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PREFACE 

The information in this report summarizes the U.S. Department of Energy (DOE) data bise for inventories, projections, 
and characteristics of domestic spent nuclear fuel and radioactive waste. This report is updated annually to keep abreast 
of continual waste inventoty and projection changes in both government and commercial sectors. Baseline information is 
provided for planning putposes and to support program decisions. Although the primary purpose of this document is to 
provide background information for program planning within the DOE community, it has also been found useful by state 
and local governments, the academic community, and a number of private citizens. 'Ih sustain the objectives of this prograni 
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 inquiries should be directed to the U.S. Department of Energy 
at either of the following: 

Office of Civilian Radioactive Waste Management 
Koute Symbol RW-432 Management 
1000 Independence Avenue, SW 
Washington, DC 20585-0001 'I'revion 2 

Office of Environmenlal Restoration and Waste 

Route Symbol EM-351 or 433 

Washington, D c  20585-0002 

This report was prepared by the Integrated Data Base Program, which is jointly 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. Fayton, DOE//KW-432, Washington, DC 20585-0001 
Telephone: (202) 586-9867 

J. T. Williams, I>OE/EM-351, Washington, DC 20585-002 
Telephone: (30 1) 903-7 179 

M. Tolkrt-Smith, 130133M-433, Washington, DC 20585-0002 
Telephone: (301) 903-8121 

J. A. Klein, ORNI,, P.O. Box 2008, Oak Ridge, TN 37831-6495 
'I'elephone: (615) 5746823 

An important part of the Integrated Data Rase Program is the Sleering 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. Facb support committee member 
is assisted by a technical liaison as needed. 'the participation and assistance of these individuals are acknowledged with 
appreciation. 

Ronald A. Milner 
Associate Director LDeputy ,&histant Secretary 
Office of Storage and Transportation 
Office of Civilian Radioactive 

/ 

Office of Waste Management 
Office of Environmental Restoration 

Waste Management and Waste Management and Waste Management 

tal Restoration 
Office of Environmental Rcstoration 

iii 
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Advanced test reactor 
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DOE Oak Ridge Operations Office, Oak Ridge, Tennessee 
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Hanford Waste Vitrification Plant, I-Ianford Site 

Idaho Chemical Processing Plant, Idaho National Engineering Laboratory 
Integrated Data Base (Program) 
Irradiation effects 
Industrial and institutional (waste) 
Interim Mixed Waste Inventory Report 
Idaho National Engineering T-almratory, Idaho Falls, Idaho 
In situ leaching 
Inhalation Toxicology Research Institute, Ertiand Air Force Base, Albuquerque, New Mexico 

(E.R.) Johnson Assmiates, Inc., Oakton, Virginia 
Joint Integration Office, Albuquerque, New Mexico 

Qak Ridge K-25 Site, Oak Ridge, l'ennessee (formerty called the Oak Ridge Gaseous IXEusion 
Plant) 
Knolls Atomic Power Laboratory, Schenectady, New York 
Kansas City Plant, Kansas City, Missouri 

b s  Alamos National Iaboratory, Xa Alamos, New Mexico 
Lawrence Berkeley Laboratory, Berkeley, Califcmia 
Laboratory for Energy-Related IIermlth Research 
Lnw-enriched uranium 
Loose fuel-rod shipping basket 
Light-water cooled, graphite-moderated reactor 
Lawrence Livermore National Laboratory, Livermore, California 
LOFT lead rod 
Low-Level Radioactive Waste Policy Act of 19 
Low-Imel Radioactive Waste Policy Amendments Act of 1985 
Imw-level waste 
Low-Level Waste Management Program 
Liquid Metal Fast Breeder Reactor 
Loss of coolant 
Loss-of-fluid test 
Low specific activity 
Lynchburg Technology Center, Ipchburg, Virginia 
Light-water breeder reactor 
Light-water reactor 

Mitsubishi Atomic Power Industrics 
Massachusetts Hay 
Manhattan Engineer District (Manhattan Project) 
Maxey Hats, Kentucky (commercial waste site) 
Midwest Fuel Reoovery Plant, Morris, Illinois (cnnirnercial spent fuel storage site) 
Manifest Information Management System 
Martin Marietta E n e r g  Systems, Inc. 
Mound Plant, Miamisburg, Ohio 
Miscellaneous radioactive material 
Molten Salt reactor experiment 
Metric tons initial heavy metal 
Metric tons uranium 
Missouri University Research Reactor 
Mixed waste 
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Not applicable 
Nuclear acceReratnr-$enerated radioactive material 
National Envirnnniental Policy Act of 1969 
Nuclear Fuel Services, Erwin, 'I'enncswe 
Naturally occurring radioactive material 
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Naval reactors 
Nuclear Regulatory Coniniission 
Naval Reactors Facility, INEL, Idaho 
National TececPlni~~l Tnformation Sewice, Springfield, Virginia 
Nevada Test Site, Mercuiy, Nevada 
Nuclear Uranium Materials and Equipment Corporation 
NUS Cbrporation, Gaithersburg, Maryland 
Nuclear Wale  Policy Act of 1982 
New York State Energy Research and Dev~l~pmenri Authority, Albany, New York 

Operational transit 
Oak Ridge complex: Oak Ridge National Laboratory, K-25 Site, and Y-12 Plant, Oak Ridge, 
'Tennessee 
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Oak Ridge Isotope Generabion and Depletion Code (Version 2) 
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Maryland 

Paducah Gaseous Diffusion Plant, Paducah, Kentucky 
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Powei Burst Facility 
Polychlorinated biphenyl 
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Pacific Northwest Laboratory, Richland, Washington 
DOE Pittsburgh Naval Reactors Office, West Mifflin, Pennsylvania 
Portsmouth Gaseous Iliffusion Plant, Portsmouth, Ohio 
Princeton Plssma Physics Taboraiory, Princeton, New Jeisey 
llrcssu;ized-water reactor 
Plutonium uranium extraction 

Remedial action 
Remedial action projcct 
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Resource Conservatioii and Recovery Act of 1976 
Reynolds Electrical and Engineering Co., Tnc., Mercury, Nevada 
Rocky Hats Plant, Golden, Colorado 
Remote-handled ( IRU waste) 
Rockwell International Corporation, Pittsburgh, Pennsylvania 
Reactivity initiated accident 
Richland, Washington (commercial waste site) 
Reactive Metals, Tncorposated ̂ T'ilanium C:ompanny htrusion Plant, Ashtabula, Ohio 

Santa Cruz liaasin (Pacific Ocean off Santa Cruz, California) 
Sail Diego (Pacific Ocean off San Diego, California) 
Submerged dei-mirxxilizer system 
Scientific Ecology Group, Inc., Oak Ridge, Tennessee 
spent fuel 
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Severe fuel damage 
Surplus Facilities Management Program 
Sheflield, Illinois (commercial waste site) 
Stanford linear Accelerator Center, Palo Alto, California 
Stationary media 
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Sandia National Iaboratories, Albuquerque, New Mexico (recently changed to Sandia National 
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Sandia National Laboratories, Livermore, California (recently changed to Sandia National 
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Sodium reactor experiment 
Savannah River Site, Aiiken, South Carolina 
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Engineering Center (f'WC)] 
Solid Waste Information Management System 
Separative work unit 

Test area north 
To be determined 
'l?hermocouple 
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TRW Environmental Safely Systems, Tnc. 
'horiu in extract ion 
'lkree Mile Island reactor site, Middletown, Pennsylvania 
Training Reactor, Isotopes, General Atomic 
Transuranic 
Toxic Substances Control Act of 1976 
'I'reafrnent, storage, and disposal 
Tennessee Vallq Authority, Knoxville, Tennessee 

Uranium Mill Tailings Remedial Action Program 

Vallecitos Boding-Water Reactor 
Virginia Electric Power Company 

Westinghouse Electric Corporation, Pittsburgh, Pennsylvania 
Westinghouse IJanford Company, Richland, Washington 
(TRU) Waste IIandling and Packaging Plant, Oak Ridge National Laboratory 
W s t e  Isolation Pilot Plant, Carlsbad, New Mexico 
Waste minimization 
Waste Management Information System 
Waste Isolation Pilot Plant Project Integration Office, Albuquerque, New Mexico 
Weldon Spring Site ktemedidl Action Project, Weldon Spring, Missouri 
West Valley Demonstration Project, West Valley, New York 
West Valley Nuclear Services Company, Inc., West Valley, NLW York 
West Valley, New York (commercial waste site from 1963-1981) 
Westinghouse/WIPP Project, Carlsbad, New Mexico 

Oak Ridge Y-12 Plant, Oak Ridge, Tennessee 





INTEGRATED DATA BAS 

The Integrated Data Base (IDB) Program has compiled historic data on inventories and characteristics of both 
commercial and DOE spent fuel; also, commercial and U.S. government-owned radioactive wastes through 
December 31, 1992. These data are based on the most reliable information available from governrnenl sources, 
the open literature, technical reports, and direct contacts. The information forecasted is consistent with the latest 
U.S. Department of EnergyEnergy Information Administration (DOE/EIA) projections of U.S. commercial 
nuclear power growth and the expected DOE-related and private industrial and institutional (ID) actiwties. 

The radioactive materials considered, on a chapter-bychapter basis, are spent nuclear fuel, high-level waste 
(RLW), transuranic (TRU) waste, low-level waste (ILW), commercial uranium mill tailings, environmental 
restoration wastes, commercial reactor and fuel-cycte facility decommissioning wastes, and mixed (haslardous and 
radioactive) LLW. For most of these categories, current and projected inventories are given through the calendar- 
year (CY) 2030, and the radioactivity and thermal power are calculated based on reported OF estimated isotopic 
compositions. In addition, characteristics and current inventories are reported for miscellaneous radioactive 
materials that may require geologic disposal. 

0. OVERVIEW 

This report is an update of the previous document' on 
radioactive waste inventories and projections that was 
prepared for use in the planning and analysis of waste 
management functions. IIistorical waste inventories 
compiled as of December 31, 1992, are reported. 
Projections of future wastes are generally reported through 
CY 2030. Such projections may change in future revisions 
of this report as waste minimization, environmental 
restoration, and decontamination and decommissioning 
(DSiD) programs and activities at various government and 
commercial sites are defined and become operative. In 
many tables of this report, historical waste inventories and 
projeclion data are reported on a CY basis. 'lhese tables 
use a horizontal line to mark the point in time when past 

history ends and future projections begin. Because 
historical waste inventories are rcported as of 
I)ecemtier 31, 1992, the line is d r a w  between the data 
entries for 1992 and 1993. Data reported for 1993 in this 
document are regarded as projected information. 

This document contains information that has been 
asernbled as a part of the I B Program at Oak Ridge 
National Laboratmy (ORNL), which 11% the lead 
responsjbilily for maintaining and tepa ting ~ u ~ i ~ a ~  files 
of pertinent data on current and projected inventories and 
characteristics of ~ e ~ ~ a ~ ~ n ~ ~ ~  discharged clornestic spent 
nuclear fuel and radioactive wastes. 

Radioactive waste originates from ficri: major sources: 
(1) the commercial nuclear fuel cycle; ( 2 )  IIOE-related 
activities; ( 3 )  instreutioras such as hospitals, universities, and 
research foundations; (4) iodaastr ial uses of radioisotopes; 
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and (5) mining and milling of uranium ore. The w a t e  is 
broadly cztegorized as spent nuclear fuel, HLW, TRU 
waste, ILW, and tiraniurn inill tailings. Large quantities of 
radioactive waste will also result from future activities such 
as DOT? emironmental restoration activities and the IldkZ) 
programs of E013 and cominercial nuclear facilities. 

The primargi p i r p s e  of this document is to report 
U.S. spent fucR and radioactivc wastc inventories, 
projechs, and characteristics. The data prcsentcd were 
obtained through the c ~ p c r 2 . i i n n  and assistance of the 
offices and programs that established by DOE to 
oversee the naanagemenl of the various radioactive wastes 
and spent fueis. In addition, the rcceni Bitewturc was 
reviewed to aid iil selecting ihc data that are presented 
here and to help establish a basis f o ~  many of the 
calculated radioactivity levels and heat-generation rates that 
are incliirled In this iepm'tj spent fuel and radioactive 
wastes are chaiacieiizcd from the standpoint of their 
volumes ((Pi itaasws] and their nuclear, physical, and 
chemical p-opities. The data rcpm-ied are selected from 
more extenskve iihrmaiion; that information is available 
upon request. 

Dis  annual .inventory report contains siimmarired 
data of types found io be useful for programmatic ~ ~ a ~ ~ ~ n ~  
purposes within the IBD5 community. The data are 
intended to provide a common basis for both DOE 
rraaiiagc;r;aent-lcvei planning and for more detailed analyses 
of the wastc management system that are conducted by 
DOE contractors and field offices. However, this report is 
not intended to present the detailed types of information 
required as input to such analyses. The best sources of 
such information are the appropriate operations offices, 
waste sites, or relevant dmcuanents previously issued, some 
of which may be referenced in this report. 

'Ibis report does not address the prograrnrnatic 
implicatiorns of the data presented, such as the possible 
lzjture need for interim spent-fuel storage facilities. 
Discussion of the data is limited to the minimum extent 
oea:ded ;rr explain what the data represent and the sources 
fmm which they were derived. Likewise, discussions of 
packaging details, shicldiag and transportation 
requirerncnts, health and environmsntal effects, and ccsts 
are piiqosely avoided. Questioas regarding the data 
presented may be address& to the ID13 Program. 

The DOE waste data containcd in this report are 
furnished bj DOE contractor sites through the 1993 Waste 
Management Information System (WMIS) data call for the 
ID13 Program. The DOE site data (waste imventories, 
projectioiis, and characteristics) are used by 1lOE- 
Headquarters (DOE4 la), operations offices, and 
operating contractors for the management and strategic 
planning of various avasbe piograrns. 'Ihe objective of this 
report is to provide wa.ste information that is consistent, 
reflects current inventories and projections, and includes 
the types of basic d.ata best suited to meet DOE waste 
program planning needs. 

Information for this report is provided by a variety of 
sources. Ihe waste data reported to WMIS are received 
from DOE contractors through DOE operations offices. 
DOE-HQ assigns to selected organizations major 
responsibilities for providing information on particular 
topics involving spent fuel and radioactive waste 
management. Further detailed information is generally 
available from data bases maintained at the specific DOE 
and commercial sites. A list of reference sites and facilities 
referred to in this report is provided in Appendix D. 

The major characteristics nf radioactive materials and 
wastes are described tielow. 

Spent fuel consists of irradiated fuel discharged from 
a nuclear reactor. IJnless othemke identified, all 
spent fuels discussed in this r ep re  ate assumed to be 
permanently discharged and eligible for repsitory 
d i s p l .  'l'hree categories of permanently discharged 
s p a t  fuel are considered: (1) fuel from commercial 
light-water reactors (LLwRs); (2) fuel from non-J ,W 
commercial reactors [e.$., the Fort St. Vrain 
high-temperature, gas-coolcd reactor (HTGR)]; and 
(3) special fuels associated with government-sponsored 
research and demonstration programs, universities, and 
private industries. 'Ilk report does not track the 
inventories of government production reactor spent 
fuels that have been repraeseed in, the manufacture of 
nuclear weapons for national defense. However, the 
inventories of HLW resulting from the reprocessing of 
thcse fuels are reported in Chapter 2. Also, Chapter 1 
repom quantities of DOE spent fuel not scheduled for 
reprocessing. 

Currently, most LWK spent-fuel asscrnblies are stored 
in pools at the reactor sit=. ?he bulk of the 
remainder is in storage at the West Valley 
Demonstration Project (WVDP) site at West Valley, 
New York; the Idaho National Engineering Laboratohy 
(INEL) at Idaho Falls, Idaho; and the Midwest Fuel 
Recovcey Plant (MFRP) at Morris, Illinois. The 
W 1 3 P  facility is currently being decomniissiooed. All 
ubility-owned spent-fuel assemblies previously stored 
there have been returned to the utilities, and the fuel 
remaining is DOE-owned material. 

Spent Cuds discharged from a variety of reactors are 
currently stored at the Hanford Site (HANk? and 
INEL. HANF contains inventories of fuel from the N 
Reactor, the Fast Flux Test Facility (FFI'F), and 
pressurized-water reactor (PWR)-Corc 11 fuel from 



3 

0 ELI 



(tcmpaiily) retaincd and momtoicd ria 8 

retrievable :naiiilei pending di,eams;al. Irr this 
r cp i t ,  inveiiini ies and projections of stored 
radiwckive n9aiei ials or xsstes PW rqwrted in 
V O : ~ Y G  (m') or inas  (kg) units or both. 

DLSPOSP~ w m r  A m s t e  that has k e n  piit in 
filial cmpkwment to cnsu~e its isolatiou from the 
tmspliere, with no intentisir of retrlcval 
Delihri-ate a c i m  is ieqtlired to regam a c m $  :n 

the waste Disposed waste includes riater~~Is 
plared in a gmlogic reps!roq, buticd 
underground iii shallow pits, dumped at sea, r̂ ar 
dismrficd hydrofracture injection The lattrr 
two technlqws werc practices and are no 
long3 pea kdrfled 

Throughout this repw 0 ,  thc rcadcr is iirged to note the 
distinctions betwc? thew waste CoiidlthiSS. Such 
conditions bave a gicat impact on the regulatory statim of 
the w'Me matenals considered in h s  r e p i  1 



5 

electrical growth projection (and associated discharged 
spent-fuel schedule) used throughout this report is the 
1993 DOE/ELA No New Orders Case." In addition, this 
document also includes a set of nuclear capacity and spent- 
fuel projections associated with the 1993 DOEmIA Lower 
Keference Case to illustrate, for planning purposes, a 
conservative upper bound of commercial nuclear power 
growth." The No New Orders and I m e r  Reference 
spent-fuel and power-capacity projection cases are each 
based on a unique set of assumptions involving nuclear 
electricity generation growth, reactor fuel burnup levels, 
reactor construction schedules, and reactor operating 
lifetimes and capacity factors. These assumptions are 
documented by DOE/EIA in ref. 11. In particular, the No 
New Orders Case assumes that all reactors will be retired 
upon the expiration date of their respective operating 
licenses. By contrast, the 1993 Lower Reference Case 
assumes that 50% of the reactors will have their respective 
operating licenses renewed for 20 years past the 40-year 
period for nominal operation. 

Detailed information about reactors already built, 
being built, or planned in the IJnited States for domestic 
use or export as of December 31, 1992, is provided in 
report DOE/OSTI-8200-R56 (ref. 12). That document 
contains a comprehensive listing of all domestic reactors 
categorized by primary function or purpose: viz., civilian, 
production, military, export, and critical assembly. 

The data for total waste inventories (which comprise 
historical data) are obviously less accurate than the values 
recorded for recent waste additions. The number of digits 
used in reporting these values is generally greater than 
justified in terms of numerical significance, but this proves 
useful and necessaIy for bookkeeping purpses. In some 
cases, the values cited are significantly different from those 
previously reported. This is generally a result of improved 
estimates, new measurements, or redefinition of terms. 
Explanations are given in such cases. Many of the 
comments received during the final review stage of this 
report deal with changes that have occurred after 
December 31, 1992-some as recently as February 1994. 
These changes are generally cited in footnotes. 

For the sake of brevity, many of the figures and tables 
of this report use the exponential (E) notation. As 
examples of this notation, the constant 1.234E+2 means 
1.234 x lo2, or 123.4; and 1.234E-4 means 1.234 x 
which is 0.0001234. 

0.4 WASTE CHARACIERIWICS ANI) UNFIX 
REPORTED 

Principal characteristics reported for most radioactive 
wastes discussed in this report include volume, radioactivity, 
and thermal power. All characteristics are reported in 
metric units and, depending on the waste form, can be 
significant considerations in meeting the requirements for 
waste treatment, storage, and disposal. Waste volume is 

reported in cubic meters (m3> and genera!@ reflects the 
amount of space occupied by the waste and its cont~iner. 
Kadioactivity represents the rate of spnlaneislds 
disintegration of the radionuclides comprising the waste. 
In this report, radioactivity is measured lay R unit cdkd a 
curie (a), which is 3.7 x IO** nuclear ~ ~ s i ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ s  p r  
second. Over time, radionuclides decay to nonradi~active~ 
stable isotopes. As an exampk, Lhe short-lived 
radionuclides found in spent nurltm fuel rapidly decay 
during the first few years after the fuel is removed k m ~  R 

reactor. 
It should be noted that while waste voulennxs 

accumulate with time by conventional addatam, mtaR 
radioactivity dues not. Because of radioactive d e c q ,  
cumulative activity cannot be based an reported aaaaual 
additions; rather it must be estimated from 'mowledge of 
the waste composition, which includes the r ~ ~ ~ ~ ~ ~ c ~ ~ ~ ~ ~  
comprising the waste, their concentral ions, and decay 
attributes (e.g., half-lives and decay ~chemes). In this 
report, decayed radioactivity i5 generally estimated for 
various wdstes by an abridged version of the ORWEN2 
code (ref. 13). 

Thermal power is a measure of thc rate of hcak-energ 
emission resulting from the decay of radionuclides in n 
waste. Like radioactivity, thermal power k not cuaaauIiitke 
by conventional addrtion bewuse of radmactive decay. 
Information on thermal power is needed in the design1 o f  
shipping casks, storage fi~cilrttes, and repmitorics where 
temperature rise, especialty with regard to spent fuel and 
HLW, is an important concern. Thermal energy 
generation rates are highest for spent fucl, lKW,  and 
remote-handled TRU waste. They may ais, bc ~~~~~~i 
for certain types of l,X,W. The unit of thermal power used 
in this report is the watt (W), which rcprcsmts 1 joule nf 
thermal energy emitted pes .second. Estimales of thermal 
power are based on radionuciide campsitirsn as well as 
total activity. While levels of thermal ~ m c f  may not be 
significant for certain waste forms (perticulsrky S O ~ C  types 
of LLW), they are nevertheless reported f ~ r  the major 
radioactive waste categories referenced io this report to 
provide a standard for coinpariscan. 

For spent fuel and TKU waste, mass$ is reprted tal 
provide better assurances of accountability Spnt fuel is 
reported in units of metric tons of in&i heavy mctail 
(MTIIIM) to avoid difficulties and confusion arising from 
the need to estimate ranges of varied heavy metal ssrntcnt 
(MTI-IM) that result from different levels of s11richment 
and reactor fuel burnup. Mass is reported in kilograms (kg) 
for the TRU radionuclides comprising 

expressed in terms of either the amount of n x i ~  (kg) OF 
volume (m3) produced in ;I given calendar year. ' E m s >  
generation rates for wastes are eipressed in cishes 
kilograms per year (kglyear) or cubic meters per y e a  
(m3@ear), depending on the availability of site i ~ f ~ ~ ~ ~ ~ ~ ~ c a ~ ~  

tion rates are reported in this dcmment f0r 

In this report, quantities of gent 

IT Waste, 12T,w9 Nld mkled BT_w. z b l f l U E i ~  
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generation rates are not reported for IlLW in part bemuse 
of security restrictions for the DOE nuclear weapon 
production activities that produce these wastes. 
Additionallyy, there are problems in accurately esl.irnating 
IILW generation levels. Oiae major difficulty is accounting 
for net wastequantily changes due to the combined effects 
of various nrodcs OS site waste management operations 
such as evaporation and calcination. 

