5.0 56.4 6.0 33.4 81.7 182.5
2025 4.4 50.2 5.3 29.8 72.7 162.4

2030 4.0 44.6 4.7 26.5 64.7 144.6 _a

West Valley Demonstration l_oJect

1980 18.5 15.0 33.4
1985 16.4 13.3 29.8
1986 16.1 13.0 29.1
1987 15.7 12.7 28.4

1988 12.9 12.4 2.6 27.9
1989 8.5 12.2 6.6 27.3
1990 5.5 11.9 9.3 26.7
1991 4.1 11.6 10.5 26.2
1992 3.7 11.6 10.6 25.9
1995 24.1 24-id

2000 21.3 21.3
2005 18.9 18.9
2010 16.8 16.8
2015 14.9 14.9
2020 13.3 13.3
2025 11.8 11.8
2030 10.5 10.5

aHistorical inventories for HLW are taken from the previous edition of this report [i.e., DOEIRW-0006, Rev. 8 (October 1992)]. The

inventories for 1992 and the projections through 2030 are t_en from ref. I.
bCapaules contain either strontium (90Sr-90Y) fluoride or cesium (137Cs-137mBa) chloride.
CGlass is waste fom for SRS and WVDP. Glass/cermnic is waste fom for ICPP. Glass is most likely waste form for HANF.

dRadioactivity is contained in a mixture (i.e., acidic liquid, alkaline sludse, zeolite, and any residual liquid).



TJ_Lo 2.8. Hi.storica]. and pt-o_oct, od tot8), t,bozmnl, powor of HIM in st, oraso by sito _ 20308

Thee-ms.1. power, 103 W
End of

calendar Salt Glass or

year Ltqu£d Sludso cake Sluzry Calcine Precipitate Zeolite Capsules b 81asslceramic c Total

SmmmnahRiver Site

1980 213.5 1,440.5 _ 396.0 2,050.0
1985 264.3 1,782.7 490.2 2,537.2
1986 302.2 1,794.1 479.0 2,575.3
1987 279.8 1,438.9 432.8 0.4 2,151.9
1988 231.9 1,280.5 370.9 0.4 1,883.7
1989 217.7 1,105.8 349.5 0.7 1,673.7
1990 209.0 1,015.6 341.7 0.4 1,566.7
1991 203.0 971.0 335.0 0.3 1,509.3

1992 197_0 1,!94.0 333_0 0_3 1,724_3
1995 193.0 912.0 301.0 35.2 1,441.2
2000 182.0 572.0 145.0 3.9 352.4 1,255.3
2005 155.0 437.0 73.1 6.8 620.0 1,291.9
2010 132.0 154.1 36.1 14.1 1,065.0 1,401.3
2015 113.0 9.6 1.9 17.4 1,207.0 1,349.0
2020 101.0 8.2 0.6 14.0 1,063.0 1,186.8

2025 90.0 8.7 0.5 12.5 947.0 1,058.7
2030 80.2 8.4 0.5 11.1 840.0 940.2

Idaho Chemics.L h'ocess:i.ns Fl.m_

1980 53.8 115.2 169.0
1985 72.5 137.4 210.0
1986 38.5 137.4 175.9
1987 43.5 139.0 182.5
1988 30.4 165.2 195.6
1989 34.3 164.9 199.2
1990 22.9 161.5 184.4
1991 7.0 165.0 172.0
1992 13.3 1170 130.3
1995 5.6 117.0 122.6
2000 3.5 103.0 106.5
2005 3.1 90.2 93.3
2010 73.3 13.8 87.1
2015 39.8 134.0 173.8
2020 14.1 347.0 361.1
2025 2.3 614.0 616.3
2030 0.2 869.0 869.2



Table 2.8 (continued)

Thermal power, 103 W
End of

calendar Salt Glass or

year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsules b 81ass/ceramlc c Total

E_fordSite

198a 75.1 325.9 32.8 0.5 644 4 1,078.6

1985 65.9 428.3 38.1 604.0 582.7 1,719.0 _

1986 64.1 418.1 37.3 635.0 5694 1,723.9

1987 61.2 408.2 36.4 353.4 5562 1,415.4

1988 58.6 398.4 35.5 328.5 479.3 1,300.4

1989 56.7 389.0 34.7 249.7 468.8 1,199.0

1990 55.1 379.7 33.9 200.4 455.8 1,125.0

1991 52.1 370.7 33.1 177.7 442.6 1,076.2

1992 50.0 361.9 32.3 165.2 431.7 1,041.2
1995 22.6 336.7 30.1 170.3 402.5 962..3

2000 19.9 298.6 26.8 150.0 358.1 853.4

2005 17.7 264.9 23.8 133.2 318.6 758.2

2010 15.8 235.0 21.2 118.6 283.5 674.0

2015 14.1 208.5 18.8 105.7 252.2 599.3

2020 12.5 185.0 16.7 94.2 224.5 533.0
2025 11.2 164.5 14.9 84.0 199.7 474.3

2030 9.9 146.4 13.2 75.0 177.6 422.2

West Valley Deaumstratlum Project

1980 47.8 49.1 96.9

1985 42.2 44.2 56 4

1966 41.3 43.2 84 5

1987 38.9 42.3 B1 2

1988 32.9 41.5 6.5 %0 8

1989 22.3 40.8 16.4 79 3

1990 14.1 39.7 23.! 77 0

1991 i!.0 38.9 26.0 75 3

1882 !0.0 -2.7 25._ "9 1

1995 73.5 73.5 _

2000 52._ 52._

2005 55.9 55._

2010 _.7 _9.7

2015 "_.2 -..2

2020 E9.3 2_.2

2025 3a._ _._

2030 31.i _!.i

aHistorical inventories for HLW are taken from the previous edition of this report [i.e., DGE/RW-0006, Rev. 8 (October 1992)]. ._he

inventories for 1992 and the projections through 2030 are taken from ref. !.

bCapsules contain either strontium (909r-90Y) fluoride or cesium (137Cs-i37mBa) chloride.

CGlass is waste form for SRS and WVDP. Glass/ceramic is waste form for ICPP. Glass is most likely waste form for HANF.

dThis thermal power is from the decay of radionuclides in a mixture (i.e., acidic liquid, alkaline liquid, zeolite, and residual

liquid) to be incorporated into glass during 1995-1997.



Tabl_ 2.9. 5J_nl_caz_ l_vlalons and chmg_ in the cu_int valn_ £or H_J _ to the valn_ in _ pzovLous ym_-a, h

Signiftcsnt revisions Reasons for sisntficsnt cheeses
Waste characteristics 1992 values a and changes 1994 values h and revisto_s or for none

Savamu_h Rivez Site

Volume and radioactivity See Tables 2.5 None See Tables 2.4 No revisions. Changes are explained by

(liquid, sludge, salt and 2.6 and 2.5 routine plant operations and decay of

cake, and precipitate) radlonuclides

Idaho Chemical ProcessJ.11_ Plant

Radioactivity of calcine See Table 2. _ Radioactivity of See Table 2.5 Change may he connected with new computer

calcine decreased program bein8 used. Values are being

from 59.4 × 106 Ci reevaluated

to 44.9 × 106 Ci

Banford Site

Volume and radioactivity See Tables 2.5 None See Tables 2.4 No significant revisions. Changes are

(liquid, sludge, salt and 2.6 and 2.5 explained by routine plant operation
cake, slurry, and

capsules )

West Vs/ley Demanstratton l_mJoct

Volume and radioactivity See Tables 2.5 None See Tables 2.4 Changes are explained by routine plant

(acid liquid, alkaline and 2.6 and 2.5 operations, by radioactive decay, and

liquid, sludge, and by continued refinement of inplant

zeolite) measurements

ayear shown is publication date of report. Data are for December 31, 1991. See tables and text cited in Chapter 2 of U.S. Department of

Energy, InteRrated Data Base for 1991: Spent Fuel and Radioactive Waste Inventories, Pro_ectio_s, and Characteristics, DOE/RW-O006, Rev. 8
(October 1992).

byear shown is publication date of report. Data are for December 31, 1992.



Table 2.10. RelpzeamW_Lve ch_dLcaL campomitSau of curzm_ md future l[N at IS a

Liquid Sludge Salt cake h:acipitate 1) Glass

Component Wt, Z Component _ Z Component k_, Z Component kgt Z Com]Lxment Wt Z

A8 Trace Fa(OH)3 II.8 NaNO3 65.4 K(C6Hs) 4B 9.0 SiO2 45.6

H8 Trace HnO2 2.0 Nal_ 2 O.9 NaNO3 O. 7 Ia20 11.0

PI) Trace UO2 (OH) 2 1.3 Na(_ 3.4 Others 1.8 B203 10.3

U Trace A1 (OH)3 13.7 NaA1(00) 4 7.8 H20 88.5 YezO3 7.0

F- o. 003 AIO (00) 5.2 Na2CO3 2.7 A120 3 4.0

Fe Trace CaCO3 1.5 Na2SO4 9.4 100.0 K20 3.6

C1- 0. 023 CaSOk 0.2 Na3PO4 Trace 1.t20 3.2
00- 1.63 CaC20 4 O.2 NaF O.2 FeO 3.1

NO2- 1.10 Hi (OH)2 0.8 Na2C204 0.1 U308 2.2

NO3- 9.63 HgO 0.4 Insolubles 3.7 MnO 2.0

AI (OH) 4- 4.54 SiO 2 0.2 H20 6.4 Others 8.0

CO32- 0.72 The2 1.8

CRO42- 0. 014 Ce (OH) 3 0.2 100.0 100.0 _._

SO42- 0.22 ZrO(OH) 2 0.2

PO43- 0.12 Cr(OH) 3 0.2

NH4+ Trace HK(OH)2 0.2

Na+ .11.0 NaNO3 1.1

H20 7"i. 0 NaOH 1.3
ZeoLite 1.5

100.0
Others 1.2

H20 55.0

100.0

Density (25°C), i.i 1.4 1.g i.05 2.85
g/mL

aTaken from ref. l(a).

bprecipitate (non-Newtonian fluid) from the in-tank precipitation process.



Table 2.11. i_peemt4ti_ rli/ouuolldooaq_iitiouofecrm_ (mdot 1902) 81/If one and
fut_ure (_Semezat.od in 1_) BIMBI_ss at 8B,_a

Radioactivity, Ci

Redtonuclids Liquid Sludse Salt cake Precipitate Total b Glass c

90St 7.68E+05 1.22E+08 1,22E+08 1.83E+03 1.24E+08 2.00E+05

90y 7,88E+05 1.22E+08 1.22E+08 1,83E+03 1.24E+08 1.98E+05

99Tab 6.69E.02 2.33Z+04 2.22R+03 2.62E+04 2.90E+01

106Ru 4.$5E+04 1,88E+05 1.68E+03 2.33E+05

1061Lh 6.33E+04 1.88E+05 1.86E+03 2.33E+05

12581b 6.87E+04 1.70E+05 1.82E+03 2.40E+05 6.39E+00

137Cs 4.37E+07 6.91E+07 7.44E+07 7.44E+04 1.87E+08 2.75E+08
!
! 137mBa 4.02E+07 6,35E+07 6.85E+07 6.85E+04 1.72E+08 2.53E+06

i 144Ce 4.53E+04 9.74E+08 1.02E+03 9.79E+08

144pr 4.$3E+04 9.74E+08 1.92E+03 9.79E+08

147pm 7.20E+05 1.79E+07 1.89E+05 1.88E+07 4.42E+02

233U 2.80E-01 2.80E-01 1.90E-02

235U 2.80Z-01 2.80E-01 2.00E-02

238U 2.20E+01 2.20E+01 4.30E-02

238pu 1.60E+06 1.60E+06 6.60E+02

239pu 2.30E+04 2.30E+04 3.50E+01

2401% 1.00E+04 1.00E+04 2.30E+01

241pu 1.40E+06 1,40E+08 1,30E+02

2421% 1.70E+01 1.70E+01 3.30E-02

244Cm 1.40E+04 1.40E+04 1.70E+03

Total 8.64E+07 4.01E+08 1.45E+08 1.47E+05 6.32E+08 1.08E+07

Specific activity, d 1.46 20.0 2.73 0.74 4.98 108
CilL

aTakan or calculated from ref. l(a).
bLiquid, sludge, salt cake, and precipitate curies are as of December 31, 1992.
CGlass curies are as of December 31, 1996 (the first year slags is to be generated).
dSpecific activity is defined in this table to be the radioactivity of a waste type at a given time

divided by the volume of that waste type at the 8ivan time.
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Table i.U. bi_oomtitive ohmiaal ompomition of current
_d i_turo BLH liquid at lCI_ a

Composition, wt l

Zi:ooni _m Sodium
Component, fluoz:ide bea]:Ln8 Nonfluor/de Fluorine].

AZ 1.3 0.8-1.8 1.51 0.742

B 0.15 0.005-0.01 0.003 0.241

Ca 0.03-0.2 0.27

C1" O. 06-0.1 O. 023

Cd 1.42

C_: O.036 O. 0087

F" 3.4 0.005-0.06 0.032 5.99

Fe O. 04 O.OS-O. 09 O. ]9 O. 023

H+ 1.12 O.03-0.15 O. 12 O. 18

x 1.12 o.03-0.15 o.33

o.062

iv_ O. 048 O. 0004

Na 0.12 2.1-4.0 1.31

NJ. 0.016 0.0049

NO3- 13.7 19. ;_-23.3 23.1 11.47

8042" O.33-0. S O. 6S 1.52

Zr 2.47 3. ,_0

H20 76.8 76.6-69.2 70.9 76.0

100.0 100.0 100.0 100.0

Density, s/mL 1.2 1.2-1.3 1.2 1.2

aTsken from U.S. Department of Enersy, Spent Fuel arid _adtoact_yo Waste
_ventorie_. Pro.Sections. end Cha_cte_i_t;_c= , DOE/RW-0006, Rev. 1 (December
198S).



7O

T&ble Z.13. Repreeentmtive ahemlaLL aampoaition of aurrent
mad futuze Hl_ oLLaine st ICL_

Composition, wt Z

Zirconium Zirconium- Stainless Fluorinel-
Component Alumina fluoride sodium blend steel sulfate sodium blend

AI203 82.0-9S.0 13.0-17.0 10.0-16.0 4.4 6.5-7.3

AI2 (804)3 81.0

B203 0.5-2.0 3.0-4.0 2.0-3.0 3.0-3.2

CaO 2.0-4.0 13.0-17.0 3.3-3.6

CaY2 50.0-56.0 33.0-30.0 46.0-49.0

Cd 6.0-6.5

Cr203 2.0 O. 05

Fe203 7.0 O.2- O, 3

Na20 1.3 8.0-8.0 10. O- 15.0

NiO O. 9 O. 02-0.03

NO3" 5.0-9.0 0.S-2.0 7.0-9.5 lO.O-1S.O

S042"

Z:O2 21.0-27.0 16. O- 19.0 19.0-20.0

Mis©ellaneous O.5-1. S O. S-1. $ O. S-1. S 4.4

Fission products 0.2-1.0 0.2-1.0 0.2-1.0 0.2-1.0 0.2-1.0
and act/nides

Density, s/mL 1.1 1.4 1.8 1.2 1.4

aTaken from U.S. Department of F_erSy, 8_ent Fue2 And Radioactive Waste Inventori0_ ,
Pro3ections. and Characteris_, DOE/RW-0006, Ray. 1 (December 1985).
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hbleR.14, itol_exntsttve HdlmuoUde oaposttl_
of ourrent BLNst ICI_ a

Rsdioectivity, Cl

Radionuclide Liquid Calcine

OOB: 1.03E+06 0.60E+06

OOy 1.03E+06 9.60E+06

106Ru 4.$6E+03 7.48E+01

10ORh 4.56E+03 7.48E+01

134Cs 3.48E+04 1.20E+04

137Cs 1.18E+06 1.09E+07

137mBe 1.12E+06 1.03E+07

144Co 2.29E+04 8.22E+01

144p= 2.29E+04 8.2_E+01

154Eu 1.18E+04 4.00E+04

Tots1 4.47E+06 4.04E+07

Specific activity, b 0.58 11.4
Ci/L

aTaken from =of. l(b). Curies as of Dece,_er 31, 1902.
Similar veXues for ectlnlde nuclldes are not avallable.

bSpecific activity is defined in this t_le to be the
radioactivity of a wamte type st • liven tint divided by the
volume of that waste type at the liven time.
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Table 2.15. Repreesntatlve chaitc_ colpoelti_ of currant
smi future _ at HAIIFa

Composition, wt %

Component Liquid b Sludse b Salt cake b Slurry c

NaNO3 20.8 25.3 81.5 14.8

NaNO2 15.8 3.8 1.7 5.6

Na2CO3 0.6 2.2 0.5 1.9

NaOH 6.2 5.3 1.5 7.0

NaAZO2 12.5 1.2 1.4 6.0

NaF 0.4

Na2SO4 1.0 1.3 0.3

Na3PO4 2.3 15.8 1.6 0.8

KF 0.4

FeO (OH) 1.3 0.2

OrKantc carbon 0.17 1.2

NH4+ 0.08

AI(OH) 3 2.9 4.9

SrOoH20 0.1

Na2CrO 4 1.3

Cr (OH) 3 0.2 0.02

Cd (OH) 2 0.1

Ni(OH) 2 <0.1

BtPO 4 O. 5

Cl- 0.1

Ni2Fe(CN) 6 0.8

P205.24_D2.44H20 <0.1

ZrO2• 2H20 O. 5 O. 2

Fission products _ <0. O1

H20 40.2 33.6 10.5 56.2

Other <0.1 5.5 <0.01

H&+ O. 12 ppm

Total 100.0 100.0 100.0 100.0

Density, g/mL 1.6 1.7 1.4 -1.3

aTakan from U.S. Department of Enersy, Spent Fue_ and Radioactive Waste
Inventories. Pro.tectione. and Characteristics, DOE/RW-0006, Rev. 1 (December
1985).

bStored in single-shell tanks.
CStored in double-shell tanks.
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Tabl.e 2.16. Rel)zesgstatlve radlonuc).:l.de oomg)oslti_ (Ci) of cu]czent HLW at HAHFa

Capsules

Radlonucllde Liquid Sludse Salt cake Slurry 90Sr-90y 137Cs-137mBa

14C 1.87E+03 2.50E+03 6.67E+02

55Fe 4.75E+03

59N£ 9.06E+00

60Co 3.22E+03 i.03E+04

63NI 3.08E+05 i.05E+03

79Se 6.58E+01

89Sr 9 05E-06

90St 4.13E+05 5.10E+07 2.20E+06 1 09E+07 2.45E+07

90y 4.13E+05 5.10E+07 2.20E+08 1 09E+07 2.45E+07

91y 6 68E-04

93Zr 9.70E+03 3 21E+02

93mNb 8.21E+03 i 18E+02

95Zr 7 10E-03

95Nb 1 57E-02

_-_b 5.24E-05
99Tc 1.79E+04 1.43E+04

103Ru i.64E-09

103mRh I.47E-09

106Ru 9.81E+00 3.04E+05

•106Rh 9.81E+00 3.04E+05

107pd 8.21E+00

ll0mA8 I.64E+01

110Ag 2.17E-01

ll3mcd 3.74E+03

113Sn 7.92E-02

115mCd 2.04E- I0

llgmsn 2.92E+02

121mSn 6.39E+01

123Sn I.76E+00

123roTe 5.99E-06

124Sb 4.48E-08

1255b 2.96E+05

125mTe 7.22E+04

126Sn 1.04E+02

126Sb I.46E+01

126mSb i.15E+02

127roTe 6.68E-01

127Te 6.54E-01

129roTe 8.20E- 14

129I 2.65E-01

134Cs i.40E+05

135Cs 5.91E+01

137Cs 9.80E+06 3.61E+06 3.65E+06 1.62E+07 5.55E+07

137mBa 9.27E+06 3.41E+06 3.46E+06 1.53E+07 5.25E+07

14iCe 8.29E- 13

144Ce 4.63E+05

144pr 4.61E+05

144mpr 5.54E+03

147pm 6.18E+06
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Table 2.16 (continued)

Capsules

Radlonuclide Liquid Sludse Salt cake Slurry 90Sr-90y 137Cs-137mBa

14s_ 4.,8z-12
14_ s.8,z-11
151Sm 8.33E+05 2.03E+05

152Eu 5.41E+02

153Gd 1,07N-01

154Eu 6.75E+04

155Eu 9.90E+04

160Tb 9.71E-07

234U 1.23E+00

235U 5.18E-02

236U 1.08E-01

238U 9.46E-01

237Np 2.55E-03 4.51E+01

238Np 2.17E-01

2381% 3.67E+02

239pu 2.20E+04 3.28E+03

240pu 5.29E+03 8.eSE+02

2411% 5.25E+04 3.35E+04

242pu 8.68E-02

241Am 7.36E+02 4.53E+04 5.24E.04

242Am 4.31E+01

242mAm 4.33E+01

243Am 7.16E+00

242Cm 3.65E+01

244Cm 1.57E+02 1.29E+03

Total 1.9gE+07 1.10E+08 1.15E+07 6.21E+07 4.90E+07 1.08E+08

Specific
activity,b Ci/L 7.9E-01 2.4E+00 1.2E-OI 6.6E-01 4.5E+04 4.4E+04

aTaken from ref. 1(c). Curies as of December 31, 1992,

bSpecific activity is defined in this table to be the radioactivity of a waste type at a
siren time divided by the volume of that waste type at the 8iven time.
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Table 2.17. Chlmical composition of alkaline liquid
(has ra1.co©eaains via a _ flmmheet) at WVDPa

Wet basis Dry basis
Compound (wt Z) (wt %)

NaNO3 21.10 53.38

NaNO2 10.90 27,57

Na2SO 4 2.67 6.75

NaHCO3 I.49 3.77

KNO 3 1.27 3.21

Na2CO3 0.884 2.24

NaOH 0.614 i.55

K2CrO 4 0.179 0.45

NaCI 0.164 0.42

Na3PO 4 0.133 0.34

Na2MoO4 0. 0242 0.06

Na3BO3 0. 0209 O.05

CsNO3 0.0187 0.05

NaF 0. 0176 0.04

Sn (NO3)4 0.00858 0.02

Na2U207 0.00809 0.02

Si(NO3)4 O. 00805 O.02

NaTcO 4 0. 00620 0.02

RbNO3 0. 00417 0.01

Na2TaO4 O. 00287 O.007

A].F3 O. 0027 O.0068

Fe (NO3)3 O. 00151 O. 004

Na2SeO 4 0. 00053 0. 0013

LINO3 O.00049 0.0012

H2CO3 0. 00032 0.00080

Cu (lqO3) 3 0. 00021 0. 00053

Sr (NO3)2 0. 00014 0. 00035

Mg(NO3)2 0.00007 0.00018

Subtotal 39.53 100. O0

H20 (by 60.47 0.00
difference)

mmmmm mmmmmmm

Grand total 100.00 100. O0

aTaken from ref. l(d).
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Table 2,18, Chemical cmqposlti(m of alkaline 82udse HLW
(t.ram reprocossin8 via • _ £1.mmhoot) at k'VDP8

Compound Wt Z

F£s_ion products

Ge(OH) 3 2.0364E-06
Sr504 2.2095E-03

¥(OH) 3 1.0487E-03
Zr(OH) 4 9.8154E-03

Ru(OH) 4 4,6633E-03
I_(OH) 4 8.0437E-04
Pd(OH) 2 3.4619E-04
AsOH 7.1274E-06

Cd(OH) 2 1.7309E-05
In(OH) 3 3.0546E-06
Sn(OH) 4 2.5455E-05

Sb(OH) 3 7.1274E-06
BaSO 4 3,0851E-03

La(OH) 3 1.8837E-03
Co(OH) 3 3.6044E-03
Pr(OH) 3 1.7309E-03
Nd(OH) 3 6.3230E-03
Pm(OH)3 1.5273E-05
8m(OH) 3 1.4560E-03
Eu(OH) 3 7.6365E-05

Gd(OH) 3 1.7309E-05
Tb(OH) 3 3.0546E-06
DT(OH) 3 2.0364E-06

Subtotal 3.7147E-02

Act2n£des

UO2(OH) 2 3.1432E-02
NpO2 3.5637E-04
PuO2 3.7673E-04

AmO2 2.7491E-04
CmO2 4.0728E-06

Subtotal 3.2444E-02

Others

Fe(OH) 3 6.7242E-01

FoPO 4 6.4666Z-02
AI(OH) 3 5.9585E-02

A].F3 6.2415E-03
HnO2 4.6644E-02
CaCO3 3.2664E'02

5£O2 1.2860E-02
Hi(OH) 2 1.1078E-02

HsCO 3 8.4103E-03
Cu(OH) 2 3.8284E-03
Zr(OH) 4 9.8154E-03 b

Z_(OH) 2 1.3033E-03
Cr(OH) 3 6.6183E-04
He(OH) 2 2.3418E-04

Subtotal 9.3041E-01

Grand total 1.0000

eTaken from ro£. l(d).

bExcludes fission product zirconium.
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Tab2a 2.19. Chlmlca]. ©amEmsLtlaa o£ acid Ltquld ELM
{f.ras reprocaaslaS via a _ £1mmhsst) at. k'91)l'a

Compound Wt X Total, ks

Zh(NO 3) 4 36.42 31,054
Fe(NO3) 3 9.92 8,462

A1 (NO3)3 4.90 4,175
HNO3 3.29 2,805
Cr (NO3)3 2.25 1,918
Nt (NO3) 2 0.93 79
H3BO3 0.56 480
NaNO3 0.27 227
KNO3 0.22 191
Na2SO4 0.21 180
Na2SiO 3 0.15 126
IO4nO4 O. 11 98
Nd (NO3) 3 0.086 73
H8 (NO3)2 O. 067 57
Na2HoO 4 0.063 54
NaCI O. 059 50

Ce(N03) 4 0.050 43
Ru(NO3) 4 0.049 42
ZrO2 O. 041 35
Ca (NO3)2 O. 035 30
CsNO3 0. 033 20
Ba (NO3)2 0. 032 27
La(NO3) 3 0. 026 22
Pr (NO3)3 0. 025 21
Sr (NO3 )2 0.019 16
Y(NO3) 3 0. 016 14
Sm(NO3)3 0. 016 14
Zr (NO3) 4 0. 014 12
Na3PO4 O.014 12
NaTcO4 O. 013 11
P.h(NO3) 4 0. 013 11
Zn(NO3) 2 O. 012 10
Pd (NO3)4 O. 0094 8
UO2(NO3)2 0. 0070 6
1%_NO3 0. 0070 6
Na2TeO 4 O. 0059 5
Co(NO3) 2 O. 0035 3
Na2SeO 4 0. 0012 1
NaF 0. 0012 1

Eu (NO3)3 0. 0012 1
Np (NO3) 4 0.0011 0.9
Cu (NO3)2 0. 00094 0.8
Sn (NO3)3 0. 00082 0.7
Pa(NO 3) 4 0. 00082 0.7
Pu (NO3)4 0. 00082 0.7
Gd(lqO3)3 0. 00047 0.4
Cd(NO3) 2 0.00035 0.3
Sb (lqO3) 3 O. 00012 O. 1
AsNO3 0. 000094 O. 08
In(NO 3) 3 0.000047 0.04
Ga(NO3)4 0. 000023 0.02
Pm(NO3) 2 0. 000011 0.01
Tb (NO3)3 0. 0000047 0. 004
DY(NO3)3 0. 0000023 0. 002

Solids 59.95 51,125

H20 (by difference) 40.05 34,148
IIII _ mmlmmmmm

Total 100.00 85,273

aTaken from ref. l(d).
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Table 2.20. Re]p_esentat/ve ohemlca], campositicm
of fut, u:e (to be Senersted in 1996)

Slus at HVDPa

Component Wt X

A1203 6. O0

B203 12.89

BaO O. 16

CaO O. 48

Ca203 0.31

CoO 0.02

Cr203 0.14

Cs20 0.08

CuO 0.03

Fe203 12.02

K20 5.00

La203 0.04

Lt20 3.71 ,

MsO 0.89

HnO 0.82

MoO3 0.04

Na20 8.00

Nd203 O. 14

NlO 0.25

P2o5 1.2o
PdO O. 03

Pr6011 O. 04

Rh2O3 0.02

RuO2 0 08

SO3 O. 23

Si02 40 98

Sm203 0.03

SrO 0 02

ThO2 3.56

Ti02 0 80

U03 0 63

Y2o3 o 02
ZnO 0 02

Zr02 1 32

Total 100. O0

Density (25"C), 2.6
s/mL

aTaken from ref. l(d).

O
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Table 2.21. Represemtativo radL_uclide cc_posLtLom of currant (end of 1992) HI_ forms and
future (to be seuarated in 1996) BLN slags at HVDPa

Alkaline waste Acid waste Zeolite waste
(PUREX) (THOREX) (Ion exchanger)

Radlonucllde Liquid Sludge Liquid Wet mixture Total b Glass c
(Ci) (Ci) (Ci) (Ci) (C£) (Ci)

90St 5.66E+06 4.58E+05 6.19E+06 1.83E+06
90y 5.66E+06 4.58E+05 6.19E+06 1.83E+06
106Ru 3.54E-03 3.54E+00 2.01E+04 2.01E+04 7.53E-02
106Rh 3.54E-03 3.54E+00 2.01E+04 2.01E+04 7.53E-02
134Cs 2.56E+03 5.71E+01 2.56E+03 5.18E+03 4.42E+02
135Cs 1.56E+02 5.47E+00 1.56E+02 3.17E+02 1.05E+02
137Cs 9.57E+05 4.56E+05 5.46E+06 6.86E+06 2.07E+06
137mBa 9.05E+05 4.33E+05 5.17E+06 6.51E+06 1 96E+06
147pm 1.53E+02 4,94E+04 2.43E+03 5,20E+04 5 95E+03
238pu 1.22E+02 7.69E+03 4.61E+02 8.27E+03 2 92E+03
239pu 6.15E+00 1.94E+03 3.73E+00 1.95E+03 2 06E+02
241pu 1.15E+03 7.26E+04 6.68E+02 7.44E+04 1 99E+04
241Am 5.25E+04 2.39E+02 5.27E+04 1 73E+04
244Cm 7.60E+04 1.13E+01 7.60E+04 215E+04

Total 1.87E+06 1.16E+07 1.81E+06 1,06E+07 2.59E+07 7.76E+06

Specific 1.34 232 36.2 177 16.7 97.0
actlvity, d
Ci/L

aTaken or calculated from ref. l(d).
bLiquld, sludge, and zeollte curies are as of DecMnber 31, 1992.
CGlass curies are as of December 31, 1996 (the first year glass is to be generated),

dspeclflc activity is defined in this table to be the radioactivity of a waste type at a given time
divided by the volume of that waste type at the given time.
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Empty transeranic waste test _ontainets (bins) located in an uadergroud Waste Isolation Pilot Plant (WIPP) waste storage area where
tests are being planned to demonstrate that the WIPP factaity will suitably hold wastes for disposal and meet regulatOry requirements. (Courtesy
of Westinghoese Eamric CotlmQtioe, WIPP Project _ _ New Mettm, and MAC Teami_ ServicesCOmlm_, Anmqeenlee_
New Metim.)



3. TRANSURANICWASI_

3.1 INTRODUCTION TRU waste packages are ciassified as either "contact
handled" (CH) or "remote handled" (RH) depending on

This chapter presents information on the inventories the radiationlevel at the surface of the package at the time
and characteristics of the transuranic (TRU) wastes at of packaging. If this level exceeds 200 mrem/h, the
various sites in the United States. package is classified as RH.

TRU waste is a waste category peculiar to DOE; it CH TRU waste contains reiatively small quantities of
does not apply to wastes regulated by the NRC. TRU fission and activation products that produce highly
waste is currently defined in DOE Order 5820.2A as penetrating radiation; typically,its emissions consist mostly
"without regard to source or form, waste that is of alpha panicles and low-energy photons of little
contaminated with alpha-emitting transuranium penetrating power. Most TRU waste (more than 90% by
radionuclides with half-lives greater than 20 yeats, and volume) is of the CH type. RH TRU waste typically
concentrations greater than 100 nCt/gat the time of assay, contains a greater proportion of fission and activation
Heads of Field Elements can determine that other alpha- l_'oducts that produce highly penetrating radiation and
contaminated waste, peculiar to a specific site, must be therefore tends to produce a higher level of radiation at
managed as transuranicwaste."1 This definition includes the surface of the package.
isotopes of neptunium (Np), plutonium (Pu), americium It is estimated that as much as 50 to 60% of TRU
(Am), curium (Cm), and californium (Cf). Generally, waste is mixed waste, meaning that it contains, in addition
DOE waste containing less than 100 nCi/g of TRU alpha to radioactiveconstituents, hazardousconstituents defined
contamination is classified and managed as low-levelwaste and regulated in accordance with the Resource
(LLW). Conservation and Recovery Act (RCRA). Examples of

TRU waste is primarily generated by research and mixedwaste are radionuclide-contaminated spent solvents,
development activities, plutonium recovery, weapons discarded materials contaminated with both solvents and
manufacturing, environmental restoration, and radioactive materials, scintillation fluids, and discarded
decontamination and decommissioning (D&D) projects, contaminated lead shielding. TRU mixed waste must be
Most TRU waste exists in sofid form (e.g., items such as managed to comply with the applicable hazardous waste
protective clothing, paper trash, rags, glass, miscellaneous regulations (e.g., RCRA) as well as those applying to
tools, and equipment thathave become contaminated with radioactive TRU waste only. Some TRU waste may be
TRU radionuclides). Some TRU wastes are in liquid form contaminated with hazardous materials defined by other
(sludges) resulting from chemical processing for recovery regulations. DOE is currently developing strategies for
of plutonium or other TRU elements. Prior to 1970, identifying and managing TRU wastes containing .....
TRU waste was disposed of on-site in shallow, landfill-type hazardous contaminants defined by regulations other than
configurations. TRU waste disposed of in this manner is RCRA.
referred to as "buried" TRU waste. In 1970, the U.S. Under existing arrangements, retrievablystored TRU
Atomic Energy Commission (AEC), which was a waste is the responsibilityof the DOE/EM Office of Waste
predecessor to DOE, concludedthat waste containing long- Management (EM-30). It is planned that the retrievably
lived alpha-emitting radionuclides should have greater stored TRU waste and newly generated TRU waste from
confinement from the environment. Thus, all TRU waste defense-reiated activities will be shipped to the Waste
generated since the early 1970s has been segregated from Isolation Pilot Plant (WIPP) for disposal. Priorto the start
other waste typesand placed in retrievablestorage pending of these shipments, it is planned that tests will be
shipment and final disposal in a permanent geologic conducted over approximately the next 5 years to ensure
repository,z This waste is referred to as "retrievably that thewastes to be shipped to WIPP, and the criteria for
stored" TRU waste. Retrievablystoredwaste iscontained their emplacement at WIPP, willmeet all applicablefederal
in a variety of packagings (metal drums, wooden and metal and state requirements for TRU and mixed TRU wastes.
boxes) and is stored in earth-mounded berms, concrete If the test phase is successful, the retrievable TRU waste
culverts, or other types of facilities.
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inventory will be disposed of in WIPP over approximately (PAD), (9) Sandia National Laboratory (SNLA), and
the next 20 years. (10) West Valley Demonstration Project (WVDP).

Buried TRU waste and TRU waste generated from Figure 3.1 shows the locations of these sites and gives an
site remediation actMties and D&D activities are the approximate indication of the relative volumes of stored
responsibility of the Office of Environmental Restoration TRU waste at each site. Figure 3.2 shows the volumes of
(EM.40). The disposition of these TRU wastes is CH and RH retrievably stored TRU waste at the major
uncertain at this time. sites and clearly shows that the preponderance of TRU

waste volume is in the CH category. Figure 3.3 shows the
decayed radioactivities of retrievably stored CH and RH

3.2 TRU WASTE INVHN'IDRIES TRU waste at the major sites as of December 31, 1992.
Data on the volumes and radionuclide compositions of

those remote-handled TRU wastes that were formerly
3.2.1 Smma:s of Data listed as miscellaneous radioactivematerials in the Hanford

200-Area burial grounds were not submitted to the IDB in
Quantitative information contained in this chapter is time to be incorporated in the figures and tables of this

derived from data furnished by the DOE sites through chapter. Summary data on these wastes are presented in
annual data calls, as described later in this section. As Table C.13 of Appendix C.
programsand plans evolve or change, modifications and/or
additions will be made to the data and other information 3.2.3 Development oi' Detaikd Inventory Data
in this chapter. It is expected that the quality and accuracy
of the data will improve with each annual revision of this This year's IDB contains significant changes in the
document, thus improving the usefulness of the data for manner in which TRU waste data are collected, reviewed,
program planning and decision purposes, and used for the calculation of decayed radioactivitles.

Early TRU waste inventory practices were not as
stringent as those of today in regard to requirements for 3.2.3.1 Site data submittal Ima:ms
waste identification, categorization, and segregation.
Consequently, the earlyinventory data are based largelyon All of the quantitative TRU waste data in the IDB are
process knowledge and on various studies and summaries ultimately derived from the site data submitted to the
related to site-specific practices,s As these efforts continue DOE Waste Management Information System (WMIS),
and TRU waste is further characterized by radioassay, which is maintained by the Hazardous Waste Remedial
significant revisions in the estimated overall quantities of Actions Program (HAZWRAP). The sites supplyvolumes,
TRU wasteareanticipated, radionuclidecompositions,andcuriesofeachradionuclide

addedineachyearofTRU wasteaccumulation.Thisis

3.22 Site i_¢aliom--Summarized Volumes and done for each TRU waste type (CH stored, RH stored,
CH buried, and RH buffed). The annual radioactivitiesin
the site submittals are on an as-stored basis; that is, they

TRU waste management activities (generation, represent the curies of each radionuclide added at the end
retrievable storage, etc.) are performed at six major and of the year in which the waste was placed in storage. The
ten minor DOE sites. The major sites, from the data are entered by the sites on standardized forms
standpoint of TRU waste quantities, are (1) the Hartford supplied by HAZWRAP and are returned to HAZWRAP,
Site (HANF), (2) Idaho National Engineering Laboratory which distributes copies to other organizations taking part
(INEL), (3) Los Alamos National Laboratory (LANL), in the process. The complete set of TRU waste site data
(4) Oak Ridge National Laboratory (ORNL), (5) Rocky submittals for this year's IDB is listed as ref. 4 (Sect. 3.6).
Flats Plant (RFP), and (6) the Savannah River Site (SRS).
HANF and RFP no longer generate TRU waste as part of 3.2.3.2 Site data review and modifimtlon
weapons production processes butdo generate TRU waste
as part of environmental restoration (cleanup) activities. The site data submittals for TRU waste were reviewed
The ten minor sites are (1) Argonne National to make certain, insofar as possible, that the data supplied
Laboratory-East (ANL-E), (2) Knolls Atomic Power met the requirements of the HAZWRAP data request
Laboratory (KAPL), (3) Lawrence Berkeley Laboratory forms with regard to completeness and consistency. This
(LBL), (4) Lawrence Livermore National Laboratory year, because the radioactive decay and accumulation code
(LLNL), (5) Santa Susana Field Laboratory (SSFL) [atso system RADAC was being used for the first time, the data
referred to as the Energy Technology Engineering Center review process included modifying the formats of the data
(ETEC)], (6) Mound Laboratory (MOUND), (7) Nevada so that they could be easily convened to input data files
Test Site (NTS), (8) Paducah Gaseous Diffusion Plant suitable for direct use in the RADAC decay module.
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3.2.3.3 _ smdlumcsand _ the input to 50 Ci S_Srand 50 Ci _Y. Other fission
product parent-daughtercombinationsare handledin

Tables3.1 through3.3 summarizea smallportionof thesamemanner,usingthe appropriatecurieratiofor
the informationin the sitesubmittals.Thesetablesshow eachcombination.
the volumes and cumulative M-stored (undecayed)
radioactivittesof rctrievablystored CH and RH TRU 3.2.4 Resultsof lnvcnto_ Czdculalkms
wasteat eachsitein 5-yearincrementsfrom 1970 to 1990
and at the end of 1992. Table 3.2 shows total 3.2.4.1 Retrlevablystoredwastes
radioactivities(i.e., all radionuclides included), and
Table 3.3 shows TRU radioactivity(i.e., only TRU Tables 3.4 and 3.5 show the cumulative decayed
radionuclidesincluded), radioactivitiesof retricvably stored CH and RH TRU

wastes for each of the sites by 5-ye,ar increments from 1970
3.23.4 Calmlalicm of ammal decayed _ through 1990 and at the end ot 1992. These tables are

analogous to Tables 3.2 and 3.3, except that in Tables 3.4
The computer code YIELD9FL is the decay and and 3.5 the radioactivttiesare on a decayed basis; that is,

accumulation module of the RADAC system. It converts they take into account the processes of radioactivedecay
annual as-stored radioactivities to annual decayed and ingrowth of radioactive daughters. As before,
radioactivities and accumulates these quantities to produce Table 3.4 shows total radioactivities (all radionuclides
tables showing decayed grams, curies, and watts on a year- included), and Table 3.5 shows only the radioacttvities of
by-year,site-by-site,andradionuciide-by-radionuclidebasis. TRU radionuclides.As previouslystated,it is assumed
Annual added and cumulativevolumesare also shown; throughoutthetablesthatvolumesof TRU wasteare not
volumesare assumedto be unaffectedbydecay, affectedby radioactivedecay.

Comparisonsof the resultsof the RADAC system Tables 3.6 and 3.7 summarize the total system
withthose of the previouslyused LIBOEN-WINPRO.SAS inventories (i.e., all sites combined) of retrievably stored
system have thus far shown excellent agreement. For CH and RH TRU wastes at DOE sites for the end of each
example, on page 84 of the 1992 IDB report,s Table 3.1, year from 1970 to 1992. The cumulative masses,
which was calculated by the LIBGEN.WINPRO-SAS radioactivities, and thermal powers shown in these tables
system, showed 1887.51 kCi of stored CH TRU waste are decayed values. The difference between Tables 3.6
accumulated at the end of year 1991. The same data were and 3.7 is that the masses, radioactivities, and thermal
independentlyrun on the RADAC systemand showed powersin Table 3.6 are basedon all the radionucUdesin
1887.67 kCi at the end of 1991. Other examples have the waste, whereas the quantities shown in Table 3.7
been run on both systems with similaragreement, include only the contributions of the TRU radionuclides;

In a number of cases, the site-submitted data were not daughters of TRU nuclides are not included in Table 3.7.
sufficiently detailed to permit the desired calculations. The
difficulty most frequently encountered was that 3.2.4.2 Buried TRU wmtes
radionucUdecompositions were not adequately specified.
Two other modules of the RADAC system, HANFUTIL Buried TRU waste volumes and radioactivities are
and ALLSTDAT, were used to convert site-supplied input shown in Tables 3.8 through 3.14. These are based on
data to the radionuclide-specific forms required for decay data provided in the site submittals. The form of the site-
calculations. These codes were used as follows: submitted data for buried waste is identical to t.3atof the

retrievablystored waste except that no distinction is made
1. Where the site-supplied data called for mixtures of between CH and RH buried wastes. The buried waste

fission products but did not give quantitative tables (Tables 3.8 through 3.14) are analogous in formand
composition data for such mixtures, the assumption information content to the retrievably stored waste tables
was made that the isotopic composition was the same (Tables 3.1 through 3.7) and follow the same sequence.
as that specified by Hanford in their submittal. Table 3.8 shows as-stored volumes by sites and time

periods. Tables 3.9 and 3.10 show cumulative as-stored
2. Certain parent ftssion products are always total and TRU-only radioactivities by sites and time

accompanied by short-lived daughters. The periods. Tables 3.11 and 3.12 show cumulative decayed
ALLSTDAT code adds short-lived daughter fk_sion total and TRU-only radioactivities. Tables 3.13 and 3.14
products in cases where the site submittal shows the are for all sites combined. They show annual and
parent but does not specificallyshow the daughter and cumulative volumes, radionuclide masses, radioactivities,
it is clear that the daughter must be present. For and thermal powers for the end of each year from 1944 to
example, if a site shows 100 Ci of 9°Srbut does not 1992. In these tables, "total" radioactivity means that all
show any _Y, the program assumes that the 100 Ci is radionuclides are included, and "TRU-only" radioactivity
the total activity of parent and daughter and changes means that only TRU nuclides are included.
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3.2.4.3 _
3.5 TRU WASI_ DISPOSAL

Over the years, many of the older buried waste
containers have developed leaks and c_ntaminated the The goals of the DOE TRU Waste Program are to
adjacent soil. Also, at some sites, soil has become terminate interim storage and achieve permanent disposal
contaminated by liquid spills or has been used as an ion- of all DOE TRU waste,s One of the major efforts in this
excha_.ge medium for dilute liquid waste streams. It is direction is the WIPP project. As stated in Public
difficult to make accurate estimates of the actual quantity Law 96-164, 7 the WIPP project was to be constructed
of contaminated soil. The data reported by the sites are "...as a defense activityof the DOE for the purpose of
shown in Table 3.15. Additional characterizationeffortswill providing a research and development facility to
be required to reduce the uncertainties in these data. demonstrate thesafe disposal of radioactivewaste resulting

from defense activitiesand programs of the United States."
Construction of the facility is now essentiallycomplete, and

3.3 F,srIMATED MIXED WASTE CONTENT WIPP is now the only facility specifically designed for
OF TRU WASTES isolation of TRU waste. It is designed to empiace about

175,000 ms of TRU waste 650 m below ground in a mined
The sites were requested to submit estimates of the salt formation.

volum_ of .,'etrievablystored CH and RH TRU wastes Waste received at WIPP must meet the WIPP-WAC
that might fall into the category of mixed TRU wastes, and associated qualityassurance requirements specified in
These estimates were requested for three time periods: WIPP/DOE-069. s A number of other approvals remain to
1970.-1986, 1987-1992, and 1993. Table 3.16 summarizes be completed before DOE can begindisposal operations at
the site-submitted estimates of these volumes, the facility. As previously stated, a test program of

approximately5 years will be conducted to ensure that the
wastes to be shipped to WIPP, and their emplacement at

3.4 PROJECTED FUTURE OUANTITW_ WIPP, will comply with all applicable federal and state
OF TRU WASTE regulations. If the test phase is succeasfuland all necessary

approvals are obtained, it is planned that shipment and
Table 3.17 shows the data submitted by the sites for emplacement of wastes willbegin andwill continue through

estimated future volumes of TRU waste generation. The approximately the year 2018.
sites were not requested to estimate the radioactivities or In the past year, the WIPP Legislative Land
isotopic compositions of these wastes, since it was felt that WithdrawalAct was passed, confirmingcongressional intent
there would be little basis for such estimates. The to have DOE continuewith development and permitting of
estimated volumes are given in terms of average annual the facility. Since then, the DOE has stated its intent to
rates (mS/year) for seven time periods from 1993 to 2020. accelerate processes leading to the start of waste disposal
An effort was made to obtain estimated rates in three operations at the WIPP.
categories: (1) general operations, (2)D&D, and
(3) remedial action. The estimated effect of volume-
reduction processes was also requested; however, little
information on this was available.

3.6 _CES

1. U.S. Department of Energy, Radioactive Waste Management, DOE Order 5820.2A, Washington, D.C. (Sept. 26, 1988).

2. K. S. Hoilingsworth,Policy Statement Regarding Solid WasteBur/a/, AEC Directive IAD No. 0511-21, Washington, D.C.
(Mar. 20, 1970).

3. U.S. Department of Energy, Defense Waste Management Plan for Buried Transuranic.Contaminated Waste,
Transuranic-Contaminated Soil, and Difficult-to-Certify Transuranic Waste, DOE/DP-0044, Washington, D.C.
(June 1987).
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4. U.S. Department of Energy, Waste Management Information System (WMIS), DOE site TRU waste data submittals
(Attachment 6) issued, received, and maintainedby the Hazardous Waste Remedial Actions Program (HAZWRAP),
Martin Marietta Energy Systems, Inc., submitted to MAC Technical Service Company (MACTEC) and the IDB
Program during August-December 1993. The following TRU waste submittals from WMIS were received, reviewed,
analyzed,and integrated by MACTEC and the IDB Program. Preceding each submittal is the site (in parentheses) to
which it refers.

a. (AMES) Kay M. Hannasch, Ames Laboratory, Ames, Iowa, letter to Lise J. Wachter, Martin Marietta Energy
Systems,Inc., HAZWRAP, OliverSprings,Tennessee, submittingAmes Laboratory TRU waste information, dated
Aug. 11, 1993.

b. (ANL-E) R. Max Schletter, Argonne National Laboratory, Argonne, Illinois,memorandum to A. L. Taboas, DOE
Argonne Area Office, Argonne, Illinois, "Request for Office of Waste Management, Waste Data Information
Update," dated Aug. 26, 1993.

c. (ANL-W) No submittal received.

d. (HANF) R. D. Wojtasek, Westinghouse Hanford Company, Hartford Site, Richland, Washington, letter to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for
Office of Waste Management, Waste Data Information Update," 9305688B R1, dated Aug. 30, 1993.

e. (INEL) Virginia C. Randall, EG&G Idaho, Inc., letter to Lise J. Wachter, Martin Marietta Energy Systems, Inc.,
HAZWRAP, Oliver Springs, Tennessee, "Integrated Data Base Data for 1993," dated Feb. 14, 1994.

f. (LANL) Thomas C. Gunderson, Los Alamos National Laboratory, Los Alamos, New Mexico, memorandum to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "WMIS Data
Call," EM-DO: 93-941, dated Aug. 17, 1993.

g. (LBL) Hannibal Joma, U.S. Department of Energy, San Francisco Operations Office, letter to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, submitting Lawrence Berkeley
Laboratory LLW waste information, 93W-332/5484.1.A.13, dated Aug. 23, 1993.

h. (LLNL) Kevin Hartnett, U.S. Department of Energy, San Francisco Operations Office, memorandum to
Millie Jeffers, Martin Marietta EnergySystems, Inc., HAZWRAP, Oliver Springs, Tennessee, "WMIS Data Call
for LLNL," dated Nov. 5, 1993.

i. (MOUND) Mary E. Sizemore, EG&G Mound Applied Technologies, Miamisburg, Ohio, memorandum to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for
DOE Waste Date (sic) Information Update," dated Aug. 20, 1993.

j. (NR sites) J. J. Mangeno, U.S. Department of Energy, Naval Reactors Programs Office (NE-60), CrystalCity,
Virginia, memorandum to J. Coleman, DOE/EM Office of Technical Support (DOE/EM-35), Washington, D.C.,
"Update of Radioactive Waste Data on Waste Streams and Treatment, Storage, and Disposal Units for NE-60
Cognizant Facilities," dated Aug. 9, 1993.

k. (NTS) Layton J. O'Neill, U.S. Department of Energy, Nevada Operations Office, Las Vegas, Nevada,
memorandum to Joseph A. Coleman, DOE/EM Office of Technical Support (DOE/EM-35), Washington, D.C.,
"Request for Office of Waste Management, Waste Data Information Update," dated Sept. 2, 1993.

I. (ORNL) D. W. Turner, Oak Ridge National Laboratory, Oak Ridge, Tennessee, facsimile to T. J. Abraham et al.,
"Draft Input for the Integrated Data Base," dated July 21, 1993.

m. (PAD) Jimmy C. Massey, Martin Marietta Energj Systems, Inc., Paducah, Kentucky, letter to Donald C. Booher,
DOE Paducah Site Office, Paducah, Kentucky, "Update of Department of Energy taw-Level Radioactive and
Low.Level Mixed Waste Data for the 1993 Integrated Data Base Annual Report," detailing TRU waste
information for the Paducah site, dated Aug. 20, 1993.
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n. (RFP) W. T. Prymak, DOE Rocky Flats Office, Golden, Colorado, memorandum to Lise J. Wachter, Martin
MariettaEnergy Systems, Inc., HAZWRAP, Oliver Springs,Tennessee, "Subm_ion of Waste Data Information
to Support the Integrated Data Base," dated Aug. 27, 1993.

o. (SNLA) Steve Ward, Sandia National Laboratories, Albuquerque, New Mexico, letter to George K. Laskar,DOE
Albuquerque Operations,"Transmittal of Waste Management InformationSystem (WMIS) Update Information,"
dated Aug. 5, 1993.

p. (SRS) Michael G. O'Rear, Director, Solid Waste Division, DOE Savannah River Operations Office, letter to
Director, Office of Technical Support (EM-35), HQ, [withcopy to Lise J. Wachter (HAZWRAP)], "Department
of Energy Waste Inventor)/Data Systems," dated Nov. 13, 1993.

q. (WVDP) J. P. Jaclmon, West Valley Nuclear Services Company, Inc., West Valley, New York, letter to Lise J.
Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Waste Information
Update for Calendar Year 1992," dated Aug. 20, 1993.

r. (SSFI.JETEC) Hannibal Joma, DOE San Francisco Operations Office, letter to Lise Wachter, Martin Marietta
Energy Systems, Inc., HAZWRAP, OliverSprings, Tennessee, submitting EnergyTechnology Engineering Center
(Santa Susana Field Laboratory) TRU waste information, 93W.332/5484.1.A.13, dated Aug. 23, 1993.

5. U.S. Department of Energy, Integrated Data Base for 1992: U.S. Spent Fuel and Radioactive Waste Inventories,
Projections, and Characteristics, DOE/RW-0006, Re,,,. 8, Oak Ridge National Laboratory, Oak Ridge, Tennessee
(October 1992).

6. U.S. Department of Energy, Long Range Master Plan for Defense Transuranic Waste Program, DOE/WIPP 88-028,
Carlsbad, New Mexico (December 1988).

7. U.S. Congress, Department of Energy National Securityand MilitaryApplication of Nuclear EnergyAuthorization Act
of 1980, Pub. L. 96--164 (1980).

8. U.S. Department of Energy, TRU WasteAcceptance Criteriafor the Waste Isolation Pilot Plant, WIPP/DOE-069, Re,,'. 4,
Carlsbad, New Mexico (December 1991).
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TabLe 3.1. S_sry of retrAevably stored _ waste by sltes: cmulative as-stored _lmms

Cumulative volume at end of calendar year, m3

Site name Site acronym 1970 1975 1980 1985 1990 1992

Coats_ hsmlLed

Ars_me National Laboratory-Eut ARL-E 0.0 0.0 0.0 0.0 25.5 32.9
Energy TechnoloEr Ensineertns Canter ETEC 0.0 0.0 0.0 0.0 2.5 2.5
Hartford Site HAMF 745.2 5,541.6 10,086.3 14,668.9 15,282.3 15,472.9
Idaho National Ens£neerins Laboratory IREL 1,420.0 28,356.0 42,341_0 57,615.0 64,774.0 64,774.0
KnoLLs Atomic Power Laboratory KAPL 0.0 0.0 0.0 0.0 0.0 0.0
Lmrrence Berkeley Laboratory LBL 0.0 0.0 0.0 0.4 0.8 0.8
Lawrence Ltvez_ore National Laboratory _ 0.0 0.0 0.0 0.0 194.5 222.7
Los Alsmoe National Laboratory LARL 0.0 3,352.3 5,988.1 8,825.1 10,381.9 10,540.0
Mound MO_D 0.0 23.0 61.2 99.5 137.7 153.0
Nevada Test Site NTS 0.0 34.9 177.9 550.2 606.8 607.1
Oak Ridse National Laboratory CREL 12.6 539.9 725.6 900.3 1,047.6 1,069.1
Paducah Gaseous Diffusion Plant PAD 0.0 0.0 0.0 0.0 4.3 4.3
Rocky Flats Plant RFP 0.0 0.0 0.0 0.0 952.0 1,040.0
Sandia National Laboratory-Albuquerque SrLA 0.0 0.0 0.0 0.0 0.0 0.0
Savannah RAver Site SRS a a a a a 9,974.3

West Valley Demonstration Project WVDP 0.0 0.0 0.0 19.5 48.4 48.4

Tot_Lt 2,177.8 37,847.6 59,380.1 82,678.9 93,458.4 103,942.0

Emote h_xttmd

Ars_me National Laboratory-Eas_ A_L-E 0.0 0.0 0.0 0.0 0.0 0.0
Enersy TechnoloEr Ensineerins Canter ETEC 0.0 0.0 0.0 0.0 0.0 0.0
Hanford Site HANF 10.3 127.8 194.9 198.2 201.0 201.0
Idaho Natloal Ensineerin8 Laboratory IREL 0.0 0.0 17.0 48.0 75.0 75.0
Knolls Atomic Power Laboratory KAPL 0.0 0.0 0.0 0.0 0.0 2.4
Lawrence Berkeley Laboratory LBL 0.0 0.0 0.0 0.0 0.0 0.0
Lawrence Livexmore National Laboratory LLRL 0.0 0.0 0.0 0.0 0.0 0.0
Los Alamos National Laboratory LANL 0.0 0.0 7.9 27.4 27.4 78.4
Mound MOUND 0.0 0.0 0.0 0.0 0.0 0.0
Nevada Test Site NTS 0.0 0.2 0.6 5.3 5.3 5.3
Oak RAdse National Laboratory CRNL I.7 223.0 362.9 442.I 1,092.6 1,144.2
Paducah Gaseous Diffusion Plant PAD 0.0 0.0 0.0 0.0 0.0 0.0

Rocky Flats Plant RFP 0.0 0.0 0.0 0.0 0.0 0.0
SancttaNational Laboratory-Albuquerque SNLA 0.0 0.0 0.0 0.0 0.0 0.0
Savannah RAver Site SRS 0.0 0.0 0.0 0.0 0.0 0.0

West Valley Demonstration Projact WVDF 0.0 0.0 0.0 499.2 499.2 499.2

Total 12.0 351.0 583.3 1,220.2 1,900.5 2,005.5

aNo data supplied for these years. The site reported all CH waste inventoried prior to 1991 as part of the 1991 inventory.



Table 3.2. lmary of retrlevably stored 1ZJ mt_ by sites: cmdJd_vo as-stored radioactivity (all zadtam_]/dkm)

Cumulative as-stored radioactivity at end of calendar year, 103 Ci

Site name Site acronym 1970 1975 1980 1985 1990 1992

Contact hmdled

Acsonne NetionLtLaboratory-East AHL-E 0.00 0.00 0.00 0.00 0.12 0.12
EnerEy Technol_r Engineerin8 Center ETEC 0.00 0.00 0.00 0.00 0.01 0.01
Hanford Site HANF 1.05 19.81 191.49 278.46 325.64 329.50

Idaho Natimaal EnsineerinsLaboretory IJEL 4.22 126.46 255.92 405.07 496.42 496.46
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 0.00 0.00 0.00 0.00 0.00 0.00
Lam_ence Live:more National Laboratory LLRL 0.00 0.00 0.00 0.00 0.93 1.80
Los Alamos Nattcmal Laboratory LANL 0.00 69.18 108.46 151.01 212.92 218.70
Mound MOUND 0.00 0.00 0.00 0.00 0.00 1.95
Nevada Test Site NTS 0.00 0.27 1.21 2.83 3.45 3.45
Oak RLdse Nattonal Laboratory C_qL 0.05 12.48 17.80 98.19 99.65 100.07
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flats P18nt RFP 0.00 0.00 0.00 0.00 48.66 93.59
Samdia National Laboratory-Albuquerque SNLA 0.00 0.00 0.00 0.00 0.00 0.00
Savannah River Site SRS a a a a e 711.72
West Valley Dmammtration Project WVDP 0.00 0.00 0.00 0.03 0.05 0.05

Total 5.32 208.00 574.89 935.59 1,187.85 1,948.99

R_ote h_dled

ArSonne Hatic_L Laboratory-East AIL-E 0.00 0.00 0.00 0.00 0.00 0.00
Ene:_ Technolo_ EnsLneertn8 Center ETEC 0.00 0.00 0.00 0.00 0.00 0.00
Hm_ord Site HARF 27.09 55.70 471.69 480.11 482.10 482.10
Idaho National Ens/neerLn8 Laboratory INEL 0.00 0.00 0,49 4.93 10.53 10.53
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.11
Lawrence Berkeley Laboratory LRL 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Live:more National Laboratory LLNL 0.00 0.00 0.00 0.00 0.00 0.00
Los Alsmos NatlonalLaboratory LANL 0.00 0.00 0.96 3.43 3.45 3.46
Hound HOUND 0.00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.04 0.25 0.25 0.25
Oak Ridse NationalLaboratory CRNL 0.00 0.16 0.32 0.54 166.80 177.68
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flats P1ent EFP 0.00 0.00 0.00 0.00 0.00 0.00
Sandia National Laboratory-Albuquerque SNLA 0.00 0.00 0.00 0.00 0.00 0.00
Savannah_ver Site SRS 0.00 0.00 0.00 0.00 0.00 0.00

West Valley Demonstration Project WVDP 0.00 0.00 0.00 0.00 0.00 0.00

Total 27.09 55.87 473.50 489.26 663.14 674.13

SHe data supplied for these years. The site reported all CHwaste inventoried prior to 1991 as part of the 1991 inventory.



Table 3.3. S_aey of z_1_c_mmbl.y stozed I_B mmto by sites: cmmlative as-stozod
_m z_Ltoac_ltT (_m _ only)

Cam_tative as-stored TRU radioactivity at
end of calends: yes:. 103 Ci

Site nsme Site acronym 1970 1975 1980 1985 1990 1992

Cootact haadlmd

ArK_ne NationolLabozatory-East ANL-E 0.00 0.00 0.00 0.00 0.04 0.04
RnezEy Tocbno2oKy _jLuee=in8 Cente= _ 0.00 0.00 0.00 0.00 0.00 0.00
Hanf_rd Site HAEF 0.19 3.22 106.81 119.34 123.87 124.46
Idaho NationalEn6ineerlnK Laboratory INEL 1.52 50.87 122.85 183.83 205.34 205.35
Knolls Atomic Powe=Labozatox7 ILqPL 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Bezkeley Labozatory I_L 0.00 0.00 0.00 0.O0 0.00 0.00
Lawrence Livezmze Nattonal Laboratory LLRL 0.00 0.00 0.00 0.00 0.15 0.28
Los AI_s National Laboratory _ 0.00 48.66 104.85 144.69 206.42 212.20
Mound MOUND 0.00 0.00 0.00 0.00 0.00 1.95

Nevada Test Site rfS 0.00 0.26 1.02 2.49 2.70 2.70
Oak Rldse National Laboratory (]ISL 0.01 6.28 6.59 9.89 10.02 10.10
Paducah Gaseous Di_usion Plmnt PAD 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 12.73 28.06
Sandia National Laboratory-Albuquerque _ 0.00 0.00 0.00 0.00 0.00 0.00
Savannah liver Site SRS a a a a a 405.86
West Valley Demmastration Project WVDP 0.00 0.00 0.00 0.00 0.00 0.00 _.

Total 1.72 109.30 342.12 460.23 561.27 991.00

Rmote bmMlad

Arsoune NatimmlLaboratory-Esst AHL-E 0.00 0.00 0.00 0.0O 0.00 0.00
Enezll_Teclmol.osylb_linm_inzCmsts: _ 0.00 0.00 0.00 0.00 O.OO 0.00
Han_ozdStte EABF 0.02 0.19 0.41 0.52 0.56 0.56
Idaho National Ensineerin8 Laboratory _ 0.00 0.00 0.01 0.03 0.10 0.10
Knolls Atomic Prom: Labo:atory FJ_L 0.00 0.00 0.00 0.00 0.00 0.00
I_m_eBce Be=keley Laboratory I_L 0.00 0.00 0.00 0.00 0.00 0.00
Lawz_ce Live_oore latlonaILaboratory LLIEL 0.OO 0.00 0.00 0.00 0.00 0.00
Los A1amos NationalLsboratory LABL 0.00 0.00 0.04 0.09 0.09 0.09
Hound M0aBD 0.00 0.00 0.00 0.00 0.00 0.00
NevadsTest Site NTS 0.00 0.00 0.00 0.00 0.00 0.00
Oak Ridse Nattonal Laboratory 0RBL 0.00 0.02 0.03 0.05 1.06 1.12
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00

Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00
Sandta National Laboratory-Albuquerque SNLA 0.00 0.00 0.00 0.00 0.00 0.00
SavsnnshRtver Site SRS 0.00 0.00 0.00 0.00 0.00 0.00
West Valley Demonstration Project WVDP 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.02 0.21 0.49 0.69 1.81 1.87

aNo date supplied fez these yeas. The site zepoz_ed a].LCHwaste inventoziedp=ior to 1991 as pat of the 1991
inve_to=y.



Tahle 3,4. S_s_r of :et_mmbl_ stand lift mst_ by _ttes: 4mm_d neSoectS_r (,11 :__ 4-----nta--)

Cumulat_vo :adtoactAvl_ st end of calends: yes:, 103 Ct

SttM name Sit_ ecro_m 1970 1975 1980 1985 1990 l_a_

C0ata_ bmdle4

Azsonne Bationel Labozatozy-East ARL-E O.O0 0, O0 0. O0 O. O0 0.11 0.10
Enezl_r Tecbnolosy EnSineezinS Cmt•: ETEC O.O0 O. O0 O. O0 O. O0 O. 01 0.01
Eanfozd Sit_ _ 1.05 18.23 183.76 244.40 229.40 221.38
Idaho BattomLl EnstneezinS Labozato=y _ 4.22 120.86 230.01 348.66 393.67 375.47
rmolls At_atc _ Labo:abo:y gA_ O. O0 O.O0 0. O0 O. O0 O.O0 0. O0
Lsw_ence Berk•ls7 Labo=ataEy LBL O. O0 O.O0 O.O0 O.O0 0. O0 O. O0
_e L!_m_mze NatAom_ Labozato_r LLEL 0. O0 0. OO O. O0 0. O0 0.89 1.68
Los Alamos BatAonLL Labo=•tory LAEL 0.00 48.71 102.16 139.36 195,26 199,07
Hound HOUBD 0.00 0.0O 0.00 0.00 0.00 1.95
Nevada Test $tt4 roTS 0. O0 0.27 1.20 2.78 3.29 3.24
Oak RidSe BatLonal Labozatoz7 OBHL 0.05 11.26 15.07 90.39 75.24 69.94
Paducah Gaseous Diffusion P_mt PAD 0.00 0.00 0.00 0.00 O.OO 0.00
Rocky ¥1at_ Plant P_P 0.00 0.00 0.00 0.00 47.04 88.23
Sandta Rational Laboratory-AlbGq_e:_• SHLA 0.00 O. O0 0. O0 0. O0 0. O0 O. O0
Savann___ahY,tve: Site SRS a • • a a 685.80
West Valley Demmmt_atAcm Project W91)P 0.00 0.00 0.00 0.03 0.05 0.04

Total 5.32 199.33 532.20 825.62 944.96 1,646.94

_m_e b_dled

_xsmme Ilatlcmal Laboratory-F_st AIIL-E 0. O0 0. O0 0. O0 0. O0 0. O0 0. O0
Ene_ TechnoloKy ]_SLneer/ns Ca_t__r _ 0.00 0.00 0.00 0.00 0.00 0.00
_-d S4te _ 27.09 26.85 293.10 64.16 45.02 40.39
Idaho Rational En81nesrJ_S Laboratory INEL O. O0 O. O0 O.58 7.03 9.10 7.98
Knolls Atomic Pomer Lab•rat•z7 KAPL O.O0 O. O0 0. O0 O. O0 O. O0 0.11
Lm_ence Be_keleT Laborat_ry LBL 0.00 0.00 0.00 0.00 0.00 0.00
Lm_ce LAve=sore NatAon81 Laboratory LLNL 0. O0 O.O0 O. O0 0. O0 O. O0 0. O0
Los Alamo8 llattoualt Labozatoz7 LAID, 0.00 0.00 0.88 0.73 0.36 0.34
Hound HOUND 0.00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.04 0.23 0.19 0.18
Oak Ridse BatLonal Lab•ratify CRHL O.O0 O. 15 0.28 O.43 159.79 160.78
Paducah Gaseous DiT.fusio_ Plant PAD 0.00 0. O0 0.00 0.00 0.00 0.00
Rocky FlaI_ Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00
Ssnd:La National Laboratory-Albuquerque SNLA O. O0 0. O0 0. O0 O. O0 O.O0 0. O0
Savannah R/vet Site SRS 0.00 0.00 0.00 0.00 0.00 0.00
West Vslley Damonstratio_ Project WVDP O.O0 O. O0 O.O0 0. O0 0. O0 0. O0

Total 27.09 29.00 294.97 72.58 214.46 209.7R

aN• dat4 supplied for these years. The •Ate reported all CH waste Lnvemt_rted prior to 1991 as part of the 1991inventary,



Table 3.5. Smma_ of _mmbl_ stored IRU users by sites: _ rsd/mwUvi_ (IMI _ anly)

Cmmlat_tve :adioa©t_Lv£L7 at end of calendar year. 103 Ci

Site name Site eczmrym 1970 1975 1980 1985 1990 1992

_ hmdled

AxKcmne NatiOmLL Labo:atory-East ANL-Z 0.00 0.00 0.00 0.00 0.04 0.04
EnorKy Technololff Ens£neerins Center ET]_ 0.00 0.00 0.00 0.00 0.00 0.0O
Hartford Site HABF O. 19 3.25 107.01 116.77 118.79 118.38
Idaho Hational EnS£noeziu8 Laboratory IHEL 1.52 50.91 122.40 181.58 201.41 200.73
KnoLLs At_mic _wer L_boratory KAPL 0.00 O.OO O.OO 0.00 0.00 0.00
LawzeBce Berkel_r Labozatoz7 LBL 0. O0 0.00 0. O0 0.00 0. OO 0. O0
Lawzence Livezamz. Bat/muLL Laboratory _ O. O0 O. O0 O. O0 O.O0 O. 15 O.28
Los Alamos National Laborat_:y LAI[L 0. O0 48.36 101.55 137.44 194.68 198.59
Hound H01HD 0. O0 0.00 0.00 0.00 0.00 1.95
Nevada Test Slt_ ETa 0. O0 O. 26 1.02 2.48 2.88 2.68
Oak Ridse Bat_Lonal Labo:atory (]RILL 0.01 6.14 6.27 9.46 9.83 9.99
Paducah Gaseous Di_£usi_ Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00
Rocky FlaLs Pljnt RFP 0. O0 0. O0 0. O0 0. O0 12.77 28.30
Sand£a National Laboratory-Klbuque:que SHLA 0.00 0.00 0.00 0.00 0.00 0.00
Savannah River Site SRS a a a a a 403.05
West VLl.tey Demm_t_at_Lo_ P=oJect t_DP 0.0O 0.00 0.00 0.00 0.00 0.00

Total 1.72 I08.92 338.25 447 . 71 540.36 963 . 90

Rmote _

Azl_mme llati_LL Laborato_-East AHL-E 0.00 0.00 0.00 0.00 0.00 0.00
En_ TechnoloKy Ens£neerin8 C.uter ETEC 0.00 0.00 0.0O 0.00 0.0O 0.0O
Hanfo=d Site HABF O. 02 0.20 0.44 0.60 0.67 0.69
Idaho Marie=el EnS!nee=in8 Laboratory _ 0. O0 0. O0 O. 01 0.03 O. 10 O. 10
Enolls Atomic Power Laboratory F_PL 0.00 0.00 0.00 0.00 0.00 0.0O
Lawrence Berke2sT Labo=ato=y LBL O. O0 0. O0 O. O0 0. O0 O. O0 O. O0
Law_c. I_vex_ore htional Laboratory LLML 0.00 0.00 0.00 0.00 0.00 0. O0
Los Almos BatiomLL Laboratory LABL 0.00 0.00 0.04 0.09 0.09 0.09
Hound HO_D O. 00 0. O0 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.00 0.00 0.00 0.00
Oak Rldso National Labo=atory C_L O.00 0.02 0.03 0.05 1.04 1.09
Paducah Gaseous Difitusiou Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flate Pla=t RFP 0. O0 0. O0 0. O0 0. O0 O. O0 0. O0
Sandia Nation_ Labo=atox_-Albuque_lUe SHLA 0.00 0. O0 0.00 0.00 0.00 0.00
Savannah Rive= Site SRS 0.00 O. 00 0.00 0.00 0.00 0.00

W.st Valley Demonstraticm Project k_DP 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.02 0.22 0.52 0.77 1.90 1.97

aNo date supplied re= t_ese yore. The site zeported LLL CH waste Inventoried prior to 1991 as paz_ of the 1991
inventory.