Qirantities cif wastes can also $h, reported in terms of 
the nunaber and types of waste containers. LWW spent- 
f w l  inventories and pi3jections can be expresd  in terms 
of the nurrilxi of peirnameutly discharged boiling-water 
reactor (BUQ) and piewiirized-water reactor (PWR) fuel 
assemblies HLW vi11 be immobilized in either borosilicate 
glass or a glass-.kc~amic rlratiix solidified in stainless steel 
cmisters Estimates of the quantities of ITLW to be 
 dispose^ of in a geologic repsi lory are bawd on the 
numher and tyfies of these canisters. Quantities of LLW 
and stored TRU waste can be based on the number and 
types of drlims, boxes, or containcrs used or scheduled for 

Waste chaianiteristics are also identified by waste 
coi:qmiiion. Throughout this report, waste composition 
is expressed in term3 of the folkwing: 

radioactivity (Ci) or spcific-activity (Ci/rn’) bieakdmn 
by radionuclide (with accompanying daughter 
peodncisj a~rd 

Use 

physical f0i-m (solid, liquid, gas, or sludge) or chemical 
content (by chemical corqmnent), expiessed in terms 
of either vo~uoie (m3> or mass (kg) or as a percentage 
of total wight @at %), volume (vol %), or activity 
(act %). 
This annual report also provides some information on 

the startis of land usage at LLW burial and dispsal sites. 
Such information includes total site area, estimated total 
usable land area, and estimated area currently utilized. To 
conform with the metric itnit format used in this report, 
these $aticl-usaiage-arca parameters are reported in units of 
hectaees, whsre 1 hectare (ha) = 10,OOO m2, or 
2.4750 ack-cs, 

A few graphical presentations and sunmary tables are 
includcd in this chaptei to provide a broad overview. 
Figures 0.1 and 0.2, icspectivelqr, show the volumes and 
radioactivities of commercial. and DOE wastes and spent 
fuel accuinulatcd through 1992. 

Summaries of spit-fuel and radioactive waste 
inventories and projections arc provided in Tables 0.2 and 
0.3. In general, material to be sent to R&D facilities or to 
thc p r r ~ p e d .  national geologic repository for spent fuel 
and HEW is still listed in each individual site’s inventory. 

A brief summary of each chapter in this report is 
presented in the following paragraphs. 

Chapter 1 of this report presents national data on the 
quantities of permanently discharged spent fuel from 
commercial. nuclear power reactnrs. Hatorim1 data on 
commercial spent-fuel are reported along with 
two sets of DOEEL4 projections,” the No New Orders 
and h w e r  Referenre caes.  ‘Ihe No New Orders b e  
(without reactor license renewal) is the hasdine commcscia! 
scenario used throughout this report to make amstc: 
projcctions. In contrast, the M e r  Reference C2.w (with 
reactrsr license renewal) is used in this report to represent 
a conservative upper limit of spent-fuel projections. For 
the projection period considered in this report 
(CYs 19!33-2030), the No New Orders Case assumcs that 
no new reactors will be ordered. 

DOE spent-fuel inventories that are not scheduled for 
reprocessing are reported in Chapter 1 an3 Appendix k 
These iinclude various types of research reactor spent fuels 
which are stored at the SKS and the INEL. 

In this report, the mass of discharged spent fuel is 
measured in MTlaHM. The teim “initial heavy me:al” 
refers to the original m a s  of the actinide elements of the 
fuel, most of which is uranium. (Elements of the actinide 
group are thrssc with atomic n u n ~ k r s  greater than 89.) 

The inventories of HLW in storage at the end of 
CY 1992 and projected through CY 2030 are given in 
Chapter 2. The waste forms include liquid, sludge, salt 
cake, slurry, calcine, precipitate, zeolite, glass, and capsules 
of separated strontium and cesium. Vitrified defense 
HLW is projected after the startup of the Defense Waste 
Processing Facility (DWE’) at SRS in 1996, and 
projections of vitrified HLW from commercial reprocessing 
activities are given for the WVDP. Projections recently 
made of the number of canisters containing the final 
immobilized form for the DOE HLW at IPANF and th.e 
INEL are also reported. In addition, Chapter 2 gives the 
locations, volumes, and radioactivities of HLW. 

In 1992, DOE decided to phase out the reprocessing 
of i ts production reactor spent fuels. Until ttnen, the 
reproce,sssing activities recovered ea?richsd uranium and 
plutonium which wcre used to support nuclear weapons 
production. As a conseqiience of ceasing to reprocess 
reactor spent fuels, little additional IIEW is expected to Ipc 
generated at DOE sites in thc future. Mavevcr, DOE site 
DRtD activities may generate some wastes with radioactivity 
levels high enough to require disposal in a deeply mined 
geologic repository. 
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The Iwcaations, inventories, and projeciioms ol TIPU 
waste burled and stored at DOE sites are prescnted in 
Chaptx 3. Current invmtorics OPT U waste are virtually 
ail derived from government eqaerations. The inventories 
drxuraaentcd in this report are based OBI data provided by 
the sites and inA~lude waste volumes and the rnasses and 
radioactivities cf cnntasitaed ~ a ~ ~ ~ ~ ~ c ~ ~ ~ e s  Projected future 

from the sites, but the sitw were a d  able to make such 
estimates in all ~ s c s .  BBn~jcc&ions are reported through 
CY 2%20 for thme sites that provided estimates. 

In 19W, DOE (~,tbr2th inpul kern other fedzral 
agencies) revised the inininium radioactivity concentration 
level €or dekining TRPJ waste from greater than 10 nC& 
to g r m e r  than lode nC~/g:~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ,  the waste 
currently in the iirwntopgr contains wastes stored under 
h t l a  criter'a. T h s  redefinition, as wcl! as the d ~ v e l o ~ ~ e ~ ~  
of ~ I ~ S t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  to detect these low Icv:vels of 
radioactivity, ?will reduce the volume of TKIT waste. A5 
the waste is assayed, that p3rtion of Et which is greater than 

' l x L 1  waste ~oIumes throaegh CY 2020 were also requested 

10 nayg and less than lodl nCi& W4U hs reclassified to 
other waste sategcaries. 

Current inventories and projections of tadings ~ Q K I  

commercial nrdnium mill opemtions arc s u n ~ ~ ~ a r ~ e d  in 
(%hap&er 5. Twenty-six licensed uranium mills have 
a ~ : ~ u ~ i i ~ a ~ ~ d  tailings from their operations. HIaK of these 
malls have accumulated both commercial and government 
tailingsgs. Ry the end of lW2> only two of the NRC-licensed 
mills were still active. To date, almost all domestic 
uraniiarn has Bxcen produced by c ~ ~ v e n t ~ o ~ a ~  mining and 
milling methods from which these tailings derive. A small; 
portion has k e n  obtained via in siiu leaching, r eco~ry  
from mine water, recnvrry from c ~ ~ ~ r ~ a n a d 4 u ~ ~  dump 
leach Iquor, sad recovery From wet prwess phosphoric 
acid effluents. Projections of uranium mill tadnngs are 
based on commercial fuei-cycle requirements, adjusted for 
foreign imymls, as specified b y  the ~~~~~~~ T-mer 
Reference G.se projection of comrnen cia1 reactor pmer 
growth, Tailings isom [ha: now inactive mills that produced 
iaraxrium only for gtwcrnmeat uperations are classified as 
environmental rworation wastes (see Chapizr 6). 

056 F 

The DOE Assistant Secretary for ~ ~ v ~ s ~ n ~ ~ A ~ ~ l  
Keslorirtion and Waste ~ a n ~ g e ~ ~ n t  (DOE/EM) oversees 
1 he asesrnaa t  and remediation (enibjronrnenlal 
restoration) of conhsniimted inactive facilities at all 
sites and some non-DOE sites for which IICIF, has 
respmsibahty. Recently, the Office of ~ ~ 4 ~ r ~ ~ ~ : v e ~ ~ ~ ~  

Restoration and Waste ~ ~ ~ n a ~ ~ m e n ~  was 
Office of ~ ~ ~ ~ v ~ r o a ~ e n ~ ~ ~  ~ a ~ ~ ~ ~ ~ ~ ~ ~ .  "Khb 
will be incorporated in other sections in future updates of 
ibis document. 

An mcruiew of DOE ~ ~ v i r o ~ ~ ~ ~ ~ ~ ~ ~  restoration 
projects and activities is given ~ I Q w .  Further details are 
psnvided in Cbaptcs 6.  ' h e  scope of Chapter 6 is lxrilaited 
to xad~uartive and rnkecd (radioactive and cherniciiliy 

e ~ ~ r o ~ ~ ~ e ~ ~ a ~  reskoration activities. Nonradioactive 
hmirdrsess and sanitary wastes are outside the scope of this 
report. 

Ihe major obj~ctive for DOE c ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ a ~  
restoration activities i s  to ensure that risks to the 
envvronment and Lo human health and safety posed by 
inactive atid surplus faalities and sites conlaminated by 
ratlit~ctive dnd chemically hazardous HnaterhL are either 
elmmated or reduced tu prescribed, safe lev&. Projects 
within the Office of Environmental Restoratinn (EM40) 
are comprised of reened:p:il action @,4) and D&D activities 
P(A involves the assessment and cleanup o f  ir~d~tive sites 
and deals mainly with contaminated cnvironrnental media 

hazardous) \ V Z + S ~ ~ S  Ihiit could k generated by 
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such as soil ,  xdlment, and  round walcr. DRrD activities 
arc prnirinriiy concerned with the mfe caretakrng of surplus 
nuclrar %ci!,bes foNowmg shutdown and for either their 
ensuing hxxitammatlon for reuse or their coinplctc 
dnmanGrmcfit About SO0 contanmated facilities are 
Cuiientbj mluded under the FM 40 D&D Program. 
Activitcs aswciatcd with cnwroniiiental restcardrun projects 
are kund IT; 71 statcs 

U<)E EM 40 is euricntly undertaking a major 
initiative to detrrmnz +?e volumes and types of waste that 
may be generated during fiitiire environmental restoration 
activities. Thesc s+gdles have no: yct rcachrd the pmr; at 
wh-h realistic v S t e  projections ran be mcde R e ~ i ~ i t s  
from thcse studics shoulid be available withrn the next few 
years. For tbks reasoli”, inventories and projection$ for 
actual envmrimental restoration wa%tes arc aot ;rowled 
ITP this icpX t However, the volumes ofcontairmated sdid 
media wch as moils and debris f i O m  whsch environmental 
restormon wastes will be. generated? are known to a 
reasonable degrc;: at many EM d0 project sites. Cstcrnates 
of the volumes of such contaminated media arc yeposited 
in Chapter 6. 

Chapter 7 presents waste projections for the 
decommissbrring of commciciai pwe; reactors and fuel 
cyc!c facilities. ‘lhc T%D awtivitics at such installations 
may resuit in krery large volunies of LLVJ, dcpeadiog on 
the niiethrii selected. The major TJ,W volumes will result 
from the decornmissimiug of  p w ~ r   tors, which wif; 
also p iduce  a smalC vo~lpme of high-activitjj wastc. Unlike 
that for other waste gemration activiiies, the tiiisiiig of 

g operatioils is very unccmin, since 
citbci decommissioned upon shutdown or 

put into a moihirailed o i  protective storage condition to 
allmv foi sufficient radioactive decay before 
decoinrriissioning. Clraptci- 7 iCpHPitS a set of projected 
chaiadcrist ics for wastes fronip commercial LWR 
dcconmiwimirig activities. These projections are based OD 

the assiinipiion that each power r e x t ~ r  is decommissioned 
SOQ~I atlei it is shut down. To date, only a few cominercial 
reactors haw bccn fully decommissioned, and sevcral have. 
bccn placed in proiectivr storage. Wastes from compacted 
decorninissioning actions have Seen includcd with, exist ing 
inventoiics discussed ia other chapters. Because of timing 

ics7 projeckd commercial decommissioning 
wastes arc not included in the projcctions of LLW 

(Ciaptcr 4). Rather, commercial decommisisirpaing waste 
projections are reported separately in Chapter 7. 

Inventories and characteristics of rnixellarneous 
radioactive materials are reported in Appendix A. Surh 
materials consist mainly of permanently discharged O i  
damaged spent Fael (pellets, rods, and other fuel-assembly 
comnponcnts) from civilian and government.spooasored 
experimental nuclear programs. 

Currcaat inventories and generation rates of mixed 
LLW hxn both DOE and commercial source3 are 
summarized in Chapter 8. The.sc wastes are contaminated 
with k ~ t h  lrwkvel radioactivity and chemically hamrdous 
substances. The radtoactive mmpanents arc defiwd by 
the Atomic Energy Art of 1954 (AEA),’’ wlsik the 
ha7ardnlms components are defined by the RCk4,6 the 
ISCA,’ and pccrtinent state regulations. As of the end of 
1992, inventories of maxed ?.T.bV at DOE sites totaled 
about 182,400 m3. It is estimated that about Ii0,OOO in3 of 
additional mixed LLW will be generated dii~ring the p r M  
1993-197. 

In addition to Appendix A, which dtxuments 
miscellaneous radioactiue materials that may possibly 
require repository disposal, several other appndiics are 
included in this rqmrt. A tabulation of the properties of 
imprtant radionuclides is given in Appendix B. 
.4ppendix C is a compilation of waste flowshects, source 
terms, and characteristics used for waste projections. 
Source terms include both quantitative and descriptive 
characteristics used to describe radioactive wastes. As 
developed and used in the 11)H Program, the source term 
for a particular waste is conaprised of two compnee?is 
uniqsae to that waste: (1) the number of curies of 
iadio~tivitgr, expressed either per unit of facility pr&.uction 
or pcr unit of waste volume or ma%, and (2)  a listing of 
the relative contributions of component radioisotopes per 
curie ni radioactivity of the waste. Appendix D lists the 
sites and facilities referred to in this report, and 
Appendix E describes a reader comment form, which is 
provided at the etid of this report. 

1. US. Depa’iinent of Energy, Irr@$i-a%d Data BESD f ~ i  1992- U.S. Spent Fuel atad Radioaciive Waste Inventon%, 
Prujecdms, mid 4 ‘hamcteiGtics, L)OP/RW 0006, Rev. 8, Oak Ridge National Taboratory, Oak Ridge, l‘ennewe 
(October 1992) 
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2. U.S. Congress, Nuclear Waste Policy Act of 1982, Pub. L. 97-42PP Jan. 7, 1983, ns amended by the Budget 
Reconciliation Act for Fiscal Year 1988, Title V-Energy and Environment Programs, Pub. C. 1 -203, Dec. 22, 1987. 

3. 1J.S. Environmental Protection Agency, “Environmental Standards for the Management and Dispsal o€ SLmnt Nuclcar 
Fuel, High-Level. and Transuranic Radioactive Wastes,” Code of Federal ~ ~ ~ ~ ~ ~ u ~ i o ~ ~ ~  40 CER Pwt: 191 (1985). 

4. US. Department of Energy, DOE Order S820.24 Radioactive Waste ~ ~ ~ ~ e r n e ? i j ~  ~ ~ s h ~ ~ ~ ~ o ~ ,  D.C., Scpt. 3!5, lW8. 

5. US. Congas, The Low-Level Radioactive Waste Policy Amendmefits Act of 1985, Pub. 8 , .  99-2A417 Jaw IS, 1%6. 

6. I.J.S. C~ngress, Atomic Energy Act of 1954, Pub. I,. 83-703, Aug. 15, 1954. 

7. 1J.S. Congress, Resource Conservation and Recovery Act of 1976, Pub. L. 94-580, C7ct. 27, 2976, as amended by tbc 
Hamrdous and Solid Waste Amendments Acts of 1984, Piab. L. 98416, Nov. 9, 1984. 

8. US. Congress, Toxic Substances Control Act of 1976, Pub. L. 94-49, Qet. 11, 1976 

9. U.S. Nuclear Regulatory Commission, “Licensing Requirements for l s n d  Disposal of Radioactive \Vaste-\Va,s~e 
Classifiication,” Code ofFederal Regu~~’ons ,  10 C$?R Part 61, Sect. 61.55 (1982) 

11. U.S. Department of Energy, Energy Information Administration, Work! hruclmr Capacity and Fue% Cyde ~ e ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~  
1983, DOE/EIA4436(93), Washington, 1l.C. (November 1993). 

12. U.S. Department of Energy, Office of Scientific and Technical Hnfm-natiorn, Nuclear Rpnctom RuJlr, Remg B d t ,  or 
Plaraned: 1992, DOE/OSTI-82OC-K56, Oak Ridge, Tennessee (August 1993). 

13. k G. Croff, OHGEiV2-4 Revised and Updafeed Version o j  t h  Oak Ridge Isotope Generation m d  fipk~tinsr Code., 
ORNk-5621, Oak Ridge National laboratory, Oak Ridge, Tennessee (July 1980). 

14. U.S. Deparlment of Energy, Energy Information Administration, Nuclear Fuel Data Farm RW-859 (data as of Des. 31, 
199)2), Washington, D.C. 

15. US. Department of Energy, DOE Order 5820.2, Radioactive Wmte Munqemetznt, ~ ~ s i ~ ~ ~ i ~ ~ ~ ~ ~  D.C., 1%~:. 6, Zfa84 
(updated by DOE Order 5820.2A, ref. 4). 
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Table 0.1. M o r  assumptions used in this report 

Iavtmtory/projectian basis 

Inventories are reported for December 31, 1992 
Q Projections are made f o r  the C Y s  1993-2030 

solidification activities 

Q For WVDP, HLW solidification (glass production) starts in 1996 and is comploted in 1990 
a For SFS, H L W  solidification [glass production at the Defense Waste Processing Facility (QIJPF)] 

Q For INEL, HLW solidification (inmobilization) starts in 2007 and continues through 2030 
S For W, H L W  solidification (borosilicate glass production at the Hanford Waste Vitrification 

starts in 1996 and continues through 2015 

P l a n t )  starts in 2000 and continues through 2030 

Cmmercial activities 

0 W E / E I A  projections of installed net LWR electrical capacity for the No New Ordersa and Lower 
Reference cases of ref. 9: 

No New Orders Case 

Year 1993 1995 2000 2005 2010 2015 2020 2025 21330 
E;W(e) 99 100 101 102 88 64 49 24 5 

Lower Reference Case 

Year 1993 1995 2000 2005 2010 2015 2020 2025 2030 
GWCe) 99 100 10 1 104 102 108 113 116 118 

Q WE/EIA assumptions for LWR fuel enrichment and burnup: 

CYs fue l  is Fuel enrichment Design burnup 
LWR fuel  loaded ( X  23511) *?$fMTMT 

BWR 

PWR 

1993-1994 
1995-2001 
2002-2010 
2011-2030 

1993-1997 
1998-2003 
2004-2006 
2007-2030 

3.01fi 
3.193 
3.320 
3.554 

3,775 
4.009 
4.319 
4.695 

33,000 
36,000 
39,000 
43,000 

42,000 
46,000 
50,000 
55,000 

Spent fuel from commercial reactors is not reprocessed. Thus, a fuel cycle without repxocensjng is 
assumed for all comnercial projections 

case assumes that each reactor will be retired when the expiration date spncified I n  its 
operating license is reached. 



12 

faSB.n D.2.  Spmk f a n s l .  ,and radioactive waste immtoriea a5 of D e c  
__ . . . . . . . . . . . . . . . . . . . . ........I_ 

TRU Thermal 
isotopes Mass Volume Activitya power 

Waste category (k8) (MTIHM) (m3) (106 Ci) (103 H) 

9,547 3,849b 
16,375 6,601b 
>123.5 C 

7,037 
19,374 

C 

25,900 
74,300 

C 

Hi gh-lei-el waste 
Savannah River (DOE) 
Idaho (DOC) 
Hanford (D3Eld 
%st Valley (cnirmprcial) 

irmsuranic waste (DOE) 
Buric-' 'i?U waste 
Potentially cont,arninated s o i l  

Store3 X U  naste 

126,900 
11,200 

258,700 
1,550 

632.4 
44.9 
360.7 
25.9 

1,724 
130 

1,041 
79 

>352 
d 

2,975 

204,438 
>32,000 
105,948 

>O. 73 
>o. 08 
1.86 

> 5 . 2  
d 
33.9 

Low- love?. waste 
DOE sites 
Gen,?ratcd 
Stored 
Disposed 

Disposed 
C c x n o r c i u l  sites 

Uraniw m l L 1  tailings (coiimercial) 
1.j c e n s r d  mill sitese 

37,244 
115,040 

2,834,876 

1,472,129 

C 

C 

12.4 

5.7 

C 

C 

17.4 

21.1 

118,600,000 C 

C 

C 

C Envlronnen'al restoration program 
v z s t e s  (DOE)f 

Comewial reactor decommissioning 

Xlscellzneous radioactive materials 

C 

g 

243 ~ 2 C 

203, 58ah 182,372 
C C 

C 

C 

C 

C 

aActivity data are calculated decayed values as of December 31, 1992. 
bIncludes volume of spacing Setvroen the fuel rods of each assembly. 
CInfoimation not available. 
?-r- - -  Arialiiord tank wastes consist of HLW, TRU waste, and LLH. Hcnever, in the interioi storage mode, 

eIncludes contributions from 26 NRC-licensed mills. 
fInforrnatAon currently not available I 

the t m k  -uastes are managed as if they contain BLW and, therefore, are included in the NLH inventory. 

DOE is undertaking several initiatives to determine the 
volwiies and types of wastes currently in storage at environmental restoration sites and those which 
may be senerated during future remediation activities across the entixe DOE complex. 
informat,ion, which should become known in a faw years, will be includcd when availabla in future 
revisions of this report. 

(Excaptions are the Sliippingport and 
Three Mile Island-Unit 2 reactor facilities, whose inventories are reported in Chapter 7.) The LLbJ 
collected to date from such s m a l l .  reactors is included in the LLW inventories listed above. 

heavy rnet;ls. 

This 

gllosi  of %his activity has involved small test reactors. 

h s s  of mixed LLW is expressed in metric tons (t) and includes other elements in addition to 
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T a b l e  0.3. Current and projected cwla t ivs  q[uantities of radioactive waste d apeat fuel. 

[Quantities or8 expressed as volume (lo3 m3) unless otherwise indicated] 
- 

End of calendar year 

Source and type of material 1992 2000 2010 2020 2030 

DOE 
HLW 
Interim storage 
Glass or glass/ceramica 

Buried 
Stored 

TRUb 

LLW (buried)d 
Environmental restoration 

Mixed LLW 
Miscellaneous radioactive 
materials, mass, MTIHM 

program wastese 

Comercial 
LWR spent fuel, mass, M T I ~  

(no reprocessing) 
No New Orders Case 
Lower Reference Case 

mW (WVDP) 
Interim storage 
Glass 

DEJI ( L L W ) ~  
L1.W (no reprocessing) 

Classes A, B, and C LLW 
Greater-than-Clas s -C LL'ro 

Mill tailings (no 
reprocessing) 

Mixed LLW 

397 
0 

204 
10 6 

2,835 
C 

182.4 
243.2 

342 
0.44 

204 

3,763 
C 

C 

C 

c 

318 
3.13 

204 

4,645 
C 

C 

C 

C 

25,922 42,100 61,700 
25,922 42,100 El, 300 

1.550 0.0 0.0 
0.0 0.24 0.24 

1,472 C C 

0.00 25.86 
0.00 0.01 

-- 
_ _  

118,600 118,800 C 

C C C 

302 
14.6 

204 

5,432 
C 

C 

C 

C 

76,700 
81,600 

0.0 
0.24 
C 

628.21 
0.22 
C 

C 

301 
40.2 

204 

5,945 
C 

C 

C 

C 

84,300 
103,000 

0.0 
0.24 
C 

1,239.65 
0.44 
C 

C 

aIncludes projections f o r  g lass  at SRS and glasslceramic at ICPP. 
bInvantories and projections are updated mainly a6 a result of improvements in detection 

CInformation not available. 
'Projections include contributions from SRS saltstone. 
?Cnformation currently not available. 

methods. 

DOE is undertaking several initiatives to determine the 
volumes and types of wastes currently in storage at environmental restoration sites and those which 
may be generated during future remediation activities across the entire DOE: complex. This 
information, which should become know in a few years, will be included when available in €uture 
revisions of this report. 

fHistorically, spent fuel has been measured in units of mass (MTIHN) rather than units of 
volume. The 1992 discharged spent fuel mass is a BWR and E'WR mass sum rounded to the nearest metric 
ton. Such rounding may result in slight differences between the spent f u e l  inventories and 
projections reported in this document and those reported by DOE/EIA. 

historical D&D of reactors are included in the LLW inventories listed above. 
gprojected D6D wastes from liKht-water reactors shut down after 1992. Wastes collected from 
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1.1 

This  chapter repcirh the quantities and char acteristim 
of spent fuel that has been ~ r m a ~ e ~ ~ t ~  discharged from 
commercial I,\VRs and une-af-a-kind reactors. In addition, 
this chapter contains a mass surmniary report of DOE 
spent fuel which is not scheduled for ieprwessing. Though 
currently in storage a i  numerous commercial and DOE 
sites, chis fuel in its entirety ultimately will require geologic 

For inventories of special fuels (from DOE/cMlian 
development programs) stored at various DOE and 
commercial sites as of Decemkr 31, 1992, the reader is 
referred to Sect. 1 4  and Appendix A Tlrough now in 
storage at the locations cited in Sa% 1.4 and ,4ppendiu A, 
these special fiiels also may poss~bly require geologic 
disposal. 

Some commercial spent fud in inventory will be 
reincerted into reactors for further irradiation. However, 
this amount is relatively small, and the schedules fui 

reinsertion are not always predictable. 'Fhcrehc., for Ihc 
purpses of this report, all spenl fuel is considered 
permanently dascharged from the reactors. 

Historical inventories of LWR slxnt fuel have been 
updated through December 31, 1992,.1 'Ihe data reported 
in this chapter include the inventorics of spent fuel stored 
at lhe 
to thclse stored at the various reactor sites. ?he 
Fig. 1.1 shows the lwalions of existing and plsnne 
reactor sites and commercial LWR spent fuel storage 
facilities. A lisi o f  cominercial reactors is given also in 

Projections of nuclear capacity and spent fuel 
discharges arr given for the years 1993-2030 for two 
forecast schedules, the 9IOEEIA No-New-Ordcrs-G?,~ 
and the DOlWfA Lo~~er-Refereace-(:ase forecasts, 
reported in ref. 3. The No-New-Orders-Case forecast 
projects instailed capacity to increase from 98.9 GW(e> at 
the end of 1W to 101.3 GW(e) by the year 2000, 
ultimately deerensing to 4.7 GW(e) by 2030. ?hi: bee- 
Reference-Case foremst predtctrp that the installed U.S. 
conamercial nuclear electrical geiieraling apdcity will 
increase from 98.9 GW(e) at the cnd of 199392 to 

disposal. 

P, the M m P ,  and the INEL sites in addition 

report noE/osm-82 

101.3 GW(e) l y  2 m  and to 118.8 GW(e) by 2030. 

The reference scenarios considered for projecting 

reprocessing. Commercial spent fuel Projections developed 
for the rWE/EIA No New Orders CB.w and the DOEE 
Xnwer Refcrence Case arc illustrated, along with historical 
di,xRat-ge data, in Figs. 1;2-1.5. Spent fuel discharge 
projections for b o ~ b  schedules, in terms of annual mass 
discharged and acctirnulaled iadioactivity, arc graphically 
illustrated in Figs 1.2 and 1.3, respectively. A graph 
showing the increi1.w in the cumulative mass of discharged 
spent fuel for the DOE/EIA No New Orders Chse is 
shown in Fig. 1.4. ' h i s  plot also shows both the age and 
mass distribution for spent fuel from 1970 to 2030. 
Figure 1.5 is a similar plot showing the increase in the 
cumulative mass of discharged spent fuel for the DOE/EIA 
h e r  Mefcrence r2se. 

DOE/HA projections for boih the No New Orders 
Case and the Zmer Reference Case assume that burn:ap 
Ze~eBs of discharged spent fuel will incrense from their 
c~irrerit average levels ofB,806 and 36,446 MWd/MTi'LT-IM 
for BWR and PWR , respectively, at thc rote of a b u t  
0.6% per year for B fuel and about 1.5% per year for 
PW< fuel. This irecram in bumup is projected to occur 
from 1992 to approximately 2022 for H WIZ fuel and from 
1992 tis 201.3 lor P W  fuel, at which times the 
cyclc dischar out at values of rou 
and 53,m M~ for BWK and 
respectively. The final cycle discharges will be somewhat 
lower because most of tbc final cycle cores will not have 
achieved thc projected design burnups. Figurt: 1.6 
graphicaiiy illusl rates how the activity and thermal power of 
BWR atad P\VR spent fuels vary with burnup and time 
cram 

accumulated spent fuel a%plme a fuel cycle with 110 

Thc total inYentnry of commcrcial 1, 
storage at thc NVUP site, the MFRP, INEL,, and the 
reactor sites as of December 31, 1992, amounted to 
25,922 MTIHM. cdf this total amount, 27 M'I'IHM are in 



storage at the W V ~ ~ P  srte,s 674 MIIFIM are in storage at 
the MEW,' and 43 MTIHM are in stnragc at lNEL1 
I h e  rermindci 1s stoied at the reactor sites. Tl"ieee 
inventmes dn not Iiicludc the spcnt €ueC reproccsscd at the 
WVDP site wvbcr the facility WBF operated a$ a Cue: 
repimesins phi i  Additional information on VNDP 
spent h c l  ~nvcntor~cs IS given in Chapter 5, Iable 7.9. 
TJctads conilcrn~ng thc spent fuel reprocesec! at West 
Vallcy nay be obtaiiied from icf. 6. 

A SW/PWR breakdow of ths C ~ C L ~ C K  power 
geileiztiag capmFj for both the No-New-Ordeis-Case and 
the Lo\.?i-Refercncc CXC hiecast\ IS given 111 'iBblc 1.1, 
along with hisiorical reactor capacity data Tahk 11.2 gives 
the piojecte3 cePm,Jlative mim o f  commci c,al spnt fix! 
dischaigcs associated w t h  the DOL/:lbIh capacity gsovth 
scenarn of Table 1.1. The hish 
biiiidiips of perniancntly dwharged BWR and P W  spent 
€uei i-nas, rac?ioachvity, and tkcrinal power are given for 
the DOBEIA No New Crdcrs Case in Taialc 1 3 and for 
thc DOE/EIA Imver Reference Case in Iable 1.4. 
Projections nf the numkr  of pinanently discharged 
BWR and P M  spent fuel assirriblies for the DOE/%:IA 
No Ncav Sirders Cas d Lower Reference Case are given 
m '1 abies 1.5 and 1.6, respec'1vel.j. 

The hsstoiical and projjccted inass of spent fuel 
disrhargcd from a one-of a kind rcactor, the Fort St. Vrarn 
HTGR? IS p e n  ~n Table 1.7. All of the discharged fuel 
fiom the Fort St. Vraan ieactoi that has bee11 shippced off- 
site 1s h a t e d  at thr ILPF (see T&k h G in A~prnlhx A). 
The Fort St. Vram reactor was Immanently shut down in 
1989. 

Reference characteristics of I3Wli and PYNIi fuel 
assemblies, obtaincd from refs, 8 and 9, were used for this 
report.. 'Qlzesc ckaracte,ristics arc sitmmarircd in Tabk Z .8. 
Fuel a.wmbly structural rnaterial masts and compositions, 
nonactinkk fuel impurities, and other physical and 
irradiation characteristics of LWW spent fuel are discusscd 
in ref. 10. More detailed information on swat fuel 
characteristics may bc found in ref. 11. 'Ihc RWR and 
PWR spent Cue: annually discharged bas a broad range of 
burnup ievels, as illustrated ira 'Tables 1.9 and 1.10, 
respectively. The maw, radioactivity, and thermal p ~ f r  of 
the nuclides coillairned in all stored doincslic cophmeicial 

Surface-bawd stndlaes for thc determination of the 
suitabi'ir-3 3f Yurra Mountain, Nevada, a5 a geologc 
repositoiy continued In addition, in Apirl 1993, 
construction of the Eirpkridtorgi Studies fkainty was b c p  
Completion, by dn lhg  and blaqtmg, of tine first SO00 G 
section of tunnel is rxpcted by the end of 1W4. In May 
1W3, 130). awarded a cnrltraci for the Yi-ft-dnam t u m l  
&ring machtne, ~ b ~ h  IF e x p c t ~ d  to kipgin the 
SCC"&X% Of tt.~nWl li? t h t  hpiing Of 1994. 

' h e  M u h - P u i p e  Canister Implemeinraiaon Trogram 
Conceptual Design Phase Wcport was publlahed la7 

Sepicmber 1997. 

Summary characteiisiics of current 30 E sprt fuel 
invsiitorics not scheduled for reprocessing are given in 
Table 1.11 (based on refs. 12-19). Projcctcd ten-year 
inventory. increases rcprted by a fex sites to the DOE 
Office of Spcni Fuel Management and Spcial Projccts 
(118E/EM-37) arc reported in Table 1.12 (based on 
ref. 12). 

For purpcscs of clarification; the quantities of s p :  
fuel reprtcd in Tables 1.11 and 1.12 inclutle contributions 
from other fuels bcsides those pemanently discharged 
€rom piduction reactors. Sperit fuels reported in these 

iclude DCJE-mvned nuclear file1 that has been 
vdhdiawn from or residcs for storage in a sruclear rcactor 
following irradiation, the constituent elements of which 
have not been scparated bj psocesing. In addition tn 
intact fuel, reactor-irradiated fuel materials requiring 
special handling (e.g., defective fuel and special fgel foims) 
are also considered spent fuel and are eligible for inclusion 
in Tables 1.11 and 1.12. These tables also list .some 
comineicially generated fuels and fuels froiji foreign 
reaciim and universiry rescarcb reactors which are stored 
8.1 0 3 E  sites. More detailed inPorrnation on these special 
fuels will be included in future updates of this report. 

1. U.S. Deparltmit ill Energyp., Fnergy Info1 mation Administration, Nuclear Fuel Data I'orrn KW-859, Washragton, D.C. 
(data as of Deccmki 31, 1992) 

I T  S Depitnrent of Efierg, Office of Sciesiilfic and Technical laformation, Nuclear Reactors Brdt, Being Built, or 
Plnrsned- 1992, l>OlYOS I1-8208-RS6, Oak Ridge, Tennessee (August 1993). 

2 

3. U 7 Departmeat OF Bncrg, Energy Info1 ination Administration, Wodd Nuclear Capocity ilnd Fuel Cyck Requirmerrl~ 
1993, DCJEF_i4-0435(?3), Washington, U.C (November 1993). 
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4. J. W. R d d y  et a!., Fhy.~ical m d  Di-cay (%mzctztzuistics of Comerc id  L W  Spent Fuel, 8RNB 
Oak Ridge National Iaboratoay, Oak Ridge, ’Tennessee (January 19<%h). 

5. J. P. Jackwn, West Valley Nuclear Services Company, Inc., \Vest Valley, New Y ~ r k ,  letter to Use J. \Vachter, Martin 
Marietta Bmrgy Systems: Inc., € AY, Oliver Springs, Tenncswe, (‘ aste Tnformation Update for CMendar Year 
l9W3’’ dated hug. 20, lW3. 

7. n. W. Warembourg, Public Sewice Conipimny of Colorado, $I:dtevillz, Colorado, letter to R. C. Atalirar, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee, “Update of hrraonl Fort St. Wain Reactor Spent Fuel Discharges for 1993 
DOE Intcgrated Data Base Report,’’ dated Apr. 27, 1993. 

8. General Electric Company, General Elt-c~ric ,6tfmdurd Sufety Annlysis Repon‘, BWK/6, Docket STN 50-447, San Jose, 
Chlifornia (1973). 

15. F. M. Coony, ’Neslinghouse Manford Cbmpany, Itichland, Washington, facsimile to S .  N. Storsh, Oak Midge National 
I.aboratory, Oak Ridge, Tennessee, dated Oct. 1,1993, transmiltirig ~ ~ f o r ~ ~ ~ ~ o n  on IIanforcB Site spent fuel inventories. 

1 6  h P. Hmkirms, ~ e s ~ j ~ g ~ ~ ~ ~ ~ ~  Idaho Nuclear Company, Inc., Idaho Fails: Idaha, Better tu ha. J Bonknski, LXH3/ID, 
Idaho Falls, Idaho, APH-33-93, dated Aps. 28, 1%. 

18. J. 7: Hargrove, Martin Marietta Energy Systems, Bnc., Oak Ridge, Tennessee, letter to D. G. Abbott, EG&G Idaho, 
Inc., Idaho Falls, Idaho, “Oak Ridge National Iabratory’s (ORNI,) Spent Nuclear Fuel Dafa for rhr: ’Department 
of Energy’s (DOE) 13ackgraund Report and the Intcgrated Spent Nuclear Icucl Database System,” dated 
,‘lug. 11, 1983. 

19. R. C. Mason, Martin Marietta Energy Systems, Tnc., Oak Ridge, Tennessee, attachinelat oflctter to Oak Ridge National 
Iaboratnry Spent Nuclear Vue1 Coordinating Committee, ““Project Plan hssesment of Vulnerabilities of DOE Storage: 
of Irradiated Reactor Fuel and Other HCmctnr Irradiated Nuclear PirIaterials,” dated Se 
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Table 1.2.  Projected d a t i v e  mass af commercial 
spent fuel discharses for alternative 

WE/EIA scenarios 
._. . . . . 

End of 
calendar 

Cumulative spent f u e l  discharged, lo3 NTIW 
--I_ __ I-__ ____ 

year  No New Orders Case Lower Reference Case 

1992" 
1993b 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

25.9 
28.3 
30.0 
32.4 
34.1 
36.1 
38.1 
40.0 
42.1 
44.2 
46.0 
48.0 
50.0 
51.8 
53.8 
55.9 
58.0 
59.9 
61.7 
63.5 
65.3 
67.5 
69.6 
70.8 
72.5 
73.5 
74.7 
75.7 
76.7 
77.7 
78.7 
79.9 
81.0 
81.9 
83.1 
83.6 
83.9 
84.2 
84.3 

25.9 
28.3 
30.0 
32.4 
34.2 
36 .1  
38.2 
40.0 
42.1 
44.2 
46.0 
48.0 
50 .0  
51.8 
53.7 
55.7 
57.5 
59.6 
61.3 
63.5 
65.3 
67.7 
70.1 
71.9 
74.0 
76.0 
77.9 
79.7 
81.6 
83.6 
85.4 
87.5 
89.8 
92.1 
93.9 
96.1 
98.4 

100.7 
103.0 

aRReported h i s t o r i c a l  da t a  from ref. 1. 
bData for years  1993-2030 from r e f .  3 update.  The 

pro jec t ions  contained i n  t h i s  t a b l e  show minor d i f f e rences  
from those  found in t he  publ ica t ion  World Nuclear Capacity and 
Fuel Cycle Requirements 1993, DO)OE/EIA-0436(93). The 
d i f f e rences  a re  a t t r i b u t a b l e  t o  t he  a v a i l a b i l i t y  of updated 
da ta  not  ava i l ab le  for t h i s  DOE/EIA repor t .  
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T a b l e  1 .3 .  Bistaricall and projected anads. rarl ioactiwiLy,  and Zhemml w a r  o f  
pe~lnanentlg discharged spent fuel by isactor type 

for the =/ETA IBO %Jw Orders Case 

End of Mass,”Bb MTIHM Radioactivity, lo6 Ci Thermal power, l o 6  W 
._.. ... . calendar 

year Annual Cumulative Annual Cumulative Annual Ciimulat ive 

19 6 8- 197 0 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1089 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
20 1 4  
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

16 
80 

222 
317 
561 
787 

1,084 
1 ,467  
1,850 
2,250 
2,870 
3 ,329  
3 ,686  
4.177 
4 ,675  
5,190 
5,648 
6,347 
6 ,883  
7,598 
8 ,231  
8.819 

Boilingwater reacton 

64 
142 

95 
24 5 
226 
297 
383 
383 
400 
620 
459 
357 
491 
498 
515 
458 
699 
536 
715 
633 
588 
729 9.547 3.359 7.037 - 

3.400 7.500 700 
600 
800 
500 
700 
700 
600 
700 
800 
4 0 0  
800 
600 
500 
800 
600 
800 
600 
700 
600 
900 
500 
900 
400 
500 
300 
400 
300 
300 
300 
500 
500 
400 
400 
500 

0 
0 

100 
0 

10,300 
10,800 
11,700 
12,200 
12,900 
13,500 
1 4 , 1 0 0  
14,800 
15,600 
16,000 
16,800 
1 7 , 4 0 0  
18.000 
18,800 
19,300 
20,200 
20,800 
21,500 
22,100 
23 ~ 000 
23,500 
24,500 
24,800 
25,400 
25,700 
26,100 
26,400 
26,700 
26,900 
27,500 
28.000 
28,400 
28.800 
29,300 
29,300 
29,400 
29,500 
29,500 

190 
431 
349 
908 
920 

1 , 1 5 1  
1,566 
1,618 
1 ,734  
2 ,685  
2,014 
1 , 5 8 2  
2 ,218  
2 , 2 1 1  
2 ,246  
1 ,963  
2.919 
2 ,363  
3,090 
2 , 8 2 1  
2.696 

11 
197 
466 
441 

1 , 0 4 2  
1 ,218  
1 , 5 8 1  
2 ,129  
2 ,412  
2 ,728  
3 ~ 888 
3,664 
3 ,362  
4,015 
4 ,283  
4 ,519  
4,404 
5 , 4 1 1  
5 ,177  
6 ,038  
6 , 1 0 1  
6 ,186  

2,800 
4,000 
2,500 
3,200 
3,200 
2,900 
3,300 
3,900 

3,800 
3,100 
2,700 
3,900 
2,700 
3,900 
3,100 
3,200 
3,100 
4,400 
2,400 
4,300 
1 ,900  
2,600 
1 ,400  
2,000 
1 ,600  
1 ,500  
1 ,300  
2,500 
2 ,600  
1 ,700  
1 ,900  
2,300 

0 
200 
600 

0 

1,900 

7,200 
8.600 
7 ,600  
8 ,300  
8 ,600  
8.500 
9,100 

10 ,000  
8 ,400  

1 0 , 0 0 0  
9,900 
9,600 

10,800 
10,100 
11,300 
11,000 
11.100 
11,100 
12,500 
11.100 
12 ~ 800 
10,800 
11,100 
10 ,000  
10,300 

9.800 
9,600 
9,300 

10,400 
10,700 
1 0 , 0 0 0  
1 0 , 0 0 0  
10,400 

8,100 
7 , 7 0 0  
7,700 
7,000 

0 . 0  
0 . 7  0 . 8  
1 . 7  1.8 
1 . 4  1 . 7  
3 . 6  4 .0  
3 . 7  4 .7  
4 . 5  6 . 1  
6 . 2  8 . 2  
6 . 5  9 . 3  
7 . 1  1 0 . 5  

1 0 . 9  15.1 
8 . 2  14.0 
6 . 5  1 2 . 6  
9 .1  15.1 
9 .0  16 .0  
9 . 2  16 .7  
8 .0  16 .0  

11 .7  19.8 
9 .7  1 8 . 8  

12 .6  22.1 
11 .6  22.3 
11.1 22.5  
13 .9  25.9 
1 4 . 1  27 .5  
11 .6  26.2 
1 6 . 9  31.9 
10 .7  27.8 
13 .7  30.5 
13 .6  31.5 
12 .2  31.0 
14.0 3 3 . 1  
16 .7  36.9 

8 .0  30 .1  
16 .2  36 .8  
13.0 35.7 
11.5 3 4 . 5  
16.4 3 9 . 5  
1 1 . 6  36 .6  
16 .5  41 .3  
13 .3  39 .7  
13.4 40.0 
1 2 . 9  3 9 . 8  
18 .3  45 .5  
10 .3  3 9 . 5  
1 7 . 9  46 .0  

8 .0  3 7 . 9  
10 .9  39.2 
6 .1  3 4 . 6  
8 . 6  3 5 . 8  
6 .7  3 4 . 2  
6 .4  33 .5  
5 . 6  32.4  

10 .3  3 6 . 6  
10 .8  3 8 . 1  

7.0 35 .3  
7 .8  3 5 . 3  
9 . 1  3 6 . 6  
0 . 0  27 .6  
1 . 0  26 .0  
2 . 4  26.4 
0 . 0  23 .6  
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Table 1.3 [continued) 

End of Mass ,sib MTLHP~ Radioactivity, 106 Ci Thermal power, lo6 W 
11- calendar 

year Annual Cumulative Annual Cumulative Annual Cumulative 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

39 
44 
100 
67 
208 
322 
401 
467 
699 
721 
618 
676 
640 
7 72 
842 
861 

1,ooa 
1,114 
1,125 
1,227 
1,532 
1,298 
1,601 
1,600 
1,200 
1,500 
1,300 
1,300 
1,300 
1,200 
1,400 
1,300 
1,400 
1,200 
1,300 

1,200 
1,600 
1,300 
1,300 
1,100 
1,200 
900 

1,700 
1,200 
800 

1,100 
700 
800 
600 
700 
800 
500 
600 
800 
500 
600 
500 
200 
200 
100 

1,300 

Pressurized-water reactor 

39 204 204 
83 247 296 
183 545 638 
250 374 571 
458 1,098 1,320 
780 1,683 2,098 

1,181 2,222 2,894 
1,648 2,660 3,677 
2.347 4,030 5,428 
3,068 4,185 6,254 
3,686 3,667 6,248 
4,362 4,025 6,887 
5,002 3,797 7,037 
5,775 4.590 8,077 
6,616 4,978 8,943 
7,478 5,196 9,641 
8.478 5,969 10,909 
9,592 6,687 12,240 
10,717 6,865 13,132 
11,944 7,422 14,347 
13,476 9,405 17,026 
14,774 8,049 16,881 
16,375 10,032 19,374 
18,000 10,600 21,100 
19,200 
20,700 
21,900 
23,200 
24,600 
25,800 
27,300 
28,600 
30,000 
31,200 
32,500 
33,800 
35,000 
36,600 
37,900 
39,100 
40,200 
41,400 
42,300 
44,000 
45,200 
46,000 
47,100 
47.900 
48,600 
49,300 
50,000 
50,800 
51,200 
51,800 
52,600 
53,100 
53,700 
54,300 
54,500 
54,700 
54, aoo 

7,500 
9,800 
8.300 
8,500 
8,800 
8,000 
9,400 
8,700 
9,300 
8.200 
8,700 
8,500 
7,700 
10,700 

8,500 
7,400 
7,800 
6,100 
11,000 
8,000 
5,600 
7,600 
5,000 
5,200 
4,300 
4,800 
5,200 
3,100 
4,000 
4,900 
3,500 
3,900 
3,300 

1,400 
900 

8,400 

1,500 

19,100 
21,400 
20,800 
21,400 
22,200 
22 ~ 000 
23,700 
23,900 
25,000 
24,600 
25,300 
25,500 
25,200 

27,400 
27,600 
26,900 
27,400 
26,000 
30,700 
29,200 
26,800 
28,300 
26,100 
25,800 
24,700 
24,900 
25,200 
23,300 
23,500 
24,300 
23,000 
23,000 
22,300 

28.500 

20,000 
19,100 
18,000 

44.2 
31.3 
41.1 
34.8 
36.0 
37.2 
33.9 
39.6 
36.9 
39.4 
34.8 
36.8 
35.9 
33.0 
45.3 
35.7 
36.3 
31.5 
33.8 
26.0 
46.4 
34.1 
24.1 
32.4 
21.2 
22.4 
18.6 
20.5 
22.2 
13.4 
17.1 
20.6 
14.5 
16.2 
13.7 
6.0 
5.8 
3.5 

0.8 0.8 
1.0 1.2 
2.2 2.5 
1.5 2.2 
4.4 5.2 
6.7 8.2 
8.9 11.3 
10.8 14.5 
16.4 21.5 
17,l 24,J 
15.0 24.5 
16.5 26.9 
15.6 27.2: 
18.8 31.2 
20.4 34.4 
21.4 37.0 
24.5 41.8 
27.5 46.8 
28.3 50.3 
30.5 54.8 
38.9 65.5 
33.4 64.4 
41.7 74.3 

81.1 
72.3 
81.4. 
78.3 
80.R 
83.7 
82.5 
89.2. 
89.5 
93.7 
91.5 
94.2. 
95.2 
93.7 
106.j 
101.9 
102.8 
99.5 
101.B 

9 5 . 4  
114.6 
108.2 
98i3 
104.4 
94.9 
93.9 
89.5 
90.2 
91.7 
83.4 
84.6 
88.0 
82.6 
82.8 
79.7 
70.8 
67.4 
63.3 



~~ 

 as s , a b mi m4 Radioact iv i ty ,  106 Ci mermal p w e r .  106 w ma of 
_. ........ ._ ... .... ... calendar 

year Annual Cw.ial.at i v e  Annual Cumulative Annual Cwwlat ive  
.................... .................... 