Tab1, 3.S. _:JLes_LI_ stoz_l IMI wast, _es sad _ ,
total o£ -il sites, all radLtam:Ltd.s

Voluae Total masse l_d/oactL_ty Thezmal power
o_ (a3) (ks) ( 103 Ci ) ( 103 W)calmda:

]rear Aumxa2 Cmm2at2ve Ammal Cumulative Am_ml Cum_attve _4L1. O_-l-ttv-

Omta_ hm41e4

1970 2,177.8 2,177 . 8 47.1 47.1 ';. 32 5.32 0.06 0.06
1971 8,692.3 10,870.0 316.9 364 . 0 22.43 27 . 57 0 . 46 0 . 52
1972 7,518.3 18,388.3 1,085. $ 1,449.4 34.13 60.93 0.52 1.03
1973 7,116.0 25,504.3 130.8 1,580.2 28. O0 87.32 0.41 1.43
1974 $, 617.9 31,122.2 3,947.9 5,528.1 64.18 149.23 1.50 2.93
1975 6,725.3 37 , 847 . 6 776.6 6,304.7 53 . 94 199.34 0 . 79 3 . 70
1976 2,319.2 40,188.8 4,369.0 10,673.6 38.88 233.20 O. 94 4.62
1977 5,489.8 45,656.6 725.0 11,398.6 _ . 10 281.64 1.10 5.70
1978 3,825. $ 49,482.1 185.9 11,584 . 5 56.52 330.59 1.30 6.96
1979 5,194 . 6 54,676.7 3,396.3 14,980 . 8 83.85 386.97 O.93 7.85
1980 4 , 703.4 59,380.1 4,601.0 19,581.7 153 . 53 532.19 3.44 11.26
1981 4 , 848.3 64 , 228.4 1,092.1 20,673.8 58.04 579.34 O. 95 12.15
1982 4,598. I 68,826.5 1,070.9 21,744 . 7 48.79 616.29 O. 77 12.85
1983 4,308.4 73,134.9 1,230.2 22,974.9 37.37 640.87 0.55 13.32
1984 4 , 618.5 77,753 . 4 721.9 23 , 696.8 135.61 763.34 0.82 14.07
1985 4,925.5 82,678.9 273 . 1 23,970.0 80.89 825.62 0 . 87 14 . 86 _D
1986 4 , 393.7 87,072.6 346.1 24,316.0 86.10 883 . 68 0 . 85 15.61
1987 2,514 . 5 89,587.2 451.8 24 o767 . 8 51.57 901.06 O. 67 16.15
1968 2,039.2 91,628.4 282.8 25,050.6 39.71 914 . 38 0 . 76 16.81
1989 1,436.0 93,082.4 223.5 25,274 . 1 37.59 929.16 0.55 17 . 29
1990 395.9 93,458.4 200.8 2.5,474 . 9 37.29 944.95 O.48 17.70
1991 b 10,158.0 103,616.4 361.5 25,836.4 733 . 40 1,657.31 15.24 32.68
1992 325.7 103,942.1 96.4 25,932.8 27.75 1,646.94 O. 30 32.97

_m:_,ebaa41,4

1970 12.0 12.0 29.6 29.6 27.09 27.09 0.32 0.32
1971 15.9 27.8 22.5 52.1 7.86 29.87 0.09 0.36
1972 94.8 122.8 12.1 64.2 2.86 28.39 0.03 0.34
1973 61.5 184.2 0.5 64.7 7.29 31.90 0.03 0.33
1974 41.1 225.3 0.8 65.4 5.89 31.03 0.02 0.30
1975 _ 125.7 351.0 1.4 66.8 4.88 29.00 0.05 0.30
1976 76.6 427.6 2.7 69.5 5.25 29.66 0.02 0.28
1977 58.6 484.2 2.1 71.6 14.35 38.44 0.16 0.40
1978 49.4 533.6 _.9 74.5 1.12 33.77 0.00 0.35
1979 23.1 558.7 _1 82.5 235.03 284.86 1.10 1.41
1980 26.5 583.3 3.7 86.2 161.87 294.96 0.69 1.47
1981 33.2 616.5 9.5 95.7 5.13 163.93 0.05 0.88



Vo2ume Total alas a RadJ.oact,.tvity Thezmal pows¢

o:C (m3) (ks) (10 3 Ci) (10 3 W)
ca].eudar

year Aunu_ C_zslat_ive Annual Cumu].ative Azmual Cumu_tA.ve Annual. Cumu_tive

1982. 33.1 649.5 2.9 98.6 3.33 ZLq.04 0.02 0.64
1983 34.2 5_3.8 15.6 114.2 3.80 92.51 0.01 0.52
1984 20.7 704.5 12.1 126.2 0.78 77.39 0.01 0.44
1985 51.5.8 1,220.3 3.1 129.3 2.73 72.58 0.01 0.40
1986 18.8 1,239.0 2.4 131.6 1.39 65.99 0.01 0.37
1987 88.8 1,327.8 6,456.0 6,587.6 19.45 80.88 0.07 0.41
1988 5.2 1,333.0 3.5 6,591.2 4.12 82.12 0.01 0.40
1989 537.0 1,870.0 153,569.2 160,160.4 144.29 220.19 0.64 1.01
1990 30.5 1,900.5 4,625.7 164,786.1 4.64 214.45 0.02 0.97
1991 78.4 1,978.9 6,475.8 171,261.9 6.12 212.36 0.03 0.95
1992 26.6 2,005.4 5,088.1 176,350.0 4.88 209.77 0.02 0.93

Total

1970 2,189.7 2,189.7 76.7 76.7 32.41 32.41 0.38 0.38
1971 8,708.1 10,897.9 339.4 416.1 30.29 57.43 0.55 0.87
1972 7,613.2 18,511.1 1,097.6 1,513.6 36.99 89.33 0.55 1.37
1973 7,177.4 25,688.6 131.2 1,644.9 35.29 119.22 0.44 1.76 ,_
1974 5,659.0 31,347.5 3,948.6 5,593.5 70.07 180.26 1.53 3.23

1975 6,8_.0 38,198.6 778.0 6,371.4 58.83 228.33 0.84 4.00
1976 2,39_8 40,594.3 4,371.6 10,743.1 44.13 262.86 0.96 4.90
1977 5,546.5 46,140.8 727.1 11,470.2 68.46 320.08 1.26 6.10
1978 3,874.8 50,015.6 188.8 11,659.0 57.65 364.36 1.30 7.31
1979 5,217.8 55,233.4 3,404.3 1.5,063.3 298.88 651.83 2.03 9.26
1980 4,730.0 59,963.4 4,604.6 19,667.9 315.41 827.15 4.14 12.73
1981 4,881.5 64,844.9 1,101.5 20,769.4 63.16 743.27 1.00 13.02
1982 4,631.2 69,476.0 1,073.8 21,843.2 52.12 731.33 0.79 13.49
1983 4,342.8 73,818.7 1,245.8 23,089.1 41.17 733.38 0.56 13.84
1984 4,639.2 78,457.9 734.0 23,823.1 136.39 640.73 0.83 14.51
1985 5,441.3 83,899.2 276.2 24,099.3 83.62 898.21 0.87 15.26
1986 4,412.5 88,311.7 348.4 24,447.7 87.49 949.66 0.86 15.97
1987 2,603.3 90,915.0 6,907.8 31,355.4 71.02 981.95 0.74 16.56
1988 2,044.4 92,959.4 286.4 31,641.8 43.83 996.50 0.77 17.21
1989 1,973.0 94,932.4 153,792.7 185,434.5 181.87 1,149.35 1.19 18.30
1990 426.4 95,358.9 4,826.5 198,260.9 41.92 1,159.40 0.50 18.67
1991 b 10,236.4 105,595.3 6,837.4 197,098.3 739.51 1,869.63 15.27 33.83
1992 352.3 105,947.5 5,184.5 202,282.8 32.63 1,8.56.72 0.32 33.90

aHass means mass o£ =adJ.onuc]_tdes, not o£ total wasta.
CHwaste data not available for ind_vidualyears prior to 1991but 2s included in totals for years 19gl and 1992.



Tdb2e 3.7. _mmb]7 nt_0ured_H/_nt, e _z-ies md _ cb_-_-is_CSo
o_ _ sit._o _!/ r_cl_ _ t,,,_lmled a

Volume _I/ ms b 7_U radioactivity 2_U the_ pom_
of (n 3) (kS) (10 3 Ci) (10 3 W)

c_end.:
year _ Cumu_t/ve _ Cumu_tive _u:]. Cum_st.ive Am_uL_ Cuasu_tLve

_ hmdl.ed

1970 2,177 . 8 2,177 . 8 8.3 8.3 1.72 1.72 0.06 0 . 06
1971 8,692.3 10,870.0 2.5.0 33 . 2 13 . 17 14 . 89 0 . 43 0.49
1972 7,518.3 18,388.3 37.3 70.6 15.32 30.19 0.50 0.99
1973 7,116.0 25,504.3 39.0 109.6 10.51 40.67 0.34 1.33
1974 5,617.9 31,122.2 48.9 158.4 44.77 85.41 1.47 2.81
1975 6,72.5.3 37,847.6 74.8 233.3 23.81 108.92 0.78 3.57
1976 2,319.2 40,166.8 34.1 267.4 28.13 138.69 0.93 4.49
1977 5,489.8 45,6.56.6 59.4 328.8 33.10 169.25 1.09 5.56
1978 3,82.5. S 49,482.1 55.7 382.6 39.31 207.87 1.29 6.83
1979 5,194.6 54,676.7 116.8 499.3 28.10 235.06 0.91 7.71
1980 4,703.4 59,380.1 148.0 647.3 104.18 338.25 3.43 11.10
1981 4,848.3 64,228.4 141.3 788.6 28.96 365.56 O. 94 11.89
1982 4,598.1 68,82.6.5 174.4 963.0 21.57 385.38 0.69 12.62
1983 4,308.4 73,134.9 158.0 1,121.0 17.09 400.69 0.54 13.11
1984 4,618.5 77,753.4 206.3 1,327.3 25.54 424.45 O. 81 13.86
1985 4,925.5 82,678.9 208.6 1,535.9 24.95 447.71 O.79 14.60
1986 4,393.7 87,072.6 205.2 1,741.1 24.08 470.12 0.77 15.31
1987 2,514. S 89,587.2 141.0 1,882.1 20.37 488.82 0.65 15.91
1988 2,039.2 91,626.4 277.1 2,159.1 23.95 511.10 O. 75 16.61
1989 1,436.0 93,062.4 212.9 2,372.1 17.52 526.93 0.55 17.10
1990 395.9 93,458.4 191.5 2,583.5 15.13 540.38 O. 48 17.52
1991 c 10,158.0 103,816.4 347.1 2,910.7 420.52 959.19 13.87 31.34
1992 325.7 103,942.1 52.4 2,963.1 9.21 963.90 0.30 31.48

bmt, e hamdLed

1970 12.0 12.0 0.3 0.3 0.02 0.02 0.00 0.00
1971 15.9 27.8 0.2 0.5 0.02 0.05 0.00 0.00
1972 94.9 122.8 1.1 1.6 0.09 0.14 0.00 0.00
1973 61.5 184.2 0.3 1.9 0.03 0.17 0.00 0.01
1974 41.1 225.3 0.2 2.1 0.01 0.19 0.00 0.01
1975 125.7 351.0 0.3 2.4 0.03 0.22 0.00 0.01
1976 76.6 427.6 0.5 2.9 0.05 0.27 0.00 0.01
1977 56.6 484.2 0.6 3.5 0.06 0.33 0.00 0.01
1978 49.4 533.6 0.5 4.0 0.04 0.37 0.00 0.01
1979 23.1 556.7 1.1 5.1 0.09 0.47 0.00 0.01
1980 26.5 583.3 0.5 5.6 0.04 0.52 0.00 0.02
1981 33.2 616.5 0.7 6.3 0.05 0.58 0.00 0.02



Tablo3.7 (cmmt.tam_)

Volumo TRUmass b TRU radioactivity TRU therms1]x_eer

El_iof (m3) (kg) (103 Ci) (103 W)
calendar

year Annual CumuLative Annual Cumulative Annual Cumulative Annual Cumulative

1982 33.1 649.5 0.4 8.7 0.03 0.62 0.00 0.02

1983 34.2 683.8 0.6 7.3 0.07 0.70 0.00 0.02

1984 20.7 706.5 0.4 7.7 0.03 0.74 0.00 0.02

1985 515.8 1,220.3 0.2 7.9 0.01 0.76 0.00 0.02

1986 18.8 1,239.0 0.2 8.0 0.01 0.78 0.00 0.02

1987 88.8 1,327.8 0.7 8.7 0.13 0.92 0.00 0.03

1988 5.2 1,333.0 0.2 8.9 0.02 0.95 0.00 0.03

1989 537.0 1,870.0 2.5 11.4 0.88 1.84 0.03 0.06

1990 3C.5 1,900.5 0.1 11.5 0.08 1.91 0.00 0.06

1991 78.4 1,978.9 0.1 11.6 0.04 1.95 .0.00 0.06

1992 26.6 2,005.4 _.1 11.7 0.03 1.97 0.00 0.06

Total

1970 2,189.7 2,189.7 8.5 8.5 1.74 1.74 0.06 0.06

1971 8,708.1 I0 897.9 25.2 33.7 13.19 14.94 0.43 0.49

1972 7,613.2 18 511.1 38.5 72.2 15.42 30.33 0.51 1.00

1973 7,177.4 25 688 6 39.3 111.5 10.54 40.84 0.34 1.34

1974 5,659.0 31 347.5 49.1 160.5 44.78 85.60 1.48 2.81

1975 6,851.0 38.198.6 75.1 235.7 23.83 109.14 0.78 3.$8

1976 2,395.8 40 594.3 34.7 270.3 28.17 136.96 0.93 4.50
1977 5 546.5 46 140.8 60.0 330.4 33.15 169.58 i.09 5.57

1978 3.874.8 50 015.6 56.2 386.5 39.36 208.24 1.30 6.84

1979 5 217.8 55 233.4 117.9 504.4 28.20 235.54 0.92 7.73

1980 4 730.0 59 963.4 148.5 653.0 104.22 338.78 3.43 11.12

1981 4r881.5 64 844.9 142.0 794.9 29.01 366.14 0.94 12.01

1982 4.631.2 69 476.0 174.8 969.7 21.61 386.01 0.69 12.E4

1983 4 342.6 73 818.7 158.6 1,128.3 17.16 &01.39 0.55 13.!3

1984 4.639.2 78 457.9 206.7 1,335.0 25.57 425.19 0.82 13.83

1985 5 441.3 83 899.2 208.7 1,543.7 24.96 448.48 0.79 14.53

1986 4 412.5 88,311.7 205.4 1,749.1 24.09 470.90 0.77 15.34

1987 2,603.3 90,915.0 141.7 1,890.8 20.49 489.74 0.66 15.94

1988 2,044.4 92,959.4 277.3 2,168.0 23.97 512.05 0.75 16.64

1989 1,973.0 94,932.4 215.4 2,383.4 18.40 528.76 0.58 17.16
1990 426.4 95,358.9 191.6 2,575.0 15.21 542.27 0.48 17.59

1991 c 10,236.4 105,595.3 347.3 2,922.3 420.56 961.14 13.87 31.40

1992 352.3 105,947.5 52.5 2,974.8 9.24 965.87 0.30 31.55

aRadioactive daughters of I_U radionuclides are not included.

h_ZR_massmeans mass of TRU radionuclides, not of ta:_talwaste.

CSRS CH waste data not available for individual years prior to 1991 but is includod in totals for years 1991 and 1992.



TabLe 3.8. _ of lmrLed 7HJ waste by sites: cmmlative as-sto_-ed vohams

Cumulative volume at end of calendar year, m3Site

Site name acronym 1945 1950 1955 1960 1965 1970 1975 1980 1985 1992

Contact and zamte handled

Arsonne National Laboratory- ._qL-E 0 0 0 0 0 0 0 0 0 0East

Energy Technolosy Engineerin& ETEC 0 0 0 0 0 0 0 0 0 0
Center

Hanford Site HANF 779 6,159 16,333 35,509 47,932 63,624 63,629 63,629 63,629 63,629 a
Idaho National Engineerln8 INEL 0 0 1,829 29,029 68,929 125,659 125,659 125,659 125,659 125,659Laboratory

Knolls Atomic Power Laboratory KAPL 0 0 0 0 0 0 0 0 0 0
Lawrence Berkeley Laboratory LBL 0 0 0 0 0 0 0 0 0 0

Lawrence Livermore National LLNL 0 0 0 0 0 0 0 0 0 0
Laboratory

Los Alamos National Laboratory LANL 0 0 0 0 0 0 0 0 0 0
Mound MOUND 0 0 0 0 0 0 0 0 0 0 oo
Nevada Test Site NTS 0 0 0 0 0 0 0 0 0 0

Oak Ridge National Laboratory ORNL 0 0 0 0 0 68 I,185 i,185 I0,615 10,615
Paducah Gaseous Diffusion Plant PAD 0 0 0 0 0 0 0 0 0 0
Rocky Flats Plant RFP 0 0 0 0 0 0 0 0 0 0
Sandla National Laboratory- SNLA 0 0 0 0.14 0.85 1.33 I.33 1.33 1.33 1.33

Albuquerque

Savannah River Site SRS b b b b b 4,534 4,534 4,534 4,534 4,534
West Valley Demonstration WVDP 0 0 0 0 0 0 0 0 0.02c 0.02

Project

Total 779 6,159 18,162 64,538 116,862 193,886 195,008 195,008 204,438 204,438

aReference 4 states that upon retrieval of this waste, a signlficant amount of the soil will become contaminated and will increase the volume of
waste. The estimated waste and associated contaminated soil volume is 109,000 m3.

bNo data available for these years.
CWVDP submittal shows 0.018 m3 buried in year 1984.



Tsblo3.9. l_eryoflmrAedINUumstebyaitea: cmmXstivoas-storedradioactivity (aLL zadianucLtdem)

Cumulative radioactivity at end of calendar year, 103 Ci
Site

Site name acronym 1945 1950 1955 1960 1965 1970 1975 1980 1985 1992

Coutac_ mad rmote bamdled

Arsonne National Laboratory- ANL-E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
East

Energy Technology Ensineerin8 ETEC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Laboratory

Hm_ord Site HANF 0.56 13.89 170.14 231.13 242.85 601.02 601.67 601.68 601.68 601.68
Idaho National EnsineerAn8 INEL 0.00 0.00 0.02 72.24 1,472.24 4,849.24 4,849.24 4,849.24 4,849.24 4,849.24

Laboratory
Knolls Atomic Power Lahorat_ry KAPL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Live=more National LLHL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Laboratory
Los Alamos Nation81 Laboratory LAHL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hound MOUHD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oak Ridse National Laboratory (RqlqL 0.00 0.00 0.00 0.00 0.00 0.01 24.90 24.90 702.60 702.60
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00 0. O0 0.00 0.00 0.00
Sandia National Laboratory- SIqLA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Albuquerque

Savannah River Site SRS b b b b b 9.83 9.83 9.83 9.83 9.83
West Valley Demonstration WVDP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a 0.00

Project

Total 0.56 13.89 170.16 303.37 1,715.09 5,460.10 5,485.11 5,485.12 6,162.83 6,162.83

aWVDP submittal shows O.91 Ci buried in year 1984.
bNo data available for these years.



Table 3.10. _ of bm:isd _ wmmt,e by sites: _la_ve _-stoz_ z_oactlvity (_HI z_Lio_U_ m_l.y)

Cumulative radioactivity at and of calandaryear, 103 Ci
Site

Site name acronym 1945 1950 1955 1960 1965 1970 1975 1980 1985 1992

CaRtact mad remote handlmd

Argonne National Laboratory- ANL-E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
East

Enersy Technolo&y Engineerin8 ETEC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Laboratory

Hanford Site HANF 0.I0 2.37 103.41 110.90 112.64 114.45 114.45 114.45 114.45 114.45
Idaho National Engineerin8 INEL a a a a a a a a a a

Laboratory

Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Livermore National LLNL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 _-

Laboratory
Los Alamos National Laboratory LANL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mound MOUND 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oak Riclge National Laboratory ORNL 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 2.15 2.15
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sandia National Laboratory- SNLA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Albuquerque

Savannah River Site SRS a a a a a a a a a a
West Valley Demonstration WVDP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Project

Total 0.i0 2.37 103.41 110.90 112.64 114.45 114.40 114.48 116.60 116.60

aNo data available.



TabXe3.11. S,mmcyo£1,u.zAedIMIl,mat.ebysit.an: dleu,]r,,dndioautSvil'_y (al.1. radtLoanmlAde_)

Cumulative radioactivity at and of calandaryeaz, 103 Ci
SAte

Site name acron_ 194_ 1950 1955 1960 1965 1970 1g75 1980 1985 1992

Contact and x_.te bin&ted

Arsonne National LaboratozT- AI_-E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
East

Enersy Technolosy Enstneerin8 ETEC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Laboratory

Han£ord Site HANF 0.56 13.40 161.70 189.75 177.37 452.07 308.59 258.77 218.37 178.71
Idaho National Ensineer_ _ a a a a a a a a a a

Laboratory
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Livermore National LLNL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -"

Laboratory _"
Los Alsmos National Laboratory LANL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mound MOUND 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oak Ridse National Laboratory _ 0.00 0.00 0.00 0.00 0.00 0.01 23.22 20.67 660.96 556.20
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sandia Nattonal Laboratory- SNLA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Albuquerque

Savannah River Site SRS a a a a a a a a a a

West Valley Demonstration WVDP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Project

Total 0.56 13.40 161.70 189.75 177.37 452.08 331.80 277.45 879.33 734.91

aNo data available.



TabLe 3.12. _ of: buzied _U Rste let sates: _ radto_vity (_ zmltonuclAde8 anly)

Cunulativa radioactivity at end of calmndtryear, 103 CA
SAte

SAte name ac:onym 1945 1950 1955 1960 1965 1970 1975 1980 1985 1992

Cantact and remote bandlad

ArBonne National Laboratory- ANL-E 0.00 0. O0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
East

EnerSy Technolosy EnsAnooriu8 ET]_ O. O0 O. O0 O. O0 O. O0 O. O0 O. O0 O. O0 O. O0 O.O0 O. O0
Labo=atory

Hartford SAte _ 0.10 2.38 102.95 107.53 106.50 105.61 102.95 100.32 97.72 94.16
Idaho NatAonal EngineerAns ll_ a a a a a a a a a a
Laboratory

KnolJJ Atomic Power Laboratory F_PL 0.00 0. O0 0.0O 0.00 0.00 0.00 0. O0 O. 00 0.00 0.0O
Lawrence Berkeley Labozatory LBL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Live] more NatAona]. I,LNL 0. O0 0. O0 0. O0 0. O0 0. O0 0. O0 0. O0 0. O0 0. O0 0. O0

Laboratory ob_
Los Alamos National Laboratory LANL 0.00 0.00 0.00 0.0O 0.00 O. 00 0.0G 0.00 0.00 0.00
Hound _ 0. O0 O.O0 0. O0 0. O0 O. O0 0. O0 0. O0 0. O0 0. O0 0. O0
Nevada Test SAte HTS 0.00 0.00 0.00 0.0O 0.00 0.00 0.00 0.00 0.00 0. OO
Oak RAdgo NatAonal Laboratory GRNL 0. O0 O. O0 0. O0 0. O0 O.OO O. O0 0.02 0.02 2.14 2.10
Paducah Gaseous Diffusion PlJnt PAD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rocky Flats Plsnt RFP O. 00 0.00 0. O0 0.0O 0. O0 0. O0 0.00 0. O0 0.00 0.00
Ssndia National Laboratory- SNLA O. 00 0. O0 ?. O0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ALbuquerque

Savs_ah River Sits SRS a a a a a a a a a a
West ValAey Demonstration WVDP 0.00 0.00 0.00 0.0O 0.0O 0.00 0.O0 0.00 0.00 0.00

PzoJ ec t

Total 0.10 2.38 102.95 107.53 106.50 105.61 102.98 lOO. 34 99.85 96.26

aNo data avatlahle.



Ir_ 3._. Ikmzled_ m __ and 4mm,cm'ml_cs. t,oir.a.1,of _ s2t.mmo_ _

Vol_ Tot_sl. runs b Radtoactlvt_ TIMzsm]. pcme=
End o: (m3) (ks) (10 3 CL) (10 3 W)

CL_eUdaz

yoatr &mn_l Omulativo _ C_mm_tivo Aunu_L C_mulA_Lvo _ _vo

Cmt;_t md z'emld_ bridled

1944 14.2 14.2 0.0 O.O 0.00 0.00 O.O0 0.00
1945 764.6 778.7 100.5 100.5 O.M O. 56 O. O0 O.O0

1946 821.2 1o599.9 100.5 201.0 O.SS 1.07 O.O0 O.01
1947 962.8 2,562.7 100.5 301.5 O.56 1.56 0.00 0.01
1948 906.1 3,468.8 100.5 407,. 0 0.56 2.03 0.00 0.01
1949 991.1 4,4:59.9 105.5 507.4 2.67 4 . 60 O.01 0.03
1956 10699.0 60158.9 120.4 627.8 9. O0 13.40 0.05 0.07
1951 1,755.7 7,914.6 130.3 758.1 13.23 26.09 0.07 O.15
19.52 2,194.6 10,109.2 428.6 1,186.7 13.47 38.56 0.07 0.22
1953 2,075.6 12,184 . 8 376.9 1, $63.6 12.70 49.78 0.07 0.29
1954 2,047 . 3 14 °232.1 383.7 1,947.3 102.83 1.50.72 3 . 03 3 . 33
1955 2,101.1 16,333.2 380.1 2,327. S 14.02 161.70 0.07 3.38
1956 3,630.2 19,963.4 410.1 2,737.6 1.5.67 173.91 O.08 3.44
1957 4. 502.4 24 , 465.8 9,915.7 12,653.2 18.2.5 187 . 40 O.09 3.51
1958 4,567.5 29,033.3 19,383.9 32,037.1 16.52 198.51 0.09 3.57
1959 40482.6 33,515.9 39,278.6 71,315.7 7.66 197.65 0.04 3 . 57
1960 1,993.5 35,509.4 60,862.0 132,177.7 0.98 189.75 0.01 3. $3 o
1961 2,642.5 36,151.9 41,487.7 173,665.3 2.15 105.99 0.01 3.$2
1962 3,165.8 41,317.7 231,364.2 405,029.5 2.26 183.17 0.01 3.51
1963 2,236. S 43,554.2 70,911. S 475,941.0 2.41 161.09 O. 01 3.51
1964 2,317.2 45,071.4 78,166.5 5_,107.S 2.41 179.14 0.01 3.50
1965 2,060.3 47,931.7 134,494.5 688,602.1 2.49 177.37 0.01 3.49
1966 1,679.2 49 °610.9 60,913.8 749,515.9 2.69 176. O0 0.01 3.49
1967 30735.3 53,346.2 23,042.9 772,558.8 4.06 176.07 O. 02 3.49
1968 4 °214 . S 57,560.7 1,564 . S 774,123.2 89.24 260.90 O. 11 3 . 58
1969 5,130 . 0 62,690.7 54,601 . 9 828,72.5.1 100.85 345.14 0.33 3.85
1970 1 , 001.3 63 , 692.1 127 . 8 828,852.9 161 . 32 452.08 0 . 26 3 . 88
1971 177 . 0 63 , 869.1 0 . 4 828,853 . 3 0 . 37 389.37 0 . O0 3.65
1972 935.2 64,804.3 0.0 828,853.3 24.76 383.20 O. 07 3.62
1973 1.7 64,806.0 0.0 828,853.3 0.00 362.09 0. O0 3.56
1974 7 . 5 64,813.5 0.0 828,853.3 0.32 345.94 0 . O0 3.53
1975 0 . 0 64,813 . 5 0 . 0 828,853.3 0. O0 331.80 O. O0 3.50
1976 0.0 64,813.5 0 . 0 828,853.3 0. O0 319.26 0. O0 3.47
1977 0.0 64 , 013.6 0.0 828,853.3 0 . 01 307.77 0. O0 3.45
197 8 0 . 0 64 , 813.6 0 . 0 828,853.3 0 . O0 297 . 04 0. O0 3.43
1979 0.0 64,813.6 0.0 828,853.3 0.00 298.96 0.00 3.41
1980 0.0 64,813.6 0.0 826,053.3 0. O0 277.45 0. O0 3.38
1981 0.0 64,013.6 (1.0 828,053.3 0. O0 268.44 O. O0 3.36
1982 2,950.0 67 , 763.6 14 . 6 828,867.9 125.11 385.02 O. 52 3 . 88
1983 4 , 930.0 72,693.6 15,325.2 844 , 193.1 498.09 871.63 1.90 5.72
1984 1,550.0 74,243.6 3.3 844,196.4 54. SO 903. O0 O.22 5.85



T_tm 3.13 (t_mr,.._)

Vo_me Tot,_L mmsrb ]P._LLoac'c:L_.ty Thm:m_ potato:
Ead of (m3) (it.8) (10 3 C:L) (10 3 W)

calmsdm:
_ C_l_tve _ _vl _ Cmu_IAtive _ Cm_lAti_

I985 0.0 74,243.6 0.0 844 o19G. 4 0. O0 879.33 0. O0 $. 76
1986 0.0 74,243.6 0.0 844,196.4 0.00 856.50 0.00 5.67
1987 0.0 74,243.6 0.0 844,196.4 0. O0 834.47 0. O0 $. 59
1988 0.0 74,7,43.6 0.0 844,196.4 0. O0 813.19 0. O0 5.50
1989 0.0 74,243.6 0.0 844,19G. 4 0. O0 792.63 0. O0 5.42
1990 0.0 74,243.6 O.0 844,196.4 0. O0 772.75 0. O0 $. 34
1991 0.0 74,243.6 0.0 844,196.4 0. O0 753.52 0. O0 $. 27
1992 O. 0 74,243.6 0.0 844,196.4 0. O0 734.91 O.O0 $. 20

aDoes not. incl_le _ _ _S because decayed dates a_ce not mra£1able. Volume data £oz Z]IEL azld SRS are sbmm in
Tabl_ 3.8.

bIHass means mass of =adimmclides, not of total waste.



Tab_ 3.14. ]kn_Ld l_ff mete _ _4 4oozed ,=km.e_',,ezSJt:Los, t,ot,al of sll sStes, W zsdlimmnlSd_ onl_r Sac]a4e_

Vo).um Tim ross b I_ :ed,t,oec_vity 1lid t,bazml po,mu:
End ot' (n 3) (kS) (103 Ci) (:O 3 W)

cLl.end_:
yea: AmSmLL Cumalattve Aroma1 Ctmmlat,Lve aamaaJ. Cumsls_,e,e dmmaL Cmmlst.i_m

1944 14.2 14.2 0.0 0.0 0.00 0.00 0.1)0 0.00
1945 764.6 778.7 1.2 1.2 0.10 0.10 0.00 0.00
1946 621.2 1,599.9 1.2 2.4 0.09 O. 19 0.00 0.01
1947 962.8 2,_?..7 1.2 3.6 0.09 0.28 0.00 0.01
1948 906.1 3,468.8 1.2 4.8 0.09 0.37 0.00 0.01
1949 991.1 4,459.9 6.2 11.0 0.46 0.83 0.01 0.03
1950 1,699.0 6,1._8.9 21.0 32.0 1._ 2.38 0.05 0.07
1951 1,755.7 7,914.5 30.9 62.9 2.27 4.66 0.07 O. 14
1932 2,194.5 10,109.2 31.4 94.3 2.31 7.00 0.07 0.22
1953 2,075.6 12,184.8 29.3 123.6 2.28 9.33 0.07 0.28
1954 2,047.3 14,232.1 36.1 159.7 91.80 101.19 3.03 3.32
1955 2,101.1 16,333.2 32.5 192.2 2.39 102. SIS 0.07 3.38
1956 3,630.2 19,963.4 32.7 224.9 2.42 104.78 O.07 3.43
1957 4,502.4 24,465.8 30. $ 233.4 2.24 106.40 0.07 3.48
19.%6 4,567.5 29,033.3 31.1 266.5 2.30 108.13 O.07 3.53
1959 4,482.6 33,515.9 5.7 292.1 0.42 107.96 0.01 3.53
1960 1,993.5 35,$09.4 1.5 293.6 0.11 107.53 0.00 3.51
1961 2,642.5 38,131.9 4.1 297.7 0.38 107.36 O.01 3.51
1962 3,165.8 41,317.7 4.3 302.1 0.32 107.12 0.01 3.S0
1963 2,235. $ 43,554.2 4 . 8 306.9 0.35 106.92 0.01 3.49
1964 2,317.2 45,871.4 4.7 311.$ 0.34 106.71 0.01 3.48
1965 2,060.3 47,931.7 4 . 7 316.2 O.34 106.50 0.01 3.47
1966 1,679.2 49,610 . 9 5.0 321.2 O.37 106.32 0 . 01 3.47
1967 3,735.3 53,346.2 7.0 328.2 O.51 105.29 0.92 3.47
1968 4.2.14 . 5 57. 560.7 6. $ 334.7 O. 49 I06.24 0.02 3.48
1969 5 , 130 . 0 62,690 . 7 4 . S 339.2 O.34 106.04 O. 01 3.46
1970 1,001.3 63,692.1 1.1 340.3 0.10 105.51 0. O0 3.44
1971 177.0 63,869.1 O. 3 340.6 0.02 105.10 0.00 3.42
1972 935.2 64,804.3 0.0 340.5 0. O0 104 . 57 0. O0 3 . 41
1973 1.7 64,806.0 0.0 340.6 0. O0 104.04 O. O0 3.39
1974 7.5 64,813.5 0 . 0 340.6 O. O0 103.51 0.00 3.37
1975 0.0 64,813.5 0.0 340.6 O.Ob 102.96 0.00 3.35
1976 0.0 64,813.5 0.0 340.6 O. O0 102.45 0.05 3.34
1977 0.0 64,813.6 0.0 340.6 0.00 101.92 0.00 3.32
1976 0.0 64,613.6 0.0 340.5 0.00 101.39 0.00 3.30
1979 0 . 0 64,813.6 0.0 340.6 O. O0 100.87 0. O0 3.28
1980 0 . 0 64,813.5 0.0 340.6 0. O0 100.34 0.05 3.27
1981 0.0 64,013 . 6 0.0 340.5 0. O0 99.62 O. O0 3.2.5
1982 2,950.0 67,763.6 2.5 343.1 0.44 99.74 0.01 3.2.5
1983 4 , 930.0 72,693.6 8.0 351.1 1.28 200. SO O. 04 3.27
1964 1. SSO.0 74,243.6 1. S 352.6 0.40 100.38 • .01 3.27
1985 O. 0 74,243.6 0.0 352.6 O. O0 99.85 0. O0 3.25
1986 0.0 74,243.6 0.0 352.6 0.00 99.33 0.05 3.23



I_sJLo3.14 (_)

Vo].tme TROou8 b _ _edSoec_vLty 3"m/_ pau_
Zndo: (- 3) (kS) (_ el) (103 V)

©LI.mdnr
yee,r &tmm_ C_'v_e _InnuLL C_vo dmm_ Cuml,_ve Amnue.L C_vo

1887 O.0 74,243.6 O.0 352.6 0.00 08.82 0.00 3.22
3.988 0.0 74,243.6 0.0 352.6 0.00 98.30 0.00 3.20
1989 0.0 74,243.6 0.0 352.6 0.00 97.79 O.eO 3.18
lflgo 0.0 74,243.6 0.0 352.6 0.00 97.27 0.00 3.16
1991 0.0 74,243.6 0.0 352.8 0.00 96.7tJ 0.00 3.1.5
1992 0.0 74,243.6 0.0 352.6 O.O0 M.2S 0.00 3.13

aDoea not J.nc].udo ZllEI, _tnd SRS bocmme decayed de_ ore no'c __. Vo).smo d8_ F.or ZllN, msd 1IS taro 8bmm tn
Table 3.8.

b33W mass means mess o_ 2X/ redLmmcl.Ld_, not c_ t,ot.a.L ue...,,r.o.
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8oll oant_natod wLth 8oil oontmlneted with
solid TRUwaste lAquid TRUwaste

ii H

Vol}_m4 Rsdioaotivtty Volumo Radtoeotivtty
Site (m3) (CA) (m$) (Ci)
i t ii t IN ++

JdlL-i 0 0 0 0
0 0 0 0

8AIIF a a 3Z,O00 80,50i
llllL b b b b
ir,Als. o o o o
IJtNL • d o d
1.ILL 0 0 0 0
ll.m. o o o 0

e • o o
IITI • o b b
(UL • • o •
PAD b b b b
RIT a 40 b b
8NLA o • o •
mlJ 0 0 0 0
14YD/P e • • •

aXnoluded Ln hurled TRUwaste.
bLllte4 in eulm_ttal tls NIA (not applioable).
@Unkaotm.
dpart!al data submitted.
°No data submLtted.
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T,ble |.16. Nixed _ wiet.e 'volmM,e m

HAzed ¢H 1111/_1_, 03 HAzed M I'IIU volume, m3

_tte Cate|ory 1070-1986 190701993 1993 1970-1900 1087-1902 1003
I ...... +_" _ II IIH I IIIII II I .... _ _ [[ 1 [I [ [ [ IJ Anlll I [ [

_L-t HAzed (RC_) b 0 b 0
HAzed (1¢1) b 0 b 0
HAted (ttltl cm2y) b 0 b 0
8uopeot mazed b 0 b 0

HAzed (ltCJ_) 0.3 0 0
HAzed (]_.']S) 0 0 0
HAzed (,tat, only) 0 0 0
8uipeot mazed 0 0 0

L_/_ HAzed (RCRA) 0 160.8 11.2 0 1.4 0
HAzed (1¢9) 0 l.S e 0 0 0
Htzed (state only) 0 3.1 o 0 0 0
8uapeot mazed 103 3.8 d 4.48 0 0

Ili][L HAZed (RCRA) 0 30,220 0 0 891 0
HAzed (PC1D) 0 384 0 0 0 0
HAzed (8tlte on17) 0 0 0 0 0 0
8uipeot mazed 0 8,750 0 0 7.4 0

_,

LAHL HAzed (RCIA) 0 610.1 2Z5 0 0 10
HAxed (_'1) 0 0 0 0 0 0
HAzed (stir, on17) 0 0 0 0 0 0
8uspoet mazed 6.708.3 0 0 2.10 0 0

LBLt

LLNL8 HAzed (RCRA) d 8.37 1.04 0 0 0
HAzed (1¢B) d 0 0 0 0 0
HAzed (stere only) 0 0 0 0 0 0
8uspeat mazed 0 0 0 0 0 0

HOUIq) HAxed (ltC_) 0 1,020 0
H_Lxed(]_"B)
HAzed (state only)
8uspe©t ,fixed

_8 HAzed (RCRA) 508 1.9 0 $.3 0 0
HAzed (Pea)
HAzed (state on17)
hspo©t mazed

(]P,_ HAzed (RCRA) 176 8.8 d 231 665 d
Mixed (_'!!)
HAzed (state cm17)
8uspe©t mixed 752 110 d 225 9.9 d

PAD Mixed (RCRA) 4.34 h h h h h
HLxed (lq_) h h h h h h
HAzed (stiLe only) h h h h h h
8uepeot mazed

]UrPL HAzed (RCRA) 110 823 18
HAzed (_) d O.04 0
HAzed (state only)d d h h
8uepeo_ mAxed d h h

8NLAJ HAxed (RCRA) d d d 0 0 0
HAzed (]_"1_) 0 0 0 0 0 0
HAzed (8tatl only) h h h h h h
8uepe©t mazed 0 0 0 0 0 0

I I I Ill It[ t
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Table S. 16 (continued)

Mixed CH TRU volume, m3 Mixed M TRU volume0 m3

alto Catosory 1970-i989 1987-1902 1093 1970-1980 1087-1902 1003

8R8 PUxod (RCRA) d d d
[dAzed (PCB) d d d
HLxod (state only) d d d
Suspect mixed d d d

WVOP PLtxed (RCRA) 0.454 0 0 O 0 0
NLxed (1_1) 0 O 0 0 0 0
Hind (state only) O O O 0 0 0
Suspect mixed O 0 0 0 0 0

SCmptlod £rom Table 4 of site submittals. The quantities ehown in each oolumn represent the total
volume of 8 JiVes waste type 8enerated durtn8 the period indicated st the top of the column.

bUndetermined.
alnoluded in RCRA.
dvnknown.
elULPL estimated their TRU waste contains about 10| LLH and $| mixed waste.
tLBL reports that they do not 8enerete or store TRU mixed waste.
8PCB and state-only not applicable to IAJ_.
hHot epplioable.
iThere i| no remote-handled TRU waete at RFP.
JSNLA appended the followin8 notes to their Table 4 submittal:

1. Includes only TRU waste included in 8NLINHJe Disposal Request process.
2. Hith resard to instz_©tion footnote cot Table 4: TRU material, which may be mixed and may be

remote-handled Htorial, is in etorase in Technical Area V (TA-Y) and the blanc Site
8tructuree. The yeare the materiel wee 8enerated or placed in etora8e is unknown. The
material In TA-V in approximately 1 m3 and is listed in the leO-day report, althoush it may not
be uetesorised as waste under 8Hi/Hi4 policy current at the time of this report. A recent
inventory found two $5-8al containers of TRU material An the Hansanos, one contact-handled and
one remote-handled. The material may be mixed and also may not yet be officially catesorised
as waste. None of this Messene material wan included in TRU estimates for the 180-day report.
There Is no activity infozmation for the material at TA-V or the Hansano8. The TRU material at
TA-V and the Mansanos has not bean entered into the Dispoeel Request process. To be consistent
with 8NL/N4's approach for input into this report, no material that has not been entered into
the Disposal Request process is included in the values listed in Table 4, "Mixed TRU waste and
non-mixed TRU waste volume (m3)."

3. The estimated waste 8eneration for 1093 for environmental restoration waste containin8 TRU
©ontmiinated with RCRA constituents was estimated in Table 2-4, "Projection of mixed waste to
be 8secreted by DOE environmental restoration activities (in cubic meters),'* Volume 1:
Denartmen_ of Enerav Interim Mixed Haste Inventory Revert; Wa_te 8t_;t amt . Trestman_
¢Dacitie|. end _echnoloales, DOE/raN4-1100, April 1993, aS bein8 1 m_. A more recent estimate
puts 1993 CH TRU mixed (RCRA) envirorunontal restoration waste 8enoration at sere. (80o
Table S, "Future 8onerated TRU solid waste volumes-averase annual.") The mount of TRU mixed
_porational or D&D waste in 1993 is unknown. Therefore, the volume of CH TRU waste
contmsLnated with RCRA constituents in 1993 is unknown.

4. The amount of contact-handled non-mixed TRU waste to be 8enereted by Dec. 31, 1093, is unknown.
5. An unknown amount of remote-handled non-mixed TRU waste has been 8eneratod in 1993 to date and

it is not known what additional amounts will be Senerated by Dec. 31, 1993.
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Tmble 3.17. l_roJeatedtutuze2M/mmte_olmu|eneratedmnusXly m

Projected volumes 8onerated, m3/yoa=
Haste

Site type 1093 1904-1998 1007-2000 2001-2005 2006-2010 2011-2015 2016-2020

ANL-E CH 12,8 12.8 b 5.9 5.9 5.9 5.9 5.0
RH 1.7 1.7 1.7 1.7 1.7 1.7 1.7

ETEC CB 0,2 0 0 0 0 0 0
RE 0 0 0 0 0 0 0

C8 142.7 176.9 381.5 487.7 498.2 474.6 338.3
RE 2.5 336.8 203,9 211,4 244,5 90.4 68.3

INEL Cll 0 0 O 0 0 0 0
RE 0 0 0 0 0 0 0

XAPL CH o o o o c o o
RE 0,2 0.6 0.6 1.0 1.0 1.0 1.0

LAHE CH 310 800 700 700 700 700 700
RE 20 30 30 30 30 30 30

EEL CH 0.1 0.1 0,1 0,1 0.1 0.1 0.1
ILq 0 0 0 0 0 0 0

iX,HE CH 10.0 73.1 73.1 73.1 73.1 73.1 73.1
RE 0 0 0 0 0 0 0

HOUND CH 2 2 2 2 2 2 0
RE c c o o c c c

NT8 CH • • • • • • •
RE • • • • • • •

CH 81 53 20.3 20 20 20 20
RE 28 25 25 20 12.4 12.4 12

PAD CH a c c c c c ©
RE o © © o o c c

RFP CH 27 £ 302 £ 110 f 137£ 137f 137 f 137 £

RE 8 8 S 8 8 8 8

SNLA CH • • e, h e, h • • •
RE • • • • • • •

81_ CE 5,210 i 1,238 i e, i e, i e, i e, i e, i
RE o c c o o c ©

WVI)P CH c c c c c c o
RE c c c o o o c

aCompiled from Table 5 of site sulxnAttals.
byor year 1994 only.
ONe estimates |ivan.
dWaste tram D&D operations not included; lasted as "to be dete_-mined."
eUn|mmm.

tRemedial action end D£D waste u_known, not included in estimates.
8No RE waete at this sits.

hRemedial action CH TRU waste of 9 m3/year expected durins 1097-2000 and 2 m3/year expected during
2001-2003.

iDSD and remedial action waste unknown in all periods.





4.LOW-_ WA_

4.1 INTRODUCTION with the commercial waste disposal portion in this chapter
since it has not been reported separately, However,

As used in this chapter, LLW has the same meaning projections of D&D waste are not included here but,
as in The Low-Level Waste Policy Act (Pub. L. 95-573, instead, are discussed in Chapter 7.
Dec. 22, 1980). Namely, LLW is radioactive waste not The categorization of LLW according to DOE and
classifiedas high-levelradioactivewaste, transuranic(TRU) commercial activities permits a comparison of the
waste, spent nuclear fuel, or by.product material specified radioactivitylevels and volumes of waste arising from each
as uranium or thorium tailings and waste. The naturally of these major sources (Figs. 4.1 and 4.2). Summarydata
occurringor accelerator-produced radioactive material that on LLW (DOE and commercial) are given in Table 4.1.
is disposed of at DOE burial or commercial disposal sites Historical and projected data by year for DOE LLW are
is included in the inventories given, but are not treated as presented in Table 4.2. In Table 4.3, similar data are
separate entities in thischapter. Tailings (viz., mill tailings) shown for commercial LLW disposal.
are considered in Chapters 5 and 6. Another waste
classificationnot delineated in thischapter is "mixed" waste
that contains both chemically hazardous and radioactive 4.2 DOE LLW
constituents (see Chapter 8). Specific definitions of these
waste types (as defined by DOE Order 5820.2A) are given
in the glossary of this report. The DOE generates LLW 4.2.1 Inventmies at DOE LLW Disposal Sites
through its defense activities, uranium enrichment
operations, naval nuclearpropulsion program, and various An abridged picture of DOE LLW activities through
R&D activities. The data for DOE sites represent a 1992 is given in Figs. 4.1-4.4, as well as Tables 4.1, 4.2,
summary of information obtained from each site.1 and 4.4-4.13. Prior to October 1979, some LLW

Disposal of LLW at commercial sites currently generated by DOE contractors was shipped to commercial
accounts for almost 55% of the LLW disposed (see disposal sites. Currently, all LLW generated by DOE
Fig. 4.1). Commercially disposed LLW is generally divided activities is buried at DOE sites (Figs. 4.3 and 4.4). A
into five types:2 academic, government, industrial,medical, summary of historical additions, cumulative volumes, and
and utility. The academic type includes university hospitals cumulative undecayed radioactivity for solid LLW buried
and university medical and nonmedicai research facilities, at all DOE sites through 1992 is presented in Tables 4.1,
The government type includesstate and non-DOE federal 4.2, 4.4-4.6, 4.9, and 4.10. Summaries of DOE site-
agencies. The industrial type is comprised of private generated LLW volumes and activities are presented in
entities such as R&D companies, manufacturers, Tables 4.7 and 4.8, respectively. The data in these tables
nondestructive-testing operations, mining works, fuel are derived from the Waste Management Information
fabrication facilities, and radiopharmaceuticai System (WMIS) and subsequent site questionnaires
manufacturers. The medical type includes hospitals and obtained through the Hazardous Waste Remedial Actions
clinics, research facilities,and private medical offices. The Program (HAZWRAP). 1
utility type includes commercial nuclear reactors. In past There are small quantities of DOE LLW that have
IDB reports, commerciallydisposed waste was reported by been disposed of by sea dumping or by hydrofracture;s
fuel cycle and industrial/institutio_ml(I/I) type activities, these wastes are not included in the WMIS data base.
However, to achieve more consistencywithother reporting Table 4.11 shows the estimated quantity and radioactivity
agencies, the five types described are used. of LLW disposed of by these methods. Sea dumping of

Some LLW is also generated by DOE environmental LLW was halted by the United States in 1970, and
restoration programs (see Chapter 6). Other LLW will be hydrofracturewas terminated in 1983.
generated in future years by nonroutine D&D operations. An estimate of DOE land usage for LLW burial is
Waste from past commercial D&D operations is included given in Table 4.12.

113
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4.2.2 Clmme_,imtion of LLW at DOE Sites Projections for burial of DOE LLW are presented in
Tables 4.2, 4.14, and 4.15. Table 4.14 summarizes DOE

Based on information reported in ref. 1,summaries of LLW excluding saltstone. Table 4.15 summarizes
radionuclide and physicalcharacteristics for DOE LLW are projections of saltstone, an LLW by-product from the
reported in Tables 4.5.-4.10. Summaries of representative solidification of HLW at SRS. This saltstone (see Fig. C.3
radionuclide characteristics for generated, stored, and and Table C.5 of Appendix C) is to be stored in concrete
buried LLW at DOE sites are provided in Table 4.5. vaults at SRS. Grout-immobilized LLW derived from
Representative radionuclide compositions for the buried processing double-shell waste at ttanford (see Fig. 2.7 in
waste types have been developed4 and are given in Chapter 2)is excluded from the projections in Table 4.2
Table C.3 of Appendix C. Summaries of physical because the schedule and formulation for immobilization
characteristicsfor generated, stored, and buried wastes are are not yet firmly defined.
given in Table 4.6. Breakdowns of radionuclide
characteristics for buried LLW at each DOE site are

provided for cumulative waste volume in Table 4.9 and for 4.3 COMMERCIAL LLW
total gross waste activityin Table 4.10.

Most of the DOE wastes thatwere disposed of by sea
dumping (see Table 4.11) were incorporated into cement 4.3.1 Inventories at C__mmereialLLW Dislmml Sites
matrix material and packaged in steel drums (55- or 80-gal
capacity). There are sixcommercial shallow-landdisposalsites for

Hydrofracture was developed at ORNL for the LLW (Figs. 4.2, 4.5, and 4.6), but only two are currentlyin
permanent disposal of locally generated, low-level operation. Commercial operations at the Maxey Hats,
(approximately 0.25 Ci/L) liquid waste concentrates,s West Valley, and Sheffield sites have been halted. In
Waste was mixed with a blend of cement and other addition, acceptance of LLW at Beatty stopped as of
additives,and the resultinggrout was injected into shale at December 31, 1992. Until 1986, a second NRC-licensed
a depth of 200 to 300 m. The injected grout hardened burial ground at West Valley continued to receive wastes
into thin, horizontal sheets several hundred meters wide. generated on-site from cleanup and water treatment

Significant changes in DOE LLW inventory and operations. However, disposal operations at the WVDP
characteristicsdata from that reported in tile 1992 edition have been suspended since 1986 pending the preparation
(1991 data) of this report are summarized in Table 4.13. of an environmental impact statement (EIS) report for the

West Valley site closure. The historical data for annual
4.2.3 DOE LLW _ Sites additions and inventories of volume and radioactivity

(undecayed) at each commercial disposal site through the
A digest of data on the currentstatus of land usage at end of 1992 are listed in Tables 4.16 and 4.17, respectively

DOE sites with active LLW disposal areas is shown in (compiled from refs. 3, 7, 9-12). The volumes are
Table 4.12 (data from refs. 1, 3, and 6--8). Most of the depicted in Figs. 4.2, 4.5, and 4.6. Sources of the historical
DOE site land usage information currently reported in reported data through 1984 are given in ref. 3 and through
Table 4.12 is based on data given in ref. 1 with land usage 1991 in ref. 7. Quantities of LLW shipped to disposalsites

factors taken from ref. 3. durin[_1992 are listed in Table 4.18 on a state.by-state
As previouslydiscussed, the LLWocean disposal sites basis." These state-by-state values reflect the fact that the

have not been used for disposal purposes since 1970. All Manifest InformationManagement System (MIMS) isable
of the liquid LLW that had been held in long-termstorage to assign, to the original shippers, the LLW collected and
at ORNL was disposed of during 1982 and 1983using the treated by waste brokers. Table 4.3 is a summary of
new hydrofracture facility, historical and projected volumes and radioactivity

(decayed) for commercial LLW. Projections are only
4.2.4 DOE LLW Projcctimm made through 1995 due to uncertainties in commercial

disposal facilitiesoperations. Not included in Table 4.3 are
An assumption used in this report is that the level of the drums of cemented LLW to be generated by the

DOE waste burial activities will remain constant through WVDP as a result of the vitrification of HLW. This LLW
2030. Beginning in 1993, the volume and undecayed from the WVDP is described in Table C.8 of Appendix C.
radioactivityadded each year to each active LLWdisposal
area are assumedto remainconstantthrough2030at the 4.3.2 _ of LLW at Comme_ial
values projected for 1993. These volumes and activities Diecoml Sites
are split into waste types using the radionuclidecategories
given in Tables 4.5, 4.9, and 4.10. The radioactivity(by All of the LLW accepted for commercial disposal is
waste type) is decayed from the year of addition through categorized as Class A, B, or C in compliance with NRC
2030 using the representative compositions given in specifications.13The LLWthatexceedsthesespecifications
Table C.3 of Appendix C. is currently in storage at the generator site or at a DOE
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site which has accepted it for study (see Sect. 4.3.3). A Methodology. Is In an effort aimed toward rectifying this
calculated representative radionuclide composition for situation, DOE initiated a study to provide information
disposed commercial LLW is given in Table C.4 of about estimates of present and future GTCC LLW to the
Appendix C. This composition is periodically updated to year 2035 (2055 in some instances). Information garnered
reflect changes in waste management practices and in the during the study19includes identification of generators,
regulations governing LLW disposal, waste form characteristics, volumes, and radionucUde

activities. The study categorizes GTCC LLW as
4.33 Omater-_Low-Lev_ Waste (I) nuclear utilities waste, (2) sealed sources wastes,

(GTCC LLW) (3) DOE-held potential GTCC LLW, and (4) other
generator waste. Three scenarios for data projection are

In 1980, federal law made each state responsible for used: (a) unpackaged volumes; (b) packaged volumes
providing the disposal capacity for LLW generated within based on the application of packaging factors to the
its borders, except for certain waste generated by the unpackaged volumes; and (c) concentration averaging,
federal government.14 In 10 CFR Part 61 (ref. 13), the mixing or blending of similar materials with different
NRC codifies disposal requirements for three classes of radionuclide concentrations,values applied to the packaged
LLW, as mentioned above, generally suitable for near- volumes. Each of the three scenarios is treated for three
surface disposal, namely, Class A, B, and C (with Class C cases: low, base, and high.
waste requiring the most rigorous disposal specifications). The study determined that the largest volume of
Waste with concentrations above Class C limits for certain GTCC wastes (approximately57%) isgenerated bynuclear
short- and long-lived radionucUdes(i.e., GTCC LLW) was power plants. The other generator waste category
found not generally suitable for near-surface disposal, contributes approximately 10% of the total GTCC LLW
except on a case-by-case evaluation of the waste and the volume projected to the year 2035. Waste held by DOE,
proposed disposal method by NRC or state licensing which is potential GTCC LLW, accounts for nearly 33% of
agency. The Low-Level Radioactive Waste Policy all GTCC waste projected to the year 2035 (see
Amendments Act (LLRWPAA) is made the states Table 4.19). To date, no determination of a disposal
responsible for the disposal of Classes A, B, and C LLW method has been made for the latter waste. Sealed
and made the federal government (viz., DOE) responsible sources are less than 0.2% of the total projected volume of
for disposal of GTCC LLW. The law also required that GTCC LLW. Data trends (1985-2035) among low, base,
GTCC LLW generated by licensees of NRC be disposed and high cases for packaged waste show an overall
of in a facility licensed by NRC. The projected amounts of threefold increase. The low-case total (including DOE-held
GTCC LLW are uncertain, both because of regulatory potential GTCC LLW) is approximately 2,220 m3, while
uncertainties affecting the definition of HLW (i.e., a clearly the high-case (to 2055) total is approximately 6,500 m3.
defined all-inclusive list of wastes considered HLW may The increases (in the high case) are the result of nuclear
include more than those described in Chapter 2) and power reactor life extension (additional operations waste)
because of the lackof informationon the sources, volumes, and less packaging efficiency. The volume and radioactivity
and characteristics of GTCC LLW) 6 totals for all base-case packaged GTCC LLW are about

In May 1989, NRC promulgated a ruIe that requires 3,250 m3 and 6.58 x 107 Ci, respectively. A summary of
disposal of GTCC LLW in a deep geologic repository light-water reactor GTCC LLW projections based on
unless disposalelsewhere has been approved by NRC. The packaged waste volumes (with application of packing
rule as amended states: "Waste that is not generally factors to the unpackaged volumes) for the three cases
acceptable for near-surfacedisposal iswaste forwhich form (low, base, and high) is presented in Table 4.20.
and disposal methods must be different and, in general,
more stringent than those specified for Class C waste. In 4.3.4 Commercial LLW Disposal Sites
the absence of specific requirements in this part, such
waste must be disposed of in a geologic repository as Three commercial LLW disposal sites in the eastern
defined in Part 60 of this chapter unless proposals for United States (Maxey Flats, Sheffield, and West Valley)
disposal of such waste in a disposal site licensed pursuant have been closed to further use. Additionally, reception of
to this part are approved by the Commission. "t_ A LLWat Beattystopped as of December 31, 1992. Only a
disposal facility (other than a deep geologic repository) for small amount of on-site generated LLW from site cleanup
GTCC LLW will probably not be available for several is occasionally buried at Maxey Flats. The closure of the
decades because of the complexities of siting and NRC eastern three commercial LLW disposal sites resulted in
licensing. A generic description of estimated sources and increasing volumes of LLW being shipped to the three
forms of GTCC LLW is presented in Table C.7 of remaining operating sites in South Carolina, Nevada, and
Appendix C. Washington. The increase prompted South Carolina to

Existing volume projections of GTCC LLW vary, impose an upper limit on the volume of LLW that could
ranging from 2,000 m3 in the 1987 report to Congress16to be accepted at Barnwell. Eventually, a general concern
17,000 m3 in the 1986 update of Part 61 Impacts Analysis developed that the responsibility for LLW disposal should
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not rest with only three states and that a coordinated Table 4.16). Chem-Nuclear Systems, Inc., operates the
national plan was needed. As descrit_.d previously, the Barnwell disposalsite, and U.S. Ecology, Inc.,operates the
LLR_fPA 14 w_ _ in 1980, making each state disposal sites at both Beatty and Richland. The land usage
reslxmsible for itsown LLWand encouraging formation of at existing commercial disposal sites is summarized in
regional interstate compacts to deal with the disposal Table 4.12. Updated information reported for these
problem. The Act provided that anycompact approved by commercial sites is based on data provided by state health
Congress could restrictaccess to its LLW disposal facility and environmental control agencies (refs. 3, 6, 8, and 11).
to member states after January 1, 1986. However, by Table 4.21 provides a breakdown of waste received at
1984, it became evident that no new regional disposal commercial sites in 1992 by type (academic, government,
facilities would be operatingby the end of 1985. This gave industrial, medical, or utility LLW).
rise to new legislation, the LLRWPAA, _ which continued
to encourage interstate compact formation while requiring 4.3.5 _ LLW Pmjeakms
that nonsited (i.e., without an operating disposal site) states
and compacts meet specific milestones, leading to the Previous IDB reports gave projections for the nuclear
operation of new regional facilities by January 1, 1993. fuel cycle and IA waste (see ref. 7). This report presents
Additionally, the LLRWPAA established rates and limits only summary information for disposed commercial waste.
of acceptance at the three commercial disposal sites in Historical volume, radioactivity, and thermal power data
operation, as well as space allocations for utility wastes, through 1979 are taken from ref. 7. After 1979, the
The utilities are required to meet certain waste volume source term for commercial LLW in Table C.4 of
reductions during a 7-year transition period, which is Appendix C is used to decay the annual waste additions to
provided to allow for the opening of new LLW disposal the commercial sites.
sites under state compact arrangements. Projections for disposed commercial LLW are made

However, no new regional facilitieswere in operation only through 1995 because of uncertainties in current
as of January 1, 1993. The site at Ikatty, Nevada, ceased facility operations and the availability of future sites.
receivingwaste December 31, 1992. Barnweil is currently Projections (1993-1995) are made for BarnweU and
scheduled to continue receiving out-of-region waste until Richland and are based on ref. 20. Historical and
June 30, 1994. Barnwellwill then receive only Southeast projected volume, radioactivity, and thermal power for
Compact Waste untilDecember 31, 1995. Ifa new North disposed commercial LLW are presented in Table 4.3.
Carolina facilityopens earlier than thisdate, then Bvxnwell Because of timing uncertainties, projected
will close. As of December 31, 1992, the disposal facility decommissioning wastes are not included in the projections
at Richland, Washington, allowed access only to members of thischapter. Rather, decommissioning waste projections
of the Northwest and Rocky Mountain compacts)° are reported separately in Chapter 7. Former DOE

During 1992, Bamwell received about 48% of the facilities that will be affected by environmental restoration
total volume of commercial L. 7 shipped for burial. The activitiesare discussed in Chapter 6 and are also excluded
Beatty, Nevada,sitereceivedat,, =t30%, whilethe siteat from the projectedvaluesin thischapter.
Richland, Washington, received about 22% (see

4.4 _CF_

1. U.S. Department of Energy, Waste Management Information System (WMIS), DOE site LLW data submittals
(Attachment 4) issued, received, and maintained by the Hazardous Waste Remedial Actions Program (HAZWRAP),
Martin Marietta Energy Systems, Inc., submitted to the IDB Program during August-December 1993. The following
LLW submittals from WMIS were received, reviewed, analyzed, and integrated by the IDB Program. Preceding each
submittal is the site (in parentheses) to which it refers.

a. (AMES) Kay M. Hannasch, Ames Laboratory, Ames, Iowa, letter to Lise J. Wachter, Martin Marietta Energy
Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, submitting Ames Laboratory LLW information, dated
Aug. 11, 1993.

b. (ANL-E) R. Max Schletter, Argonne NationalLaboratory, Argonne, Illinois,memorandum to A. L. Taboas, DOE
Argonne Area Office, Argonne, Illinois, "Request for Office of Waste Management, Waste Data Information
Update," dated Aug. 26, 1993.

c. (ANL-W) See footnotes in Tables C.11 and C.12 of Appendix C.
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d. (BNL) CarsonL Nealy,U.S.DepartmentofEnergy,BrooklmvenAreaOffice,Upton,New York,memorandum
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Brookhaven
National Laboratory...-1993 Waste Management Information System (WMIS) Update," dated Aug. 12, 1993.

e. (FNAL) J. Donald Cossalrt, Fermi National Accelerator Laboratory,Batavia, Illinois, letter to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for Office of Waste
Management, Waste Data Information Update," dated Aug. 9, 1993.

f. (HANF) R. D. Wojtasek, Westinghouse Hanford Company, Hanford Site, Richland, Washington, letter to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for
Office of Waste Management, Waste Data Information Update," 9305688B RI, dated Aug. 9, 1993.

g. (INEL) See footnotes in Tables C.II and C.12 of Appendix C.

h. (ITRI) Susan Umshler, U.S. Department of Energy, Kansas City Area Office, Kansas City, Missouri,
memorandum to Lise J. Wachter, MartinMarietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee,
detailing LLW information for the Inhalation Toxicology Research Institute, dated Aug. 6, 1993.

i. (K-25) Jeff Wilson, Martin MariettaEnergy Systems, Inc., Oak Ridge K-25 Site, Oak Ridge, Tennessee, facsimile
to Lise J. Wachter, MartinMariettaEnergy Systems, Inc.,HAZWRAP, Oliver Springs, Tennessee, providingK-25
Site LLW information, dated Sept. 15, 1993.

j. (KCP) PatrickT. Hoopes, U.S. Department of Energy, Kansas City Area Office, Kansas City, Missouri, letter to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, detailing LLW
information for the Kansas City Plant, dated Aug. 12, 1993.

k. (LANL) Thomas C. Gunderson, Los Alamos National Laboratory, Los Alamos, New Mexico, memorandum to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "WMIS Data
Call," EM-DO: 93-941, dated Aug. 17, 1993.

I. (LBL) Hannibal Joma, U.S. Department of Energy, San Francisco Operations Office, letter to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, submitting Lawrence Berkeley
Laboratory LLW waste information, 93W-332/5484.1.A.13, dated Aug. 23, 1993.

m. (LLNL) KevinHartnett, U.S. Department of Energy, San Francisco Operations Office, facsimile to MillieJeffers,
Martin MariettaEnergySystems, Inc., HAZWRAP, OliverSprings,Tennessee, providingLLNL LLW information,
dated Nov. 18, 1993.

n. (MOUND) Mary E. Sizemore, EG&G Mound Applied Technologies, Miamisburg, Ohio, memorandum to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for
DOE Waste Date (sic) Information Update," dated Aug. 20, 1993.

o. (NR sites) J.J. Mangeno, U.S. Department of Energy, Naval Reactors Programs Office (NE-60), Crystal City,
Virginia, memorandum to J. Coleman, DOE/EM Office of Technical Support (DOE/EM-35), Washington, D.C.,
"Update of Radioactive Waste Data on Waste Streams and Treatment, Storage, and Disposal Units for NE.60
Cognizant Facilities," dated Aug. 9, 1993.

p. (NTS) Layton J. O'Neill, U.S. Department of Energy, Nevada Operations Office, Las Vegas, Nevada,
memorandum to Joseph A. Coleman, DOE/EM Office of Technical Support (DOE/EM-35), Washington, D.C.,
"Request for Office of Waste Management, Waste Data Information Update," dated Sept. 2, 1993.

q. (ORISE) Lynda H. McLaren, U.S. Department of Energy, Oak Ridge Operations Office, Oak Ridge, Tennessee,
letter to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Waste
Management Information System: Integrated Data Base-Oak Ridge Institute for Science and Education (ORISE)
Submission," dated Sept. 21, 1993.
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r. (ORNL) J.C Patterson,Oak Ridge NationalLaboratory,Oak Ridge,Tennessee,facsimileto A. S.Icenhour,Oak
RidgeNationalLaboratory,Oak Ridge,Tennessee,providingORNL LLW information,datedSept.Z_, 1993.

s. (PAD) JimmyC Masse,/,MartinMariettaEnergySystems,Inc.,Paducah,Kentucky,letterto DonaldC. Booher,
DOE PaducahSiteOffice, Paducah,Kentucky,"Update of Departmentof Energy Low.Level Radioactiveand
Low.LevelMixed WasteData for the 1993IntegratedData BaseAnnualReport," dated Aug. 20, 1993.

t. (PANT) R. M. Loghry,Mason& Hanger--SilasMasonCompany,Inc.,Amarillo,Texas,letterto Lbe J. Wachter,
Martin Marietta EnergySystemsInc., HAZWRAP, Oliver Springs,Tennessee,"Request for Office of Waste
Management--WasteData InformationUpdate," datedAug. 20, 1993.

u. (PINELIAS) GaryC. Schmidtke,DOE PlnellasArea Office,Largo,Florida,memorandumto LlseJ. Wachtcr,
Martin Marietta Energy Systems,Inc., HAZWRAP, Oliver Springs,Tennessee,detailingPine,as Plant LLW
information,dated July30, 1993.

v. (PORTS) EugeneW. Gtllesple,DOE PortsmouthSite Office,Plketon,Ohio, letter to LlseJ. Wachter,Martin
Marietta Energy Systems,Inc., HAZWRAP, Oliver Springs,Tennessee, "Request for Office of Waste
Management,WasteData InformationUpdate," EO.23-5379,dated Aug. 10, 1993.

w. (PPPL) No submittal

x. (RFP) W.T. Pt3nnak,DOE RockyFiatsOffice, Golden,Colorado,memorandumto I.JseJ. Wachter,Martin
Marietta EnergySystems,Inc.,HAZWRAP, Oliver Springs,Tennessee,"Submissionof WasteData Information
to Supportthe IntegratedData Base,"datedAug. 27, 1993.

y. (SLAC) MatthewA. Allen, StanfordLinearAcceleratorCenter,PaloAlto, Caflfornla,letterto IJseJ. Wachter,
Martin MariettaEnergySystems,Inc.,HAZWRAP, OliverSprings,Tennessee,"WasteData informationUpdate,"
dated Aug.16,1993.

z. (SNLA) SteveWard,sandlaNationalLaboratories,Albuquerque,New Mexico,lettertoOeorgeK.Lask_,DOE

AlbuquerqueOperations, "Transmittal of Waste Management InformationSystem (WMIS) Update Information,"
dated Aug. 5, 1993.

aa. (SNLL) K. IC Shepodd, sandla National Laboratories, Llvcrmore, California, memorandum to S. E. Umshler,
DOE Kansas City Area Office, Kamas City, Missouri, "Updated Data for the Waste Management Information
System," dated Aug. 9, 1993.

ab. (SRS) Michael 0. O'Rear, U.S. Department or Energy, Savannah River Operatiom Office, memorandum to
Director, Office of Technical Support (EM.35), HQ, "Department of Energy Waste Inventory Data Systems,"
dated Nov. 13, 1993.

ac. (Y.12) Site data received, but no letter of trammittaL

ad. (WVDP) J. P. Jackson,West Valley Nuclear ServicesCompany,Inc., WestValley, New York, letterto l..beJ.
Wachter,Martin Marietta EnergySystems,Inc., HAZWRAP, Oliver Springs,Tennessee,"Waste Information
Update for CalendarYear 1992," dated Aug. 20, 1993.

2. R. L Fuchsand S. D. McDonald, "1992 State-by-StateAssessmentof Low-LevelRadioactiveWastesReceivedat
CommercialDisposalSites,"DOE/LLW.181, Idaho NationalEngineeringLaboratory, Idaho Falls,Idaho (September

3. U.S. Department of Energy, Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics,
DOE/RW-0006, Rev. 1, Oak RidgeNationalLaboratory,Oak Ridge,Tennessee(December 1985).

4. C.W. Forsberg,W. I.. Carter, and A. H. IQbbey,Flowsheetsand Source Termsfor Radioactive WasteProjec_ns,
ORNIJTM-8462, Oak RidgeNationalLaboratory,Oak Ridge,Tennessee(March 1985).
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5. U.S. Energy Research and Development Administration, Environmental Statement, Radioactive Waste Facili_s,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, WASH.1532 (Draft) (January 1974).

6. Henry J. Porter, South CarolinaDepartment of Health and Environmental Control, Columbia, South Carolina,letter
to A. S. lcenhour, Oak Ridge National Laboratory, Oak Ridge, "tennessee, dated Mar. 26, 1993.

7. U.S. Department of Energy, Integrated Data Base for 1992" U.$. Spent Fuel and Radioactive Waste Inventories,
Projectiom, and Characteristics, DOE/RW-0006, Ray. 8, Oak Ridge National Laboratory, Oak Ridge, Tennessee
(October 19,_).

8. John Vaden, Nevada Division of Health, letter to A. S. Icenhour,OakRidgeNational Laboratory, Oak Ridge,
Tennessee, dated Mar. 26, 1993.

9. R. L. Fuchs, EG&G Idaho, Inc., National Low.Level Waste Management Program, Idaho Falls, Idaho, letter to
A. S. Icenhour, Oak Ridge National Laboratory, Oak Ridge, Tennessee, "Integrated Data Base 1992 Data
Transmisslon-.RLF.26.93," dated Aug. 6, 1993.

10. T.J. Rowland, U.S. Department of Energy, West Valley Project Office, West Valley, New York, letter to S. N. Storch,
Oak Ridge National Laboratory, Oak Ridge, Tennessee, "Update to the DOE 1992 Integrated Data Base Report,"
dated Apr. 1, 1992.

11. D. Mills, Commonwealth of Kentucky, Department for Environmental Protection, Frankfort, Kentucky, letter to
A. H. Ki_, Oak Ridge National Laboratory, Oak Ridge, Tennessee, dated Feb. 5, 1990.

12. U.S. Department of Energy, National Low.Level Radioactive Waste Management Program, The 1989 State.By.State
Assessment of Low.Level Radioactive Wastes S?u'ppedto Conunercial Disposal Sites, DOE/LLW-88, EG&G Idaho, inc.,
Idaho Falls, Idaho (December 1990).

13. U.S. Nuclear Regulatory Commission, "Licensing Requirements for Land Disposal of Radioactive Wastes," Code of
Federal Regulations, Title 10, Part 61, Jan. 1, 1993.

14. U.S. Congress, The Low-Level Radioactive Waste Policy Act, Pub. L. 95-573, Dec. 22, 1980.

15. U.S. Congress, The Low-Level Radioactive Waste Policy Amendments Act of 1985, Pub. L. 99-240, Jan. 15, 1986.

16. U.S. Department of Energy, Recommendations for Managemenz of Greater-than.Class.C Low.Level Radioactive Waste,
report to Congress in response to Public Law 99-240, DONNE-0077 (February 1987).

17. U.S. Nuclear Regulatory Commission, amendments to 10 CFR Part 61, "Disposal of Radioactive Wastes," final rule,
Fed. Regist. 54(100), 22578-83 (May 25, 1989).

18. O. I. Oztunali, Wo D. Pon, R. Eng, and G. W. Roles, Update of Part 61 Impacts Analysis Methodology, Vol. 2,
NUREG/CR-4370 (January 1986).

19. R.A. Huise, Greater.Than.Class.C Low.Level Radioactive Waste Characterization.. Estimated Volumes, Radionuclide

Activities, and Other Characteristics, DOEA.LW-I14, EG&G Idaho, Inc., Idaho Falls, Idaho (August 1991).

20. U.S. Department of Energy, Office of Environmental Restoration and Waste Management, Report to Congress in
Response to Public Law 99-240, 1992 Annual Report on Low.Level Radioactive Waste Management Progress (final
draft), May 1993.
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Idbls 4.1. A _ of e_ez_ietiu f_ Imzie/8/IN LLN u of D_laf SI. |_ii

Vo_uno hdiosat/vity Thereto1 power
(103a3) (10s el) (W)

Cst.esoz'y Ammela CumLst,ive Annusl Cumulst,Lve Annusl Cmmlat,JLve

!)01 8iton b 41.0 ;1,838 831 1;t,408 3,283 17,410

CaameroLel cites 40.4 1,472 1,000 5,708 5,059 21,117

Tot,el _ldl 91.0 4,308 1,631 18,116 8,340 38,536
dleposod LLH

eAddttAon dmitri8 10ga.
bZnolude8 wute eeLtmaLed to be buried eL INEL durin8 1001 (1,272 mS| 100,000 Ct) 8inoo aotual

date weze not; eveLleble at ttno of oateuletLcm8. EomJvor, dal;a were reoeLved tram ZNEL(LnoludLnJ
oontribut, ions tree AJlL-H) at prose t,tne end are inaludod In Table C. 13 of AppondLz C. Tho volumo
Qhm8o en_ e©t,Lvit,y ohm8e velues reportod in Table C. 12 nay be used to update the values report, ed
in Teble 4.1. TnLs update rosult, s In an mmusl volumo ahanse of -0.08|. Table C.1;I det.e wLll be
int, e8rst, od Lnto tutu:e odLtlons o£ LhLs report.
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Table 4.|. gJstwlnaL sod projected _,hmo, red/oeetlvlty, end thenml pmmr of bwried IXl LIMe,b

Voltme Radioactivity Thermal power
Bed oZ (103 m3) (10 a Ci) (H)

yel_ _sl Cumulative 4Ulnual Cumulative °,d Annual Cumulative d
_ _ ;__ _ ....... __ -_ i _- ..... _ i J........... , .... _ -

1090 54.0 2,746 330 13,087 1,288 10,443
1001 46. S 2,704 398 12.566 1,555 15,058
IOBR .......... 41.8 i.036 831 .... !2.40| .... 3,263 ...... 17_4!_
i003 Sl.a 2,987 1,298 12,643 6,031 20,114
1004 51.3 2,038 1,290 12,400 6,031 20,745
1005 150.3 3,007 1,305 12,307 6,054 21,040
1000 04.0 3,102 1,363 12,150 8,100 21,263
1007 123.0 3,815 1,315 11,001 8,101 21,400
1098 130.6 3,456 1,303 11,758 6,067 21,401
1000 164.3 3,030 1,200 11,556 6,050 21,542
2000 114.3 3,703 1,200 11,901 6,031 21,562
2001 79.5 3,044 1,208 11,174 6,031 21,577
a002 60.3 3,024 1,206 10,000 6,031 21,591
2003 80.1 4,012 1,200 10,034 6,031 21,605
2004 80.3 4,002 1,206 10.677 6,031 21,614
2005 100.3 4,202 1,206 10,530 6,031 21,624
2006 80.3 4,232 1,206 10,391 6,031 21,632
SO07 101.0 4,383 1,200 10,264 0.038 21,655
2008 80.3 4,464 1,296 10,142 6,032 21,670
2000 100.7 4,565 1,298 10,027 6.032 21,684
2010 98.$ 4,645 1,206 9,910 6,031 21,603
2011 104,5 4,750 1,206 0,612 6,031 21,703
2013 75.3 4,825 1,297 9,710 6,032 21,718
2013 100.3 4,933 1,301 0,620 6,045 21,744
a014 77.9 5,014 1,296 0,541 6,031 21,752
2015 106,1 5,116 1,296 9,458 6,031 21,765

! 2016 80.3 5,107 1,296 9,380 8,031 21,772
20i7 80.3 5,276 1,298 9,305 6,031 21,770
2018 51.3 5,330 1,296 9,235 6,031 21,788
2010 51.3 5,381 1.296 0,168 6,031 21,794
2020 51.3 5,432 1,204 9,105 6,031 21,802
2021 51.3 5,484 1,298 9,046 6,031 21,810
2022 51.3 5,535 1.296 0,900 6,031 21,818
2023 51.3 5,566 1,298 0,937 6,031 21,826
2034 51.3 5,637 1,296 6,886 6,031 21,634
2025 $1.3 5,669 1,290 8,830 6,031 21,842
2026 51.3 5,740 1,200 8,704 0,031 21,850
2027 51.3 5,791 1,208 8,752 6,031 21,850
2026 51.3 5,843 1,206 8,712 6.031 21,868
2029 51.3 5,094 1,206 8,074 6,031 21.876
2030 51.3 5,945 1,296 8,630 6,031 21,885

eStmmationof values in Tables 4.14 (burled DOELUd, except _ selectees) and 4.15 (LLW
saltst_me steP, S).

bData for ZIIEL for 1992-2030 ere based on 1991 date since the actual 1992 data were not available
at t/Is of calculations. However, data were received from IHEL (includin8 contributions from AEL-H)
at press t_e and are included in Table C. 12 o_ Appendix C. The volume chanae and activity chense
values reported in Table C. 12 sue7 be used to update the 1902 values reported in Table 4.2. This
update results in an annual volume cheese of -0.981. Table C.12 data will be in&aerated into future
editions st this report.