I_____ 

1958- 197 0 
1 9 7 1  
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981  
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1 9 9 1  
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

2 0 0 1  
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011  
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021  
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

2000 

108 
2 4 1  
162 
452 
547 
698 
850 

1,082 
1 ,121  
1,238 
1,135 

998 
1,264 
1,340 
1,376 
1,459 
1,813 
1 , 6 6 1  
1,942 
2,165 
1,886 
2 ,330  
2.400 
1,700 
2,300 
1,800 
2,000 
2,000 
1,800 
2,100 
2,100 
1,800 
2,000 
2,000 
1,800 
2,000 
2 ,200  
2,100 
1,900 
1 ,800  
1.800 
1.800 
2.200 
2.100 
1 ,200  
1,700 
1,000 
1 ,200  

900 
1,000 
1,000 
1,000 
1.100 
1.100 

900 
1.100 

500 
300 
300 
100 

5 5  
163 
405 
567 

1,019 
1,567 
2,265 
3,115 
4,197 
5,318 
6,556 
7 , 6 9 1  
8,688 
9,952 

11,292 
12,667 
14,126 
15,940 
17,600 
19,542 
21,707 
23 I 592 
25  ~ 922 
28 I 300 
30,000 
32,400 
34,100 
36,100 
38,100 
40,000 
42,100 

46,000 
48,000 
50,000 
51,800 
53,800 
55,900 
58,000 
59,900 
61,100 
63,500 
65,300 
67,500 
69, G O O  
70,800 
72,500 
73,500 
74,700 
75,700 
75,700 
77,700 
78,7UO 
79,900 
81.000 
81.900 
83,100 
R 3 , G O O  
83 ~ 900 

44.200 

84, zoo 
8tb,3no 

Yotal  

438 
976 
724 

2,006 
2,603 
3,373 
4,225 
5,648 
5,920 
6 , 3 5 1  
6,039 
5 ,379  
6 ,808  
7 I 188 
7.442 
7 , 9 3 1  
9,606 
9,229 

10,512 
12.225 
10,745 

-_..13LQ91- 
13,900 
10,200 
13,800 
10,800 
11,800 
12,100 
in, goo 
12,700 
12,700 
11,200 
12.000 
11,800 
11,200 
11,600 
13,500 
12,400 
11,600 
10,600 
10,900 
10,400 
13,500 
12,400 

7,500 
10,200 

6,400 
7,300 
5,900 
6,300 
6,500 
5,600 
6,600 
6,700 
5,300 
6,200 
3,300 
1,700 
2,000 

900 

215 
4 92 

1,104 
1,013 
2,363 
3,316 
4,475 
5.806 
7 ~ 8 G O  
8,982 

10,136 
10 ,551  
10,399 
12.092 
13,226 
14,160 
15,313 
17 ,651  
18,320 
20,385 
23 ,126  
23,067 
26,410 
28 ,500  
26 ,300  
29,900 
28,500 
29.800 
30,800 
30. 600 
32,800 
33,900 
33,400 
34,500 
35,100 
35,100 
36,100 
38,500 
38.700 
38,500 
38,000 
38,500 
38,5OC 
41,600 
41,940 
37,600 
39,400 
36,100 
36,100 
34,600 
34,500 
34,600 
33,600 
34,200 

33,000 
33,400 
30,400 
27,700 
26 ,900  
25,000 

34,300 

........... 

1 .7  
3 . 9  
2 . 9  
7 . 9  

1 0 . 3  
1 3 . 4  
17 .0  
22.9 
2 4 . 1  
26.0 
24.7 
2 2 . 0  
2 7 . 9  
2 9 . 4  
3 0 . 6  
3 2 . 5  
39 .2  
3 8 . 0  
4 3 . 1  
5 0 . 4  
4 4 . 5  
5 5 . 6  
58.3 
42 .9  
58.0 
45.5 
49.7 
50.8 
4 6 . 1  
53 .6  
5 3 . 5  
47 .4  
51 .0  
4 9 . 8  
47.4 
49 .4  
5 6 . 9  
5 2 . 3  
4 9 . 6  
44.9 
4 6 . 6  
44 .3  
56 .7  
52.0 

43 .3  
27 .4  
31.0 
25.4 
2 6 . 9  
27.7 
23 .6  
27 .8  
27 .6  
2 2 . 3  
25.4 
13.7 

7 . 0  

3 .5  

3 2 . 0  

8.2 

0 .8  
1 . 9  
4.3 
3 . 9  
9 . 2  

1 2 , 9  
1 1 . 4  
2 2 . 6  
3 0 . 8  
3 5 . 2  
3 9 . 6  
4 0 . 9  
3 9 . 8  
46 .3  
50 .4  
5 3 . 8  
57 .9  
6 6 . 8  
6 9 . 1  
5 6 . 9  

87.0 
1 0 0 . 2  
108.6 

98 .6  
113 .3  
106 .  I 
11.1.3 
115.3 
113 I 5 
122 I 3 
126.4 
123.7 

130.0 
129,7 
133 .2  
143.3 
1 4 3 . 1  
142.5 
139.5 
141.4 
140.9 
1 5 4 . 1  
154.2 
136 .2  
143.6 
129.6 
129.7 
123.7 
123.6 
124.0 
120.0 
122.7 
123 ~ 3 
117.8 
119.3 
107.3 

95.8 
93.8 
86.8 

87.8 

..._I._._.- 

128.3 

1 ( 1968- 1992 1 
3 (1993-2030)  . Assi.mes nn future reprocessing. 
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T a b l e  1 . 4 .  BPstorical and projected mass, radioactivity, m d  thermal p e r  of 
perreamentlg discharged spa& fuel by reactor type 

for the WE/EIA Lower Reference Case 

End of  mas^.^*^ MTIHM Radioactivity. lo6 Ci Thermal power, lo6 W 
calendar 
year Annual Cumulativs Annual Cumulative Annual Cumulative 

&xi ling-watar reactor 

1968-1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
2981 
1982 
1983 

1985 
1986 
1987 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

1984 

1988 

64 
142 
95 
245 
7.26 
297 
383 
383 
400 
620 
459 
357 
491 
498 
515 
458 
699 
536 
715 
633 
588 
729 
700 
600 
800 
500 
700 
700 
600 
700 
800 
400 
800 
600 
500 
700 
600 
600 
900 
600 
900 
800 
800 

1,100 
600 
600 
600 
600 
600 
600 
500 
600 
600 
90 0 
800 
600 
700 
800 
700 
800 

16 
80 190 
222 431 
317 349 
561 908 
787 920 

1,084 1.151 
1,467 1,566 
1,850 1,618 
2,250 1,734 

3,329 2,014 
3,686 1,582 
4,177 2,213 
4,675 2,211 
5,190 2,246 
5,648 1.983 
6,347 2,919 
6,883 2,363 
7,598 3,093 
8,231 2,821 
8,819 2 I 696 
9.547 3,359 _lll 

2,870 2,685 

10.300 
10,800 
11,700 
12,200 
12,900 
13,500 
14,100 
14,800 
15,600 
16,000 
16,800 
17,400 
17,900 
18,600 
19,200 
19,800 
20,700 
21,300 
22,100 
22,900 
23,700 
24.700 
25,300 
25,900 
26,500 
27,100 
27,700 
28,300 
28,eOO 
29,400 
30,000 
30,900 
31,700 
32,200 
32,900 
33,700 
34,400 
35,200 

3,400 
2,800 
4,000 
2.500 
3,200 
3,200 
2,900 
3,300 
3,900 
1,900 
3,800 
2,800 
2,709 
3,400 
3,000 
3,000 
4,200 
2,800 
4,200 
3,600 
3,600 
5,100 
2,600 
2,800 
2,800 
3,100 
2,800 
2,900 
2,600 
2,900 
3,100 
4,200 
3,800 
2,800 
3,400 
3,900 
3,300 
3,900 

11 0.0 
197 0.7 0.8 
466 1.7 1.8 
441 1.4 1.7 

1,042 3.6 4.0 
1,218 3.7 4.7 
1.581 4.5 6.1 
2,129 6.2 8.2 
2,412 6.5 9.3 
2,728 7.1 10.5 
3,888 10.9 15.1 
3,664 8.2 14.0 
3,362 6.5 12.6 
4,015 9.1 15.1 
4,283 9.0 16.0 
4,519 9.2 16.7 
4,404 8.0 16.0 
5,411 11.7 19.8 
5,177 9.7 18.8 
6,038 12.6 22.1 
6,101 11.6 22.3 
6,186 11.1 22.5 
7,037 13.9 25.9 
7,500 
7,200 
8.600 
7,600 
8,300 
8,600 
8.500 
9,100 
10,000 
5,400 
10,000 
9,600 
9,500 
10,300 
10,200 
10,400 
11,700 
10,900 
12,100 
12,100 
12,200 
13,800 
12,000 
11,900 
11,800 
12, 100 
11,900 
12,000 
11.900 
12,100 
12,500 
13,700 
13,800 
13,100 
13,600 
14,200 
14,000 
14,600 

14.1 27.5 
11.6 26.2 
16.9 31.9 
10.7 27.8 
13.7 30.5 
13.6 31.5 
12.2 31.0 
14.0 33.1 
16.7 36.9 
8.0 30.1 
16.2 36.8 
12.0 34.7 
11.5 34.3 
14.7 37.6 
12.6 37.0 
12.8 37.5 
17.6 42.0 
11.8 39.1 
17.5 44.2 
15.1 43.7 
15.0 44.1 
21.0 50.5 
11.0 42.8 
11.7 42.1 
11.7 41.7 
13.0 43.1 
11.7 42.3 
12.2 43.0 
10.9 42.2 
12.0 43.3 
13.3 4 5 . 0  
17.5 50.2 
16.0 50.6 
11.8 47.3 
14.2 49.2 
16.6 52.1 
14.0 51.0 
16.5 53.5 



T & l e  1.4 (continued) 

End of ~ a s s , a * b  MTIHM Radioactivity, lo6 Ci niermal power, 106 w 
.... ~ __I- 

-. lll_ 

.........._I ~ I___ calondar 

y e a r  Annual Cwmibative Annual Curnulat ive Annual Cumulative 

1070 
1971 
7 972 
1973 
197& 
1975 
1976 
1977 
1970 
1979 
1980 
1981 
1081. 
1983 
1984 
1385 
1986 
1987 
1988 
3989 
1990 
1991 
1992 
1993 
1994 
1995 
190G 
1997 
1998 
1999 
2000 

2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

2001. 

39 
44 

100 
67 

208 
322 
401 
467 
699 
721 
618 
676 
640 
772 
842 
861 

1,001 
1,114 
1,125 
1,227 
1,532 
1,298 
1,601 
1,600 
1,200 
1,500 
1,300 
1,300 
1,400 
1,200 
1,400 
1,300 
1,400 
1,200 
1,400 
1,300 
1,200 
1,400 
1,200 
1,200 
1,100 
1,300 
1,100 
1,600 
1,400 
1,200 
1,500 
1,400 
1,200 
1,300 
1,300 
1,500 
1,200 
1,400 
1,500 
1,500 
1,300 
1,500 
1,500 
1,500 
1,500 

Pressurized-water reactor 

39 
a3 

183 
250 
458 
780 

1, i a i  
1,648 
2.347 
3,068 
3,686 
4,362 
5,002 
5 ~ 775 
6,616 
7,478 
8,478 
9,592 

10,717 
11,944 
13,476 
14 ~ 774 
16,375 
18.000 
19,200 
20,700 
22,000 
23,200 
24,600 
25,900 
27,300 
28,600 
30,000 
31,200 
32,600 
33,900 
35,000 
36,500 
37,700 
38,900 
40,000 
41,300 
42,400 
44,000 
45,400 
46,600 
48.100 
49,500 
50,700 
52,000 
53,300 
54,800 
56,000 
57,500 
50.900 
60,400 
61,700 
63,200 
64,700 
66,300 
67,800 

204 
247 
545 
374 

1,098 
1,683 
2,222 
2,660 
4,030 
4,185 
3,667 
4,025 
3,797 
4,590 
4,978 
5,196 
5,959 
6,687 
6.865 
7.422 
9,405 
8,049 

10,032 
10,600 
7,500 
9.800 
8,400 
8,400 
9,000 
8.000 
9.200 
8,900 
9,300 
8.000 
9,000 
8,600 
7,800 
9,600 
8.200 
8,000 
7,600 
8.900 
7,400 

10,800 
9,300 
8,300 
10,200 
9,200 
8,300 
8,600 
8.900 
10,000 
8,200 
9,800 
9,800 

10,200 
8,500 
10,400 
10,400 
10,400 
10,200 

204 
296 
638 
571 

1,320 
2.098 
2,894 
3,677 
5,428 
6,254 
6,248 
6,887 
7,037 
8,077 
8,943 
9,641 

10.909 
12,240 
13,132 
14,347 
17,026 
16,881 
19.374 
21,100 
19,100 
21,400 
21,000 
21,300 
22,400 
22,100 
23 ~ 600 
24 ~ 000 
25,000 
24,400 
25,500 
25,700 
25,400 
27,300 
26 ~ 900 
27,000 
26,900 
28,400 
27,700 
31,100 
30,800 
30,300 
32,300 
32,200 
31,600 
32,000 
32,700 
34,200 
33,200 
34,700 
35,400 
36,300 
35,300 
37,200 
37,900 
38,500 
38.800 

0.8 
1.0 
2.2 
1.5 
4.4 
6.7 
8.9 

10.8 
16.4 
17.1 
15.0 
16.5 
15.6 

20.4 
21.4 
24.5 
27.5 
28.3 
30.5 
38.9 
33.4 
41.7 
44.2 
31.3 
41.1 
35.5 
35.3 
38.0 
33.9 
38.8 
37.7 
39.4 
33.9 

36.3 
33.1 
40.7 
35.1 
34.4 
32.9 
38.5 
31.6 
45.9 
39.4 
35.6 
43.4 
39.2 
35.6 
37.2 
37.9 
42.9 
35.0 

42.2 
43.6 
36.7 
44.6 
44.4 
44.3 
43.4 

18.8 

38.1 

41.8 

0.8 
1.2 
2.5 
2.2 
5.2 
8.2 

11.3 
14.5 
21.5 
24.7 
24.5 
26.9 
27.2 
31.2 
34.4 
37.0 
41.8 
46.9 
50.3 
54.8 
65.5 
64.4 

81.1 
72.3 
81.4 
79.4 
80.3 
84.5 

88.5 
90.2 
93.9 
90.8 
95.3 
95.9 
94.1 

102.3 
100.2 
100.5 
100.1 
106.6 
103.0 
117.0 
115.7 
113.3 
121.5 
120.7 
118.3 
120.2 
122.5 

124.1 
130.6 
133.7 
137.4 
133.1 
140.8 
143.7 
145.9 
146.7 

74.3 

82.8 

128.9 
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T a b l e  1.4 (caatimed) 

End of Mass,a*b MTIHN Radioactivity, 10' Ci Thermal powar, lo6 W 
1.- _._-.._.I__ 

_.. calendar 
Annual Cumulative year Annual Cumulative Annual Cumulative 

1968-1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

108 
241 
162 
452 
547 
698 
850 

1,082 
1,121 
1.238 
1,135 
998 

1,264 
1,340 
1,376 
1,459 
1,813 
1,661 
1,942 
2,165 
1,886 
2.330 
2,400 
1,700 
2,300 
1,800 
1,900 
2,100 
1,800 
2,100 
2,200 
1,800 
2,000 
1,900 
1,800 
1,900 
2.000 
1.800 
2,000 
1,700 
2,200 
1,900 
2,400 
2,500 
1,800 
2,100 
1,900 
1,900 
1,800 
1,900 
2,000 
1,800 
2,100 
2,300 
2,300 
1,800 
2,300 
2,300 
2,200 
2,300 

55 
163 
405 
567 

1,019 
1,567 
2,265 
3,115 
4,197 
5,318 
6,556 
7,691 
8,688 
9,952 
11,292 
12,667 
14,126 
15,940 
17,600 
19,542 
21,707 
23,592 
25,922 
28,300 
30,000 
32,400 
34,200 
36,100 
38,200 
40,000 
42,100 
44,200 
46,000 
48,000 
50,000 
51,800 
53,700 
55,700 
57,500 
59,600 
61,300 
63,500 
65,300 
67,700 
70,100 
71,900 

76,000 
77,900 
79,700 
81,600 
83.600 
85,400 
87,500 
89,800 
92,100 
93,900 
96,100 
98,400 
100,700 
103,000 

74,000 

T o t a l  

438 
976 
724 

2,006 
2,603 
3,373 
4,225 
5,648 
5,920 
6,351 
6.039 
5,379 
6,808 
7,188 
7.442 
7,931 
9,606 
9,229 
10,512 
12,225 
10,745 
13,391 
13,900 
10,200 
13,800 
11,000 
11,600 
12,300 

12,500 
10,900 

12,900 
11,200 
11,800 
11,800 
11,300 
11,200 
12,500 
11,200 
12,200 
10,500 
13,100 

14,400 
14,300 
11,000 
13,000 
12,000 
11,400 
11,400 
11.700 
12,600 
11,000 
12,900 
14,000 
13,900 
11,300 
13,800 
14,200 
13.700 
14,100 

11,000 

215 
492 

1.104 
1,013 
2,363 
3,316 
4,475 
5,806 
7,840 
8,982 
10,136 
10,551 
10,399 

13,226 
14,160 
15,313 
17,651 
18,310 
20,385 
23,126 
23,067 
26.410 

26,300 
29,900 
28,600 
29,600 
31,000 
30,600 
32,600 
34,000 
33,400 
34,400 
35,100 
35,200 
35,700 
37,500 
37,200 
38,700 
37,800 
40,600 
39,700 
43,300 
44,700 
42,300 
44,200 
44,000 
43,800 
44.000 
44,700 
46,100 
45,300 
47,200 
49,200 
50,200 
48,400 
50,800 
52,100 
52,500 
53,400 

12.092 

28, 500 

1.7 
3.9 
2.9 
7.9 
10.3 
13.4 
17.0 
22.9 
24.1 
26.0 
24.7 
22.0 
27.9 
29.4 
30.6 
32.5 
39.2 
38.0 
43.1 
50.4 
44.5 
55.6 
58.3 
42.9 
58.0 
46.2 
49.0 
51.6 
46.1 
52.. 7 
54.4 
47.4 
50.1 
5 0 . 1  
47.8 
47.8 
5.3.3 
47.8 
52.0 
411.7 
55.0 
46.8 
60.8 
60.3 
46.6 
55.1 
50.9 
48.7 
4R.9 
50.1 
53.8 
47.0 
55.1 
59.6 
59.5 
48.6 
58.8 
61.0 
58.4 
59.8 

0.8 
1.9 
4.3 
3.9 
9.2 
12.9 
17.4 
2 2  6 

35.2 
39.6 
40.9 

86.3 
50.4 
53.8 
57.9 
66.8 
69.1 
76.9 
87.8 

100.2 
108.6 
98.6 
113.3 
107.3 
110.8 
116.0 
113.7 
121.6 
127.1 
123.9 
127.5 
130.0 
130.2 
131.8 
139.2 
137.7 
143.3 
139.2 
150.9 
146.7 
181.1 
166.2 
156.1 
163.6 
162.4 
161.4 
162.5 
165 I 5 
171.1 
157 ~ 4 
175.6 
183.9 
188.0 
180.4 
190.0 
195.7 
196.9 
200.3 

30.8 

39.8 

8 7 . 0  
-__. 

BRef. 1 (1968-1992). 
bRef. 3 (1993-2030). Assumes no future reprocessing. 
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End of 
calendar 

year 

1992a 
1993b 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

BGlR Total 

Annual 

4,024 
4,000 
3,200 
4,700 
2,900 
3,800 
3,800 
3,400 
3,900 
4,600 
2,200 
4,500 
3,700 
3,100 
4,600 
3,200 
4.700 
3,700 
3,800 
3,700 
5,300 
2.800 
5,200 
2,100 
3,000 
1,600 
2,300 
1.800 
1,700 
1,500 
3,100 
3,000 
2,200 
2,200 
2,900 

0 
300 
800 

0 

C w r m l a t  ive 

52,597 
56,600 
59,900 
64,600 
67,500 
71,300 
75,100 
78,500 
82,400 
87,000 
89,200 
93,700 
97,400 
100,500 
105,100 
108,300 
113,000 
116,600 
120,500 
124,100 
129,400 
132,200 
137,400 
139,600 
142,600 
144,200 
146,500 
148.300 
150,000 
151,500 
154,600 
157,600 
159,800 
162,000 
164,900 
164,900 
165,100 
165,900 
165,900 

-. . . . . . . . . . 
Annual 

3,713 
3,800 
2,700 
3,500 
2.900 
3,000 
3,100 
2,900 
3,300 
3,100 
3,300 
2.800 
3,100 
2,900 
2,700 
3,800 
3,000 
2,900 
2,500 
2,700 
2,000 
3,900 
2,800 
1,900 
2,600 
1,700 
1,800 
1,400 
1,600 
1,700 
1,100 
1,400 
1, coo 
1,200 
1, '100 
1,2011 
500 
500 
300 

. . . . . . . . . . . . . . .- . . . . .- 
Cumial a t i v e  

38,274 
42,000 
44,700 
48,200 
51,100 
54,200 
57,300 
60,100 
63,400 
66,500 
69,800 
72,700 
75,700 
78.700 
81,400 
85,200 
88,100 
91,000 
93,600 
96,300 
98,300 
102,200 
105,000 
106,900 
109,500 
111,100 
112,900 
114,400 
116,000 
117,700 
118,800 
120 200 
122,000 
123 ~ 200 
124.600 
125,800 
126,200 
126 I 700 
127,000 

___-_ 
Annual 

7,131 
7.800 
5,900 
8,200 
5,900 
6,800 
6,900 
6,200 
7,200 
7,700 
5,500 
7,300 
6,700 
6,100 
7,300 
7,000 
7,700 
6,600 
6,400 
6,400 
7,300 
6,700 
8,000 
4,000 
5,600 
3,300 
4,100 
3,200 
3,300 
3,200 
4,200 
4,400 
3,900 
3,400 
4,300 
1,200 
700 

1.200 
300 

__I.__ 
C1unulative 

90,871 
98,700 
104,600 

118,600 
125 ~ 500 
132.400 
138,600 
145,800 
153,500 
159,000 
166,400 
173,100 
179,200 
186,500 
193,400 

207,700 
214,100 
220,400 
227,700 
234,400 
242,400 
246,400 
252,000 
255.300 
259,400 
262,600 
266,000 
269 200 
273,400 
277,800 
281,700 
285,200 
289,500 
290,700 
291,400 
292,600 
292,900 

112, ROO 

201,100 

aReported h i s t o r i c a l  data ( r e f .  1). 
bData f o r  yaars 1993-2030 are based on 101.3 W ( e )  i n s t a l l e d  in  the year 2000 and 

4.7 W ( e )  i n s t a l l e d  i n  the year 2030 ( r e f .  3). Nuiober of projected f u e l  assemblies 
reported has been rounded to the nearest  100. 