°The radioactivity added each year for each waste type is decayed as described in the footnotes
st Tables 4.14 and 4.15.

dNoto that the projected cumulative red/ca©airily decreases while the projected cumulative
thermal power increases. This is caused by the decay of relatively abort-lived low-ensrSy

radionuclides whose deushter (or daushters) have much hlsher thermal power per curie. This may be
shmmby ccmparin8 the source terms in Table C,3 of Appendix C with the WlCi values for parents and
dau&hters siren in Table B.1 of Appendix B.
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Table 4.8. itiatoriaal mdpr_jeetodvolmm0 zsdtomotlvtty, and themalpmmz
of oameralal _ d_pped for dirpoea_ a

Volume Radioactivity Thermal power
End of (103 e 3) (103 Ci) (H)

calendar

year Annual Cumulative Annual Cumulative b Annua_ Cumulative

1990 32.4 1,384 549 4,979 2,774 16,457
1991 38.8 1,423 800 $,272 4,044 18,424
199Z _e,_ ............. 1,472 1.000 5.708 5.057 21.117
19930 1e.8 1,489 288 5,333 1,354 19,729
1994 13.4 1,302 215 5,008 1,088 18,485
1995 9.2 1,511 143 4,672 722 17,114

aInoludo8 LLH disposed of at the followLn8 ooemorcLal sites: BoattT, Nevada; Hast Valley,
Now York; Maze7 Flats, Kentucky; Ri©hlend, WashLn8ton; Sheffield, XllinoLs; and Barnwe11,
South Carolina.

bThe radioactivity throujh 1979 was decayed usin8 a multiple sour©a torm methodolosy
(sea Tables 4.3 and 4.20-4.25 o£ rat. 7 tar a dea©riptLon of this method). Attar 1070, the
radioactivity is decayed from the year of addition usLnS the repreaontatLve compositions 8iven
in Table C.4 of Appendix C.

©Projections were made based on disposal operations at RLchland, WuhLnston and Barnwe11,
8outh Carolina, as described in 8e©t. 4.3.5. Projections were made only throush 1995 because o£
lar|e uncertainties in ccmurcial disposal facillty operations.



Table 4.4. Historical meuse additians and total w_bano of LLM buzied at DOE sites a

Volmm of waste buried mmually, 103 m3

Total Tot,_
A_ _ cumu_ct.ve

Year F'_4P IL4HFb L_EL _ NTS _ S_S y_12c other d addition v-1---

1975 ° 309.5 352.0 84.6 131.8 8.3 181.5 289.1 58.4 83.9 1,478.9 1,479
1976 14.4 4.1 6.2 8.8 0.0 3.8 8.1 2.7 0.9 49.0 1,528
1977 2.8 10.7 6.6 3.6 0.5 2.4 14.7 1.5 1.1 43.9 1,572
1978 1.9 9.8 5.9 7.5 10.0 2.0 15.5 1.4 3.2 57.2 1,629
1979 1.6 17.5 5.3 4.9 15.8 2.1 18,2 1.1 1.1 67.6 1,697
1980 1.3 10.4 5.1 4.8 13.3 2.0 19.6 1.4 0.7 58.6 1,755
1981 1.5 12.8 3.1 5.5 21.1 1.4 20.1 1.2 1.6 68.3 1,824
1982 2.8 11.6 3.2 4.5 57.0 1.3 22.4 2.2 2.0 107.0 1,931
1983 3.4 17.9 5.5 3.2 12.1 1.8 26.7 3.4 1.7 75.7 2,006
1984 3.5 18.8 3.9 5.4 36.0 2.2 26.1 7.2 10.6 113.7 2,120
1985 0.7 17.0 3.1 6.7 41.7 2.2 30.5 18.7 2.1 122.7 2,243
1986 0 20.2 3.4 4.5 27.9 1.8 30.1 15.0 1.0 103.9 2,347
1987 0 19.5 3.0 3.7 81.1 0.5 28.2 16.2 1.0 153.2 2,500
1988 0 15.0 2.0 4.3 39.1 0.6 30.2 10.8 I. 0 102.8 2,803 ..6

1989 0 10.0 1.3 6.4 35.0 1.3 26.8 5.7 2.3 88.8 2,692
1990 0 8.0 1.8 4.5 9.1 0.3 26.6 4.4 0.0 54.7 2,747
1991 0 5.3 1.3 5.8 11.6 0.2 23.8 0.3 0.0 48.3 2,795
1992 0 3.8 f 2.3 20.1 1.1 13 . 0 0.0 0 . 0 40.3 2,835

Total 343.4 564.58 145.3 218.0 439.7 208.5 849.7 151.3 114.2 2,835

aNo TRU waste included; data from refs. I and 7. Sllsht differences in values shown and those actually reported result
from round-off and truncatlon of numbers.

bUpdated LLW burial infozmation for Hanford was received at press time and is presented in Tables C. 9 and C. 10 of
Appendix C. _'nisdata will be Intesrated into future updates of this report.

CLand disposal of LLW at ¥-12 was terminated as of 3uly 1, 1991.

dIncludes contributions from AF_S, KNL, K-25, LLNL, PAD, PART, PORTS, end SHLA. See Tables 4.5, 4.6, 4.9, and 4.10 for
breakdown of 1992 accumulation.

eValues for 1975 are cumulative volumes to this date (ref. 3).

fIHEL data for 1992 were not available at time of calculations for this table. Hoummr, data were received from IHEL
(includln8 contributions from AEL-W) at press tlme end are included in Table C.12 of Appendix C. The total volume Ir._riedat
IHEL throush 1992 may be obtained by addins the total volume from Table C. 12 to the total reported for IIEL in Table 4.*. This
update results in a total volume chanse for INEL of 0.55Z. Table C. 12 data will be intesrated into future ocLtticms of thisreport.

8Does not Include 24,969 m3 of suhnarine reactor compartments disposed of st Hsnford.



Table 4.5. _ of _ediongclide cherect_ristics for LlJl at DOE sit_s a

Volume, m3 Activity, Ci

Waste Radionuclide 1993 Total Total 1993

type characteristic h 1992 c Cuumlative d (projected) 1992 c undecayad e decayed f (projected)

Generated Uranium/thorium 13,607 g 8,196 308 8 8 273

on-site Fission product 12,867 8 14,893 19,986 8 g 42,191
Induced activity 3,242 8 3,244 832,510 g g 1,134,190

Tritium 1,309 8 1,428 34,609 8 8 148,388

Alpha 4,577 8 7,022 480 8 8 1,492
Other 1,642 8 1,064 222 g 8 317

Total 37,244 g 35,847 888,115 6 8 1,326,851

Stored Uranium/thorium 3,837 55,293 3,141 70 2,156 h 113

Fission product 416 46,399 562 627 545,240 h 218

Induced activity 342 2,302 186 200,246 200,734 h 100,133

Tritium 306 396 433 8,239 55,918 h 11,845

Alpha 2,740 8,643 6,926 14 182 h 62

Other 929 2,007 844 438 1,052 h 519

Total 8,570 115,040 12,092 209,634 805,282 h 112,890

Buried i Uranium/thorium 21,508 1,089,794 21,422 302 38,487 49,760 973

Fission product 12,568 992,140 21,566 19,440 8,713,588 4,002,579 192,098 "_

Induced activity 1,170 222,718 1,138 410,200 6,653,524 701,923 805,011

Tritium 1,282 54,459 1,028 14,010 15,471,643 7,244,527 110,008

Alpha 3,442 325,761 4,714 500 65,360 42,273 1,467
Other 368 150,006 262 4 12,297,173 367,182 19

Total 40,338 2,834,878 50,130 444,456 43,239,775 12,408,244 1,109,576

abased on DOE site information provided by the Waste Management Information System (ref. 1). Totals reported in this table may not

equal the sum of component entries because of round-off and truncation of nu_ers.

bRadionuclide characteristics: (1) uranium/thorium-_hose waste materials in which the principal hazard results from naturally

occurring uranium and thorium isotopes. 1_e hazard from all other radioactive contaminants should be insignificant. Examples of these

wastes include depleted uranium, natural uranium ore, and slightly enriched uranium; (2) fission product-waste materials that are

contaminated with beta-gamna-emitting radionuclides which originate as a result of fission processes. Primary examples are 137Cs and 90Sr;

(3) induced activlty-waste materials that are contaminated with beta-gamma-emitting radioisotopes which are generated through neutron

activation. Of major concern is 60Co; (4) tritium-_aste materials in which the principal hazard results from tritium (3H); (5) alpha-waste

materials contaminated with alpha-emitting radionuclides not listed under U/Th or low levels (<100 nCi/g) of TRU isotopes; and (6)

other-unknown or not defined materials.

CDoes not include buried or Eenerated waste volumes and activity for 1992 for INEL since these data were not available at time of

calculations for this table. However, data were received from INEL (including contributions from ANL-W) at press time and ere included in

Tables C.II and C.12 of Appendix C. The 1992 volume and activity values in Table 4.5 may be adjusted by adding the volume and activities

from Table C.11 and C.12. This update results in total generated volume change of 5.3Z and a total buried volume change of 2.1Z.

Table C.II and C.12 data will be integrated into future editions of this report.

dFrom beginning of operations through 1992.



Table 4.5 (cant_)

eSum of annual additions without decay.
£Decayed £zom time o_ addition ueins an isotope Senezatlon/depletion code.

SNot applicable [i.e., seneratlon is taken to be an intensive quantity (amount/year) and Is not additive; whereas store_ and buried
are extensive quantities (amounts) and are additive].

hlnfozmatlon not available.

iTotal buried decayed activity includes waste projected to be buried at INEL durlns 1992.



Tabl_ 4.6. _s_az7 of idsystcal clutt_t_ris_tcs for 1/44 at DaB sites a

Volume, m 3 Activity, Ci

Physical 1993 Total 1993

Waste type characteristic b 1992 c Cumulative d (projected) 1992 c arose e (projected)

Generated on-site Biolosical 140 f 176 2 f 1

Contaminated equipment 4,227 f 4,142 479,780 f 368,348
Decontamination debris 3,674 f 4,760 1,371 f 1,460

Dry solids 16,333 f 17,323 405,302 f 832,012

Solidified sludse 872 f 1,154 470 f 930

Other 11,998 f 8,292 1,190 f 124,100

Total 37,244 f 35,847 888,115 f 1,326,851

Stored Biolosical 32 200 237 <i 1 1

Contaminated equil_"ent 1,543 39,400 1,709 202,110 209,000 100,980

Decontamination debris 1,780 4,690 2,599 202 374 380

Dry solids 2,204 37,450 6,001 7,276 555,960 11,360

Solidified sludse 785 25,290 896 5 13 6

Other 2,224 8,010 650 40 39,934 162

Total 8,570 115,040 12,092 209,634 805,282 112,890

Buried BioloEical 120 8 42 1 6 1

Contaminated equipment 6,600 8 6,190 250 g 183

Decontamination debris 7,900 g 7,830 501 g 233

Dry solidz 12,630 8 12,200 390,200 8 770,192

Solidified sludse 570 8 3,990 504 8 967
Other 12,718 8 19,880 53,000 8 338,000

Total 40,338 8 50,130 444,456 8 1,109,576

abased on DOE site information provided by the Waste ManaEement Information System (ref. !). Totals reported in this

table may not equal the sum of component entries because of round-off and truncation of numbers.

bphysical characteristics: (a) blolosical (sewase sludse, animal carcasses, excreta, etc.); (b) contaminated equipment

(coe_nents, maintenance wastes, etc.); (c) decontanLinatlon debris (wastes resultin8 from decontamination and decoanissionin8

efforts, construction debris, etc.); (d) dry solids (normal plant wastes, blotting paper, combustible materials, etc.);

(e) solidified sludge (any wastes solidified from a process sludge such as evaporator bottoms solidification, solidification of

precipitated salts, etc.); and (f) other (materials which are outside of the above categories).

CDoes not include buried or generated waste volumes and activity for 1992 for INEL since these data were not available at

time of calculations for this table. However, data were received from INEL (including contributions from ANL-W) at press time

and are included in Tables C.11 and C.12 of Appendix C. The 1992 total volume and total activity values in Table 4.6 may be

adjusted by adding the volumes and activities from Table C.11 and C.12. This update results in a total generated volume chanse

of 5.3Z and a total buried volume chanse of 2.1Z.

dFrombeginnin8 of operations through 1992.

esum of annual additions without decay.

fNot applicable [i.e., generation is taken to be an intensive quantity (am©ont/year) and is not additive; whereas stored

and buried are extensive quantities (amounts) and are additive].

gInformation not available.
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Table 4.7. Breakdown of volumes of LLWsmaerat_ dhr_l_ 1992 at
DO_ mitu by r_dionueltde characteristic a

Volume, m3

Uranium/ Fission Induced
DOE slteb thorium product activity Tritium Alpha Otherc Total

AMES 74 0 0 0 0 0 74

ANL-E 0 0 0 0 0 251 251

ANL-W d d d d d d d

BNL 5 33 118 20 19 0 196

FEMP e • • • • e e

FNAL 9 0 117 4 0 0 130

BANF 1,146 1,491 35 0 0 0 2,672

INEL d d d d d d d

ITRI 6 4 15 9 28 <<1 61

K-25 2,353 0 0 0 0 0 2,353

KCP 0 0 0 0 0 <1 <1

LANL 1,149 64 236 85 762 40 2,336

LBL 0 0 15 3 0 21 39

LLNL 25 0 0 66 96 8 195

HOUND 0 0 0 250 1,800 0 2,050

NR sitesf 145 141 1,773 0 0 27 2,086

NTS c c c c c c c

QRISE <1 <<1 0 2 0 20 22

ORNL 75 1,220 131 9 80 0 1,515

PAD 499 0 0 0 0 462 961

PANT 0 0 0 0 0 627 627

Pinellas 0 0 0 48 0 0 48

PORTS 1,651 0 0 0 0 0 1,651

PPPL d d d d d d d

RFP 75 0 0 0 693 0 768

RMI • • • • • • •

SLAC 0 0 0 0 0 0 0

SNLA 4 14 12 1 <<1 6 36

SNLL I 0 0 12 0 <I 13

SRS 520 9,900 790 800 i,I00 180 13,290

¥-12 5,869 0 0 0 0 0 5,869

Total 13,607 12,867 3,242 1,309 4,577 1,642 37,244

abased on DOE site information provldedby the Waste Management Information System (ref. 1).
Totals reported in this table may not equal the sum of component entries because of round-off and
truncation of numbers.

bRadionuclide characteristics are described in footnote b of Table 4.5.
cUnknown or mixture.

dData for 1992 were not available for this site at time of calculations for this table.

However, data were received from INEL (includln8 contributions from ANL-W) at press time and are
included in Table C.11 of Appendix C. This update results in a total volume change for DOE of
5.3Z. Table C.ll data will be InteKrated into future editions of this report.

ethic site is now included in the DOE Environmental Restoration Program. In future updates
of this report, information on waste 8enerated from environmental restoration activities at this
site will be provided in Chapter 6.

fNaval reactors (NR) sites include KAPL, BAPL, and NRF.
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T_bla 4.8. Bro_kdmm of aotlvity of LLW 8anoratod durinK 1992 at
DGK altos by rediamaGl£de charaatozlstto a

Activity, Ci

Uranium/ Fission Induced
DOE site b thorium product activity Tritium Alpha Other c Tote1

AIDES <<1 0 0 0 0 0 <<1

ANL-E c c c c c c c

ANL-W d d d d d d d

BNL <<I <<1 I I <I 0 2

Fm4P s • • • • • •

FNAL <<1 0 3 <<1 0 0 3

HANF 47 17,989 0 0 0 0 18,038

INEL d d d d d d d

ITRI <<1 <<1 <<1 <<1 <<1 <<1 <1

K-25 c 0 0 0 0 0 c

KCP 0 0 0 0 0 <1 <1

LANL <<1 70 385,900 3 487 0 386,400

LBL 0 0 << 1 <1 0 2 2

LLNL 2 0 0 153 <1 <1 155

MOUND 0 0 0 5,000 3 0 5,003

HR sites f 0 7 422,077 0 0 <1 422,084

NTS c c c c c c c

(_tISE <<1 <<1 0 <<1 <<1 <<1 <<1

CRNL 2 1,680 288 5 <1 0 1,975

PAD <<1 <<1 0 0 <<1 0 <<1

PANT <<1 0 0 64 0 0 84

PineLlae 0 0 0 13,444 0 0 13,444

I:'CRTS <<1 0 0 0 0 0 <<1

PPPL d d d d d d d

RFP <1 0 0 0 3 0 4

• • • • • • •

SLAC 0 0 0 0 0 0 0

SNLA 65 130 240 28 5 220 688

SNLL <<1 0 0 1,910 0 <<1 1,910

SRS 192 110 24,000 14,000 <<1 <<1 38,302

Y-12 c 0 0 0 0 0 c

Total 308 19,986 832,510 34,609 480 222 888,115

abased on DOE site information provided by the Waste Manasement Information System (ref. 1).
Totals reported in this table may not equal the sum of component entries because of round-off and
truncation of numbers.

bRadionuclide characteristics are described in footnote b of Table 4.5.
CUnknown ox mixture.
dData for 1992 were not available for this site at time of calculations for this table.

However, data were received from INEL (includins contributions from ANL-W) at press time and are
included in Table C.11 of Appendix C. Table C. 11 data will be intesrated into future editions of
this report.

°This site is now included in the DOE Environmental Restoration Prosrom. In future updates of
this report, information on waste 8enerated from environmental restoration activities st this site
will be provided In Chapter 6.

fNaval reactors (NR) elias Include KAPL, BAPL, and NRF.
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Table 4.9. Broalkdomtofmam_ttvlvoItmuo£MMlmrtodatlXXsttos
by rs41onuoXtbolmraetm.tstto s

Volume, m3

Uranium/ Fission Induced
DOE 8its b thorium product activity Tritium Alpha Other c Total

APZS 200 0 0 0 0 O 200

ANL-E O 0 0 0 0 0 0

_qL-_,,'d 0 0 0 0 0 0 0

BHL 0 0 5 832 0 3 839

¥]_IP 337,548 o o o 0 5,870 343,218

FNAL 0 0 0 0 0 0 0

HANFe 227,734 211,469 121,546 3,789 O 0 564,537

INZL d 4,136 28,500 374 1 961 114,400 145,371

ITRI 0 O O 0 0 0 0

K-25 81,048 0 0 0 0 0 81,048

l_P 0 0 0 0 0 0 0

1.aJ_ 63,967 11,552 10,262 3,358 128,814 71 218,024

LaL 0 0 0 0 O 0 0

IJJrL £ 9,102 <<1 <<1 0 0 0 9,102

MOUND 0 0 O 0 0 0 0

i Nit sites6 0 0 0 0 0 0 0

NTS 101,731 216,804 12,853 8,404 90,751 9,262 439,825

ORZSE O 0 0 0 0 0 0

. 19,044 123,427 34,067 3,801 13,042 15,078 208,457

PAD 7,613 0 0 0 0 0 7,613

PANT 121 0 0 13 0 0 134

Ptnellas 0 0 0 0 0 0 0

PORTS 12,110 0 0 0 0 0 12,110

PPPL 0 O 0 0 0 0 0

RFP 0 0 0 0 0 0 0

RHI 0 0 0 0 0 0 0

SI_C 0 0 0 0 0 0 0

SNLA 3,178 7 33 <1 <<1 <<1 3,219

SNLL 0 0 0 0 0 0 0

SRS 71,016 403,381 43,579 34,262 92,193 5,504 649,935

Y-12 151,247 0 0 0 0 0 151,247

Total 1,089,794 992,140 222,718 54,459 325,761 150,006 2,834,878

aFrombeginntns of operations throush 1992. Based on DOE site information provided by the
Waste Manasement Information System (re£. 1). Totals reported in this table may not equal the sum
of component entries because of round-off and truncation of numbers.

bRadtonuclids characteristics are described in footnote b of Table 4.5.
cUnknown or mixture.
dData for 1992 were not available for this site at time of calculations for this table.

Cumulative values for this site are as of December 31, 1991. However, data were received from
IHEL (lncludins contributions from ANL-W) at press time and are included in Table C.12 of
Appendix C. This update results in a total volume cheese for INEL of 0.581. Table C.12 data will
be £ntesrated into future editions of this report.

eUpdated LLW burial information for Hanford was received at press time and Is presented In
Tables C.9 and C.10 of Appendix C. Thin data will be intesrated into future updates of this
report.

ins wastes are buried on the LLNL sits. The inventory reported is for wastes buried at the
Site 300 Area, an explosives disposal area located off, but near, LLNL.

gNaval reactors (NR) sites includegAPL, BAPL, and HRF.
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Tmbia 4.19. kotkdouuoftott/lros8 sotlvityofLLilburiodatI_aitaJ
by redianuolAdouh_aoteristio

Total 8ross activity, Ci a

Uranium/ Fission Induced
DOE site b thorium product activity Tritium Alpha Other c Total

AMES <1 0 0 0 0 0 <1

/dfl,-E 0 0 0 0 0 0 0

_L-Wd o o o o o o o

Blfl, 0 0 2 3 0 1 5

F]_P 2,610 0 0 0 0 1,804 4,414

FNAL 0 0 0 0 0 0 0

HANFe 507 7,499,242 486,801 454,121 0 0 8,440,761

ZKELd 45 1,523 38 15 88 11,690,000 11,691,705

ITRI 0 0 0 0 0 0 0

K-25 59 0 0 0 0 0 59

KCP 0 0 0 0 0 0 0

LAHL 264 17,902 418,211 1,053,710 4,527 0 1,404,614

LBL 0 0 0 0 0 0 0

LIJIL £ 13 <<1 <<1 0 0 0 13

HOUND 0 0 0 0 0 0 0

NRsltos8 0 0 0 0 0 0 0

HTS 2,506 00,323 7,005 0,258,999 54,765 381,327 9,775,015

ORISE 0 0 0 0 0 0 0

ORNL 1,340 384,291 853,834 12,239 754 41 1,252,508

PAD 20,396 3 0 0 0 0 20,399

PANT 8 0 <<1 <1 0 <1 8

PtnoLLas 0 0 0 0 0 0 0

PORTS 26 0 0 0 0 0 26

PPPL 0 0 0 0 0 0 0

RFP 0 0 0 0 0 0 0

1_I 0 0 0 0 0 0 0

SLAC 0 0 0 0 0 0 0

SNLA 12 611 5,493 2,984 3 4 9,107

SNLL 0 0 0 0 0 0 0

SRS 293 719,693 4,881,052 4,689,572 5,225 243,996 10,540,731

Y-12 10,400 0 0 0 0 0 10,400

Total 38,487 8,713,588 8,653,524 15,471,643 65,360 12,297,173 43,230,775

asum of annual additions without decay, from beslnnins of operations throush 1992. Based on DOE
site Informatlonprovidedbythe Waste Hanasoment InformatlonSystem (ref. I). Totals reported in this
table may not equal the sum of component entries because of round-off and truncation of numbers.

bRadlonucllde characteristics are described in footnote b of Table 4.5.
CUnknownor mixture.
dDat8 for 1992 were not available for this site at time of calculations for this table. Cumulative

values for this site are as of December 31, 1991. However, data were received from INEL (including
contributions from AHL-W) at press time and are included in Table C.12 of Appendix C. Table C.12 _ata
will be intesrated into future editions of this report.

eUpdated LLWburial information for Hanford was received at press time end is presented in
Tables C.9 and C.IO of Appendix C. This data will be intesrated into future updates of this report.

fro wastes are buried on the LLNL site. The inventory reported is for wastes buried at the Site 300
Area, an exploslves disposal area located off, but near, LLNL.

SNaval reactors (fiR) sites Incl,ldeKAPL, BAPL, and_RF.
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Table 4.11. i)OIM, IWdLtspmsd_msU_dbs oth_thsm shallow-l_b_rlal a

Undeeeyed
Waste radioactive

Site use containers content
Sits Location (year) buried b (el)

Atlantic Ocean

Atlantic 38"30"N 1951-1958; 14,300 74,4000
72"06"H 1959-1982

Atlantic 37"50"H 1957-1959 14,500 2,100
70"35"H

Hassachusetts Say 42"25"H 1952-1959 4,008 2,440
70"3$'H

Cape Henry 36"$8"N 1949-1987 843 87
74"23"H

Central Atlantic 36"20"N/ 1959-1980 432 480
43"49"H
45"00"H

Subtotal 34,083 79,S07

Pacific Ocean

FaraLlon Islands 37"38"H 1951-1953 _,SO0 1,100
(Subsite A) 123"08"H

FsraLLon ZsLands 37037°N 1946.-1950; 44,000 13,400
(Subs/re B) 123017"H 1954-1956

Santa Crus Basin 33"40"N 1948-1962 3,114 108
119"40"H

Cape 8cot S0"S6"H 1956-1969 380 124
138"03°H

53"25°N
140"12"H

San Die8o 32"00"N 1959-1962 4,415 34
121"30"W

Subtotal (oceans) 55,389 14,766

Total 89,472 94,273

_y,,dro_acture facility

CRHL Bedded Conasausa 1959-1985 Small experimental
shale underlyin8 amounts
the _ site 1988-1980 d 8.0 x 103 m3 of 8rout 600,000

1982 e 3.8 X 103 m3 of |rout 200,000
1983 ° 5.$ X 10 3 m3 o£ Stout SO0,O00

,,,, , ,

Total 17.3 x 103 m3 1,300,000

aRedioactivtty is 8iven at time of burial. Data taken from Table 4.5 of ref. 3.
bEstimeted number of containers.

Cincludes approximately 33,000 Ci of induced activity associated with the U.S.S. Seewolf
reactor vessel,

dRetlred after 18 injections.
anew facility started up with four injections in 1982 and coa_Leted campaisn with seven

injections in 1983.
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|lb|! A.U. It4(MU O! lJndqJq! It LLN_iLL IlddlnpolLL litll !

Estimated
|stLeusted tota_ area utL_ised

81to etse usable area b Lhroujh 1992
alto (ha) (he) (he) b

;i , i L , i

XXI (burLal mites)
HANF° 145,040 385 153
XKEL 230,510 33.6 21.2
g'35 007 d d
LANL 11,137 37.1 17.2
_o 349,661 820 55

1,174 20 7
8NLA 1,141 0.27 0.08
8NLL 107 0.013 d
RRS 84,175 7O.O 78.2

Total 023,012 >1,303 >332

Connmrola% (disposal altos)
West Valley, NY 8.9 7.2 3.8

(Closed Haw. 11, 1975) f
14ueff Flats, gY 102 <51 10.4

(C_osod Dee. 27, 1977)
8heff$eld, XL 8.9 8.1 8.1

(Closed&pr. 6, 1076)
BL_Well, 8(:8 121 44.5 34.7
|eatty, IWh 32 18.6 15.7
Riohland, HA 40 29.5 11.9

.,.m.m..

Total 313 159 84.6

Grand total 823,925 -1,542 >417

SNobs: 1 sore - 0.4047 he, and 1 ha - 10,000 m2.
usable ares and area utilLsed (except where noted) ere 8enerally t_kon from

:ef. 1. Comparable oomnor©Lel values (exoeptwhere noted) are taban from ref. 7.
cUtlllsed lend value is for the 300-Area only; In addition, the ©1seed 100- and

300-Area buziel 8rounds inolude a total of 16.8 ha.
dXnformation not available° or unknown.
ethic pertains to the radioa©tive waste nanasemont sate In Area 5 end Area 3 of

the NTS. The availabillty of lend that oould be used for shaLlow-land burial Is not
o_eerly defined beoause of the classified nature of the sits and the eb_d_oe of
land.

fHVI)P LLWwas buried on-site An the noncomnercial _ dispose1 area from 1082
until late 1986. He waste was buried st Host Valley from 1987-1902 (see Table 4.16).

8Based on information provided in :of. 6. Anticipated oloeure date for this site
As December 31, 1995.

hauod on :of. e.
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Table 4.14. IUskorloaLl and INra_oet, ed _m[_, raaLto4wLlvtty, and t_onsa[ power
al_mt_imtig| of I_iad I_ LUt, aoq_ Ill oiltantano

Votmoo, b Rsdioactivitya, b Thermal power
End of (103 m3) (103 Ci) (W)

year Annuo[ Cumu[aLivo Annua[ Cunu[itivo c Annua[ Cum_lativo c

1900 54.6 2,746 330 13,087 1,288 18,443
1991 48.3 2,794 360 12,586 1,355 15,058
1992 ........ 41.6 ............ 2.936 .......... 631 12,406 ..... 3.203 17._119

1003 51.3 2,887 1,206 lZ,642 6,031 20,114
1004 51.3 2,936 1,298 12,409 6,031 20,745
1905 51.3 2,990 1,298 12,299 6,031 21,026
1090 31.3 3,041 1,206 12,083 6,031 21,165
1007 51.3 3,092 1,208 11,808 6,031 21,240
1008 51.3 3,144 1,298 11,660 6,031 21,286
1999 51.3 3,195 1,298 11,460 8,031 21,317
2000 51.3 3,|46 1,298 11,270 6,031 21,342
2001 51.3 3,298 1,296 11,091 6,031 21,363
2002 51.3 3,349 1,296 10,920 6,031 21,382
2003 31,3 3,400 1,296 10,759 6,031 21,400
2004 51,3 3,451 1,298 10,607 6,031 21,416
2005 31.3 3,303 I 298 10,463 8,031 21,431
2006 51.3 3,554 1296 10,327 6,031 21,446
2007 51.3 3,605 1296 10,198 6,031 21,461
2000 51.3 3,857 1298 10,077 6,031 21,475
2000 51.3 3,708 1208 9,962 6,031 21,468
2010 51.3 3,759 1298 0,853 6,031 21,501
2011 31.3 3,811 1298 0,750 6,031 21,514
2012 51.3 3,862 1 290 0,853 6,031 21,527
2013 51.3 3,913 1 298 0,582 6,031 21,540
2014 51.3 3,964 1 298 0,475 6,031 21,532
2015 51,3 4,016 1 298 9,394 6,031 21,365
2016 51.3 4,067 1_298 9,316 8,031 21,577
2017 31.3 4,118 1,298 9,243 6,031 21,589
2018 31.3 4,170 1,206 9,174 6,031 21,601
2019 51.3 4,221 1,298 9,109 6,031 21,814
2020 51.3 4,272 1,296 9,048 8,031 21,626
2021 51.3 4,324 1,296 8,990 6,031 21,638
2022 $1.3 4,373 1,298 8,033 6 031 21,630
2023 51.3 4,426 1,296 8,883 6 031 21,662
2024 51.3 4,477 1,208 8,834 6 031 21,874
2025 51.3 4,529 1,296 8,788 6 031 21,886
2026 51.3 4,580 1,206 8,743 6 031 21,698
2027 51.3 4,831 1,298 8.704 6 031 21,711
2028 51.3 4,883 1,296 8.665 6 031 21,723
2029 31.3 4,734 1,296 8,028 6 031 21,733
2030 51.3 4,785 1,296 8,594 6 031 21,747

SHinier/ca1 (beainnin8 of operations Lhroush 1991) annual values of volume and radLoectiviLy (by
waste type) for each silo ire frees ref. 7. Similar values for 1992 are from ref. 1, 8go Tables 4.4, 4.5,
4.9, and 4.10 for more detail. Radioactivity (by waste type) 18 decayed from the year of addition uain8
the ropromentat/ve compositions liven in Table C.3 of Appendix C.

bSoainnLns Ln 1992, the volume and radLosctLvity added each year ore assumed to remain constant

Lhroush 2030 at the 1992 values projected (ref. 1) by each silo. An exception Lo this schema is INEL.
Since no 1992 dale wore available for IlqEL, the 1992-2030 values for volume and radioactivity were
projected based on 1991 date. The radioactivity (by waste type) is decayed from the year of addition
us/as the representative compositions 8ivan in Table C.3 of Appendix C. OiLs were received from IKI[L
(includin8 contributions from AHL-H) eL press Lime and are included in Table C.12 of Appendix C. The
volume chanao and activity chanao values reported in Table C.12 may be used Lo update the 1992 values
reported in Table 4.14. This update results in an annual volume ©han|e of -0.96Z. Table C.12 data wili
be inLesraLed into future edit/one of this report.

CHoto that the projected cumulative radioactivity decreases while the projected cumulative thermal
power increases. This is caused by the decay of relatively short-lived low-onersy radtonuclide8 whoso
dauahLor (or disablers) have much h/shot thermal power per curie. ThLa may be shown by compirLns the
source to_ns in Table C.3 of Appendix C with the H/CL values for parents end dsushtors |ivan in Table 6.1
of Appendix 6.
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hbZo 4.15. l_roJeet4d vol_, r1_Lto_tivt_y, _ _ _ a_MLr_t,_tSUu
of 908 LIJt 8_tUt4m, at Nil e

.................. I I - I IlieOH! it I I I It " Ililil illlN i _ _ IIIII I

Voluno Radioactivity b Thozuml power
bet of (10s ns) (10 '_ Ci) (W)

oel_dau: .................. ....... ..... .........
you Annual CuJmlstive Annual Cumulat,lvo Annual Cumulative

_- _ nJ _ _ : : ::_ --- ill .. i . ___" ...... ] i ,m,[,l ii i i i,i, [ .

1005 0.0 0.0 0.0 0,0 0.0 0.0
1004 0.0 0.0 0.0 0.0 0,0 0.0
1005 107.0 107.0 8.1 8.1 39.5 33.5
lOOe 43.6 151.0 00,1 74.3 75.4 08.0
1007 73, $ _3.0 18.3 03.4 70.1 100.0
1008 88.8 313.0 8.0 03.4 30.1 305.0
1000 133.0 444.0 0.0 07.6 10. $ 335.0
3000 73.0 517,0 0,0 00.3 0.0 330.0
3001 30.3 546.0 O.0 03, O O,0 314.0
3003 30.0 375.0 0.0 78.8 O.0 300,0
3003 37.0 013.0 0.0 74.4 0.0 305.0
3004 30.0 041.0 0,0 70.3 0.0 108.0
3005 58.0 000.0 0.0 07.0 O.0 103.0
3000 30.0 738,0 0.0 03.8 0.0 188.0
3007 40.7 778.0 1.0 05.4 7.3 194.0
3000 30.0 007.0 0.0 05.4 1.3 105.0
3000 49.4 857.0 0.0 05.3 1.0 100.0
3010 30.0 886.0 0.0 03.3 0.0 103.0
3011 53.3 039.0 0.0 01.9 O.0 189.0
3013 34.0 083.0 0.4 03. $ 1.5 191.0
3013 58.0 1,030.0 4,3 66. S 13.9 304.0
3014 30.6 1,050.0 0.0 05.3 0.0 300.0
3015 50.8 1,100.0 0.0 84.8 O.0 300.0
3010 39.0 1,150.0 0.0 03.4 0.0 105.0
3017 39.0 1,100.0 0.0 61,8 0.0 100.0
3010 O.0 1,100.0 0.0 60.3 0.0 105.0
3010 O,0 1,160.0 0.0 58,7 0.0 180.0
3030 0.0 1,100.0 0.0 57.3 0.0 170.0
3031 0.0 1,160.0 0.0 $6.0 0.0 173.0
30_ 0.0 1,160.0 0.0 34.0 0.0 168.0
3033 0,0 1,160.0 0.0 53.3 0.0 164,0
3034 0.0 1,100.0 0.0 53.1 0.0 100.0
3035 O.0 i, 160.0 0,0 50.9 0.0 130.0
3030 0.0 i, 160.0 O.0 40,7 0,0 133.0
3037 O.0 1,160,0 0.0 40. $ O.0 148.0
3030 0.0 1,160.0 0.0 47.4 0.0 14.5.0
3030 0.0 1,180.0 0.0 46.3 0.0 141.0
3030 0.0 1,160,0 0.0 45.3 0.0 138.0

sTekon tram rot, 1 of Cheptor 2.
bRedionuoLide Gompoeit/an ss • rumor,ion of t,ine i8 0iven in Table C.5 of Appendix C.
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Table 4,16. ILtst,orioLILammaX dd/ttons and t,ot,t_LvolmmofMMat oemlroialdJLs]poaal mites a

Volume, m3

West Haxey Annual Cumulative
Year Bsstty Valley b Flats ° Riohllmd Sheffield d Barnwell total total
-- _'-- i t i to

1002 1,001 1,881 1,881
1963 3,512 127 2,208 5,845 7,706
1004 2,838 5,940 3.872 12,648 20,354
1985 1,988 5,192 $,753 668 13.601 33,935
1000 3.533 3,951 5,557 2.402 15,443 49,398
1087 3,206 7,475 7,820 773 2,527 21.801 71.199
1068 3,$78 3.490 8,178 1,350 2,713 19.316 90.515
1969 4.$H 4.099 10.354 438 2.012 21,429 111,944
1970 5,152 4,906 12,321 423 2,825 25,827 137,771
1971 4 916 7.002 13,173 384 4,430 1,171 31,278 189,047
1972 4301 9,045 15,$78 854 5,956 3,757 39,201 208,338
1973 4076 7,535 10,074 1,033 8,$24 15,839 47.081 255.419
1974 4_103 8.866 8.098 1.411 12,373 18,244 53.895 309,314
1075 4943 2,243 17,098 1,500 14.116 18.072 57,972 387.286
1976 3 884 427 13,775 2.867 13,480 40.227 74,640 441,926
1977 4742 331 423 2,718 17,643 43,663 71,540 513,466
1078 8 874 144 7,422 1,735 61.554 79.720 593.195
1979 6,491 138 12,185 63.861 82,675 673.870
1960 12.717 141 24,819 34,723 ° 92,400 768.270
1081 3.351 216 40,732 30,427 ° 83,728 851.996
1982 1,303 832 39,606 34,779 78,322 928,518
1983 1111 1.284 40.458 35.132 77.985 1.006.503
1984 2067 988 38,481 34,879 76,393 1,082,896
1085 1.388 809 40,135 34,389 76.721 1.159.617
1986 2688 2.005 18,833 20,812 53.208 1,212,825
1987 9.414 15,765 27,060 52,239 1,263.064
1988 2 845 11,430 28,391 40,466 1,303,330
1989 3291 11,562 31,242 46,095 1,351.625
1990 1.884 8,362 22.315 32.361 1.383.986
1991 4339 11,872 22,368 38,779 1.422,765
1992 14 575 11,271 23,518 49.364 1.472.129

Total 137,453 77,074 135.280 349.783 68,334 684,223 1,472,129

aFor • summary of historical additions (1962-1984), ass Table 4.6 in ref. 3. For oporatln6 sites
(Betray, Itlehland, and BernwelL), the additions for 1085-1991 are from Tsbls 4.16 in ref. 7.

Infon_stion for 1992 Is taken from ref. 9.
"West Valley includes • ocmnerciel state-licensed facility which opened Nov. 18, 1963, and closed

Hsr. 11, 1975, end an NRC-licensed facility (for on-site fuel repzocessin8 wastes) which opened in 1966
and continued to receive only on-stts-8onsrated LLW associated with water treatment end site cleanup
until late 1986. This License is in abeyance. Disposal operations at the West Valley Demonstration
Project (WVDP) have been suspended pendin8 the preparation of an EIS report for the West Valley site
closure. The WVDp bssan in 1982. The LLWvolumes reported for 1982 throush 1966 are for the WVDPonly
and are taken from rsf. 7. Sines the bssinnin8 of 1987, LLW8enereted at the WVDP Is stored on-sits in
snsineorsd facilities pendin8 final disposal (rsf. 7).

CCLosed Dec. 27, 1977. ball perturbations in waste volumes have occurred durin8 site cleanup
operations (rat. 11) but ere not included here since they ere inconsequential.

dCLosed Apr. 8, 1078. No additional operations have taken place at the sits.
°Those values exclude almost 19,000 m3 (approxta_tely 14,506 in 1980 end approximately 4.279 in

1981) of very Iow-level-actlvlty ssttlln8 pond 8Ludss that was not counted asalnst the annual quote.



140

Table 4.17. Eastorioalammual add/alamo and total undeosyodradioutivity
o£1JMat oosmRtoi_Ldiaposalsttos °

Radioactivity, Ci

West Haxoy Annual Cumulative
Year Beatty Valley b Fists c Rlchland Sheffield d Barnwell total total

1962 • • •
1963 5,890 100 22,556 28,346 28,346
1964 6,477 10,400 147,218 164,095 192,441
1065 6,377 22,600 83,828 144 92,049 285,390
1966 11,074 35.400 52,737 1,806 101,717 367,107
1967 10,894 123,100 23,273 5,378 3,850 166,495 553.602
1968 8,808 10,600 45,577 64,432 2,361 129,798 683.400
1969 9,761 36,000 31,028 55,964 2,192 134,945 818,345
1970 12,304 91,900 46,969 52,820 5,427 209,420 1,027,785
1971 4,316 436,700 720.146 23,916 7.895 4,151 1.197.124 2,224,889
1972 3.228 131,300 217,351 31,809 4,857 13,$75 404.120 2.629.009
1973 5,704 346,000 118,359 57.037 2,834 48.212 578,148 3.207,155
1974 23.904 6,600 143,856 12,773 3,229 13,$$7 203,719 3.410.874
1975 18,388 11.800 289,570 113,341 8.103 17.428 458,430 3,867,304
1976 4.493 1,20C 211,359 104.306 7,744 90,205 419,307 4.286.811
1977 23.811 900 267.063 7,465 11,147 390.121 700,507 4,987,118
1976 5.685 700 235,548 2.547 652,061 896,541 5,883._9
1979 8.897 400 164,787 314.938 489,022 6.372.681
1980 148,312 300 41,031 143,502 333.16_ 6.705,826
1981 52,214 229 43,905 183,744 280,092 6,985,918
1982 80,929 293 59,007 273,962 414,191 7,400,109
1983 1,356 255 120,534 383,450 505,595 7,905,704
1984 544 25 215,286 385.079 600.934 8.506.638
1983 453 39 287,849 460,571 746,912 9,255,550
1986 872 13 115,591 116,108 232,384 9,487,934
1987 3,353 0 42,734 211,026 257,113 9,745,047
1988 8,690 0 32,067 218,901 259,658 10,004,705
1989 42,678 0 99,056 725,164 888,898 10,871,603
1990 11.323 0 92.985 444.277 548.585 11,420,188
1991 29,679 0 158,784 611,348 799,811 12,219,999
1992 90,2_6 0 93,923 815,974 1,000,103 13,220,102

Total 641,120 1,266,654 2,400,690 2,334,078 60,206 6,517,354 13,220,102

aFor 8 sumnar/ o£ historical additions (1962-1984), see Table 4.8 in rot. 3. For operatin8 sites
(Beatty, R£chlamd, and Bamwell), the additions for 1985-1991 ore from Table 4.18 in ref. 7.
Information for 1992 is taken from re£. 9.

bWest Valley includes • commercial state-licensed facility which opened Nov. 18, 1963. and closed
Mar. 11, 1975, and an ITRC-licensed facility (for on-site fuel reprocessin6 wastes) which opened in 1966
and continued to receive only on-slte-senerated LLW associated wlthwater treatment and site cleanup
until late 1986. This license is in abeyance. Disposal operations at the West Valley Demonstration
Project (WVDP) have boon suspended pendin8 the preparation of an EIS report for the West Valley site
closure. Tho WVDPbesan in 1982. The LLW radioactivity values reported for 1982 throush 1986 are for
the WVDP only and are taken from rof. 7. Since the besinnin8 of 1987, LLW 8enerated at the HVDP is
stored on-site in enslneored facilities pendln8 final disposal (ref. 7).

CClosed Dec. 27, 1977.
dClosed Apt. 8, 1978.
eReported as 296 ks of source material (as de_Ined in Title I0, Code of Federal Resulatlons,

Part 40).
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Table 4.18. Dlatrlimtt_o£totalvol_ m_ir_LtoacttvLty, by state, of LLH
s_Lppedto co_erctsldtapoaal sites in 1992 a

Volume Radioactivity Volume Radioactivity
State (m3) (Ci) State (m3) (Ci)

Alabsma 576 53,669 Nebraska 357 I01,285
Alaska 4 669 Nevada 4 18

Arizona 539 997 New Hampshire i I
Arkansas 184 32,562 New Jersey 1,077 47,959
California 3,199 15,730 New Mexico 99 56
Colorado 959 32,978 New York 1,991 90,377

Connecticut 1,503 29,392 North Carolina 1,750 57,505
Delaware 28 1 North Dakota 3 67

District of Columbia 45 31 Ohlo 629 3,440
Florida 666 996 Oklahoma 795 60

Georgia 831 40,312 Oregon 4,183 742
Hawaii 83 3 Pennsylvania 2,636 141,249
Idaho 1 2 Puerto Rico 0 0

Illinois 8,072 103,273 Rhode Island ii <1
Indiana 77 27 South Carolina 1,297 3,088
Iowa 154 42,085 South Dakota 48 <i
Kansas 232 1,319 Tennessee 2,374 1,595
Kentucky 62 26 Texas 4,612 4,057
Louisiana 701 4,683 Utah 152 108
Maine 249 8,110 Vermont 172 20,513
Maryland 506 8,421 Virgin Islands 0 0

Massachusetts 1,608 76,588 Virginia 2,627 1,154
Michigan 0 0 Washington 2,246 10,663
Minnesota 1,139 59,979 West Virginia 5 31
Mississippi 357 2,669 Wisconsin 195 571

Missouri 320 1,128 Wyomlng <1 5
Montana 4 7 Otherb 13 5

Total 49,364 c 1,000,i02 c

aData provided by EG&G, Idaho (ref. 9), to be published by the Low-Level Waste Management Program.
bWastes generated by U.S. Army bases located inside and outside the United States.
CDifferences in the 1992 annual totals (i.e., the volume in Table 4.16 and the radioactivity In

Table 4.17 and the summations of shipments by state, as shown above) result from round-off and
truncation of numbers.
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Table 4.16. Blstorical s_lp_Ject_lvol_m _ activity
aumaryo_ ©_zcta16M_LL_

Volume Activity
Catesory (m3) (Ci)

Nuclear utility wastes
s Operations 1,330 23,300,000
• Decommissionins 523 41,700,000

Subtotal 1,853 65,000,000

Sealed sources 6 302,890

DOE-held potential GTCC waste 1,076 538,275

Other 8enerator waste 307 2,924

Total 3,242 65,844,089

abased on the EGRG Idaho, Inc., study of ref. 19. Data reported
represent packaaed base-case scenario inventories and projections of wastes
8enerated durln8 the period 1985-2035.
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Table 4.20. S_axTof proJoctod b-'rC_wutee £orLMRJbaaod oupack88edwutevo2ume a

Estimated packaged waste volume
(m3) by expected cases c

Activity d
Vendorb/LWR Reactor component Low Base HiKh (Ci)

GEIBWR Cartridge filters 5.80E-02 1.16E+00 2.32E+00 6.62E+00
Control rod components

Bearings 1.42E-04 1.42E-04 1.42E-04 8.93E+00
Blade 3.53E+02 4_41E+02 8.83E+02 1.62E+05
Inner drive strainers 2.55E-02 5.09E-01 1.02E+00 6.85E+01
Outer drive strainers 1.12E+00 2.22E+01 4.55E+01 6.76E+01

Core shroud 1.80E+02 2.57E+02 3.86E+02 4.93E+06
Dry tubes 1.31E+01 2.13E+01 4.36E+01 1.08E+05
Fuel in decontamination resins 1.13E+01 5.66E+01 1.13E+02 2.02E+03
Local power range monitor 5.80E+01 9.67E+01 1.93E+02 6.65E+04
Poison curtains 6.78E-03 6.78E-03 6.78E-03 1.55E+02
Pool filters 1.68E+00 3.36E+01 6.72E+01 2.00E+02

BWR total 6.18E+02 9.30E+02 1.73E+03 5.27E+06

B&W/PWR Cartridge filters 1.32E+00 2.64E+01 5.29E+01 3.28E+02
Control rod drive 3.20E-02 3.20E-02 3.20E-02 6.14E+02
Core barrel • e 4.59E+01 3 64E+05
Core shroud 1.44E+01 2.06E+01 3.09E+01 1 78E+06
Crud tank filters 2.32E-01 4.64E+00 9.28E+00 3 47E+01
Flux wire 4.00E-01 4.00E-01 4.00E-01 1 55E+04
Fuel in decontamination resins 1.70E.00 8.48E+00 1.70E+01 i 18E+03
In-core detectors 1.17E+01 1.95E+01 3.90E+01 1 75E+04
Miscellaneous metals 3.80E-02 3.80E-02 3.80E-02 f

Primary sources 1.13E-02 1.13E-02 1.13E-02 1.21E+04

B&W total 2.98E+01 8.01E+01 1.95E+02 2.19E+06

CE/PWR Cartridge filters 2.30E+00 4.59E+01 9.19E+01 8.33E+01
Control rod drive 7.40E-01 7.40E-01 7.40E-01 1.45E+03

Core barrel • e 3.69E+02 7.06E+05
Core shroud 4.63E+01 6.62E+01 9,93E+01 5.54E+06
Flux wire fi00E-02 6.00E-02 6.00E-02 f
Fuel in decontamination resins 9 34E+00 4.66E+01 9.33E+01 4.54E+03
In-core detectors 2 75E+01 4.59E+01 9.17E+01 2,39E+04

Primary sources 7 47E-02 7.47E-02 7.47E-02 9.26E+06
Miscellaneous metals 3 00E-01 3.00E-01 3.00E-01 f

Thimble plug assemblies 4 00E-01 8.00E-01 1.20E+00 f

CE total 8.70E+01 2.07E+02 7.48E+02 1.55E+07

WH/PWR Cartridge filters 8.50E+00 1.70E+02 3.34E+02 3.12E+02
Control rod drive 1.72E+01 1.72E+01 1.72E+01 6.76E+06
Core barrel e • 5.95E+02 3.94E+06

Core shroud 1.25E+02 1.79E+02 2.68E+02 2.44E+07
Fuel in decontamination resins 3.24E+01 1.61E+02 3.22E+02 1.78E+04
In-core instruments 1.34E+01 2.15E+01 4.47Z+01 1.22E+05
Miscellaneous metals 1.25E+00 1.25E+00 1.25E+00 f
Source rods 1.15E+00 1.15E+00 1.15E+00 6.73E+06

Thimble plug assemblies 3.89E+01 7.78E+01 1.17E+02 1.66E+04

WH total 2.BgE+02 6.29E+02 1.70E+03 4.20E+07

PWR total 3.55E+02 9.16E+02 2.64E+03 5.97E+07

LWR total 9.73E+02 1.85E+03 4.37E+03 6.50E+07

abased on ref. 19.

bGE = General Electric, B&W = Babcock & Wilcox, CE - Combustion Engineering, and WH - Westinghouse.
CThese projections cover the time frame 1985-2035. The low case corresponds to the lowest volume

expected, the base case to the most likely volume, and the high case to the largest volume expected.
dThe same amount of activity is associated with each volume projection case.
eNot included in the low and base cases.

fNot reported (information not reported in ref. 19).
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Teblo 4.21. Breakdown of 1992 1_1ml ¢adioeotive wuto

by type, volume, end activity re©etvod
by ©mmezclal disposal sites a

Comme:cial Type of Volumo Radioactivity
site waste (m3 ) (Cl)

Barnwell Academic 479 97
Government 3,283 40,332
Industrial 8,109 31,232
Medical 111 10
Utility 11,536 744,302

23,518 815,974

Beatty Academic 454 1,525
Government 354 381

Industrial 10,493 50,970
i Medical 344 370

Utility 2,930 36,960

14,575 90,206

Richland Academic 322 102
Government 842 67
Industrial 7,123 17,888
Medical 288 18

Utility 2,696 75,848

11,271 93,923

abased on ref. 9.



ORNL PHOTO 6943-93

Quivira Mining Company's uranium mill in Grants, New Mexico, showing uranium ore pile, mulli-slagc thickeners, and mill planL
(Courtesy of the U.S. Department of Energy, Energy Information Administration, Washington, D.C.)



5. URANIUM MILL TAIIJNGS FROM COMMERCIAL OPERATIONS

5.1 IN'I_ODUCTION 630 t less than 1991 production,z Nonconventional
concentrate production in 1992 alto decreased to about

Uranium mill tailingaare the residualwastes of milled 2,000 t U30 a, or 17% below 1991 production,z
ore that remain after the uranium values have tw.en Nonconventional concentrate production includes by-
recovered. Mill tajlingsat licensed sites and those that will product processing from the mining of phosphate ore as
be produced to meet future uranium requirements are well as the processing of in situ leach mining solutions,
"commercial" mill tailings, the subject of this chapter, heap-leach solutions, mine water, and other solutions from
Tailings resulting from uranium milled for defense reclamation activities. In situleaching(ISL)technologyhas
purposes are not included. Existing tailingaat sites that are been increasingly applied in recent years in mining
no longer licensed are classified as "inactive" mill tailings, operations. Of the total $80/kg-U uranium reserves
Inactive tailingsare administered underthe remedial action estimated by the Energy Information Administration
projects discussed in Chapter 6. (EIA), the amount for which ISL is the proposed mining

Mill tailinga are generated during the process of method has increased from 38% in 1991 to 39% in 1992.
extracting uranium from the ore fed to the mill. Uranium Because ISL mining generally is successful at lower costs
mills employ either an acid leach or an alkaline leach compared with conventional mining methods, it could gain
process to recover uranium, depending on the ore's even wider use in the near future. ISL and by-product
chemical characteristics. Currently, 97% of the U.S. production methods do not generate mill tailings. Residual
milling capacity uses the acid leach process. Mill tailings wastes from nonconventional methods are not considered
from both processes consist of slurries of sands and clay- in this chapter.
like particles called slimes; the tailingaslurriesare pumped The volumes of historical and projected cumulative
to railingsimpoundment ponds for disposal, mill tailings through the year 2005 are shown in F'ig.5.2.

U.S. uranium production from conventional milling This graph is based on the data reported in Table 5.1. The
has 0eclined since 1980;,as a consequence, the quantity of estimates of projected domestic tailings are based on U.S.
mill tailings generated each year has declined (see production of uranium found in projections from the
Table 5.1). During 1992, two millsoperated and generated DOE/EIA uranium mining and millingviabilityassessment
tailings. The location of each of these mills is indicated in report (ref. 3), as well as ref. 4.
the map of Fig. 5.1. While no conventional mills remained
operating in the United States_'zat the end of 1992, six
mills with a total rated capacity of 13,300 t/d of ore were 5.2 INVENTORIES
retained on standby status. This small utilization of U.S.
capacity can be attributed in large part to nuclear power The status of the licensed mills, including their
plant cancellations and deferments. Since the late 1970s, estimated commercial and government-related tailings
these have led to lower uranium demand which, in turn, inventories at the end of 1992, is shown in Table 5.2 (data
has contributed to lower uranium prices and a steady based on refs. 1-12). For each mill, the amount of railings
Jecline in domestic uranium mining. In addition, cost generated depends on the amount of ore proce_,sed,the
increases for domestic uraniumminingand millinghave led ore-feed grade (UsOs assay), and the percentage of UsOs
to increased reliance on imports of lower cost uranium, recovered. Table 5.3 I!sts the annual milling rate, ore

In recent years, U.S. uranium concentrate production grade, and UsOs recovery. The associated mill tailings
from conventional milling of ore has declined. The total generated through 1992are 189.6 x 10st (118.6 x 106 mS).
processing of ore at conventional mills in 1992 was 60% The DOE/EIA estimates t that 0.24 x 104t (1.52 x 105ms)
less than in 1991. Concentrate production from of tailingswere added to the tailingspiles at operating mill
conventional mills in 1992 was about 570 t UsOs, about sites during 1992.

147



148

5.3 WA,.CI'BCilARACI'BRIZATION andburialwithnomore than4 ha (10acres)uncoveredat
any one time.

Because the amount of uranium (by weight) extracted
from the ore during milling is relatively small, the dry
weight of the tailings produced is nearly equal to the dry 5.4 PROJECI'IONS
weight of the ore processed. Dry railings typicallyare
composed of 70 to 80 wt % sand-sized panicles and 20 to An average tailin&.tdensity of 1.6 t/m3 was used to
30 wt % finer.sized particles. Acid leaching is preferred calculate mill tailingsvolumes resulting from the milling of
for ores with low lime content (12% or less). Those with uranium ore mined by open-pit and underground
high lime content require excessive quantities of acid for operations. The quantity of material produced is based on
neutralizationand, for economic reasons, are best treated projections of uranium production as reported in the EtA
by alkaline leaching. In either leach process, most of the publication, Domestic Uranium Mining and Milling Industry
uranium is dissolved, together with the other materials 1991--F'mbility Assessment, DOFJEIA-0477(91). These
present in the ore (e.g., iron, aluminum, and other projections were based on uranium requirements
impurities). After the ore is leached, the uranium.laden associated with the DOE/EtA 1991 Lower Reference Case
leach liquor is removed from the tailings solids by nuclear growth scenario and assumed a 2-year lead time
decantation. After thorough washing, the tailings are from the mining/millingof uranium to its use as a reactor
pumped as a slurry to a tailings pond. The waste liquid fuel.
accompanying the tailings solids to the disposal pond is The volumes of tailings generated from 1992 through
approximately 1 to 1.5 times the weight of the processed 2005 are estimated based on revised production schedules
ore. Typical characteristicsof the tailings solids end liquid for one of the two conventional milloperations expected to
are outlined in Table 5.4 (ref. 9). be operational in this period. Most of the U.S. production

In August 1986, the EPA issued its final rules on is projected to come from nonconventional extraction
Z22Rnemissions from tailings piles,s Mill owners have operations (in situ, by-product, etc.). Imports and U.S.
6 years (subject to certainextensions) to phase out the use inventory drawdowns are projected to make up over 80%
of large existing railingspiles. New tailings piles must be of U.S. requirements through 2005 and will not add to
contained in small [i.c., less than 16 ha (40 acres)] U.S. railingsbuildup.
impoundments or disposed of by continuous dewatering
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TabLe 5.1. Rtstorloel end proJemtod _mlmno of
uzenium mill taSllnasao b

Vo2ume
(10 9 m3)

End of
oaLendar year /mnual Cumulative

Prior to 1078 08.0
1978 7.9 75.8
1970 0.1 84.0
1980 9.5 04.4
1081 8.2 102.7
1982 5.0 107.7
1083 3.4 111.1
1984 2.5 113.6
1085 1.0 114.8
1988 0.7 115.4
1987 0.8 118.2
1988 0.7 116.0
1989 0.7 117.6
1990 0.4 118.0
1001 0.4 118.4
1002 0,_ _;0,6
1993 0.0 118.6
1994 0.0 118.6
1995 0.0 118.6
1096 <0.1 118.8
1997 <0.1 118.7
1908 <0.1 118.7
1999 <0.1 118.8
2000 <0.1 118.8
2001 <0.1 118.9
2002 0.1 118.9
2003 0.3 119.2
2004 0.3 110.5
2005 0.5 120.0

aprojections of domestic tailina8 are sonerated
from estimates of U.S. uranium production under
current market conditions described in ref. 3, which
is the Lower Reference Case of ref. 4.

bsourcos: Prior to lg84-U.S.Dopart_nontof
Eneray, Grand Junction Project Office data files.
1984-1992--EnersY Information Administration,
Form EIA-858, "Uranium Industry Annual Survey."



TabAe 5.2. Status of mmwmtJ_mal m_mbm mLLt sAtAm a_ the e_! of

TaA_
Rated St_t_s sto=ase Gommmmnt

¢apac it_ _ Vo_me e Hess p0zl_Aon _
Location Operat_: (t/d o:,) Operations b Tai_ c (ha) d (106 m3) (108 t) (108 t)

Colorado
Canon City Cotter 1,090 Shut down, 1987 Wood chap coverinS 81 1.3 2.1 0.3
Uravan Umetco Hizmzals 1,180S Docommissi_ Paztially st_bilized 44 5.9 9.5 5.2

Subtotal 1,090 125 7.2 11.6 5.5

New Hezico
_-_| _et8 Sohto _tstelll _q 1,4508 Dtcollisltonld, 1986 h 73 1.2 1.9 0
Church Rock _ _ 2, 7208 Decommissioned, 1988 h 83 2.0 3.2 0
Grants /maconda "-_-_ 5,440E Dec©mmissione4, 1987 Partially st_b_IAzed 199 13.6 21.7 8.0
Grants _Ltviza Himb_ _'_q_0 51_ down, 1985 Fenced 142 18.8 30.1 9.1
Grants Eomestake _ 3,080_ Decomd_s£oaJ_8 Uast_blIAzed 105 12.7 20.3 I0.4
Hazq_ez _ Resources 1,8208 Hem (on st_z_D_) Me_e_ opazatMd 0 0 0 0

Subtotal 8,3:50 602 48.3 77.2 27. :5

South Dakota era*

Edsemu_t T_nessee Valle_ 8808 Dec_missto_ed, 1983 Paz_tally stabilized 50 1.2 1.8 1.5

Subtile1 0 50 1.2 1.8 1. $

Ta

FalAs C1_ C0_tJ_mt_l Otll 3,0808 Dec_mAssloned, 1981 h 89 6.5 10.5 b
FAonee: l_cLea:

Eobson Rio Graz_e _Mmmtzces 2,770 Dec_mtss£_8 h 101 3.9 5.9 0
RaY Point Ezzon 1,000S DecomAsstaned, 1973 t StabtlAzed3 18 0.2 0._ M 0
(Feller

Facil/tT)

Subtotal 2,720 208 10.6 18.8 0

Utah
Blandiz_ _.:o/_-et_r FueLs 1,810 Shut dram, 1990 Pa_ta11_ st_btlAzed 135 1.9 3.2 0

_clea:

La Sa_ Rio Alsom 680 Deccmm£ssioned h 14 2.2 3.5 0
Hoab Atlas 1,2708 D--comtss 1o:d_8 U_st_btlAzed >80 8.0 9.8 5.4
EaaMsville Plateau Resom:ces 910 New (on stumpy) Me,v_._ ope_at4d 28 0 0 0

Subtotal 3,400 >257 10.1 18.3 5.4



Yablo 5.2 ((mmUsmed)

Total taS11:_

TLU/np

Rated Status 8tmcaSe Gove_mm_

Locat*on ,Opirsto: (tld ore) Operations b T_L_ c (bs)d (106 03) (106 t) (108 t)

Wesbinstxm
Foz_ 9ram _ 410 Shut diem, 1982 Wood clb£p covez_a8 43 1.8 2.8 1.1
WeLtpJ_Lt West_zn I_c lear 1,8108 Decommtssicm_d h 17 1.6 2.6 0

S_l:)t_t_L 410 60 3.4 5.4 1.1

Weans
Gas Etlls _tca= Nuclear 8808 _ssiom_, 1988 Dastabil_zmd 52 3.3 5.3 1.9
Gas Hills __e: 2,5408 Dec_m£ssicmed Dnstabil_ze4 55 6.6 10.6 2.4

Jeffrey City West_z_ l_clea: 1,5408 Dec0m*ssioned, 1968 Interim stAbi_l/zation 34 4.4 7.0 3.0
Narrows Ometco 1,2708 Deccm*ssioned, 1987 Unst_billzed 70 4.6 7.3 1.9
Powder £tver Exxon 2,9008 _:om_ssiom_. 1984 Pmct_al/_ stabt_ 81 6.4 10.3 0
l_de: _ve: Rocky He, retain RnotL7 1,8108 DecamissioDed, 1987 U_stabilize4 61 2.7 4.3 0
Shirley Basin Pat_Ti_ler 1,630 Decom*ssionmd h 94 4,7 7.4 0
Shirley Basin Pet_ot_mics 1,3608 Deccm*ssicmed, 1985 Unstabil/zad 65 3.9 6.3 0.7
Red Desert FL_e:LLS Ezplotatioul 2,720 Shut douu, May 1983 Pattts11_ s_ 121 1.3 2.1 0

Subt_I_LL 4,350 633 37 . 9 60.6 9.9
mmm mmmm mmmmmmm _mme

1990 t_al fcr =11 sitesb, 1,m 18,320 n h 118.6 189.6 50.9 °

agate based on rsfs. 1-12. Note: subtote_s and totals may not equal sum of coqpommts because of in_peadm_t z_dt_S. _r_ Point, Texas
(Folder FaciLity), site was stabiLized durin8 1987 by Exxon Corporation. Etst_ricLL data aze revised based on detailed study of mSXIXn8 data
from t_e Grand 3unctic_ Project Office and EIA files. The values shom_ include all ta/_.

bFrcm refs. 1, 6, end 10. Values rounded to neazast 10 t.
COn Aue. 15, 1986, EPA issued its f£nal rules on 222Rn am£ssic_s from t_Lltnes piles. HiLL owners have 6 years (subject to certain

ex_ensic_s) to phase out the use of lazee exist_ ratlines piles. New t_Lltnes piles may be contained in small tmpoundmmt_s (less than 18 ha)

or disposed of cont im_usly by dmm te:En8 and burial (i.e., no more than 4 ha aze uncovered at s=y one t,me). See ref. 8.dFrom :sf. 7; 1 ha 10,000 mz o: app_tely 2.5 ac=es.
eCalculated fro= reported =ass uslns da_slty = 1.8 tlm 3.
fFrom rsf. 6, Table 8.0. These t_iLtnss are from Sove_ment contracts c_ly and are incleded in the "Total t_L1/n&s" colmm.
8Estimates provided are not included in the total. See column labeled "Operations" under "Status" for teases.
]_ot _lable.
iFrom tel. 10.
,JF_m ref. 12.
kFrom ref. 11.
1These values are cumulative totals that may not equal sum of components due to indepesndent r_. For smnual totals see Table 5.3.
mFrom ref. 1.
Z_L%LIj reported as permanently closed cm Foz_ EIA-858 for 1992. This is not the same as decc_Lss_cmed, accordin8 to industry cant_cte.
°Total st the end of Sovernment-cent_act_d deliveries in 1970 (:el. 6).
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Table 5.3. Urea/us ore proeused, UaOs reoovp, ry rate, and
taliAnp senerstmd throqh lepta, n

U308
Ore processed Tailinss 8anerated

Receve_
Knd of Hess ° Orade tr_n ore Product d Hess e Volume f

calendar year (108 t) (Z U308) (Z) (103 t) (106 t) (108 m3)

Prior to 1078 8 8 S S 108,8 88,0
1078 12,5 O, 134 01 15.6 12.8 7. g
1979 14,8 O. 113 91 15.3 14.5 0.1
1080 15.3 O. 118 03 17.2 15.2 0.5

1981 13,2 O. 115 04 14.5 13,2 8. ;1
1982 7.9 0.119 go g. 9 8.1 5.0
1003 5.4 O. 128 97 7.0 5.4 3.4
1984 3.9 O. 112 95 4,4 4.0 2.5
1985 1,8 O. 181 98 2,8 1.8 1.0
1986 1,2 O.338 97 4.0 1.2 O. 7
1987 1.3 O. 284 06 3.6 1.3 O. 8
1988 1,1 0.288 95 3.2 1.1 O, 7
1989 1,1 O.323 05 3.7 1.0 O. 7

i 1900 O. 7 O.203 94 2.1 O. 7 O. 4
1901 O. 8 O. 188 92 1.2 O. 6 0.4
1992 O.2 O.229 98 O. 6 O. 2 O. 2

Total h 189.6 118.6

aSourcee: Prior to 1984-U.8. Department of Enersy, Grand Junction Area Office data
files, lgO4-1092-Enersy Information Adminiatration, Form EIA-8$8, "Uranium Industry
Annual Survey."

bThis table has been revised based on a detailed study of millins data from the
Grand Junction Project Office and EIA files. The values shown Include 811 tailins8.

°Before In-process inventory adjustments.
dConventional US08 concentrate production.
eZncLudea adjustments to ore-fed mounts for annual mill circuit inventory chansea

and uranium concentrate production.
fCalculated aeeumins that the averase density of tetlins8 is 1.6 t/m 3 (metric tone

per c_bic meter).
SHot available.

hTotale may not equal sum of components due to independent roundtns.
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Table 5.4. l_piosL oharaot, uistiu of uza-4um -411 tallinss s

TaiLin4s ParticLe size Chemical RadioactiviLy
©omponm_t (/m) composition characteristics

8ends 75 to 500 8102 with <11 complex silicates 0.004 to 0.011 U308 b
Of AL, Fe, /48, Ca, Ha, K0 8e0
Pin, Hi, Ho, Zn, U. end V; also Acid Leachins: °
metaLLic oxides 20 to 100 pCl 220Re/s;

70 to 600 pCl 230Th/8

8limes 45 Lo 75 8maLL amounts st 8i02 but mostly U308 and 226Ra are ahnost
very complex cLay-Like silicates twice the concentration
o£ Na, Ca, Hn, !_, AL, and Fo; present in the sands
818o metallic oxides

Acid Leaohins: c
150 to 400 pCi 22(_ta/8;

70 to 600 pCi 230Th/8

Liquids d Acid Leachln8: Acld Leachlns:
pit 1.2 to 2.0;, Na+, HE4+, 804"2, 0.001 to 0.01Z U
CL', and P04"_'; dissolved solids 20 to 7,500 pCi 22eRa/L;
up to 1= 2,000 to 22,000 pCl 230Th/L

AlkaLine Leach/he: AlkaLine Leach/he:

pH 10 to 10.5; CO3"2 end HCO3"; 200 ]?Ci 22ERa/L;
dissolved solids -10Z essentiaLLy no 230Th

(insoLubLe)

dapted tree in£ormation An ret. 0.
308 content Is hlsher £or acid Leachln8 than for alkaline Leachin8.

CSeparete analyses o£ sands and slimes from the alkaline Lsachin8 process are not avaiLabLe.
However, total 22eRa and 230Th contents of up to 600 pCi/8 (of each) have been reported for the
combined sands and slimes.

dparticLe else does not apply. Up to 701 of the Liquid amy be recycled. Recycle potential
Is 8rester In t_s a_kaLine process.
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Decontamination of a former process building at the Weldon Spring Site Remedial Action Project. (Courtesy of the U_S. I3gpagtment

of Energy, _ of the Deputy Assistant Secretary for Environmental Restoration, Washington, D.C.)



6. ENVIRONMENTAL RF_I_RATION WASTF_

6.1 INTRODUCTION discovery, preliminary assessment, and site inspection; site
characterization, analysis of cleanup alternatives, and

The fundamental goal of the DOE Office of selection of remedy; cleanup and site closure; and site
Environmental Restoration tDOE/EM-40, or simply compliance monitoring. Although such activities may deal
EM.A0) is to ensure that the risks to the environment and with storage tanks, buildings, and structures, most are
human health and safety posed by inactive and surplus concerned with contaminated environmental media such as
facilities and sites are either eliminated or reduced to soil, sediment, and ground water.
prescribed,safe levels. These facilitiescontain radioactive The principalregulatory requirements for RA activities
and chemically hazardous contaminants as a result of are derivedfrom the Resource Conservation and Recovery
previous activities conducted by DOE and its predecessor Act (RCRA) and the Comprehensive Environmental
agencies. Although this goal encompasses all requirements Response, Compensation, and Liability Act (CERCLA).
prescribed by applicable federal, state, and local Activities may further be subject to requirements
environmental statutes and regulatory requirements, it is associated with compliance with the National
not limited to regulatory compliance. DOE's paramount Environmental Policy Act (NEPA) as well as to additional
concern is maintaining and improvinghuman health and regulatory requirements imposed by the states. Other
safety and protecting the environment, requirements are set forth in various DOE Orders and

The DOE environmental restorationprogramincludes standards and other guidance documents.
a bias for action to expedite actual cleanup wherever and D&D activities are primarily concerned with the
whenever possible. However, major actions are currently safekeeping of surplus nuclear facilities followingshutdown
being undertaken at only a limitednumber of sites because and for either their ensuing decontamination for reuse or
most sites are in the assessment phase to determine the their complete dismantlement. Such tasks include
nature and extent of contamination that must be surveillance and maintenance, assessment and
addressed. Closures and interim remedialactions are being characterization,environmental review,engineering,specific
undertaken at several sites to address more immediate D&D operations, and project closeout. Most D&D
concerns and bring them into compliance with federal and activitiesare concerned with facilitiessuch as reactors, hot
state environmental lawsand regulations. Full remediation cells, processing plants, storage tanks, and other structures
will follow assessment efforts, and, after cleanup is from which, in general, few releases to the environment
completed, these sites will continue to be monitored, have occurred. Approximately 500 contaminated facilities

Environmental restoration efforts are proceeding in are currently included in the EM-40 inventory for future
two major areas: remedial action (RA) and action. The objectives of D&D activities are to
decontamination and decommissioning (D&D). These decontaminate these facilitiesand to eliminate any potential
activities include cleanup of facilities and areas that hazards to public health and the environment.
supported defense-related activities, such as nuclear D&D activities are carried out under the authority of
weapon component fabrication, and nondefense, civilian the Atomic Energy Act (AEA) and with requirements set
nuclear power activities, such as the development of heat forth in various DOE Orders and standards and other
sources for the space program and the operation of small guidance documents. In addition, the provisionsof RCRA
test reactors, and CERCLA may applyalso to those facilities fromwhich

RA activities are concerned with all aspects of the there either has been a release or there is a potential for
assessment and cleanup of inactive sites at which releases release to the environment. State requirements may also
of radioactive and chemically hazardous substances have apply in certain instances. Only those D&D activities at
occurred. These actions are not only limited to those areas facilities transferred to the Office of Environmental
directly impacted by the release but also include additional Restorationand WasteManagement (EM-1) are addressed
areas to which contaminants may have migrated (e.g., to in this chapter. Recently, EM-1 was renamed the Office of
ground water). A number of DOE installations are on the Environmental Management. This modification will be
EPA National Priorities List. RA tasks include site incorporated in all sections of future updates of this report.
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Because many RA and D&D sites are still in the been conducted. Environmental restoration activities at
assessment phase, it is very difficult to project the volumes NTS involve cleanup of areas of contamination from
and types of waste that may be generated. Moreover, above-ground and underground nuclear weapons testing.
detailed information on the specific cleanup activities that Off-site locations include Amchitka Island, Alaska; the
may be applied to various contamination problems is not Rio Blanco and Rulison Test sites in Colorado; the Gnome
yet available; therefore, the quantity of resultant waste that and Gasbuggy Test sites in New Mexico; the Salmon Test
might be generated cannot be reliably determined. In fact, Site in Mississippi; and the Shoal and Central Nevada Test
the plans for many sites are not yet to a stage at which sites in Nevada.
even the broad category of response that will be taken is The Albuquerque Operations Office activities are
known. For example, the decision whether a given managed as five separate projects. Environmental
contaminated area, such as a waste pit, is to be excavated restoration activities at the Albuquerque Laboratories
or stabilized in place is not typically made until after project include remedial actions at the South Valley
(1) the nature of the problem has been adequately defined, Superfund Site, Sandia National Laboratories-New Mexico
(2) various response alternath,es and related impacts have (referred to in this report as SNLA), Los Alamos National
been evaluated in considerable detail, and (3) other Laboratory (LANL), and the Inhalation Toxicology
agencies (such as the EPA, the impacted state, and the Research Institute (ITRI), all of which are located in New
local community) have had a chance to comment on the Mexico; and at Sandia National Laboratories-California
preferred alternative. Materials regarded as waste would (referred to in this report as SNLL). These laboratories
be generated only if the waste pit were excavated; no waste were used for various defense-related R&D activities.
would be generated if the pit were capped in place. Environmental restoration activities at Albuquerque

DOE is currently undertaking several initiatives to Production Facilities include remedial actions at the
determine the volumes and types of waste that may be Pantex, Kansas City, Pinellas, and Mound plants. These
generated during future environmental restoration plants, which are located in Texas, Missouri, Horida, and
activities. These studies have not yet been completed to a Ohio, respectively, were used in the production of nuclear
point at which realistic waste projections can be made; materials for defense activities.
these results should be available within the next few years. The Albuquerque Operations Office is responsible also
Hence, environmental restoration waste volumes are not for implementing the Uranium Mill "railings Remedial
provided in this report. However, the wulumes of Action Project (UIVlTRAP), which was authorized in 1978,
contaminated solid environmental media are known to a and involves the stabilization and control of (a) 24 inactive
reasonable degree at many sites, and these volumes are uranium-processing sites and associated vicinity properties
included in Sect. 6.3. located in 10 states and 4 Indian reservations and

(b) vicinityproperties associated with the Edgemont, South
Dakota, inactive uranium mill, which is currently owned by

6.2 THE OFFICE OF ENVIROHMF.NTAL the Tennessee Valley Authority (see Fig. 6.2). All of the
_RATION sites are located in the western United States, except for

one in Canonsburg, Pennsylvania. Currently, two
Environmental restoration activities under the Albuquerque projects oversee work for UMTRAP:

auspices of the DOE Office of Environmental Restoration Uranium Mill Tailing Remedial Action (UMTRA) Surface
(EM-40) are managed by three program offices: and UMTRA Ground-Water Assessment and
Southwestern Area Programs(EM-45), Northwestern Area Remediation. Remedial actions have been completed at
Programs (EM-44), and Eastern Area Programs (EM-42). 10 sites under the UMTRA Surface Project.
Each office manages both RA and D&D activities. The fifth project managed by the Albuquerque
Activities are divided into 17 major projects to assist in the Operations Office consists of two sites being remediated by
planning, oversight, and performance-tracking of the Grand Junction Projects Office. This projects office is
environmental restoration activities (see Fig. 6.1). responsible for directing RA activities for tailings

remediation and for surface and ground-water cleanup at
the Monticello Mill Tailings Site in Utah and the Grand

6.2.1 Sou_ Area Programs Junction Projects Office Site in Colorado.
The Rocky Flats Plant (RFP) in Colorado was

The Southwestern Area Programs include all EM-40 formerly a nuclear weapons manufacturing facility; the
activities managed through the DOE Nevada and mission of this facilityis currently environmental restoration
Albuquerque operations offices, the Grand Junction and waste management. Storage and disposal of
Projects Office, and the Rocky Flats Office. Activities hazardous, radioactive, and mixed wastes occurred on-site
managed by the Nevada Operations Office include in the past when the facilitywas operational. Off-site areas
remediation of a number of locations at the Nevada Test that n,ay require remediation include two reservoirs and
Site (N'rs) and at off-site areas where nuclear tests have surrounding land areas. These areas may have received
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contaminated effluent and sediments originating from the A/Plot M, which was formerly a portion of ANL-E);
plant. Argonne National Laboratory-West (ANL-W), Idaho;

Brookhaven National Laboratory (BNL), New York;
6_-_- N_ Area Programs Princeton Plasma Physics Laboratory (PPPL), New Jersey;

and Ames (AMES) Laboratory, Iowa. RAs at these sites
The Northwestern Area Programs include all EM-40 include remediation of soil and ground-water

activities managed through the DOE Idaho, Richland, contamination, disposal sites, and underground storage
Oakland, and Chicago operations offices. Environmental tanks. Environmental restoration activities are also being
restoration activities managed by the Idaho Operations conducted at the Reactive Metals, Inc. (RMI) Site in Ohio.
Office are limited to cleanup of facilities and areas at the RA activities at this site involve the cleanup of a former
Idaho National Engineering Laboratory (INEL), whichwas metals-extrusion plant that became contaminated as a
established in 1949 as a site where nuclear reactors, result of the processing ofradioactivemateriais (principally
support facilities, and equipment could be safely built, uranium). In addition to the activities at these six sites,
tested, and operated to evaluate various options for the use activities included in the Chicago Laboratories program
of nuclear power as a means to generate electricity. INEL encompass the D&D of two retired nuclear reactors (at
is currently one of DOE's principal centers for nuclear Hallam, Nebraska, and Piqua, Ohio) and processing
energy research and development (R&D). These activities facilities at the Separations Process Research Unit located
have resulted in the contamination of structures, ground at the Knolls Atomic Power Laboratory (KAPL) in the
water, and surface water within the site. state of New York. Environmental restoration activities at

The Richland Operations Office manages Battelle Columbus Laboratories in Ohio include the D&D
environmental restoration activities at the Hanford of 15 contaminated buildings and surrounding soils that
(HANF) Site in the state of Washington. HANF has been were previously used for government-sponsored nuclear
involved in a large number of nuclear production actMties research.
since the early 1940s. More than 1,000 waste sites have
been identified, most of which have resulted from the 6.2.3 Easte.m Area PmgraIm
on-site storage or soil.-eolumn disposal of low-level
radioactive, hazardous, and mixed wastes. More than 100 The Eastern Area Programs include all EM-40
surplus facilities contaminated with radioactivity are activities managed through the DOE Oak Ridge and
scheduled for D&D. These facilities include nine former Savannah River operations offices and the Fernald Field
production reactors, as well as chemical process buildings Office. The Oak Ridge Operations Office manages
and ancillary structures. Remediation of HANF includes environmental restoration activities at installations in the
constructing a disposal facility to receive cleanup wastes vicinity of Oak Ridge, Tennessee, including ORNL, the
and closing underground storage tanks and other RCRA K-25 Site, and the Y-12 Plant. The Oak Ridge Operations
closures. Office is also responsible for environmental restoration

The Oakland Operations Office has been responsible activities at the Portsmouth Gaseous Diffusion Plant
for managing a number of activities associated with nuclear (PORTS) in Ohio and the Paducah Gaseous Diffusion
weapons research and other nuclear and energy research. Plant (PAD) in Kentucky. These facilities provided
This office oversees a number of installations. Those enriched uranium for use in production reactors for
installations with an ongoing EM-40 program include defense purposes. Previous activities at these sites have
Lawrence Livermore National Laboratory (LLNL), resulted in contamination of soils, surface water, ground
Lawrence Berkeley Laboratory (LBL), Stanford Linear water, and various structures. The primary contaminant at
Accelerator Center (SLAC), General Atomic (GA) Site, most of these sites is uranium.
Laboratory for Energy-Related Health Research (LEHR), The Oak Ridge Operations Office also manages the
General Electric Vallecitos Nuclear Center, and the DOE Formerly Utilized Sites Remedial Action Project
portion of the Santa Susana Field Laboratory (SSFL), (FUSRAP), which is primarily concerned with the cleanup
known as the Energy Technology Engineering Center of sites that were formerly used to support the activities of
(ETEC). All of these installations are located in California. the Manhattan Engineer District, established for the
Activities at these sites have resulted in the contamination Manhattan Project, and the Atomic Energy Commission
of facilities, soil, and ground water with a wide range of (AEC). Private firms and institutions were contracted by
radioactive and chemically hazardous substances, the federal government in the 1940s and 1950s to develop

The Chicago Operations Office manages two EM-40 processes and perform research on radioactive materials.
projects: the Chicago and Battelle Columbus Laboratories. The storage and processing of uranium and thorium ores,
The primary mission of Chicago Laboratories is energy concentrates, and residues were often involved. Although
research, development, and demonstration. Environmental these sites were cleaned up to formerly acceptable levels,
restoration actMties are being performed under this project F1dSRAP was established in 1974 to identify; reevaluate;
at 5 R&D laboratories: Argonne National and, if necessary, remediate these sites. Currently, 44 sites
Laboratory-East (ANL-E), Illinois (including Site have been identified in 14 states: 12 of these sites have
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already been remediated (see Fig. 6.3). Most FUSRAP contaminated environmental media were removed, treated
sites are in the eastern half of the country, to provide a more suitable waste form for disposal, and

The Oak Ridge Operations Office also manages then disposed of in an engineered facility, the site would
environmental restoration activitiesbeing conducted by the have very large waste volumes.
Weldon SpringSite Office. This site office is responsible Environmental restoration wastes are different from
for the cleanup of a former uranium processing plant in those associated with processing operations in that they
Missouri. Environmental restoration activities at this site generally have much lower concentrations of radioactive
includethe D&D of the chemicalplantprocessing and chemicallyhazardoussubstances.Much of the

buildings,remedialactionoftheraffinatepitsandquarry, materialrequiringremedlationisa consequenceofpast
restorationofcontaminatedvicinityproperties,construction activitiessuchasspills,wastedisposal,and environmental
and operationoftwowatertreatmentplantsand waste- releasessuchasliquiddischargestodrainagebasins.In
processingfacilities,anddisposalofallwastegeneratedby addition,operationswithinstructuresresultedin the
sitecleanupactivities, contaminationofequipment,walls,andfloorsfromroutine

The SavannahRiverOperationsOfficemanages material-handlingactivitiesand fromoff-normalincidents
environmentalrestorationat the SavannahRiverSite suchas spillsand equipmentfailure.D&D of these
(SRS)inSouthCarolina.The site'snuclearproduction facilitieswillresultinwastessuchaswipes,concrete,metal,
reactorshavenotoperatedsince1988;much ofthesite's personalprotectiveclothing,anddecontaminationsolvents
currentmissionisenvironmentalrestorationand waste thathavegenerallylowconcentrationsofradioactiveand
management.Itshistoricalmissionofproducingnuclear chemicalcontaminants.
materialsfor defensepurposeshas resultedin the Environmentalrestorationwastesalsodifferfrom

generationof a significantquantityof radioactive, thoseresultingfromprocessingoperationsinthattheyare
hazardous,and mixedwastes,whichwere disposedof generallyhighlyheterogeneousbothinphysicalformand
on-site.Soilandground-watercontaminationhasresulted chemicalconstituency.For example,remediationofan
fromcontaminantsmigratingfromseepageand settling abandonedwastepitcouldrequiretheexhumationofall
basins,unlineddisposalpits,wastepiles,l_urialgrounds, materialspreviouslyplacedintothepitfordisposal,l_is
and undergroundstoragetanks.D&D activitiesare effortcouldinvolveanypossibleimaginablecombinationof
currentlyunderway at severalreactorareas;remedial objectsrangingfromsmallpiecesofequipmentanddrums
actionactivitiesareongoingatburialgrounds,tanks,pits, toentirevehiclessuchastrucksandforklifts.Inaddition,
basins,andareashavingground-watercontamination, a fullspectrumofcontaminantscouldbeassociatedwith

The Fernald Field Officeis responsiblefor thesepreviouslydisposedmaterialsincludingthose
implementingthe FernaldEnvironmentalManagement associatedwithordnanceoperations,processingofuranium
Project(FEMP) inOhio.Thissitewasthelocationofthe andthoriumoresand concentrates,and theoperationof
formerFeedMaterialsProductionCenter,whosemission nuclearreactorsandassociatedchemicalprocessingplants.
was toproducefeedmaterials(principallyuranium)for Thispotentialvarietyisin contrastto wastestreams

nuclearreactorfuelas partof the nation'sdefense associatedwithprocessingactivitiesthathaverelatively
program.The missionofthisprojectisnow environmental consistentchemicaland physicalproperties.

restorationandwastemanagement.Previousactivitiesat BecausemostDOE environmentalrestorationprojects
thissiteresultedinthecontaminationofstructures,soil, are in the assessmentphaseof the remedy-selection
surfacewater,andgroundwater.The majorcontaminants process,itisnotpossibletomake definitiveprojectionsof
aregenerallyuraniumandradium, wastesthatwillresultfromtheseprojects.Forthisreason,

suchestimatesarenotincludedhere.Rather,thevolumes

ofradioactivelycontaminatedsolidmediaassociatedwith
63 RNVIRONMRNTAL _RAT[ON WASTR the various environmental restoration sites are provided.

CHARA_CS These volumes are based on historical knowledge,
monitoring information, and field-characterization results.

The volumes and typesof wastes associated with DOE These volumes are given in Table 6.1 for radioactively
environmental restoration activities are a direct result of contaminated soil (including sediment and sludge) and in
the remedy chosen. Waste associated with remedlation of Table 6.2 for radioactively contaminated debris_such as
contaminated environmentalmedlawouid occur onlywhen metal, concrete, brick, and wood. The actual waste
such media are exhumed. For example, no waste would be volumes that will result from cleanup of some sites may be
produced at a site for which an in situ remedy was significantly lower than those given in these two tables,
selected, such as capping an area containing contaminated especiallyfor those sites forwhich minimal remedial actions
soil. If a minimal remedial action were selected are selected. Such minimal remedial actions will likely
(e.g., pumping and treating a smallpocket of contaminated occur at major DOE installations located in remote areas
ground water followed by construction of lateralbarriers to of the country. In addition, decontamination of metallic
minimize future migration), the site would have relatively items such as hot-cell liners, tanks, and processing
small waste volumes. However, if large volumes of equipment could allow for unrestricted release of these
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items, which would reduce the volume of material by-prtxluct material is tailings or waste produced by.the
requiring disposal, extraction or concentration of uranium or thorium from

The volumes of radioactively contaminated media any ore processed primarily for its source material content.
given in Tables 6.1 and 6.2 are limited to solid materials In addition to radioactive contaminants, these wastes can
(i.e., contaminated liquids such as surface-water a_ be contaminated with hazardous constituents as
impoundments and ground water are not included). These regulated by RCRA or TSCA; such wastes are considered
data are based on currently available information mixed wastes. All "I_U wastes are considered mixed
encompassing those projects for which characterization wastes, which is consistent with DOE policy for complying
activities have proceeded to a point which allows for with the Federal Facility Compliance Act (FFCA). Thus,
preparation of realistic volume estimates. Some projects a total of five waste cla_es are relevant for radioactively
have _,_t yet initiated field-characterization activities, and contaminated material resulting from environmental
historica! records are not available in sufficient detail to restoration activities: I.LW, mixed LLW, TRU waste,

allow for volume estimates to be made. The volume l le(2) by-product material, and mixed lle(2)by-product
estim,,ces for such sites will be larger than those shown in material.
these two tables because not all of the potentially "Ilae relative volumes of these five waste classes for
contaminated media would have been addressed. These contaminated soil and solid debris for environmental

sites are generally limited to the large defense installations restoration sites are shown in Figs. 6.4 and 6.5, respectively.
in the western part of the country where field The two waste cla_es that constitute the largest volumes
characterization activities are just being initiated, of radioactively contaminated soil are LLW and 1le(2) by-

An intensive effort is currently under way to better product material. The large volume of soil designated as
define waste management requirements for implementing LLW is mainly associated with three sites: NTS, LANL,
the DOE environmental restoration program. A data and IIANF. Together, these three sites account for almost
collection program was recently initiated to develop 90% of the soil in this waste class. The actual amount of
"cradle-to-grave" contaminated media/waste information to contaminated soil at these three sites that will eventually be
allow for better planning of waste treatment and disposal handled as waste is highly uncertain because remedy-
capacity needs. 1 '/'his effort includes collecting data on all selection decisions have yet to be made. The large volume
waste types that may result from future environmental of l le(2) by-product material is mainly the result of the
restoration activities including radioactive, sanitary, large volume of waste associated with uranium mill tailings
demolition, hazardous wastes as regulated by RCRA and being remediated under UMTRAP.
the Toxic Substances Control Act (TSCA). The results of The volume of radioactively contaminated debris is a
this data collection program are currently being compiled, very small fraction of that a_ociated with soil. The total
Once these data are fully compiled and verified, more volume of contaminated debris is approximately
complete waste estimates can be made. Such estimates will 3.2 x 106 m3; the total volume of contaminated soil is
be included in future revisions of this report, approximately 7.1 x 10 7 m 3. Most of this debris is classified

Previous versions of this report have included more as LLW (see Fig. 6.5), which accounts for about 81% of
detailed information for two environmental restoration the total volume of radioactively contaminated debris. As
projects that are well into the cleanup phase, UMTRAP with the volume estimates provided for soil, the total
and FUSRAP. Such information is not available for most amount of debris that will be handled as waste could be

of the other DOE environmental restoration programs lower than that given here if a significant fraction of this
because these programs are still largely in the assessment debris (e.g., metallic items) can be decontaminated to allow
or remedial design phases. "l_e information for UMTRAP for reuse.
and FUSRAP provided in the 1992 IDB report 2 is Since environmental restoration information is
generally still current. Readers desiring more detailed currently in the initial stages of being compiled at a
waste information for these two programs should refer to number of sites, much of the information included in
that report. Tables 6.1 and 6.2 is preliminary. In addition, these tables

Three major radioactive waste classes are associated include information only for sites currently in the EM-40
with environmental restoration activities: LLW, TRU program for which data are available. That is, zero
waste, and lle(2)by-product material. As defined in DOE volumes may be reported for areas of a site at which
Order 5820.2A, LLW is waste that contains radioactivity characterization activities have not been initiated, resulting
and is not classified as HLW, TRU waste, spent nuclear in an underestimate of the total volume of radioactively
fuel, or l le(2) by-product material. Environmental contaminated media. Conversely, overly conservative
restoration activities will not generate any HLW or spent assumptions may be incorporated into some estimates to
nuclear fuel. TRU waste is waste contaminated with ensure adequate sizing of treatment and disposal facilities.
alpha.emitting transuranium radionuclides with half-Uves These uncertainties will continue to be reduced with time
greater than 20 years and at concentrations greater than as characterization and engineering studies become
100 nCi/g at the time of assay. As defined in Sect. 1le(2) available to refine these volume estimates.
of the AEA of 1954 (P.L. 83-703, as amended), 1le(2)
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The information contained in this chapter is limited to environmental media, wastes currently in storage, and
radioactively contaminated environmental media and radioactivelycontaminated materials that could result from
wastes, consistent with the scope of this report. The future D&D activities. At a number of sites, wastes
volume estimates given in Tables 6.1 and 6.2 are limited to generated as a result of EM-40 RA and D&D activities
solid materials; liquids, such as contaminated surface water have been transferred to the Office of Waste Management
and ground water, as well as liquid wastes currently in (EM-30) for treatment, storage, and disposal. These
storage, are not included. It should not be concluded that wastes are no longer being managed by EM-40 and are
sites for which no (or minimal) volumes are given in therefore not included in this chapter. In addition, an
Tables 6.1 and 6.2 have no waste management concerns, extensive effort is currently underway by EM-30 and
Environmental restoration activities at such sites could EM.40 to compile mixed waste information to meet FFCA
generate hazardous wastes as regulated by RCRA and requirements. Environmental restoration information is
TSCA, as well as large volumes of sanitary and demolition being provided to EM-30 for inclusion in the Mixed Waste
wastes. Also, additional characterization activities at these Inventory Report, which will be issued later in 1994.

i sites may identify areas of radioactive contamination The DOE Office of Facility Transition (EM-60) is
requiring remediation in the future. As it becomes currently preparing a detailed inventory of all facilities that
available, such information will be included in future may eventually be transferred to the Office of
updates of this report. Environmental Management (EM.I). As facilities are

The volumes of radioactivelycontaminated soil and transferredto EM-1, environmental restoration and waste
debrisgiven in Tables 6.1 and 6.2 are limited to those sites management informationwillbe developed and includedin
and facilitiescurrently in the EM-40 program. These data future updates of this relx_rt.
are summed across all elements of a site including

6.4 _CF_

1. R.P. Whitfield, U.S. Department of Energy, Deputy Assistant Secretary for Environmental Restoration, Washington,
D.C., letter to Distribution, "Contaminated Media/Waste Data Call Guidance," dated Oct. 8, 1993.

2. U.S. Department of Energy, Integrated Data Base for 1992: U.S. Spent Fuel and Radioactive Waste Inventories,
Projections, and Characteristics, DOE/RW-0006, Rev. 8, Oak Ridge National Laboratory, Oak Ridge, Tennessee
(October 1992).
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ORNL DWG 94-6751

[] State with UMTRAP Site(s)

1 Canonsburg, PA* 15 Falls City, TX
2 Durango. CO* 16 Shiprock, NM*
3 Grand Junction,CO 17 AmbrosiaLake, NM
4 Gunnison.CO 18 TubaCity, AZ*
5 New Rifle, CO 19 Monument Valley. AZ
6 Old Rifle, CO 20 Salt Lake C/ty, LIT*
7 Naturita. CO 21 Green River. Lrr*
8 Maybell, CO 22 Mexican HaL UT
9 Slick Rock (North Continent Site), CO 23 Lowman. ID*

10 Slick Rock (Union Carbide Site), CO 24 Lakeview, OR*
11 River_on, WY* 25 Edgemont. SD*
12 Con verse, Co., W Y*

13 Belfield, ND * Site work completed14 Bowman, ND

Fg,.6.z. Locatiomof _ sirra.



ORNL DWG 94-6752

N.I

: i!!ii:i!il

.... : :::.:. :-:::..
• L.. :,:..H.. ....

MISSOURI Srl'F_
¥* - Laity Avenue Properties, Hazelwot_l
¥* St. Louis Airlmrt Site, St. Louis

* St. Louis Airptm Site Vicinity Properties, St. Louis
St. Louis Downtown Site, St. Louis

NEW JERSEY SITES
¥*. Maywood Interim Storage Site. Maywood
¥*-Wayne Interim Storage Site, Wayne/Pequannock

: Middlesex Sampling Plant, Middle_x COMPLETED SITES
+ New Brunswick Site, New Brunswick Acid/Pueblo Canyon, Los AFamos, NM

DuPont & Company, Deepwater Albany Research Center, Albany, OR
Bayo Canyon, Los Alamos, NM ADDITIONAl, SITF_t;

NEW YORK SITI:S Chupadera Mesa, White Sands Missile Range, NM
. Nia._ara Falls Storage Site, Lewiston Elza Gate Site, Oak Ridge, TN Aliquippa Forge, Aliquippa, PA Madku,m Site, -Madi.,am.IL

¥+ Col_mie Interim Storage Site, Colonic Kellex/Pierpont, Jersey City, NJ B&T Metals, Columbus, OH Oxford Site, Oxfi_rd. OH
Ashland i. TolmwatKla Middlesex Municipal Landfill, Middlesex, NJ Baker Bros., Toledo, OH Painseville Site, Pain_ville, OH
Ashl,'md 2. Tonawanda National Guard Armory, Chicago, IL Chapman Valve, Indian Orchard. MA * Shpack Landfall, Norltm, MA
Linde Center. Tonawanda Niagara Falls Storage Site Vicinity Prop., Lewiston, NY General Motors, Adrian, MI Springdale Site. Sprmgdale, PA
Seaway Industrial Park, Tonawanda Seymour Specialty Wire, Seymour, CT Granite City Steel, Granite City. IL Ventron Coition, Beverly, MA
Baker and Williams Warehotr_s, New York City University of California, Berkeley, CA Luckey Site. Luckey, OH W.R. Grace & Company, Curtis Bay, MD
B&L Steel, Buffalo University of Chicago, Chicago, IL Fairfield Site, Fairfield, OH

(_) REN_DLS, L ACTION • REM]EDIAL ACTION _- DOE-OWNED OR ¥ ASSIGNI,_D * NPL SITE [] _ATE WITH
ONGOING OR PLANNED COMPLETED LEASED SITE BY CONGRESS I.IJSRAP SITE{S)

Fig. 6.3. I.omtmns of FUSRAP sites.
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ORNL DWG 93-10816

ENVIRONMENTAL RESTORATION WASTES
(RADIOACTIVELY CONTAMINATED SOILS)

WASTE CUBIC
CLASS METERS

lie(2) BY.PRODUCT 3.600E+07
LOW.LEVEL 2.900E+07

LOW.LEVEL MIXED 11e(2) BY.PRODUCT $.._AIOE+01
41.08% MIXED LOW-LEVEL 4.300E+06

C.T _._-...-__f _ TRANSURANIC i .300E+06

TOTAL 7. I(NIE+07

MIXED Iltq2) BY.PRODU

<0.Olaf _
MIXED LOW-LEVEL/ _ \

TRANSURANIC_....._ -"_ |

Ile(2) llY-PRODUC_-'--
S0.994_

Fig.6.4. Estimatedvolumesof radimaivelycontaminatedsoilsassociatedwith environmental
restoration projects.

ORNL DWG 93-10817

ENVIRONMENTAL RESTORATION WASTES WASTE CUBIC
(RADIOACTIVELY CONTAMINATED DEBRIS) CLASS METERS

lle(2) BY-PRODUCT 2.600E+05
LOW.LEVEL 2.600E+06
MIXED lle(2) BY-PRODUCT 1.300E+03

_-_ MIXED LOW-LEVEL 3.400E+05
/ _ TRANSURANIC 5.400E+02

LOW-LEVEL/ _

I ITRANsURANIC

t /°'°"..........
_ _ l MIXEDLOW.LEVEL

\ ]_,MIXED lie(2) BY PRODUCT
\ \ / 0.04.

\ j_,lt,<2_.V.P.OUUCT
8.12%

_g. 6.5. Estinmted volumcs of radioactivelycontaminateddebris ass(x:iatedwith ©nvironm©ntal
restorationpmjecm.



Waste wl, me,

11e(2) Htxed 11e(2)
EnvizmmsntLt restoration prosram LU4 _.t:,d LLW brat c br-_ _gJ w,,t, d Total

Klbuquo_lue Laboratories
Inhalation Tozicolosy Research 9,000 0.000

Institute
Los Alsmos National Laboratory 8.300.000 1.200.000 93.000 9.600.000
Sandia National Laboratoriea-- 15,000 52.000 67.000

albuquerque
Sandta National Labo=atory-- 0

Live=more
South Valley Superfund Site 0

Albuquerque Production FaciLities
Kansas City Plant 0
Hound Plant 140.000 17.000 150.000
Pant_x Plant 0
Pinellas Plant 0

Grand Junction ProJectm Office
G=and Junction Projects O££ice Site 35.000 47 35.000
Honti ce11o Remedial Action ProJ oct e 2,200,000 2,200,000

Nevada Operations Office
Nevada Test Site 14,000,000 460 14,000,000
Nevada off-site locations f 9,500 21,000 30,000

Rocky Flats Plant 18,000 250,000 270.000
Uranium MilA Tatl_nss Remedial 32,000,000 32,000,000

Action Projects

SoutJ_estern Area total 22,000,000 1,500,000 34,000,000 47 93,000 58,000,000

]k=Us_st4_ Area ProSram
Battelle Columbus Laboratories 640 390 1,000
Chica8o Labo=ato=ies

Ames Laboratory 360 240 600
Argonne National Laboratory-East 8,700 19.000 21 27.000
Argonne National Laboratory-West 1 l
Brookhavan National Laboratory 23,000 3,400 26,000
Hallm Site 0

Piqua Site 0
Princeton Plasma Physics Laboratory 0
Reactive Metals, Inc., Site 24,000 3,500 27,000
Separations Process Research Unit 14,000 14,000
Site A/Plot Hh 4,500 500 5,000

Hanford Site i 3,100,000 760,000 3,900,000
Idaho National FJ)sineerin8 Laboratory 280,000 200,000 170,000 680,000



Tebl.o 6. 't (co_)

w_ _J..mm.n3

11e(2) Htzod lie(2)
l:_mmemtLL restoration proKram LU4 Hi_.zod LL_ bT-ptod=ct c by-product TRU mete d Total

Oakland Ope:ations Office
Geneta_ o%tom_cSite 0.63 0.83
Gene:ai _ecttic Vellecitos Nuclear 0

Ceute=
Lsboratory for Ene:Ky-Relatod Hoal_ 620 620

Research
I_wtence Berkeley Laboratoz7 0
Lawrence L:Lvexmore National Laboratory 42 42
Sant8 Susan-, Field Laboratocy 600 600
Stanford Lineer Accelerate= Center 64,000 64,000

Ho_dhwestern Azoe total 3,500,000 990,000 230,000 4,700,000

Fetnald Envtrommmtal Hanasement l_oj oct 1, _00,000 170,000 1,700.000
Formerly Utilized Sites E_edt81

Actio_ Project

Htssourt sites 210.000 500,000 720,000
Hew 3ersr7 sites 54,000 24,000 390,000 460,000
Now Yo:k sites 9.40C 12.000 450.000 480.000
Other sites 91,000 7.200 28,000 130,000

Oak R1dse Laboratories and Productio_
Facilities

K-25 Site 3,300 1,500 4,800
Oak R£d_e National La]_rat, o_ 43,000 28,000 500 71,000
Oak Ridge l_se_rstto_ (off-site) J 100,000 100,000
Paducah Gaseous Diffusio_ Plant 1,800 70,000 72,000
Perth Gaseous Diffusion Plant 7,700 2,200 9,900
Y-12 Plant 960 280,000 280,000

Savaanah River Site 1,400,000 1,200,000 990,000 3,600,000
Weldon Sprtn8 Site __L Acticm 490,000 6.3 490,000

l_o_ect

Eastern Area total 3,400,000 1,800,000 1,900,000 6.3 990,000 8,100,000

Grand t=tal 29,000,000 4,300,000 36,000,000 53 1.300, OO0 71,000.000



TsblJ 6.1 (cantAmnd)

aEstimatod as of September 30, 1003. Inc]udas contsm_atod soil, sodt_mt, end sl_ISe. Blink antrias moan tho_ m no rsdioactivel7
coutsminatod soils for the indicated rote class.

bThase volume estimates zoprasent the quantity of in-place c_t_minatMd materials; the waste vol_nas zesult_n8 farm _modial acCi_
activities may be larser or smaller dependin8 oa the selected remedy and t_eat_ent Lochno_gy _iLLzod. Waste VOIXaN_ rosnl__LAn6 from linim8l
remodlal actions such as capplng, monltor_, and certain in situ remodle8 wil£ be quite amall. ALl valnoa are l_rOl_ end are bo_nK

updated 8s site characterizatim_ activities proceed. V_Luos arm given to two 8iKnific_mt fiauzos _s infonnaU_m was reported to only oN
stamL£icant figure. Some totals may not equal sum o£ components due to indepeo_ent _.

product material as de£ined in Section 11e(2) o£ the At_tc Erie=By Act o£ 1954 (P.L. 83-703), as emended.
TRV wastes are considered to be mixed wastes, consistent with the DOE approach for cc_ with the Federal FaciLity Cca_ance

Act.
elnclA_es contamlnated debris, which will be msnsSed in the am numo_ as contamiz_ted _oil.
fConsiats of Amchit_a Island, Alaska; the Rio B_mco and RulAsou Test sites in Co_o_lo; the Gnmmo and _ Test aires in New Nextco;

the Salmon Test Site in NAssissippi; and the Sboa_ and Central Nevada Test sit_8 in Nevada.
SEst/uaated as o£ December 31, 1991.
hEstimate is very preliminary and includes contaminated debris.
ideas not include contam_ated soil at the 200 Area of the _o_d Site, uhich is currently planned to be _ in place. A

pe_cen.taae of the rad_oactively contm:lnated soil at the Hartford Site may be TRU waste.
JIncludes contaminated areas in the vicinity of Oak Ric_e, Temnessee, beyond the botmdazias o£ the Y-12 Plant, the [-25 Site, emd Oak

Ridge National Laboratory.



Table 6.2. F.st/mated volmnes of radJLosctlvely cont_minated debris assocJLat_d with onvirmINnt.al restoratloD projects a,b

Waste volume, m3

11e(2) Mixed 11e(2)

Environmental restoration program LLW Mixed LLW by-product c by-product TRU waste d Total

SoutJhu_st_m Area Prosrsms

Albuquerque Laboratories

Inhalation Toxicology Research 44 44

Institute

Los Alamos National Laboratory 9,800 1,600 11,000

Sandia National Laboratories- 2,600 2,600

Albuquerque
Sandia National Laboratories-- 0

Livermore

South Valley Superfund Site 0

Albuquerque Production Facilities

Kansas City Plant 0
Mound Plant 28,000 28,000

Pantex Plant 0

Pinellas Plant 0

Grand Junction Projects Office

Grand Junction Pro_ects Office Site 2,100 38 2,200

Monticello Remedial Action Project e 0

Nevada Operations Office c3

Nevada Test Site 3,800 290 4,100

Nevada off-slte locations f 0

Rocky Flats Plant 0

Uranium Mill Tellings Remedial 110,000 110,000

Action Proj ectg

Southwestern Area total 44,000 1,900 110,000 38 160,000

_o_ternAreal__

Battelle Col,--bus Laboratories 4,200 24 4,300

Chicago Laboratories

Ames Laboratory 110 3 110

Argonne National Laboratory-East 4,000 120,000 190 130,000

Argonne National Laboratory-West 150 150

Brookhaven National Laboratory 33 360 6.9 400

Hallam Site 0

Pique Site 0

Princeton Plasma Physics Laboratory 0

Reactive Metals, Inc., Site 5,000 99 5,100

Separations Process Research Unit 1,400 1.6 36 1,500

Site A/PlotM h 0

Hanford Site i 2,300,000 120,000 2,500,000

Idaho National Engineering Laboratory 23,000 2,700 26,000



Table 6.2 (coutlnued)

Waste volume, m 3

11e(2) Mixed 11e(2)

Environmental restoration program LLW Mixed LLW by-product c by-product TRU waste d Total

Oakland Operations Office
General Atomic Site 730 29 750

General Electric Vallecitos Nuclear 24 24

Center

Laboratory for Energy-Related Health 390 390

Research

Lawrence Berkeley Laboratory 4.2 4.2

Lawrence Livermore National Laboratory 35 35

Santa Susana Field Laboratory 1,000 20 39 1,100

Stanford Linear Accelerator Center 0

Northwestern Area total 2,400,000 240,000 270 2,600,000

Eastern Area Progrm

Fernald Environmental Management Project I00,000 84,000 190,000

Formerly Utilized Sites Remedial

Action Project

Missouri sites 130 17,000 17,000
.....i

New Jersey sites 6 65 71 _.

New York sites 5,100 110 11,000 16,000

Other sites 690 690

Oak Ridge Laboratories and Production

Facilities

K-25 Site 26,000 26,000

Oak Ridge National Laboratory 11,000 1,200 270 12,000

Oak Ridge Reservation (off-site)J 0

Paducah Gaseous Diffusion Plant 13,000 13,000

Portsmouth Gaseous Diffusion Plant 34,000 34,000

Y-12 Plant 160 530 690

Savannah River Site 40 670 710

Weldon Spring Site Remedial Action 120,000 1,300 120,000

Project

Eastern Area total 180,000 i00,000 150,000 1,300 270 430,000

Grand total 2,600,000 340,000 260,000 1,300 540 3,200,000



Table 6.2 (continued)

aEstimated as of September 3G, 1993. Includes contaminated metal, concrete, brick, wood, and other similar materials. Blank entries
mean there are no radioactively contaminated debris for the indicated waste class.

bThese volume estimates represent the quantity of in-place contaminated materiels; the waste volumes resulting from remedial action

activities may he larger or smaller depending on the selected remedy and treatment technology utilized. Waste volumes resulting frumminimal

remedial actions such as capping, monitoring, and certain in situ remedies will be quite small. All values are preliminary and are being

updated as site characterization activities proceed. All values ere given to two significant figures unless information was reported to only
one significant figure. Some totals may not equal sum of components due to independent rounding.

CBy-product material as defined in Section 11e(2) of the Atomic Energy Act of 1954 (P.L. 83-703), as amended.

Act. dAll TRU wastes are considered to be mixed wastes, consistent with the DOE approach for complying with the Federal Facility Compliance

eContaminated debris will be managed in the same manner as contaminated soil. The volume of debris associated with remediatlon of the

Monticello UranlumMill Tailings Site and vicinity properties is included with the contaminated soil volume given in Table 6.1.

fConsists of Amchitka Island, Alaska; the Rio Blanco and Rulison Test sites in Colorado; the Gnome and Gasbuggy Test sites in New Mexico;
the Salmon Test Site in Mississippi; and the Shoal and Central Nevada Test sites in Nevada.

gEstimated as of December 31, 1991.

hContamlnated debris volume is included with the contaminated soil volume given in Table 6.1.

iA small percentage of the radioactively contaminated debris at the Hanford Site may be TRU waste.

JIncludes contaminated areas in the vicinity of Oak Ridge, Tennessee, beyond the boundaries of the Y-12 Plant, the K-25 Site, and OakRidge National Laboratory.

_j



ORNL PI IOTO 69'12-93

:

A hydraulic chisel being used in decontamination and decommissioning activiti_ at the Sexton reactor

site. (Ct_url_,), of GPU Nuclear Corporation, Harrisburg, Pennsylwania.)
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7. COMMERCIAL DECOMMISSIONING WAST"bL_

7.1 INTRODtJC/ilON periodically upgraded or retrofitted.) Not shown in this
table are the radioactive wastes that will result from the

At the end of their useful life, commercial nuclear decommi_ioning of reseatch, training, and test reactors. 13,_4
facilities must be shut down and decommissioned. A llowever, the total volumes of these wastes are not
schedule of historical and projected commercial LWR expected to be significant because such reactors are much
shutdowns, based on refs. 1 and 2, is given in Table 7.1. smaller than commercial power reactors.
The projected volume, radioactivity, and thermal power of
various types of waste generated from future commercial
power I.,WR decommissioning activities are reported in 7.2 WAS'I'I _,CliARAC'TI,'.RI_',ATION
Table 7.2. These waste projections are in addition to those
previously reported in Chapter 4 (for I.I.W) and in The LWR decommissioning radioactivewastescanbe
Chapter 6 (for environmental restoration activities). This grouped into three major categories: 4'7 (1) neutron-
approach is taken mainly because the timing associated activated wastes, (2) contaminated wastes, and
with future decontamination and deconmlissioning (1)&l)) (3) miscellaneous radioactive wastes.
activities at commercial power reactor sites is uncertain. Neutron-activated materials generally include the
The projected waste dala shown in Table 7.2 are based on reactor vessel and its internal components (e.g., core
the projected I_Wl,',shutdown schedule given in 'l"ttble7.1 supi_rt a_semt_lies alld c_ntrol-rod guide tubes) and the
and decommissioning waste source terms developed from inner portion of Ihe biological shield. Contaminated
refs. 3-9. "l_cse projections also a_sume a 4-year peri_xl materials include much of the piping and equipment in the
for decommissioning, beginning 2 years after reactor reactor containment, fuel-handling, and auxiliary control
shutdown to allow sufficient preparation time h_r I)&D buildings. In addition, some of the concrete surfaces of
operations. It is further as,sumed that the l)&I) wastes will these buildings are expected to be radioactive and will
be sent to disposal s_tes in femurequal volumes during the require removal. The miscellaneous radioactive waste
4 years of hicility decommissioning. The power reactor category consists of a small, but significant, group of
shutdown schedule presented in Table 7.1 is based on materials that includes both "wet" and "dry" solid wastes.
utility estimates of reactor lifetimes. Actual Wet radioactive wastes result from the processing of
decommissioning schedules may be significantly different chemical decontamination st_lutions and contaminated
from those indicated in this report if any of the following water. These wastes include spent ion-exchange resins,
are implemented: cartridge filters, and eval:x_ratorand concentrator bottoms.

• reactors are upgraded to extend their operating Dry radioactive wastes include discarded contaminated
lifetimes, items, such as rags and wipes, tools, and protective

• significant radioactivity decay time is allowed before clothing. Many reactor items with surface contamination
decommissioning operations begin, or can be decontaminated, _5rendering most of the material

nonradioactive and producing a smaller, more concentrated• the last core of spent fuel is required to remain on
volume of waste containing the radioactivity. Wastesite for a minimum period (possibly several years)

prior to shipment, decontamination requires the appropriate technology and
a defined level of radioactivity which the contamination

lkstimatcs of wastes frt_mdcccmlmissit,ning reference level is acceplable, l_tablishing such criteria is complicated
commercial I.WRs and supi:_rting fucl t3,clc facilities (viz., because there are varying levels of natural radioactivity.
uranium conversion, enrichment, and fuel fabrication) are Minimum rcgulatc_ry levels have already been defined in
given in Table 7.3 (d_tla from rcfs. 3-12). Mt_st c_fthese Europe; la the EPA, which has responsibility for defining
estimates a_sume a 40-year facility-c_pcrating life. (In such levels in the United States, began a review of criteria
practice, the operating lifetime can vat3, significantly, in 1984. Currently, the NRC handles requests to declare
depending on the extent to which facility equipment is a waste below regulatory cc_ncernon a case-by-case basis.
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Depending on the level c)f technolc_gy and the rninimum tile NRC approves an ailerna_tive tlispt_d in a liccrtscd site.
regulator), level delinition, actual decommissic, ning waste l ligh-activity activation wastes from the imrncdiatc
volumes could vary considerably from the estimates decommissioning of I.WRs are estimated tt_ make up lcs.s
reported in Table 7.3. Ilowever, the actual total than 1% of the total waste volunle, but they c_mtain mc_re
radioactivity in the D&D waste from a particular facility is than 95% of the radit_activity. 4n Such reaclt)r wastes are
not expected to vary significantly from that projected, comprised of many long-lived radionuclidcs. M_st _f this

A list of the larger commercial power rcaclors that radioactivity is in a single re;_ctc_r component, the stainlc_s
have undergone some mode of dcc{_mmis.sic_ning tc_date is steel core shroud that surrounds the reactor fuel.
provided in Table 7.4 (data fronl refs. 1 and 17). (A As rel',a)rted in ref. 21, a study of reactc_r
comprehensive listing of all types of domestic reactors that decommissioning wastcs is bcing made by l'acJfic
have been shut down or dismantled is given in rcf. 1.) As Northwest I.aboratory (PNI_) l'c_r the NRC'. This study
described in ref. 18, the NRC has defined the thrce majur includes an analysis of wastes from the Shippingport
alternative classifications for decommissic_ning c_f nuclear Station decommissioning and an analysis of neutron-
facilities: activated metal components (GTCC materials) from the

internals of other reactors. Thus far, the waste
• DECON--"... the alternative in which the equipment, characterization as.se_sments from this study have indicated

structures and portions of a facility and site containing lhe following:
radioactive contaminants are removed or

• All reactor decommissioning materials, except the
decontaminated to a level that permits the property to

pressure vessel internals, have the potential for being
be released h_r unrestricted use shortly after cessation disposed of as C'lass-A I.I.W;
of operations." • Fis.sion prtx.lucts and "l'l;_l_l radionuclidcs are absent;

and
• SAFS'I'OR--"... the aiternalive in which the nuclear

• Most radioactivity results from neutron-activation
facility is placed and maintained in such condition that prcxtucts, of which _°Co is the principal contributor.
the nuclear facility can tm safely stored and
subsequently decontaminated (deferred Additional updated information on the radioactive
decontamination) to levels that permit release h)r characteristics of commercial reactor D&D wastes (in
unrestricted use." particular, spent I.WR control rtxl a_semblies) will be

documented in future supplements to ref. 21.
• ENTOMB--"... the alternative in which radioactive

contaminants are enca_d in a structurally Icing-lived
material, such as concrete. The entombment 7_3 INVENTORII_ AND PROJE(YI'I()NS

structure is appropriately maintained, and continued
i surveillance is carried out until the radioactivity decays Of the reactors listed in Table 7.4, only threw, the l'.'lk

to a level permitting unrestricted release of the River station, the scxlium reactor experiment at Sanla
property." ("Ibis alternative would be allowable h_r Susana, C_alift)rnia, and the Shippingport stalion (discussed
nuclear facilities contaminated with relatively later), have been completely dismantled. A summary of
short-lived radicmuclides such that all ct_ntaminants the wastes from decommissioning the Elk l,',ivcr station is

would decay to levels permissible ft_r unrcslricted use prtwided in Table 7.5 (data from rcfs. 22-24). Types and
within a period on the order of 100 years.) w_lumes of wastes fr_m dec_mmi_sit_ning the scxJium

reactor experiment are reported in Table 7.6 (data frt_m

Decommissioning operatitms collect 1.I.W plus a small ref. 25).
w)lume of high-activity wastes from the internal parts of For the pr¢_jections listed in Table 7.2, a 6-year t:v,:riod
certain reactor cores. These high-activity wastes are _fften for decommissioning activities is as.sumcd: 2 ycars for
referred to as "high-activity activalic_n wastes." t lnder planning and preparation and 4 years lt_r actual
NRC rules, many of these wastes would be classified as decc)rnmissioning, with wastes generatcd equally twcr the
greater-than-Class-f" ((;T(_C) I.I.W. S¢_mc (;'1'(7(7 wastes final 4 years. The option dc)cs exist, however, to delay
contain significant concentrations (ff It)ng-lived, decommissioning ft_r 10 to 60 years after reactor shutdown
nontransuranic radioisotot'_s, such as S'_Ni,_'_Ni,'and '_'_Nb. to ali¢_w significant radioactive decay tc_ c_ccur.TM l.'¢_r
These isotopes are generated by I¢)ng-tcrm irradiation of example, radioactivity levels in i'WH. piping lmvc been
stainless steel and st)me other alk_ys used f_r re_tct_r c_re estimated t_ decrease, in 10 years, to 8.7% and, in
structural components. Bccause the mclhod t_f waste 30 years, t¢_0.63% c_fthc radioactivity Levels at the time t)l
disposal for the_ reactor internals is different lr¢_m I.I.W reactor shutth)wn. At PWR sht_ldown and ft_r _t_t_t

disIx)sal, GT('C wastes are rel:x_rted set_aralely. IJnder 4 years therc_ffter, S-_l:e and _(:¢_contrc_l the radiali_t_
current NRC regulations, _ z0 these w_tstcs arc cunsitlered levels; from 4 to about 1(_1 years, _'(?o _liltl "_Ni c()nlrol
not generally acceptable for shallnw-land disi_sal. Such radiation levels; and well beyond I(_)years, S_'Niitnd °4Nb
wastes must be put into) a fcdcral gct_lc_gk:rct_)silt_r3,,unlc_s contrt_l radiatic_n levels. 7 "l'hc cht_icc I_twecn immcdi_tte c_r
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delayed decommissioning involves cost trade-offs between plant. The reactors include Dre_en-Unit 1, La Crosse,
the costs of storage with delayed decommissioning versus Saxton, Humboldt Bay-Unit 3, Rancho Seco, Fort St.
the higher costs resulting from the higher radiation levels Vrain, Pathfinder, Shoreham, Indian Point-Unit 1,
associated with rapid decommissioning. _ Therefore, the Yankee Rowe, and San Onofre-Unit 1.
start of actual decommissioning may be much later than The Commonwealth Edison Company has issued a
the shutdown date to allow plant radiation levels to decay decommissioning plan and environmental report 3° for the
to lower levels. Another consideration is that the last core Dresden-Unit 1 nuclear power station. Commonwealth
of discharged spent fuel may need to remain at the reactor Edison plans to decommission this reactor by first placing
site for at least 5 years prior to shipment. Table 7.7 shows the facility in a SAFSTOR condition until Dresden-Units
the effects of various decommissioning alternatives on the 2 and 3 are ready for decommissioning. If an extended-life
volumes and radioactivities of D&D wastes from a program for Units 2 and 3 is not initiated, all three
reference BWR 3.s and a reference PWR. 68 For cases Dresden units will be decommissioned by dismantling,
invoMng deferred D&D activities, it is evident that both beginning in 2017. A summary of projected radioactive
the volumes and activities of wastes significantly decline materials from the SAFSTOR decommissioning of the
after a safe storage period of 50 years. Dresden-Unit 1 station is given in Table 7.11 (data from

PNL is updating its earlier analysis of LWR refs. 30and31).
decommissioning costs and waste projections (documented The La Crosse BWR was shut down in 1987 and
in refs. 3-.8). This updated analysis is being performed for placed in SAFSTOR in 1988. Current plans are to
the NRC and will be completed early next year. dismantle the reactor after a SAFSTOR period of 25 years.
Information garnered from the updated LWR D&D study Projected volumes and associated activities of annual waste
will be used to develop new decommissioning waste source shipments from this reactor during this period are given in
terms and to revise Tables 7.2 and 7.7 in future editions of Table 7.12 (data from ref. 32).
this report. The Saxton Nuclear Experimental Reactor is a

Inventories and projections of wastes from three 3-MW(e) PWR that was placed in SAFSTOR following its
major DOE decommissioning programs are summarized in shutdown in 1972. Work on dismantling the reactor site
Tables 7.8, 7.9, and 7.10 (data from refs. 27-29). (DECON) started in 1986. To date, decontamination of
"Fable 7.8 lists waste inventory and projection data for the control room and radwaste building has been
completed decommissioning activities at the Shippingport completed. The reactor containment building is not
Station Decommissioning Project, site of the first domestic scheduled for dismantling until the mid-1990s. A summary
commercial power reactor. The facility was shut down in of projected waste characteristics from dismantling the
1982, and physical dismantling began in September 1985. Saxton site is provided in Table 7.13 (data from ref. 33).
During April 1989, the decommissioned reactor pressure Projections of wastes from decommissioning the
vessel from the Shippingport Station was received for 65-MW(e) Humboldt Bay-Unit 3 BWR are reported in
disposal at the ltanford Site after an 8000-mile water Table 7.14 (data from ref. 34). Projections for the
journey. The pressure vessel was the last major reactor Humboldt Bay BWR include wastes from completely
component to be shipped from the facility. Shippingport dismantling the reactor following a SAFSTOR period of 30
decommissioning activities were completed in 1990. 27 years (i.e., SAFSTOR with delayed DECON).

"Fable7.9 (data from ref. 28) presents a summary of The Rancho Seed reactor is a 918-MW(e) PWR that
the West Valley Demonstration Project (WVDP), formerly was shut down in 1989. Table 7.15 (data from ref. 35) lists
a commercial fuel reprocessing facility. Since startup of the projected volumes of wastes from the dismantlement of
project in 1982, more than 70% of the cell surface areas of this reactor following a SAFSTOR period of about 20
the original process building have been decontaminated years.
and released for project reuse. In August 1989, the 330-MW(e) Fort St. Vrain

Inventories and projections of wastes from HTGR was shut down to replace an inoperable control
decontamination activities at the damaged Three Mile rod. During this forced outage, stress cracking of the feed-
Island-Unit 2 (TMI-2) reactor are summarized in water ring headers to the steam generators was noted and
Table 7.10. Removal of core debris from the damaged thus resulted in a decision to permanently cease reactor
reactor was begun in January 1986 and was completed in operations. The DECON option was selected as the mode
April 1990. This resulted in the shipment of 155.9 t of of decommissioning. During 1991 and 1992, early
core debris to INEL for R&D testing and storage. "I7v1I-2 dismantling of certain systems and components and
is currently scheduled to have Post Defueling Monitored defueling of the reactor were performed pending issuance
Storage (PDMS) preparation activities completed by the of the decommissioning order. In August 1992, a team
end of 1993. Implementation of PDMS activities will headed by Westinghouse was selected to perform
require NRC approval of a submitted licensing change decommissioning and assume early dismantlement
request. _9 responsibilities. Later that year, the NRC issued the Fort

Decommissioning waste projections are being St. Vrain Decommissioning Order, which became effective
compiled on several other reactors and a fuel fabrication on December 7, 1992. Projections of wastes from
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DECON of the Fort St. Vrain reactor are reported in The 167-MW(e) Yankee Rowe PWR was shut d{_wn
Table 7.16 (data from refs. 36 and 37). Actual inventories in 1992, and projections of wastes from its
of wastes disposed from D&D activities through 1992 are decommissioning are reported in Table 7.21 (data from
reported in Table 7.17 (data from ref. 38). ref. 45). These projections are reported for two majt_r

The 40-MW(e) Peach Bottom-Unit 1 HTGR was phases of project decommissioning: comt'xment removal
shut down in 1974 and placed in SAFSTOR. To put the (1993-1994), which includes the reactor core components
reactor in this mode of decommissioning, 490 containers of and steam generator; and balance of decommiasicming
solid radioactive waste were packaged and shipped. This (1999-2002), which includes the remainder t_fthe reactor's
solid waste represented a total volume of nearly 400 ma components and general plant inventoriesY
and an activity level of 380 Ci. In addition, about 1.14 m3 Projections of wastes from decommis,_ioning the
(300 gai) of liquid waste, consistLlg of contaminated oil, recently shut down San Onofre-Unit I PWR are rep_rted
were processed or solidified.39 in Table 7.22 (data from ref. 46). These projections arc

The 66-MW(e) Pathfinder BWR was placed in the reported for a case involving SAFSTOR.
SAFSTOR mode following its shutdown in 1967. Work on Inventories and projections of wastes from
dismantling the reactor (DECON) began in July 1990. decommissioning activities at the Cimarron (Oklahoma)
The scope of this phase of decommissioning includes the Fuel Fabrication Facility are provided in "Fable 7.23 (data
reactor building, the fuel-handling building, the fuel from ref. 47). During 1992, 46 shipments of low-specific-
transfer tube and vault, and the surrounding areas. By activity (LSA) waste were made from the Cimarron Facility
May 1991, most of the piping, pumps, tanks, wiring, to Barnweli, South Carolina. These shipments totaled
ventilation, and miscellaneous systems were removed and about 488 m3 in volume and 0.23 Ci of activity.
disposed of. The reactor vessel was lifted out of Decontamination work at this fabrication plant i_schcduled
containment in May 1991. Later that year, the to be completed during 1993.
decommissioning team shipped the vessel via rail to a Currently, the total impact of wastes from l)&l)
commercial LLW disposal site near Richland, Washington. activities at commercial reactor and fuel cycle sites has
Upon completion of this phase of decommissioning, only been small, ttowever, the impact will become more
trace amounts of residual contamination willremain in the significant after the year 2000, when more of the older
operating, converted fossil plant. Waste inventories and reactors complete their campaign of operation.
projections from D&D activities at the Pathfinder reactor In addition to wastes from the decommissioning of
site are given in Table 7.18 (data from ref. 40). commercial reactor and fuel cycle facilities, some other

The 820-MW(e) Shoreham BWR underwent low- wastes will result from U.S. Department of Defense
power tests until 1989,when the plant's owner, Long Island (DOD) power plant decommissioning operations. During
Lighting Company, agreed to sell the plant to the state of a period spanning 20 to 30 years, ablaut 100
New York for decommissioning. A proposed nuclear-powered submarines of the U.S. Navy may be
decommissioning plan (ref. 41) for the Shoreham plant was removed from service and consigned to permancnt disposal
reviewed and approved by the NRC (ref. 42). Prompt after removal of spent fuel. Current plans are to dispose
decontamination and dismantling (DECON) of the of the submarine reactor compartments by land burial at
Shoreham plant began in 1992, and they are proceeding, the Hartford Site. F_.achreactor compartment contains
Projections of wastes from decommissioning the Shoreham about 1000 t of metal, and it is estimated that 100 reactc_r
BWR are reported in "Fable 7.19 (information based on compartments can be buried on 4 ha (10 acres) of land.'_
ref. 43). As of the end of 1992, 56 submarines had been taken c)ut

Table 7.20 (data from ref. 44) reports projections of of active service. In 28 of these submarines, thc reactc_r
wastes from decommissioning the Indian Point-Unit 1 compartment was first defueled, then later rcmcwed, and
reactor. This 265-MW(e) PWR was shut down in 1974 disposed of at llanford. (LLW disposed from thesc
and later placed in SAP_TOR. The projections of activities is included in the DOE site inventories rcl_rtcd
Table 7.20 pertain to a case of complete dismantlement in Chapter 4.) The remaining 28 submarines with reactor
(DECON) of the Unit 1 station upon completion of its compartments were being held in protective storage. _
SAFSTOR phase, which will occur when the Unit 2
(PWR) station is finallyshut down.
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Table 7.1. Schedule of actual end projected final shut,iowa dates for
c_rcial £i6ht-water reactors a,b

BWR PWR Total LWR

Calendar year of
shutdown No. _(e) No. MW(e) No. lqN(e)

1963 I 5 1 5
1967 1 66 1 17 2 83
1968 2 39 2 39
1972 1 3 1 3
1974 1 265 1 265
1976 1 65 1 65

1978 1 200 1 200
1979 1 926 c 1 926
1982 1 72 1 72
1987 1 48 1 48
1989 1 820 1 918 2 1,738
1991 1 167 1 167
1992 2 1,566 2 1,566

totals 8 1,243 9 3,934 17 5,177
through 1992

2000 1 67 1 67
2004 1 610 1 610
2005 1 605 1 605
2007 3 1,892 3 1.892
2008 2 2,086 2 1,346 4 3,432
2009 i 470 1 470

2010 3 1,956 2 1,178 5 3,134
2011 1 755 1 755

2012 2 1,159 1 781 3 1,940
2013 4 3,376 9 7,596 13 10,972
2014 5 3,856 8 6,377 13 10,233

2015 1 800 2 1,843 3 2,643
2016 2 1,832 5 4,400 7 6,232
2017 2 1,872 2 ",872
2018 1 762 2 1,769 3 Z,531
2020 3 3,137 3 3,137

2021 3 3,075 3 3,075
2022 2 2,183 2 2,183
2023 1 1,100 2 1,968 3 3,068
2024 4 4,195 3 3,470 7 7,665
2025 2 1,996 6 6,860 8 8,856

2026 4 4,210 4 3,909 8 8,119
2027 4 4,745 4 4,745
2028 3 3,430 3 3,430
2029 1 1,055 1 1,103 2 2,158
2030 4 4,620 4 4,620

Projected totals 37 31,848 71 66,596 108 98,444
(1993-2030)

aData from refs. 1 and 2. Historical data (prior to 1993) are baaed on ref. 1.
Projected shutdown dates are based on utility-projected dates for reactor retirement
reported in Table 4 of ref. 2.

byears in which no reactor shutdown is expected are eliminated.

CShutdown of Three Mile Island-Unit 2 nuclear power plant due to an accident. Upon
completion of the present cleanup campaign, the plant will be placed in a monitored storage

and will be decommissioned when TMI-Unit 1 is dismantled.



183

Table 7.2. l_ojectton- of cunuIatIve volun, ruttoaottvtty, md t.hez'ual

power of wastes from deoG_sstoninq_ commercial llKht-wat.er

reactants shut down during 1993-2030 a,b, c

Volume Activity Thermal power

Waste type (m3 ) (Ci) (W)

Boiling-water reactors

Class-A LLW 510,450 42 970 327

Class-B LLW 10,282 133 525 1,024

Class-C LLW 1,460 443 816 1,634

Subtotals 522,192 620 311 2,985

Greater-than-Clas_-C LLW d 273 4,466,342 27,350

Totals for D&D of BWRs 522,465 5,086,653 30,335

Pressurized-water reactors

Class-A LLW 1,017,984 221,865 1,145

Class-B LLW 12,128 299,606 2,593

Class-C LLW 964 252,429 1,887

Subtotals 1,031,076 773,900 5,625

Greater-than-Class-C LLW d 258 45,587,422 267,112

Totals for D&D of PWRs 1,031,334 46,361,322 272,737

Total llght-water reactors

Total LLW 1,553,268 1,394,211 8,610

Greater-than-Class-C LLW 531 50,053,764 294,462

Totals for D&D of LWRs 1,553,799 51,447,975 303,072

aThe projections of this table are based on a decommissionin 8 scenario

which assumes that upon reactor shutdown, there will be a 2-year planning

period followed by a 4-year decontamination campaign, with wastes being

collected equally over each of the 4 years. In terms of numerical

significance, the number of digits used to report these projections are greater

than justified. However, this procedure is used for bookkeeping purposes to

ensure consistency in the numerical totals reported. Since these projections

are based on the reactor shutdown dates reported in Eel. 1 and the source terms

developed from refs. 3-9 (see Appendix C), each reported number is significant

to no more than three figures.

bThis table refers only to reactors yet to be decommissioned. Historical

reactor D&D wastes are included in the institutional/industrial (I/I) waste

inventories reported in Chapter 4.

CThe projections reported for volume, activity, and thermal power are the

cumulative levels of wastes from reactor D&/) activities durlng the period 1993-

2036. For the scenario described in footnote a, the year 2035 is the last year

in which wastes are collected from reactors shut down in the year 2030.

dcontribution from the core shroud (see ref. g).



Table 7.3. Projections of radioa©ttve wastes from doc_m_aeion_u_ referauce CG_rci81
power reactort 8_d fuel _jrc.1.e faci]_Ltiea a

Operation

Waste volume, m 3

Lifetime Decommissioning

Fuel cycle facility Capacity Period (years) alternative LLW b GTCC c

Boiling-water reactor 1,155 MW(e) 40d DECON 18,938 I0e

Pressurized-water reactor 1,175 _8(e) 40 d DECON 180192 5e

Uranium conversion plant 10,000 MTIHM/year 40 DECON 1,250 0

(solvent extraction process)

Uranium enrichment plants

(aaseous diffusion plants)

• K-25 site 7,700,000 k8 SWUlyear 1945-1985 40 DECON 910,112 0

• Paducah site II°3000000 k8 SWUlyear 1954-2005 51 DECON 662,414 0

• Portsmouth site 8,300,000 kg SWUlyear 1956-2005 49 DECON 630,093 0

Fuel fabrication plant 1,000 MTI_lyear 40 DECON 1,090 0

abased on information reported in refs. 3-12.

bClass-A, Class-B, and Class-C LLW.

CGreater-than-Class-C LLW.

dReactor operations assume a 75Z-capacity factor.

eAssumes contributions only from the core shroud. Estimated from information provided in the report DOE/LLW-114 (ref. 9).



Table 7.4. List of U.S. civil/ran reactors shut down or dtmmmtl_i as of December 31. 1992 a

[Reactors of 10-MW(th) capacity or greater]

Capacity rating Decommissioning Present status of

Year of alternative decommissioning

Reactor facility Location Reactor type MW(e) MW(th) shutdown selected alternative

Boiling Nuclear Superheater Punts Higuera, PR Boiling-water 17 50 1968 ENTOMB ENTOMB

Power Station (BONUS)

Carollnas-Virglnia Tube Parr, SC Pressure-tube, 17 64 1967 SAFSTOR SAFSTOR

Reactor (CVTR) heavy-water

Dresden Nuclear Power Station-- Morris, IL Boiling-water 200 700 1978 SAFSTOR SAFSTOR preparation h

Unit 1

Elk River Power Station Elk River, MN Boillng-water 22 58 1968 DECON DECON completed c

Enrico Permi-Unlt 1 Lagoons Beach, MI Sodium-cooled, fast 61 200 1972 SAFSTOR SAFSTOR

ESADA/GE Vallecitos Pleasanton, CA Light-water, NE d 17 1967 SAFSTOR SAFSTOR

Experimental Superheat moderated

Reactor (Empire States

Atomic Development

Associates and General 00

Electric Company)

Port St. Vrain Reactor Platteville, CO High-temperature, 330 842 1989 DECON DECON in progess e

gas-cooled

General Electric Testing Pleasanton, CA Tank NE 50 1977 SAFSTOR SAFSTOR

Reactor

Hallam Nuclear Power Facility Hallam, NE Sodium-cooled, 75 240 1964 ENTOMB ENTOMB

graphite-moderated

Humboldt Bay Power Plant- Eureka, CA Boiling-water 65 242 1976 SAFSTOR SAFSTOR f

Unit 3

Indian Point Station-Unit 1 Buchanan, NY Pressurized-water 265 615 1974 SAFSTORg SAFSTOR

La Crosse Nuclear Generating Genoa, WI Boiling-water 48 165 1987 SAFSTOR SAFSTOR h

Station

Pathfinder Atomic Plant Sioux Palls, SD Boiling-water 66 192 1967 DECON DECON i

Peach Bottom Power Station-- Peach Bottom, PA High-temperature, 40 115 1974 SAFSTOR SAFSTOR

Unit 1 gas-cooled



Table 7.4 (continued)

Capacity rating Decommissionin8 Present status of

Year of alternative decommisslonin8

Reactor facility Location Reactor type MW(e) MW(th) shutdown selected alternative

Piqua Nuclear Power Facility Piqua, OH Organic-cooled and 11 46 1966 ENTOMB ENTOMB
moderated

Plum Brook Reactor Sandusky, OH Tank NE 60 1974 SAFSTOR SAFSTOR

Rancho Seco Clay Station, CA Pressurlzed-water 918 2,915 1989 SAFSTOR SAFSTOR preparationJ

San Onofre-4Jnit 1 San Clemente, CA Pressurized-water 436 1,347 1992 SAFSTOR SAFSTOR preparation k

Saxton Nuclear Experimental Saxton, PA Pressurized-water 3 24 1972 SAFSTOR DECON in progress 1Reactor Project

Shippinsport Power Station Shippinsport, PA Pressurized-water 72 236 1982 DECON DECON completed m

ShorehamReactor Brookhaven, NY Boiling-water 820 2,436 1989 DECON DECON in prosress n

Sodium Reactor Experiment Santa Susana, CA Sodium-cooled, 10 30 1964 DECON DECON completed o
graphite-moderated

Southwest Experimental Fast Strickler, AR Sodium-cooled, fast NE 20 1972 SAFSTOR SAFSTOROxide Reactor (SEFOR) c_

Three Mile Island-Unit 2 Londonderry Pressurized-water 926 2,770 1979 p p
Reactor Township, PA

Trojan-Unit 1 Prescott, OR Pressurized-water 1,130 3,411 1992 TBD TBD

Vallecitos Boiling-Water Pleasanton, CA Boiling-water 5 33 1963 SAFSTOR SAFSTORReactor (VBWR)

Westinghouse Testin8 Reactor Waltz Mill, PA Tank NE 60 1962 SAFSTOR SAFSTOR(WTR)

Yankee Rowe-Unit 1 Rowe, MA Pressurized-water 167 600 1991 SAFSTOR SAFSTOR preparation

abased on Eels. 1 and 17.

bEstimates cf decommissioning wastes are reported in Table 7.11.

CDecommissionin8 wastes are reported in Table 7.5.

dNE = no electricity generated by reactor before it was shut down.

eEstimates of decommissioning wastes are reported in Table 7.16. Actual inventories are reported in Table 7.17.
fEstimates of decommissioning wastes are reported in Table 7.14.

gEstimates of decommissioning wastes are reported in Table 7.20.

hEstimates of decommissioning wastes are reported in Table 7.12.



Table 7.4 (continued)

iEstimates of decomnissionin8 wastes are reported in Table 7.18.

JDecom_ssioninK wastes are reported in Table 7.15.

EDecomnissloning wastes are reported in Table 7.22.

IDECON of the Sexton fscilit7 started in 1986. Estimates of decommissionln8 wastes are Kiven in Table 7.13.

mDecomnissloninK wastes are reported in Table 7.8.

nDECON of the Shorohmn plant started in 1992. Estimates of decomnissloninK wastes are reported in Table 7.19.

ODecu_nissioninK wastes are _eported in Table 7.6.

PTMI-Unlt 2 has completed de_uelinK and decontamination in selected areas. The plant will be placed in a lens-tern monitored storase mode and

will be decommissioned when TMI-Unlt 1 is dismantled. Inventories of decontam/nation wastes are reported in Table 7.10.

0_
_j
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Table 7.5. Types snd qu_-tltiaa of wastes frmsdeoc_IselonlnS
the Elk Eiver reactor aitea, b

Reactor component or Volume Mass Radioactivity d
waste typec (m3) (t) (Ci)

Reactor pressure vessel 4.6 36.0 i,ii0

Reactor internals

Upper shroud e e 770
Lower shroud • • 35
Core and shroud plate • e 2,370
Core support stand • e 100
Inner thermal shield e • 3,090
Shadow shields • • 2,330
Feedwater distribution rins • • 75

Subtotals (internals) i.I 8.1 6,770

Externals 5.3 54.0 440f

Biological shield 5.9 39.0 5.8

Miscellaneous radioactive 1,350 1,090 •
contaminated materials
(excludins concrete)

Contaminated concrete 2,010 2,680 •

Totals 3,377 3,907 >10,325

abased on information reported in COO-651-93 (ref. 22), BNL-NUREG-29244R
(ref. 23), and r,f 24.

bThe Elk River BWRoperated from 1963 to 1966 and 8enerated 58.29
l_/(e)-years of (sross) electrical enersy. The plant was decommissioned from 1971
to 1974. Durin8 this time, the reactor was completely dismantled.

CAll decommissionin8 wastes were shipped to Sheffield, Illinois.
dEstlmated at the start of decommissionin8.
eInformation not available.
fIncludes 75 Ci estimated for the outer thermal shield of the reactor.

i
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Table 7.6. Types m_dvolusos of wutos frasdeo_aaloains the
S--ta SusmaSodiunRsaot_rExperime_t alien, b

Shippln8 container volume, m3

Type of waste c Kins-Pac d Boxes e Casks Drums Unboxed Totals

Activated vessel components 301 20 18 339

Contaminated components 1,458 49 29 17 1,553

Contaminated soil and concrete 1,752 42 1,794

Absorbed alcohol and other 141 141
solidified liquids

Disposed liquid 36 36

Totals 1,752 1,759 69 248 35 3.863

abased on information reported in ESG-DOE-13403 (teE. 25). Activity data were not available.
bThis sodium-cooled, 8raphite-moderated reactor operated from 1957 to 1964 and 8enerated

4.244 MW(e)-years of (8ross) electrical enersy. The plant was decommissioned from 1974 to 1983.
Durln8 this time, the reactor was completely dismantled.

CInitia_ly, these wastes were shipped to Beatty, Nevada. Later in the decommiseionins
prosram, shipments were made to Hanford, Wsshlnston.

dThts is a reslstered trademark for trl-walled cardboard containers used for packasin8
low-speclfic-activlty nonmetallic wastes (e.s., contaminated soil, bedrock, and concrete rubble).

e1#ooden boxes used for packastn8 low-speclfic-actlvity wood or steel.



Tdblo 7.7. Kst/matod vo/_no8 end actlv/tles of wastes _rcm doccnd_slon/nS alternatlvo8 considered for reference _a,b,c

Totals Class-A LLW Class-B LLW Class-C LLW

DocommissioninB Volume Activity Volume Activity Volume Activity Volume Activity

alternative (m3) (103 Ci) (m3) (103 Ci) (m3) (103 Ci) (mS) (103 Ci)

i
bferlncaboil_-wator_r [Z,155MW(e)]

Immediate decontamination 18,938 295.8 18,512 13.9 373 42.8 53 239.1
following shutdown

Deferred decontamination

after a safe storage

period of:

30 years d 18,938 9.0 18,652 1.4 233 1.1 53 6.5

50 years d 1,736 5.9 1,450 0.2 247 1.0 39 4.7

I00 years d 1,626 4.0 1,340 0.I 247 0.6 39 3.3

Entombment e 8,031 286.6 7,605 4.7 373 42.8 53 239.1

Rof_cance lar_zod-wmter r_fx_r [1o175N@(e)]

Immediate decontamination
followin8 shutdown 18,192 124.7 17,961 37.3 214 53.1 17 34.3

Deferred decontamination

after a safe storage

period of:

30 years d 18,195 3.6 18,055 1.5 123 0.6 17 1.5

50 years d 1,700 1.6 1,568 0.3 115 0.2 17 1.1

i00 years d 1,650 1.0 1,533 0.2 i00 <0.i 17 0.8

Ent_nt e 3,367 126.5 3,136 39.1 214 53.1 17 34.3

aFrom refs. 3-8. Activities were calculated from data reported in refs. 3-8. Data for each reactor are based on 40 years
of operation and a capacity factor of 0.75.

bBased on the limiting concentrations of long- and short-llved radionuclides given in Tables 1 and 2 of 10 CFR 61.55.

cEstimatez for GTCC wastes from LWR decommissioning (DECON) were recently developed by EG&G Idaho, Inc. and are reported

in ref. 9. A sumnary of all GTCC wastes estimated in ref. 9 for LWR operations and decommissioning activities £s presented in
Chapter 4.

dIncludes radioactive wastes from both preparations for safe storage and deferred decontamination.

eInvolves the r_val of reactor spent fuel (shipped to repository) followed by the encasement of the rest of the

radioactive portion of the reactor facility.
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Table 7.8. Chara©torletlce of wastes frcm dec_sslonlnS a©tlvlties at the

Shlppingport StatlmaDocc_Lisslonlns l_oJoota, b

Total waste removed from the

Shlpplngport reactor facility

Volume Mass Activity

Type of waste (m 3) (kg) (Ci)

Liquid 2,187 c 0.64

Solid d

Reactor pressure vessel package 283 815,560 16,487

Spent resins 101 56,429 40.82

Asbestos 1,072 138,205 2.49

Compacted trash 24 12,412 0.04

Metallic waste 1,801 1,117,113 41.59

Large, one-piece components 326 455,230 24.27

Concrete 52 52,470 0.08

Lead 57 82,302 0.17

Soil 53 31,493 1.44

Solidified sludge 164 198,086 4.30

Other solids 2,123 833,978 26.54

Total solid waste 6,056 3,773,256 16,608.75
i

abased on ref. 27.

bThe Shlpplngport reactor operated from 1957 to 1982, generating 841.8 MW(e)-

years of (gross) electrical energy. During its history, the reactor operated with

three different cores. Two of these were light-water cooled, seed-blanket, PWR-

type cores. The third and last core in the reactor was a seed-blanket LWBR-type.

Physical dismantling began in September 1985 and was completed in July 1989.