1ahl.e 1.6. Projected nueber of pal.loanently discharged Lb?R sput fuel 
illssemblias for the W€/EIA I-r Referace Case 

End of BWR m Total 
.. . . .. .- ... calendar I--__I_ 

year Annual Clmulative Annual. CumulaCivs Annual Cmu1at.ive 
I-- ~ ...___I_ 

1992a 
1993b 
1994 
1935 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
20 1s 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

.._..- 

4,024 
4,000 
3,200 
4,700 
2,900 
3,800 
3,800 
3,400 
3,900 
4,600 

4,500 
3,300 
3,100 
4,000 
3,400 
3,500 
5,000 
3,400 
5,000 
4,300 
4,300 
6,100 
3,100 
3,400 
3,300 
3,600 
3,300 
3,300 
3,000 
3,300 
3,500 
4,900 
4,400 
3,100 
4,100 
4,400 
3,900 
4,500 

2,200 

52,597 
56,600 
59,900 
64,600 
67,500 
71,300 

78,500 
82,400 
87,000 

93,700 
97.000 
100,100 
104,100 
107,600 
111.100 
116,000 
119,400 
124,400 
128.700 
133,000 
139,100 
142, ZOO 
145,600 
148,900 
152,500 
155,800 
159.100 
16.Z.100 
165,400 
168,900 

178,100 
181,200 
185,300 
189,700 
193,600 
198.100 

75,100 

89,200 

173,700 

3,713 
3,800 
2,700 
3,500 
3,000 
3,000 
3,200 
2,900 
3.200 
3,100 
3,300 
2.800 
3,200 
3,000 
2,700 
3,300 
2,800 
2,700 
2,600 
3,100 
2,500 
3,700 
3,200 
2,800 
3,500 

2,900 
2,900 
3,000 
3,400 
2,aoo 
3,400 
3,400 
3,400 
2,900 
3,500 
3,500 
3,500 
3,500 

3,100 

38,274 
42,000 
44,700 
48,200 
51,200 
54,200 
57,300 
60,200 
63,400 
66,600 
69.900 
72.7 110 
75,800 
78,800 
91,500 
8 4 , 8 0 0  
87,700 
90,400 
93,000 
96,000 
98,600 
102,300 
105,500 
108,400 
111,800 
1.15, 000 
117, BOO 
120,700 
123, a00 
127,100 
130,000 
133,300 
136,700 
140,100 
143,000 
146,500 

153,500 
lS7,lQO 

150,000 

7.737 
7,800 
5,900 
8,200 
5,900 
6,800 
7,000 
6,200 
7,200 
7,800 
5,500 
7,300 
5,500 
6.100 
6,700 
6,700 
6,300 
7,700 
6,000 
8,100 
6,800 
8,000 
9,300 
6,oao 
5 , 8 0 0  
6,400 
6.500 
6,200 
6,300 
6,400 
6,100 
6,800 
8,200 
7,800 
6,000 
7,600 
7,900 
7,400 
8,000 

90.8il 
98.700 
104,600 

118,700 
125,500 
132,500 
138,700 
145,800 
153,600 
159,100 
166,400 
172,900 
179,000 
185,700 
192,400 
198,700 
206,400 
212,400 
220,500 
223,300 
235,300 
244 I 600 
250,600 
257,400 
263,900 
270,400 
276,500 
2a2,800 
289,200 
295,300 
302,200 
310,400 
318,200 
324,200 
331,800 
339,700 
347,100 
355,100 

112,800 

- 
aReported historical data (ref. 1). 
bData f o r  years 1993-2030 are based on 101.3 W(e)  inskalled in the year 2000 and 

118.8 M(e) installed in the year 2030 (ref. 3). Number of projected fuel. assemblies 
reported has been rounded to tha nearest 100. 
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T a b l a  1.7. Spemt fue l  discharges frrau the Roxt St. V r a h  RTt2+ta 
~ 

Number of fuel assemblies Mass of f u e l  discharged 
End of discharged ( NTIm 1 

... ...... ca lendar  
yea r  Annual Cmulat, ive Annual Cumulative 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
198gd 
1990d 
1991f 

24Sb 
0 

240 
0 
0 

240 
0 
0 
0 
0 

, e  126 
332 
42 

246 
246 
486 
486 
486 
726 
726 
726 
726 
726c 
852 

1,184 
1.226 

2.80 
0.00 
2.77 
0.00 
0.00 
2.85 
0 . 0 0  
0.00 
0.00 
0.00 
1.32 
3.49 
0.48 

2.80 
2.80 
5.57 
5.57 
5.57 
8.42 
8.42 
8.42 
8.42 
8.42 
9.74 
13.23 
13.71 

19928 902 ... 2,208 10-29 24.00 
1993-1998' 0 2,208 0 24.00 

_I___. 

aBased on ref. 7. Djscharges i d e n t i f i e d  i n  t h i s  tah1.e a r e  those  made 

byhis r e fue l ing  rep laced  240 s tandard  f u e l  elements and 6 f u e l  t e s t  
d i r e c t l y  from the r e a c t o r .  

elements.  

t h e  ICPP ( see  f a b l e  A . 6  of Appendix A ) .  

i n  on - s i t e  s to rage  we l l s .  

spent  f u e l  discharged p r i o r  t o  December 31, 1988, i s  loca t ed  a t  

dFuel removed from t h e  reactor i n  1989 and 1990 was temporar i ly  s t o r e d  

'Power opera t ions  e f f e c t i v e l y  ceasad on August 18, 1989. 
1991, 18 of t h e  discharged spent  f u e l  elements were s e n t  t o  ICPP, 

18 elements were t r a n s f e r r e d  t o  an o n - s i t e  independent spent  f u e l  s to rage  
i n s t a l l a t i o n  ( ISFSI) .  and 6 sLemsnts were temporar i ly  s t o r e d  i n  on - s i t e  
s to rage  welLs. 

g A l l  spent  f u e l  elements have been discharged from t h e  r e a c t o r  and 
t r a n s f e r r e d  t o  t h e  ISFSI. A l l  spent  f u e l  elements i n  temporary o n - s i t e  
s t o r a  e wel l s  have been r e loca ted  t o  thP ISFSI. 

k l u r i n g  t h i s  per iod ,  Publ ic  Se rv ice  Company of Colorado p lans  t o  s h i p  
the 1,464 elemants cu r ren t ly  in t h e  JSFSI t o  ICPP. However, l e g a l  i s s u e s  
have n o t  been f u l l y  reso lved .  
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Table 1.8. IDB reference characteristics 
of LWR fuel assdlies 

Characteristics 

Overall assembly length, m 
Cross section, cm 
Fuel rod length, m 
Active fue l  height, rn 
Fuel rod outer diameter, cm 
Fuel rod array 
Fuel rods per assembly 
Assembly total weight, kg 
Uranium/assembly, kg 
UOZlassembly, kg 
Zircaloyfassembly, kg 
Hardware/assembly, kg 
Total metal/assembly. kg 
Nominal volumelassembly, m3 

BWRa m b  

4.470 4.059 
13.9 X 13.9 21.4 X 21.4 
4.064 3.851 
3.759 3.658 
1.252 0.950 
8 x 8  
63 264 
319.9 657.9 
183.3 461.4 
208.0 523.4 
103. 3c 108. qd 
8.6' 26.1f 
111.9 134.5 
0.08648 0.186g 

17 X 17 

aRef .  8. 
bRef. 9.  
CIncludes Zircaloy fuel-rod spacers and fuel channel. 
dIncludes Zircaloy control-rod guide thimbles. 
'Includes stainless steel tie-plates, Inconel springs, and 

fIncludes stainless steel nozzles and Inconel-718 g r i d s .  
&Based on overall outside dimension. 

between the stacked fuel rods of an assembly. 

plenum springs. 

Includes spacing 



1968 
1969 
1970 
197: 
1972 
1973 
1974 
1975 

0.6 

5.6 
1.2 1.0 

41.5 9.: 2.8 
97.9 12.1 27.6 
9.7 15.5 30.9 

79.4 117.7 
0.3 1.7 62.0 

7.3 

10. 0 
4.0 
36.4 
44.7 
36.4 

h n n a l  mass of discharged spent fuel for various burnup ranges, M?EX Total annual 
End of mass over ali 

c aicndar 0- 5,000- 10.000- 15,000- 29,000- 25,300- 30,030- 35,JOC- 40,000- buznup ranges 
year 4,999c 9,999 14,999 19,999 24,999 29,999 34,999 39,999 44,999 34TIrnl 

0.6 
0.2 0.1 9.8 

5 . 6  
1.6 54.0 

141.5 
1.5 0.1 95.: 
3.9 244.6 
5.3 225.6 

1976 0.9 67.1 108.7 118.4 2.3 297.4 
1977 48.0 40.3 235.0 58.9 0.7 382.9 
1978 6.3 3 2 . 4  13.1 34.2 232.0 15.2 383.2 
1979 l8.E 108.7 143.2 123.1 0.3 399.5 
1960 14.0 0 . 4  3.5 93.3 413.3 87.5 10.7 619.9 
1981 0.2 0.2 58.1 265.4 133.3 c.7 C.7 458.7 
9982 0.2 4.6 25.6 136.5 173.5 13.8 C.6 0.4 353.2 
a m 3  0.9 2.8 113.5 337.8 35.7 0.4 481.3 
1984 7.9 43.0 0.3 136.2 239.5 70.6 0.4 4 9 8 . 0  
1985 16.9 42.5 18.3 35.8 93.2 297.4 10.2 0.2 514.6 
1986 50.8 32.4 42.5 66.6 43.1 180.7 41.7 0.4 458.2 
1987 133.5 36. I 58.8 4 3 . 8  24.7 352.4 42.9 0.4 699.4 
1988 17.0 24.5 1.8 42.9 168.3 192.4 88.7 535.6 
1989 30.9 16.9 65.3 71.8 193.2 227.7 65.5 3.6 714.9 
1990 17.9 34.0 67.5 106.2 247.5 158.9 1.3 632.8 

19s2 3.6 86.1 85.1 83.9 362.7 103.4 726.7 
19S1 17.8 24.6 7.2 24.3 215.0 287.2 12.1 588.0 

cc) e 

‘Based on ref. 1. 
bDoes not include comnercial spent f u e l  reprocessed a t  WVDP. 
%urnup range is given in units of MWd/MTI:IM. 



T a b l e  1.10. Historical mass of c-rcial PClB spent fuel discharged at various rauges ~f burnupaib 

Annual mass of discharged spent fue l  for various burnup ranges, MTIHN Total annual 
End of mass over all 
calendar 0- 5,000- 10,000- 15,000- 20.000- 25,000- 30,000- 35,000- 40,000- 45,000- 50,000- 55.000- burnup ranges 
year 4,99gC 8,999 14,999 19,999 24,899 29,999 34,993 39,999 44,993 49,999 54,999 59,999 (MPIHM) 

1970 
1971 
1972 
1973 
1974 7.4 
1975 2.7 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

4.6 

1.5 
42.6 

1.4 

5 . 5  

0.8 

9.2 
19.8 

1.7 37.3 

11.9 29.3 
26.2 

86.4 13.6 
95.0 53.6 
5.6 194.2 

47.9 89.6 
30.6 109.4 
0.4 
17.2 1.9 
1.8 81.1 
4.G 80. 6 
58.0 45.2 

49.0 
27.6 132.0 
27.2 78.1 

83.9 
48.0 91.4 
24.0 85.2 
53.2 1.4 
14.8 43.7 

2.6 loa. 3 

6.2 
27.8 

40.5 
79.4 
62.4 
113.1 
39.1 
64.0 
66.8 
25.8 
80.4 
44.2 
56.3 
13.6 
19.3 
53.4 
15.0 
68.6 
24.0 
79.4 
15.3 

33.7 
8.9 

35.3 
57.2 
25.3 
63.3 
140.3 
336.9 
232.3 

228.5 
61.4 
188.9 
198.4 
217.0 
180.2 
375.7 
139.2 
112.1 
127.5 
60.5 

241.8 

1ai.a 

22.1 
7.6 
1.1 
23.1 
55.4 
87.1 
123.1 
234.3 
280. S 
351.1 
292.0 
331.8 
374.8 
317.8 
335.4 
411.9 
349.6 
206.7 
398.0 
159.4 
304.1 

15.4 
60.4 
50.1 
26.3 
50.1 
118.3 
131.4 
104.8 
239.4 
268.0 
315.8 
427.4 
415.0 
616.4 
609.9 
453.0 

0.4 
0.5 
2.0 
1.3 
2.7 
5.4 
4.1 
24.1 
35.0 
51.8 
103.1 
189.3 
249.4 
257.1 
505.0 

0.4 

0.4 
1.3 

4.6 
15.2 
7.0 

64.2 
119.0 

1.3 
0.5 

0.9 

1.3 

0.4 2.0 
0.4 

0.3 
3.4 
14.8 

39.0 
44.5 
99.9 
67.1 

207.7 
321.8 
401.0 
466.9 
699.0 
721.2 
618.1 
675.9 
640.4 
772.2 
841.7 
861.3 

1,000.9 
2,113.8 
1,125.2 
1.226.7 
1,531.9 
1,297.7 
1,601.0 

%ased on ref. 1. 
bDoes not include commercial spent fuel reprocessed at WVPP. 
%urnup range is given in units of Mwd/MTIHM. 



5 ;pant fuel rn 

Initial 
heavy 
metal 

(Mb:*I.l) 

Discharged 
haavy metal 

( mITW ) 

Numberlzype of fuel 
components 

Spent fuel sourceltype Site 

AVL-E 

Total 
(t) 

r'uel pins, pieces, and pellets b 
b 

b 

0.080 
0.03: 

0.051 

Rot cell experiment samples 
Research raactor targets 

ANL-E mass total 

Experimental Breeder Reactor (EBR) 11 

Hot Fuel Examination FacikiLy Research 

Neutron Radiography Research Reactor 

Radioactive Scrap and Waste Facility 

Transient Reactor Test Facility fuel 
Zero ?ower Physics Reactor fuel 

f u e l  

Reactor fuel 

fuel 

reactor fuel 

ANL-w 85 assemblies; 36 partial 

2,047 elements and subasserablies 

116 elements 

assemblies 
17.500 

1.000 

0.001 

7.000 

8.014 
C 

15,000 elements and subassemblies 

390 assemblies 
65,600 sods and plates 

ANL-W mass total 

BML Erookhaven Medical Research Reactoz fue l  
Bigh Flux Beam Reactor fuel 

4 elements 
839 elements 

b 
b 

b 

b 
b 

b 

0.001 
0.316 

BNL mass zotal 0.317 

0.004 b Mot cell fuel samples 

PKL fuel 
Full comercia1 assemblies 
Sectioned cormescial rods and 

Research reactor f u e l  piices 
assemblies 

Fast ~ ~ u x  Test Facility fue l f  
3-Reactor production fuel 
Shippingport fus, (T-?laat Basin) 
Single ?ass Reactos production fuels 

TRZGA Research Reactor fuel 
(otner production reaci,ois)  

Fuel pins, pieces, and pellets 

7 assemblies 
b 

2 .400  
0.012 

'a 
b 

b 
b 
b 
b 
3 . 4  

b 
329 assemSPies 
103,6813 assemblies 
72 assemblies 
964 asserblies 

0 .025  
i3.000 

2,113.300 
16.400 

3 . 3 0 0  

0.020 



Spent fuel sourceftype 

200-West Area Burial Ground fuel 
(from cmercial reactors, FFTF, and 
TRIGA reactor) 

HANF mass total 

Advanced Test Reactor fuel elements and 
experimental debris 

Fort St. Vrain HTGR fuel 
Fuel Element Cutting Facility 
Irradiated Fuel Storage Facility 
comnercial graphite fuel 

Materials Test Reactor comnercial fuel 
and scrap 

Naval Reactors Expended Core Facility 
(naval fuel) 

Power Burst Facility reactor fuel 
Reactivity Measurements Facility fuel 
Test Area North fuels 

* Intact comnercial fuel elements 
0 Comnercial and Loss of Fluid Test 

(LOFT) fuel 
TMI-Unit 2 fuel 

and research fuel 

consnercial, research and production 
fuels) 

Underground Storage Facility comnercial 

Undematar Fuel Storaga (naval, 

INEL mass total 

Chemistry and Metallurgy Research 

Omega West Reactor fuel 

LANL mass total 

Building fuel 

Comnercial fuel rods and sections 

Californium Multiplier Facility fuelh 

Table 1.11 [continued) 

Soent fuel mass 

Numberltype of fuel 
componenss 

90 fuel pieces 

b 

744 assemblies 
2 elements 

b 

107 canisters 

b 

b 
b 

b 
Intact rods and canned debris 

Damaged fuel debris 
Intact and sectioned rods and 
assemblies 

b 

46 elements 

40 elements 

3 intact rods; 27 sectioned rods 

210 fuel plates 

Total 
(t) 

b 

b 

b 
b 
b 

b 

b 

b 
b 

b 
b 

155.9 
b 

b 

b 

Initial 
heavy 
metal 
(MTIW 

b 

b 

8.9 
b 
b 

b 

b 

b 
b 

b 
b 

82.6 
b 

?.I 

b 

b 

Discharged 
heavy metal 

(MTHM) 

0.650 

2,149.107 

0.100 

8.9 
b 
0.500 

0.260 

3.500 

0.562 
0.230 

38.100 
2.800 

82.6 
92.940 

7.580 

SZ35.072 

0.010 

0.009 

0.019 

0.044 

0.002 



Spent fuel sourceltype 

Building 3019 fue l s  
Comnercial fuel (Canada/Con Ed) 

0 Banford production fuel 
SRS production fuel 

Building 4501 fuel sections 
Bulk Shielding Reactor fuel storage 

Bulk Shielding Reactor fuel 
Oak Ridge Research Reactor 

Classified burial ground 
High Flux Isotopes Reactor fuel 
Homogeneous Reactor fuel 
Molten Salt Reactor Experiment fuel 
Research reactor fuel in Buildings 3525, 

Tower Shialding Reactor fuel 
7920, 7 8 2 3 ~ ~  7527. ana 7829 

ORNL mass total 

Annual Core Research Reactor fuel 
Hot Cell Facility fuel components from 
research and production reactors 

Manzano Storage Facility (research 
reactor fuel stored in dry casks) 

Sandia Pr;lse Reactor fuel in dry wells 
Special Ruclear Material Storage 
Facility fuel in DOT containers 

SNLA mass total 

Production reactor fuel assemblies and 
targets i n  disassenbpf basins and 
c anyens 

Comnercial fuel 
Experimental materiai 
Foreign fuel 
Research reactor fuel  

3 Targets 

Receiving basin for off-site fuel: 

- 

T a b l e  1.91 <continued) -- 
SDent fuel mass 

Numberltype of fuel 
components 

405 cans 
41 cans 
144 cans 
40 sections 

41 elements 
32 elemenzs 

43 assemblies 
135 gal of uranyl sulphate 
LIF and BeF2 salt mixture 
Fuel samples and targets 

1 assembly 

b 

b 
Intact rods, fuel pieces in dry 
aad wet wells 

b 

b 
2 elements 

Assemblies and targets 

97 assemblies and cans 
555 assemblies and cans 
534 assemblies and cans 
1,304 assemblies and cans 

b 

Total 
(t) 

b 
b 
b 
0.007 

0.184 
0. i43 
b 
5.864 
0.500 
11.550 
>I. 246 

0.182 

>19.676 

Initial 
heavy 
me=al 

(?EI:%l 

b 
b 
b 
0.007 

0.007 
G .  052 
b 
0.404 
0.004 
0.038 
b 

9.009 

>a. 657 

Discharged 
heavy meta: 

(Earn) 

1.043 
0.023 
0.070 
0.007 

0.007 
0.O52 
b 
0.404 
0.004 
0.0311 
b 

0.009 

>1. 657 

0.001 
0. B O Y  

0.025 

0.029 
0.011 

0.076 

153.700 

3.010 
19.070 
20.612 

0 . 3 5 5  
17.430 



Table 1.11 (continued) 

Spent fuel sourceltype 

SRS Research reactor fuel sections in 
(contd.) Building 733-A 

Test reactor pile (305-MI fuel 

SRS mass total 

Cmercially generated fuel in Fuel 
Receiving and Storage Facility 
a BWR fuel 
FW?. fuel 

Auxiliary Power (SNAP-10) 

Y-12 mass total 

Numberftjrpe of fuel 
components 

Initial Discharged 
Total heavy heavy metal 

(MTHMj It) metal 
(MTIW,) 

I b  4 sections 4 sections b D b 

b b b b 

214.147 

B5 assemblies 
40 assemblies 

130 pieces 

36 rods 

2 2 , 6 5 4 . 0  ., DOE complex mass total ~2.654.8 >123.5 

“Information as of December 31, 1992, unless indicated otherwise. Based on refs. 12-20. 
bInformation not aveilabie. 
%lassified. 
dEeneral Atomic, San Diego. 
eInformatior. as of October 1, i993. 
fIncludes inventory of fresh and partially used fuel. 
gFuel from a l l  other Hanford Site production reactors. 

material at the MOUND Plant is not spent nuclear fuel  since, bg definition, it has not basn irradiated in a reactor. 
The material is actually part of a neutron radiography facility. However, it is reported in this table because it was included 
in the DOE wlnerabilizy sssessment of reactor-irradiated nuclear materials (ref. 19). 
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Spent. fuel mass 

Initial heavy Discharged 
heavy metal Number of Total metal 

Site Spent fuel sourceltype (t) ( M T I W )  (MTHPI) asssnhl ies 

ANI;-w Test and experimental reactor 
fuel with stainless steel 
c l o d  

b b 2.7 b 

76gC BNL High Flux Beam Reactor fuel 
with aluminum cladding 

b b 0.25 

INEL Abiminun--b as ad fue 1 
Fort St. Vrain fuel to be 
shipped from Coloradod. 