CInformation not available.

dSolid waste volume and mass include total volume and total mass as packaged.
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Table 7.9. Invlntorias and projections of wastes irma various activities
at the t_sat VaUeyDmmnstration ProJe©t a,b

Projected total wastes
Total wastes as of upon completion of

Waste description Decker 31, 1992 the project c

Spent fuel remaining d
Mass, MTII_ 27 27
Number of fuel assemblies 125 125

High-level waste 8enerated from
reprocessingoperatione (1966-1972) e

Volume, m3 (waste form) 1,231 210
(liquid, sludge, (glass)

and zeolite)
Activity, Cif 27,250,000 23,590,0008

Transuranic waste 8enerated from
presolidification activities and
HLW vitrification h

Volume. m3 43 300
Activity, Ci f 54 350

Low-level waste generated from

presolidlfication activities and
HLW vitrification

Buried waste (1982-86) volume, m3 5,786 15,000
Buried waste (1982-86) activity, Ci f 625 58,600
Stored waste volume, m3 13,290
Stored waste activity, Cif i

Low-level waste incorporated in cement
by radwaste treatment systemJ

Stored waste volume, m3 3,417 5,560
Stored waste activity, Cif 336 547

Low-level waste from postsolidification
D&D after BLW vitrification

Volume, m3 0 4,300
Activity, Ct f 0 1,400

Total low-level summary
(buried and stored wastes)

Volume, m3 22.493
Activity, Ci f >961

abased on data reported in ref. 28.
bat the West Valley Demonstration Project (WVDP) site, Nuclear Fuel Services, Inc.,

operated a reprocassins plant with a rated capacity of 300 HTIHIdlyear. During its operation
from 1966 to 1972, 640 t of spent fuel were reprocessad.

CWastes generated after 1987 are regarded as stored, not buried or disposed.
dAt the end of 1992, 125 fuel aesen_lies (representing 27 t of spent fuel) still remained

in storage at the WVDP. These assemblies are owned by DOE. The return shipment of all
commercially owned spent fuel (625 fuel assemblies) to the owner utilities was completed by the
end of 1986.

eCurrently, about 2,031 m3 of HLW is stored at the WVDP site in two underground steel
tanks. Eventually, this waste will be vitrified and about 300 canisters of glass will be
produced. This assumes each canister contains 0,70 m3 of glass.

fPrincipal nuclides include 241Am, 241pu, 137Cs, 99Tc, 90Sr, and 63Hi.
8Decayed activity for 1997.
hExcludee remote-handled TRU waste.

ilnformation currently unavailable. This information will be updated in future updates of
this report to include estimated total activity for containerized wastes after they become
characterized.

JComprised of Class A and Class C LLW. See Table C.10 of Appendix C.
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Table 7.10. Characteristics of wastes from dsco_tsminstimJ activities at the
Throe 1411e Ialand-41nit 2 react.or site e,b

Total waste shipped from THI
(August 1979 throtzgh December 1992"

Mass ........................................................

shipped Packaged volume Shipmelst activity c
Type of waste (t) (m3) (Ci)

Spent fuel/core debrisd 155.9 123.9 6,911,513

Low-level and other wastes e
Dry activated waste (DAW)f 6,894.7 718.7
Wet and solidified wastes 312.6 7,464.2
Submerged dsmineralizer system (SDS) h 58.2 573,877.7
EPICOR II system llnersi

First generation 125.7 77. 750
Second generation 947.3 _ ,_;_6.9
Defuellng water cleanup system (DWCS)J 8.45 5,8d6.3

Off-site deconable scrap 138.9 4

Totals 155.9 8,609.75 7,682,280.8

aThree Hile Island (THI)-JJntt 2 is a PWRreactor with the following characteristics: zated
capacity-g26 MN(e); mass of fuel in core before accident-82 MTIHM; and number of fuel assemblies
before accident-177. The reactor began operation in 1978 and generated 231.6 Pld(e)-years of
(gross) electrical energy before being permanently shut down by an accident in Hatch 1979.

bBased on information reported in ref, 29.
CThese activities represent the cumulative sum of curies repoxted at the time of waste

shipment, The values reported are not corrected for decay after the time of shipment.
dDefuellng of the reactor started in January 1986. Fuel-debris shipments were completed in

April 1990.
eother wastes include those regarded as "abnormal" because their classification is presently

uncertain.

fDry activated wastes are dry wastes packaged in drums, boxes, and high.-integrity
containers,

gIncludes solidified miscellaneous liquids and miscellaneous resin liners and filters from
TMI-Unit 2 systems.

hResin liners and filters from the SDS (for water treatment).
iResin liners and filters from the EPICOR IS system that use organic ion-exchange resins and

inorganic zeolite media, These include processing high-integrity containers (HICs). The
EPICOR IS system is a special type of filtering system used at the TMI-Unlt 2 site in the final
stages of decontaminating large volumes of contaminated water.

JResin liners and filters from the DWCS that use inorganic zeolite media. These are
primarily processing HICs,



194

Table 7.11. ProJe©tod characteristics of radioactive wastes

from Dresden-Unit I deccmalasionins a©tivities a,b,c

Volume

Waste category Reactor component(s) (m 3)

Radioactive materials Reactor vessel and internals: d

Reactor vessel 11

Btoshield sand and concrete 239
Thermal shield 2

Instrumentation support tubes 1

Bottom core support structure I
Other e 5

Subtotal 259

Solidified decontamination solvents 655

Reactor station components and 6,214
materials f

Total 7,128

Radioactive hazardous Asbestos insulation on contaminated 409

materials piping and c_mponents

Grand total 7,537

abased on refs. 30 and 31.

bThe 200-P_(e) Dresden BWR began operation in 1960 and senerated
about 1,800 MW(e)-years of (gross) electrical energy before it was shut

down in 1978. The projections of this table pertain to wastes from the

dismantlement of the reactor following a SAFSTOR period of about 30 years.

CThese projections do not include 32 m3 of LLW from SAFSTOR

preparation activities (e.g., materials from cleaning spent fuel pool

surfaces, miscellaneous sumps, and other contaminated areas; filters from

chemical cleaning system; and miscellaneous dry active trash).

dThe greatest source of radioactivity in the Dresden containment

building is In the reactor vessel and internals. This activity results

from neutron activation products in the vessel end shield materials.

Reference 28 reports an estimated activity of 4,029,000 CI for the vessel

and internals when the reactor was shut down in 1978. By the year 2017,

when dismantling of the reactor is to begin, this activity is projected to

drop to a level of about 16,000 Ci.

eOther reactor internal components include steam deflector support,

top grid assembly, bottom support grid, control rod guide tubes, and

reactor vessel cladding.

fReactor station components and materiels include piping, valves,

pumps, heat exchangers, building concrete, and structural steel.
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Table 7.12. Invmt, oriea and projections of low-level radioactive waste,

from La Crosse BWR decc_isaionir_ activities a,b

Average annual quantity

of waste shipped to
burial site c,d

Decommissioning Vohune Activity

Calendar year(s) mode (m3/year) (Ci/year)

1988 SAFSTOR 4,62 70.3

1989 s SAFSTOR 6,71_ 32.12

1990 e SAFSTOR 4.59 0 74

1991 • SAFSTOR 5.46 0 32

1992 e SAFSTOR 3.72 0 44

Totals (through 1992) SAFSTOR 25,13 103 92 f

1993 SAFSTOR 5 0 0 4

1994 SAFSTOR 5 0 0 4

1995-1998 SAFSTOR 0 0 0 0

1999-2003 SAFSTOR 6 5 13

2004-2008 SAFSTOR 4 9 7

2009-2013 SAFSTOR 3 6

2014-2018 DECON 103.0 >280

i Projected totals (1993-2018) SAFSTOR/DECON 600.0 >i,525.8 f
i

Historical and projected SAFSTOR/DECON 625.1 1,629.7 f

totals (1988-2018)

aBased on the information reported in ref. 32.

bThe 48-MW(e) ia Crosse BWR began operation in 1968 and generated 462 MW(e)-

years of (gross) electrical energy until it was shut down in April 1981. The

reactor was placed in SAFSTOR in 1988. The data in this table are based on a

SAFSTOR period of 25 years.

CDuring the SAFSTOR period, the principal types of radioactive solid waste

which will be processed and shipped to a suitable disposal facility will be low-

level radioactive wastes principally with radioactivity content less than Class C

(I0 CFR 61) wastes. These wastes will include (i) dry active wastes (DAW), normally

Class A, unstable; (2) dewatered spent demineralizer reslns and filtration media,

normally Class A or B, stable; and (3) contaminated or irradiated plant system

components, normally Class B or C, stable.

dContrlbutions from activated core components and structural materials are Tmt

included. Volume estimates of these materials are currently not available; however,

a preliminary activity estimate of 12,620 Ci has been made for these activated

materlals for year 2014, when the reactor will be ready for dismantlement.

eVolume of waste for this year reflects significant reductions due to

treatm_ent. Waste shipments for this year contained DAW and contaminated metal,

which were either decontaminated, supercompacted, or both by two Oak RidKe waste

treatment companies (Quadrex Recycle Center and SEG).

fUndecayed activity.
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Tdble 7.13. _o_e©to_l_l_mom of wutu fz_nS_
l%iRdo©o_,:lL.mstomdLm_La©tivitiem a,b,c

Volumo

Reactor coa_onont(s)lwasto (m3 )

Roactor vessel, hoad, and internals 39.64
ProssurLsar 3.12
Primary coolant pump 2.83
Steam generator 24.07
DemineralLzers 4.25
Shutdown cooling pumps 0.85
Relief valve discharge tank 4.25
Purification system surge tank 9.91
Safety injection pumps 1.42
Cooling heat exchanger 16.99
Contai nent vessel sump pumps 0.85
Discharge tank drain pumps 0.85
Containment v_nttlatton equil_snt 16.99
Primary piping 5.66
Auxiliary system pipins and valves 28.32
Contaminated and activated concrete of containment vessel 229.37
General valves, controllers, and instrumentation 42.48
Low-lave_ waste from dlsposal operations 33.98
Westinghouse supercriticsl test loop 42.48

Total voZume 508.31

abased on the information reported in rsf. 33.
bTho 3-MW(o) Saxton PWRwas shut down in 1972 and placed in SAFSTOR.

Work on dismantling the reactor site started in 1986. This facility

operated from 1962 until 1971, generating 10.4 MW(o)-years of (gross)
electrical energy.

CActLvLty data are unknown at this time. Saxton reactor
decommissioning waste characteristics are still being reviewed, and
additional information will be provided in this table in future reports.
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Tmblm 7.14. P_o_ect_lmrial_l_a of radioactive wastes
£ran_ (mothba/J_nsldelayod dismantling)

i of lkmboldt Bait-Unit 3a, b,c

Volume

D&D actlvlty/reactor component (m3)

Spent fuel recks 63

Nuclear steam supply system removal
Reactor vessel 71 d
Reactor vessel internals 24 °
Other components 17

Removal of major equipment
Main turblne/generator 353
Main condenser 164

Disposal of contaminated plant systems
Turbine system 425
Electrical system 153
High-pressure steam and feedwater systems 190
Condensate system 155
Radwaste collection and treatment systems 200
Other systems 248

Decontamination of site buildings
Refueling 434
Yard piping and sell 160
Other 30

Disposal of contaminated solid waste 152

Process liquid waste f 63

Disposal of modified plant and off-gas 100
systems as a result of 1986-1991

capital improvements

Total 3,002

abased on the information reported in ref. 34.
bThe 65-MW(e) Humboldt Bay-Unit 3 BWR operated from 1963 until

1976. generating 54_ _(e)-years of (net) electrical energy. The
plant was placed in a SAFSTOR mode in 1988. The projections in
this table and in ref. 34 assume delayed dismantling (DECON) of the
reactor begins in 2015. At this time, the SAFSTOR period will end
and the current inventory of spent fuel at the site will have been
shipped to a federal repository when the latter is available.

CExcept where noted, the volumes reported represent estimates
for packaged Class A LLW.

dIncludes 53 m3 of Class C LLW.
eIncludas 22 m3 of Class C LLW and 2 m3 of GTCC waste.
fClass B LLW.
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Table 7.15. ProJe©tedvolumes of wastes from Rsncho Seco
M do©osalssionins actlvltlos a,b,c

Volume
Reactor component(s)/waste (m3 )

Spent fuel racks 359

Reactor vessel 212

Reactor vessel internals 156

Primary system components and piping 1,336

Total for reactor vessel and components 2,063

Secondary and radwaste systems 2,625

Contaminated structures 468

Processed liquid waste 98

Dry active waste 397

Grand total 5,651

abased on ref. 35 (extracted from a 1991 decommissioning
cost study prepared by TLG Engineering, Inc.).

bThe 918-MW(e) Rancho Seco-Unit 1 PWR was shut down in
1989. The reactor operated from 1974 until 1%89, generating
5,277.3 MW(e)-years of (gross) electrical energy.

CThe projections in this table pertain to wastes from

dismantlement of the reactor following a SAFSTOR period of
about 20 years.
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Table 7.16. Projected characteristics of wastes fzom DEC_l
(dia_mtltng) of the Fo:t St. VrainEllla, b

Burial volume Activity Projected
Reactor component(s)/waste (m3) (Ci) LLW class

Prestressed cmlcrete reactor vessel (I_RV) system

PCRV concrete 1,174.94 c A
Control rod drives (CRDs) 97.81 c A

CRD absorber strings 18.81 c C
CRD metal clad reflector 4.04 c C
Boronated stainless steel rods 845.27 c B

Top cover plates 1.59 c A
Top head kaowool d and liner 13.32 c A
Core barrel 21.97 c A

Core support blocks 41.09 c A
Core support floor kaowool, plates, and liner 8.94 c A
Metal clad reflector blocks (non-CRD) 28.67 c C
Dummy fuel blocks 168.28 c A
Graphite reflector blocks 237.65 c A, B
Silica insulation blocks 14.27 c A

Large permeable reflectors 709.32 c B
Reflector keys 0.57 c A
Metal shell for large side reflector 0.58 c A

Radial cover plate, kaowool, and PCRV liner 55.57 c A
Region constraint devices 1.42 c C

Helium purification and regeneration system 30.87 c A
Helium circulators 4.01 c A

Steam generators 269.02 c A, B

I_RV system total 3,746.01 1.30E+6

Materlal handllns, treatment, mad storage (HBY5) systems

Fuel handling machine 63.33 c A
Fuel storage wells 28.48 c A
Equipment storage wells 2.98 c A
Auxiliary transfer cask 19.52 c A
Hot service facility 10.98 c A

MHTS systems total 125.29 3.88E-2

Decontamination and waste (DW) systems

i Decontamination system 9.57 c Ai

Radioactive liquid waste 9.15 c A
Radioactive gas waste 32,93 c A
Dry activated and other wastes 153.34 c A

DW systems total 204.99 1.33E-4

Fort St. Vraln HTGR total 4,076.29 1.30E+6

abased on refs. 36 and 37. The case considered involves complete dismantlement of all
radioactive systems at the reactor site after defueling of the reactor has been completed.

bThe 330-MW(o) Fort St. Vrain HTGR operated from 1979 until 1989, generating about
490 MW(e)-years of (gross) electrical energy.

CInformation is not available.
dKaowool is an insulation material.
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Table 7.17. Actual radioactive wute diapoual frast_e decamiaaioninB
of the Fort St. Vrain reactor a,h

Irradiated hardware Dry active waste

No. of Volume c Activity No. of Volume c Activity

Year shil_ents (m3 ) (CI) shipments (m3 ) (Ci)

1991 6 29.1 8,083.80 20 13.3 1.81

1992 d 64 365.8 32,678.49 6 13.4 7.88

Total 70 394.9 40,762.29 26 26.7 9.69

abased on ref. 38. Includes shipments made by Public Service Company of Colorado and

decommissioning contractor and waste processors subsequent to volume reduction.
bTrackin8 of volume by individual components and/or system is not performed due to

mixing of components from various waste streams, void spaces, etc.

CActual disposal volume which therefore includes void space, filler volume, package

volume, etc.

dprlor to December 8, 1992, preliminary dismantlement activities were performed.

Decommissionln8 order for Fort St. Vrain became effective on December 7, 1992.

Table 7.18. Characteristics of radioactive wastes assoclatod with

deco_iasionlns the Pathfinder reactor a,b

Volume c Mass Activity

I Reactor component(s)lwaste (mS ) (t) (Ci)
J

Reactor vessel d 113 280.5 560.92

Bioshield 78 179 0.26

Recirculation pumps and motors (3) 71 56 0.018

Contaminated concrete 50 40 0.065

Dry active waste e 567 635.5 0.557

Liquids 0 0 0

Asbestos 97 f 17 0,0001

Total 976 1,208 561.82

aBased on ref. 40. All material is low-specific-activity LLW.

hThe 66-MW(e) Pathfinder BWR began operation in 1964 and had generated about

140,000 _(e)-hours of electrical energy when it was shut down in 1967.

CThese numbers represent the volume of radioactive waste shipped to processors; the

final disposal volumes have not yet been determined.

dIncludes reactor pressure vessel, internal components, control rod drive blades,

8ravel, grout, and routine shipping (Type A) packaging components.

elncludes piping, valves, conduit, cable, sand, wire, steel, shield blocks,

grating, lights, filters, plastic, paper, and wood,
f •This is the velum of asbestos removed during D&D. Later this material was

reduced in volume to 20 m 3.
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T_lo 7.19. Projected characteristics of wastes frusShorehsB

B_R decosmisslonlns actlvitieaa, b

(Unless otherwise indicated, all wastes are projected to be LLW Class A)

Burial

volume Activity

Reactor component(s)/waste (m3 ) (CI)

Ruactor pressure vessel (RPV) c c

Reactor internals d 50.1 403

Reactor reclrculatlon system c c

Control rod blades 27.8 462

Control rod drive system e c c

Residual heat removal system c c

Core spray system c c

Reactor water cleanup system c c

Fuel pool cleanup system c c

Condensate and demlnerallzer system c c

Process sampling system c c

Spent fuel rack and accessories c c

Process and dry activated wastes c c

Demtneralizer system and resins/filters c c

Liquid radwaste system c c

Mirror insulation c c

Totals 93.1 865

abased on ref. 43.

bThe 820-b_g(e) Shoreham BWR underwent low-power tests until 1989,

when the Long Island Lighting Company agreed to sell the plant to the

state of New York for decommissioning. A total of 865 MW(e)-hours of

(gross) electrical energy were generated during the low power tests.
CAll items noted have been sent to volume reduction facilities

(VRFs) for processing prior to burial. As of June 1993, about 2600 m 3

have been sent to VRFs. Of thls pre-processed volume, 15.2 m 3

(representing less than 0.3 Ci of activity) will be buried as waste.

dIncludes about 0.4 m 3 (198 Ci) of incore instruments (local power

range monitor tubes), which are projected to be Class B LLW.

eExcludes control blades and control rod drives.

Table 7.20. Projected volties of wastes from Indian Polnt,-Untt 1

IN4R dec_sslonlns activltlea a,b

Container (type and number)

Reactor component(s)

LSA boxes Cask liners Total

Contaminated piping, valves, 1,269 0 1,269

equipment, and concrete

Spent fuel recks 9 0 9

Reactor internals 7 13 20

Reactor vessel 52 0 52

Total containers 1,337 13 1,350

External volume (m 3) of each 4.694 3.341

container (box or liner)

Total container volume (m3) 6,275 43 6,318

abased on ref. 44.

bThe 265-MW(e) Indian Point-Unlt 1 PWR began operation In 1962 and

generated about 1,440 PfN(e)-years of (gross) electrical energy before It was

shut down in 1974. The projections in this table pertain to wastes from the

dismantlement of the reactor following a SAFSTOR period of about 35 years.
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Table 7.21. l_oJe©tsd ©hara©terlatios of wastes from
Ymkee Rowe RI deoasRiaaimias actlvitlas a,b

Volume Aotlvlty
Reactor toe.anent (m3) (Ci)

CelponmtRImovalProJeet (1993-19_i)

Reactor vessel Internals 59 7 290,000
Reaotor core baffle c 1 4 1,020,000
Steam $anerator 200 1 1,760
Pressurizer 19 3 5
Dry sctlvated waste 137 6 <50
Filters 17 0 120
Drums 15 7 <80
Dmlnerallzer resin 3 4 60

Total (1993-1994) 454.2 1,312,075

Bslamca of dacc_Liaa/cQinS (1999-2002)

Reactor vessel 156.5 6,940
Main coolant pumps 26.6 20
General plant inventory 1,499.6 <500
Bulldlns inventory 178.8 <60
Spent fuel racks 240,1 <30
Drums 178.1 <50

Total (1999-2002) 2,279.7 7,600

Total (1993-2002) 2,733.9 1,319,675

aBased on rsf. 45. The values reported in this table are

preliminary and will be finalized in the decommissionins plan
that will be submltted to the HRC.

bThe 167-HH(e) Yankee Rowe-Unlt 11_R bssan operation in
1960 and senerated about 4,030 MH(e)-years of (&ross) eLsctrlcaL
enersy before it was shut down in 1992.

cThe reactor core baffle, the component directly adjacent
to the reactor core, exceeds the Class C Limits in accordance
wlth 10 CFR 61.55 and wllL be handled as HLW.
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Table 7.22. ProJe©todvolumas of wastes £ranasnOnofro-Unit I IMRdecomaizzionin8 a©tivitiez a,b

Waste volume, mS
Actlvity/reactor facility component

or type of waste Class A Class B CLass C OTCC Total

Annual SAYSTORmsintonance

Dry sctlvstsd waste _ 121.12 121.12

Spent fuel racks 14.39 14.39

Nuclear steam supply system (NSSS) removal
Reactor coolant plplns 86.04 86.04
Pressurizer quench tank 12.94 12.94
Reactor coolant system pumps and motors 40.28 49.28
Pressurizer 56.64 56.64
Steam generators 367.54 367.34
Control rod drive mechanism and Incore 48.20 48.20

instrumentation
Vessel intenmls 22.26 13.06 30.81 20.25 86.38
Reactor vessel 147.15 51.94 199.09

NSSS total 790.05 65.00 30.81 20.25 906.11

Plant systems

Auxiliary faedwater 92.12 92.12
Containment ventilation 42.45 42 45
Contaminated electrical equipment 79.27 79 27
Feedwater sampling 90.28 90 28
Feedwater 338.48 338 48
Gaseous radwaate 54.46 54 46
Letdown dsmineralizer 3.82 3 82
Letdown and residual heat removal 42,48 42 48

Liquid radwaste 37 72 37 72
Post-accident sampling 5 35 5.35
Pressurizer and relief tank 0 20 0.20
Radwaste drain system 5 21 5.21
Reactor coolant pump seal water system 13 71 13.71
Reactor cool system 3 12 3.12
Reactor cool system sampling system 13 06 13.06
Safety injection 85 70 85.70
Spent fuel cooling 11 98 11,98
Chemical volume and control system 23.93 23.93

Plant systems total 943.34 943.34

Site buildings

Reactor sphere and enclosure 249.27 249.27
Auxiliary additions 2.04 2.04
Contaminated soil 724.96 724.98
Fuel storage 21.69 21.69
Htscellaneous contaminated buildings 18.49 18.49
Radwaste 13.45 13 45
Reactor auxiliary 5.89 5.89
Storage building 1.42 1 42

Slte buildings total 1,037.21 1,037 21

Final waste liquid processing 40.24 40 24

Mixed waste 16.68 16 68

Totals 2,922.79 105.24 30.81 20.25 3,079 09

abased on ref. 46.

bThe 436-HW(e) San Onofre-Unit 1PWR began operation in 1967 and generated about 6,045 MW(e)-
years of (gross) eloctrica_ energy before it was shut down in 1992.

Clncludss 83.94 m3 of dry activated waste (including protective worker clothing) generated
during the latter phase of decommiasionlns.
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Table 7.33. ChtreateriatioI of w_t_ £_ daoaumLaeicmiu8 aGtivitieI
at the Cim_rrou he1 Fabrioatian FaaiUty e

Total waste removed
_rom Cimerron tbroush

December 1092 b Pro_Jected
waste volt_e

Volume Activity ramainin8 c
Project area Type of waste (m3) (Ci) (m3)

Burial 8round LLW (LSA) d 1,833.10 5.37 0

Mixed-oxide fuel plant TRU 255.89 10.87 0
LLW (LSA) 463,88 3.25 0

Uranium fuel plant areas
a. Uranium fuel plant LLW (LSA) 2,198.76 3.65 12-.14
b. North FieLd LLW (LSA) 630.10 0.33 0

Liquid process waste evaporation ponds
e, Hixed-oxlde plant pond LLW (LEA) 104.30 0.000009 0
b, Uranium plant pond LLW (LSA) 183.73 0,23 0

Sanitary kasoon pLpLns and manholes LLW (LSA) 1,565.63 2.93 0

Pro_ect totals TRU 253.8g 10.87 0
LLW (LSA) 6,970.50 15.76 12-24

Total waste 7,235.46 26.63 12-24

abased on the information provided in ref. 47.
bTha LLW inventories era included in the commercial disposal site inventories of Chapter 4.
CDecontaminatlon work is scheduled to be completed durlns 1903. Here than 951 of the estimated

decontamination requirement has boon completed.
dLSA - low-specific-activity waste.
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8. MIXED LOW-LEVEL WA.._I_

8.1 INTROI)UC'.llON TSCA compri,_ the second group of mixed I.LW;
inventoriesand projection.sof thisgroup are reportedin

This chapter relx_rts estimated inventoriesand thischapter, informationh)r the "l_CA-regulatedwMt¢_
generationrates of mixed LI.W from l)Oi:_..siteand was prewtdcdby Ihe Waste ManagementInformation
commercial operations. Mixed IJ.W includes mixturesof System (WMIS),'_a data ha.seof treatment, storage, and
low.level radi_ctive materials and (chemically and/or dLs[xxsal(T/S/I)) facility capabilities and DOF. site waste
physically) hazardous wastes. Typically, mixed I.I.W at stream characteristics. "lhe WMIS was established to
DeF. sites includes a variety of contaminated materials, support the I)()F. Office of I_nvironmenlalRestoration and
including air filters, cleaning materials, engine oils and Waste Management and is maintained by the ! I_ardous
grea._, paint residues, photographic materiab, soils, Waste RemcdialActions Program(IIAZWRAP).
building malerials, and plant equipment being l.lnlessotherwi_ noted,theinventoriesandproj¢ctiorL.s
decommL_sk)ned,Mixedhigh-leveland"I'RtJwastesarenot reportedfor mixedI.! .W are separatefromth¢v,¢reported
includedinthischapter,but theyare includedinthe I ll.W for strictlyradioactiveII.W in(:hapter 4. Inventoriesof
and "I'RU waste inventories and projections of Chapters 2 mixed I.I.W currently stored at D()I_ sites are being
and 3, respectively, thoroughly characterized. As a result, the waste at some

The radioactive components of mixed wastes are sites could require rech|ssification, thereby causing
subject to the Atomic F.ncrgy Act (AI_A), as amended,l significant changes in the inventories that reflect current
which, for government _mrccs, is administered _ DEF., data.
and, for commercial .murces, by NRC (unlees a slate has
obtained agreement.state status). In general, lhe
hazardous components of most mixed wastes aresubject to 8.2 WA,_I1_.C! IARA(,II_.R,I/All()N
either of two federalstatutesthatarc administeredby the
U.S. EnvironmentalProtectionAgency(F.PA) (unle_ a ('urrently, genericcharacterizationof mixedwastesis
state has obtained an authorb,.ation status): (1) the difficultfor ._veral reas4)ns: (I) such wastes have different
Re_)urcc Con._rvation and RcceP,,eryAct (R(:RA), as blends of hazardous (chemical and/or physical) and
amended, 2 and (2) the Toxic Sut_tanccs Conlrol Act radioactive comlx)nents that dictate precautionary
('I'SCA).-_ Some mixed wastes, particularlyspent engine measures; (2) several processes may be involved in
ods, arc regulated by slate laws. The trcatmcnl, handling, generating these wastes; (3) vark)us methods are used to
and dlsl'xV,al of RCRA. and "l.'S(:A.reguiatedmixed wastes prepare these wastes fi)r storage; and (4) in recent years,
arc:subject to the regulations of [he F.PA'Lsand NRC (or F.PA has adopted new toxicity-characteristic leaching
the authorized and agreement states), or I)OF.. Tah!e 8.1 procedures(T(:IPs). Representative data on the chemical
(data from rcf. 6) lists those states and territories and radionuclidc composili(ms of mixcd wastes will be
dcsignatcd by I_I)A as having mixed waste authorization, rclx_rtcdas more detailed site inf()rmationis available.

In this rei'x)rl,mixcd I.I.W is considered SCl_lratcly In thischaplcr, invcntoricsand annual generation rates
from the purely radl(_tctivc I.IW, which is di,_u_sed in of mixcd I.I.W arc expressed in terms of physical and
Chapter 4. This ._clion rc[x)rts mixed I.I.W invcntorics hazardous catcgorics. Physical properties are classified in
and projections for two major gr(_ups()f mixed l.l.W. The fi)ur categories: _)lid, liquid, gas, and sludge. Ilazardous
first compri_s wastes wh(r.,cha;,ardous comp()ncnts arc properties are classified according to waste categories
I,(('RA and/()rstate regulated. The summary information idcntificd in the IMWll( and TS(:A.
relx)rtcd l(_rthe._ R(:RA/statc.regulatcd wastes are based
on the 1(_)3 !)O!_ Interim Mixed Waste InventoryReport
(IMWIR)," which is required by the I:ederal I:acility 8_3 SUMMARY ()1,' IX)H MIXF.I) I.l.W
Compliance Act (/'i:(:A). _ I)()l! is currentlyrefining and
updating the site inlormati()n and data in the IMWIR. (:umulativc n)a_s inventories and generation rat_ are
Wastes wh(_c haT_lrd()uscoml'x)ncnts are regulated by rel'x_rledin this chapter l(,r n)()st()f the I)()1;.sites listed in
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"lahle I).t, Appendu_ !). 'lhe rales arc l_=_.,d on ('umulative !992 max`+ inventories and volume

(a) R('RA./slale+reg,dalcd wa.,+l¢!nformallon rc[x_rled in inventories are given in the physicalcategory lablcs Ior the
Ihc IMWIR 7 and (hi inliwmation on "i,+S(,A-regulaled "l_CA.regulated wasles (Tables 8.9 and _LI(}, respeclively).
w=Lslesfrom WMI_. '+ _,,me generalion rates may vary Annual melt`+gcneralion and volume generation of Ihe_
from current inventory addili,)ns tx:cau,_ the generalion wastes for 1992 arc rclx)rted in Tables 8.11 and 8.12,

levels re[x)rled do noi reflect Ircalmenl Ihal may lake respectively.
place h,.:fore the _,'asle Lsplaced in inlerim storage. I)()E The hazardous category tables for "!,'S(:A.rcgulalcd
site invenl()rtcs and generalion rales are given in lx)lh ma.t,+ wastes include information on P(;It wastes and a.sbesl,_.
[kih)grams (kg)l and volume Icuhic meters (m')l units. Other mixed LI,W regulated by'I."S(;A at each site are also
tJntil recently, many I)()l+_sites tracked and relx)rtcd their indicated. PCI]s arc a group of synlhetic organic chemicals
mixed waste streams in mast+units. I[owever, for disptmal once widely u_d in electrical equipment, special hydraulic
¢onsideralitms, i)()1;i Lsrequiring the._ sties to reix)rt Ihetr systems, hcat.lransfer systems, and other industrial
mixed waste inventories and generation rates in units of products. They are currently conmdered a ixx,mihle
dL'+lx'J_lvolume, in cas¢s where the site relxvtcd waste carcinogen. Asbestos is a group of magnesium silicate
volumes but not n)a++,,_s(or vice ver_), a re&_)nahle set of compounds that are mixed with varying amounts of
material densities was used to esiimatc waste ma_s (or calcium and iron silicates. They arc fibrous,
volumes). These densities ==reindicalcd in either the noncombustible minerals that have been previously u_d in
I'(+t)tnoleso[ Ihe tables re[x)rling Ihis information or in Ihe Ihe manufacture of many fireprtx_fing and insulating
di._u,_sionel ,specificsill: Inlormalion given under Sect. 8.4. materiaL,+.I iowever, such comix)unds have been found to

A hrcakd(_'n of Ihc mixed II .W ,volume inventory by produce long.term carcinogenic effects; consequently, their
site is graphically described in i:ig. _. I, and a hreakdtm,n ()f use is being pha.,,edout.

the volume-generation level _ sile Lssht_n in l+_g.8.2. Cumulative l*_Z ma,_ and volume inventories are
The current l(_lalvolum¢ invcnlt)ryofm=xcdl l.Wat I)OF. reix}rted in the hazardous category tables for "I,'S('A-
sites is al'x)ut 18_,4(1(l m _. Ah_mt 60,(1(I0 m -tof additional regulated wastes (Tables 8.13 and 8.14, respectivcly).
mixed IJ.W arc c.stimalcd Io be generalcd during Ihc Annual ma,_ generation and volume generation of thc,+¢
period I_)_-I'_JT. wastes for 19,)2 are reported in Tables 8.i5 and 8.16,

Summary 1992 cumuhtlive invcnlorics and projected respectively.
5-)+ear(19tJ."4-1(J_YT)cumulative generation for mixed I.i+W I iistorical and annual projections of DOi:.-site mixed
from I)()!_ site t)l_ralit)ns are rcp<)rlcdin "lahles 8.2-8.._+ i+LW arc relx)rted in Tables 8.17-8.1tJ. Ilislorical and
For cach sile, inl't)rmation is rep<)rtcd for RCRA+/slalc- projected annual volume generation re[x)rled in the
regulated wastes I_=._d on the IMWIR 7 and for "I.'S('A- IMWIR for RCRA._tate.regulated mixed [.I.W from
regulated wastesh+Lscdon I)()!_ site information submitted l)()l:+.sile environmental restoration actwities are given in
to WMIS? ('umulalive 1=+_)2invenlorics of mixed I/.W in Table 8.17. CorreslXmding information on generated
interim storage are rclx)rlcd on a mas,sand volume trusts "l_CA-regulated mixed I+I.W from I)O!_ site operations,
in Tables H.2 and 8+_, rcspeclivcly. "Ihe additional mass based on ref. 9, are reported in Tables 8.18 (annual mas,s

+ generalion and v()lumc gcneralion of these was!es data) and 8.19 (annual volume data).

projectedIt+resultfr()mI)()Esilcoperations(wcrthenext
5 yearsarc givenin"lahlcs_.4and _.5,respectively.

Dctailcd characlcristic,'s uf l_,('RA-/statc.rcgulated 8.4 SPIz,CII'IC I)4{:)1_.Srll_. MIXI_.I) I,I.W
wastes I'rom sitc opcrations arc described in Tabics 8.6-8.8
(adapted frt_m ref. 7). The IMWIR documents invcntorics This seelion highlights thc major ground rulcs and
and generation levels l()r a wide rangc of calcgorics of assumptions as,s(x:ialed with the I)OF. site "I,'SCA mixcd
R('RA-/stale-rcgulalcd wastes. 'l'ncse categ_)ries arc based i.I.W information re[x)rtcd in Tables 8.2-.8.5 and
on vari(ms physical and chemical grtmpings and arc Tables 8,7-8.19. Mini of li)e inl'()rmalion rcportcd in the
de_ribed in dclall in "l+ablc 8.6. ('umuh=livc l=._J2mass sut--',_ctions that fi)llcwv describes the "I.'S(;Amixed I.I.W

and volume inventories h)r thc_ physical/chemical groups inventory, generation, and projcclion ground rules and
arc given in "l'ahlc 8.7. Pr()jcclcd cumulative gcncralion assumptions documcntcd in the specific I)OF. site
Icvcls fi)r each calcgory _wcr the next S years (1_]3-1_._)7) suhmitlals of ref. 9. Corresponding information a.ss_)ciatcd
arc given in Table 8.8+ with the R(:RA-/slate-regulalcd wastes rcix)rtcd in the

I)clailcd characlcristics uf 'IS('A.rcgulatcd m_xcd [MWIR arc generally given in rcf. 7.
I.l+W from I)()l;. site t)pcratlons arc rcp(wled In] physical
calcgory (solid, liquid, gas, and sludge) in 'l+ahlcs 8.9-8.12 8.4.1 _ laboratory (AMILS)
and by 'I+S(:A ha+,z=rdcategory IP_lychh_rmalcd biphcnyls
(P(:ils), asbesto.s, and uther specified materials] in At Ames, the t)nly waste thai ISb()lh l+l+Wand'l'S(:A.

Tables 8.13-.8,1(_ rcgulatcd is asbcsttx_.containJng material. Small quantitics
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of suchwasteare projectedfor AMES in Tables8.4, 8.5, levebreportedfor 1992are basedon an a.*.,tumedaverage
8.18,and8.19 to reflectthe completionof D&D activities demlty of 1,000 kg/mj for liquids and debris and
at the site. Wasteestimatesfor the rcriod 1995-2030are 1,500kg/m3for soils.Generationprojectionsare basedon
unknown, anaverageannualgenerationbetweenmid-1987and 1992

(5.5 yean).
&4.2 ArlFmae N_ l.a_Emt (ANL-E)

8.4.6 Lot Alamos NaUoml lJbmalmy (IANL)
ProjectionsreportedinTables8.4,8.5,8.18,and8.19

for ANI.-E are rough estimatesba_d on preliminary Inventoriesof TSCA.regulatedmixedLI.W at LANL
forecasts of remediation projects. Full waste reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14
characterizationfor theJ¢siteremedtationprojectsmust representcumulativelevelsfrom 1971. These reported
still be performed. No current inventoriesof TSCA. inventoriesare basedon the limited records kept of
regulated wastes are reported. ANL-E handlesand asbestosand PCBwastesin the earlyoperatingyear_.
reports radioactively contaminated asbestm as LLW
becausethb materialis shippedto ttANF, where it is 8.4.7 _ BerkeleyLatmratmy(LBL)
acceptedas LLW. The quantitiesof reportedprojected
wastesare basedon an assumeddensity for solidsof For the most part, only TSCA LLW volume
3,000 kg/m_. informationwas reported by LBL in ref. 9. TSCA LLW

mass estimates for LBL are based on the densities cited in

8.4.3 lJlloolkhavenNational Ltt_ (IBNL) the footnotes of Tables 8.2, 8.4, 8.9, 8.11, and 8.13. The
mass generation projections of Tables 8.18 were estimated

Mixed TSCA LLW inventories reported for BNL in fromthe volume generation projectionsof Table 8.19 using
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent adensityofl,000kg/m 3. lnventoriesofLBLTSCALLW
cumulative levels from 1986. Projected annualgeneratton reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14
ratesreportedin Tables 8.18 and 8.19 for BNL assume representcumulative levels from 1988. In addition to
that TSCA-contaminated materials are removed and asbestosand PCBs, inventoriesof TSCA LLW at LBL
substitutedwhere possible.This assumptionresultsin a include pump oils contaminatedwith tritium. The
projectedgenerationrate that is constantfor a while but projectionsreported for LBL reflectseveralassumptions.
eventuallydeclinesoverthe longterm. After 1992,therewill benogenerationof contaminatedoil.

In addition,futuregenerationof asbestosandPCBwastes
&4.4 Fermi National_ La_ (FNAL) will be sporadic--dependent upon laboratory

decommissioningschedules.
I:NAL mixed TSCA LLW inventoriesreported in

Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent &4.8 Lmcenee [JvernmreNattonalLa_(IJ..NL)
cumulativelevelsfrom 1989. Tables8.18 and8.19 show
that annualTSCA wastegenerationisprojectedto remain Inventoriesof TSCA.regulated LLW at LLNL are
constantover the:next 5 years but that it will sharply reported in Tables8.2, 8.3, 8.9, 8.10, 8.13, and8.14. No
declineover the threedecadesthat follow. TSCA wastes were generated in 1992 nor are any

projectedfor the future partlybecausethe siteno longer
8.4.5 IlaMord Site (ilANF) purchases equipment which uses PCBs. In recent years,

the only generationof TSCA wastesat LLNL occurred
Reported quantitiesof RCRA/state mixedLLW for when capacitorscontainingPCBs were removed from

I lANF in Tables8.2-8.5 includeonlycontributionsfrom service,and when asbestoswas removed from building
newlygeneratedsolidwastes,whichincludesludges,metal demolitionor renovation.
debris,lab packs,soils,and a varietyof other materiais.
IIANF RCRA/state mixed LLW inventories and 8.4.9 Mound Plant(MOUND)
projections reported in the IMWIR also include
contributionsfromdouble-shelltankwaste,whichconsists Mound Plant TSCA LLWs are PCB wastes.
of aqueous liquidsand organicliquids. These liquids, Inventoriesfor thesewastesreported in Tables 8.2, 8.3,
althoughcomprisingmixed LLW, are managedas IILW. 8.9, 8.10,8.13, and8.14 representcumulativelevelsfrom
l:or thL,t reason,contributionsfrom the double.shelltank 1985.
wasteare not includedin thischapter,but in the IlLW
inventoriesandprojectionsof Chapter2. &4.10 Naval Roaolant(NR) ProB'amSit=

MixedTSCA Li.W inventories reported for IIANF in
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent Generationlevelsreportedfor NR Programsitesin
cumulativelevelsfrom 1987. Inventoriesandgeneration "Fables8.4,8.5,8.18,and8.19representcontributionsfrom
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the Knolls Atomic Power Laboratory (KAPL). The waste is primarilyasbestexs.containingflexortiles removed
projections reported in Tables 8.18 and 8.19 assume a during D&D operations.
generation rate for asbestos wastes consistent with
maintenance and plant D&D activities. 8.4.15 Rocky l,'lat_Plant (RI,'P)

8.4.11 Oak _ National _ (ORNL) Projections reported inTables 8.18 and 8.19 for "I'SC:A
LLW generated at RIP pertainto both asbeslos and PC'B

Inventories of TSCA LLW at ORNL reported in wastes. Assumptions as_x:iatcd with projected asbest_,;
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8,14 are cumulative generation include:
levels from 1968. Site generation projections reported in • funding support to continue for asbestos removal
Tables 8.18 and 8.19 pertain to radioactivity-contaminated projects,
esbesttm. Some ORNL wastes containing PCBs are • regulations not to be modified to require the removal
includedin the RCRA waste inventoriesreported in ref. 7. of all damaged asbestos, and

• no removal of asbestos required by site transition
8.4.12 Paducah (]neons _ Plaltt (PAD) activities (i.e., changes in the u_s of site facilities).

The PAD site TSCA LLW inventories reported in Assumptionsas.q_iatedwithprojectcd PCI3gcncration
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 are cumulative rates at RIP include:

levels from 1980. Projections reported for generated • funding support to continue for PC;13rcmcdiation,
"['SCAwastes in Tables 8.18 and 8.19 are based on the • PCB materials remc_,ed to contain some amounts c_l
following assumptions: LLW contamination, and

• a routine waste generation of 608 m3/year; • a transformer containing PCBs to be remtwed from
• the mat_ of a 55-gal (0.21 m3) drum is 159 kg; service in 1994.
• generation levels resulting from routine site activities,

environmental restoration activities, and engineering 8.4.16 Sandia National Lalxratory-Albuquerque (SNIA)
project activities;

• reported quantities for only waste solids and liquids, Inventories of TSCA I.LW (asbestos) reported ."or
no sludges; and SNLA in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 rcprcmnt

• all future PCB wastes to be regarded as hazardous, cumulative levels from 1989, when dis[xx_tl of I.I.W in
SNLA landfillsceased. [_stimates for future "I.'S(;A[_l.Ws

8.4.13 Pm'tmmmthGammtmDiffmion Plant (PORTS) are currently unknown. Future generation is expected to
be mostly radioactivelycontaminated asbestos from I)&D

At PORTS, TSCA.regulated mixedLLW iscomprised activities. Some older buildings on the site have l'_ccn
of both PCBs and asbestos. Inventories of these wastes designated for D&D and are known to contain

arc reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14. radioactivelycontaminated asbestcx,_.1lowevcr, no funding
Currentgeneration rates are reported in Tables 8.11, 8.12, is yet available for cleanup of the_ facilities and no
8.15, and 8.16. Projections of TSCA wastes from PORTS sampling and analysis has occurred.
site activities are currently not available.

&4.17 Savannah River Site (SRS)

&4.14 Remedial Actkm Program (RAP) Sitea
SRS mixed TSCA LI.W inventories reix)rlect in

Mixed LLW inventories, generation, and projections Tables8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent
reported in this chapter for remedial action program cumulative levels from 1986. Most of the .',;RS"ISC;A
(RAP) sites include contributions from the Battelle wastes are asbestos materials who_ ma_,_was c:_timatcd
Columbus Laboratory Decommissioning Project (BCLDP) from site-reported volume data using an assumed density
and the Santa Susana Field Laboratory (SSFL) of the of 200 kg/m_. This density was also used to estimate the
Energy Technology Engineering Center (ETEC). projected 'I.'SCA LLW mas,s gcneration rates rcl_rtcd in

Projections for BCLDP waste generation pertainonly Tables 8.4, 8.11, 8.15, and 8.18.
from 1993 to the year 2000, at which time the project is
scheduled to be completed. "Filegeneration level reported 8.4.18 Weal Valley Demtms_atkm Project (WVI)P)
for 1998-2030 is an annual average based on total
contributions from 1998-2000. Mass quantities were At the WVDP site, TSCA-regulatcd mtxcd I I_W is
estimated from reported volume projections using an compri_d of both asbestos and PCI3 wastes. "lhc waste
assumed waste density of 1,000 kg/m3. projections reix_rtcdfor WVI)P in 'l'abtc 8. IS and 8. !'_arc

TSCA waste inventories for SSFL include based on the following amumptions:

contributions from the years 1991 and 1992. SSt.'L"I_CA
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• wastesestimatedfor 1993includeboth asbestosand regulate the treatment and disixx_alof mixed waste.
Results from this investigation are dtx:umented in ref. 10PCB wastes, the latter of which is associated with two

capacitors and two light ballasts .scheduled for and summarized in this report.
removal; The studyidentifiedthe typesand volumesof mixed

• the average generation level reported for 1998-2030 [.LW gencratcd from five groups of facilities: nuclcar
excludes 1,024 kg (1.15 m3) of PCB waste to be utilities, medical facilities, academic institutions, industrial
removed from this work scheduled to begin in the facilities, and NRC.licenmd government facilities. The
year 2000; and study selected a random _mple of 1,323 facilitiesout of a

total target population of 2,936 facilities. Data from the• asbestos removal alreadybegun is to be completed by
the year 2030. 1,016 completed mixed waste survey questionnaires (77%

response rate) received and the use of appropriate

8.4.19 Y-12 Plant O'-12) weighting factors indicate that approximately 3,950 m3 of
low-level radioactivemixed waste--of which 72%was liquid

Y-12 PlantTSCA mixed LLW inventories reported in scintillation fluids--were generated in the United States in1990.
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent

The study divided the k_x-level radioactivemixedwastecumulative levels from 1982. These wastes are PCBs.
into several hazardous stream categories, including theContributions from asbestos are not reported because it is

considered to be a sanitary waste at the Y-12 Plant. Waste following:
volumes reported were estimated from site-reported waste • Liquid scintillation fluids from laboratory counting
mass information using an assumed density of 1,500 kg/m3 activities.

for solids and 1,000 kg/m3for liquids. In Tables 8.9.-.8.12, • Waste oil from various pumps, equipment, and
the quantity of generated sludge cannot be broken out and maintenance activities.
therefore is included in the solid or liquid data given in • Chlorinated or fluorinated organics and chlorinated
these tables. In Table 8.9, a large portion of the fluorocarbons, including sludges and contaminated
cumulative inventory (5,341,225 kg) consists of disposal filters from dry cleaning, refrigeration,degreasing, and
area remedial action soils from the Oil I_and Farm Soil decontamination operations. Chloroform and a
Storage Facility. number of pesticides are also included.

Projected TSCA mixed LLW generation rates for the • Other organics, including miscellaneous solvents,
Y-12 Plant are unavailable due to three factors: (1) the reagents, expired products, and other organic
changing Y.12 Plant mission; (2) the unknown amount of compounds (or materials like rags, wipes, etc.,
environmental restoration work to be done; and (3) the contaminated with such) from research and
unknown amount of D&D work to be done. manufacturing activities,experimental procedures, and

laboratory and process equipment cleaning.
• I_,cadwastes, including lead shielding and leadsolutions

8.5 COMMERC-'IALMIXED I.,OW-IX_VEL WASTI@ for research and industrial facilities.

• Mercury wastes, including equipment and debris
Recently, the NRC and EPA co-sponsored a survey contaminated with mercury.

study to compile a national profile of the volumes, • Chromate wastes, including chromium.contaminated
i characteristics, and treatability ofcommerciallygenerated solutions for research, maintenance, and waste

mixed LLW. Such a profile was designed to provide the treatment (ion exchange) operations.
following: • Cadmium wastes from decontamination activities.

• states and compacts with information to amist in • Aqueous corrosive wastes, including inorganic acids, or,
planning and developing adequate disposal capacity in some instances, bases from cleanup and
for low.level radioactive waste, including mixed waste, decontamination activities.
as mandated by the l.xm,-Level Radioactive Waste • Other haz_ardousmaterials, including materials either
Policy Amendments Act; not readily a_signable to any one of the previous

• private developers with a clearer idea of the categories or containing a number of different
characteristics and volumes of mixed waste and the hazardous materials.

technical capability and capacity needed to treat this Summaries of estimated generation rates, amounts in
waste; and storage, and amounts treated for each of the five facility

• a reliable national data base on the volumes, categories and each of the hazardous waste stream
characteristics, and treatability of commercial mixed categories are shtr,vn in "Fables8.20 and 8.21, respe :tively
waste. (data from ref. 10). Upper and lower bounds were a!a_ .set

In addition, the data were collected to provide a basis for on the volume of mixed waste that is untreat:.,bte under
possible federal actions that would effectively manage and current technologies by making the simplifying assumption
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that liquidscintillation fluids, oil, nonhalogenated organics, 13% of the estimated 1990 national generation rate of
and corrosive wastes are treatable. Deducting their total 3,950 m3. However, it was noted that the capacityto treat
contribution from the estimated total mixed waste a/! of the so-called treatable mixed waste may not be
generation rate leaves residues of about 524 ma. This available.
upper bound for untreatable mixed waste is approximately
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r. (PAD) Jimmy C. Massey, Martin Marietta Energy Systems, Inc., Paducah, Kentucky, letter to Donald C. Booher,
DOE Paducah Site Office, Paducah, Kentucky, "Update of Department of Energy Low-Level Radioactive and
Low-Level Mixed Waste Data for the 1993 Integrated Data Base Annual Report," dated Aug. 20, 1993.

s. (PANT) R. M. Loghry, Mason & Hanger--.Silas Mason Company, Inc., Amarillo, Texas, letter to Lise J. Wachter,
Martin Marietta Energy Systems Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for Office of Waste
Management--Waste Data Information Update," dated Aug. 20, 1993.
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t. (PINELLAS) Gary C. Schmidtke, DOE Pineilas Area Office, Largo, Florida, memorandum to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, detailing Pinellas Plant TSCA
mixed LLW information, dated July 30, 1993.

u. (PORTS) Eugene W. Gillespie, DOE Portsmouth Site Office, Piketon, Ohio, letter to Lise J. Wachter, Martin
Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Request for Office of Waste
Management, Waste Data Information Update," EO-23-5379, dated Aug. 10, 1993.

v. (PPPL) No submittal.

w. (RFP) W.T. Prymak, DOE Rocky Flats Office, Golden, Colorado, memorandum to Lise J. Wachter, Martin
Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Submission of Waste Data Information
to Support the Integrated Data Base," dated Aug. 27, 1993.

x. (SLAC) Matthew A. Allen, Stanford Linear Accelerator Center, Paid Alto, California, letter to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Waste Data Information Update,"
dated Aug. 16, 1993.

y. (SNLA) Steve Ward, Sandia National Laboratories, Albuquerque, New Mexico, letter to George K. Laskar, DOE
Albuquerque Operations, "Transmittal of Waste Management Information System (WMIS) Update Information,"
dated Aug. 5, 1993.

z. (SNLL) K. K. Shepodd, Sandia National Laboratories, Livermore, California, memorandum to S. E. Umshler,
DOE Kansas City Area Office, Kansas City, Missouri, "Updated Data for the Waste Management Information
System," dated Aug. 9, 1993.

aa. (SRS) Michael G. O'Rear, U.S. Department of Energy, Savannah River Operations Office, memorandum to the
DOE/EM Director of the Office of Technical Support (DOE/EM-35), Washington, D.C., "Department of Energy
Waste Inventory Data Systems," dated Nov. 3, 1993.

ab. (Y-12) Site data received, but no letter of transmittal.

ac. (WlPP) No submittal.

ad. (WVDP) J. P. Jackson, West Valley Nuclear Services Company, Inc., West Valley, New York, letter to
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Waste
Information Update for Calendar Year 1992," dated Aug. 20, 1993.

10. J.A. Klein, et al., National Profile on Commercially Generated Low.Level Radioactive Mixed Waste, prepared by Oak
Ridge National I.aboratory, Oak Ridge, Tennessee, for U.S. Nuclear Regulatory Commission and U.S. Environmental
Protection Agency, NUREG/CR-5938, ORNL-6731 (December 1992).
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Fig. 8.1. Total volume invcntony of all DOE mixed LLW through 1992.
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Fig. &2. Projected cumulative volume generation of all DOE mixed LLW during 1993-1997.
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Table 8.1. Tl_lLrty-£ou_ staten mud territories wit_hl_AtlLzedw_te m_tborizatL_ a

State/territory Effective date State/territory Effective date

Arizona 01/22/93 Missouri 03/12/93

Arkansas 05/29/90 Nebraska 12/03/88

California 08101/92 Nevada 06129192

Colorado 11/07/86 New Mexico 07/25/90

Connecticut 12/31/90 New York 05/07/90

Florida 02/12191 North Carolina 11/21/89

Georgia 09/26/88 North Dakota 08/24/90

Guam 10/10/89 Ohio 06/33/89

Idaho 04109/90 Oklahoma 11127190

Illinois 04/30/90 Oregon 05/29/90

Indiana 09/30/91 South Carolina 09/13/87

Kansas 06/25/90 South Dakota 06/17/91

Kentucky 12/19/88 Tennessee 08/11/87

Louisiana 10/26/91 T_xas 03/15/90

Michigan 12/26/89 Utah 03/07/89

Minnesota 06/23/89 Washington 11/23/87

Mississippi 05/28/91 Wisconsin 04/24/92

abased on ref. 6. Information as of April 30, 1993.
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Table 8.2. Ctmu2ativeamn (kS) inventories of DOE sits
operagimmnt.xedLLNghroush 1992 a,b

Site RCRA/stete c TSCAd Total

AMES 692 2,400 3,092
ANL-E 156,496 0 156,496
ANL-W 19,223 • 19,223
BNL 78,305 262 78,567
FEMP 3,524,491 • 3,524,491
FNAL • 98 98
HANFf 2,946,8638,h 101,815 3,048,678
INEL 11,958,814 i _,958,814
ITRI 960 • 960
K-25 38,661,1928 • 38,661,192
KCP 4,260 0 4,260
LANL 938,787 379,858 1,318,645
LBL 13,439 4,190 17,629
LLNL 204,189 252 204,441
HOUND 20,370 3,489 23,859
NR aitosJ 17,161 0 17,161
NTS 0 • a
ORISE • • •
ORNL 2,894,562g 199,289 3,093,851
PAD 186,1058 2,529,125 2,715,230
"PANT 126,011 • 126,011
PINELLAS 29 0 29

PORTS 5,530,643k 1,431,630 6,962,273
PPPL 0 • •

RAP sites 1 1,349.212 900 1,350,112
RFP 61,240,145 25,120 61,265,265
PHI 9,098 • 9,098
SLAC • 0 0
SNLA 98,285 68 98,353
SNLL 3,577 0 3,577
SRS 2,373,3428 18,656 2,391,998
WVDP 16,790 12,251 29,041
Y-12 16,503,5738 5,872,900 22,376,473
Others m 44,129,016 • 44,129,016

Total 193,005,630 10,582,303 203,587,933

aMaterials may be in interim storage awaiting treat_nent.
Specific site information is provided in Sect. 6,4.

bin general, densities of 500 kg/m 3 for compressed gases,
1,000 kg/m 3 for liquids, and 1,500 kg/m 3 for solids and sludges were
assumed to estimate masses when slte did not report mass data.

CBased on the IMWIR, ref. 7.
dBased on the DOE site data submittals of ref. 9.
eInformation not available or unknown.
fIncludes contributions from PNL.

SReported inventory as of the end of 1991.
hConeiste of contributions from newly generated solid waste.

iContributions are included in the RCRA/state category.
JIncludes contributions (if any) from Bettis (BAPL), Knolls

(KAPL), and IfRF (INEL).
kReported inventory as of the end of February 1993.
lIncludes contributions from Santa Susana (ETEC/SSFL), Colonie

(CISS), Grand Junction (GJPO), and Weldon Spring (WSSRAP).
mlncludes contributions from the Middlesex Sampling Plant in

New Jersey (44,043,936 kg), the Laboratory for Energy-Related Health
Research in California, and 4 naval shipyards (Mare Island,
California; Pearl Harbor, Hawaii; Portsmouth, Maine; and Puget
Sound, Washington).
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Table 8.3. Ctmulative volume (fa3) lnv_tories of _ site
optrati-_ _tzsd LLM throuah 199Z a

Site RCRAI state b TSCAc Total

AMES 0.2 2.4 2 6
ANL-E 95.9 0 95 9
AHL-W 9.5 d 9 5
BIqL 84.5 0.7 85 2
F_ 3,108.1 d 3,108 1
FHAL d 0.I 0 1
lIAflFe 2,930.7 f,g 87.4 3,018 1
INEL 23,215.4 h 23,215 4
ITRI 1.3 d 1.3
K-25 29,100.4 f d 29,100.4
KCP 5.4 0 5,4
LANL 680.5 1,859.6 2,540. i
LBL 22.2 3.3 25.5
LLNL 212.0 0.2 212.2
HOUND 50.7 3.4 54.1
NR sites i 30.9 0 30.9
NTS 0.0 d d
ORISE d d d

O]g3fL 2,665.2 f 1,357.0 4,022.2
PAD 185.8 f 3,293.3 3,479.1
PANT 67 9 d 87.9
PINELLAS 0 0 0 0

PORTS 5,527 7J 6,403.0 11,930.7
PPPL 0 0 d d
RAP sltesk 715 6 5.7 721.3
RFP 56,026 0 52,0 56,078.0
1_I 15 9 d 15.9
SLAC d 0 0
SNLA 65.5 0.4 65.9
SNLL 9.6 0 9.6
S.q3 4. 648, Of 92.1 4,740.1
WVDP 12.2 32.6 44.8

Y-12 11,112.if 4,014,0 15,126.1
Others I 24,545.2 d 24,545.2

Total 165,164.4 17,207.2 182,371.6

aMaterlals may be in interim storage awaiting treatment.
Specific site information is provided In Sect. 8.4.

bBased on the It4_IR, ref. 7.
CBased on the DOE site data submittals of ref. 9.
dlnformation not available or unknown.
eIncludes contributions from PNL,

fReportsd inventory as of the end of 1991.
SConeists of contributions from newly generated solid

waste.

hContrtbuttons are included in the RCRA/state category.
ilncludes contributions (if any) from Betels (BAPL),

Knolls (KAPL), and NRF (INEL).
JReported inventory as of the end of February 1993.
kIncludes contributions from Santa Susans (ETEC/SSFL),

Colonis (CISS), Grand Junction (GJPO), and Weldon Spring
(WSSRAP).

lIncludes contributions from the Middlesex Sampling Plant
in New Jersey (24,468 m3), the Laborato_ for Energy-Related
Health Research in California, and 4 naval shipyards (Hare
Island, California; Pearl Harbor, Hawaii; Portsmouth, Maine;
and Puget Sound, Washington).
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Table 8.4. ProJaated S-year (1993-1997) otamlativa mass (ks)
|emeratiau of DO_ mite operatim_ sized LLI_ ,b

Si te RCPJ_/ state c TSCAd Tota 1

AHES 0 100 100
ANL-Z 61,973 251,486 313,4§9
t_K.-H 4,550 • 4,550
BNL 27,243 214 27,457
FI[HP 66,796 • 66,796
FNAL • 150 150
HANFf 11,750,8326 92,500 11,843,332
XNEL 2,569,971 0 2,569,971
ITRI 16,290 • 16,290
K-25 6,637,185 h • 6,637,185
KCP 0 0 0
LANL 545,950 164,000 709,950
LBL 17,874 70,000 87,874
LLNL 404,417 0 404,417
HOUND 1,559 U 1,559
HR sites i 35,820 49,466 8S,286
NTS 0 e •
ORISZ • • •

ORNL 652,192 h 64,935 717,127
PAD 380,598 h 2,305,225 2,685,823
PANT 276,400 • 276,400
PIN£LLAS 0 0 0

PORTS 4,4S6.147 • 4,4S6.147
PPPL 395 • 395
PAP sitesJ 9,216 84,250 93,466

i RFP 3,908,995 128,480 4,037,475
P,HI 440 • 440
SLAC • 0 0
SNLA 1,564 • 1,564
SNLL 4,175 0 4,175
SRS 18,538,150 h 26,600 18,564,750
k'VDP 8,009 23,217 31,226
Y-12 13,101,716 h • 13,101,716
Others k 42,940 • 42,940

Total 63,521,397 3,260,623 66,782,020

aSpecific site information is provided in Sect. 8,4.
bin seneral, densities of SO0 ks/m 3 for compressed eases,

1,000 kslm 3 for liquids, and I,S00 ks/m 3 for solids and eludses were
assumed to estimate masses when site did not report mass data.

CBased on the IHHIR, ref. 7.
dSased on the DOE site data submittals of ref. 9.
elnformation not available or unknown.
flncludee contributions from PNL.

8Cumulative generation for the period 1992-1997. Consists of
contributions from newly senerated solid waste.

hcumulative seneration for the period 1992-1996,
ilncludes contributions (if any) from Bettis (BAPL), Knolls

(KAPL), and IGtF (INEL),
Jlncludes contributions from Battelle (BCLDP) and Santa Susans

(ETECLSSFL).
_Includee contributions from 6 naval shipyards (_arlesto.,

South Carolina; Hare Island, California; Norfolk, Virsinia; Pearl
Harbor, Hawaii; Portsmouth, Halne; and Puset Sound, Washinston).
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Table 8. S. Pro Joe ted 5-yo_ (1011_ 19117) mamlsLtve
volwm (mm) 8anermtion of I)C8 site

operet, lonx mixed

8its RCRA/stIte b TSCAc Total

0.0 q0.1 _0.1
MIL-| 29.8 628.1 057.9
MiL-H 3.9 d 3.9
BIlL 27,4 1.8 29.0
FEHP 151.1 d 151.1
FIIAL d 0.2 0.2
BAMFe 1i , 603.2 f 79,5 11,682.7
Ilfl[L 2,619.5 0 2,610.5
ZTR! 4.3 d 4.3
K'25 6.401.08 d 6. 401.0
KCP 0.0 0.0 0.0

524.7 265.0 789.7
LBL 31.1 7.0 38.1

430.5 O. 0 430. S
HOU_ !.5 0.0 1.5
I_ mites h 38.9 93.2 132.1
ilT8 0.0 d d
ORZSE d d d
GRNL 599.48 262,8 862.2
PAD 380.18 3,041.4 3,421.5
PMIT 195. ? d 195,7
PILq[LIJ_ 0.0 0.0 0.0
PORTS 4,610.9 d 4,610.9
PPPL O. S d O, S
RAP sites i 20.4 88.3 108.7
RFP 2,640. S 123.1 2,763.6
MMX 0.9 d 0.9
8LAC d 0.0 0.0
SMLA 0 e d 0.8
SI_L 15 8 0.0 15.8
Sl_ 14,537 76 133.0 14,670.7
WVDP 7 3 96.0 103.3
Y-12 10,233 08 d 10,233.0
OthersJ 79 9 d 79.9

Total 55. 189.8 4,819.3 60,009.1

eSpecific site information is provided in Sect. 8.4.
! bBased on the INHIR, rot. 7.

CBased on the DOE alto data submittals of ref. 9.
dlnformetion not evsilmble or unknown.
elncludes contributions from PHI,.

fCumuletiva 8enerstion for the period 1992-1997.
Consists of contributions from newly 8enereted solid waste.

SCum_lstive 8eneration for the period 1992-1996.
hlncludes contributions (if any) from Bettts (BAPL),

Knolls (KAI%), and _ (I_EL).
llncludes contributions from Battelle (BCLDP) and Santa

Susans (SSFL/ETEC).
Jlncludes contributions from 8 naval shipyards

(Charleston, South Caro_ina; Hare Island, California; Horfolk,
Virsinia; Pearl Harbor, Hawaii; Portsmouth, Mains; and Puset
Sound, Washlnston).

I iii i i
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Table O.IJ. rhyeloeL/ahmn/oai |rasps end osLetjorise used to ohsraotorise BOIA- sad
stete-rquleLed mixed LLM from _ oils operations a

Waste 8rouplcete|oz7 Description

Liquids Consist of solutions and slurries

Aqueous Consist mainly o£ water, have ¢1Z (by mess) total arsenic carbon
(TOC) content, and <35-40X (by mess) settled or suspended solids.
Some ere commonly referred to as weatewatare. Exclude lab packs

Orsanic Comprised mainly of hydrocarbons such as petroleum distillates end
halo|ematad solvents, Include any pulnpeble fluids, liquids, end
slurries with • TOC of st l.eat lZ end _35-40Z (by mess) of
suspended or settled solids. Exclude lab packs

Sludsas and solids Solid or semisolid materiels other then soil or debris. Include
htshly viscous, nonpumpable materiels

InorRenic Comprised of solid or semisolid inor|ant© or minarslosical
materials other than soil or debris. These wastes ere senerally

homo8eneous and include sludses from chemical westoweter treatment
plants end dusts from sir pollution control devices. Contain less
than 501 hetaro|oneoua debris (by volume)

Or&anic Comprised of solid or aomlsolld arsenic materiels other then
dobrl8, SQmieolid8 include hishly viscous liquids end eludses.
These wastes ere |chorally homoseneous and include sludses from
biolosicel westoweter treatment plants, activated carbon, and
arsenic resins. Contain 1o88 then 50% hetarosenaous debris
(by volume)

Cemented solids Liquids, sludsee, or miscellaneous solids that have been
solldifled/stabillaed with portland cement or other aolidlfyin8
a|ents but do not meet land dlsposel restriction (LDR) treatment
standards. Those are m separate subcetasory of homoseneous

inorsanlc solids that require special handlln8 and treatment

Solids Contemlnetad soils ere laololic materials loss than 60 mm in
diameter that have radioactive and haserdous contaminants. Such
soils ere stored in waste containers for special headline and
treatment. Exclude In-sltu soils. Include mixtures of soils and
debris containlns loss than 50| debris (by volume)

Debris Solid materiel, which is either discarded or intended to be
discarded, excoedins 60 mm particle size that is either (I) a
manufactured object, (2) plant or animal matter, or (3) natural or
Seoloslcal material (e.8., boulders and cobblestones). Excludes
lead acid batteries and process residuals (e.8., smelter alas and
residual ash) for which special treatment standards have been
established. Hixturos of debris and other materials are
considered debris if the mixture is comprised of >50Z debris by
volume

Inorsanic Include discarded metallic and ceramic construction meterlals,
equipment, and structures. Soma of these contain metal pipln8,
metal turninss, Slass0 concrete, rocks, and asphalt

Orsanic Include animal carcasses, discarded paper, plastic products, wood,
rubber, and fabrics such as clothlns0 slaves, and rass

Hetsroseneou# Composed of both Inorsenic and orsanlc debris or debris with soils
or process solids that occupy up to 50Z of the total waste volume

Labpecks Wastes with one or more small containers of free liquids or solids
surrounded by a solid absorbent material in • lar|s container.
Include used scintillation vials and relatively small amounts of
discarded laboratory equipment and laboratory chemicals
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Table 8.S (emtinud}

Waste lroup/csteSory Description

Labps©ks (continued)
With metals Contain one or more RCRA toxic characteristic (TC) metals

Without metals Hot contminated with TC motels

Reactive/dan|eroua wastes Wastes that are chmicalLy reactive end dsnsarous thereby postns
an acute physical hsssrd, Wastes with rssctlve contaminants
(e.|,, cyanides) ere not considered in this Stoup unless the
overall waste matrix materiel itself is reactive

Compressed Sales Include discarded aerosol cans and pressurized ass cylinders

Explosives Waste materials that may explode durinB normal or extreme
handlins. Includes discarded hish-explosive materials and
nitrated celluloses

Reactive metals Bult reactive motels that. when mixed with water, Sorlorate toxic
or flammable Eases. Include sodium, alkaline metal alloys,
sluminum fines, and other pyrophoric materials

Inherently hazardous wastes Wastes whose primary components are toxic or hasardous

Batteries Prlmsrily lead acid and cadmium batteries

Barylliumduet Waste containin8 bulk quantities of beryllium dust

Elmental lead Includes both surface-contaminated and activated lead. Surface-
contmmineted lead includes bricks, co_ntarweilhts, ahippins casks,
and other shleldin& containers. Activated lead includes material
activated by neutron or accelerated particle absorption

Liquid mercury Any waste conteinins bulk quantities of liquid mercury

Hultiple wastes Wastes comprised of mixtures of some of the waste forms describeo
above and, therefore, may require sortinS or separstin8 prior to
treatment

Other wastes Wastes that do not fit into any of the above catesortes or are not
yet characterized well enoush to determine their physical and
chemical properties. Includes mixtures of wastes not previously
defined

abased on the I['4_IR, raf. 7.
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T*ble S.1. Cmml,tivesmn mdlvolmm invmtortu throush 1992, I_/
physieal/ehmieaZsmtrtz ©at,aory. of llC_- and state-r,lulated

llxedLLW from DOE sILe operatimm a

Cetesory b Mess VoLume
(ks) (m3 )

Liquids
Aqueous 49,648,415 49,073.3
Orsanic 2,081,754 2,148.3

Stud&as and solids
Inorsanic 56,608,672 12,381.7
Orsanic 2,888,740 2,881.7

Cemented solids 242,054 189.1
Soils 12,916,684 9,930.0
Debris

Inorsanlc 46,090,669 26,495.7
Orsanic 1,097,946 3,472.0
Heterosa,eous 3,569,414 9,742.5

Lebpscks
With metals 131,174 167.7
Without metals 99,685 99.3

Rsacttvs/danserous wastes

Compressed eases 2,556 4.2
Explosives 830 0.8
Reactive metals 47,021 66.0

Inherently hazardous wastes
Batteries 16,505 16.8
Beryllium dust 2,205 1.5
ELemental Lead 4,290,964 8,249.5
Liquid mercury 270,954 31.8

Multiple wastes 10,628,584 7,309.6
Other wastes 2,350,762 2,922.9

Grand total (DOE complex) 193,005,630 165,164.4

abased on the IHWIR, ref. 7. DetaiLed sLte data for these

cste&orles are also reported in this reference,
bAs described in Table 8.6 and ref. 7.
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Table 8.8. Projected 5-1rear (1993-1997) ommlativelasm m_cl.wolue_
8eneratioa. bTpbysicallcbmLtcalmmt=lz cateso_r, ofR CRA- and

stato-reSulatedmdxed 13M fronDOE site operatioms a

Catasory b Haas Volume(ks) (m3 )

Liquids
Aqueous 8,342,923 8,324.0
Orsanlc 8,621,826 9,074.1

Slud&ea and solids
Inorsanlc 7,712,018 5,451.9
Orsanic 2,014,960 2,054.1

Cemented solids 7,820,412 4,906.9
Soils 654,418 502.8
Debris

Inorsanic 1,322,256 993.1
Orsanic 2,193,790 2,266.1
Heteroseneoue 5,201,567 5,800.8

Labpecke
With _tals 2,828,764 2,742.2
Without metals 3,421,754 3,429.8

Raactlve/danserous wastes
Compressed eases 11,503 14.5
Explosives 3,100 3.1
Reactive metals 13,936 10.3

Inherently hazardous wastes
Batteries 131,704 130.2
Beryllium dust 1,050 0.7
Elemental lead 777,622 311.2
Liquid mercury 96,671 91.3

Multiple wastes 11,889,962 6,429.1
Other wastes 463,161 653.6

Grand total (DOE complex) 63,521,397 55,189.8

abased on the IH_/IR, ref. 7. Detailed sits data for _hese
catasories are also reported in this reference.

has described in Table 8.6 and ref. 7.
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Table 8.9. Ctmulative mass (ks) invemLoriee t,hroush 1992. by physical ceLeRory.
of Y_?,A-resulsted mixed LLN from DOE site operations a,b

Site Solid Liquid Gas c Sludge Total

AMES 2,400 0 0 0 2,400
ANL-E 0 0 0 o 0

ANLoW
BNL 262 0 0 0 262
FEMP
FNAL 98 o o o 98

HANFd 94,255 7,560 0 0 101,815
INEL e • 0 e e
ITRI
K-25
KCP 0 0 0 o 0

L_NL 376,220 3,638 0 0 379,858
LBL 2,790 1,400 0 0 4,190
LLNL 247 5 0 0 252

MOUND 2,490 999 0 0 3,489
NR sites f 0 0 0 0 0
NTS
ORISE

ORNL 199,289 0 0 fl 199,289
PAD 2,379,587 149,538 0 0 2,529,125
PANT
PINELLAS 0 o o o o
PORTS 1,245,900 95,294 0 90,436 1,431.630
PPPL

RAP sites8 900 0 0 0 900
RFP 21,100 4,020 0 0 25,120
RMI
SLAC 0 0 0 o 0
SNLA 68 0 0 0 68
SNLL 0 0 0 0 0

SRS 18,658 0 0 0 18,656
, WVDP 12,251 0 0 0 12,251

Y-12 5,578,000 294,900 0 h 5,872,900

Total 9,934,513 557,354 0 90,436 10,582,303

abased on the DOE site data submittal.s of ref. 9. Material may be in interim

storage awaitins treatment. SpeciFic site information is provided in Sect. 8.4.
UIn 8eneral, densities 3of 500 kg/m for compressed gases, 1,000 ks/m3 for

liquids, and 1,500 kslm 3 for solids and sludses were assumed to calculate masses
when the site did not report mass data.

Catered in cylinders.
dIncludes contributions from PNL.

eFor INEL, ref. 9(g) reports the followin8 1992 physical category cumulative

mass inventories: solid, 8,600,000 ks; liquid, 179,00_,kg; no gas; and sludse,
3,080,000 k8. These inventories are not included in the totals reported in this
table because they are included in the INEL RCRA/state waste inventories of the
Ib_dlRfret. 7),

flncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF
(INEL).

SIncludes contributions from Battelle (BCLDP) and Santa Susans (SSFL/ETEC).
hUnknown.
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Table 8. I0. Cumulative volume (m 3) inventories through 1992,

by physical caLesory, of TSCA-re&ulated mixed

LLW from DOE alte operationD a,b

Site Sol id Liquid Gas c Sludge Total

AMES 2.4 0 0 0 2.4

ANL-E 0 0 0 0 0

ANL-W

BNL 0.7 0 0 0 0.7

FEMP

FNAL O. I 0 0 0 0.1

HANF d 79.8 7.6 0 0 87.4

INEL e e 0 a e

ITRI

K-25

KCP 0 0 0 0 0

LANL I,855.1 4.5 0 0 i, 859.6

LBL 1.9 1.4 0 0 3.3

LLNL 0.2 <<. 1 0 0 0.2

MOUND 2 5 0.9 0 0 3.

NR sites f 0 0 0 0 0

NTS

OR ISE

ORNL 1,357 0 0 0 0 1,357.0,

PAD 3,128 0 165,3 0 0 3,293.3
PANT

PINELLAS 0 0 0 0 0

PORTS 6,186 0 65.0 0 152.0 6,403.0

PPPL

RAP sites8 5.7 0 0 0 5.7

RFP 46.5 5.5 0 0 52.0

RMI

SLAC 0 0 0 0 0

SNLA 0. I, 0 0 0 0 .4

SNLL 0 0 0 0 0

SRS 92.1 0 0 0 92. i

NVDP 32.6 0 0 0 32.6

Y-12 3,719.0 295.0 0 h 4,014.0

Total 16,510,0 545.2 0 152.0 17,207.2

abased oi, the DOE site data submittals of ref. 9. Material may be in

interim storage awaitil_g treatment. Specific site information is provided in
Sect. 8.4.

bin general, densities of 500 kg/m 3 for compressed gases, 1,000 kg/m 3 for

liquids, and 1,500 kg/m 3 for solids and sludges were assumed to calculate

masses when the site did not report mass data.

CStored in cylinders.

dlncludes contributions from PNL.

eFor INEL, ref. 9(g) reports the following 1882 physical category

cumulative vo]ume inventories: solid, 18,000 m3; liquid, 178 m3; no gas; and

sludge, 3,100 ,,3. These inventories are not reported in this table because

they are included in the INEL RCRA/state waste inventories of the IMWIR

(ref. 7).

fIncludes corltrii_utlons (if any) from Bettis (BAPL), Knolls (KAPL), and
NRF (INEL).

gIncludes contributions from Battelle (BCLDP) and Santa Susana

(SSFL /ETEC ).

hUnknown.
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Table 8.11. 19921ass {ks) seneratlon, bTl_sical categozT, of
TSCA-resulated_xedLLWfrusDOE site operations a,D

Slte Solid Liquid Gasc Sludge Total

AMES 200 0 0 0 200
ANL-E 0 0 0 0 0
ANL-W
BI_.. 34 0 0 0 34
FEMP
FNAL 29 0 0 0 29
HAICFd 56,245 0 0 0 56,245
IREL e 0 0 0 e
ITRI
K-25
KCP 0 0 0 0 0

LANL 73,822 431 0 0 74,253
LBL b 1,560 26 0 0 1,586
LLNL 0 0 0 0 0
MOUND 0 0 0 0 0

RR sltesf 9,611 0 0 0 9,611
NTS
ORISE

ORNL 35,229 0 0 0 35,229
PAD 102,867 69,753 0 0 172,620
PANT
PINELLAS 0 0 0 0 0

PORTS 297,470 71,950 0 4,360 373,780
PPPL
RAP sltesg 900 0 0 0 900
RFP 18,884 0 0 0 18,884
RMI

SLAC 0 0 0 0 0
SNLA 0 0 0 0 0

SNLL 0 0 0 0 0
SRS 6,740 0 0 0 6,740
WVDP 2,808 0 0 0 2,808
Y-12 50,420 2,134,000 0 h 2,184,420

Total 656,819 2,276,160 0 4,360 2,937,339

abased on the DOE site data submittals of ref. 9. Material may be in interim

storage awaiting treatment. Specific site information is provided In Sect. 8.4.
UIn general, densities of 500 kg/m3 for compressed gases, 1,000 kg/m3 for

liquids, and 1,500 kg/m3 for solids and sludges were assumed to calculate masses
when the site did not report mass data.

CStored In cylinders.
dIncludes contributions from PNL.

eFor INEL, ref. 9(8) reports 760,000 kg of TSCA mixed LLW (solids) generated
during 1992. These wastes are not reported in thls table, however, because they
are part of the INEL RCRA/state waste inventories of the IMWIR (ref. 7).

fIncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF
(INEL).

gIncludes contributions from Battelle (BCLDP) and Santa Susans (SSFL/ETEC).
hUnknown.
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Table 0.12. 162 _lmm (m3) S_e:atl_, by phial©a1 ©ate_ory, of
TSCA-zeSulst_! mixed LLM _ DOE site operatioas a,n

St_a Solid Liquid Gas c Sludse Total

AHES 1.0 0 0 0 1.0
AHL-E 0 0 0 0 0
ANL-W
BNL 0.2 0 0 0 0.2
FEHP
FHAL <0.1 0 0 0 <0.1
HANFd 41.8 0 0 0 41.8
IKEL • 0 0 0 •
ITRI
K-25
KCP 0 0 0 0 0
I_ 82.7 0.4 0 0 83.1
LBL 1.0 0.4 0 0 1.4
LLNL 0 0 0 0 0
HOUND 0 0 0 0 0
HR sites f 18.9 0 0 0 18.9
NTS
ORISE
ORNL 106.0 0 0 0 106.0
PAD 250.3 72.0 0 0 322.3
PANT
PINELLAS 0 0 0 0 0
PORTS 828.0 20.0 0 30.0 878.0
PPPL
RAP sitesS 5.7 0 0 0 5.7
RFP 32.3 0 0 0 32.3
RHZ
SLAC 0 0 0 0 0
SNLA 0 0 0 0 0
SNLL 0 0 0 0 0
SRS 33.7 0 0 0 33.7
WVDP 6.8 0 0 0 6.8

Y-12 34.0 2,134.0 0 h 2,168.0
m

Total 1,442.5 2,226.8 0 30.0 3,699.3

abased on the DOE site data submittals of ref. 9. Material may be in
interim storasa awaitins treatment. Bpeciftc site information is provided
in Sect. 8.4.

bDensities of 500 ks/m 3 for compressed 8ases, 1,000 ks/m 3 for liquids,
and 1,500 k&/m 3 for solids and sludses wets assumed to calculate masses when
the site did not report mass data.

CStorad in cylinders.
dlncludes contributions from PNL.

eFor ZHEL, tel. 9(S) reports 1,260 m3 of TSCA mixed LLW (solids)
&enerated durin& 1992. These wastes are not reported In this table,
however, because they are included in the INEL RCRA/state waste inventories
of the I_IR (re£. 7).

flncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and
NRF (INEL).

Slncludes contztbutions from Battelle (BCLDP) and Santa Susana

(SSFL_ETEC 1.
"Unknown.
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Table 8.13. C_mlativemus (ks) invaut_zies _oush 19920
by hazard category, of TSCA-resulatodmixed

LIMfrooDOE site operations a

Site I_B Asbestos Other Total

AMES 0 2,400 0 2,400
ANL-E 0 0 0 0
ANL-W
BNL 228 34 0 262
FEMP
FNAL 98 0 0 98
HANFb 101,815 c 0 101,815
INEL d 0 d d
ITRI
K-25
KCP 0 0 0 0
LANL 19,837 360,021 0 379,858
LBL 410 2,175 1,605 e 4,190
LL_fl, 5 247 0 252
MOUND 3,489 0 0 3,489
NR sltesf 0 0 0 0
NTS
ORISE

ORNL 0 199,289 0 199,289
PAD 2,485,418 43,707 0 2,529,125
PANT
PINELLAS 0 0 0 0

PORTS 1,033,900 397,730 0 1,431,630
PPPL

RAP sttesg 0 900 0 900

RFP 9,860 15,260 0 25,120
PHI
SLAC 0 0 0 0
SNLA 0 68 0 68
SNLL 0 0 0 0

SRS 636 18,020 h 0 18,656
Wv'DP 4,196 8,055 0 ',251
Y-12 5,872,900 0 0 5,8,2,900

Total 9,532,792 1,047,906 1,605 i0,582,303

abased on the DOE site data submittals of ref. 9. Material may be

in interim storage awaiting treatment. Specific site information is
provided in Sect. 8.4.

blncludes contributions from PNL.
CUnknown.
dFor INEL, ref. 9(6) reports no asbestos and 230 kg of PCB wastes.

These are part of a 1992 cumulative TSCA-regulated waste inventory of
II,859,000 kg. These inventories are not included in this table,
however, because they are part of the INEL RCRA/state waste inventories
of the IMWIR (ref. 7).

epump oil contaminated with tritium.
fIncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL),

and NRF (INEL).
gIncludes contributions from Battelle (BCLDP) and Santa Susana

(SSFL_ETEC).
nEstlmated from volume data assuming a density of 200 kg/m3.
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Table 8.14. C_latlva voL_ (m3) invuntorlea through 2992,
by hazard category, of 13Cb-resulatod sized

LLW from D(E sltu operatlons a

Site PCB Asbestos Other Total

AMES 0 2.4 0 2.4
ANL-E 0 0 0 0
ANL-W

BNL 0.5 0.2 0 0.7
FEMP
FXAL 0.I 0 0 0.1
EIANFb 87.4 c 0 87.4
IN'EL d 0 d d
ITRI
K-25

KCP 0 0 0 0

LANL 56.8 1,802.8 0 1,859,8
LBL 0.4 1,5 1.4e 3,3
LLNL <<.1 0.2 0 0.2
IdOUlqD 3.4 0 0 3.4
NR altosf 0 0 0 0
NTS
aRISE

ORNL 0 1,357.0 0 1,357.0
PAD 3,121.5 171.8 0 3,293.3
PANT

I PINELLAS 0 0 0 0

PORTS 2,901.0 3,502.0 0 6,403.0
PPPL

RAP sitesg 0 5.7 0 5.7
RFP 26.8 25.2 0 52.0
RMI
SLAC 0 0 0 0
SI_.,A 0 0.4 0 0.4
SXLL 0 0 0 0
SRS 2.0 90.i 0 92.1
WVDP 5.1 27.5 0 32.6

Y-12 4,014.0 0 0 4,014.0

Total 10,219.0 6,988.8 1.4 17,207.2

abased on the DOE site data submittals of ref. 9. Material

may be in interim storage awaiting treatment. Specific site
information is provided in Sect. 8.4.

bIncludes contributions from PNL.

cunknown.
dFor INEL, ref. 9(g) reports no asbestos and 0.2 m3 of PCB

wastes. These are part of a 1992 cumulative TSCA-regulated waste
inventory of 22,278 m3. These inventories are not included in this

table, however, because they are part of the IXEL RCRA/state waste
inventories of the IMWIR (ref. 7).

epump oil contaminated with tritium.

flncludes contributions (if any) from Bettis (BAPL), Knolls
(KAPL), and NRF (INEL).

gIncludes contributions from Battelle (BCLDP) and Santa Susana
(SSFL/ETEC).
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Tablm 8.15. 1992sums (ks) Sameratlon, by hazard catasory,
of YJCA-resulatadmixed LIM framDOE alto operatlonJ a

Site PCB Asbestos Other Total

AMES 0 200 0 200
ANL-E 0 0 0 0
ANL-W
BNL 0 34 0 34
FEHP
FNAL 29 0 0 29

HANFb 56,245 c 0 56,245
INEL d d 0 d
ITRI
K-25
KCP 0 0 0 0
LANL 68,948 5,305 0 74,253
LBL 40 1,500 46e 1,586
LLNL 0 0 0 0
140UND 0 0 0 0
NR sites f 0 9,611 0 9,611
RTS
ORISE
ORNL 0 35,229 0 35,229
PAD 151,369 21,251 0 172,620
PANT
PINELLAS 0 0 0 0
PORTS 184,600 189,180 0 373,780
PPPL
RAP slteaS 0 900 0 900

RFP 284 18,600 0 18,884
RHI
SLAC 0 0 0 0
SNLA 0 0 0 0
SNLL 0 0 0 0

SRS 0 6,740 h 0 6,740
WVDP 0 2,808 0 2,808
Y-12 2,184,420 0 0 2,184,420

Total 2,645,935 291,358 46 2,937,339

abased on the DOE site data submittals of ref. 9. Material may
be in interim atorasa awaltin8 trsat_nent. Specific site information
is provided in Sect. 8.4.

bIncludas contributions from PNL.
CUnknown.

dFor INEL, ref. 9(S) reports a 1992 generation of 760,000 ks,
comprised of 680,000 ks of PCBs and 80,000 ks of asbestos. These
contributions are not included in this table, however, because these
wastas are part of the INEL RCRA/stata waste inventories of the I[_IR
(ref. 7).

aEh.wrpoll contaminated with tritium.
fIncludaa contributions (if any) from Battle (BAPL), Knolls

(KAPL), and NRF (INEL).

&Includes contributions from Battelle (BCLDP) and Santa Susans

(SSFLLETEC).
"Estimated from volume data assumln8 a density of 200 kg/m3.



Table 0.16. lgg2 volmoe (o 3) 8eae:etl_, by hassrd ©ateSo_,
of TSCA-reSuleted mixed LLM from IXX site operatlcms a

Sits PCB Asbestos Other Total

AMES 0 1.0 0 1.0
ANL-E 0 0 0 0
ANL-W
BNL 0 0.2 0 0.2
FEMP

FNAL <0.1 0 0 <0.1
HANFb 41.8 c 0 41.8
INEL d d 0 d
ITRI
K-25
KCP 0 0 0 0
LANL 46.0 37.1 0 83.1
LBL <<0.1 1.0 0.4 e 1.4
LLBL 0 0 0 0
MOUND 0 0 0 0
NR sites f 0 18.9 0 18.9
NTS
ORISE
ORNL (] 106.0 0 106.0
PAD 230.0 92.3 0 322.3
PANT
PINELLAS 0 0 0 0
PORTS 411.0 467.0 0 878.0
PPPL
RAP sitesS 0 5.7 0 5.7

RFP 1.5 30.8 0 _ 32.3
RM1
SLAC 0 0 0 0
SNLA 0 0 0 0
SNLL 0 0 0 0
SRS 0 33.7 0 33.7
WVDP 0 6.8 0 6.8

Y-12 2,168.0 0 0 2,168.0

Total 2,898.4 800..5 O.4 3,699.3

abased on the DOE site data submittals of ref. 9. Materlal

may be in interim storase awatttns treat_nent. Specific site
information is provided in Sect. 8.4.

blncludes contributions from PBL.
CUnknown.

dFor INEL, raf. 9(8) reports a 1992 generation of 1,260 m3
comprised of 580 m3 of PCBs and 680 m3 of asbestos. These

contributions are not included in this table, however, because
these wastes are part of the INEL RCRA/state waste Inentorles of
the IMWIR (ref. 7).

apump oll contaminated with tritium.
fIncludes contributions (if any) from Bettis (BAPL), Knolls

(KAPL), and NRF (INEL).
gIncludes contributions from Battelle (BCLDP) and Santa Susans

(SSFL/ETEC ).



TabLe 8.i7. HlsLori©al tndproJeotod UnualVOlUN [m3) 8enorationrato8 for iK:RA- 8nd
8tato-rosuletsdmtxod LLW frmnDOE site suvirommmtal restoration activities a

1992 and Projected
Sits prior b 1993 1994 1995 1996 1997 total c

AMES 0 1,000 1,000
ANL-E 0 9.0 10 9.5 9.5 9.4 48.3
ANL-W 0
BNL 0 8.6 85 93.6
FEMP 2,500 230 34,000 34,000 34,000 63,000 165,230
FNAL 0
HAHFd 6.9 14 59 130 350 500 1,053
ISEL 11 180 46 5,300 8,500 48 14,074
ITRI 0
K-25 1e 70 220 65 24 220 599
KCP 0
LANL 0
LBL 0

LLNL 0 8,100 8,100
HOUND 1.8 28 57 57 57 199
NR sites f 0
NTS 0 10 120,000 83,000 203,010
ORISE 0
ORNL 0 1 5 6 6 8 26

PAD 7e 1,400 4,500 6,200 3,500 9,000 24,600
PANT 0 720 120 840

PINELLAS 0

PORTS 18e 550 360 1,100 1,100 620 3,730
PPPL 0
RAP sites& 110.6 101 1,601 1,601 101 101 3,505
RFP 43 77 11,000 41,000 41,000 55,000 148,077
RMI 15.9 3.2 3.2 3.2 3.2 3.2 16.0
SLAC 0
SHLA 0 70 110 140 8,800 9,400 18,520
SNLL 0

SRS 0 7.8 7.8 7.8 7.8 7.8 39.0
WVDP 0
Y-12 29 e 140 59 34 160 33 426
Others h 24,476.1 8.5 20 28.5

Total 27,220.3 3,582.4 53,157.6 89,663.5 217,618.5 229,192.4 593,214.4

abased on the IMWIR, ref. 7.
bActual data.

CTotals for the period 1993-1997.
dlncludes contributions from PNL.

eDoes not Include contributions from years prior to 1992.
fIncludes contributions (if any) from Bettls (BAPL), Knolls (KAPL), and NRF (INEL).

81ncludes contributions (if any) from Battelle (BCLDP), Colonle (CISS), Grand Junction
(GJPO), Santa Susana (SSFL/ETEC), and Weldon Sprin8 (WSSRAP).

hIncludes contributions (if any) from General Atomic (California), Laboratory for Enersy-
Related Health Research (California), Middlesex Sampling Plant (New Jersey), and Palo Forest
Reserve (Illinois).
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Table 0.18. Eistor/calsndproJeote(i_mualms (ks) 8enerationretes£or
111CA-H4ulsLedmizedLLtltrmsDOEsitooiPe_atimm a

5Its 1992b 1993 1994 1995 1996 1997 1996-2030 c

AMES 200 50 50 d d d d
ANL-E 0 0 168,526 31,467 31,467 24 24
ANL-W
BKL 34 40 42 44 44 44 40
FEm'
FNAL 29 30 30 30 30 30 10
EAI_'* 56,245 18,500 18,500 16,500 18,500 18,500 18,500
InL f 0 0 0 0 0 0
ITRI
K-25
KCP 0 0 0 0 0 0 0
LANL 74,253 28,000 31,000 37,000 37,000 31,000 28,000
LBL 1,586 1,400 1,400 1,400 1,400 1,400 1,400
LLNL 0 0 0 0 0 0 0

HOUND 0 0 0 0 0 0 0
NR sitesS 9,611 9,918 10,318 10,190 9,605 9,435 9,275
NTS
ORISE

ORNL 35,229 4,827 15,027 15,027 15,027 15,027 15,027
PAD 172,620 461,605 461,190 460,610 460,610 460,610 460,810
PANT
PINELLAS 0 0 0 0 0 0 0

PORTS 373,780 d d d d d d
PPPL
RAP sites h 900 16,950 17,800 16,500 16,500 16,500 1,500
RFP 16,864 84,000 3,180 19,400 2,500 19,400 18,600
RMI
SLAC 0 0 0 0 0 0 0
SNLA 0 d d d d d d
SNLL 0 0 0 0 0 0 0

SRS 6,740 5,320 5,320 5,320 5,320 5,320 5,320
k_)P 2,608 4,689 4,632 4,632 4,632 4,632 4,663
Y-12 2,184,420 d d d d d d

Total 2,937,339 635,329 757,017 620,320 602,835 582,122 563,369

abased on the DOE site data submlttals of re£. 9. Specific site information is provided
in Sect. 8.4.

bActual data.

CAverase annual seneratlon rate anticipated for this period.
dln£onnatlon not available.
elncludes contributions from PNL.

fFor INEL, ref. 9(8) reports a 1992 6eneratlon of 760,000 ks of TSCA-resulated wastes,
which are included in the site's RCRA/state waste inventories reported in the IMHIR (raf. 7).

6Includes contributions (if any) £rom Bettls (BAPL), Knolls (KAPL), and NRF (INEL).
hIncludes contributlons from Battelle (BCLDP) and SanSa Susans (SSFL/ETEC).



Tanblo 8.10. RAmLoriasl end proJe©&od nmnuel volummo (me3) 8o_ormLi_ roles for
TZlCA-rquleLod mLxod LXM fro DOK site oporsLlo_e s

SiLo i992 b 1903 1904 1095 1098 1997 1998-2030 c

AHES 1.0 x0,1 <0.1 d d d d
AJTL-E 0 0 470.8 78.6 78.6 ,c0.1 <0.1
A.qL-H
BI_ 0.2 0.3 0.3 0,3 0.3 0.3 0.3
Fn_l_
FNAL c0.1 <0.1 c0.1 '_0.1 <0.1 c0.1 <<0.1
HANFe 41.8 15.9 15.9 15.0 15.0 15.9 15,0
INEL f 0 0 0 0 0 0
ITRI
K-25
KCP 0 0 0 0 0 0 0
LANL 83.1 45.0 ,50.0 80.0 60.0 50.0 45.0
LBL 1.4 1.4 1.4 1.4 1.4 1.4 1.4
LLNL 0 0 0 0 0 0 0
MOUND 0 0 0 0 0 0 0
NR s/Lee& 18.9 20.5 20.5 20.2 17.2 16.8 16,5
NTS
ORISE
ORNL 106.0 36.4 56.6 56.6 56.6 56.6 56.6
PAD 322.3 609.0 608.5 608.0 608.0 608.0 608.0
PANT
PINELLAS 0 0 0 0 0 0 0
PORTS 878.0 d d d d d d
PPPL

RAP altos h 5.7 18.0 20.8 16.5 16.5 16.5 i. 5
RFp 32.3 6.3 21.8 37.0 21.0 37.0 32.0

SLAC 0 0 0 0 0 0 0
SNLA 0 d d d d d d
StiLL 0 0 0 0 0 0 0
SRS 33.7 26.6 26.6 26.6 26.6 26.6 26.6
_NDP 6.8 19.2 19.2 19.2 19,2 19.2 19.2
Y-12 2,168.0 d d d d d d

Total 3,899.3 798.7 1,312.5 040.4 921.4 848.4 823.1

abased on the DOE silo data submittals of ref. 9. Specific site information
i8 provided in Sect. 8.4.

bActual data.

CAverase annual Saneratlon rote anticipated for thls period.
dlnformatlon not available.
elncLudes contributions from PNL.

fFor INEL, ref. 9(S) reports a 1992 seneratton of 1,260 m3 of TSCA-resuLated
waLses, which are included in the site's RCRAIataLo waste inventories reported in
the IMWIR (rsf. 7).

SIncLudes conLrlbutlons (if any) from Bettis (BAPL), KnoLLs (KAPL), and NRF
( INEL).

hlncludes contributions from Battelle (BCLDP) and Santa Susans (SSFL/ETEC).



Table 8.R0. |stioeal ooumerelaUy 8aneratod mixed LJ_ profile
volume summarY0 by fullity eetqory a

Waste volumo, m3

Oenerated Stored as of Treated
Fs©ility ©atesory in 1090 Dec. 31, 10005 in 1090 c

Academic 820.7 154.2 1,581.9

Oovernmont 750.4 78.9 812.5

Zndustrlal 1,428.0 1,197.3 1,115.1

Hedical 583.6 63.1 466.3

Huclaar power plants 38S. 8 622.5 216,9

Totald 3,948. $ 2,116.0 3,992,6

abased on rat. 10.

bTnis is not the amount o£ mixed waste requirtn8 disposal. 8see of this waste was bolas
accumulated for treatment.

CTreated wastes may include mixed wastes 8enerated in years prior to 1000.
dTotal reported in this table may not equal the sum of component entries because of round-

off and truncation of numbers.

T_ble 8.21. gatlonal ooumrcitUy 8emerstodatzedLLNprofilavolume
stmnary, by haaardouswasta st_e_ a

Waste volume, m3

Hazardous stream Generated Stored as of Treated
in 1990 Dec. 31, 1990 b in 1990 c

[

Orsanics

Liquid scintillation fluids 2,837.2 363.4 3,371.8
Waste oil 148.9 178.1 139.4
Chlorinated organics 70.9 27.0 23.2
Fluorinated arsenics 0 3.5 0
Chlorinated fluorocarbons (CFCs) 113.2 254.7 3.7
Other orsanlcs 274,6 117.9 258.9

Total orsanics d 3,444.8 944,6 3.797.0

Hetsls
Lead 81.6 138.7 6.1
Mercury 12.5 81.1 1.5
Q,,romium 28.4 53.3 3.9
Cadmium O. 3 745,2 O. 1

Total metals d 122.8 1,018.3 11.6

Aqueous corrosives 80.4 12.2 2.6

Other hazardous materials 300,5 141.0 181.4

Grand totals d 3,948.5 2,116.0 3,992.6

abased on ref. I0.

bThis Is not the amount of mixed waste requirins disposal. Some of this waste was belns
accumulated for treatment.

CTreated wastes may include mixed wastes Senerated in years prior to 1990.
dTotals reported in this table may not equal the sum of component entries because of round-off

and truncation of numbers.
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APPENDIX A. MISCELLANEOUS RADIOAC11VE MA'iI_RIAI_

A.I INTRODUfflION

This appendix lists year.end 1992 inventoriesof miscellaneous radioactive materials (M RM) at _ven major I)OE sites
and one commercial site, the Babcock & Wilcox (13&W) Nuclear Environmental Services l.ynchburg Technology (?enter
site at Lynchburg, Virginia. Information on inventories at the end of calendar.year 1_)2 was collected by direct contact with
these sites.

The types of materials covered in this appendix repre_nt principallywastes that _,'illprobably require repository dis_x_l
but that are not covered specifically in the preceding chapters of this report. 110wever, there may be some overlap with
materials covered elsewhere in this reix_rt (particularly in Chapter 1) because much of the misccllane_us material ret'x_rted
by the sites consists of whole or sectioned fuel rc_dsor a_scmblies that originated in ctmlmercial reactors and were u_d in
various DOE-related experimental programs.

Damaged fuel a_semblies and core debris from the "l'Ml-tJ'nit 2 reactt_r are included H1this appendtx as part of the
inventory at INEL.

This appendix dtxrs not include spent fuels from naval reactors and defense prt_ductitm reactt_rs, which are discussed
briefly in Chapter 1. Al.,a_,it does nc)t include greater.than-Class-( ? low-level waste ((;T(;(; I,I_W), which is covered in
Chapter 4.

The map of Fig. A. 1 shc_vsthe current locations of MRM, and Fig. A.2 compares the ma_',cs of MRM now stored at
the various sites.

A.2 INVENTORII_ AND PROJE(71"IONS

Table A.I summarizes the current inventories of MRM at the eight maj_r sites. Tables A.2 through A.9 de_ribe the
separate materials at each site in more detail. The data presented iz_Tables A.1 through A,9 (derived from refs. 1-9) will
be u_ful in planning h_r final disl'x)s;dof these materials in a rel_Sitory. As prcvi_usly n_ted, _n_c quantities of the
commercially generated spent fuels relx_rted in Tables A.2=A.9 may already be ct_vercd in C:haptcr 1 tff this rel_rt. The
spent-fuel inventories reIx_rted in Tables A.2-A.9 will be reviewed to identily clearly any i_sible _wcrlaps between the
inventories in the_ tables and those rel_rted tn {'hapter 1. Any spent-fuel invent_ry overlaps identified from this
investigation will Ix- clarified in subsequent editions of this retx_rt.

Last year's IDI3 rel_rt listed mi._ellaneous materials inventoried at the I lanli_rd 2(lO-Area burial grounds. A._noted
in Table A.5, these materials have been reclassified as TRt! waste and, thcref_rc, arc no longer classified in the MRM
category.

Inventories of special radioactive materials st_red at INI:I. are given in Table A.¢_. "lhcsc include materials stored at
the Idaho Chemical Prcx:es.singPlant (IC_'Pi_) and the Naval Reactors Facility (NRF). "lhc st_.'nt fuels that are included in
these inventories are scheduled to be stored indefinitely._°'_ If required, future special campaigns c_uld reproce_,; many
of these spent fuels.

The spent fuels now invent_ried at the SI,_,S(Table A3_)are n<_tcurrently regarded as rcpr_ccs,sibic bccau_ of the lack
of defined reprcx:e_singschemes or required facilities. "l_crefore, this fucl is considered by Si<S lo be in indefinite storage. _:

Recently, DOF. made the decision tc_phase out the reproce_,ing cffspent fucl from defense producti_m reactors. INI!!.
and the SRS are preparing pha._-out plans. A summary of I)()i:. spent fuel no hmgcr scheduled h_r reprc_:e_sing is given
in Sect. 1.4 of this rerx_rt.

A recent submittal from INI:.i._ contains dala that super_dcs and augments s¢,mc_! the inf_rvnatit_nin re(. 5; however,
the recent submittal was received t_x_late tt_ be incorl_rated in this year's 11)!'1. After uixlattng as necessary, it will be
incorporated in next year's II)B.
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A.3 RI_,'I_,R!_.lqC!_S

1. G.C. MarshaU, Argonne Natt(_nal l.al_)rat()ry-Wesl, Idaho Falls, Idaht), Ictler to R. Salmon, f)ak Ridge National
l.al'K_ratory, Oak Ridge, Tennessee, "tlpdate t_f Argonne National I.al'x_ralory-Wesl Miscellane(_us Radioactive
Materials Data for the 1_)3 Integrated l)ata |la,_ Retx_rt," dated June 10, 1c._)3.

2. K.D. lx_ng, i'labc(_.'k & Wilcox Nuclear I:.nvironmental Services, Lynchburg, Virginia, letter to R. Salmon, Oak Ridge
National l.al_rntory, Oak Ridge, Tennc_-,ce, daled Apr. 19, 1993.

3. D.A. Dickman, Battelle Pacific Northwest i.aboratory, Richland, Washington, letter to R. Salmon, Oak Ridge National
l.aboratory, Oak Ridge, "l'enne_e, "Update of PNI. Miscellaneous Radicmctive Materials Inventory for the 1993
Integrated Data i:lase Rei_rt," dated Apr. 26, 1993.

4. R.D. Wojtasek, Westinghouse 1lanford Company, Richland, Washington, letter to R. Salmon, Oak Ridge National
l_aboratory, Oak Ridge, Tennessee, "Update of Westinghouse ! lanford Miscellaneous Radioactive Materials Data for
the 1993 Integrated Data Base Report," dated Apr. 30, 1993.

5. A.P. lid.skins, Westinghouse Idaho Nuclear Company, Inc., Idaho t.'alls, Idaho, letter to M. J. Bonktxski, DOE/ID,
Idaho Falls, Idaho, API !-33.93, daled Apr. 28, 1993.

6. D.R. Connors, Westinghou_ Electric (k_rt'x_ration, Bettis Atomic Pt_er l.aboratory, West Mifflin, Pennsylvania, letter
to R. Salmon, Oak Ridge National l.al'x_ratory, Oak Ridge, Tennessee, "Update of Idaho Naval Reactors Facility
Miscellaneous Radit_clive Materials for the 1_.,_3 Integrated Data Base Report," dated Apr. 28, 1993.

7. A. Martinez, i.(_s Alamos National i.alx_ratory, Ix_s Alamos, New Mexico, letter to R. Salmon, Oak Ridge National
Latx)ratc_ry, Oak Ridge, Tennc.s.,_.ee,dated June 24, 1_._)3.

8. A.M. Krichinsky, Oak Ridge National I.aboratory, Oak Ridge, Tennessee, per_mal communication to S. N. Storch,
Oak Ridge National l.aboratory, Oak Ridge, Tennessee, dated Apr. 14, 1_.._3.

9. S.W. McAlhany, I)OF. Field Office, Savannah River, Aiken, South Carolina, letter to R. Salmon, Oak Ridge National
l.aboratory, Oak Ridge, Tennessee, "[lpdate of Savannah River Site Spent Fuel Inventory," dated Apr. 12, 1993.

10. D.A. Knecht, Westinght_use Idaho Nuclear Company, Inc., Idaho F'aUs, Idaho, letter to M. J. Bonkoski, I)OE/ID, Idaho
Falls, Idaho, "CY-91 Integrated l)ata Ba_ Information," DAK-23-92, dated Mar. 17, 1992.

11. D.R. Connors, Westinghouse Electric Corl'x_ration, Bettis Atomic Prover l.atx_ratory, West Mifflin, Pennsylvania, letter
to R. 1.. Pearson, ()ak Ridge National l.abc_ratory, Oak Ridge, Tenne,s,see, "Update of Idaho Naval Reactors Facilities
Miscellaneous Waste Inventory h)r the 1992 Integrated Data Base Report," dated May 5, 1992.

12. W. C. Dennis, Jr., I)OF. Field Office, Savannah River, Aiken, South Carolina, letter to R. L. Pears(m, Oak Ridge
National l.aboratory, Oak Ridge, Tennessee, "Update of Savannah River Site (SRS) Miscellaneous Spent Fuel for the
1992 Integrated Data Base Retx)rt," dated May 4, 1992.

13. J. It. Clark, F.(;&(; Idaho, Inc., Idaho Falls, Idaho, letter to J. A. Klein, Oak Ridge National l.,atx_ratory, Oak Ridge,
"l'enne_see, "The Integrated l)ata 13a,'_ (II)B), Revision 8-.111C.32-94," dated Feb. 16, lcX)4.
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"lnoluaea oontrlDutlone from ANL-W, IOPP, NRF, =nd other flollltlee.

Fig. A.I. Locations and total masses of misccllaneous radioactivc matcrials through 1992.

ORNL DWG 93-10822

HEAVY METAL

SITE (METRIC TONS)

INEL 217,4 a

SRS 2 1,8

OTHERS 4.0

TOTAL 243,2

$RS

,_ 9.0_
OTHERS

INE.'L 1.6f_
89.4_

alncludea 82.5 metric ion8
from TMI - Unit 2

Fig. A.2. Mass and locations of miscellaneous radioactive materials as of Deccmbcr 31, 1992.



Table A.1. Inve_t, oryofmiscell,meous ra(Lioactivematerials as of December 31, 1992, that mayrequire geologic disposal

Total Total Total

candidate Uranium content, kg plutonium thorium

materials content content

Storage site and location (kg) Total 235U 233ua (kg) (kg)

Reported potemtial miscellaneous mmterials Invantory

Argonne National Laboratory-West, Idaho Falls, ID 341.21 332.20 41. 440 9.012

Babcock & Wilcox, Lynchburg Technology Center, 102.33 101.50 1.317 <0. 833
Lynchburg, VA

Battelle Pacific Northwest Laboratory, Richland, WA 2,309.9 2,273.3 20.9 29.7 5.9

Hartford 200-Area burial grounds, Richland, WA 0.0 0.0 0.0 0.0

bJ

Idaho National Engineering Laboratory, Idaho Falls, ID b 217,380.1 164,026.0 6,837.6 952.53 470.1 52,884

Los Alamos National Laboratory, Los Alamos, NM 19.44 18.13 14.57 0.058 1.31

Oak Ridge National Laboratory, Oak Ridge, TN 1,253.29 1,252.49 798.7 280.29 0.801

Savannah River Site, Aiken, SC 21,783.74 13,092.33 762.46 31.16 43.21 8,648.2

Total reported 243,190.0 181,095.95 8,477.09 1,274.04 554.95 61,539.1

aSome of the 233U waste may be certifiable as TRU waste and would therefore be reported in Chapter 3 in the future.

bMany of the fuels at ICPP have a lower uranium enrichment than that of fuels normally processed. These fuels could be reprocessed in
a special campaign, if required.



Table A.Z. Hiscellanm radioactive materials fnvmtory at Atsome National

Laboratory-West, as of December 31, 1992 a

U content, kg Total Pu

content

Source of material Composition Description b Total 235U (kg)

Radioactive Waste and Scrap Facility c

Basic research-ANL Scrap In canister d 182.00 12.980 5.052

EBR-2 blanket subassembly Scrap In canister d 134.35 21.62 0.242

LMFBR test fuel Scrap In canister d 13.33 5.253 3.026

Postirradiation test on NUMEC e LMFBR Scrap In canister d 0.72 0.345 0.123

Sodium Loop Safety Facility Scrap In canister d 1.80 1.242 0.569

bJ
j_

Total 332.20 41.44 9.012 ,_J

aSee ref. I.

bInformation regarding the burnup of this scrap may be available.

CRadioactive Scrap and Waste Facility is located approximately 0.5 miles north of ANL-W site.

dcanisters are retrievable and constructed of stainless steel with minimum dimensions of 8-in. OD and 5-ft length.

The canister lid is gasketed and tithtly screwed on, welded closed, or screwed into a canister fitted with pipe threads.

eNuclear Uranium Materia!s Equipment Corporation.



Toblo A.3. _a©oLLgmooum radioa©tivo mgtorialJ tnvemtory at _ Nuclear Environmental Services, Inc.,
Lynchbur8 Technology Center, as of December 31, 1992 a

U content, kg Total Pu

Source of Estimated burnup content

material Composition b Description (MWd/MTIHM) Total 235U (ks)

Arkansas I UO2, Zr-clad Three full-length rods; 47,000 11.762 0.046 0.133
three sectioned rods in four

4.25-in.-diam × 33-in. A1

canisters

B&WTest Reactor UO 2, Zr-clad In fourteen 4.25-in.-dism× Unknown c 0.015 0.005 <0.0005
33-in. A1 canisters

Consolidated Edison UO2, Zr-clad Four sectioned rods in 29,523 10.849 0.060 0.088
4.25-1n.-dism × 33-in. A1

canisters

Hot-cell solid waste Miscellaneous d In forty-four 80-gal drums, e e <0.082 f

thirty-six 55-Kal drums, and

nlnety-two 30-gal drums

Oconee I UO 2, Zr-clad Twenty-three sectioned rods in 18,686 0.531 0.004 0.003

twenty-slx 4.25-in.-diam× 24,080 2.159 0.028 0.017

33-In. A1 canisters 26,480 6.482 0.033 0.056
4_

31,160 4.275 0.041 0.037

39,180 11.000 0.057 0.101

50,000 8.517 0.030 0.094

UO 2, Zr-clad One full-length rod 50,000 2.062 0.007

(archive fuel rod No. 15181)

UO 2, Zr-clad Five full-length rods; three 59,300 14.543 0.047
sectioned rods

UO2-Gd203, In four 4.25-in.-diam× 15,000 7.911 0.103 0.048
Zr-clad 33-in. A1 canisters

Oconee II UO 2, Zr-clad Eight sectioned rods in 27,500 10.711 0.105 0.095

seven 4.25-1n.-diam × 31,000 6.432 0.057 0.056

33-in. A1 canisters 36,000 1.999 0.015 0.020

TMI-Unit 2 UO 2 debris In one 4.25-in.-diam × 33-in. Unknown c 0.047 0.0307 <0.0005
A1 canister



Table A.3 (continued)

U content, k8 Total Pu

Source of Estimated burnup content

material Composition b Description (MWd/MTI_4) Total 235U (ks)

Various fuel scrap U02, Zr-clad In one 4.25-in.-diam × 33-in. Unknown c 2.202 0.702 <0.0005

samples A1 canister

Total 101.497 1.371 <0.833

aSee ref. 2.

bZr-clad = Zircaloy-clad.

CCurrently in underground storage tubes.

dMiscellaneous materials from periodic hot-cell cleanup.

eNe81isible.

fCalculated assumin8 a contamination level of <0.5 8 of plutonium per drum. _



T_le A.4. MAsce_aneoql radAoacti_ _terla_ _to_ at Battelle PaclfAc 1o_t Laboratory, ms of DecOr 31, 1992 a

U content, kg Total Pu Total Th

Source of Estimated burnup content content

material Composition b Description (MWd/MTI_) Total 235U (ks) (kg)

Calvert Cliffs UO2. Zr-clad Fuel rods 0.440-in. diamx 147 in.

(full-lensth rods)

175 intact rods, 1 cut rod c 30,000 370.5 2.6 5.3

154 intact rods, 1 cut rod c 45,000 293.5 1.7 7.7

Cooper UO 2, Zr-clad 98 rods c 28,000 365.9 2.5 3.I

H. B. Robinson UO 2, Zr-clad 19 cut fuel rod sections c 28,000 35.1 0.3 0.3

Miscellaneous Cut pieces, In hot cells Unknown 31.7 3.4 2.6 0.2

scrap and fuel scrap

PNL Lot Numbers:

ATM-5 Glass mix 0.1 d d

ATM-6 Glass mix 0.I d d

Point Beach-i UO 2, Zr-clad 3 intact fuel assemblies, miscellaneous 33,000 1,164.5 10.3 10.6 6.7

cut samples

Shippingport 24,000 3.6 d d

VBWR e UO2, Zr-clad 6 rodlets and 160-in. fuel rod segments 7,500-33,000 8.3 0.I 0.I

Total 2,273.3 20.9 29.7 6.9

aSee ref. 3.

bZr-clad = Zircaloy-clad.

CRods are in a hot cell.

dNeglisible.

eVallecitos boilins-water reactor.



Tsblo A.5. MtscollsnoouB radioactivomatorialJ _aBtorymt thoHenford2OO-Aroai_rial_, as ofDocembor 31, 1992

U content, kg Total Pu
content

Source of material Composition Description Total 235U (kg)

This material is no longer in the miscellaneous radioactive materials catesory a

-u

aIn accordance with ref. 4. this material has been reclassified as remote-handled TRU waste. Its characteristics are

reported in Table C.13 of Appendix C.



Table A.6. Mtsce118moous rsdloa©tlvo materlslz Invemtory at the Idaho Natlonal EnSlmoer/m8 Laboratory, ms of Decamber 31, 1992 a

Estimated b_rnup
(MWdlMTI_ or U content, k8 Total Pu Total Th

Z of initial content content

Source of material Composition b Description loading) Total 235U 233U (kg) (kS)

D0_IDefense plus ocher sovermmmt aSency materials Invumtory at Idaho Chemlcal Procmmln8 Plaint (ICPP)

Advanced test reactor UAI x fuel, Al-clad 808 assemblies 5.4 x 41Z (avg.) 865.7 548.4 1.82
(ATR) 49.5 in.

Gas-cooled reactor UO2-MsO , some in Two cans, one SS and NA 0.984 0.918

experiment (GCRE) pellets and some one A1

Hastelloy-clad

Miscellaneous Al-clad UAI x fuel, Al-clad 15 plates 3.1 x NA 66.80 53.42

fuel (ARMF, _'BR, ORR) 0.065 x 25.2 in.;

240 elements 2.9 x

3.2 x 24.5 in.;

17 elements 3 x 3 x

25.6 in.

Miscellaneous SS-clad UO 2 and U metal APPR -- one SS can NA 9.459 6.16

fuel (APPR, BMI, GETR, with SS in the 5 x 36 _n. ; 4=
SPSS, and SPEC) fuel, all SS-clad BMI - three A1 or 00

SS cans 6 x 12 in.;

GETR -- ten SS cans

5.5 x 3.64 in.;

SPEC -- one A1 can

4 x 24 in.

Shippinspo_-t li&ht-water UO 2 ceramic fuel 48 elements i0 x 103 NA 656.64 10.56 523.68 0.177 41,933

breeder reac_or (LWSR) pellets with Th, in. in 24 SS cans

Zr, and Ca oxides, 25.5 x 158 in.

Zr-clad; Th blanket

Shippingport LWBR UO2 ceramic fuel 40 elements, Zr-clad, None 323.6 302.4 14.4

(uni_-radiated) pellets with Th, contained in SS cans

Zr, and Ca oxides,

Zr-clad

Stationary media (SM-1A) UO 2 in SS powder 93 assemblies 2.9 x 5,124 (avE.) 65.759 56.648
fuel, SS-clad 2.9 x 33.6 iD. in 93

SS cans 4.9 x 39 in.

TORY-IIA UO2-BeO with Ca 146 A1 cans 4.5 x 0.9Z 48.645 45.325
cermet 22 in.



Tablh A.6 (continnod)

Estimated burnup

(_Md/_I_ or U content, ks Total Pu Total Th

Z of initial content content

Source of material Composition b Description loading) Total Z3_ 233(/ (ks) (ks)

OOK/Oof:_a pIL.m other SOVSzmmnt sS_ materials iuveatory at IC_Y (_t/_Md)

TC_Y--IIC UOz-Y203-ZrO2-BeO 655 Ai tubes 2.75 x 1.5Z 58.95 55.86
ceramic pellets 54 in. in 23

crushed to 0.25 X canisters

0.06 in.

Subtotal 1,897.5 777.3 826.08 1.997 41,947

n(]ElCiviLtan DevelOlmemt lh_szams materials /nve_r at ICI_

Boiling reactor experiment UO 2 with SS and 36 assemblies 3.6 x NA 20.8 19.4

No. 5 (BORAX-V> 2.5Z Si, SS-clad 3.9 x 36 in.

Experimental breeder Fuel is U metal 41,951 elements 25,000-30,000 1,967.5 1,22.4.97 5.2

reactor--2 (EBR-2) with 5Z fissium, c 0.174 x 23.8 in. _o

metallic sodium in 3,688 SS cans
bonding, SS-cled 2 x 25.5 in.

Fermi reactor core-I & 2 U-Mo alloy fuel, 214 assemblies canned 2Z 3,911.05 997.45 2.0

metallic sodium in 214 A1 cans 3.1 X

bonding, Zr-clad, 43 in.

some declad

Fermi reactor core--1 U-Mo alloy fuel, 510 assemblies canned <IZ 34,165 120 6.63

blanket metallic sodium in 14 SS cans 25.5 X

bonding, SS-clad 158.5 in.

Fort St. Vrain Reactor U-Th carbide and 744 assemblies 14 x 6,000-26,000 308.33 167.648 90.139 0.752 8,316.5

(FSVR) Th carbide, 16 X 31 in.

pyrolytic carbon-

coated particles

in 8raphite matrix

Miscellaneous Al-clad UAI x in an A1 26 bundles 2.9 x 0.44Z 4.056 3.80

(University of matrix 2.4 x 27 in.

WashinKton)

Miscellaneous unirradiated U-5Z fissium, c 56 SS cans None 55.7 21.64

SS-clad (ANL-W, EBR-II SS-clad

scrap)



Tabla A.6 (©onttnuod)

EstJJnated burnup

(M_d/HTI_4 or U content, ks Total Pu Total Th

Z of initial co_t_t center

Source of materi al Composition b Description loading) Total 235U 233U (ks) (kg)

D_/Ci_lLiam D_lop_t Proem ,,--torials _ry at ICPP (conttm_d)

Miscellaneous unirradlated U-metal foils and 13 drums None 38.171 34.435
(ANL foils, VYCOR glass) U-metal mixed with

glass

Missouri University UAlxwith SS 56 assemblies 4 x 20-24Z 38.02 33.21
Research Reactor (MURR) rollers and A1 4.5 x 32.5 in.

in the matrix,

Al-clad

Pathfinder UO2-B4C and SS in 417 rods 0.9 x HA 53.406 49.242
the matrix. Some 79.5 in.

thermocouples,

SS-clad

Peach Bottom U-Th carbide, 1,603 graphite <lZ 332.42 233.54 46.31 0.97 2,620

pyrolytic carbon- elements 3.5 x 144
coated particles in. in 90 A1 cans O
in graphite matrix 4.5 x 153 in.
with Rh and B

Pulstar (State University UO2 pellets with 504 fuel pins 8,000-12,000 251.431 12.1 0.793
of New York at Buffalo) Be, Zr-clad 0.474 × 26.125 in.

in 24 SS cans

Shippingport PWR-Core 1 UO2-ZrO 2 fuel with 4 subassemblies 42.6Z 2.02 1.63
boron, Zr-clad 5.8 × 5.6 × 84.5 in.

Shippingport PWR-CoEe 2 UO2-ZrO 2 fuel with 19 clusters 7.4 x 47Z 519.68 394.34 1.95
boron and some 7.4 x 104.5 in.

with CaO, Zr-clad

SNAP (AI, S8DR, SaER, U-Zr-hydride fuel, 19 A1 cans 3.8 x NA 28.8 26.8
S2DR, STF, SER) clad removed 36 in.; 12 A1 cans

2.5 × 43 in.

TRIGA (TraininE Reactor, U-Zr-hydride fuel, 21 elements 3 x 3 x Varies 60.82 14.18 0.03
Isotopes, General some containing 37 in. in A1 and SS

Atomic) stainless graphite, erbium, cans; 7 rods 1.4 x

steel-clad SS-clad 30 in. in A1 cans;

263 elements 1.5 x

29 in., not canned



Table A.6 (coutinuod)

Estimated b_up

(_/_I_ or U content, ks Total _ Total
Z of initial content content

Source of material Composition h Description loadina) Total 235U 233U (ks) (ks)

TRIGA alumlnum-clad U-Zr-hydride fuel 570 rods 1.4 × 29 Varies 103.17 20.24

with Me and in., not canned

Kraphite, Al-clad

Unirradlated 8raphite U-carbide fuel 2,168 rods 3/4 x 52 None 403.26 371.97

(Parka, LANL) with ZrC, in. and also 390
contained in cans

graphite blocks

Unirradiated metal U metal or U metal 9 drums None 17.34 15.95

with A1

Vallecitos Boilina-Water UO 2 or UO2-TiO 2 142 rods in four 8Z 12.38 2.61

Reactor (VBWR) (Geneva) fuel with SS, Zr, 6 x 36 in. A1 cans

and Tie 2 in the
matrix, SS- or ,-

Al-clad

Subtotal 42,293 3,765.2 136.45 18.33 10,937

DOE saterials inventory at the Raval Reactors Fac111ty (RBF)

Shippingport PWR-Core 1 UO 2 pellets, Miscellaneous test II, i00 568 <0.5 3.4
Zr-clad specimens from

blanket fuel

assemblies

Shipplnaport M-Core 2 UO 2 wafers, Three modules and 14,273 1,028 2 8.9
Zr- clad module sections

from blanket fuel

assemblies

Shippinaport PWR-Core 2 UO 2 wafers, One seed module
seed Zr-clad

11.09 7.45

Subtotal I,607.09 9.45 12.3



TabLe A.6 (contimmd)

Estimated hurnup

(HNd/HTIHH or U co_tent, ks Total Pu Tot81 Th
Z of initial

co.tent cout_t

Source of material C°mposition h Description loadlna) Total 2350 23_d (ks) (ks)

DOKICivillm Dmvmlol_mt Proem _ia].s i_mmnto_ at Pa_ Bent Fm_Ltty (PBr*)

PBF irradiated driver core UO2-ZcO2-CaO 2,425 rods 0.75 x 1,849 561.63 102.82
ternary fuel 47.5 in. in 72

pellets, SS-clad canisters
i

PBF unirradiated driver UO2-ZrO2-CaO 595 rods 0.75 X None 140.3 25.34
core ternary fuel 47.5 in.

pellets, SS-clad

Subtotal
701.93 128.16

]BOIKICI_i/I-- ll)m__t Pzx_xmm mmte_a]Ls _toz7 at Test; Area North (YAM)

Co_acticut Yankee (BCD) UO2, SS-clad One 15 x 15 P_ 32,151 378.485 5.204 3.775
assembly with 4 rods

replaced with SS rods
contained in one
canister

Dresden UO2-DY203 fuel, One complete 6 x 6 HA 165.0 d 1.064
Zr-clad BWR assembly 5.5 X

5.5 X 134.25 in. of

36 reds and 1 partial

as_ly of 19 rods

Dry-rod consolidation UO 2 fuel, Zr-clad 24 canisters 8.3 × 28,124 (eva.) 21,002.7 147.36 183.29
technology e (DRCT) 7.9 x 155 in.

(405 fuel rods per

canister)

Engine maintenance assembly UO2, Zr-clad Five 15 x 15 PWR 27,525 2,303.32 17.09 19. Ig
and disassembly f (EMAD) assemblies that were

not consolidated in

the DRCT proKram

H.B. Robinson UO 2 fuel, Zr-clad 113 rods 20,000 257.43 1.84 2.09

Loose fuel-rod shippln8 Variety of many 106 SS rods filled NA 309.354 1. 759 2.627
basket (LFRSB) (LEU) different types with cut-up pieces of

of fuel rods fuel, some not canned

and some clad



Table A.6 (©ontlnuod)

Estimated burnup
(I_d/MTII_ or U content, kg Total Pu Tetra1 Th

Z of initial ccmtm_t ccmtent

Source of material Composltion b Description Ioadlng) Total 235 U 233_ (ks) (kg)

DOElCivtEtm D_ml.pmmt _ mm_ala _ at _ (_)

Loss-of-fluld test (LOFT) UO2-ZrO 2 fuel, 14 assamblles and 5 500-6,400 2,201.69 89.371 2.029
Zz-clad one-quart SS cans of

fines

Peach Bottom UO2 fuel, Zr-clad. 2 partial 8ssembllas, NA 35,.64 2.39 1.87
One assm_bly is 1 with 47 rods and
depleted U 1 with 46. Ass---

bl2os are 5.4 x 5.4 X
176 in.

TMI-Unit 2 UO2 fuel, Zr-clad 342 SS canisters 3,176 82,399 1,820 151
fuel ass0mblies
reduced to larSe

pieces of core

debris, partial _
assemblies, and t_a
rubble

Turkey Point--3 (BCD) UO2, Zr-clad One 15 x 15 Ph_ 25,665 408.57 3.52 3.24
assembly with 11 rods
replaced with SS rods
contained in one
canister

Virginia Electric Power UO2 fuel, Zr-clad 12 assemblies, 30,521 7,551.28 52.36 66.59
C.cmpany (VEPCO) (Surry) typical 15 X 15 P_R

Subtotal 117,332 2,140.89 435.765

DOIKIC.t_LI-t,,,, ]l)e_m_t _ mdr.ertal.s _tory at. T_t _tors Ar_ ('n_)

Canadian Deuterium Uranium UO2 pellets, 8 pins 5,000 2.66 0.281
Reactor (CANDU) Zr-clad

Gap conductance (GAP CON) UO2 pellets, 20 pins h1-115 12.838 1.285
Zr-clad

General Eioctric g (GE) UO2 pollets, 5 rods NA 18.644 0.394 0.071
Zr-clad



Table A. 6 (cout_)

Estimated burnup

(_J4d/MTI_4 or U content, k_ Total Pu Total Th

Z of initial content co.tent

i Source of material Composition b Description loading) Total 235U 233U' (ks) (ks)

i)O[ICivi]L_mnlkmeleqtlmmt l_tammmtori_ £n_mdl_x7 at _ [continued)

Halden assemblies UO 2 pellets, 5 pins 4,000 2.313 0.233 0.005
Zr-clad

Halden Pu-U mixed oxide UO2-PuO 2 pellets, 13 rods of various 41,000 4.55 d 0.324
fuel assemblies Zr-clad sizes in 4 A1

canisters

Irradiation effects (IE] UO 2 pellets, Pins 27-17,500 7.833 0.677 0.012
Zr-clad

LOFT lead rod (LLR) UO2 pellets, 7 pins 36-510 3.51 0.327
Zr-clad

Loss of coolant (LOC) UO 2 pellets, 60 pins 16-150 7.777 0.816 0.01
Zr-clad

t_
0_

Mitsubishi Atomic Power UO 2 pellets, 49 rods 0.4 x 39 in., 5,140 22.300 0.976 h _"
Industries (MAPI) Zr-clad 36 enriched and 13

depleted, in 12

canisters

Operational Transient UO2 pellets, Pins 0-15,000 19.669 0.472 0.0g
(0PTRAN) Zr-clad

Power coolant mismatch UO 2 pellets, 30 pins <70 18.828 6.557
(PCM) Zr-clad

Reactivity initiated UO 2 pellets, 23 pins 0-6,090 8.969 0.504 0.013
accident (R/A) Zr-clad

Saxton UO2 pellets, 21 pins 10,400-18,253 7.607 0.66 0.025
Zr-clad

Severe fuel demase (SFD) UO2 pellets, 143 pins NA 50.867 2.711 0.15
Zr-clad



Table A.6 (continued)

Estimated burnup

(PMd/MTIHH or U content, kg Total Pu Total Th

Z of initial content content

Source of material Composition b Description loading) Total 235U 233U (kg) (ks)

DOE/Civ_llsnDeveloIment ProKrammaterlals inve_toryat1_A (continued)

Thermocouple (TC) UO 2 pellets, Pins 0-<20 6.186 0.683
Zr-clad

Subtotal 194.57 16.56 0.7
mmmmm_m

Total at INEL 164,026 6,837.6 952.53 470.1 52,884

aInformafiion is based on the INEL Spent Fuel Data Base. See refs. 5 and 6.

bFuel composition and cladding material where applicable. Zr = Zircaloy; SS = stainless steel.

CFissium is a mixture of nonradioactive isotopes of typical fission product elements that is added rio the EBR fuel prior to irradiation.

dDepleted.

eMixture of EMAD and surry fuel.

fEMAD is a project that used Turkey Point fuel. There is also some_EMAD fuel under DRCT.

gMost likely five Peach Bottom rods from fuels stored at TAN.

hIn enriched rods only.

%a



Table A. 7. 14_isce]lanemm radioactive materials inve_tl;oL_r at the Los _amos Natlon_LL Laboratory, as of December 31, 1992 a

U content, kg Total Pu Total Th

Source of material Composition Container description content content

Total 235U 233U (kg) (kg)

Enriched uranium Noncombustible material Same as for 233U items 3.092 1.81

(hot-cell waste) b

Omega West Reactor Reactor fuel rods; 0.3 in. diam x 13.5 in. 7.772 6.84

SS-clad length

Plutonium-239 Noncombustible material; Same as for 233U items 1.31
(hot-cell waste) b 48 items are cemented

items

Reactor U308 in fuel rods; ~0.3 in. diam × ~13.5 in. 7.174 5.988

SS-clad length. Stored in a lead-

lined cask that weighs

-17,000 kg

Thorium (hot-cell waste) b Noncombustible material Same as for 233U items 0

UMTREX rods U308 fuel pins Lead-shielded container 0.032 0.03
_a

~i0 in. diam x 2.5 ft

in height

Uranium enriched in 233U Noncombustible material Material stored in a three- 0.06 0.058

(hot-cell waste) b layered configuration; the

innermost container is a

metal container -8 in. in

dlam and 12 in. high. This

container is within a plastic

container with a plastic lid.

The final layer of containment

is steel with a welded lid.

This container is ~8.5 in.

in diam × II in. high

Total 18.130 14.568 0.058 1.31 0

aSee ref. 7.

blgg g of 239pu, g2 g (45 g iso) enriched uranium, and 6 g of 233U are buried as TRU waste in six canisters. Containers are shielded

canisters with a diameter of -26 in. and 10 ft in length. Canisters range in weight from 2600 to 3640 lb.



Table A.8. Hiscella_emm radioactive materials inveBtory at the Oak Ridge NationalLaboratory, as of December 31, 1992 a

U content, kg Total Pu

Estimated burnup content

Source of material Composition b Description (_f_d/MTIHM) Total 235U 233U (kg)

Belgium Reactor--3 (BR-3) UO2, Zr-clad 3/8-in.-diam × 6-in. 42,000 0.837 0.020 0.006
fuel rod lengths

Consolidated Edison U308-CdO solid cake In 401 3.5-in.-OD x c 1,044.38 797.70 101.32

Uranium (CEU) 24-in. SS cans

Dresden--1 UO2, Zr-clad Sheared fuel pins in two ~24,000 5.00 0.024 0.020
l-q% paint cans

9/16-in.-diam × 8-in. 20,000 0.930 0.005 0.006

fuel rod sections plus

short lengths

General Electric Test UO2, Zr-clad 9/18-in.-diam × 8-in. 1,000-2,000 0.399 0.022

Reactor (GETR) fuel test capsules

H. B. Robinson UO2, Zr-clad 1/2-in.-diam × 12-in. 30,000 1.00 0.005 0.004
fuel rod sections plus

short lengths ,_

Molten Salt Reactor LiF-BeF2-ZrF4-UF4 See ref. 13 ~5 × 104 Ci total 36.95 0.940 31.01 0.743

Experiment d (MSRE) (see ref. 13)

Monticello UO2, Zr-clad 1/2-in.-diam× 5-in. 40,000 1.00 0.004 0.008
fuel rod sections plus

short lengths

Oconee--1 UO2, Zr-clad 1/2-in.-diam x 6-in. 38,000 1.00 0.005 0.005
fuel rod sections plus

short lengths

ORNL Inventory Item Nos.

AUA-67/AUA-70 from LANL U metal chunks In two 3.75-in.-OD × c 5.02 5.88
18-in. SS cans

CZA-91 from ANL UOx powder In one 3.5-in.-OD x c 0.881 0.856
13-in. SS can

HUA-ZA from HEDL UO x powder In five 3.75-in.-OD x c 0.317 0.307
7-in. SS cans

LAE-03 from Atomics Metal In one 3-in.-OD x c 0.01 0.01

International (AI) 10-in. SS can



Table A.8 (continued)

U content, kg Total Pu

Estimated burnup content

Source of material Composition b Description (_4d/MTIHM) Total 235U 233U (kg)

ORNL Inventory Item Nos.

(contd.)

RCP-02 from SRS UO2 powder In thirty-two 3.5-in.- c 11.14 10.72
OD x 24-in. SS cans

RCP-03 from SRS UO 2 powder In 140 3.88-in.-OD x c 67.41 61.61
10-in. SS cans

RCP-04 from SRS UF4-LiF powder In four 3.5-in.-OD x c 3.19 2.92
converted from 24-in. SS cans

UO2

RCP-05 U308-CdO solid c_e In twenty-seven c 55.55 80.60
3.5-in.-OD × 24-in.

SS cans

RCP-20/JZBL from LANL U metal chunks In six 3.5-in.- c 5.15 5.05
OD x 24-in. SS cans

.
Peach Botfiom-2 UO2, Zr-clad 9/i8-in.-diam x 8-in I0,000 0.324 0.001 0.001

fuel rod sections plus

short lengths

Quad City-I U02, Zr-clad i/2-in.-diam x 6-in. _0,000 1.00 0.004 0.008

fuel rod sections plus

short lengths

Total 1,252.488 798.7 280.29 0.801

asee ref. 8.

bZr-clad = Zircaloy-clad.

CNo information regarding the burnup of this fuel is available.

dThe Molten Salt Reactor Experiment was concluded in 1969, and the fuel has never been removed from the facility. A surveillance and

monitoring program has been in force since shutdown. Decommissioning of the MSRE facility is an environmental restoration activity discussed
earlier in Chapter 6.



Table A.9. Misce_eous radioactive materials inventory at t_he Savannah River Site, as of December 31, 1992 a

U content, kg Total Pu Total Th

Estimated burnup content content

Source of material Composition b Description (MWd/MTI_) Total 235U 23_U (kg) (kg)

DQEICi_rJL]Li_" ]l)m_]J:)]L:memt Prosrsms materials _t_ry at SRS

Canadian Deuterium Uranium UO2, Zr-clad Rods in three 5.0-in.- 6,500 50.07 0.231
Reactor (CANDU) diem x 14-ft cans;

pieces in three 3.5-

in.-diam x 1-ft cans

Carolinas-Virginia Tube UO2-Zr or SS-clad One bundle of 34 rods Unknown 67.27 0.640 0.200

Reactor in a 5.0-in.-diam x

14-ft can

Dresden UO2-ThO2, SS-clad Intact assemblies in 4,000-10,000 684.00 37.545 15.391 1.879 1,857.0
4.4-in. x 4.4-in. x

135-in. cans

Elk River Reactor (ERR) UO2-ThO2, SS-clad Assemblies 3.5 in. x Max. 50,000 224.29 186.159 14.722 4,818.6
3.5 in. x 81.62 in.

H. B. Robinson UO2-Pu02, Zr-clad, Four 6- to 8-in.-long 6,800-30,000 0.51 0.004 0.003 _D

SS casing fragments in 4.5-in.-

diam x 32-in.-long can

Light-water reactor (LWR) UO2-PuO2, SS- and Fuel rod pieces in Unknown 12.631 0.192 0.109

samples Zr-clad five 3.75-in.-diam x

32.5-in.-iong cans

Nereide (a French UAI-Six, Al-clad Materials Test Reactor 600 35.42 7.015

experiment using plate-type fuel assembly

DOE fuel) 34.37 in. x 2.98 in. x

3.14 in.

Saxton UO2-PuO2, Zr- or 567 rods in eight 1,000 280.21 1.411 15.408
SS-clad 5.0-in.-diam x 14-ft

cans and 64 rods in one

3.75-in.-diam x 50-in.

can

U02, Zr-clad Multiple pins in four 1,600 89.19 6. 866 0.233
5.0-in.-diam x 14-ft

cans and one bundle

in one 12-in.-diam x

14-ft can



Table A.9 (ceat_ed)

U content, kg Total Pu Total Th

Estimated burnup content content

Source of material Composition b Description (MWdlMTI_) Total 235U 233U (kB) (kg)

iXX/Ct_Llt_ Develol_e:t l_sz--- aatertals i_mBtory at _5 (contiaued)

Vallecitos boilins-water UO2, Zr-clad In four 3.5-in.-diam × 1,500 11.93 1.243 0.003
reactor (VBWR) 12-in. cans

Subtotal 1,455.521 241.306 3_. 113 17.835 6,675.6

DOE plus oth_ 8mm_mont a&mctes mat_ials Lnv_tory at :R5

B&W scrap UO2-PuO 2, SS-clad In 3.5-1n.-dlam × 6-54 0.025 0.013 0.048
32-in. cans

Experimental boiling- UO 2, SS-clad Assemblies 3.75 in. × 1,600 1.73 1. 612
water reactor (EBWR) 3.75 in. × 62.5 in.

UO 2, Zr-clad Assemblies 3.75 in. x 1,600 1,600.32 95.456
3.75 in. × 62.5 in.

UO2-Zr, Zr-clad Assmnblies3.75in. x 62.53"75In.in"x 1,600 7,482.73 73.967 9.092

UOz-ZEO2-CaO, Assemblies 3.75 in. × I, 600 28.93 26.651
Zr-clad 3.75 in. × 62.5 in.

UO2-PuO 2, Zr-clad Assemblies 3.75 in. x 1,600 917.72 2.087 13.940
3.75 in. × 62.5 in.

Experimental breeder UO2-PuO 2, SS-clad Eisht rods in a 120 kW total in 0.44 0.376 0.114
reactor--2 (EBR-2) (from ANL) 3.5-in.-diam × 30-in. 1975

can

UO2-PuO2, SS-clad Rod sesments in 10,000-34,000 2.04 1.624 0.680
(from HEDL) 0.5-in.-dism × 42-in.

cans

Experimental power PuO2, SS-clad Pieces in 4.5-1n. - Unknown 0. 022
reactor-1 (EPR-I) diam × 32-in. cans

Gas-cooled reactor UO 2 or UO2-BeO , Four 2-in.-diam × 32- 51.290 56.559

experiment (GCRE) Hastelloy-clad in. A1 cans of scrap

pieces; two I. 5-in.-

diam A1 cans of plates;

66 pln-type assemblies



Table A.9 (continued)

U content, kg Total Pu Total Th

Estimated burnup content content

Source of material Composition b Description (MWd/MTIHM) Total 235U 233U (kg) (kg)

DG_phu other govonmut qencios mttritls invutory at _S (cmtinuod)

Heavy-water components U and U02, Zr-clad Intact assemblies 3 in. 6,200 1,051.376 9.470 0.565

test reactor (HWCTR) diam × 132 in. Pieces
of assemblies in

3.5-in.-diam x 12-in.

cans

U-Zr, Zr-clad 37.165 31.590

High-temperature reactor UO2-BeO , Nichrome- SeEments and pieces of 4.039 3.423

experiment (HTRE) clad fuel assemblies and

test pieces in thirteen

4-in.-dlmm × 36-in. A1

cans

Mobile Low Power Plant UO 2 and PuO2-BeO, Sixty-eisht 19-pln 58.575 54.478
No. 1 (ML-1) SS-clad assemblies

Oak Ridge National U, Zr-clad Rods in three 4.5-in.- Unknown but low 0.184 0.171 _

Laboratory (ORNL) diam × 9.25-in. A1 cans

SIW--1 rods

Oak Ridge Reactor-low U3Si2, Al-clad In fourteen 3.5-in. × 15,600 95.006 14.960 0.537
enriched uranium 3.5-in. × 168-in.

(ORR-LEU) A1 cans

OR/_ mixed oxide UO2-Pu02, Zr- or One 3.5-1n.-diam × Unknown but low 0.37_ 0.030 0.094
SS-clad 15.12-in. can

Savannah River Site (SRS) UO2-Pu02, Zr-clad In one 12.0-in.-diam × Unknown 69.87 0.304 0.161
14-ft can

Shippinsport U02, Zr-clad One 10.5-in.-diam x 18,000 16.000 0.023 0.108
15-in. container

Sodium Reactor Experiment U, Th rods, 3.5-in.-diam× 10,000 154.934 143.410 1.045 1,972.6

(SIZE) SS-clad 110.25-in. cans

UC, SS-clad 44.324 4.344 0.016



Tab2e A.9 (comttnued)

U content, kg Total Pu Total Th

Estimated burnup content content

Source of material Composition b Description (MWd/MTI_) Total 235U 233U (kg) (k&)

D_ plus other s_t _lncies laterials tnvsBtory at _S (contimmd)

Special Power Excursion UO2. Zr-clad Three 4.0-in.-diam × Unknown 9.739 0.803
Reactor Test (SPERT-3) 12-ft cans

Subtotal 11,636.813 521.151 1.045 25.377 1,972.6

Total 13,092.334 762.457 31.158 43.212 8,648.2

aSee refs. 9 and 12. The spent fuels listed in this table are not reprocesslble in exlstln8 facilities.
bZr-clad = Zircaloy-clad.
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APPENDIX B. CHARACTERISTICS OF IMPORTANT RADIONUCLIDES

B.I DISCUSSION

The following Table B. 1 lists radionuclideswhose characteristicsare most often referenced in the varietyof studies and
evaluations discussed in Chapters 1-7. It includes isotopes for ttLW, TRU waste, LLW, and uranium mill tailingsas defined
by EPA,1 NRC,2.3and DOE. 4'5 The data in Table B.1 were obtained from refs. 6-9.

B.2 REFERF,NCF_

1. U.S. Environmental Protection Agency, "Environmental Radiation Protection Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes," Code of Federal Regulations,
40 CFR Part 191 (1992).

2. U.S. Nuclear Regulatory Commission, "Licensing Requirements for Land Disposal of Radioactive Waste," Code of
Federal Regulations, 10 CFR Part 61 (1992).

3. U.S. Nuclear Regulatory Commission, "Biomedical Waste Disposal," Fed. Regist. 46(47), 16230-16234 (Mar. 11, 1981).

4. U.S. Department of Energy, DOE Order 5820.2A, Radioactive Waste Management, Washington, D.C., Sept. 26, 1988.

5. U.S. Department of Energy, Energy Information Administration, Domestic Uranium Mining and Milling Industry
1990-.Viability Assessment, DOE/EIA-0477(90), Washington, D.C. (December 1991).

6. D.C. Kocher, Radioactive Decay Data Tables, DOE/TIC-11026, Washington, D.C. (1981).

7. D.C. Kocher, A Radionuclide Decay Data Base--Index and Summary Table, NUREG/CR-1413, ORNL/NUREG-70,
Oak Ridge National Laboratory, Oak Ridge, Tennessee (May 1980).

8. E. Browne and R. B. Firestone, Table of Radioactive Isotopes, John Wiley and Sons, Inc., ed. V. S. Shirley, New York
(1986).