Naval reactor f u a l  
Test and experimental reactor 
fuel with stainless steel 
cladding 

INEL total 

b 
b 

b 
b 

1.13 
16.7 

b 
b 

b 
b 

b 
b 

14.2 
0.27 

b 
b 

- 

b b 32.3 b 

ORNL Aluminum-based fuel 

Other Foreign reactor fuel 
Research reactor fuels 
University reactor fuel 

Other t o t d  

Grand total 

h 1.1 

8.51 
0.05 
4.32 

b 

12.88 

49.23 h 2769 

aBased on ref. 12. Projections cover the period 1993-2002. 
bInformation not available. 
CFuel elements. 
dPublic Service CompaEy of Colorado plans to ship the remainder of tho discharged Fort SC. Vrain 

fuel currently being held in the independent spent fuel storage installation ('ISFS'I) to ICPP. However, 
legal issues have not been f u l l y  resolved. 
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2 1  INTRODUCITON 

IIigh-level waste (HLW), which is waste that is 
generated by the reprocessing of spent reactor fuel and 
irradiated targets, generally contains more than 99% of the 
nonvolatile fission products produced in the fuel or targets 
during reactor operation. The HLW from a facility that 
recovers uranium and plutonium contains approximately 
0.5% of these elements, while the IILW from a facility that 
recovers only uranium contains approximately 0.5% of the 
uranium and essentially all of the plutonium. Most of the 
current U.S. inventory of EILW is that which has resulted 
from DOR activities and which is stored at the Savannah 
River Site (SRS), Idaho National Engineering Laboratory 
(IN13L) [at the Idaho Chemical Processing Plant (ICPP)], 
and Hadord Site (HANF). A small amount of IILW was 
generated at the commercial Nuclear Fuel Services (NFS) 
Plant near West Valley, New York, during the period 
196fi-1972. After 1972, fuel reprocessing operations at 
this plant were discontinued permanently, 

The West Valley facility is now owned by the New 
York State Energy Research and Development Authority 
(NYSERDA). In 1980, Congress passed the West Valley 
Demonstration Project ( W P )  Act, which authorized 
I)OE to decommission the facility and immobilize the 
radioaclive wastes. 'The WVDP is the responsibility of the 
DOE Operations Office, Idaho, West Valley Project 
Orfice. The W I > P  is a joint project of DOE (90% 
funding) and NYSEKDA (10% funding). The DOE is not 
paying anything for lease of the premises. All the waste 
and all the facilities at the site are owned by NYSERDA 
in perpetuity-excepl for the solidified HLW canisters, 
which will become titled to DOE at the time the canisters 
are delivered to a federal repository. 

West Valley Nuclear Services, Xnc. (a subsidiary of 
Westinghouse Electric Corporation), is the prime 
contractor and site operator for the WVDP. The prime 
contractor and site operator for HLW at SKS is 
Westinghouse Savannah Kiver Company; for INEL, 
Westinghouse Idaho Nuclear Company, Inc.; and for 
HANF, Westinghouse Hanford Company (all subsidiaries 
of Weslinghouse Electric Corporation). 

The historical and projected IILW inventories 
presented here (except for XILW solidified in glass or 
glass/ceramic forms) are for wastes in interim storage. 

These wastes are not as generated; they hiive already 
undergone one or more treatment steps (e.g., 
neutralization, precipitation, decantation, or evaporation). 
Their volumes depend strongly on the particular steps to 
which they have been subjected. Most of these wastes will 
require incorporation into a stable, solid medium (e&, 
glass) for final disposal. Data on the volume, radioactivity, 
distribution, and location of €TLW (through 1m) are 
shown in Figs. 2.1-2.4. Current [and projected) HLW 
operations at these sites are depicted in Figs. 252 .8 .  

The DOE IILW at INEL (Fig. 2.6) results from the 
reprocessing of nuclear fuels from naval propulsion 
reactors and special research and test reactors at the ICPP. 
The acidic liquid portion of this waste is stored in tanks, 
although the bulk of this material has been converted to a 
stable, granular solid (calcine). 

At SRS (Fig. 2 5 )  and HANF (Fig. 2.7), the acidic 
liquid waste from reprocessing production reactor fuel has 
been made alkaline (with the addition of caustic soda) and 
stored in tanks. During storage, these alkaline wastes 
separate into two phases: liquid and sludge. When the 
liquid phase is removed and reduced in volume by 
evaporation, a wet solid (called salt cake) is formed in the 
tanks holding evaporator concentrates (see Fig. 2.5). The 
relative proportions of liquid and salt cake depend upon 
how much water is removed by waste evaporators during 
interim waste management operations. 'l'he condensed 
water at € W F  (114,ciOo m3 are projected to be generated 
from 1993 to 1997) is to be placed into interim storage in 
a double-lined surface impoundment while the Effluent 
Treatment Facility is being constructed. This facilily will 
provide destruction of trace organic conlaminants and 
removal of all radionuclides, except tritium, prior to 
discharge to a permitted soil-column disposal site. The 
disposal site is located in a manner such as to maximize the 
ground-water travel time to thz Columbia River, thus 
allowing enough time for tritium to decay. At SRS 
(Fig. 2.5), the condensate is sen1 to the Effluent Treatment 
Facility, where it is treated and discharged to the 
environment. Also at SRS (Fig. C.3 in Appendix C), the 
processing of salt cake for future glassmaking generates a 
waste called precipitate. At XIANF, all the wastes 
contained in double-shell tank consist of mixtures of 
HLW, TKU waste, and several LLWs (Fig. 2.7), which 
have unique rheological properties and are referred to as 
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slurry. In IIANF storage practice, the double-shell t ank  
are managed as if they contain only HEW. Thus, their 
contents are included in the HLW inventoty. 

' h e  commercial WLW at WVDP consists of both 
alkaline and acidic wastes (Fig. 2.8); the alkaline waste was 
generated by the reprocessing of commercial power reactor 
fuels and Ilanford N-Reactor fuels, while the acidic waste 
was generated by reprocessing a small amount of 
commercial fuel containing thorium. Also at WVDP, the 
processing of liquid waste for future glassmaking generates 
a granular solid waste, which is a zeolite loaded with 
radioactive cesium (Fig. 2.8). 

The historical and projected inventories of HLW that 
is stored in tanks, bins, and capsules are presented in 
Table 2.1. Projected inventories of IILW that is 
incorporated into glass or glass/ceramic are given in 
'Table 2.2. A year-by-year estimate of the number of HLW 
canisters, by source, is presented in Table 2.3. The volume 
and radioactivity of IILW in storage at the end of 1992 are 
given in Tables 2.4 and Table 2.5, respectively. Historical 
and projected volume, radioactivity, and thermal p e r  
data for DOE and commercial HLW are given in 
Tables 2.6-2.8. The data for DOE sites represent a 
summary of information obtained from each of the 
sites.'(a)-'(c) In 1992, the DOE decided to phase out 
reprocessing of fuel to recover enriched uranium or 
plutonium in support of weapons production; thus, little 
additional IILW is expected to be generated by this source. 
Decontamination and decommissioning activilies may 
generate wastes with activity levels high enough such as to 
require disposal in a mined, deep geologic repository. The 
information on commercial HLW at WVDP was taken 
largely from data given in ref. l(d). 

22 RIES 

Inventories of IILW at the various DOE sites and the 
WVDP through 1992 are presented in this section. 
Significant changes affecting HLW inventories are shown 
in Table 2.9. 

tories at SKS (DOE) 

Approximately 126,m rn3 of alkaline 1U.W that has 
accumulated at the SRS during about the past 4 decades 
is being stored in underground, high-integrity, 
doublewalled, carbon-steel tanks. The current inventories 
(Tables 2.4 and 2.5) include alkaline liquid (59,300 m3), 
sludge (14,300 m3), salt cake (53,100 m3), and precipitate 
(172 m3) that were generated primarily by the PUREX 
reprocessing of nuclear fuels and targets from production 
reactors. Most of the waste, as generated, is acidic liquid, 
and the sludge is formed during subsequent treatment with 
caustic soda and during aging. Salt cake results when the 
supmatant liquor is concentrated in evaporators. 

Precipitate results when salt cake is treated by the in-tank 
precipitation process. 

The 11,200 m3 of HLW stored at INEL (at the ICPP) 
consist of 7,670 m3 of liquid waste and 3,540 m3 of calcine 
(Tables 2.4 and 2.5). Liquid HLW is generated at ICPP 
primarily by the reprocessing of spent fuel from naval 
propulsion nuclear reactors and reactor testing programs; 
a small amount is generated by reprocessing fuel from 
research reactors. This  acidic liquid waste is stored in 
underground stainless-steel tanks that are housed in 
concrete vaults. The waste is then converted to a calcine 
and stored retrievably in stainless-steel bins that are housed 
in reinforced concrete vaults. 

2.23 HLW Xmntoxies at ItW (DOE) 

?he 258,700 m3 of alkaline HLW stored at HANF is 
categorized as liquid (2S,100 m3), sludge (46,000 m3), and 
salt cake (93,000 m3) that are stored in single-shell tanks 
and as slurry (94,700 m3) that is stored in double-shell 
tanks. This waste, which has been accumulating since 
1944, was generated during the reprocessing of production 
reactor fuel which recovered plutonium, uranium, and 
neptunium for defense and other national programs in past 
years. Most of the high-heat-emitting nuclides (WSr, 137Cs, 
and their daughters) were removed from the old waste, 
converted to solids (strontium fluoride and cesium 
chloride), placed in double-walled capsules, and stored in 
a water basin. Currently, 1,328 cesium capsules (2.45 m3) 
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 11,~s. Of the 
605 strontium capsules, 601 are in storage at WWF, and 
4 are on lease off-site for beneficial uses. 'The liquid, 
sludge, salt-cake, and slurry wastes are stored in 
underground concrete tanks with carbon steel liners. 
Current inventories of these wastes at HANF are listed in 
'rabies 2.4 and 2.5. 

Reprocessing at the NFS plant was terminated in 1972, 
and no additional I1LW has been generated since. As of 
December 31, 1W2, the 1,550 m3 of HLW stored at 
WVDP consist of 1,440 m3 of alkaline waste (1,390 m3 of 
liquid plus SO m3 of sludge), 50 rn3 of acidic waste, and 60 
m3 of an inorganic ion-exchange material (a zeolite) loaded 
with radioactive cesium 13sCs, and 13'Cs). The 
alkaline waste was generated by reprocessing commercial 
and Elanford N-Reactor spent fuels. As generated, the 
waste was acidic; treatment with exces sodium hydroxide 
resulted in the formation of an alkaline sludge. Tbe small 
amount of acidic waste now in storage v v a  generated by 
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reprocessing a batch of thorium-uranium fuel from the 
Jndian Point-l Reactor. Storage for the alkaline waste is 
provided in an underground carbon- steel tank, while 
storage for acidic wilste is provided in an underground 
stainlesssteel tank. 

In May 1988, the processing of high-level alkaline 
liquid waste started at the W-DP.  This liquid was 
decontaminated to LJ,W in the WVDP Supernatant 
Treatment System (STS) in preparation for the 
incorporation of all HI,W at the WVDY into a glass. In 
the STS, an ionexchange process, operated in a batch 
rnide, is employed to remwe cesium from alkaline liquid 
waste, as depicted in Fig. 2.8. The ion-exchange columns 
are llocated in the underground carbon-steel tank, which 
was originally installed as a backup tank for the storage of 
alkaline FILW. The sludge in the bottom of the tank has 
been mixed with the residual supernatant and an alkaline 
wash solution. The first four sludge-wash processing cycles 
are in progress. The wash solutions are also treated in the 
STS prior to incorporation in cement. 

The washed sludge, acidic waste, and loaded zeolite 
wll be combined and incorporated into a glass. The 
current inventories of HLW at WVDP are presented in 
Tables 2.4 and 2.5. 

A generic characterization of I I t W  at any site is 
difficult, because over the years several different flowsheets 
have k e n  used for the processes that generated the wastes 
and several methods have been used to prepare the wastes 
for storage (e.g., evaporation and precipitation). In some 
instances, various types of wastes have been blended. 
However, representative data on chemical and radionuclide 
compositions are given in Tables 2.10-2.21 for current and 
projected HLW at SRS, ICPP, HANF, and WVDP. The 
information used to construct these tables was taken from 
refs. l(a)-l(d), as well as from the references cited in the 
footnotes to the tables. 

2 4  P R m a N S  

Projected inventories (volume, radioactivity, and 
thermal power) for I-ILW are presented in Tables 2.6-28. 
These projections were generated by each site (based on 
the assumptions given belrw) and should be considered 
only as current best estimates. An estimate by each site’ 

of a potential number of canisters of solidified IILW that 
may be generated by the site is shown in Table 2.3. 

‘Ihe HLW projections lor SRS are based on the 
assumptions that (1) one reactor for producing plutonium 
or tritium was operating during 1992 and will continue 
operating through 2007; (2) the irradiated (spent) fuel 
from this reactor will be reprocessed; and (3) the Defensc 
Waste Processing Facility (DWPE’) will begin to produce a 
glas waste form (see flowsheet in Fig. C.3 of Appendix C) 
in 1%, following the schedule shown in Table 2 3 .  ‘Ihese 
assumptions continue to be followed for projection 
purposes since no revised versions are currently available. 
The IILW glass will be stored on-site until a national 
repositog4 becomes available. Current plans call for the 
DWPF to produce 5,462 canisters of glass from 19% until 
the end of year 2015. 

The HLW projections for ICPP are based on 
predictions of no fuel reprowsing and continued operation 
of waste management through the year 2030. A facility to 
immobilize newly generated HLW at ICPP is planned for 
operation by the early part of the next century.’ It will also 
be capable of processing the stored calcine. Evaluations of 
waste immobilization processes are continuing a1 TCPP, the 
identification of a reference waste form (glass, 
glass/ceramic, etc.) and procxss is scheduled for completion 
in the 1990s.. The projections of IILW presented in 
Tables 2.6-2.8 for ICPP are based on waste immobilization 
in a glass/cerarnic form. 

’he  HLW projections for IIANF are based on the 
assumptions that (1) the fuel reprocessing plant is not 
restarted and (2) the irradiated fuel remains in wet storage. 
A Hanford Waste Vitrification Plant ( H W )  is to begin 
operation in 1999?4 The planned operaltions for the 
MWVP are discussed in ref. 7. Estimates of the number 
of canisters of HLW incorporated in borosilicate glass that 
might be generated annually by the WWVP are given in 
Table 2.3. The projections of HLW given in 
Tables 2.6-2.8 for HANF do not include vitrification 
because material balances for such processes are not yet 
available. At the W P ,  vitrification of the ZILW 
(Fig. 2.8) is scheduled to begin in 1996 and to be 
completed in 1998. 

The cost for the disposal of DOE I-ILW in a national 
repository will be paid by DOE into the Nuclear Waste 
Fund. Reference 8 slates that the number of canisters 
used in the estimates of this cost will be published in the 
IDR. Table 23 includes potential production schedules for 
canisters which are not intended for use in DOE dispoisal 
cost estimates. 
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1. U.S. Uepartment of Energy, Waste Management Information System ( W I S ) ,  DOE site HLW dnta submittals 
(Attachment 7) issued, received, and maintained by the IIa7;lrdous Waste Remedial Actions Program ( H a W N ) ,  
Martin Maiietta Energy Systems, Inc., submitted to the IDB Piogram during August IW3-February 1994. The 
following NLW submittals from W Y S  were received, revicwcd, analyzed, and integrated by the IDB Program. 
Yreccding each subniittal is the site (in parentheses) to which it refers. 

a, (SRS) M. e. O’Rear, DOE Savannah River Operatioils Office, Aikien, South Carolina, memorandum to the 
I > O f l / E M  Ihector of the Office of Technical Support (DC)t?/EM-35), Washington, D.C., “Department of Energy 
Waste Tnventory Data Systems,” dated Sept. 29, 1W3. 

b. (INEL) I). ’4. Dccht,  Westinghouse Idaho Nuclear Company, Inc., Idaho National liiogiiieering Laboratory, Idaho 
Falls, Idaho, facsimile to 11. W: Godbee, Oak Ridge National Laboratory, Oak Ridge, Tennessee, dated Feb. 15, 
1994. 

c. (€IAN!.’) R. n. Wojtasek, Westinghouse IIanford Ctrnnpany, IIanford Site, Richland, Washington, letter to 
Lise J. Wachter, Martin Marietta Energy Systems, Tnc,, HAZWRAP, Oliver Springs, Tennessee, “Reqimt for 
Office of Waste Management, Waste Data Imfomation Update,” 93056881”f R1, dated Aug. 30, 1993. 

d (WVDP) J. P. Jacbon, West Valley Nuclear Services Company, Inc., West Valiey, New York, letter to 
Lise J. Wachter, Martin Marietta Energy Systems, Inc., IICna,%UP, Oliver Springs, Tenawec, “Waste 
Information PJpdate for Calendar Year 1992,” dated Aug. 20, 1993” 

2. U.S. Congress, The Nuclcar Waste Policy Act of 1982, Pub. L. 97-425, Sect. 8, Jan. 7, 1983, as amended. 

3. Ronald Reagan, President of the IJnited States, Washington, D.C., letter to John S. Herrington, Secretary of Energy, 
“Disposal of Defense Waste in a Commercial Repository,” dated Api. 30, 1985. 

4. U.S. Congres, The Nuclear Waste Policy Amendments AcL of 1987, Pub. L. 100-203, Title V, Subtitle A, 
LPec. 22, 1987. 

5. U.S. Department of ‘Energy, Office of Defense Waste and ‘I‘ransportation Managennent, Defense Wmte m d  
‘I?afi,por?atinn Managemrat Progmaz Implemmtantion ?[an, DOEDP-0059, Washington, D.C. (August 1988). 

6. Washington State Department of Ikology, U.S. hvirnnmental Protection Agency, and U.S. Department of Energy, 
Hmford ~~;pdepa lFac i l i t yA~ee~~ent  and Consermf Order, E P A  Docket Number 1089-03-848120, Ecology Docket Numbcr 
89-54, Richland, Washington (May 1989). 

US. Department of Energjr, Final Environmentnl Jmpaci Stofement, Disposal of Hanford Defeme High-level, 
~ r m i m n d c ,  and Tank Wmte, IJa~7f~rd Site, Richhd, Wahington, DOELEIS-01 13, DOE Richland Operations Office, 
Richland, Wsshington (December 1987). 

7. 

8. U.S. Department of Energy, “Civilian Radioactive Waste Managearent: Calculating Nuclear Waste Fund I l k l ~ ~ ~ i  Fees 
for Department of Encrgy Defense Program Waste; Notice,” Fed. Re&. S6( 161), 31588 (hug. 20, 1987). 
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Fig. 21. Total volumc of HLW through 1992. 
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Fig. 22. Total radioactivity of HLW through 1992. 
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T a b l e  2.1. Bistorical and projected cwlative val-. 
radioactivity, and thermal power o f  HLW stored in 

tanka, bins. and capsules by seurcea*b.C 

Cumulative 
End of 

calendar VoLume Radioactivi tjr Thermal power 
year (103 2 )  ( 106 ci 1 (103 W) 

1980 295 
1981 305 
1982 340 
1983 351 
1984 361 
1985 355 
1986 364 
1987 379 
1988 383 
1989 379 
1990 397 
1991 395 
1992 397 
1993 417 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

1980 
1981 
1982 

382 
362 
361 
356 
354 
345 
342 
339 
336 
332 
343 
342 
331 
327 
326 
320 
318 
314 
3 12 
309 
307 
304 
302 
302 
302 
302 
302 
302 
302 
302 
302 
302 
301 
301 
301 
301 
301 

2.2 
2.2 
2.2 

1,310 
1,577 
1,317 
1,248 
1,397 
1,465 
1,417 
1,277 
1,174 
1,081 
1,015 
971 

1,004 
939 
312 
862 
776 
724 
683 
650 
619 
594 
570 
558 
536 
518 
481 
447 
417 
386 
362 
339 
311 
295 
278 
269 
261 
253 
246 
239 
232 
226 
220 
214 
209 
204 
199 
195 
190 
186 

1,038 II 

33.4 
32.7 
31.9 

3,298 
4,748 
3,918 
3,653 
4,226 
4,466 
4,475 
3,750 
3,380 
3,072 
2,576 
2.758 
2.896 
2,802 
2,598 
2,.526 
2,397 
2,187 
2,059 
1,952 
1,863 
1,776 
1,703 
1,632 
1,590 
1,523 
1,463 
1,361 
1,262 
1,174 
1,084 
1,012 
948 
874 

781 
756 
733 
7 13 
692 
67 1 
652 
635 
619 
603 
588 
574 
561 
548 
535 
523 

827 

96.9 
94.7 
92.6 
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T a b l e  2.1 (continued) 

Cumulative 
End of ~ 

calendar Volume Radioactivity Thermal power 
year ( 103 ,3 1 (106 Ci) (io3 W) 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

w r c i a l .  (HVDP) (continued) 

2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
2.4 
1.2 
1.7 

31.2 
30.5 
29.8 
29.1 
28.4 
27.9 
27.3 
26.7 
26.2 

2.5 
2.5 
1.3 
0.6 
0.3 

1980 297 
1981 307 
1982 342 
1983 353 
1984 363 
1985 357 
1986 366 
1987 381 
1988 385 
1989 381 
1990 398 
1991 397 
1992 398 
1993 4 20 
1994 384 
1995 364 
1996 362 
1997 357 
1998 354 
1999 345 
2000 342 
2001 339 
2002 336 
2003 332 
2004 343 
2005 342 
2006 331 
2007 327 
2008 326 
2009 320 
2010 318 
2011 314 
2012 3 12 
2013 309 
2014 307 
2015 304 
2016 302 
2017 302 
2018 302 
20 19 302 
2020 302 

25.3 
24.7 
24.1 
15.8 
7.6 

Total 

1.344 
1,610 
1,349 
1,279 
1,427 
1,495 
1,446 
1,305 
1,202 
1,108 
1,042 
997 

1,064 
1,030 
964 
936 
877 

724 
683 
650 
619 
594 
570 
558 
536 
518 
481 
447 
417 
386 
3 62 
339 
311 
295 
278 
269 
261 
253 
246 
239 

7 a3 

90.5 
88.4 
86.4 
84.5 
81.2 
80.8 
79.3 
77.0 
75.9 
79.1 
77.1 
75.3 
73.5 
48.1 
23.2 

3,394 
4,843 
4,011 
3,743 
4,315 
4,553 
4,560 
3,831 
3,460 
3,151 
2,953 
2,833 
2.975 
2,879 
2,673 
2,600 
2,445 
2,211 
2,059 
1,952 
1,863 
1,776 
1,703 
1.632 
1,590 
1,523 
1,463 
1,361 
1,262 
1,174 
1,084 
1,012 
94 8 
874 
827 
781 
756 
733 
713 
692 
671 
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T a b l e  2.1 (crmtinued) 

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

T o t a l  (continued) 

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 301 195 548 
2029 301 190 535 
2030 301 186 523 

aHistorical inventories for RLW are taken from the previous edition 
of this report [i.e., WE/RW-0006, Rev. 8 (October 199211. The 
inventories for 1992, and the projections through 2030 are taken from 
ref. 1. 

bAnnual rates for volume are not given because they can fluctuate 
widely depending upon waste generation (or nongeneration) coupled with 
waste management operations such a5 evaporation andlor calcination. 
Annual rates for radioactivity and thermal power are not given for these 
same reasons and because radioactive decay, especially for short-lived 
activity, causes apparent perturbations. 

CRadioactive decay is taken into account by each site through 
isotope generation/depletion codes. 