9. A.G. Croft, ORIGEN2--A Revised and Updated Version of the Oak Ridge Isotope Generation and Depletion Code,
ORNL-5621, Oak Ridge National Laboratory, Oak Ridge, Tennessee (July 1980).
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Table B.I. C_haractarlstlcs of /mportsnt rsdlonucLides a

Ma_or radiation enersiesd

Principal (MeV/dis) "Q" valuee Specific
Atomic mode(s) of activity

Nuclide number Half-llfeb decayc _ ( 7(X) (MeV/dis) (W/CI) (C118) Daughter(s)

3H 1 1.233E+01 y _ 0.00568 5.68E-03 3.37E-05 9.650E+03 3He

14C 6 5.730E+03 y $ 0.0495 4.95E-02 2.93E-04 4.457 14N

26AI 13 7.2E+05 y EC 0.4451 2.6758 3.079 1.825E-02 1.9LE-02 26HK

32Si 14 650 y _ 0.0647 2.10E-01 1.245E-03 1.719E+01 32p

32p 15 14.282 d _ 0.6947 6.95E-01 4.12E-03 2.853E+05 32S

35S 16 87.51 d _ 0.0486 4.86E-02 2.88E-04 4.263E+04 35CI

36CI 17 3.01E+05 y B (98.12); 0.2460 2.460E-01 1.458E-03 3.299E-02 36Ar;
Ec (1.9z) 365

40K 19 1.277E+09 y .8 (8g.33Z): 0.4545 0.155g 6.1041_--01 3.6ZE-03 6.983E-06 40Ca
4OArEC (10.672)

45Ca 20 163.8 d _ 0.0770 7.70E-02 4.56E-04 1.780E+04 45Sc

46Sc 21 83.83 d _ 0.1120 2.0095 2.122 1.257E-02 3.381E+04 46Ti

51Cr 24 27.704 d EC 0.0031 0.0325 3.56E-02 2.11E-04 9.240E+04 51V

54Mn 25 312.20 d EC 0.0034 0.8360 8.394E-01 4.975E-03 7.738E+03 54Cr

55Fe 26 2.73 y EC 0.0038 0.0018 5.4E-03 3.2E-05 2.500E+03 55M_
59Fe 26 44.496 d _ 0.1174 1.1882 1.3056 7.741E-03 4.918E+04 59Co

57Co 27 271.77 d EC 0.0176 0.1252 1.428E-01 8.464E-01 8.458E+03 57Fe
58Co 27 70.92 d EC 0.0336 0.9756 1.0094 5.99E-03 3.181E+04 58Fe

60Co 27 5.271 y _ 0.0958 2.5058 2.8016 I.54ig-02 I.13IE+03 60Ni
60mCo 27 10.47 ,-in IT (99.75Z) ; O. 0538 0. 0066 6.02E-02 3.57E-04 2. 993E+08 80Co;

,e (0.252) 6°gi

5gNi 28 7.5E+04 y EC 0.0043 0.0024 6.72._-03 3. gSE-05 8.07gE-02 5gco
63N1 28 I.00iE+02 y /_ 0.0171 I.71E-02 i. 01_.-04 6.168E+01 63Cu

652n 30 244.1 d EC 0.0066 0.5838 5.90E-01 3.51E-03 8.237E+03 65Cu

67Ga 31 3.261 d EC 0.0333 0.1549 1.882E-01 1.115E-03 5.975E+05 672n

75Se 34 119.77 d EC 0.0134 0.3924 4.06E-01 2.41E-03 1.453E+04 75As



Tsble B. 1 (continued)

Major radiation energies d

Principal (MeVldis) "Q" value e Specific

Atomic mode(s) of activity

Nuclide nu_er Half-life O decay c = _ 7(X) (MeVldis) (WICi) (Cilg) Daughter(s)

79Se 34 <6.5E+04 y 0.0529 5.29E-02 3.13E-04 6.966E-02 79Br

85Kr 36 1.07ZE+01 y _ 0.2505 0.0022 2.53E-01 1.50E-03 3.923E+02 85Rb

_ 8_Rb 37 18.66 d _ 0.6670 0.0945 7.6ZE-01 4.52E-03 8.138E+04 86Sr

89Sr 38 50.55 d _ 0.5829 0.0001 5.83E-01 3.46E-03 2.905E+04 89y

90Sr 38 2.85E+01 y P 0.1958 1.96E-01 1.16E-03 1.364E+02 90y

90y 39 2.671 d _ 0.9332 9.33E-01 5.54E-03 5.441E+05 90Zr

91y 39 58.51 d _ 0.6039 0.0036 6.07E-01 3.60E-03 2.452_+04 91Zr

93Zr 40 1.53E+06 y _ 0.0471 0.0018 4.89E-02 2.90E-04 2.513E-03 93Nb

95ZE 40 64.02 d _ 0.1200 0.7337 8.54E-01 5.06E-03 2.148E+04 95Nb

93m_ 41 1.36E+01 y IT 0.0281 0.0018 2.99E-02 1.77E-04 2.826E+02 93Nb

94Nb 41 2.03E+04 y _ 0.1654 1.5715 1.7169 1.018E-02 1.873E-01 94Mo

95Rb 41 34.97 d _ 0.0435 0.7663 8.078E-01 4.788E-03 3.910E+04 95Mo
_j

93Mo 42 3500 y EC 0.0051 0.0107 1.58E-02 9.37E-05 1.10 93Nb

99Mo 42 2.748 d _ 0.4076 0.2723 6.799E-01 4.028E-03 4.796E+05 99Tc

99Tc 43 2.13E+05 7 _ 0.0846 8.46E-02 5.01E-04 1.695E-02 99Ru

9_Tc 43 6.006 h IT 0.0142 0.1240 1.38ZE-01 8.186E-04 5.271E+06 99Tc

103Ru 44 39.254 d _ 0.1105 0.4851 5.96E-01 3.53E-03 3.227E+04 103Rh

106Ru 44 1.020 y _ 0.1004 1.004E-01 5.951E-04 3.346E+03 106Rh

103mRh 45 56.12 min IT 0.0375 0.0017 3.9ZE-02 2.32E-04 3.253E+07 103Rh

106Rh 45 2.17 h _ 0.3144 2.8826 3.197 1.894E-02 3.560E+09 106pd

107pd 46 6.5E+06 y _ 0.0093 9.3E-03 5.5E-05 5.143E-04 107Ag

110Ag 47 24.6 s _ (99.70Z); 1.1842 0.0316 1.216 7.208E-03 4.169E+09 110Cd;

EC (0.30Z) 110pd

ll0mAg 4; 249.76 d _ (98.64Z); 0.0755 2.7392 2.815 1.669E-02 4.750E+03 !10Cd;

IT (1.36Z) I10A_

113Cd 48 9.3E+15 y _ 0.0933 9.13E-02 5.41ZE-04 3.40ZE-13 113In

113mCd 48 1.37E+01 y _ (99.9Z); 0.1834 1.83E-01 1.08E-03 2.168E+02 113In;

IT (0.1Z) 113Cd

l15_d 48 44.6 d _ 0.6029 0.0329 6.36E-01 3.76E-03 2.546E+04 ll5In



T_2o B.1 (contfnuod)

Major radiation energies d

Principal (MeV/dis) "0" value e Specific

Atomic mode(s) of activity

Nuclide number Half-life b decay c = • 7(X) (MeV/dls) (W/CI) (CI/K) Daushter(s)

lllIn 49 2.807 d EC 0.0340 0.4053 4.393E-01 2.604E-03 4.157E+05 IIIcd

113mIn 49 1.658 h IT 0.1340 0.2555 3.89E-01 2.31E-03 1.673E+07 l13In

114mIn 49 49.51 d IT (95.7%): 0.1431 0.0943 2.37E-01 1.40E-03 2.313E+04 ll41n;

EC (4.3%) ll4cd

113Sn 50 115.09 d EC 0.1394 0.2808 4.20E-01 2.48E-03 1.004E+04 113In

117mSn 50 13.61 d IT 0.1613 0.1580 3.19E-01 1.89E-03 7.969E+04 117Sn

ll_Sn 50 293.0 d IT 0.0783 0.0114 8.9TE-02 5.32E-04 4.478E+03 ll_n

121msn 50 5.5E+01 y IT (77.6%); 0.0352 0.0050 4.0ZE-02 2.43E-04 5.912K+01 121Sn;

(22.4Z) 121Sb

123Sn 50 129.2 d _ 0.5222 0.0069 5.29E-01 3.14E-03 8.219E.03 123S_

125Sn 50 9.64 d fl 0.8110 0.3124 1.123 6.656E-03 1.084E+05 125Sb

126Sn 50 ~1E+05 y _ 0.1249 0.0573 1.8ZE-01 1.08E-03 2.837E-02 126Sh

124Sb 51 60.20 d _ 0.3897 1.8523 2.242 1.329E-02 1.749E+04 124Te

125Sb 51 2.73 y _ 0.1257 0.4434 5.69E-01 3.37E-03 1.032E+03 125Te

126Sb 51 12.4 d _ 0.3527 2.7496 3.102 1.839E-02 8.360E+04 126Te

126mSb 51 19.0 min _ (86Z); 0.6323 1.5484 2.181 1._9ZE-02 7.854E+07 126Te;

IT (14Z) 126Sb

123mTe 52 119.7 d IT 0.1020 0.1482 2.501E-01 1.48ZE-03 8.870E+03 123Te

125mTe 52 58 d IT 0.1106 0.0361 1.467E-01 8.690E-0_ 1.801E.04 125Te

127Te 52 9.35 h _ 0.2248 0.0048 2.30E-01 1.36E-03 2.639E+06 127I

127mTe 52 109 d IT (97.6Z); 0.0821 0.0111 9.3ZE-02 5.5ZE-04 9.432E+03 127Te;

(Z.4Z) 127I

129Te 52 1.160 h $ 0.5422 0.0624 6.05E-01 3.58E-03 2.094E.07 129I

129mTe 52 33.6 d IT (64Z); 0.2663 0.0370 3.03E-01 1.80E-03 3.013E+04 iZgTe;

$ (36Z) 129I

123I 53 13.2 h EC 0.0276 0.1729 2.005E-01 1.188E-03 1.940E+06 123Te

125I 53 60.14 d EC 0.0179 0.0423 6.01E-02 3.57E-04 1.73TE+04 125Te

129I 53 1.57E+07 y _ 0.0556 0.0248 8.04E-02 4.77E-04 1.765E-04 129Xe

131I 53 8.040 d _ 0.1913 0.3826 5.74E-01 3.40E-03 1.240E+05 131Xe

133Xe 54 5.245 d fl 0.1363 0.0459 1.8ZE-01 1.08E-03 1.87ZE+05 133Cs

134Cs 55 2.062 y _ 0.16_9 1.5555 1.719 1.019E-02 1.294E+03 134Ba

135Cs 55 3.0E+06 y _ 0.0563 5.53E-02 3.31E-04 1.151E-03 135Ba

137Cs 55 3.017E+01 y _ (94.6Z); 0.1708 1.71E-01 1.0LE-03 8.698E+01 137mBa;

fl (5.4Z) 137Ba

133Ba 56 1.054E+01 y EC 0.0547 0.4045 4.592E-01 2.722E-03 2.500E+02 133Cs

137mBa 56 2.552 min IT 0.0652 0.5991 6.64E-02 3.94E-03 5.379E+08 137Ba



Tab]Le B.1 (canMJmed)

Ma3or radiation enersies d

Principal (MeV/dis) "0" value e Specific
AtoaLtc mode(s ) of act£vLty

Nuclide number Half-lifeb decayc • e 7(X) (MoV/dls) (W/CI) (Cilg) Daushtar(s)

141Ce 58 32.50 d _ 0.1707 0.0770 2.48E-01 1.47E-03 2. 848E+04 1411_
144Ce 58 284,9 d /_ 0.0918 0.0192 1.11E-01 6.58E-04 3.190E+03 144pr

143pr 59 13.58 d /9 0. 3158 3.16E-01 1.8TE-03 6. 731E+04 143N4
144pr 59 17.28 min P 1.2091 0. 0289 1,238 7,338E-03 7.555E+07 144Nd
144mpr 59 7.2 a_Ln !T (99.96Z); 0.0464 0.0121 5.85E-02 3.43E-04 1.814E+08 144pr;

(o.o4z) 14_kz

146pm 61 5.53 y EC (66.1Z); 0.0928 0,7542 8.47E-01 5.0ZE-03 4.428E+02 148Nd;
p (33.9Z) 1465m

147pm 61 2. 6234 y _ 0.6196 6.20E-02 3.67E-04 9.270E+02 1475m
148Rm 61 5. 370 d $ 0. 7235 0. 5747 1.298 7,69LE-03 1.643E+05 1485m
148mBm 61 41.29 d _ (95.4Z); 0.1895 1.9861 2.156 1.278E-02 2.136E+04 1485_;

IT (4.6Z) 1481_z

151Sin 62 9.0E+01 y _ 0.1251 1.25E-01 7.41E-04 2.631E+01 151Eu

152Eu 63 1.333E+01 y EC (72.08Z); 0.1275 1.1628 1.290 7.646E-03 1.729E+02 1525a;
B (27.92z) 15zr, d

154Eu 63 8.8 y _ 0.2794 1.2531 1.532 9.081E-03 2.699E+02 154Gd
155Eu 63 4.96 y /3 0.0650 0.0633 1.28E-01 7.59E-04 4.651E+02 155Gd

153Gd 64 241.6 d EC 0.0399 0,1015 1.414E-01 8.381][-04 3.526E+03 153Eu

1571"1) 65 150 y EC O. 0031 O. 0050 8. lOE-03 4. 802_-05 1.51g_+01 157Gd
1581"o 65 150 y EC (82Z) 9.0ZE-01 5.347E-03 1.508E+01 158Gd

(18z) z_oy
160Tb 65 72.3 d _ O.2535 1.1271 1. 361 8.186E-03 1.129E+04 16QDy

169yb 70 32.02 d EC 0.1117 0.3121 4.238E-01 2.512E-03 2.414E+04 169Tm

175Hf 72 70.0 d EC 0.0439 0.3646 4.085E-01 2.422E-03 1.066E+04 175Lu
181HZ 72 42.39 d .8 0.1943 0.5441 7.54E-01 4.47E-03 1.70ZE+04 181Ta

182Ta 73 115.0 d _ 0.2073 1.3011 1.508 8. 940E-03 6.253E+03 18244

187Re 75 4.6E+10 y p 0. 0007 2.59 1. 535E-02 3.823E-08 18706

192Ir 77 73.831 d /_ (95.4Z); 0.2162 0.8137 1.030 6.105E-03 9.211E+03 192p¢;
EC (4.6Z) 19206

201'1"1 81 3.046 d EC 0.0481 0.0924 1.40E-01 8.30E-04 2.132.E+05 201]]8
207TI 81 4.77 _Ln B 0.4931 0.0022 4.95E-01 2.93E-03 1.904E+08 2071_o



Table B.I (continued)

Major radiation energies d

Principal (MeV/dis) "Q" value s Specific

Atomic mode(s) of activity

Nuclide number Half-life b decay c _ _ 7(X) (MeV/dis) (W/Ci) (Ci/g) Daughter(s)

208TI 81 3.053 min # 0.5979 3.3742 3.972 2.354E-02 2.945E+08 208pb

209pb 82 3.253 h # 0.1980 1.98E-01 1.17E-03 4.544E+06 209Bi

211pb 82 36.1 min _ 0.4523 0.0678 5.20E-01 3.083E-03 2.468E+07 211Bi

212pb 82 10.64 h _ 0.1752 0.1453 3.20E-01 1.90E-03 1.389E+06 212Bi

211Bi 83 2.14 min = (99.727Z); 6.5505 0.0099 0.0467 6.607 3.916E-02 4.184E+08 207TI;

(0.273Z) 211po

212Bi 83 1.0092 h = (35.94Z); 2.1740 0.5025 0.1061 2.783 1.649E-02 1.465E+07 208TI;

(64.06Z) 212po

213Bi 83 45.59 min = (2.16Z); 0.1268 0.4563 0.0825 6.66E-01 3.95E-03 1.934E+07 209TI;

(97.84Z) 213po

209po 84 102 y = (99.74Z) 4.9645 2.943E-01 1.68E+01 205pb

EC (0.26Z) 209Bi

212po 84 2.98E-07 s = 8.7844 8.784 5.207E-02 1.774E+17 208pb

213po 84 4.2E-06 s = 8.3757 8.375 4.964E-02 1.261E+16 209pb

215po 84 1.780E-03 s = 7.3864 7.386 4.378E-02 2.948E+13 211pb

216po 84 1.50E-02 s _ 6.7785 6.779 4.018E-02 3.482E+11 212pb -u

217At 85 3.23E-02 s = 7.0657 0.0002 7.066 4.189E-02 1.610E+12 213Bi

219Rn 86 3.96 s _ 6.8122 0.0064 0.0560 6.875 4.076E-02 1.301E+10 215po

220Rn 86 55.6 s _ 6.2878 0.0005 6.288 3.727E-02 9.223E+08 216po

222Rn 86 3.825 d = 5.4892 0.0004 5.490 3.255E-02 1.538E+05 218po

221Fr 87 4.9 min a 6.3571 0.0084 0.0277 6.393 3.789E-02 1.772E+08 217At

223Fr 87 21.8 min _ 0.3805 0.0542 4.35E-01 2.85E-03 3.868E+07 223Ra

223Ra 88 11.43 d • 5.6972 0.0731 0.1348 5.905 3.500E-02 5.121E+04 219Rn

224Ra 88 3.66 d = 5.6751 0.0022 0.0103 5.688 3.372E-02 1.593E+05 220Rn

225Ra 88 14.2 d _ 0.1057 0.0137 1.19E-01 7.08E-04 3.920E+04 225Ac

226Ra 88 1.600E+03 y = 4.7741 0.0035 0.0067 4.784 2.836E-02 9.887E-01 222Rn

228Ra 88 5.75 y # 0.0116 1.16E-02 6.88E-05 2.340E+02 228Ac

225Ac 89 10.0 d • 5.7501 0.0257 0.0176 5.793 3.434E-02 5.803E+04 221Fr

227Ac 89 2.177E+01 y _ (98.62Z); 0.0673 0.0125 0.0002 8.00E-02 4.74E-04 7.233E+01 227Th;

a (1.38Z) 223Fr

228Ac 89 6.13 h _ 0.4292 0.9269 1.356 8.038E-03 2.242E+06 228Th

227Th 90 18.718 d _ 5.9022 0.0543 0.1113 6.068 3.597E-02 3.073E+04 223Ra

228Th 90 1.913 y = 5.3992 0.0201 0.0034 5.423 3.214E-02 8.196E+02 224Ra

229Th 90 7.340E+03 y = 4.8620 0.0343 4.896 2.902E-02 2.127E-01 225Ra



Table B.1 (continued)

Major radiation energies d

Principal (MeV/dis) "Q" value e Specific

Atomic mode(s) of activity

Nuclide number Half-life b decay c _ _ _(X) (HeV/dis) (W/Ci) (Ci/g) Daughter(s)

230Th 90 7.54E+04 y _ 4.6651 0.0004 4.665 2.765E-02 2.109E-02 226Ra

231Th 90 1.0633 d B 0.1732 0.0295 2.03E-01 1.21E-03 5.316E+05 231pa

232Th 90 1.405E+I0 y _ 4.0056 0.0002 4.006 2.375E-02 1.097E-07 228Ra

234Th 90 24.10 d _ 0.0158 0.0094 2.52E-02 1.49E-04 2.316E+04 234pa

231pa 91 3.276E+04 y _ 4.9230 0.0483 0.0399 5.011 2.970E-02 4.723E-02 227Ac

233pa 91 27.0 d _ 0.1941 0.2042 3.98E-01 2.36E-03 2.075E+04 233U

234mpa 91 1.17 min _ (99.87Z); 0.8227 0.0121 8.35E-01 4.95E-03 6.868E+08 234U;

IT (0.13Z) 234pa

232U 92 6.89E+01 y = 5.3065 0.0002 5.307 3.146E-02 2 140E+01 228Th

233U 92 1.592E+05 y _ 4.8141 0.0055 0.0013 4.821 2.857E-02 9 680E-03 229Th

234U 92 2.454E+05 y _ 4.7732 0.0001 4.773 2.829E-02 6 248E-03 230Th

235U 92 7.037E+08 y _ 4.3785 0.0426 0.1561 4.577 2.713E-02 2 161E-06 231Th

236U 92 2.342E+07 y _ 4.4793 0.0108 0.0015 4.492 2.662E-02 6 469E-05 232Th

238U 92 4.468E+09 y _ 4.1945 0.0095 0.0013 4.205 2.492E-02 3 362E-07 234Th

236Np 93 1.550E+05 y EC (91Z); 0.1967 0.1411 3.38E-01 2.00E-03 1.317E-02 236U; _o
(8.9Z); 236pu;

(0.20Z) 232pa

237Np 93 2.140E+06 y = 4.7604 0.0640 0.0327 4.857 2.879E-02 7.049E-04 233pa

239Np 93 2.355 d @ 0.2521 0.1740 4.26E-01 2.53E-03 2.320E+05 239pu

236pu 94 2.851 y _ 5.7521 0.0126 0.0020 5.767 3.418E-02 5.313E+02 232U

238pu 94 8.774E+01 y _ 5 4871 0.0099 0.0018 5.499 3 2593E-02 1.712E+01 234U

239pu 94 2.411E+04 y _ 5 1011 0.0001 5.101 3 024E-02 6.216E-02 235U

240pu 94 6.563E+03 y _ 5 1549 5.155 3 056E-02 2.279E-01 236U

241pu 94 1.44E+01 y # 0 0001 0.0052 5.3E-03 3 2E-05 1.030E+02 241Am

242pu 94 3.763E+05 y _ 4 8901 0.0081 0.0014 4.900 2 904E-02 3.818E-03 238U

244pu 94 8.26E+07 y _ (99.875Z); 4 5751 0.0007 0.0001 4.576 2 712E-02 1.774E-05 240U;

SPF (0.1252) (fission

products)

241Am 95 4.327E+02 y _ 5.4801 0.0304 0.0287 5.539 3.283E-02 3.432 237Np

242Am 95 16.01 h _ (82.7Z); 0.1781 0.0180 1.96E-01 1.16E-03 8.084E+05 242Cm;

EC (17.3%) 242pu

242mAm 95 1.41E+02 y IT (99.55Z); 0.0232 0.0403 0.0049 6.84E-02 4.05E-04 9.718 242Am;

(0.45Z) 238Np

243Am 95 7.380E+03 y _ 5.2656 0.0481 5.3137 3.1496E-02 1.993E-01 239Np

242Cm 96 162.94 d _ 6.0434 0.0090 0.0018 6.0542 3.5886E-02 3.306E+03 238pu

243Cm 96 2.85E+01 y _ (99.76Z); 5.8380 0.1129 0.1316 6.083 3.605E-02 5.162E+01 239pu;
EC (0.24Z) 243Am



Table B. 1 (continued)

Major radiation energies d

Principal (MeVldis) "Q" value e Specific

Atomic mode(s) of activity

Nuclide number Half-life b decay c a c 7(X) (MeV/dis) (W/Ci) (Ci/8) Daushfier(s)

244Cm 96 !.811E+0i y _ 5.7955 0.0016 5.798 3.437E-02 8.090E+01 240pu

245Cm 98 8.5E+03 y _ 5.3631 0.1342 0.1178 5.815 3.329E-02 1.717E-01 241pu

246Cm 96 4.73E+03 y a 5.3764 0.0072 0.0014 5.385 3.192E-02 3.072E-01 242pu

247Cm 96 1.56E+07 y _ 4.9475 0.3152 5.263 3.119E-02 9.278E-05 243pu

248Cm 98 3.40E+05 y _ (91.74Z); 4.6524 4.6524 2.7577E-02 4.251E-03 244pu;

SPF (8.26Z) (fission

products)

252Cf 98 2.645 y _ (96.908Z); 5.9308 0.0051 0.0011 5.9370 3.5191E-02 5.378E+02 248Cm;

SPF (3.092Z) (fission

products)

abased on refs. 6-9.

by _ years; d - days; h -- hours; min -- minutes; and s - seconds.

ca -- alpha decay; _ - negative beta decay; EC -- electron capture; IT - isomeric transition (radioactive transition from one

nuclear isomer to another of lower energy); and SPF -- spontaneous fission.

d_ _ alpha decay; _ -- total electron emissions; and 7(X) - gamma and X-ray photons. -_

eThe sum of the average energies for different radiation types in MeV/disintegration or W/Ci (includes alpha and beta particles,

discrete electrons, and photons). The "Q" value indicates the amount of energy (heat) that could be deposited in a radioactive

material from each decay event if none of the radiation escaped from the material. Neutrinos are not included.
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APPENDIX C. WASTE FLOWSHEEIS, SOURCE TERMS,
AND CHARACTERISTICS

C.l DISCUSSION

In this report, a number of engineering estimates, assumptions, and ground rules are used to determine radioactive
waste and spent fuel projections through the year 2030. Many of these involve parameters that characterize certain types
of waste (e.g., see Table C.1). In other instances, estimates were made of the waste volume generated per unit of product
throughput for each step in the fuel cycle. This appendix is a compilation of generic fiowsheets and source terms used for
making waste projections. Source terms are used to describe quantitative and qualitative characteristics of radioactive wastes.
In general, the source term for a particular waste is comprised of two components unique to that waste: (1) the number
of curies of radioactivity expressed either per unit of facility production or per unit of waste volume or mass and (2) a listing
of the relative radioactivity contributions of component radioisotopes.

The source terms used in the analysis of this report are based on reported historical data, engineering estimates,
calculations, and/or experimental data. Documentation of the source terms and key waste-modeling parameters isprovided
in the following sets of figures and tables (based primarily on refs. 1 through 10). Detailed information on how these source
terms and modeling parameters were derived is available, mainly in ref. 1 and its update (ref. 2). Figures C.1 and C.2 were
adapted from refs. 1 and 2. Figure C.3 was adapted from information presented in ref. 3. The mass, radioactivity, and
thermal power of the nuclides contained in all stored domestic commercial LWR spent fuel as of December 31, 1992, are
listed in Table C.2.

Representative DOE LLW radionuclide compositions are described in Table C.3 (based on ref. 1). Average
concentrations for representative radionuclides in LLW disposed of at commercial sites are given in Table C.4. "FableC.5,
which gives the radionuelide composition of saltstone at SRS, summarizes information obtained from ref. 3. LWR energy
generation values are reported in Table C.6; the values are based on refs. 4-7. Table C.7 gives a summary of major sources
and estimated characteristics of commercial greater-than-Class-C LLW (data from refs. 8 and 9). Information on the LLW
to be incorporated in cement as a result of future operations by the West Valley Demonstration Project Radwaste
Treatment System is presented in Table C.8, which is taken from ref. 10.

Additional HANF and INEL waste information and data recently provided for this report at press time are given in
Tables C.9--C.13. The information and data in these tables will be integrated into future editions of this report, ttistorical
HANF buried LLW volume and radioactivity inventories and characteristics are reported in Tables C.9 and C.10,
respectively. Table C.11 reports and compares recently reported INEL generated LLW volume and activity for 1992 with
the estimates used in this report. The same type of comparison is made with estimated and recently reported actual 1992
INEL buried LLW characteristics in Table C.12. Table C.13 summarizes various remote-handled TRU wastes at HANF

that are not included in the inventories shown in Chapter 3. These wastes are stored at the HANF 200-Area burial grounds
and were previously identified as miscellaneous radioactive materials. They represent an additional TRU waste inventory
that will be integrated into the TRU waste chapter in future updates of this report.
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ORNL DWG 08-10820
II IIIIII I

LOW -L EV E L ,7VASTE

PACKAGED WASTE VOLUME ,, 1.64E+1 m3/MW(e)

TOTAL ACTIVITY - 2.63E+2 Ol/MW(e)

WASTE CLASS
III

A B C

Volume, m3/MW(e) 1,60E+1 3,23E-1 4,5eE-2

Activity, CI/MW(e) 1,23E+1 3,88E+1 2,12E+2

Specific Activity, CI/m 3

• 14 C 3,97E-6 1.08E-3 1,68E-1
59

NI 1,40E-5 0,81E-8 1,00E.O
94

Nb 2,15E-8 1,44E-5 2,89E-8
90

To 9.34E-8 3.15E-7 5,02E-5
60

Co 2,70E-1 4.28E+1 5,87E+2
03

NI 1,97E-3 8,73E-1 1,37E+2
9O

Sr 5,48E-4 5.07E-2 O,OOE+O
90

Y 5,48E-4 5,07E-2 O,OOE+0
137

08 2.54E-2 3.44E+0 O.OOE+0
137m

Be 2.40E-2 3,25E*O O.OOE.O

Half-Life _5 yr 4,47E-1 8.gOE+I 3,g3E+3

Total 7,89E-1 1.20E+2 4.61E+3DECOMMISSIONING ..=

I OF 1-MW(e) CAPACITY
III IIII III

OF BOILING-

WATER REACTOR
I

(IMMEDIATE DECOMMISSIONING} --'

GREATER THAN CLASS C LOW-LEVEL WASTE

PACKAGED WASTE VOLUME - 8.55E-3 m 3 /MW(e)

TOTAL ACTIVITY ,, 1.11E,3 CI/MW(e)

GREATER THAN CLASS C
II iiiii

Volume, m 3 /MW(e) 8,55E-3

Activity, CI/MW(e) 1,11E.3

SI3eclflc Activity, Cl/m 3

14
C 1,20E+1

54
Mn 1,77E*3

55Fe 7,04E+4

6000 4,83E*4
59

NI 6,41E.1
63

NI 8.91E+3
94

Nb 1,30E-1

Total 1,2gE*5

I _ I

Fig C.I. Boiling-water reactor decommissioning wastes per I-MW(e) capacity.
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-- iii ii iiii iiiiii ii

tOW-LEVEL WASTE

PACKAGED WASTE VOLUME • 1.85E+1 m 3 /MW(e)

TOTAL ACTIVITY - 1.08E*2 OI/MW(e)

WASTE CLASS
_ i, ii ii I IIHI

A B C

Volume, m3/MW(e) 1,63E+1 1,82E-1 1.46E-2

Activity, CI/MW(e) 3,28E+1 4,40E+1 2.91E+1

Specific Activity, CI/m 3

14
O 0,OOE+0 O,OOE+O 0,00E.O

60
NI 4,76E-5 7,23E-3 6,51E-1

O4
Nb 2,41E-8 6,22E-5 4,00E-3

00
TO O.OOE+O O.OOE.O O.OOE+O

80
Co ,3.57E-I 7.83E+I 7.30E+2

e3
NI 5.08E-3 1.16E+0 8.99E+I

O0
Sr 4.88E-6 1.73E-3 O.OOE+O

eO
Y 4.88E-5 1.73E-3 O.OOE+O

137
Os 5,3gE-2 2.08E+0 O.OOE+O

137m
Be 5,10E-2 1,QSE+O 0,00E+O

Half-Life <6 yr 1,68E+0 1.5QE+2 1,18E+3
Ill

DECOMMI881ONING Total 2,16E+0 2,42E+2 2,01E+3

OF 1-MW(e) CAPACITY ""
ii irl ii

OF PRE88URIZED

Y-_TE R REACTOR
i

| i

(IMMEDIATE DEOOMMISSIONINQ)
- iiii

GREATER THAN CLA88 C LOW-LEVEL YC#kSTE

PACKAGED V_STE VOLUME - 3.87E-3 m3 /MW(e)

TOTAL ACTIVITY " 5.05E+3 CI/MW(o)

GREATER THAN CLA88 C
ii i

Volume, m 8/Mw(e) 3.87E-8

Activity, CI/MW(e) 5.05E+3

Specific Activity, CI/m 8

14
C 1.33E+2

=_ 64Mn 7.73E+4

55 Fe 7,56E+5

600o 3.8gE+5
59

NI 4.31E+2
03

NI 8,20E.4

04Nb 2.24E+0

Total 1.31E+6

ii i

Fig. C.2. Pressurizcd-watcr rcactor decommissioning wastcs per I-MW(e) capacity.
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Fig, C3. Waste flow diagram for the SRS Defense Waste Processing Facility.
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Table C.I. Eatlmatod rep_eeemtatlve unit activity and

the_m81 power characteristics of various types
of radioactive materlalJs and wastes

Unit thermal

Radioactive material/ Unit activity power

waste type (Ci/m 3) (W/m 3)

Spent fuel a

BWR 1,000,000-10,000,000 3,500-40,000

PWR 2,000,000-20,000,000 7,500-65,000

HAsh-level waste 1,500-.15,000 5-50

Transuranic waste

Remote handled, stored 1,000 1-2

Contact handled, stored 25-50 0.5-1.5

Buried 0.25-0.50 0.005-0.010

Low-level waste b

DOE sites 9-27 0.012-0.054

Commercial sites c 4.6-6.4 0.30-1.60

Class A 0.5-0.7 0.03-0.10

Class B 55-60 14-15

Class C 0.i->7,000 d 0.003-115 d

GTCC e >0.1-No limit -0.00S-No limit

Uranium mill railings 0.010 0.00020

aLower-bound levels are based on cumulative spent fuel discharged;

upper-bound levels are based on annual discharges.

bBased on 1986-1988 Solid Waste Information Manasement System (SWIMS)

and the national Low-Level Waste Management Program (LL_4P) data access

system, both of which were maintained by EG&G, Idaho, Inc., Idaho Falls,
Idaho.

CWaste classification is defined by the NRC in 10 CFR 61.55 on the

basis of concentration of certain long- and short-lived radionuclides.

The classification system is designed to minimize potential exposures in

both the short and Ions term. The gross Ci/m 3 shown above are

representative of typical LLW shipped to commercial disposal sates.

Nuclear power plant wastes account for most of the radioactivity (~96X)

and include Class A, B, and C. Essentially all medical wastes are

Class A. Industrial wastes are largely Class A, but they contain some

Class B and C.

dMaximum for 63Ni in activated metal or 90Sr. There is no limit on

concentration of 3H, 60Co, or nuclides with half-lives <5 years. The

maximum thermal power shown is based on the hishest reported sross CAlm 3

analysis for irradiated core components (1986-1988) and assumes all the

activity is due to 60Co, which would yield the sreatest heat output. If

the activity is due to activation products, such as 54Mn, 58Co, etc., the

Ci/m 3 could be much hAsher for individual shipments, and the total W/m 3

could exceed the value shown.

eIn temporary storase. The concentration of actinides and 129I

determine the lower activity boundary. There is no limit on

concentrations of 3H, 50Co, or nuclides with half-lives <5 years.



Table C.2. Mass, radioacttvttT, mad t_ezmal power of nuclides in datestic carci81

Lii spemt £uel at the and of caleadaz ]rear 1992 a

Mass, g Radioactivity, Ci Thermal power, W

Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

1 Hydrogen Stable b 1.06E+04 1.24E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Hydrogen 3 1.96E+02 1.35E+03 1.89E+06 1.30E+07 6.37E+01 4.38E+02

2 Helium Stable 6.43E+03 5.96E+04 0.00E+00 0.00E+00 0.00E+0O 0.00E+00

3 Lithium Stable 2.54E+03 2.84E+04 O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

4 Beryllium Stable 2.47E+00 2.3ZE+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00

5 Boron Stable 2.34E+03 2.59E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

6 Carbon Stable 4.15E+05 4.65E+06 0.00E+00 0.03E+00 0.00E+00 0.00E+00

Carbon 14 1.05E+03 9.85E+03 4.70E+03 4.39E+04 1.38E+00 1.29E+01

7 Nitrogen Stable 2.84E+05 3.20E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

8 Oxygen Stable 3.14E+08 3.49E+09 0.00E+00 0.00E+00 0.00E+00 0.00E+00

9 Fluorine Stable 2.49E+04 2.77E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

10 Neon Stable 1.0ZE+00 9.77E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

11 Sodium Stable 3.48E+04 3.88E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Sodium 24 Z.06E-04 2.06E-04 1.80E+03 1.80E+03 4.98E+01 4.98E+01

12 Magnesium Stable 4.75E+03 5.27E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

13 Aluminum Stable 1.96E+05 2.11E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

14 Silicon Stable 1.lIE+06 1.24E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

15 Phosphorus Stable 5.56E+05 5.81E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Phosphorus 32 3.81E-01 3.81E-01 1.09E+05 1.09E+05 1.10E+03 1.10E+03
16 Sulfur Stable 5.08E+04 5.94E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 "

17 Chlorine Stable 1.15E+04 1.2gE+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

18 Argon Stable 9.74E+02 9.39E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00

19 Potassium Stable 4.21E+00 4.03E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00

20 Calcium Stable 4.65E+03 5.18E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

21 Scandium Stable 2.75E-01 2.63E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

22 Titanium Stable 2.02E+05 2.15E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

23 Vanadium Stable 4.22E+04 4.36E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Vanadium 50 1.35E+02 1.35E+03 2.4ZE-II 2.41E-I0 2.67E-13 2.67E-12

24 Chromium Stable 2.55E+07 2.83E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Chromium 51 9.44E+01 9.44E+01 8.7ZE+05 8.7ZE+06 1.87E+03 1.87E+03

25 Manganese Stable 2.11E+06 2.37E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Manganese 54 2.08E+02 3.43E+02 1.6LE+06 2.65E.06 8.02E+03 1.32E+04

26 Iron Stable 7.70E+07 8.63E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Iron 55 5.68E+03 1.83E+04 1.4ZE+07 4.58E+07 4.80E+02 1.55E+03

Iron 59 3.54E+00 3.55E+00 1.74E+05 1.75E+05 1.35E+03 1.35E+03

27 Cobalt Stable 1.85E+05 2.05E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Cobalt 58 1.09E+02 1.lIE+02 3.46E+05 3.54E+06 2.07E+04 2.1ZE+04

Cobalt 60 1.53E+04 7.73E+04 1.84E+07 8.75E+07 2.84E+05 1.35E+06

28 Nickel Stable 2.43E+07 2.61E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Nickel 59 1.5ZE+05 1.36E+06 1.15E+04 1.03E+05 4.57E-01 4.10E+00

Nickel 63 2.65E+04 2.23E+05 1.64E+06 1.38E+07 1.65E+02 1.39E+03

29 Copper Stable 4.16E+04 4.57E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

30 Zinc Stable 9.38E+04 1.04E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Zinc 65 2.46E+01 3.59E+01 2.03E+05 2.96E+05 7.11E+02 1.04E+03



Tab2e C.2 (cantinued)

Mass, g Radioactivity, C£ Thermal power, W

Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

31 Gallium Stable 8.06E+01 7.73E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00

32 Germanium Stable 1.50E+03 1.38E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

33 Arsenic Stable 4.70E+02 4.33E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00

34 Selenium Stable 1.17E+05 1.06E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+0O

Selenium 79 1.40E+04 1.27E+05 9.76E+02 8,89E+03 2.43E-01 2.21E+00

35 Bromine Stable 5.09E+04 4.65E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

36 Krypton Stable 8.0ZE+05 7,26E+06 0.00E+00 0.00E+00 0.00E+O0 0.00E+00

Krypton 81 5.60E-02 4.89E-01 1.18E-03 1,03E-02 1.45E-07 1.27E-06

Krypton 85 5.50E+04 3.48E+05 2.16E+07 1.37E+08 3.23E+04 2.05E+05

37 Rubidium Stable 2.34E+05 2.11E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Rubidium 86 3.94E+00 3.94E+00 3.21E+05 3.21E+05 1,45E+03 1.45E+03

Rubidium 87 5.81E+05 5.25E+06 5.08E-02 4.60E-01 4.25E-05 3.84E-04

38 Strontium Stable 8.32E+05 7,5ZE+06 0.00E+00 0.00E+00 0,00E+00 0.00E+00

Strontium 89 1.19E+04 1.20E+04 3.46E+08 3.48E+08 1.20E+06 1.20E+06

Strontium g0 1.26E+06 9.85E+06 1.71E+08 1.34E+09 1.99E+05 1.56E+06

39 Yttrium Stable 1.03E+06 9.14E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Yttrium 90 3.19E+02 2.47E+03 1.73E+08 1.35E+09 9.61E+05 7.46E+06

Yttrium 91 2.16E+04 2.18E+04 5.30E+08 5.36E+08 1.90E+06 1.91E+06

40 Zirconium Stable 7.76E+08 9.08E+09 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Zirconium 93 1.97E+06 1.80E+07 4.94E+03 4,52E+04 5.74E-01 5.25E+00
Zirconium 95 4.06E+04 4.1ZE+04 8.7ZE+08 8.85E+08 4.4ZE+06 4.48E+06 re

41 Niobium Stable 1.25E+06 1.31E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Niobium 93m 1.61E+00 4.92E+01 4.54E+02 1.39E+04 8.05E-02 2.47E+00

Niobium 94 1.58E+04 1.40E+05 2.97E+03 2.63E+04 3,03E+01 2.68E+02

Niobium 95 3.45E+04 3.53E+04 1.35E+09 1.38E+09 6.48E+06 6.6ZE+06

Niobium 95m 1.76E+01 1.79E+01 6.71E+06 6.81E+06 9.32E+03 9.46E+03

42 Molybdenum Stable 8.56E+05 7.84E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

43 Technetium 99 1.84E+06 1.69E+07 3,13E+04 2.87E+05 1.57E+01 1.44E+02

44 Ruthenium Stable 5.21E+06 4.71E+07 0.00E+00 0.00E+00 0,00E+00 0.00E+00

Ruthenium 103 1.6ZE+04 1.62E+04 5.23E+08 5.23E+08 1.75E+06 1.75E+06

Ruthenium 106 2.84E+05 5.13E+05 9.49E+08 1.7ZE+09 5.64E+04 1.0ZE+05

45 Rhodium Stable 9.93E+05 9.38E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Rhodium 103m 1.45E+01 1.45E+01 4.71E+08 4.7ZE+08 1.09E+05 1.09E+05

Rhodium 106 2.67E-01 4.81E-01 9.49E+08 1.7ZE+09 9.10E+06 1.65E+07

46 Palladium Stable 2.46E+06 2.17E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Palladium 107 5.34E+05 4.88E+06 2.75E+02 2.51E+03 1.63E-02 1.49E-01

47 Silver Stable 1.83E+05 1.71E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Silver 108 Z.49E-09 1.87E-08 1.83E+00 1,38E+01 6,81E-03 5.1ZE-02

Silver 108m 7 _8E-01 5.93E+00 2.05E+01 1.55E+02 1.99E-01 1,50E+00

Silver 110 2.11E-05 3.05E-05 8.78E+04 1.27E+05 6.31E+02 9.14E_02

Silver 110m 1.39E+03 2.01E+03 6.60E+06 9.56E+06 1.10E+05 1.60E+05

Silver 111 3.07E+01 3.07E+01 4,85E+06 4.85E+06 1.09E+04 1.09E+04

48 Cadmium Stable 3.20E+05 2.99E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Cadmium 109 8.61E-01 1.82E+00 2.22E+03 4.70E+03 2.58E-01 5.46E-01



Tsble C.2 (continued)

Mass, g Radioactivity, Ci Thermal power, W

Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

Cadmium 113m 6.09E+02 4.20E+03 1.32E+05 9.11E+05 2.2ZE+02 1.53E+03

Cadmium 115m 2.75E+01 2.76E+01 7.00E+05 7.02E+05 2.61E+03 2.62E+03

49 Indium Stable 2.76E+03 2.74E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Indium 114 8.45E-05 8.49E-05 1.16E+05 1.17E+05 5.54E+02 5.57E+02

Indium 114m 5.25E+00 5.28E+00 1.2ZE+05 1.22E+05 1.71E+02 1.72E+02

Indium 115 5.40E+03 5.82E+04 3.36E-08 3.62E-07 4.82E-11 5.20E-10

Indium 115m 5.45E-02 5.45E-02 3.45E+05 3.45E+05 6.89E+02 6.89E+02

50 Tin Stable 1.27E+07 1.49E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Tin 117m 1.76E+01 1.76E.01 1.40E+06 1.40E+06 2.60E+03 2.60E+03

Tin 119m 3.57E+03 5.18E+03 1.60E+07 2.32E+07 8.26E+03 1.20E+04

Tin 121m 5.47E+01 4.77E+02 3.24E+03 2.82E+04 6.49E+00 5.65E+01

Tin 123 4.96E+02 5 64E+02 4.08E+05 4.63E+06 1.27E+04 1.45E+04

Tin 125 1.30E+01 1 30E+01 1.41E+06 1.41E+06 9.32E+03 9.32E+03

Tin 126 6.50E+04 600E+05 1.85E+03 1.70E+04 2.30E+00 2.12E+01

51 Antimony Stable 4.97E+04 466E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Antimony 124 4.25E+01 4 31E+01 7.45E+05 7.53E+05 9.89E+03 1.00E+04

Antimony 125 3.52E+04 1 20E+05 3.64E+07 1.24E+08 1.14E+05 3.87E+05

Antimony 126 1.61E+00 1 61E+00 1.35E+05 1.35E+05 2.49E+03 2.49E+03

Antimony 127 1.35E+01 1 35E+01 3.61E+06 3.61E+06 2.14E+04 2.14E+04

52 Tellurium Stable 1.12E+06 1 0ZE+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Tellurium 123 2.80E+01 2 42E+02 8.14E-09 7.04E-08 8.25E-13 7.13E-12 '_

Tellurium 123m 2.72E+00 300E+00 2.41E+04 2.66E+04 3.51E+01 3.88E+01

Tellurium 125m 4.76E+02 1 66E+03 8.58E+06 2.99E+07 7.21E+03 2.51E+04

Tellurium 127 6.09E+00 6.51E+00 1.61E+07 1.7ZE+07 2.17E+04 2.32E+04

Tellurium 127m 1.36E.03 1 49E+03 1.29E+07 1.40E+07 6.93E+03 7.54E+03

Tellurium 129 4.36E-01 4 37E-01 9.14E+06 9.15E+06 3.27E+04 3.27E+04

Tellurium 129m 4.49E+02 4 49E+02 1.35E+07 1.35E+07 2.37E+04 2.37E+04

Tellurium 132 1.22E+02 1 22E+02 3.71E+07 3.71E+07 7.35E+04 7.35E+04

53 Iodine Stable 1.28E+05 1 18E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Iodine 129 4.28E+05 3 95E+06 7.56E+01 6.97E+02 3.50E-02 3.22E-01

Iodine 131 5.40E+02 5 40E+02 6.69E+07 6.69E+07 2.27E+05 2.27E+05

54 Xenon Stable 1.24E+07 1 13E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Xenon 129m 4.01E-03 4 01E-03 5.07E+02 5.07E+02 7.09E-01 7.09E-01

Xenon 131m 2.17E+01 2 17E+01 1.82E+06 1.82E+06 1.75E+03 1.75E+03

Xenon 133 5.34E+02 5.34E+02 1.00E+08 1.00E+08 1.07E+05 1.07E+05

55 Cesium Stable 2.65E+06 2.45E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Cesium 134 2.47E+05 6.62E+05 3.19E+08 8.57E+08 3.25E+06 8.72E+06

Cesium 135 7.85E+05 6.84E+06 9.04E+02 7.88E+03 3.02E-01 2.63E+00

Cesium 136 7.85E+01 7 85E+01 5.75E+06 5.75E+06 7.84E+04 7.84E+04

Cesium 137 2.83E+06 2 24E+07 2.47E+08 1.95E+09 2.73E+05 2.16E+06

56 Barium Stable 3.28E+06 2 94E+07 0.OOE+O0 O.OOE+O0 O.00E+O0 O.OOE+O0

Barium 136m 3.52E-06 3 52E-06 9.48E+05 9.48E+05 1.15E+04 1.15E+04

Barium 137m 4.33E-01 3 43E+00 2.33E+08 1.84E+09 9.16E+05 7.24E+06

Barium 140 2.40E+03 2 40E+03 1.75E+08 1.75E+08 4.89E+05 4.89E+05



Tabla C.2 (coBtinued)

Mass, g Radloactivlty, Ci Themal power, W

Atomic Mass number

nu_er Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

57 Lanthanum Sbable 2.91E+06 2.64E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Lanthanum 138 1.32E+01 1.24E+02 2.53E-07 2.37E-06 1 86E-09 1.74E-08

Lanthanum 140 3.65E+02 3.65E+02 2.03E+08 2.03E+08 3 40E+06 3.40E+06

58 Cerium Stable 2.90E+06 2.62E+07 0.00E+00 0.00E+00 000E+00 0.00E+00

Cerium 141 1.50E+04 1.50E+04 4.28E+08 4.28E+08 627E+05 6.27E+05

Cerium 142 2.70E+06 2.45E+07 6.48E-02 5.87E-01 000E+00 0.00E+00

Cerium 144 5.58E+05 8.77E+05 1.78E+09 2.80E+09 I18E+06 1.86E+06

59 Praseodymium Stable 2.58E+06 2.33E+07 0.00E+00 0.00E+00 000E+00 0.00E+00

Praseodymium 143 2.61E+03 2.61E+03 1.76E+08 1.76E+08 328E+05 3.28E+05

Praseodymium 144 2.36E+01 3.70E+01 1.78E+09 2.80E+09 1 31E+07 2.06E+07

Praseodymium 144m 1.18E-01 1.85E-01 2.14E+07 3.36E+07 7 31E+03 1.15E+04

60 Neodymium Stable 6.37E+06 5.83E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Neodymium 144 2.65E+06 2.75E+07 3.13E-06 3.25E-05 0.00E+00 0.00E+00

Neodymium 147 7.20E+02 7.20E+02 5.78E+07 5.78E+07 1.40E+05 1.40E+05

61 Promethium 147 2.91E+05 9.84E+05 2.70E+08 9.13E+08 9.69E+04 3.27E+05

Promethium 148 7.73E.01 7.73E+01 1.27E+07 1.27E+07 9.78E+04 9.78E+04

Promethium 148m 4.86E.02 4.86E+02 1.04E+07 1.04E+07 1.3ZE+05 1.32E+05

62 Samarium Stable 1.02E+06 9.49E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Samarium 147 1.83E+05 3.68E+06 4.16E-03 8.38E-02 5.70E-05 1.15E-03

Samarium 148 4.17E+05 3.52E+06 1.26E-07 1.06E-06 1.50E-09 127E-08

Samarium 149 5.55E+03 7.13E+04 1.57E-0g 1.71E-08 0.00E+00 0 00E+00

Samarium 151 3.00E+04 2.g0E+05 7.91E+05 7.63E+06 g.27E+01 895E+02

63 Europium Stable 2.58E+05 2.33E+06 0.00E+00 0.00E+00 0.00E+00 000E+00

Europium 152 7.72E+01 5.43E+02 1.34E+04 g.3gE+04 1.01E+02 7 10E+02

Europium 154 g.2gE+04 5.20E+05 2.51E+07 1.40E+08 2.24E+05 1 25E+06

Europium 155 3.23E+04 1.45E+05 1.50E+07 6.74E+07 1.09E+04 4 90E+04

Europium 156 5.33E+02 5.33E+02 2.g4E+07 2.94E+07 3.03E+05 3 03E+05

64 Gadolinium Stable 1.34E+06 1.66E+07 0.00E+00 0.00E+00 0.00E+00 0 00E+00

Gadolinium 152 7.54E+01 2.38E+03 1.64E-0g 5.19E-08 2.14E-11 676E-10

Gadolinium 153 1.93E+02 2.95E+02 6.80E+05 1.04E+06 6.15E+02 9 41E+02

65 Terbium Stable 2.36E+04 2.44E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Terbium 160 1.98E+02 2.03E+02 2.24E+06 2.29E+06 1.82E+04 1.87E+04

Terbium 161 1.57E+00 !.57E+00 1.84E+05 1.84E+05 3.70E+02 3.70E+02

81 Thallium Stable 2.42E-09 2.03E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Thallium 206 6.07E-22 6.07E-22 1.32E-13 1.32E-13 1.20E-15 1.20E-15

Thallium 207 6.69E-12 3.41E-I0 1.28E-03 6.50E-02 3.74E-06 1.91E-04

Thallium 208 1.00E-08 4.05E-07 2.96E+00 1.19E+02 6.96E-02 2.80E+00

Thallium 209 1.91E-14 1.18E-13 7.80E-06 4.83E-05 1.30E-07 8.03E-07

82 Lead Stable 2.30E+03 2.56E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Lead 204 3.20E+01 3.56E+02 4.01E-13 4.46E-12 5.18E-15 6.88E-14

Lead 205 7.8gE-02 7.55E-01 4.5gE-06 4.3gE-05 1.33E-10 1.28E-0g

Lead 209 2.27E-10 6.3gE-10 1.03E-03 2.glE-03 1.1gE-06 3.34E-06

Lead 210 g.g6E-08 1.1gE-05 7.60E-06 9.12E-04 1.76E-0g 2.11E-07

Lead 211 5.18E-11 2.64E-09 1.28E-03 6.52E-02 3.83E-06 1.gSE-04



Table C.2 (continued)

Mass, 8 Radioactivity, Ci Thermal power, W

Atomic Mass nu_er

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

Lead 212 5.92E-06 2.39E-04 8.23E+00 3.32E+02 1.57E-02 6.31E-01

Lead 214 1.71E-12 1.98E-10 5.62E-05 6.50E-03 1.79E-07 2.07E-05

83 Bismuth Stable 9.3ZE+02 1.04E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Bismuth 208 1.28E-02 1.21E-01 5.96E-05 5.66E-04 9.38E-07 8.91E-06

Bismuth 210 1.62E-05 1.62E-05 2.01E+00 2.01E+00 4.64E-03 4.64E-03

Bismuth 210m 7.49E-02 7.18E-01 4.25E-05 4.08E-04 1.34E-06 1.28E-05

Bismuth 211 3.06E-12 1.56E-I0 1.28E-03 6.52E-02 5.10E-05 2.60E-03

Bismuth 212 5.61E-07 2.26E-05 8.23E+00 3.32E+02 1.40E-01 5.64E+00

Bismuth 213 1.87E-11 1.16E-10 3.61E-04 2.24E-03 1.52E-06 9.40E-06

Bismuth 214 1.27E-12 1.47E-I0 5.62E-05 6.50E-03 7.20E-07 8.33E-05

84 Polonium 210 1.02E-02 1.19E-02 4.60E+01 5.33E+01 1.48E+00 1.71E+00

Polonium 211 3.75E-17 1.91E-15 3.58E-06 1.83E-04 1.61E-07 8.22E-06

Polonium 212 2.97E-17 1.20E-15 5.27E+00 2.13E+02 2.79E-01 1.13E+01

Polonium 213 2.80E-20 1.73E-19 3.53E-04 2.19E-03 1.79E-05 1.11E-04

Polonium 214 2.29E-19 2.03E-17 7.36E-05 6 52E-03 3.42E-06 3.03E-04

Polonium 215 4.34E-17 2.21E-15 1.28E-03 6 51E-02 5.71E-05 2.91E-03

Polonium 216 2.36E-11 9.51E-10 8.22E+00 3 32E+02 3.36E-01 1.36E+01

Polonium 218 1.99E-13 2.30E-11 5.62E-05 6 50E-03 2.04E-06 2.36E-04

85 Astatine 217 2.24E-16 1.39E-15 3.61E-04 2 24E-03 1.54E-05 9._5E-05

86 Radon 218 1.18E-17 1.18E-17 1.74E-05 1 74E-05 7.49E-07 7.49E-07

Radon 219 9.83E-14 5.01E-12 1.28E-03 652E-02 5.31E-05 2.71E-03

Radon 220 8.91E-09 3.59E-07 8.22E+00 332E+02 3.12E-01 1.26E+01

Radon 222 3.65E-10 4.23E-08 5.62E-05 650E-03 1.86E-06 2.15E-04

87 Francium 221 2.04E-12 1.26E-11 3.61E-04 224E-03 1.39E-05 8.63E-05

Francium 223 4.95E-13 2.36E-11 1.91E-05 9.14E-04 4.97E-08 2.37E-06

88 Radium 222 1.30E-14 1.30E-14 1.74E-05 1.74E-05 6.90E-07 6.90E-07

Radium 223 2.50E-08 1.27E-06 1.28E-03 6.52E-02 4.55E-05 2.32E-03

Radium 224 5.16E-05 2.08E-03 8.22E+00 3.32E+02 2.82E-01 1.14E+01

Radium 225 8.41E-09 5.63E-08 3.30E-04 2.21E-03 2.31E-07 1.55E-06

Radium 226 5.73E-05 6.59E-03 5.67E-05 6.52E-03 1.64E-06 1.88E-04

Radium 228 3.25E-11 3.87E-09 7.61E-09 9.07E-07 5.87E-13 6.99E-11

89 Actinium 225 6.22E-09 3.85E-08 3.61E-04 2.24E-03 1.26E-05 7.81E-05

Actinium 227 1.92E-05 9.15E-04 1.39E-03 6.62E-02 6.72E-07 3.21E-05

Actinium 228 5.63E-12 6.03E-12 1.26E-05 1.35E-05 1.09E-07 1.17E-07

90 Thorium 226 6.49E-13 6.49E-13 1.74E-05 1.74E-05 6.66E-07 6.66E-07

Thorium 227 4.23E-08 2.10E-06 130E-03 6.47E-02 4.75E-05 2.36E-03

Thorium 228 9.89E-03 4.02E-01 811E+00 3.30E+02 2.65E-01 1.08E+01

Thorium 229 1.34E-03 1.02E-02 284E-04 2.16E-03 8.70E-06 6.62E-05

Thorium 230 3.55E+00 1.19E+02 717E-02 2.39E+00 2.03E-03 6.77E-02

Thorium 231 8.53E-05 8.91E-04 454E+01 4.75E+02 2.55E-02 2.06E-01

Thorium 232 5.89E-01 2.09E+01 646E-08 2.29E-06 1.56E-09 5.55E-08

Thorium 233 1.14E-11 1.14E-11 416E-04 4.16E-04 1.05E-06 1.05E-06

Thorium 234 3.19E-02 3.58E-01 739E+02 8.29E+03 3.00E-01 3.36E+00

91 Protactinium 231 7.05E-01 7.34E+00 333E-02 3.47E-01 1.00E-03 1.05E-02

Protactinium 232 1.30E-05 1.30E-05 557E+00 5.57E+00 3.64E-02 3.64E-02



Table C.2 (continued)

Mass, g Radioactivity, Ci Thermal power, W

Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

Protactinium 233 3.63E-02 3.12E-01 7.54E+02 6.49E+03 1.71E+00 I.47E+01

Protactinium 234 4.86E-07 5.39E-06 g.73E-01 1.08E+01 1.40E-02 1.55E-01

Protactinium 234m 1.08E-06 1.21E-05 7.39E+02 8.29E+03 3.65E+00 4.10E+01

Protactinium 235 5.76E-17 5 76E-17 1.91E-09 1.91E-09 5.34E-12 5.34E-12

g2 Uranium 230 6.37E-10 6 37E-10 1.74E-05 1.74E-05 6.18E-07 6.18E-07

Uranium 231 5.98E-09 5 98E-09 8.05E-04 8.05E-04 6.65E-07 6.65E-07

Uranium 232 i. 34E+00 2 06E+01 2.88E+01 4.42E+02 9.24E-01 1.42E+01

Uranium 233 3.17E+00 4 73E+01 3.07E-02 4.58E-01 8.92E-04 I.33E-02

Uranium 234 4.12E+05 4 41E+06 2.58E+03 2.76E+04 7.42E+01 7.94E+02

Uranium 235 1.78E+07 2 16E+08 3.84E+01 4.68E+02 1.01E+00 1.22E+01

Uranium 236 9.33E+06 8 50E+07 6.04E+02 5.50E+03 1.64E+01 1.49E+02

Uranium 237 6.15E+02 6 16E+02 5.03E+07 5.03E+07 9.51E+04 9.52E+04

Uranium 238 2.20E+09 2.46E+10 7.39E+02 8.29E+03 1.87E+01 2.10E+02

Uranium 239 1.99E-02 1.99E-02 6.64E+05 6.64E+05 1.79E+03 1.79E+03

Uranium 240 2.78E-04 2.78E-04 2.58E+02 2.58E+02 2.12E-01 2.12E-01

93 Neptunium 235 7.54E-03 I. 38E-02 I.06E+01 I.93E+01 6.15E-04 I.12E-03

Neptunium 236 9.46E-01 7.74E+00 I.25E-02 I.02E-01 2.51E-05 2.06E-04

Neptunium 236m i. 12E-04 i. 12E- 04 6.62E+01 6.62E+01 5.23E-02 5.23E-02

Neptunium 237 I. 07E+06 9.20E+06 7.55E+02 6.49E+03 2.3 IE+01 I.98E+02 t_

Neptunium 238 2.54E+01 2.54E+01 6.59E+06 6.59E+06 3.15E+04 3.15E+04
Neptunium 239 i. 79E+03 i. 79E+03 4.16E+08 4.16E+08 I.0 IE+06 1.01E+06

Neptunium 240 4.41E-04 4.4 IE-04 5.32E+03 5.32E+03 5.64E+01 5.64E+01

Neptunium 240m 2.48E-06 2.48E-06 2.63E+02 2.63E+02 i.52E+00 i.52E+00

Neptunium 241 1.70E- 13 I.70E-13 8.29E-06 8.29E-06 2.32E-08 2.3ZE-08
94 Plutonium Z36 2.48E+00 7.85E+00 I.32E+03 4.17E+03 4.59E+01 I. 45E+02

Plutonium 237 2.15E-02 2.16E-02 2 60E+02 2.61E+02 9.60E-02 9.63E-02

Plutonium 238 3.48E+05 2.73E+06 5 96E+06 4.68E+07 I.97E+05 i.55E+06

Plutonium 239 1.16E+07 1.25E+08 7 22E+05 7.78E+06 2.22E+04 2.40E+05

Plutonium 240 5.35E+06 5.19E+07 1 22E+06 i.18E+07 3.80E+04 3.68E+05

Plutonium 241 2.87E+06 2.11E+07 2 95E+08 2.18E+09 9.16E+03 6.74E+04

Plutonium 242 I. 15E+06 I.01E+07 4 39E+03 3.85E+04 I.30E+02 i. 14E+03

Plutonium 243 2.33E-01 2.33E-01 6 06E+05 6.06E+05 6.99E+02 6.99E+02

Plutonium 244 6.73E+01 5.29E+02 1 19E-03 9.39E-03 3.46E-05 2.72E-04

Plutonium 245 2.59E-06 2.59E-06 3 13E+00 3.13E+00 7.42E-03 7.42E-03

Plutonium 246 5.73E-07 5.73E-07 2 80E-02 2.80E-02 2.36E-05 2.35E-05

95 Americium 239 4.23E-09 4.23E-09 4 66E-03 4.66E-03 1.13E-05 1.13E-05

Americium 240 i. 83E-05 i.83E-05 4.72E+00 4.71E+00 3.0gE-02 3.09E-02

Americium 241 I.48.=-+05 8.46E+06 5.07E+05 2.90E+07 1.69E+04 9.64E+05

Americium 242 6.17E-01 7.70E-01 4.99E+05 6.23E+05 5.67E+02 7.07E+02

Americium 242m I.70E+03 I.45E+04 i.65E+04 1.41E+05 6.52E+00 5.56E+01

Americium 243 2.34E+05 1.91E+06 4.67E+04 3.81E+05 i.50E+03 I.23E+04

Americium 244 i.68E-02 i.68E-02 2.14E+04 Z. 14E+04 1.IZE+0Z I. 12E+02

Americium 244m I.65E-04 i.65E-04 4.91E+03 4.91E+03 I.48E+01 I. 48E+01

Americium 245 6.10E-07 6.10E-07 3.77E+00 3.77E+00 6.99E-03 6.99E-03

Americium 246 9.18E-10 9.18E-10 2.81E-02 2.81E-02 2.27E-04 2.27E-04



Table C.2 (continued)

Mass, g Radioactivity, Ci Thermal power, W

Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative

96 Curium 242 1.59E+04 1.93E+04 5.27E+07 6.39E+07 1.94E+06 2.36E+06

Curium 243 9.11E+02 6.25E+03 4.70E+04 3.23E+05 1.73E+03 1.18E+04

Curium 244 7.13E+04 4.40E+05 5.77E+06 3.56E+07 2.02E+05 1.25E+06

Curium 245 2.78E+03 2.03E+04 4.78E+02 3.48E+03 1.59E+01 1.15E+02

Curium 246 3.90E+02 2.61E+03 1.20E+02 8.03E+02 3.92E+00 2.53E+01

Curium 247 4.08E+00 2.55E+01 3.79E-04 2.37E-03 1.21E-05 7.56E-05

Curium 248 2.42E-01 1.39E+00 1.03E-03 5.%2E-03 1.28E-04 F.37E-04

Totals 3.56E+09 4.01E+10 1.34E+I0 2.64E+I0 5.56E+07 1.00E+08

aIncludes contributions from nuclides in the fuel, cladding, and fuel assembly structural material.

bThe term "stable" represents a sroup of nonradioactive nuclides of a particular element.



Table C.3. Represlnt_ttve Dil LLWzadionucltde ccmjpostttonbyperce_t actlvlL_ t

Uranium/thorium Fission product Induced activity Alpha, <100 nCi/g "Other"

Nuclide Composition Nuclide Composition Nuclide Composition Nuclide Composition Nuclide Composition

208TI 0.0017 600o 0.08 51Cr 4.95 238pu 2.62 3H 1.22

212pb 0.0045 90SE 7.77 54Mm 38.10 239pu 0.20 140 0.06

212BI 0.0045 90y 7.77 580o 55.40 240pu 0.70 54Mm 6.76

212po 0.0029 95Zr 1.27 59Fe 0.49 241pu 96.4 580o 6.24

216po 0.0045 95Nb 2.83 600o 0.87 241Am 0.004 600o 18.03

22_3'_ 0.0045 99Tc 0.02 65Zn 0.19 2420m 0,056 90Sr 8.48

_ !_:a 0,0269 1253b 2.93 244C_ 0.020 90y 8.48

ZZSAc G C269 125mTe 0.73 100.00 99Tc 0.12

228_n C 00_5 !06Ru 6.39 i00.000 1340s 13.98

-._:: 105_-h 6.39 1370s 18.45

: _ !340s 0.38 137mBa 17.45

__ 1370s 17.31 238U 0.73

:_;?_ _,197 137mBa 16.38
00

Z34Pa 0,0034 1440e 14.67 100.00

Z35U 0.0258 144pr 14.67

238U 33.197 147pm 0.06

151Sm 0.11

I00.0000 152Eu 0.09

154Eu 0.09

155Eu 0.06

100.00

abased on ref. i.
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Table C.4. Average concentratlons for represeutstlve rsdlonuclides in

LLW at ccmmerclal dleposal sites a

Concentration

Redionuclide Half-life b (Ci/m 3)

3H 1.228E+01 y 1.083E+00

14C 5.730E+03 y 5.079E-03

26AI 7.300E+05 y 2.980E-10

32Si 1.000E+02 y 3.725E-11

32p 1.428E+01 d 9.292E-04

35S 8.751E+01 d 2.208E-03

36Ci 3.010E+05 y 6.143E-06

40K 1.280E+09 y 1.766E-07

51Cr 2.770E+01 d 7.137E-02

54b*n_ 3.122E+02 d 3 895E-01

55Fe 2.730E+00 y 3 112E+00

59Fe 4.445E+01 d 5 081E-03

58Co 7.092E+01 d 2 047E-01

60Co 5.271E+00 y 2 242E+00

59Ni 7.500E+04 y 1 364E-03

63Ni 1.001E+02 y 2 692E-01

65Zn 2.441E+02 d 1 174E-01

85Kr 1 072E+01 y 8 147E-04

89Sr 5 055E+01 d 6.032E-03

90Sr 2 850E+01 y 6.987E-02

90y 2 671E+01 d 6.987E-02

91y 5 851E+01 d 8 859E-03

95Zr 6 402E+01 d 1.036E-02

94Nb 2.030E+0_ y 1.659E-05

95Nb 3.497E+01 d 1.916E-02

93Ho 3.500E+03 y 9.273E-12

99Tc 2.130E+05 y 1.949E-04

103Ru 3.925E+01 d 5.900E-04

108mA 8 1,300E+02 y 5.534E-06

ll0mA 8 2.498E+02 d 3 800E-02

113Cd 9_000E+15 y 4 223E-12

124Sb 6 020E+00 d 2 621E-03

125Sb 2 730E+00 y 1 901E-02

123Te 1 300E+13 y 5 710E-07

125I 6 014E+00 d 4 570E-04

129I 1 570E+07 y 2 101E-05

131I 8 040E+00 d 5 299E-03

134Cs 2 062E+00 y 8 661E-02

135Cs 3 000E+06 y 1 I05E-05

137Cs 3 017E+01 y 2.431E-01

137mBa 2 552E+00 min 2.300E-01

141Ce 3 250E+01 d 1.649E-03

14_Ce 2. 849E+02 d I. 463E-02

lt4_'r 1.728E+01 rain 1.463E-02

i_,N:! 2.100E+15 y 1.689E-10

L,,,_,_ 2. 623E+00 y I.317E-02

: , I.IOOE+02 y 1.012E-10

::":_!!, 1.800E+02 y 3.768E-10

' _! 7,000E+01 d 1.427E-03

_'_:;ii: 4.240E+01 d 3.235E-03

'' _._, 4.100E+I0 y 1.772E-II
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Table C.4 (©ontiaued)

Radlonuclide Half_lifeb Concentration
(Ci/m3)

209po 3.253E+00 h 1.284E-10

226Ra 1.600E+03 y 2.852E-04

229Th 7.340E+03 y 1.310E-10

230Th 7.540E+04 y 1.721E-08

232Th 1.405E+10 y 8.682E-03

231pa 3.276E+04 y 1.016E-10

233U 1.592E+05 y 2.308E-07

234U 2.454E+05 y 5.368E-05

235U 7.037E+08 y 3.179E-05

236U 2.432E+07 y 7.886E-07

238U 4.468E+09 y 9.970E-03

237Np 2_140E+06 y 2.210E-07

239pu 2.413E+04 y 1.021E_05 c

240pu 6.563E+03 y 2.504E_06 c

242pu 3.763E+05 y 6.148E_07 c

241Am 4.322E+02 y 4.053E-05

243Am 7.380E+03 y 1.398E-08

248Cm 3.400E+05 y 6.220E-07

Total 8.380E+00

eTaken from the report by G. W. Roles, Characteristics of Low-level
Radioactive Waste Disposed Durlna 1987 Through 198_, NUREG-1418,
December 1990.

by = years; d = days; h = hours; min = minutes; and s = seconds.
CIsotopes of plutonium are omitted when this list is applied to waste

disposed at Barnwell, South Carolina, because this site has not permitted
disposal of plutonium (even thoush traces of plutonium could have entered
with other wastes).



Table C.5. Projected ccspositlc_ofLLWsaltJd:ne at SRS a,b

End of Radioactivity fraction of radlonucllde c

calendar

year 3H 893r 90Sr 90y 91y 95Zr 95_b 99Tc 106Ru 106Rh 1253b 137Cs 137mBa 144Ce 144pr 147pm Total d

1995 0.12 0.00 0.34 0.34 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.08 1.00

1996 0.02 0.00 0.11 0.11 0.00 0.00 0.00 0.01 0.01 0.01 0.06 0.02 0.02 0.00 0.00 0.65 1.00

1997 0.02 0.00 0.20 0.20 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.03 0.03 0.00 0.00 0.47 1.00

1998 0.03 0.00 0.24 0.24 0.00 0.00 0.00 0.01 0.00 0.00 0 03 0.04 0.03 0.00 0.00 0.38 1.00

1999 0 04 0.00 0.27 0.27 0.00 0.00 0.00 0.01 0.00 0.00 0 02 0.04 0.04 0.00 0.00 0.30 1.00

2000 0 05 0.00 0.29 0.29 0.00 0.00 0.00 0.02 0.00 0.00 0 02 0.05 0.04 0.00 0.00 0.24 1.00

2001 0 06 0.00 0.31 0.31 0.00 0.00 0.00 0.02 0.00 0.00 0 01 0.05 0.05 0.00 0.00 0.20 1.00

2002 0 06 0.00 0.32 0.32 0.00 0.00 0.00 0.02 0.00 0.00 0 01 0.05 0.05 0.00 0.00 0.16 1.00

2003 0 07 0.00 0.33 0.33 0.00 0.00 0.00 0.02 0.00 0.00 0 01 0.05 0.05 0.00 0.00 0.13 1.00

2004 0 07 0.00 0.34 0.34 0.00 0.00 0.00 0.02 0.00 0.00 0 01 0.06 0.05 0.00 0.00 0.11 1.00

2005 0 08 0.00 0.35 0.35 0.00 0.00 0.00 0.02 0.00 0.00 0 01 0.06 0.05 0.00 0.00 0.09 1.00

2006 0 09 0.00 0.35 0.35 0.00 0.00 0.00 0.02 0.00 0.00 0 O0 0.06 0.05 0.00 0.00 0.07 1.00

2007 0 09 0.00 0.36 0.35 0.00 0.00 0.00 0.02 0.00 0.00 0 00 0.06 0.05 0.00 0.00 0.06 1.00

2008 0 09 0.00 0.36 0.36 0 O0 0.00 0.00 0.02 0.00 0.00 0 O0 0.06 0.05 0.00 0.00 0.05 1.00

2009 0 09 0.00 0.36 0.36 0 O0 0.00 0.00 0.02 0.00 0 O0 0.00 0.06 0.05 0.00 0.00 0.04 1.00

2010 0 10 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0.06 0,00 0.00 0.03 1.00

2011 0 11 0.00 0.36 0.36 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0,06 0.00 0.00 0.02 1.00

2012 0 11 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0 00 0.00 0.06 0.06 0.00 0.00 0.02 1,00

2013 0 11 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0.06 0.00 0.00 0.02 1 O0 t,,.)
2014 0 11 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0.06 0.00 0.00 0.01 1 O0 __

2015 0 11 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0.06 0.00 0.00 0.01 1 O0

2016 0 12 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0.06 0.00 0.00 0.01 1 O0

2017 0 12 0.00 0.37 0.38 0 O0 0.00 0.00 0.03 0.00 0 O0 0.00 0.06 0.06 0.00 0.00 0.01 1 O0

2018 0 12 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 i O0

2019 0 12 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2020 0 12 0.00 0.37 0.36 0 O0 0.00 0.00 0.03 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2021 0 12 0.00 0.37 0.36 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2022 0 12 0.00 0.36 0.36 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 00

2023 0 12 0.00 0.36 0.36 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 00

2024 0 12 0.00 0.36 0.36 0.00 0.00 0.00 0.04 0 00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 00

2025 0 12 0.0_0 0.36 0.36 0.00 0.00 0.00 0.04 0 00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2026 0 12 0.00 0.36 0.35 0.00 0.00 0.00 0.04 0 O0 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2027 0 12 0.00 0.36 0.35 0.00 0.00 0.00 0.04 0 O0 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2028 0.12 0.00 0.36 0.35 0.00 0.00 0.00 0.04 0 O0 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0
2029 0.12 0.00 0.36 0.35 0.00 0.00 0.00 0.04 0 O0 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 O0

2030 0.12 0.00 0.36 0.35 0.00 0.00 0.00 0.04 0 O0 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1 00

aTaken from raf. 3.

bChemical composition (wt Z): fly ash, 46.0; water, 30.2; cement, 11.5; NaNO 3, 6.0; NaOH, 1.9; NaNO 2. 1.5; NaAI(OH) 4, 1.3;

Na2S04, 0.7; and other, 0.9.
CTha radionuclide composition at the end of a year is expressed in terms of the fraction of each significant nuclide making up

an average unit of radioactivity in all saltstone collected from the beginning of the operation of the saltstone plant to the end

of the year indicated.

dFor some years the total may not equal the sum of components because of independent rounding.
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YabLo C.6. Eist_rlca2 and l_roJo©tedDGK/EIAlloBewO_dera Cue
cosmarclal LkUnot _muaL olo©trlcal Sonoratlcm a,b

No New Orders Case

Historical 6aneratlon projected 8eneratlon c
End of [14#(e)-years] End of (HW(e)-years]

calendar calendar

year BWR I_ Total year BHR _ Total

1960 29 4 33 1993 20,632 48 339 68 970
1961 60 97 157 1994 20,632 48 914 69 546
1962 137 96 233 1995 20,632 49 032 69 664
1963 136 208 344 1996 20,632 50 150 70 782
1964 164 198 362 1997 20 632 50 401 71 033
1965 164 212 376 1998 20 632 50 555 71 166
1966 221 334 556 1999 20 632 50 795 71 426
1967 184 419 603 2000 20 606 50,795 71 400
1968 205 781 986 2001 20 587 51 521 72 109
1969 238 1,049 1,287 2002 20 587 51 494 72 081
1970 1 011 1,192 2,203 2003 20 587 51 703 72 290
1971 1 969 2 103 4 075 2004 20 439 51 703 72 142
1972 3 188 2 450 5 641 2005 20 185 51,703 71 888
1973 4 446 4 620 9 073 2006 19 769 51 703 71 472
1974 5 298 6 650 11 955 2007 19 769 flO 953 70 721
1975 6 309 12 089 17 395 2008 19 444 49 447 68 891
1976 8,044 13 113 21 343 2009 18 277 47 576 65 853
1977 9 636 17 737 27 366 2010 17 360 46 249 63 629
1978 11,353 19 598 31 142 2011 17 029 45 354 62 383
1979 11 390 17 332 28 662 2012 16 489 45 036 61 525
1980 10 416 17 848 26 343 2013 15 247 42 134 57 380
1981 10,187 20 310 30 517 2014 13 523 36 663 50 166
1982 10 201 20 716 30 938 2015 11 849 34 365 46 214
1983 9,363 22 494 31 883 2016 11 649 32 547 44 197
1984 9 766 26 427 35 072 2017 11 010 30 031 41,040
1985 12 151 30 413 41 382 2018 10 707 28 438 39 146
1986 12 737 33 726 46 495 2019 10 438 27 550 37,989
1987 14 810 36465 51,275 2020 10 436 26 609 37 048
1988 16 722 41 639 58,361 2021 10 438 24 134 34 572
1989 16 845 43 489 60 334 2022 9 969 22 880 32 849
1990 20 417 45 407 65 606 2023 6 866 21 321 28 187
1991 20 573 49 310 69 883 2024 5 816 17 905 23 720
1992 19 761 50 833 70 594 2025 4592 14 625 19 217

2026 2,584 10 508 13 092
2027 854 7 644 8,698
2028 854 5 305 6,159
2029 500 4 437 4,937
2030 0 3 715 3,715

aBtstortcal data for 1960-1989 are based on refs. 5 and 6.
bHistorical data for 1990-1992 and projected data for 1993-2030 were obtained from

DOE/EIA and are based on ref. 7.
CThs projections contained in this table show minor differences from those found

in the publication Wo_ld Nuclear Cavsctty and Fuel Cycle Requirements _993 (ref. 7).
The differences are attributable to the use of a later version of input data to compute
the projections found here.
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Table C.7. Estimated so_'©es and cba=ectertsttcs of c_rcia2 Greete:-_em-Class-C

Primary isotopes of concern
Waste source Physical form for disposal

Utilities

Operations Activated metals, instruments, 59NI, 63NI, 94Nb, and TRU isotopes
filters, ion-exchanse resins,
slud&es

Decommissionins Activated metals 59Ni, 63Ni, and 94Nb

Fuel testin8 labs
Burnup lab operation Solidified liquids, metal 90Sr and TRU isotopes

cuttinss, glassware, equipment,
ion-exchange resins

Burnup lab decommissionin8 Solidified liquids, metals, 90Sr and TRU isotopes
81assware, equipment

Sealed sources

Manufacturer operations Trash, metal, foils 14C, 90Sr, 137Cs, 241Am, and
Pu isotopes

Manufacturer decommissionin$ Trash, metal, foils 14C, 90Sr, 137Cs, 241Am, and
Pu isotopes

Sources desisnated as waste Sealed sources 137Cs, 238pu, 239pu, and 241Am
i

Other
14C users Solidified process liquids 14C

Test and research reactors Activated metals 59Ni, 94Nb, and TRU isotopes

Other Soil, trash 241Am

8Gleaned from information siven in rofs. 8 and 9.
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Table C.8. Projected number and volune of drum and clueea of
LLW incorporated in cement to be sanoretod in the WVDP

Low-Level Radwaste Treet_nt System a,b, c, d

End of Number of drums Total volume
calendar of drums

year Class Ae Class B Class Cf (m3)

1967 726 8 - 196
1988 - 8 2,009 542

1969 " g 4,523 1,221
1990h - g 3,862 1,043
1991 " S 0 0
1992 1,237 g 300 415
1993 3,197 8 1,987 1,400

Total number 5,160 8 12,681

Total volume, m3 1,393 S 3,424 4,817

aThe so-called square drums used are parallelepipeds of square cross section
(~0.6 m × 0.6 m × 0.8 m) with e volume of 71 gel (0.27 m3).

bThe classes are in accordance with the Classes (A, B, or C) as set by
requirements of the NRC in I0 CFR 61.55.

CTaken from ref. I0.

dAlkaline HLW liquid it processed (see Chapter 2) to yield a loaded ion-
exchange material (zeolite), which is HLW, and an effluent, which is LLW. This
effluent is solidified with cement.

eGenerated in 1987 during equipment testing campaigns.
fStored in a shielded drum cell.

L SHe Class B waste is expected to be 8enerated with the effluent mentioned in
footnote d.

hprocessing of alkaline HLW liquid was completed in November 1990, leaving a
1,090-m 3 heel of liquid in the alkaline HLW waste (liquid plus sludge) storage
tank.
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Tab2e C.9. Volmm {s 3) oELLI4 szmua22ybuzled at Hartford,
by radlamucllds ©haracteristic a

Ca2andar Uranium L Fission Induced
year thoriun_ products activity Tritium Total

1945 c 1,339.39 1,339 39
1946 1,339.39 1,339 39
1947 2,613.66 2,613 66
1948 2,613.66 2,613 66
1949 2,613.66 2.55 2,616 21
1950 3,123.36 3,123 36
1951 2,981.78 2,981 78
1952 3,015.76 223.70 3,239 46
1953 3,550.95 120.34 3,671 29
li}54 3,137.52 1,958.12 10.19 5,105 83
lfJ55 5,351.91 1,557.44 6,909 35
]956 4,556.20 45.31 4,601 51
1957 2 775.07 1,529.12 4,304 19
1958 3 229.55 3,229 55
1959 3 258.46 3,256 46
1960 2 997.36 1,159.58 2,463.58 6,620 52
1961 2 350.31 2,350 31
1962 2 347.48 254.85 2,602 33
1963 2 321.99 421.92 2,743 92
1964 3 175.75 240.69 3,416 44
1965 5 431.20 17,567.87 22,999 07
1966 3 421.83 3,421 83
1967 4,416.04 11,336.99 15,753 03
1968 835 32 39.84 874 96
1969 137,903.79 21 614 28 5,097.06 164,615 13
1970 180.73 2 529 42 3,964.41 6,674.56
1971 175.98 2 888 90 7.52 3,072 40
1972 262.22 2 900 28 41,626.34 3.04 44,791 88
1973 3,178.51 3 289 03 2,335.57 6.06 8,809 17
1974 209.23 4 087 95 1,469.38 5,766.56
1975 100.65 4 604 88 1,856.39 6 561.91
1976 77.20 3 073 75 919.33 2.93 4 073.21
1977 180.73 9 266 22 1,274.39 10 721.33
1978 541.07 8 296 62 972.26 9 809.96
1979 322.99 14 717 53 2,428.78 17 469.30
1980 216.10 9 193 70 970.80 14.40 10 395.90
1981 299.77 10 359 16 2,166.93 0.64 12 826.49
1982 453.41 9 640 80 1,415.73 145.14 Ii 655.07
1983 1,257.20 14 579 31 1,994.25 117.53 17 948.28
1984 727.52 13 926 02 4,089.01 35.23 18 777.77
1985 1,002.81 11 128 62 4,869.46 45.79 17 046.68
1986 1,463.71 15 666 42 3,961.12 21 091.26
1967 3,131.01 13 682 O0 3,489.83 9.56 20 312.40
1988 1,335.95 13 658 71 1,678.25 105.59 16 778.30
1989 663.94 12 041 49 748.48 246.55 13 700.45
1990 261.10 11 399 72 475.31 1,237.53 13 374.56
1991 517.61 8 518 30 120.03 1,420.32 10 576.26
1992 1,377.07 9 187 34 35.12 329.79 10 929.32

Total 227,802.38 236,437.68 121,545.73 3,720.08 589,505.87

aRevised data received at press time. Note from Hike Coony, Westinghouse
Hanford, to Laverne Cash, HAZWRAP, dated Jan. 19, 1994.

bThe uranium/thorium catesory includes 904.45 m 3 of waste that is actually a
mixture of uranium/thorium and tritium nuclides.

CFirst year of recorded burial operations.
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Table C.10. A©tivit7 (CI) of LLN mmuallyburied at Hsn£ord.
by radionucUde characteristic a

Calendar Uranium/ Fission Induced

year thorium products activity Tritium Total

1945b 0.04 I 020.00 0 00 0.00 1,020.04
1946 0.03 2.025.00 0 00 0.00 2,025.03
1947 0.07 4 150.00 0 00 0.00 4,150.07
1948 0.06 6 200.00 0 00 0.00 6,200.06
1949 0 07 8 225.00 1 00 0.00 8,226.07
1950 0 06 9 250.00 0 00 0.00 9,250.06
1951 0 07 10 250.00 0 00 0.00 10 250.07
1952 0 21 14 280.00 40 00 0.00 14 320.21
1953 0 21 19 210.00 40 00 0.00 19 250.21
1954 0 16 49 530.10 5 00 0.00 49 535.26
1955 0 16 45 000.00 0 00 0.00 45 000.16
1956 0 30 31 640.00 25 00 0.00 31 665.30
1957 0 19 21 060.00 650 00 0.00 21 710 19

1958 0 19 19 015.00 0 00 0.00 19 015 19
1959 0 19 18 965.00 0 00 0.00 18 965 19

1960 0 26 13 300.10 1,220 00 0.00 14 520 36
1961 0 26 7 060.00 0.00 0 00 7,060 26

I 1962 0 13 4 220.00 0.00 0 00 4,220 13
i 1963 0 13 2 285.00 0.00 0 00 2,285 13

1964 0 20 10 355.00 4,500.00 0 00 14 855 20
1965 0 20 28 990.00 4,705.00 0 00 33 695 20
1966 0 20 9 485.00 0.00 0 00 9 485 20

1967 0 11 13 700.00 2,065.00 0 00 15 765 11
1968 0 00 71 202 00 20.00 000 71 222.00
1969 36 76 75 549 00 1,800.00 0 00 77 385.76
1970 13 81 38 281 18 1,880.00 0 00 40 174.98
1971 4 79 6 161 65 300.00 964 00 7 430.44

1972 11.87 54 070 41 20,485.00 131,800.00 206 367.28
1973 7.76 14 527 43 1,151.90 273,300 00 288 987.09
1974 7.37 5 233 59 1,001.22 0 00 6 242.18
1975 15.50 237 679 51 1,134.08 0 00 238 829.09
1976 5.58 417 228 23 557.88 48200 418 273.70
1977 8.40 901 947 86 3,301.33 0.00 905 257.59
1978 18.55 1,029 517 58 5,952.11 0.00 1,035 488.24
1979 3.74 864 908 96 14,380.07 0.00 879 292.77
1980 13.50 136 036 98 1,418.06 1,542.12 139 010.66
1981 17 58 792 903 21 4,238.20 43.99 797202.98
1982 28 02 708 044.51 656.88 1,622.00 710 351.41
1983 58 11 858 805.07 2,621.23 148.73 861 633.14
1984 11.42 259 081.90 959.38 2.83 2R0 055.53
1985 11 86 268 347.36 2,235.27 5.08 270.599.57
1986 52 40 203 136.89 183.51 0.00 203 372.80
1987 19 59 67 104.67 258.18 946.10 68 328.54
1988 55 12 141 680.56 1,506.90 14.23 143.256.82
1989 33.87 158 711.16 16.76 0.09 158 781.88
1990 8.75 251 353,57 489.19 42,985.37 294.836.88
1991 8.53 495315.70 1,993.27 263.81 497 581.31
1992 46.63 507 976.92 0.00 0.42 508 023.96

Totalc 503.01 8,914,021.12 81,791.44 454,120.77 9,450,436.33

aRevised data racelved at press time. Note from Hlke Coony, Westlnshousa Hanford, to
Laverne Cash, HAZWRAP, dated January 19, 1994.

bFirst year of recorded site burial operations.
CTotal sum wlthout decay.
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Table C.II. IMEL-seneratedLLNbreakdownby radlonucllde characterlstlc a

Volume, m3 Activity, Ci
Volume Activity

Radlonucllda Estimated change b Estimated change b

characteristic 1992 1992 (m3 ) 1992 1992 (Ci)

Uranium/thorlum 2.052E+02 8.844E+01 -1.168E+02 2.710E-01 6.833E-03 -2.642E-01

Fission product 0 0 0 0 0 0

Induced activity 0 0 0 0 0 0

Tritium 0 0 0 0 0 0

Alpha 0 0 0 0 0 0

Other c 2.721E+03 1.895E+03 -8.260E+02 1.052E+05 1.439E+05 3.870E+04

Total 2.926E+03 1.983E+03 -9.430E+02 1.052E+05 1.439E+05 3_870E+04

avirglnla C. Randall, Idaho National Engineering Laboratory, Idaho Falls, Idaho, letter to Lisa J.

Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, "Integrated Data Base

Data for 1993-VCR-I1-94," dated February 14, 1994. Estimated 1992 values based on 1991 reported values.

bVoltune change = 1992 volume - estimated 1992 volume; activity change = 1992 activity - estimated 1992!
activity.

CUnknown or mixture.



Table C.12. INELburiodLLMbreakdounbyrodtonucl/do charac_rLstLc a

Volume, m3 Activity, Ci

Volume Cumulative Activit_ Total gross
Radlonuclide Estimated chan&e b volume Estimated chanse D activityc,d

characteristic 1992 1992 (m3) (m3 ) 1992 1992 (Ci) (Ci)

Uranium/thorium 2.831E+01 8.844E+01 6.013E+01 4.224E+03 2.474E-01 6.833E-03 -2.406E-01 4.503E+01

Fission product 0 0 0 2.550E.04 5.921E+03 0 -5.921E+03 1.523E+03

Induced activity 0 0 0 3.741E+02 1.809E+05 0 -1.809E+05 3.523E+01

Tritium 0 0 0 6.230E-01 0 0 0 I. 531E+01 _j
_D
00

Alpha 0 0 0 9.605E+02 0 0 0 8.550E+01

Other e 1.244E+03 7.556E+02 -4.884E+02 1.152E+05 0 1.439E+05 1.439E+05 1.183E+07

Total 1.272E+03 8.441E+02 -4.279E+02 1.463E+05 1.869E+05 1.439E+05 -4.292E+04 1.183E+07

avirsinia C. Randall, Idaho National En&ineerin8 Laboratory, Idaho Falls, Idaho, letter to Lisa J. Wachter, Martin Marietta Energy

System,s, Inc., HAZWRAP, Oliver Sprinss, Tennessee, "Intesrated Data Base Data for 1993-VCR-11-94," dated February 14, 1994. Estimated 1992

values based on 1991 reported values. The estimated 1992 values were used in the decay calculations as indicated in the tables of
Chapter 4.

bVolume change - 1992 volume - estimated 1992 volume; activity change - 1992 activity -- estimated 1992 activity.
CBesinnin8 of operations through 1992.

dsum annual additions without decay.

eUnknown or mixture.
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Tablo C.13. Smeary characteriatics of addltlonal
rmmte-hsndled TRUwastes at the Hsnfozd Site a

Characteristic and unit of measure Amount

Volume, m3 140.13

Uranium content, kg 279.49

Plutonium content, kg 47.24

Fission product radloactlvity, b Ci 520,405

aThese wastes are stored at the Hanford 200-Area burial

grounds and were previously identified as miscellaneous

radioactive materials. They are not included in the

inventories of TRU waste reported in Chapter 3. They

represent an additional TRU waste inventory that will be

integrated into the TRU waste chapter in future updates of

this report.

bUndecayed.
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APPENDIX D. REFERENCE SITES AND FACIIXI'I_

This appendix provides informationon the major DOE and commercial sites and facilitiesdiscussed in this report. The
DOE operations and special site offices are identified in Table D.1, along with the sites for which they have responsibility.
This is followed by Table D.2, which lists DOE Naval Reactors Program (NE-60) offices and sites. Table D.3 lists major
DOE sites and facilities referred to in this report, and major commercial radioactive waste disposal sites are given in
Table D.4. For each site or facilitylisted in Tables D.3 and D.4, additional information is provided, including reference
symbol or label, location, operations contractor, and, for DOE sites, the supervisory DOE operations and area office.
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TableD.1. DOE o_ and_ aim

General mailing address Radioactive waste sites for which DOE

DOE office Symbol/label (Phone number) a office has responsibility

Albuque.rque Operations DOE/AL P.O. Box 5400 Grand Junction Projects Office sites
Office b Albuquerque, NM 87115-5400 Inhalation Toxicology Research Institute

(505/845-4154) Kansas City Plant
Los Alamos National Laboratory
Mound Plant
Pantex Plant
Pinellas Plant

Sandia National Laboratories-Albuquerqne
Sandia National Laboratories-Livermore
Uranium Mill Tailings Remedial Action Program sites
Waste Isolation Pilot Plant

Chicago Operations Office c DOE/CH Building 201 Ames Laboratory
9800 South Cass Avenue Argonne National Laboratory-East
Argonne, IL 60439 Argonne National Laboratory-West
(708/252-2001) Battelle Columbus Laboratories

Brookhaven National Laboratory
Fermi National Accelerator Laboratory ._

Princeton Plasma Physics Laboratory

Fernald Field Office DOE/FN P.O. Box 398705 Fernald Environmental Management Project
7400 Wiley Road Reactive Metals, Inc. Extrusion Plant
Cincinnati, OH 45239-8705
(513/7386319)

Idaho Operations Office DOE/ID 785 DOE Place Argonne National Laboratory-West
Idaho Falls, ID 83402 Idaho National Engineering Laboratory
(208/526-0111) West Valley Demonstration Project

Nevada Operations Office DOE/NV P.O. Box 98518 Nevada Test Site
I.as Vegas, Nevada 89193-8518
(702/295-1212)

Oak Ridge Operations DOE/OR P.O. Box 2001 Formerly Utilized Sites Remedial Action Program (FUSRAP) sites
Office u Oak Ridge, TN 37831 Oak Ridge Institute for Science and Education

(615/576-5454) Oak Ridge K-25 Site
Oak Ridge National Laboratory
Oak Ridge Y-12 Plant
Paducah Gaseous Diffusion Plant
Portsmouth Gaseous Diffusion Plant

Weldon Spring Site Remedial Action Project



Table D.I (continued)

General mailing address Radioactive waste sites for which DOE

DOE office Symbol/label (Phone number) a office has responsibility

Richland Operations Office DOE/RL P.O. Box 550 Hanford Site

825 Jadwin Avenue Pacific Northwest Laboratory
Richland. WA 99352

(509/376-7411)

Rocky Flats Office DOF_./RF P.O. Box 928 Rocky Flats Plant
Golden, CO 80401-0928

(303t966-7000)

San Francisco Operations DOF_JSAN 1333 Broadway Energy-Related Health Research Laboratory
Office Oakland, CA 94612 Lawrtnce Berkeley Laboratory

(510/'273-6383) Lawrence _ National Laboratory
Santa Susana Field Laboratory
Stanford Linear Accelerator Center

Savannah River Operations DOEJSR P.O. Box A Savannah River Site
Office Aiken, SC 29802

(SO3/725-62H) y:,
t.tt

aAccess to main orgaaizations.

bThe Albuquerque Operations Off.me also has the following area offices (monitoring activities of the sites indicated) under its purview: Amar;alo (Pantcx Plant),
Dayton (Mound Plant), Grand Junction (Grand Junction Projects Office), Kansas City (Kansas City Plant), Los Alamos (Lea Alarum National Laboratory), and Pinellas
(Pinellas Plant).

CThe Chicago Ope_fi_.s Office has the following area offices (monitoring activities of the sites indicated) under its purview:. Argonne (Argtmne National

LaboratorFEast), Batavia (Fermi National Accelerator Laboratory), Upton (Brookhaven National Laboratoo,.), and Princeton (Princeton Plasma Physics Laboratory).
tithe Oak Ridge Operations Office has a separate site office located at the followin K. Oak Ridge K-25 Site., Oak Ridge National Laboratory, Oak Ridge Y-12

PlanL Paducah, Portsmouth, and Weldon Spring.



Tsble D2 DOE lq_d lbl:lo_ l_RFal dFm_ md il_

General mailing address Radioactive waste sites for which DOE
DOE o_fioe Symbol/label (Phone number)a offtce has respon_bility

DOE/HQ. Office o( Naval Reactors DOF2HQ/NE-60 Route Symbol NE-60 (_ Pittsbmgh and Schenectady area offtces
2521 Jefferson Davis Highway and their sites)
Arlington,VA22202
(703/603-7321)

Pittsburgh Naval Reactors Offic_ DOE/PNRO P.O. Bat 109 Bettis Atomic Power _tmy ,,a
West Mifflin, PA 15122-0109 Naval Reacte_ Facility (Idaho Falls, ID)
(412/476-._oo)

Naval Reacttws Offi_ DOF_./SNRO P.O. Beg 1069 _ Atomic Pemer Lalxwatoty
Schenectady, NY 12301-1069
(5_s/395.4o_)

aAccess to main organizations.



Td_lc D3. 16_or DOE Jla aNI _ m_k_d w il lira mpoN

Principal con_cr(s) for site
Si_ty Symbotdabel operations _ mailing address DOE operations efftce

(Phone,,umber)a (Pheeenumber)a

Am_ Labo_tory AMES Iowa State U_ Chicago
SpeddmgHall (7O8/252-2OOD
Pammel
Am_ IA 50011-3020

(5_5_-26so)

Argcmne National La_East ANL-E Un-',wmatyof Chicago Chicago
9700SouthCassAvenue ArgonneAreaOffice

m 60439 ('nz_2-200 D
(708/252-2000)

Argonne National Laboratory-Westb ANL-W Univentityof Chicago Idaho
Idaho Site (208/526-011 l)
P.O. BeE 2528
Idaho Falls, ID 8.M03.2528
(2_533-7oe0) o.j

Battelle Columbus Labtwatecies BCLDP Battelle blenmt_ Institute Chicago
_g _ 505 KingAvenue (708/252-2001)

Colambe_ OH 43201-2693

(6]4/424-3989)

Brooghaven National Laboratory BNL _ U_ inc. Chicago
16 Somh Raikoad Street _ P,.reaOfft_
Upton. NY 11973-2310 (516/282-3427)
(5167282-2123)

Colonic Interim Stm'-,q_eSite CISS Bechtel National, inc. Oak Ridge
P.O. Bat 5169 (615/576-5454)
/ubany,NY122e5
(518/4824Y237)

Fermi National Azx:eleratc_rLabcwate_¢ FNAL Univenity _ A._mciatkm Chicago
P.O. Beet5OO lht_ Area Office

Batav_ IL 60510 (708/840-3281)
(70sa_3eee)



: _.'_ _s) forsite

l (-P_,e,m,_)" _ t)"
FaaaklE_ ManagemeetProject FE_M_e FleofDanJeb Femald

Femald_ _ (513/738-6319)

t_aao_eN c,xpomtm
P.O.IkK3987O4

74e0w:aeyRind
C'_u-i.as)iOH 45"239.8704
(S_)

Gr-,md Junc_m Proja_ _ GJPO Chem-Nnckar _ Inc. Altmquerque
P.O.BoK14coo (5es_54154)
Grand JnctioL CO 81502-5504

(3eanm-_m)

Ha_ord Si_ _F Wc_o,_ Ha_ord _. I,e. R_
P.O. Bet ;970 (509/376-7411)

(509/3"76-7511)

Idaho Natiomd Engineering Laboratecy INEL EG&G Idaho, ia¢. Idaho
P.o. Bat 1625 (2sw526_llD
Idaho Falls, ID 83415-4201
(2es/S26-ollD

Inbalatkm Tcmcolo_ Research lemimec ITRI _ B_ ud _ud AI__

P.O. Bez 5890

AI__., NM 87185

Kam_ City Plant KCP Alli_-Sig_ _ Cempsny

san_ FeSeraCaep_ (s_e_n-334s)
Kam_ City,MO 641(I
(s_-20eo)



T,_eO__(_,._

__$) forsite DOE operaliom

_ Laboratocy L3L Univemlyel"Califecaia SanFrmomm

Oee_ Rind _ aetSeteyt.at_._ae_
_, c.As_r_ s_om_
(5_e/4s6.4e_ (510__)

LivermoceNationalLaboratocy LLNL UniversityofCalifornia SanFrmcism

"_ E_ A_ue (51_
P.O. Bo_ 808, L-I
I:_ CA 94S.S0
(5|0/4_-1 lOO)

Los_ _ La_ LANL Uu_si_/oCC_r-.ia
P.O. lkE 1663 Los Alamos Area (Mfi_
Lm_ _l _S4S (___';-S_)
(5o5/sn-se6D .,_

Mound Plant MOUND EG&G Mound _ T_ __
P.O.B_ _00 _ AreaOmce

OH4S__ (SL_m6S-32"_)
(5_3_sss-4e2e)

NavatReacte_erosrmFmmtes
BettisAtomicPowerLaborntecy BAIL W_ Electric_ _ O_ o(Naval

p.o._ 79 I_ 0_'E-6O)
West _ PA 15122-0079 Pittstmr_ Naval _
(412/4"7_5me) (412/¢Ts-sm)

K_ AtomicPo,m-Lzbo_u_ rOU'L C,ene_E_tr__ DO_ om_ c_Na_
P.O.mz zo'_2 _ 0_E-¢,o)
_, NY]z30140"/2 Schenem_N.-v_RemorsOe_
(s_sms-4_ee) (5_s/_s.4eee)

P.O.m=_ _ (m_-_o)

t-2m/57.6-552@ (4_z_.._oo)



T,_ D.3(o_m._

Principalcm_s) forsite DOE _ ot_s:e
s_tex.c_ty Sym_ _ and_

(_ nmber_' _ n.nber?

Nevada Test Site NTS Rey_ _ & _
Comp,_. _c. 00Z/2_12_2)

P.O. Be_ 98521
Mail Stop 738
Las Vqas. NV 89193-8521
0_-9060)

Oak Ridge Institute for Sciem:e and Education ORISE Oak Ridge Associated Universities Oak Ridge
246 La_ Read (615/S76-5454)
P.O. Box 117

Oak Ridge,"IN37831-0117
(615/576-3000)

Oak_ K-25s_e K-25 _ _ _ _ _ OakR_e
P.O. Born2003 (615/57@5454) '_
Oak _ TN 37831-735S o
(6_5,,5_6-5454)

Oak_ N._ La_-or_ ORNL MmmMmeuaEae_ Sy_m_ hx_ Oak
P.o._ 2008 (6Ls_%-54.s4)
Oak Ridge, 'IN 37831-6235
(615/y76-5454)

Oak Ridge Y-12 Plant Y-12 Martin MariemtEner_ Sy__.ems,Inc. Oak Ridge
P.O. _ 2009 (615/576-5454)
Oak Ridge, "IN37831-8010
(6_5/5_6-5454)

Pacific Northwest Laboratoryc PNL Battelle baa_mial Institute
Battetle Boulevard (509/376-7411)
P.O. Bot 999
Richland, WA 99352

(509/375-2121)



Table !)3 (c_

Principal contraclor(s) for site
DOE operatious officeSite/facility SymboIAabel _ and mailing addre_

(Phone number) a (Phone number) a

Paducah Gaseous Diffusion Plant PAD Martin Marietta Energy Systems, Inc. Oak Ridge
P.O. Box 1410 Paducah Site Office

Paducah, ICY 42001 (502/441-6800)
(502/441-6000)

Pantex Plant PANT Mason & Haager-Silas Mason Albuquerque
Company, Inc. Amanllo Area

P.O. Box 30020 (806/47%3000)
Amarillo, "IX 79177

(806/47%3000)

Pinellas Plant PINELLAS Martin Marietta Specialty Components, Inc. Albuquerque
P.O. Box 2908 Pinellas Area Office

Largo,FL 34649-2908 (813/541-8196)
(813/541-8001)

Portsmouth Gaseous Diffusion Plant PORTS Martin Marietta Energy Systems, Inc. Oak Ridge
P.O. Box 628 Portsmouth Site Of En:_

Piketon, OH 45661 (614/897-2331)
(614/897-2331)

Princeton Plasma Physics Laboratory, PPPL Princeton University Chicago
P.O. Box 451 Princeton Area Office

Princeton, NJ 08543 (609/243-3700)
(e_gf243-2000)

Reactive Metals, Inc. Extrusion Plant RMI RMI Titanium Company F_
P.O. Boa: 579 Ashtabula Area Offme

Ashtabula, OH 44004 (216/992-7442)
(216/992-7442)

Rocky. Flats Plant RFP EG&G Rocky Flats, Inc. Rocky Flats Office
P.O. Box 464 (303/966-7000)
Golden, CO 80401-0464

(3o3m_7o0o)



Table D3 (comimm_

Principal conL_acmr(s) for ute
DOE operations

SiteJfadlity Symbol/label operations and mailing address
(Phone number)a (Phone numberya

Sandia National Laboratories

Albuquerque SNLA MarxmMarietta Sandia Corporation Albuquerque
P.O. Box 5800 (505/8454154)
Albuquerque, NM 87185-5800
(505/844-5678)

l_Jvermore SNLL Martin Marietta Sandia Corporation Albuquerque
P.O. Box 969 (505/8454154)
Livermore, CA 945514)969
(510/294-3000)

Santa Susana Field Laboratory SSFL Rockwell International San Francisco
(Energy Technology Engineering Center) (ETEC) Rocketdyne Division (510/273-6383)

6633 Canoga Avenue
P.O. Box 1449 '._
Canoga Park, CA 91304
(8184586-5326)

Savannah River Site SRS Weslin_Jouse Savannah River Company Savannah River
P.O. Boa 616 (803/725-6211)
Aiken, SC 298O2
(803/72,5-6211)

Stanford Linear Accelerator Center SLAC Stanford University San F_
P.O. Bog 4349 Stanford Site Office
Palo Alto, CA 94309 (415/926-3208)
(415826-330o)

Three Mile Island-Unit 2 Reactor TMI-Unit 2 General Public Utilities Idaho
P.O. Box 480 Three Mile Island Site Office

Middletown, PA 17057 (717944-7621)
(717/944-762i)



Table D.3 (ceminued)

Principal contractor(s) for site DOE opcxationsoffme
Site/facility Symbol/label operationsand mailing address

(Phone number) a (Phone number) a

Waste Isolation Pilot Plant WIPP Westinghouse Electric Corporation Albuquerque

WIPP Project Office WIPP Project Office
P.O.Box2O78 (505/S87-8115)
Carlsbad, NM 88221

(505/ss5-7500)

Weldon Spring Site Remedial Action Project WSSRAP Jacobs Engineering Group, Inc. Oak Ridge
MK-Ferguson Company Weldon Spring Site Office
7295 Highway 94 South (314/441-8978)
St. Charles, MO 63304

(314/441-8978)

West Valley Demonstration Project WVDP Westinghouse Electric Corporation Idaho
West Valley Nuclear Services Company, Inc. West Valley Project Office

10300 Rock Springs Road (716/942-4313) _.
P.O. Box 191

West Valley, NY 141714)191

(716/942-3235)

aphone number for access to main organization.

bpart of the Idaho National Engineering Laboratory.
Cpart of the Hanford Site.
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TabSeD.4.MajorceNmm_ci__ vmstediq_s_ sJt_s_m_d inthis_

Principal contractor(s) for site operations
Site Symbol/label and mailing address

(Phone number) b

Barnwell BARN Chem-Nuclear Systems, Inc.
140 Stoneridge Drive
Columbia, SC 29210
(803/256-0450)

Beatty BETY U.S. Ecology, Nuclear
P.O. Box 578

Beatty, NV 89003
(702/553-2203)

Maxey Flats MFKY Commonwealth of Kentuckyc
Department of Environmental Protection/Superfund Branch
Maxey Flats Project
14 Reilly Road i
Frankfort, KY 40601-1190
(502/564-6716)

Site address:

Maxey Flats Project
Route 2
P.O. Box 238A
Hillsboro, KY 41049
(6o6/'784-6612)

Richland RICH U.S. Ecology, Nuclear
P.O. Box 638
Richland, WA 99352
(509/377-2411)

Sheffield SttEF U.S.F.coiogy, Nuclear
P.O. Box 158
Sheffield, IL 61361
(815/454-2342)

West Valley WVNY Westinghouse Electric Corporation
West Valley Nuclear Services Company, Inc.
10300 Rock Springs Road
P.O. Box 191

West Valley, NY 14171-0191
(716/942-3235)

New York State Energy Research and Development Authority
2 Rockefeller Plaza

Albany, NY 12223
(518/465-6251)

aDoes not include uranium mill railings sites. See Table 5.2.
bphone number for access to main organizations.
CThe Commonwealth of Kentucky assumed operating contractor responsibilities for the Maxey Flats site in 1992.
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APPENDIX E. INTEGRATED DATA BASE READER COMMENT FORM

To maintain an updated distribution list for this report, the Integrated Data Base (IDB) is asking its readership to
supply the information requested on the Reader Comment Form provided at the end of this report. When filling out this
form, please respond to the questions in Items 1-11 (note that some require two answers). Item i2 requests some personal
information (please type or print your complete name and mailingaddress). To be eligible for future updates of thisreport,
please fold, attach stamp, and mail the completed Reader Comment Form to the Integrated Data Base Program at the
mailing address given on the back of the form (and listed below) by September 1, 1994. Also, please notify the IDB
Program of any corrections or future changes in your mailing address. Your cooperation and assistance are greatly
appreciated.

Integrated Data Base Program
Oak Ridge National Laboratory
105 Mitchell Road

Mail Stop 6495
P.O. Box 2008

Oak Ridge, "IN 37831-6495
Phone(s): 615/574-6823

615/576-7575
Fax: 615/576-0327
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GLOSSARY OF TERMS

This glossarygives definitions of .some terms commonly used in the main body of this report. A more detailed gk_ary
of waste terms,a applicable to the DOE complex, is being developed by the DOE Office of Environmental Restoration and
Waste Management and will be issued for use by DOE and its contractors in early 1994.

At:tinklm: Elements with atomic numbers from 90 to 103 By..ptx_uct material: (1) Any radioactive material (except
inclusive. (Note that actinium is not part of this group.) special nuclear material) yielded in, or made radioactive by,

exposure to the radiation incident or to the process of
.At:tivatkmproduct: A radioactive material produced by producing or utilizing special nuclear material. For
bombardment with neutrons, protons, or other nuclear purposes of determining the applicability of the Resource
particles. Conservation and Recovery Act to any radioactivewaste,

the term "any radioactive material" refers only to the
Ageetmmt State: A state that has entered into an actual radionuclides dispersed or suspended in the waste
agreement with the U.S. Nuclear Regulatory Commission substance. The nonradioactive hazardous waste
(as specified by the Atomic Energy Act of 1954) and has component of the waste substance will be subject to
authority to regulate the disposal of low-level radioactive regulation under the Resource Cons,_rvationand Recovery
waste under such an agreement. This term is used in the Act; (2) the tailings or waste produced by the extraction or
Low-Level Radioactive Waste Policy Act (Public Law concentration of uranium or thorium from any ore
99-240). processed primarily for its source material content. Ore

bodies depleted by uranium solution extraction operations
Alphadeca_. Radioactive decay in which an alpha particle and which remain underground do not constitute "by.
(4IIe nucleus) is emitted, product material."

Beaa decay:. Radioactive decay in which a beta particle Cak:ine: A form of high-level waste produced from
(negative electron)is emitted, defense reactor fuel reprocessing waste (at the Idaho

Chemical Processing Plant) by heating to a temperature
glass: A type of glass containing at least .5% below the melting point to bring about loss of moisture

boric oxide. It is used in glassware that resists heat and is and oxidation to a chemically stable granular powder.
a leading candidate for use in high-level waste
immobilization and disposal. Canister: A metal container used for the storage or

disposal of heat-producing solid high-level radioactive
Branching ratio: In branching radioactive decay, the waste.
fraction of nuclei that disintegrates in a specific way. (It is
usually expressed as a percentage.) Capacity factm', plant: The ratio of the electrical energy

actually supplied by a power plant in a given time interval
Burnup, specifE The total energy released per initial unit to the electrical energy that could have been produced at
mass of reactor fuel as a result of the fission process continuous full-power operation during the same time
occurring. The unit commonly used for specific burnup is period.
megawatt-days per metric ton of initial heavy metal,
MWd/MTIHM.

"U.S. Department of Energy, Office of Environmental Restoration and Waste Management, Glossary of Terms,
working draft, July 1993.
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Capmlet: Encapsulatcdstrontiumand cesiumhigh-level Deep bedplant: A ix)iling-watcrrcactor h,cility usinga
wastesproducedfromdefensereactorfuel reprocessingat demineralb,.crve,s,sclfor water purificationwhichc_)ntains
the Hanford site. an ion.exchangeresinthat is3 or more ft deep.

(:]addio_ A corrosion-resistanttube,commonlymadeof DidnteBratkmenergy(Q-value): The amount of energy
zirconiumalloyor stainlesssteel,surroundingthe reactor releasedin a particular nucleardisintcgrati()n. This is
fuel pelletswhichprovidesprotectionfrom a chemically usuallyexpressedin McV/disintegration.
reactiveenvironmentandcontainmentof fissionproducts.

DOE wasie: RadioactivewasteprcxJuccdfrom activities
Code of Federal R©gulalJlom:A documentationof the supportedby the Department c)f Energy and/or U.S.
generalrulesby the executivedepartmentsof the federal governmentdefenseprograms.
government. The code is divided into 50 titlcs that
representbroadareassubjectto federalregulation.Each Dou_ lank wasa_ Iligh-lcvel wastes,generated
title isdividedintochaptersthat usuallybear the nameof from defensereactorfuel reproces,singat I lanford,which
the issuingagency.Eachchapterisfurthersubdividedinto arestoredindouble-shelledtanks.Thesewastesc()nsistof
partscoveringspecificregulatoryareas, a mixture of liquid and suspendedsolidsreferred to as

slurry. Seealso"single-shelltankwastes."
Control rod: A movablepart of the reactorcore that is
adjustedto regulatethe degreeof fuel fissioningin the lF_,lccironcalXurc: Radioactivedecayin whichan orbital
core. electronis capturedby the nucleusof the radionuclide.

fuel: Chemical treatment of yellowcake Enridmmm, fuel: A nuclear fuel cycle processwhich
(U3Oa) to uraniumhexafluoride(UF6) in preparationfor increases the concentration of fissionable uranium
enrichment. (i.e., Z_SU)in uraniumoreaboveitsnaturallevelof 0.71%.

(The method currently utilized in the United Slatesis
Core, nuclear reactor:.That part of the reactor which gaseousdiffusion.)
containsthe nuclearfueland in whichmostor all of the

nuclearfissionsoccur. Eovironmental Impact Statement: A report that
documents the information required to evaluate the

Daughter product(s): The nuclide(s) formed by the environmental impact of a project. Such a report informs
radioactive decayofthe parent radionuclide, decision-makers and the public of the reasonable

alternatives whichwould avoid or minimize adverse impacts
Decay, _: The transition of a nucleus from one or enhance the quality of the environment.
energy state to a lower one, usually involving the emission
of a photon, electron, neutron, or alpha particle. Eavitoamealal ramatatitm: Cleanup Kind restoration of

sites contaminated with radioactive and/or hazardous
Decay chain, mdiom:tive: A series of nuclides in which substances during past production, accidental releases, or
each member decays to the next member of the chain disposal activities.
through radioactive decay until a stable nuclide has been
formed. Equilibrium cycle: An assumed _uclear fuel cycle in which

the feed and waste materials of a facility have constant
Activities taken to reduce the potential compositions. In a reactor this condition typically results

health and safety impacts of commercial and DOE- after the third or fourth fuel-loading schedule.
contaminated facilities, including removing a unit from
operation and/or decontamination, entombment, Fabricatkm, fuel: Conversion of enriched Ut._ into pellets
dismantlement, or conversion of the site to another use. of ceramic uranium dioxide (UOz). These pellets are then

sealed into corrosion-resistant tubes of zirconium alloy or
_g wastes: Wastes (generally low-level) stainless steel. The loaded tubes, called fuel elements or
collected or resulting from facility decommissioning rods, are then mounted into special assemblies for loading
activities, into the reactor core.

Dectmlamiaalk_ Activities taken to remove unwanted Fertile nuclide: A nuclide capable of being transformed
(typically radioactive) material from facilities, soils, or into a fi_ile nuclide by neutron capture.
equipment by washing, chemical action, mechanical
cleaning, or other (treatment) techniques.
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Iqlter/deminerallzer plant: A facility that combines (;'lain frit: A fusible ceramic mixture used to make glass
filtrationandion-exchangeprocessingusingnonregenerable for u_ in the imm()bilizati()nand disi_,¢_ll()f high-level
t'x_,vered resins, wastes.

F_ailc nuc_de: A nuclidecapableof undergoingnuclear (lrealer-than-Clau-C low-level waste: Waste from
fi_ion with neutrons, commercial _)urces containing radi()nuclideconcentrations

i that exceed U.S. Nuclear I,LegulatoryCommission limits for
F'imion, nudcat:. The dMsion of a heavy atomic nucleus ('lass (" low-level radioactive waste as defined in 10 (TFR
into two or more isotopes, usually accompanied by the Part 61.55.
emi_ion of neutrons and gamma radiation.

(]rout: A mortar or cement mixture u_d to imm()bili_'e
lqu/on products: Nuclides produced either by fi_ion or by radit_lctivewastes.
the sutxc,equent decay of the nuclides thus formed.

llalf4ife, rndklactive: For a single radioactive decay
Irm_ao,qx_ta_x)u_ Nuclear fission that occurs without process, the time required for the activity to decrca_ to
the addition of particles or energy to the nucleus, one.half of its initial value by that pnx:es.s.

Formerly utilized mite: A site contaminated with llmmtdca= waste: Nonradi(_ctive waste containing
radk_ctive wastes whichwas previouslyu_d for supporting concentrations of either toxic, corrcxsive, flammable, or
nuclear activities of the DOF.'s predeces_r agencies, the reactive chemicals al_we maximum permissible levels as
Manhattan Engineer District (Manhattan Project) and the defined by the ILS. F.nvironmental Protection Agency
Atomic Energy CommLssion. (EPA) in 40 CI:R Part 261 or i'x)lychlorinatedbiphenyls

(PCBs) atxwe maximumpermissiblelevels as definedby
Fuel amembly:. A grouping of nuclear fuel rods that the EPA in 40 (2FR Parts 702-7_.
remains integral during the charging and discharging of a
reactor core. lligh_ waste: As defined by the Nuclear Waste Policy

Act, high-level waste is (1) the highly radioactive material
Fuel cycle, nuclear:. The complete series of steps involved resulting from the reprocessing of spent nuclear fuel,
in supplying fuel for nuclear reactors. It includes mining, includingthe liquid waste produced directly in reproces,sing
refining, UF6 conversion, enrichment, fabrication of fuel and any solid material derived from such liquid waste that
elements, use in a reactor, and management of radioactive contains fission products in sufficient concentrations and
waste. It may also involve chemical processing to recover (2) other highlyradioactive material that the U.S. Nuclear
the fissionable material remaining in the spent fuel, Regulatory (2ommission, consistent with existing law,
reenrichment of the fuel material, retabrication of new fuel determines by rule to require permanent isolation.
elements.

llydrofracture: A process formerly used for permanent
Ge.neratkm (eka:trk:ity): The process of producing electric distx_d of Imv-level(approximately 0.25 Ci/l.) liquidwaste
energy from other forms of energy; also, the amount of at the Oak Ridge National l.al_ratory. The process
electric energy produced, commonly expressed in involved mixing the waste with a blend of cement and
kilowatt-hours (kWh) or megawatt.years [MW(e).years]. other additives with the resulting grout being injected into

shale at a depth of 200 to 300 m. The injected grout
Geaemtkm (grma): The total amount of electric energy hardened into thin, horizontal sheets several hundred
producedby the generatingunitsina generatingstationor meterswide.
stations,measuredat the generatorterminals.

Industrial wa_e: Commercial k_-Ievel waste resulting
C_w.mmation(ne..t):Grossgenerationlesstheelectricenergy from nonnuclearfuel cycle sources. These include the
consumedat the generatingstationfor stationuse. commercial producers of radiochemicals and

radiopharmaceuticals,luminousdial manufacturers,and
Generation (wam¢): The origination of new wastes from instruments that incorporate .sealed source components
various facility operations (includingproduction, rework, (e.g., smoke detectors).
decontamination and decommissioning, and environmental
restoration), including the recovery of pre-1970 lmr,tituUtm_ waste: Commercial low-level waste resulting
transuranic-produced wastes, should their recovery be from bioresearch, medical, and certain nonbiore_arch
determined necessary, sources. Biore_arch wastes include wastes from animal



322

studies at universities. Medical wastesinclude those componentsincludeshrouds,controlrods,fuel channels,
generatedfromdiagnosticand therapeuticprocedureson in-corechambers,support tubes,and dummyfuel rods.
humans at hospitals. Nonbiorescarchwastes include
researchreactorwastes; small.volume,scaledradiation IPal'm¢ A radionuclid¢that upondecayyieldsa specified
sources;andacceleratortargets, nuclide(the daughter)eitherdirectlyoras a latermeml'Jcr

of a radioactivedecayseries.
I.,eaddng The processof removalorseparationof soluble
componentsfrom a solidby percolatingwater or other Plemumss_ld,_ Astrong-wallcdcontatncrhousing
liquidsthroughthe solid, the coreof mosttypesof powerreactors. It usuallyalso

containsothercorecomponentssuchasthemoderatorand
l.ow.l¢'vel Im¢: As specified in the Low.Level control rods.
RadioactiveWastePolicyAmendmentsAct of 1985(Public
Law 99.240), radioactivewastenot classifiedashigh.level PUREX TM IxoceE A solventextractionprocessthatmay
waste,spentnuclearfuel,or by.productmaterialspecified be employedin the reprocessingof uranium/plutonium.
as uraniumor thoriumtailingsandwaste, basednuclearfuels.

Mill _ urmdum: Earthenresiduesthat remainafter _ The number of spontaneous nuclear
the extractionof uraniumfrom ores. TaUingsmayalso disintegrationsoccurringin a givenquantityof material
containother mineralsor metals not extractedin the duringa suitablysmallperiodof time. A unit of activity
process, commonly used is the curie (Ci), which is 3.'7x 101°

disi,tegrations/s.
MJmxlIow.4cs¢lwaglc: Wastethat satisfiesthe definition
of low.levelradioactivewaste (LLW) in the Low.Lcv©l _, boiliq-watt¢. A light.waterreactor in which
RadioactiveWastePolicyAmendmentsAct of 1985and water,usedas bothcoolantand moderator,is allowedto
that containshazardouswastethathasat leastoneof the boil in the core. The resultingsteam is useddirectlyto
followingcharacteristics:(1) islistedasa hazardouswaste drivea turbine.
in SubpartD of 40 CFR Part 261, (2) exhibitsanyof the
hazardouswastecharacteristicsidentifiedin SubpartC of Rzaclor, Ixeedm':.A reactor that produces more
40 CFR Part 261, or (3) containsPCB-containingwastes fissionablefuel than it consumes. The new fissionable
subjectto regulationunderthe ToxicSubstancesControl materialis createdbya process(breeding)inwhichfission
Act and40 CFR Parts'702-'799. neutronsare capturedin fertile materials.

Mizd wmle: Wastethat includesconcentrationsof both Reactor, fast time A reactorin whichfissionis induced
radionuclidesandhazardouschemicals, predominantlyby fast neutrons.

Moderator: A materialusedtoreduceneutronenergy(for Reactor,Idgh_tur¢, _ A nuclearreactor
fissioningif in a reactor)by elasticscattering, that usesan inertgas(helium)asthe primarycoolantand

graphiteas the moderator.
MRS _ A proposed facility for the monitored
retrievablestorageof spent fuel from commercialpower Reacts, light-watcx:A nuclearreactor that useslight
plants.Suchafacilitywouldpermitcontinuousmonitoring, water (HzO) as the primarycoolantand moderator,with
management,andmaintenanceof thesewastesandprovide slightlyenricheduraniumasthe fuel. There are two types
for theirreadyretrievalforfurtherprocessingor disposal, of commerciallight-waterreactors: boiling-waterand

pressurized.water.
Nm.uml_ occurring and accclcratm'-produccdradioecti_
material: Any radioactive material that can be considered Reactor, naval prolmldon: A reactor used to power a
naturallyoccurringand is not source, special nuclear,or by- vessel or submarine of the U.S. Navy.
product material or that is produced in a charged particle
accelerator. Reactor, prcmurizcd-watez:. A light-waterreactor in which

heat is transferredfrom the core to a heat exchanger via
Neutron activation: The process of irradiatinga material waterkept under high pressure, so that high temperatures
with neutrons so that the material itself is transformedinto can bc maintained in the primary coolant system without
a radioactivenuclide, boiling the water. Steam is generated in a secondary

circuit.

N(mfucl compmcnt¢ Nuclear reactor core parts and
hardware, excluding the nuclear fuel itself. Such



Rcaclor,_ A reactorwh('_r¢ pr=mar),purt'xv,c is Slurry, high.level w'_le: A _,._1_.r)_))_xl_Jrt, _,I hi,qhl_
to produce flMile or other malerials or to perform r_tdlt_aCllVe,lrts_ltlhle nl_tlfer_
irradiations on an industrial scale. Linle_s otherw=._

specified, the term usually refers to either a tritium, or _rc_rtl ¢=tinl_lkrr 'IllL' _'p_lr=fli_)n(,Irlt;!tt'ri_ll_fdfller_'rll
plutonium.production facilityusedIo pr¢xluee materials for chem=cal iy[x's =rod,_duhihllcs t_,.st'l¢,_etch._lvcnl _|clt_n_
nuclear weapor_, u_'d It) re,.'_,ver;rod .'._L'pilr_tle tlr;lt'lltlt]l _wtti piLlllqlitlr11Ill

repr=_c'_ml,_,_t,',t! nude;ir IL=¢_.I
Reacli_, _ A reactor whose nuclear radial=onsare

u.,,edprimarily = a t(x)l for ha.sicor applied re,arch. _xJr¢.'c tel'm (llHt I'r_gr,_m us;_gc): A _ct _,l qu;fllt_=t=vc
Typically, it has a thermal [x'_werof 10 MW(I) or le_,_and =rodqt==mtitat_,.,efee=luresu_d t_ LIt'_-r=_ the =_r=gm=mtl

may include facilities for testing reactor n'mleriais. L',_llt'cnlratJ,)f) ¢)[ r=tdi,,alctit,e w_i_tc. l]_e qu=llll;llivc
f¢;littr¢._inclt_¢l¢_tlh_,'L'h_irl¢_fw_sie slre;_m__cner=flcd t_

Reaclor, l¢41t: A reactor associaled with an a h|clhly [)r Ill) ti('lP.'lly. ()UillllliiiilV{" i¢;Htl/t"¢, mt'h=dc

engineering-scale lest program conducted to develop basic (1) Ihe number ,)f t'ur=es{_l i;idt(_;tCiWliVcxprt'_,_cd either
design information or demonstrate _fety characteristic._of per unit ()f hlcilily pr(x.luc'te(m¢_rper un={of w==.,_lt,v(_lume
nuclear reactor _tems. or mas,_and (2) a listing of the reh=tiveconccnlr_ti()n._ (_f

eomTx)nenl r=oHioi_)l()p¢._Tx'r curie (_f W';L_I¢_,_livily_
fuel: Irradiated reactor fuel that is dL_harged

in one cycle and inserted into the same reactor during a _ nuclear material: I'lt_l_ntt_m.=_ru=;_niun)enriched
subsequent refueUn8. in a few cases, fuel discharged from to a higheFlh=m.m,lur=fl ;=_,_,y
one reactor has been u_d to fuel a different reactor.

Spcmt fuel: Nuclear fuel that has tx:en permanently
_, _ A facility that has an excavated discharged from a reactor after it has been irradiated.
subsurfacesystem for the permanent disp_x_alof spent fuel Typically, spent fucl is measured in lerms ¢)f either the
and high-level waste, number of di_hargcd fuel a_scmhlics or the quantity of

di.,,chargcd fuel ma.ts. The h=ltcr is measured eilher in

R_fu¢l: The chemical/mechanicalproce._ingof metric tons of heavy metal (i.e., only the heavy-metal
irradiated nuclear reactor fuel to rem(_ve fi_,_ionproducts content of the spenl fuel L_considered) or in metric I¢)nsof
and recover fls.sileand fertile material, initial heavy metal (e_,cntially, the inilinl heavy-metal ma_,_

of the fuel before irradiation). 'ilte difference between

Salt _ A salt form of high-levelwaste stored in tan_, these tw() quantities is the weight ()f the fi_,_ionpr(nlucts
which is produced from neutralizing acidic liquid waste prtxlueed during irradiation.
from deferv,¢ reactor fuel reprex:essing with an alkaline

agent (caustic soda). 1_ power:. A measure of the rate of heel-energy
emL_sion that results from the radioactive decay of a

A low.level waste by-product from the material. A unit of thermal ix_wer commonly umd is the
solidification of high.level waste at the Savannah River Site. watt (W).
Saltstone is retained in trenches at the Savannah River

Site. "11IORI_.X pro_ A.solventextraction proces.sdeveloped
for the repr_x:cssin8of thorium-ha_d nuclear fuels.

Sea-bed _ Placement of waste packages in deep

ocean sediments. Tramuranic waste: As defined and u._d hy the U.S.
Departmenl of F.nergy (I)()1_ Order 5820.2A), radioactive

Sea dlul_:=il_ (dli_pQlal): The practice of peri¢x.lically waste that, at the lime of a_y, contains more than

dumping shiploads of drummed, solidified waste into the 100 nCi/g of alpha..cmilting i._)l(_peswilh alomic numbers
ocean at specified locations. (No longer performed.) greater than ¢)2and half.lives greater them 2() years.

Separatlv¢ work unit: The standard measure of .1"ramuranic waste ao_ptallZ_ _itcria: A set ()l ¢',)nditi(:ns
enrichment services. The separative work unit (SWU) is cs_hlished f(_rpern)ilting I[;tlL_t_l;tl_l_," W;_;!(.'_; It) t',?disp*)'_t'(t
expressed as a unit of mass. For example, ! kilogram of al the Wz_sle l_l;_ti()n Pil(_l I'l;mt.
separative work is expres._d as I kg SWU.

.1'_ranic wa._leccrtificatkm: 'l'he pr_,.'e_s for veril_=r_g
Sin_ tankwa_tc_ I iigh-levelwastes, generated from that ;t StlSpCt'tr=,di()_ictivew;istc is Ir;lllStl!_lrlic'.
defense reactor fuel reprocessing at }lanford, which are
stored in single-shelled tanks. "l'he._ tanks coati=in

inventories of liquid, sludge, and _ll cake. See also
"double.shell tank wastes."
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mlt_, maii:i-bimlk_ Transuranicwaste _ The conversionof high.levelwaslemateriab
with a surfacedo_ rate of leM than 200 mrem/h and intoa81troyor noncrystalline_lid for _ul'x,a:quentdisposal.
minimalheat Ilenerationto permit handlinllby contact
methods. Wile _ Pikl _ A facility, located near

Carlsbad,New Mexico,to be usedfordemonstratinllthe
Tra_llmi¢ wlml=_¢U_ a_lyNKmde_rucUve safe dispmalof transuraniewastesfrom DOE activities.
¢nmlmUolk Nondestructivetest proceduresperformed
on suspect transuranic wastes to determinc their Yclk]mcIil_ A uranium oxide concentratethat results
transurani¢Isot_ concentration.From thesetestssuch from mtlUn8 (concentratins)uranium ore. It typically
wastescan be properlycla_dfled(certified)aJ transuranlc contains80 to g0% UjO 0.
or low.level.

mm¢, rlmmta-blcdlo_ Transuranicwaste
witha surfacedine rateof ltreaterthan200mrem/hand/or
heat 8eneration to require remote handlin8 and/or
shieldinli.
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ASmamt state,207 _ orU,w, 113
Ameslatn1_ (AMmg307 _ orVedenagesum_rs(Ca_)

LLW at, 116, 121, I.'30-33 10 CFR Part 61, 115, 195
mixed LLW at, 208.4)9, 217-18 40 CFR Part 61,148

Arl_nne National lattmcato_ 40 CFR Part 191, 9
Argonne, Illinois (ANI.-E), 307 40 CFR Parts 260-271,212

LLW at, 121, 130-33 40 CFR Parts 702-799, 212
mixed LLW at, 209 Corn[him.mire i_ntal R_, Compensation,
SF at, 36 and Liab/UtyAct (CERCLA), 157
TRU waste at, 82, 87, 89--93

idaho Falls, Idaho (/_.NL-W), 307
LLW at, 1.30--33 !_ of ¢eEtort
miscellaneous radioactive materiais at, 243 NRC alternatives, 176
mixed LLW at, 217-18 reactor shutdown dates, 182
SF at, 36 waste volumes from alternatives, 190
SF projected at, 40 Dccnmmlssic_g wastes, mmmefc/al, 175

Atomic Eneflly Act (AEA), 3, 8-9, 157, 207 alternatives for (DECON, SAFSTOR, ENTOMlt),
176

characteristics of, 175-76
Barnm_ (South Carolina) ¢tmlmefttat waste site, 115-16 from BWRs, 177, 195

LLW at, 120-22, 126 from PWRs, 177, 196
Ikatty _devsds) mmmefclal waste site, 116 from specific facilities and sites

LLW at, 140 Cimarron Fuel Fabrication Facility, 178, 2(,4
_..water tellcto¢ (BWR), 6, 15-16, 24, 27, 177-78, Dresden Unit-I Reactor, 177, 194

183-86, 246, 249, 251,260 Elk River Reactor, 176, 188

_ (see llish4evel waste) Fort St. Vrain Reactor, 177, 199, 200
BfoolUm_m National Lalxntoff OINL) llumboldt Bay-Unit 3 Reactor, 177, 197

LLW at, 121 Indian Point-Unit 1 Reactor, 178, 201
mixed LLW at, 217-18 La Crosse Reactor, 177, 195
SF at, 36 Pathfinder Reactor, 178, 200

Burnup,SF Peach Bottom Unit-I Reactor (IITGR), 178
distribution in BWRs, M Rancho Seco Reactor, 177, 198
distribution in PWRs, 35 San Onofre-Unit 1 Reactor, 203
of miscellaneous materials, 18-20, 22-29, 242-55 Santa Susana Sodium Reactor F.xperiment, 189

By-.im3dua material Saxton Reactor, 177, 196
LLW, 3, 113 Shippingport Station Decommissioning Project,
mill taUings,147..48 177, 191
volumes, 167, 170 Shoreham Reactor, 178, 201
l l(e)2' 161 Three Mile Island-Unit 2 Reactor, 177, 193

West Valley Demonstration Project, 177, 192
Yankee Rowe Reactor, 177, 202

Calcine(seellillh-lcvelwaste) Decommissioaln8wastes,submarinereactor

Capellemy(llF_q)LLW, 121,134 compartments,178
Ceramic(seelli_h.4evelwaste) Dcfeme WasteP_g Facility(DWPI,'),6,45

3_
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Oq_unm=m ofl_rlB (IX)E),15 l,'ueluembli=
U.nerl0'InformationAdministration(EIA),15-16 projectedforLWRs, 30-31
OfficeofEnvironmentalRestoration,4,7,82, referencecharacteristicsof,33

157-58,207

Eastern Area Programs, 159-60, 168, 171 _ Alonntc (GA)
Northwestern Area Programs, 159, 169-70 environmental restoration wastes at, 159, 168, 177-78
Southwestern Area Programs, 158-59, 167 SF at, 16, 32, 37, 40, 249

Office of Environmental Restoration and Waste OeoeraUon, commerc£qlnuclear ek'A:Uk:al,1i, 15-16, 22
Management, 157 _ frtt, 49

Office of FacilityTransition, 162 Graml Junction Remedial Action Project (C'dRAP), 158,
Order 5820.2A, 3, 81, 113, 161 167, 170
TransuranlcWaste Program,84 Ocalzr-thM-CIIm_C (OTC(_ low-levelwrote, 115

l:)bln_iPIKkm¢nm"u (see_) fromLWR decommissioning,115,142
Dou_ tank wute (see Illllh.4evel_) sourcesand characteristics, 115, 142.-43

I_a'm T_ FA_ Cee_(m'PX_159 ]laarordsue(JlANF),305,30a
TRU waste at, 82, 86, 89...93 environmental restoration wastes at, 159, 167, 170

l]avkonme=llal _ _t (FJS) IILW at, 43-45, 47.-48, 58, 61, 63, 66
Itanford defense waste, 45-46 canisters, 45, 57
West Valley, 114 chemical composition of, 72

Pmtectlon A/piney(FJPA), 148, 157, 175, redionuclidecomposition of, 73-74
207, 211 treatment methods for, 43, 50

IffanvtfoomenlalnaltOCatkmwastes, 7-8, 157-72 LLW at, 120-21, 130--33, 135
characteristics of, 160.-62 miscellaneous radioactive materials at, 241-42, 247
contaminated debris, 160.61, 170-72 mixed LLW at, 217-20, 225-35
contaminated soils, 160-6i, 166..69 SF at, 36-37
D&D activities, 157, 175-203 TRU waste at, 82, 87--93, 98-102, 110

locations of, 158-62 Ilanford Wrote Vitdtk:atkm Plant(IlWVP), 45
environmental restoration projects, 158-60 ilazardom wrote, 7.-8, 207-10
F'USRAP activities, 159.-60 llazardom Wrote RemcxllalActkms

locations of, 160, 165 (IIAZWRAP), 113, 207
site status, 161, 165 lligh4evel waste (IILW), 3, 5-6, 10, 12-13, 43-79

RA activities, 157-71 acid liquid, 43--44, 58
site status, 161 alkaline liquid, 43.-45, 58

UMTRAP actMties, 158 calcine, 43
Itw.ationsof, 164 canisters,45, 57
site status, 167 capsules,44

ceramic,43, 45
double-shelltank,43, 50

Falx'icatimt (nudem"fuel), 113, 184 glass,43, 45
ParalkmlaMmJl(FIS) LLW, 121,134 inventory,significantrevisionsof, 44, 66
Felt Fluz Tclt lRllclty _ 36-37 liquid,43-45, 48-50, 58-.66,68-69, 71-79
Vcgk:ral_ _ Act (FI,"CA),4, 161 locations of, 43
Fermi National AccP.Jetato¢Lalx_tmy (FNAL), 307 precipitate, 43

LLW at, 120-21 salt cake, 43-45, 72-73

mixed LLW at, 217-20, 225-35 single.shell tank, 44, 50
Fernald lff_tal Manalle.mentProject (FEMP), sludge,43-45, 72-73

304, _ slurry,43-45, 72-73
LLW at, 130-33 zeolite, 44
mixed LLW at, 217-20, 225-35 Ib/dmfra_ure, 113-14

Fort .St.Vim Reactor (FSVR)
decommissioning of, 185, 177-78, 199-200
SF from, 16, 32, 37, 40, 249 idaho Ommkad Prta:caaingPlant (ICPP), 304

Formaly Utilized Sil= Remedial .4ztkm Progralo HLW at, 45, 47
(FUSRAP), 159-165 calcine, chemical composition of, 70

canisters, 45, 57
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liquid, chemicalcompositionof, 69 Low-lcs¢l RadioactiveWastePolicyAmeadmcalaA_t
radionuclidecompositionof, 71 (LLRWPAA), 3, 115-16
tr_._atmentmethodsfor, 49 Low-levelwrote(LLW)

mi,,cellaneous radioactive materials at, 241-42, commercial, 114-i6, 120, 122-23, 125, 135-36,
248-55 139-44

idldlo Nallolnl _ ]_ (INEL) greater-than.Cl&_s-C(GTCC) wastes,3, 115,
[intludes_ Chemlml PncemlngPlant 142-43, 2.39

(ICPP)], 304 locationsof disposalsites,122, 135, 139-.40
environmentalrestorationwastesat, i59, 167-170 projections,125
HLW at, 45, 47 stateshipmentsto disposalsites,141

radk._nuclidecomposition of, 71 DOE, 113-14, 120-21, 12.3-24, 126-38
treatmentmethodsfor, 49 locationsof disposalsites,121, 126

LLW at,120-21,130-33,135 physicalcharacteristicsof,129

miscellaneousradioactivematerialsat, 241-42, projections, 124, 137-38
248-55 radionuclide characteristics of, 127-28, 130-33

mixed LLW at, 217-220, 225-35 saltstone (at SRS), 138, 291
SF at, 37 sea disposal of, 113, 134
TRU waste at, 82, 87.-93, 98-102, 110 inventory, significantrevisions of, 136

Inltalatkm T_ Resem'ch Imtltute (rrRI), 158 land usagestatus, 135
LLW at, 217-20 Low-Level Waste Management Program CLLWMP),
mixedLLW at, 217-20, 225-35 141,280

IntelFuted _ Ble {I]DB) lholpam, 1-2 Lynchburg TcchnolofffCenter (LlX2), 2.39
Reader comment form, 317 miscellaneous radioactive materials at, 241-.42, 244-45
Report assumptions, 4-5, 11 SF at, 37

JntmmM]=_Warn_ _ 0MWm_207

Manifest Infctmatiott Management System(MIMS), 114
K-25 Site (Oek RklF), 304, 310 Mmsachusetl.s Bay waales, 121, 134

LLW at, 120-21, 126, 130-33, 135 M_cy Flats 0Kentucky) commcfdal waste site, 314
mixed LLW at, 215, 2i7-20, 225-35 LLW at, 115, 120, 122, 125, 135, 139.-40

Kamm City Plant 01ECIP),304-05, 308 _ Fuel Recovery Plant (_) spent fuel, 2,
LLW at, 130-33 15-16
mixed LLW at, 217-20, 225-35 Mb_llaneom radioactive materials (MP,J_I), 3-4, 2.37-62

Knolb Attm_ Power I.,atmmtmy (KAPL), 306, 309 characteristics of, 3-4
TRU waste at, 82, 89-93, 98-102, 107-10 inventories of, 242.-62

locations of, 241
LLW, 4, 8, 207-36

ikltgley _ (LBL), 305, 309 commercial, 211-12, 236
LLW at, 130-33 characteristics of, 211-12
mixed LLW at, 209, 217-20, 225-35 generation, 236
TRU waste at, 82, 89-93, 98-102, 107-10 LWR-generated, 2.36

l.awtetge _ Natkmal _ttwy (IJ.NL), 305, DOE, 207-11
309 characteristics of, 217-35

LLW at, 120-21, 126, 130.-33 RCRA-/state-regulated wastes, 3-4, 8, 207-10
mixed LLW at, 209, 217-20, 225-35 generation, 219-20, 224, 233
TRU waste at, 82, 87, 89-93, 98-102, 107-10 inventories, 217-18, 223

Light-water reactor (LWR) physical/chemicalgroups, 221-22
LLW (see Low-k'vel wrote) TSCA-regulated wastes, 3.-4, 8, 207-11
radionucUdecharacteristics of spent fuel, 281--87 generation, 219-20, 227-28, 2.31-32, 234-35

Los Alarum National _ (LANL), 304, 309 inventories, 217-18, 22.5-26, 229-30
LLW at, 120-21, 126, 130-33, 135 wastes at specific sites, 215
miscellaneous radioactive materials at, 241-42, 2.¢;6 Mound Plant (MOUND), 304, 309
mixed LLW at, 209, 217-20, 22.¢;-35 LLW at, 130-33
TRU waste at, 82, 87-93, 98-102, 107-.08, 110 mixed LLW at, 209, 217-20, 22.¢;-35
SF at, 37 SF at, 37

IJ3w-_ Radi0EtJve Waste Policy Act (IJJtWPA), TRU waste at, 82, 87, 89-93, 98-102, 107--08, 110
113, 116
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NaUonal l_tal P_iicyAct (NEPA), 157 Prffjcctiontdmnari_m(IX)I_Z.IA),ctmuncrcialI.WR, 4-5,

Naluml_ otamrringand aomledator.qtt_ucedmdkmO.J_ 15-16,I0-20,22-3I,l16,148,2q2

(NARM), 113 Ix_vcrR,efcrcnce(_sc
NavalRtmctorsPrtRgam Facilitk=(IX)IVIIO,NE-60), forelectriclxn_ergeneratingcapacity,II,22

306,309 fordischargedspentfuel,13,19-20,23,27-29,31

I.LW at,130-33 No New OrdersCase

mixed LLW at, 209, 217-20, 225-35 for electric ptm,er generating capacity, 11, 22
Neutrtll _ product& 175-76, 293 for electrical generation, 292
Nevada TestSite,304,310 fordischargedspentfuel,13,19-20,23-26,30

LLW at, 120-21, 126, 130-33, 135 PUREX ImXa=S wrote, 44, 75-76, 79
muted I.LW at, 217-20, 225-35
TRU waste at, 82, 87, 89-93, 98-102, 107-.08, 110

Nonfuel I.WR om'e _Ot, 143 O-value, 266-72
Nuclear _ _ in U.S., 2, 5--6, 11-13, 15-16,

115, 175-78, 277-78
locations of, 18 Radionucli_ characteristic& 265-72, 280

Nuclear Regulatot_ C_mimicm (NRC), 3, 114-15, Reactive Metal_ lncx'rlgratod (RMI), Extntskm PlanL
i75-78, 207, 265 311

I.I.W at, 130-33
mixed LI.W at, 217-20, 22.5-35

Oak Ridse lmtitute for Science and FAucatkm Remedial action project& 7.-8, 157-62
(ORISE), 310 mixed LLW from, 210, 217-20, 225-35

mixed LLW at, 217-20, 22.5-35 Repmitmy, geologic, 2, 6, 16, 43, 45, 115, 2.'*,9
Oak Rid_ National l.alxratory (ORNI.), 304, 310 ReIwtxa=aing, fuel 2, 4, 6, 11, 15-16, 43-45, 75-77, 81,

environmental restoration wastes at, 159-60, 163, 2.'_9

168, 171 Rt=ourtm Conservation and Recovery Act 0RCRA)

LLW at, 114, 120-21, 126, 130-33, 135 wastesregulatedby, 3-4, 8, 157, 161-62, 207.-08,
miscellaneous radioactive materials at, 241-42, 217-24, 2.33

2.57-58 Richland (Washington) ommnercial wa_ s/te, 314
mixed LLW at, 210, 215, 217-20, 225-35 LLW at, 120, 122, 135, 139-40

SF at, ."k8 Rocky Flats Plant (RIP), 311
TRU waste at, 82, 87-93, 98-102, 107.-08, 110 LI.W at, 130-33

ORIGFJq2 otmaputer code, 5 mixed LLW at, 210, 215, 217-20, 22.5-35
TRU waste at, 87-93, 98-102, 107-08, 110

Pacific N_ l.alxxatoty(PN1.), 310

miscellaneous radioactive materials at, 242, 246 Salt cake (see lligh-kwel waste)

Paducah (PAD) (;aseo_ Diffuskm P'laat, 311 Salt.stone (see lxJw.4evel waate)
LLW at, 121, 130-33 Sandia Natitmal l.,atmtatoty, Albuquerque (SN1.A), 312
mixed I.LW at, 210, 217-20, 225-35 LLW at, 121, 130-33
"IRU waste at, 89-93, 98-102, 107.4hq, 110 mixed LLW at, 210, 217-20, 225-35

Pantea (PANT) PlaaL 311 SF at, 38
LLW at, 121, 130-33 TRU waste at, 89-93, 98-102, 107--08, 110

mixed LLW at, 217-30, 225-35 Sandia National Laboratory, lJverntore (SNIJ.,), 312
Pinellm Plant, 311 LLW at, 130-33

LLW at, 130-33 mixed LLW at, 210, 217-20, 225-35

mixed LI.W at, 217-30, 225-35 San Diego (SIX]) U_,W, 121, 134
Pmlalmmth (PORTS) Gmetatu5 Dilluakm Plant, 311 Saata _ lhasia (SCB) IJ.,W, 121, 134

LLW at, 121, 130-33 Santa Susana lr_ld Laboratory (SSI,'L) [see Energy

mixed LLW at, 210, 215, 217-20, 22.5-35 Tec_ P.n_g Center (IT.IV.C)]
Premurized-wate2" reactor (PWR), II,15-16, 21-22, ZS, Savannah River Site (SRS), 312

28, 30-31, 33, 35, 176-78, 182-86, 1_-91, 193, Defense Waste Proces.sing Facility (DWPF), 6, 11, 45,
196, 198, 201.-03, 278, 280, 292 279

Printratm Plamm Pttysk:a latmeatory (PPPI.), 311 environmental restoration wastes at, 160, 163, If_l,
LLW at, 130-33 171

mixed I.I_W at, 217-20, 225-35
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tlLW at, 11-13, 43--45, 47--49,57--60, 62, 64, 66-68 Uranium mill lailing_, 3, 7, 12-13, 113, 147-55
canisters, 57 characteristics of, 148, 155

chemical composition of, 67 generated, 154
radionuclide composition of, 68 historical and projected volume of, 151
treatment methods for, 49 locations of active sites, 150

LLW at, 121, 126, 130-33 site status, 152-53

saltstone, 114, 138, 291 Uranium Mill "Failings Remedial Action Program
miscellaneous radioactive materials at, 2.39, 241-42, (UMTRAP), 158, 161, 163--64, 167, 17(I

Z_;9--62 wastes from, 161, 167, 170
mixed LLW at, 210, 217-20, 225-35
SF at, 38-39

TRU waste at, 87-93, 98-102, 107, 109-10 Vi_tkm, 6, 11, 43, 45, 49-50, 54-57, 60.-65, 67--68,
Sea.bed _, 113, 121, 134 79
Sheffw.ld (Illinois) _ waste site, 314

LLW at, 120, 122, 135, 139.-40

Sin_ tank waste (see lligh_ waste) Waste form ctmraeterizatkm, 2.-.6

Slurry (see lligh-level waste) Waste Isolatk_ Pilot Plant (WIPP), 313
Source tetm_ waste, 8, 275, 277-78, 293 TRU wastes to be placed in, 81, 84, 87

for commercial LLW disposal sites, 289-90 Waste "Management Information System (WMIS), 2, 4,
for DOE LLW dispcw_l sites, 288 82, 113, 207--.08
for saitstone at SRS, 291 Waste sitet,, 303-14

for wastes from D&D of LWRs, 277-78 Wekkm Spring Site Remedial Action Project
Specific activity, 266-72, 277-78, 280 (WSSRAP), 313
Spent fuel (SF), 2, 6, 10-13, 15-.40, 239, 281--87 wastes at, 168, 171

disposal of, 2, 16, 239 West Valley Demonstration Project (WVDP), 313
radioactivity and thermal power as a function of HLW at, 11-12, 43-45, 47-48, 50-52, 54-55, 57-59,

burnup, 21 61, 63, 65-.66, 75-79, 192

radionuclide inventory, 281-87 acid liquid, chemical composition of, 77
reference LWR characteristics, 33 alkaline liquid, chemical composition of, 75

Stanford Linear Aocelerator Center (SlAt7), 312 alkaline sludge, chemical composition of, 76
LLW at, 130-33 canisters, 57

mixed LLW at, 217-20, 225-35 chemical composition of future glass, 78
inventory, significant revisions of, 66
radionuclide composition of, 79

Tailings (see Uranium or Thorium mill tailings) treatment methods for, 50
TIIORF.X _ waste, 77, 79 zeolite resin, 6, 44, 58-59, 61, 63, 65, 79
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1993 INTEGRATED DATA BASE
Reader _t Form for _ Report (DOE/RW-0006, Rev. 9)

(Please submit by September I, 1994.)

1. Have you received a copy of the 1992 IDB report (last year's edition)? __ Yes __ No
If yes, please answer questions 2-.4. If no, please go on to question 5.

2. tlow many times did you use last year's version?
20+ times 11-20 times 4-10 times 1-3 times Not at all

3. How often did you find the information you needed in last year's IDB report?
Almost always (75-100%) _ Some of the time (25-49%)

Most of the time (50-74%) _ Rarely (0-24%)

4. Was the information easy to find and clearlypresented in last year's (1992 IDB) report? (Please check one answer
in each column.)

Easy to find _ Clearly presented
__ Not easy to find __ Not clearly presented

5. How much time have you spent looking over or reviewing this year's (1993 IDB) report?
__ None _ Less than 1 hour __ 1-3 hours _ More than 3 hours (specify how many) __

6. Does the information that you anticipate that you will need appear in this year's (1993 IDB) report?
Almost always (75-100%) _ Some of the time (2.5.-49%)
Most of the time (50-74%) _ Rarely (0-24%)

7. Is the information easy to find and clearly presented? (Please check one answer in each column.)
Easy to find _ Clearly presented
Not easy to find _ Not clearly presented

8. What information would you like to see added or expanded in next year's (1994 IDB) report?

9. What other improvements of this IDB report do you suggest? Please attach additional pages if necessary.

10. Would you like to receive next year's (1994 IDB) report? __ Yes __ No

11. What organization sponsors your work?
A. DOE organization

Office of Civilian Radioactive Waste Management (RW)
Office of Waste Operations (EM-30)
Office of Environmental Restoration (EM-40)
Other DOE office (please specify):

B. Other organizations
State and local governments
Private
Other

12.Submittedby:

Name:

Organization:

Address:

Telephone:

Fax:



| I
!