Voiumo Radioactivity 
End of (103 m3) (106 ci 1 

..._.lll __-I..._.______I calendar 
year Annual. CwnLilat ive Annual Cumulative 

1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 

0.05 
0.08 
0.08 
0 . 0 8  
0.16 
0.24 
0.25 
0.19 
0.15 
0.18 
0.22 
0.25 
0.35 
0.41 
0.50 
0.59 
0.68 
0.84 
0.95 
1.11 
1.14 
1.29 
1.45 
1.60 
1.76 
1.91 
2.07 
2.23 
2.38 
2.53 
2.65 
2.77 
2.90 
3.02 
3.14 

0.05 
0.13 
0.20 
0.28 
0.44 
0.69 
0.93 
1.13 
1.28 
1.46 
1.68 
1.93 
2.29 
2.69 
3.19 
3.77 
4.46 
5.30 
6.25 
7.36 
8.50 
9.79 
11.24 
12.84 
14.50 
16.52 
18.59 
20.81 
23.20 
25.72 
28.37 
31.14 
34.04 
37.06 
40.20 

0.08 
0.16 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0 . 2 4  
0.24 
0.24 
0.24 
0.24 
0.24 

11 11 
61 71 
33 105 
12 117 
21 137 
19 156 
15 172 
14 185 
12 198 
14 212 
24 236 
32 269 
31 299 
26 326 
28 354 
16 310 
15 385 
27 413 
12 424 
16 440 
12 443 
14 448 
15 454 
16 461 
17 470 
18 479 
18 489 
18 501 
19 511 
19 522 
18 533 
18 543 
18 553 
17 564 
17 575 

7.8 
15.3 
22.3 
21.8 
21.3 
20.8 
20.3 
19.8 
19.4 
18.9 
18.5 
18.1 
17.6 
17.2 
16.8 
16.5 
16.1 

Annual Cumulative 

27 
147 
82 
30 
59 
62 
51 
48 
42 
51 
77 
99 
97 
83 
89 
56 
44 
79 
34 
49 
36 
39 
42 
46 
50 
53 
53 
5 4  
54 
54 
53 
52 
51 
50 
49 

27 
175 
258 
289 
352 

472 
522 
567 
620 
101 
801 
901 
986 

1,079 
1,136 
1,177 
1,261 
1,289 
1,341 
1,346 
1,355 
1,367 
1,392 
1,410 
1,443 
1,470 
1,499 
1,529 
1,561 
1,591 
1,622 
1,651 
1,681 
1,709 

419 

23.7 
45.7 
65.9 
64.4 
62.9 
61.4 
60.0 
58.6 
57.2 
55.9 
54.6 
53.3 
52.1 
50.9 
49.7 
48.5 
47.4 
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T a b l e  2.2 (continued) 
l__l 

Volume Radioactivity Thermal power 
End of (103 ,3) (106 Ci) (103 w) 
calendar 

Cumulative year Annual Cumulative Annual Curnula t ive Annual 
I__-____.___ __I-- 

C-rcial (WWJP)~ (continued) 

2013 
2014 
2015 
2016 
2017 
2018 
20 19 
2020 
2021 
2022 

2024 
2025 
2026 
2027 
2028 
2029 
2030 

2023 

1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 

2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

2009 

0.05 
0.08 
0.08 
0.08 
0.16 
0.24 
0.25 
0.19 
0.15 
0.18 
0.22 
0.25 
0.35 
0.41 
0.50 
0.59 
0.68 
0.84 
0.95 
1.11 
1.14 
1.29 
1.45 
1.60 
1.76 
1.91 
2.07 
2.23 
2.38 
2.53 
2.65 
2.77 
2.90 
3.02 
3.14 

0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 

0.13 
0.20 
0.44 
0.52 
0.68 
0.93 
1.17 
1.37 
1.52 
1.70 
1.92 
2.17 
2.53 
2.93 
3.43 
4.01 
4.70 
5.54 
6.49 
7.60 
8.74 
10.03 
11.48 
13.08 
14.04 
16.76 
18.83 
21.05 
23.44 
25.96 
28.61 
31.38 
34.20 
37.30 
40.44 

Total 

11 
61 
33 
12 
21 
19 
15 
14 
12 
14 
24 
32 
31 
26 
28 
16 
15 
27 
12 
16 
12 
14 
15 
16 
17 
18 
18 
18 
19 
19 
18 
18 
18 
17 
17 

15.7 
15.4 
14.9 
14.6 
14.2 
13.9 
13.6 
13.3 
13.0 
12.7 
12.4 
12.1 
11.8 
11.5 
11.2 
11.0 
10.7 
10.5 

19 
87 
127 
139 
159 
177 
192 
205 
217 
231 
255 
287 
317 
343 
371 
387 
401 
428 
440 
454 
458 
463 
468 
474 
483 
4 92 
501 
513 
523 
533 
544 
555 
564 
575 
506 

27 
147 
82 
30 
59 
62 
51 
48 
42 
51 
77 
99 
97 
83 
89 
56 
44 
79 
34 
49 
36 
39 
42 
46 
50 
53 
53 
54 
54 
54 
53 
52 
51 
50 
49 

416.3 
45.2 
44.2 
4 3 .  I. 
42.1 
41.2 
40.2 
39.3 
38.4 
37.5 
36.6 
35.8 
34.9 
34.1 
33.4 
32.6 
31.8 
31.1 

SO 
221 
324 
354 
415 
480 
532 
581 
624 
676 
756 
854 
953 

1,037 
1,129 
1,185 
1,224 
1,308 
1,334 
1,385 
1,389 
1,397 
1,408 
1,432 
1,449 
1,481 
1,508 
1,536 
1,565 
1,596 
1,625 
1,655 
1,684 
1,713 
1,740 
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%lass  and g l a s s l c e r m l c  may be  i n  s to rage  a t  t h e  s i t e ,  i n  t r a n s i t  t o  a r epos i to ry ,  o r  
i n  a r epos i to ry .  

bTaken from, or ca lcu la t ed  wi th ,  da t a  given i n  r e f s .  l ( a )  and l ( b ) .  
( s ee  F ig .  C.3 i n  Appendix C) c a n i s t e r s  a r e  2 f t  i n  diam hy 10 f t  i n  Length. Each is assumod 
t o  be  f i l l e d  witah 0.625 m3 of g l a s s  [ i . e . ,  85% of t h e  usable capac i ty  ( 0 . 7 3 5  m 3 ) l  made wi th  
HLW from t h e  reprocess ing  of spent  f u e l  a t  SRS. The g l a s s  i nco rpora t e s  36 w t  51 oxides  from 
waste (28  w t  4 from spent  f u e l  and 8 WL Z f rom process ing  chemicals) and 64 w t  X oxides  f r o m  
nonradioac t ive  g l a s s  f r i t .  Volumas repor ted  a r e  f o r  t h e  g l a s s  waste form and n o t  t h e  
c a n i s t e r s  ( s e e  Table 2.3 for t h e  n u m b e r  of c a n i s t e r s  and Table 2 .6  f o r  t h e  volume of g l a s s ) .  

A t  SRS, t h e  DWPP" 

A t  ICPP, each c a n i s t e r  i s  assumed t o  conta in  ncminally 0.92 m3 of 
made wi th  HLW from tho reprocess ing  o f  spent  f u e l .  See Table 2 . 3  
c a n i s t e r s  and Table 2.6 for t h e  volume o f  g lass /ceramic  at, ICPP.  

CTaken from da ta  give11 i n  ref. l ( d ) .  I t  i s  assumed t h a t  300 
10  f t  i n  J.eii&h) a r e  f i l l e d  with waste g l a s s  during 1995-1998 and 
conta ins  0 . 8  m3 of g l a s s  a t  t h e  f i l l i n g  toniperature. 

a glasslceramic waste form 
f o r  t h e  nimber o f  

c a n i s t e r s  (2 f t  i n  d i m  by 
t h a t  each c a n i s t e r  
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I d l e  2.3. Estimated potential nuuber of 3I.H canisters by 5omcea 

Number of canisters 

SRSb ICPPC HANFd WVDP" 
_I .._.._I__ 

Year Annual Cumulative Annual Cumulative Annual Cumulative Annual Cumulative 

1996 73 73 100 100 
1997 125 198 100 200 
1898 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 , 5 4 0  300 
2005 286 2 ,322  320 1,860 300 
2006 351 2,673 320 2,180 300 
2007 352 3 ,026  27 27 320 2.500 300 
2008 402 3,428 82 110 320 2.820 300 
2009 396 3.824 136 246 320 3,140 300 
2010 403 4,228 215 461 320 3,460 300 
2011 3 19 4,548 335 796 320 3,780 300 
2012 249 4.797 458 1,254 320 4,100 300 
2013 258 5 ,056  587 1 ,842  320 4,420 300 
2014 203 5,259 717 2,559 320 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 ,462  1 ,123  5,522 320 5,700 300 
2018 5,462 1,259 6 ,781  320 6,020 300 
2019 5,462 1,394 8,175 320 6,340 300 
2020 5,462 1 ,530  9,705 320 6 ,660  300 
2021 5,462 1,660 1 1 , 3 7 1  320 6,980 300 
2022 5,462 1 , 8 0 1  13,172 320 7,300 300 
2023 5 ,462  1 ,936  15,108 320 7,620 300 
2024 5,462 2,072 17,180 320 7,940 300 
2025 5,462 2,196 19,377 320 8,260 300 
2026 5,462 2,304 21,680 320 8.580 300 
2027 5,462 2 , 4 1 1  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 9,540 300 
2030 5,462 2,733 31,967 320 9.860 300 

--- ........ ~ ._ 

- --. 
"Taken from ref. 1. The projected waste volume, radioactivity, and thermal power values at SRS, ICPP, 

and WVDP are consistent with the number of canisters reported because these sites have developed material 
balances for their solidification facilities. The number of canisters at BANF is not related tn projected 
waste volumes, radioactivity, and thermal power values because material balances for the solidification 
facility at this site are still in the planning stage. 

Each canister is assumed to contain 0.625 in3 of glass 
made with HLW from the reprocessing of spent fuel at SRS. The glass incorporates 36 w t  X oxides from waste 
(28 -wt Z from spent fuel and 8 wt 2 from processing chemicals) and 64 w t  X oxides from nonradioactive glass 
frit. 

a glasn/ceramic waste form. 

0.62 m3 of a borosilicate g lass  incorporating waste solids. 

borosilicate glass incorporating waste solids. 

bCanisters are 2 ft in d i m  by 1 0  ft in length. 

CBitnensions of canisters have not been set. 

'Canisters are 2 ft in d i m  by 10 ft in length, 

eCaniaters are 2 ft in diam by 10 ft in length. 

Each canister is assumed to corkain nominally 0.98 m3 of: 

Each canister of vitrified wasto is assumed to contain 

Each canister is assumad to contsdn 0 . 8  m3 of a 



Sitea Liquid Sludge Salt cake Slurryb Calcine Precipitatec Zeolite Sr cs Total 

DOXe 
4 SRS 59.3 14.3 53.1 f i 0.2 - f f 126.9 

ICPP 7.7 f f 3.5 L f E 11.2 c z 

M " F g  25.1 46.0 93.0 94.7 f f s 0.00108 0.00245 258.7 

Subtotal 92.1 60.3 146.1 94.7 3.5 0.2 f 0.00108 0,00245 396.8 

- - - - - ~~- __ - 

Comnercialh 
WWP 

Acid wasze 0.05 f f f L 

Alkaline waste 1.39 0.05 f f - 
Zeolite waste f f f f e 

Subtotal 1.44 0.05 f f f 
- - - - - 

f f f 0.05 
f - f 1.14 
0.05 f f 0.06 

0.06 f f 1.55 

9 

- - - - 

Total 93.54 60.3 146.1 94.7 3.5 0.2 0.06 0.00108 0.00245 398.35 
~ ~~~ ~ ~ _ _ _  

aSRS is Savannah River Site, ICPP is Idaho Chemical Processing Plaat, .%XF is Manford Site. and WVDP is West  Valley 

bSlurry refers to all waste (regardless of when it was generated) contained in double-shell tanits. 
CPrecipitate inon-Newtonian fluid) from the in-tank precipitation process. 
%apsules contain either strontium (g@Sr-gOYl fluoride or cesium (137Cs-137m3a) chloride. 
e'faken from refs. l(a)-1(c). 
fNot applicable. 
gHanford single-shell tank wastes ( i . e . ,  liquid, sludge, and salt cake) and double-shell tank wastes (i.e., slurry) consist of 

Demonstration Project. 

X W ,  1P.V waste, and several LLWs. Eowever, in storage practice, all tanks are managed as if they contain only BLW. Thus, their 
coctents are included in the NLW inveritoiy. 

"Taiien from ref. ~ ( 6 ) .  



Capsulese Thermal 
payer 

Sit& Liquid Sludge Salt cake Slurryc Calcine Precipitated Zeolite Sr CS Total 1103 W) 

DOEf 
SRS 86.4 400.9 145.0 g 8 0.1 8 g 8 632.4 1.724 
ICPP 4.5 g g g 40.4 g g 8 E. 44.9 0.130 
BANFh 19.9 110.3 11.5 6 2 . 1  g 8 g 49.0 108.0 360.7 1.041 

~ ~ ~ - __ - - - -  - 
Subtotai 110.8 511.2 156.5 82.1 40.4 0.1 g 4a.o ioa.0 1,038.0 2.594 

Com,erc ia l i  
WtrDP 
Acid waste 1.8 8 8 8 6 
Alkaline waste 1.9 11.6 g g Y 
Zeolite waste i% g g g g - - - - - 
Subtotai 3.7 91.6 8 g 6 g 10.6 g B 25.9 0.079 

Total 114.5 522.6 1SE.5 62.1 4 0 . 4  0.1 10.6 49.0 108.0 1,063.9 2.973 

aCalculated values allowing for radioactive decay. 
%RS is Savannah River Site, ZCPP is Idaho Chemical Processing Plant, ZIANF is Hanfsrd Site, and WVDP is West Valley Demonstration 

CSlur,y refers to all waste (regardless of when it was generated) contained in double-shell tanks. 
dPracipitate (non-Newtonian fluid) from the in-tank precipitation process. 
eCapsulss contain either strontium :90§r-90Y) fluoride or cesium ( i37Cs-i37mBa) chloride. 

f~akeri  from refs. 1 t a > - l ( c ) .  
!%?st applicable. 
hHanford single-shell tank wastes (i.e., liquid, sludge, and salt cake: and double-shell tank wastes (i.e., slrrrry) consist of YLW, TFJ 

Project. 

Radioactivity values are for the pair, 
that is, parent plus daughter radionuclide. 

waste, and several LtWs. Bowever, in storage practice, all .  tank5 are managed as if they contain only ?ILK. %us, their contents are rricluded 
in the HLW inventory. 

ITaken from ref. l ( d ) .  



T a b l e  2.6. Historical and projected total vo~ume of HLW in storage by site through 2U3Ua 
~~ ~~ 

trolume, 103 m3 
End of 

calendar S a l t  Glass or 
year Liquid Sludge cake Slurry Calcine Precipitate Zeol i te  Capsulesb glass/ceramicC Total 

Savarmab River Site 

1980 59.8 10.5 26.4 96.7 
1985 71.3 13.8 37.6 122.7 
1986 72.8 13.6 41.2 127.6 
1987 63.2 13.5 50.5 0.1 127.6 
1985 64.2 14.1 50.0 0.1 128.5 

1990 51.3 14.8 55.5 0.1 131.7 

1992 59.3 14.3 53.1 0.2 126.9 
1995 54.4 14.3 48.5 0.4 117.6 
2000 51.6 12.5 30.6 0.1 0.4 95.2 

2010 46.3 3.2 13.5 0.3 2.7 66.0 
2015 44.9 3.8 0.4 3.4 52.6 

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

1989 53.3 13.8 54.8 0.1 122.1 

1991 57.2 14.5 55.7 0.5 128.0 

2005 48.8 5.2 21.4 0.2 1.5 80.2 

2020 44.9 2.5 0.2 3.4 51.2 

Idaho c h e e i o ~  ~ ~ ~ ~ ~ ~ i n g  plant 

1980 9.3 2.1 11.4 
1985 7.1 3.0 10.1 
198s 6.5 3.0 9.5 
1987 8.9 3.0 11.9 
1986 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 

2000 4.8 5.0 9.8 
2005 5.8 5.0 10.8 
2010 0.1 4.9 5.5 
2015 0.0 3.0 7.7 

2030 0.1 0.1 37.0 

1992 7.7 3.5 11.2 
1995 7.8 3.7 11.5 

2020 0.1 2.5 13.8 
2025 0.1 1.3 23.7 

0.5 
3.9 
11.2 
22.3 
36.8 

S 



Volume, 103 m3 
End of 
calendar Salt Glass or 

year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsulesb glass/ceramicC Total 

Eanford Site 

1980 39.0 49.0 95.0 4.0 0.0017 187.0 
1985 2 6 . 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 
1985 26.8 46.0 93.0 77.7 0.0036 243.4 
1989 26.5 46.0 93.0 79.3 0.0036 244.8 
1990 26.4 46.0 93.0 88.2 0.0036 253.6 
1991 25.5 46.0 93.0 92.0 0.0035 256.4 
1992 2 5 . 1  46.0 93.0 94.7 0.0035 258.7 
1985 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 46.0 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 

West V a l l e y  DePonstration Pmject 

1980 2.145 0.046 2.191 
1985 2.145 0.046 2.191 
1986 2.145 0.046 2.191 
1987 2.145 0.046 2.181 
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 1.310d 
zaoo 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 H L W  ara taken from the previous edition of this report 1i.e.. DOE/RW-0006, Rev. 8 (October 1 9 9 2 ) l .  The 

bCapaules contain either strontium (90Sr-g0Y) fluoride or cesium ( 137Cs-137”’B.a) chloride. 
CGLass is waste form for SRS and WVDP. 
dVolume is a mixture of acidic liquid, alkaline sludge, zeolite, and any residual liquid. 

inventories for 1992 and the projections throu h 2030 are taken from ref. 1. 

Glass/ceramic is waste form for ICPP. Glass is most likely waste form for W. 



T & l s  2.7. fiiatorical and proJected total radioactivity of EW in Shrage by site throwh 2030~ 

Radioactivity, ;06 CI 
End of 

calendar Salt Glass or 
year L i q u i d  Sludge cake Slurry Calcine Precipitate Zeolite ~ a p s u l e s b  glasslceruricc Total 

1980 
1965 
1985 
1987 
1958 

1990 
1991 

1389 

157.4 
93.3 
8.3. I 
105.2 
99.0 
94.6 
91.6 
89.0 

429.0 
561.3 
517.2 
460.4 
403.1 
351.2 
319.8 
302.1 

82.6 
185.5 
183.G 
168.2 
162.1 
152.8 
150. 
146.4 

Savann& River Site 

0.2 
0.2 
0.3 
0.1 
0 . 1  

699.0 
841.4 
794.7 
734.0 
564. L 
595.9 
561.6 
537.6 

1395 
2030 
2005 
2010 
2015 
2020 
2025 
2030 

19ao  
1985 
1986 
1987 
1988 
1959 
1990 
1991 

84.0 307.4 
79.5 175.4 
69 .0  141.0 
57.7 50.3 
49.5 1.4 
44.1 0.8 
39.4 0.9 
35. a 0 . 8  

17.0 
21.7 
12.9 
14.3 
10.1 
11.5 
7.5 
2.4 

131.0 
63.3 
31.9 
15.7 
0.5 
0.3 
0.2 
0.2 

15.4 
1.7 
3.0 
6.2 
7.6 
6.1 
5 . 5  
4.9 

Id&o chfmLica1 Processing Ihnt 

36.4 
47.7 
47.7 
45.2 
56.9 
56.9 
55.7 
57.0 

137.3 
212.1 
349.0 
393.3 
349.7 
309.5 
275.3 

537.8 
457.5 
456.0 
478.9 
452.3 
401.0 
355.4 
316.3 

53.4 
69.4 
60.6 
62.5 
67.0 
68.4 
63.2 
59.4 

1995 
2000 
2005 
2010 
2015 
2020 
2025 
2030 

1.9 
1.2 
i.1 

40.1 
35.3 
31.3 
25.3 
13.7 
4.8 
0.8 
0.1 

42.0 
35.5 
32.2 

4.8 30.1 
45.5 50.2 
120.0 124.8 
212.0 212.8 
300.0 310.1 



T a b l e  2.7 (continued) 

Iiadioactivity, 106 ci 
End of 
calendar Salt Glass or 

year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Cap5Uh5b glass/ceramicC Total 

1980 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

34.6 175.0 16.0 
26.2 130.5 13.6 
25.5 127.4 13.3 
24.4 124.4 12.9 
23.3 121.4 12.6 
22.6 118.5 12.4 
22.0 115.7 12.1 
20.8 113.0 11.8 

0.3 
171.2 
187.3 
115.8 
110.9 
89.6 
74.6 
66.9 

7.9 91.0 9.5 54.1 
7.0 80.8 8.5 47.6 
6.3 71.7 7.5 42.2 
5.6 63.6 6.7 37.6 
5.0 56.4 6.0 33.4 
4.4 50.2 5.3 29.8 
4.0 44.6 4.7 26.5 

332.0 
212.8 
207.9 
203.1 
174.7 
170.8 
166.1 
161.2 

557.9 
554.2 
561.3 
480.6 
442.9 
413.8 
390.4 
373.6 < 199 19.9 110.3 11.5 157.0 360 7 

1995 9.0 102.7 10.7 62.9 146.4 331.7 
2000 
2005 
2010 
2015 
2020 
2025 
2030 

130.3 
115.9 
103.2 
91.8 
81.7 
72.7 
64.7 

292.8 
259.8 
230.9 
205.3 
182.5 
162.4 
144.6 

1980 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

18.5 
16.4 
16.1 
15.7 
12.9 
8.5 
5.5 
4.1 

West V a l l e y  Dmxmstration Project 

15.0 
13.3 
13.0 
12.7 
12.4 
12.2 
11.9 
11.6 

2.6 
6.6 
9.3 
10.5 

33.4 
29.8 
29.1 
28.4 
27.9 
27.3 
26.7 
26.2 

1992 3.7 11.6 10.6 25.9 
1995 24.1 24. Id 
2000 21.3 21.3 
2005 
2010 
2015 
2020 
2025 
2030 

18.9 18.9 
16.8 16.8 
14.9 14.9 
13.3 13.3 

10.5 10.5 
11.8 1 i . a  

8 

%istorical inventories for KLW are taken from Lhe previous edition of %his report [i.e., DOE/RW-0006, Rev. 8 (October 1992)1. The 

bCapsules contain either stroatium (90Sr-90Y) fluoride or cesium (137Cs-137mBa) chloride. 
"Glass is waste form for SRS and WVDP. Glasslceramic is waste form for ICPP. GLass is most likely waste form for HAHF. 
dRadioactivity is contained in a mixture (i.9.. acidic liquid, alkaline s l u d g e ,  zeolite, and any residual liquid). 

inventories for 1992 and the projections through 2030 are taken from ref. 1. 



asrmal power, 103 w 
End of 

calendar Salt Glass or 
year L ~ y u i d  Sludge cake ~l. . isry C a l c i n e  PrecipJatate  Z e o l i t e  ~apswlesb g:ass /ceramic~ Total 

Savauuab River Site 

1980 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

213.5 1,440.5 
264.3 1.782.7 
302.2 1,794.1 
279.8 1 ,438 .9  
231.9 1,283.5 
217.7 1,105.8 
209.0 1,015.6 
203.0 971.0 

396.0 

479.0 
432.8 
370. S 
349.5 
341.: 
335.0 

490.2 

0 . 4  
0.4 
0.7 
0.4 
0.3 

2,050.0 
2,537.2 
2 , 5 7 5 , 3  
2,151.3 
I, 8 63 . 7  
1,673.7 
1,566.7 
2.509.3 

1992 197.0 1.194.0 333.0 0.3 1,724.3 

2030 182.0 572.0 145.0 5.Y 352.4 1,255.3 
2005 155.0 137.0 75.1 6.8 623. 0 1,299.9 
201c 132.0 154.1 36.1 14.1 1,065.0 1,401.3 
2015 113.0 9 . 6  1.9 17.4 2,237. o 1.349.0 
21120 i01.0 8.2 0.6  14.0 1,063.0 i,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 

1995 593.0 912.0 301.0 35.2 1,441.2 

1980 
1985 
1585 
1S8i 
1988 
1989 
1890 
1999 

53.8 
72.5 
38.5 
43.5 
30.4 
3 4 . 3  
22.9 
7.0 

Idaho Chemical Processrim I‘lirat. 

115.2 
131.4 
137.5 
139.0 
165.2 
164. 9 
161.5 
165.0 

169. D 
216.0 
175.9 
182.5 
195.6 
199.2 
184.4 
172.0 

1992 13.3 117.0 130.‘: 
r993 5 . 6  117.  c 122.6 
2000 9.5 103.0 105.5 
2005 s . .i 90.2 93.3 
2010 73.3 :\3.8 87.1 
2015 39.8 134.0 193.  R 
2023 14.1 347.3 361.1 
2025 2.3 614.0 616.3 
2330 0.2 869.0 859.3 

- .  



rdh 2.0 (--.a 
 hemal power, 103 w 

End of 
calendar Salt Glass or 

Ye= Liquid Sluao cake slurry Calcina PreciDitate zeolite Capaulesb glass/cer.micc Total 

1980 
1985 
1986 
1987 
1986 
1989 
1990 
1991 

75.1 
65.9 
64.1 
61.2 
58.6 
56.7 
55.1 
52.1 

325.9 32.8 
428.3 38.1 
418.1 37.3 
408.2 36.4 
398.4 35.5 
389.0 34.7 
379.7 33.9 
370.7 33.1 

0.5 
604.0 
635.0 
353.4 
328.5 
249.7 
200.4 
177.7 

Emford sit. 
644.4 
582.7 
569.4 
556.2 
479.3 
468.8 
455.8 
442.6 

1,078.6 
1,719.0 
1,723.9 
1,415.4 
1,300.4 
1,199.0 
1,125.0 
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 
2005 17.7 264.9 23.8 133.2 
2010 15.8 235.0 21.2 118.6 
2015 14.1 208.5 18.8 105.7 
2020 12.5 185.0 16.7 94.2 
2025 11.2 164.5 14.9 84.0 
2030 9.9 146.4 13.2 75.0 

West V a l l e y  D-tratim Project 

358.1 
318.6 
283.5 
252.2 
224.5 
199.7 
177.6 

853.4 
758.2 
674.0 
599.3 
533.0 
474.3 
422.2 

1980 47.8 49.1 96.9 
1985 42.2 44.2 86.4 
1986 41.3 43.2 84.5 
1987 38.9 42.3 81.2 
1988 32.9 41.5 6.5 80.8 

1990 14.1 39.7 23.1 77.0 

1992 10.0 42.7 26.4 79.1 

2000 62.9 62.9 

1989 22.3 40.6 16.4 79.3 

1991 11.0 38.9 26.0 75.9 

1995 73.5 73.9 

2005 55.9 55.9 
2010 49.7 49.7 

2020 39.3 39.3 
2025 34.9 34.9 

2015 44.2 44.2 

2030 31.1 31.1 

%istorical invmtorios for HLW are taken from tho prcnrioas odition of thia report ti..., WE/RW-0006, Rev. 8 (October 1992)). 
imrentorioa for 19$2 and tho projections th 

cGlaas is nut. form for SRS and WVDP. 
dThis t h e w  power is frm tho decay of radionuclides in a mixture ( i . e . ,  acidic liquid, alkaline liquid, zeolitr. and residual 

The 
2030 are taken froa rof. 1. 
1 flwrido or cesiwn (137Cs-137Qa) chloride. 

Glass/cerauic is waste form for ICPP. Glass is most likely waste form for W .  

liquid) to bo incorporated into & L a a  during 1995-1987. 



~ a ~ e  2.9. ~1gnificaPt revisions and chilaLges m cuszern~ values for BLW cmparec~  to &e values ~ r n  psevious yearavb  
__ 

Si g n l  f i c a n t  Lev;sions Reasons f o r  s i g n i f i c a n t  changes 
Waste c n a r a c t e r i s t i c s  1992 va;uesa and changas 1994 values' and r e v i s i o n s  02 f o r  none 

Savannah hver Si te  

Volume a?c: r a d i o a c t i v i t y  
: I i q u h i l ,  5-udge, s a l t  
c w e ,  and pcec:Lpitate) 

x a d i o a c t i v i t y  of caLc :ne 

Volume anc r a d  r o a c x v i  t y  
( T i ~ i d ,  s l u c g e ,  s a l t  
cake ,  s . h r r y ,  and 
c a p s u i e s )  

Volurne ancl radioactivity 
( a c i d  ?-i\mid, a k d l i n e  
l iquu-d,  s.ludge, and 
se0lice;l 

See Tables  2 . 5  !lone 
arid 2 .  6 

See Yables 2 .4  No r e v i s i o n § .  C:?anges a r e  exp,a;qed 3y 
and 2 . 5  r o u t i n e  ?:<ant o p e r a t i o n s  and decay o f  

radionucLides 

Idaho Chemical P r o c e s s i r a  Plant. 

See :abbe 2 .6  R a l i o a c t i v i t y  oE See T a s l e  2 . 5  
zakcine Cecreasecl 
from 5 9 . 4  x 105 i : ~  
$0 44.3 x 136 c1 

See 'Tables 2 . 5  ?lone 
*.id 2 , 6  

See :::abies 2 . 5  Rone 
and 2 . 6  

See Tabla3 2.4  
and 2 , 5 

Change may be c o n i e c t e c  w i t h  new computer 
program be ing  used.  ' J a l w s  are being 
reeva  Lua t ed 

No sign:f icant  r e v i s i o n s .  ihanges  a r e  
e x p h i n e d  by ro.:Line p l a n t  o p e r a t i o n  

S e e  Taj l c s  2 .4  Changes a r e  exa ia lned  by r o u t i n e  ?;ant 
and 2 . 5  o p e r a z i o n s ,  by r a d i o a c t i v e  decay,  ancl 

3y c m ~ ~ n u e d  ref ineraent  of ..nTlanL 
measurements 

ai'ear silovrn .s pubL catLor d a t e  01 r o o o s t .  3 ? t a  *=e So; Dectmber 3 ' ,  1941 Sat. t a 3 l e s  anc' z e x t  ciLtec i n  Ch 2 os' L .S .  Dwartrnen: 0: 

3 ergy I t  aqc &t e i I J - s ~ c r k ~ 9 J - ~ .  , t e : r v w  t or 1 e i P r 5.1 ec  t 1 or s , arid C piax .I c t er 1 , 30~/€iw-0366, R e v  4 
(3c toSer  1992 1 

=Yea: shovm is pub1,cation Ga;e of repor:. Data a r e  €01 December 3,, 1992 



Table  2-10. Representative chesLical corrqasition of current and future HLW at SRSa 

Liquid Sludge Salt cake Precipitate" Glass 

Wt P Component Component Wt x Component Wt % Component Wt P Component Wt x 

Trace 
Trace 
Trace 
Trace 

Trace 
0.003 

0.023 
1.63 

1.10 
9.63 
4.54 
0.72 
0.014 
0.22 
0.12 

Trace 
11.0 
71.0 

100.0 
- 

Density (25'C), 1.1 
.S/d 

11.8 
2.0 
1.3 
13.7 
5.2 
1.5 
0.2 

0.2 
0.8 
0.4 
0 . 2  

1.8 
0.2 
0.2 
0.2 
0.2 
1.1 
1.3 
1.5 
1.2 

5 5 . 0  

100.0 
- 

1.4 

NaNO3 
NaN02 
NaOH 
NaAUOH) 4 
Na2CO3 
Na2S04 

NaF 

Na25?04 

H20 

Insolubles 

65.4 
0.9 
3.4 
7.8 
2 . 9  

9.4 
Trace 

0.2 

0.1 
3.7 
6.4 

100.0 
- 

1.9 

K(C& )4B 9.0 si02 

Others 1.8 B203 
NaN03 0.9 Na2O 

H20 88.5 Fe203 

Liz0 
FeO 

'3'8 
MZlO 

Others 

4 5 . 6  

11.0 
10.3 
7.0 
4.0 
3.6 
3.2 
3.1 
2.2 
2.0 
8.0 

1.05 

100.0 

2.85 

aTaken from ref. l ( a ) .  
bPrecipitate (non-Newtonian fluid) from the in-tank precipitation pmcess . 
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Radioactivity, Ci 

Radionuclide Liquid Sludge Salt cake Precipitate Totalb Glass' 
.........._I.- - ..... . .. . . . . . . . . . . . . 

1.22E308 

1.22E+O8 

2.33E+04 

1.86E+05 

1.86E+05 

1.70E+O5 

6.91E+07 

6.35E+07 

9.74E+06 

9.74E+06 

1.79Ei-07 

2.60E-01 

2. 8OE-01 

2.20Et01 

1.60E+06 

2,30E+04 

1.00E+04 

1.40E+06 

1.70E+01 

1,40E+04 

8.64Bt07 

1.46 

4.01E+08 

20.0 

1.22E+06 

1.22E+06 

2.22E+03 

1.66E+OS 

1.66E+03 

1.62E+03 

7.44Ei07 

6.85E+07 

1.02E+03 

1.92E+03 

1.69E+D5 

1.45Et08 

2.73 

1.83E+03 1.24E+08 2.00E+OS 

1.981+05 1.24E+08 1.83E+03 

1.. 6ZE+04 2.90E+01 

2.33E+05 

?..33E+05 

2.40E+05 

1.87E+08 

1.72E+08 

9.7YEi-06 

9.79E3-06 

1.88E+07 4.42E+02 

2.60E-01 1.90E-02 

2.00E-02 2.80E-01 

2.20E+01 4.30E-02 

6.60E+02 1.60E+06 

2.30E+04 3.50E+01 

1.00E+04 2.30E+OI 

1.30E+02 1.40E+06 

1.70E+01 3.30E-02 

1.40E+04 1.70E+O3 

1.47E+05 6.32E+08 1 .08E+07 

0.74 4.98 108 

. ~- 

aTaken o r  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 glass is to be generated). 
dSpeoific activity is defined in this table to be the radioactivity of a waste type at a given time 

divided 5y the volume of that waste type at the given time. 
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Table  2.12. Representative chemical composition of current 
and future HUI liquld at ICPP 

Composition, wt X 

Component 
Zirconium 
fluoride 

Sodium 
bearing Nonfluoride Fluorinel 

A 1  

B 

Ca 

c1- 

Cd 

Cr 

F- 

Fe 

U+ 

K 

Mg 

k 

Na 

Ni 

Nag- 

~ 0 ~ 2 -  

Zr 

E20 

1.3 

0.15 

3.4 

0 . 0 4  

1.12 

1.12 

0.12 

13.7 

2.47 

76.6 

0.8-1.6 

0.005-0.01 

0.03-0.2 

0.06-0.1 

0.00 5- 0.06 

0.05- 0.09 

0.03-0.15 

0.03-0.15 

2.1- 4.0 

19.4-23.3 

0.33-0.5 

76 ~ 6-69.2 

Density, g / d  

100.0 

1.2 

100.0 

1.2-1.3 

1.51 0.742 

0.003 0.241 

0.27 

0.023 

1.42 

0.036 

0.032 

0.19 

0.12 

0.33 

0.062 

0.048 0.0004 

1.31 

0.016 0.0049 

23.1 11.47 

0.65 1.52 

3.80 

70.9 76.0 

100.0 100.0 

0.0087 

5 .98  

0.023 

0.18 

1.2 1.2 

aTaken from U.S. Department of Energy, Spent Fuel and Radioactive Waste 
Inventories. Pro,jections. and Characteristics, DOE/RW-0006. Rev. 1 (December 
1985). 
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Ynhle 2.13. ReprwsPnat.ntive chemicipl F: sitim of ctmeant 
&and futrasre i%.w calcine at IL'PPa 

__I- ... ......... ............ -. -- 
Composition, w t  X 

Cornyon ent 
........ 

*lZ03 

A12(S04 13 

B203 

C a0 

CaF2 

Cd 

Cr203 

Fe203 
NazO 

N i O  

NOg - 
so4 2- 
ZrOZ 

Miscellaneous 

Z i r c on ivm Zirconiurn- 
ALuiiina f luor ide  sodimi blend 

82.0-95.0 13.0-17.0 10.0-16.0 

0.5-2.0 3.0-4.0 2.0-3.0 

2.0-4.0 13.0-17.0 

50.0-56.0 33.0-39.0 

2.0 

7.0 

1.3 6.0-8.0 

0 . 9  

5.0-9.0 0.5-2.0 7.0-9.5 

Fluorinel-  S ta in le s s  
s t e e l  s u l f a t e  sodium blend 

......... 
4.4 6.5-7.5 

81.0 

3.0-3.2 

3.3-3.6 

46.0-49.0 

6.0-6.5 

0 . 0 5  

0.2-0.3 

10.0-15.0 

0.02-0.03 

10.0-15.0 

21.0-27.0 16.0-19.0 

0.5-1.5 0 . 5 - 1 . 5  0 . 5 - 1 . 5  

Fiss ion  products 0.2-1.0 0.2-1.0 0.2-1.0 

Density,  g/mL 1.1 1.4 1.8 

and act in ides  

19.0-20 ~ 0 

4.4 

0.2-1.0 0.2-1.0 

1.2 1.4 

"Taken f rom U . S .  Department o f  Energy, Soent Fuel*-.nd Radioactive Waste Inventories,  
Project ions ,  and Character is t ics ,  DOE/RW-0006, Rev. 1 (December 1985). 
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Table  2.14. Representative radionuclide camposition 
of current HLw at I c e  

Radioactivity, Ci 

Radionuclide Liquid Calcine 

9 0 ~ r  

9% 

106RU 

106% 

134cs 

137Cs 

1 3 7 ~ a  

1 4 4 ~ 8  

1 4 4 ~ r  

lS4Eu 

Total 

Specific ac 
ci /L 

ivi 

1.03E+06 

1.03E+06 

4.SfiE+03 

4.562+03 

3.46E+04 

1.18E+Q6 

1.12E+06 

2.29E+04 

2.29E+04 

1.18E+04 

4.47E+O6 

Ytb 0 .58  

9.60E+06 

9.60Et06 

7.48E+OI 

7.48Et01 

1.29E+04 

1.09E+O 7 

1.03E+07 

8.223+01 

8.22E+O 1 

4.09E+04 

4.04E+07 

11.4 

"Taken from ref. l(b). Curies as of December 31, 1992. 
Similar values for actinide nuclides are not available. 

bSpecific activity i s  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. 



32 

composition, wt Z 
__. . . . . . . . . . _____ 

Component Liquidb Sludgeb Salt cake" SlurryC 

20.8 25.3 81.5 14.8 

15.8 3.8 1.7 5 . 6  

0.6 2.2 0 . 5  1.9 

6 . 2  5.3 1.5 7 . 0  

12.5 1.2 1.4 6.0  

0 . 4  

1 . 0  1 .3  0.3 

2.3 15.8 1.6 0.8 

0 . 4  

FeO (OH 1 1.3 0.2 

Organic carbon 0.17 1.2 

HH4 + 0.08 

Al(OH)3 2 . 9  4 . 9  

SrO*BZO 0 . 1  

1.3 

0.2 

0.1 

0 . 5  

0.1 

0.6 

'0.1 

0 . 5  

0.02 

c0.1 

0.2 

Fission products GO. 01 

H2Q 4 0 . 2  33.6 1 0 . 5  56.2 

Other 40.1 5 . 5  c0.01 

0.12 ppn 
~. 

m" - 
Total 100.0 100.0 100.0 100.0 

Density, g/mL 1.6 1.7 1.4 -1.3 
. . . . .. . . . . . . . . . . .... . . . . . . . . . . -. ..___ 

aTaken from 1J.S. Departrnant of Energy, Spent Fuel. and Radioactdve Waste 
Inventories. Projections. and Characteristics, DOE/~W-0006, Rev. 1 (December 
1985) .  

bStored in single-shell. txmks. 
%tored in double-shell tanks. 
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T a b l e  2.16. Represorntative radionuclide CoppposPtPon (Gi )  ai current ELW at EUWfa . . 

Capsiiles 

1.87E+03 

3.223+03 
3.08E+OS 

2.50E+03 

1.79E+04 

9.8OE+O6 3.61E+06 3.65E+05 

3.27EtO6 3 I 41E+06 3.46E+06 

6.67Et02 
4.7SE+03 
9. oce.too 
l.O3E+04 
1.05E+03 
6.5831.01 
9.05E-06 
1.09E+07 2.45E+07 
1.09E+07 2.45E+07 

6.68E-04 

3.21E+02 

1.18E+02 
7.10E-03 

1.57E-02 
5.24E-05 
1.43E+04 
1.64E-09 
1.47E-09 
3.04E+05 
3.04E+OS 
8.21E+00 
1.64E+01 

2.17E-01 
3.74Et03 

7.92%-02 
2.04E-10 
2.92E+OZ 
6. 39E+Ol 
1.76Et00 

5.99E-06 
4. ~ B E - C ~  
2.96E+05 
7.22E+04 
1.04E+02 
1.46E+01 

1.15EtO2 
6.6RE-01 
6.543-01 
8.20E-14 
2.65E-01 
1.40E+05 

5 ~ 91E+O 1 
1" 62Et07 
1.53E+07 

8.29E-13 
4.63Et05 
4 6IEt05 
5.54E+03 

6.18Et06 
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Liquid Sludge Salt cake Slurry 90~1-9% 137~s -137-a Radionuclide 

8.33Et05 

2.55E-03 

2 ~ 20E+04 
5.29E+03 

5.25Et04 

7.36Et02 4.53E+04 

1.99Ei07 

4.98E-12 
8.84E-11 
2 "  03E+05 
5.41E+02 
1.07E-01 

6.75E+04 
9,90E+04 
9.71E-07 

1 ~ 23E+00 
5.18E-02 
1.0s-01 
9.46'E-01 
4.51E+01 
2.17E-01 
3.67E+02 

3.28E+03 
8.85E+02 

3 ~ 35E+04 
8.68E-02 

5.24E+04 
4.31E+01 
4.33E+01 
7.16Ei00 
3.65E+01 

1.57E+02 1.29Et03 

i.i0E+o8 l.l5E+07 6.21E+07 4.90E+07 1.08E+08 

Specific 
activity,b Ci/L 7.9E-01 1.2E-01 6.6E-01 4.5E+04 4.4Ei04 2.4E+00 

aTaken from ref. l(c). Curies as of December 31, 1992. 
bSpecific 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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Table 2.17. C h d c d  cmqositim o f  alkaline l iqu id  3 I . W  
(frua reprocessing via a puR]Ex flawsheet) at m P a  

Compound 
Wet b a s i s  
(wt 4 )  

21.10 

10.90 

2.67 

1 . 4 9  

1 .27  

0.884 

0.614 

0.179 

0.164 

0.133 

0.0242 

0.0209 

0.0167 

0.0176 

0.00858 

0.00809 

0.00805 

0.00620 

0.00417 

0.00287 

0.0027 

0.00151 

0.00053 

0.00049 

0.00032 

0.00021 

0.00014 

0.00007 

39.53 

60.47 - 
100.00 

5 3 . 9 8  

27.57 

6 .75  

3.77  

3 . 2 1  

2.24 

1 .55  

0.45 

0.42 

0.34 

0 .06  

0.05 

0.05 

0.04 

0 .02  

0.02 

0.02 

0 .02  

0 . 0 1  

0.007 

0.0060 

0.004 

0.0013 

0.0012 

0.00080 

0.00053 

0.00035 

0.00018 

100.00 

0.00 

100.00 

aTaken from ref. l ( d ) .  
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Table 2.18. Chemical coaJpositiou of alkaline sludse BlA# 
(frua reprocessing via a flowsheet) at WVDP 

Wt I - Compound 

Fission products 
2.03643-06 Ge (OH 13 

SrS04 2.20953-03 
Y(OH)3 1.0487E-03 

9.8154E-03 Zr (OH 1 4 
4.6633E-03 Ru(0H) 4 
8.04373-04 Rh(OHI4 
3.4619E-04 Pd (OH) 2 
7.1274E-06 AgOH 
1.73093-05 Cd(OH) 2 
3.05463-06 1n (OH) 
2.54553-05 Sn (OH 1 4 
7.1274E-06 Sb (OH) 3 

BaSO4 3.08511-03 
1.88373-03 La (OH ) 3 
3.60443-03 Ce (OH ) 3 
1.7309E-03 Pr(OHI3 
6.32303-03 Nd(OH) 3 
1.52733-05 Fm(OH)3 
1.4560E-03 Sm (OH) 3 
7.6365E-05 EU (OH ) 3 
1.7309E-05 Gd(OH)3 
3.0546E-06 Tb (OH) 3 
2.0364E-06 DY(OH)~ 

Sub t ot a1 3.7147E-02 

Subtotal 

Subtotal 

3.14323-02 
3.5637E-04 
3.76733-04 
2.7491E-04 
4.0728E-06 

3.2444E-02 

6.7242E-01 
6.46661-02 
5.9585E-02 
6.24151-03 
4.6644E-02 
3.2664E-02 
1.286OE-02 
1.1078E-02 
8.4103E-03 
3.82843-03 
9.8154E-03b 
1.3033E-03 
6.6183E-04 
2.3418E-04 

9.3041E-01 

1.0000 Grand total 

aTaken from ref. l(d). 
bExcludes fission product zirconium. 



77 

T a b l e  2.19. Chemical composition of acid l iquid fIlw 
(from reprocessiw via a XEOREX f l d e e t )  at m P a  

Compound wt I Total, kg 

36.42 
9.92 
4.90 
3.29 
2.25 
0.93 
0.56 
0.27 
0.22 
0.21 
0.15 
0.11 
0.086 
0.067 
0.063 
0.059 
0.050 
0.049 
0.041 
0.035 
0.033 
0.032 
0.026 
0.025 
0.019 
0.016 
0.016 
0.014 
0.014 
0.013 
0.013 
0.012 
0.0094 
0.0070 
0.0070 
0.0059 
0.0035 
0.0012 
0.0012 
0.0012 
0.0011 
0.00094 

0.00082 
0.00082 
0.00047 
0.00035 
0.00012 
0.000094 
0.000047 
0.000023 
0.000011 
0.0000047 
0.0000023 

0. oooaz 

31.054 
8,462 
4,175 
2,805 
1,918 

79 
480 
227 
191 

126 

73 
57 
54 
50 
43 
42 
35 
30 
20 
27 
22 
21 
16 
14 
14 
12 
12 
11 
11 
10 
8 
6 
S 
5 
3 
1 
1 
1 
0.9 
0.8 
0.7 
0.7 
0.7 
0.4 
0.3 
0.1 

0 . 0 4  
0.02 
0.01 
0.004 
0.002 

1ao 

98 

0.08 

59.95 

40.05 

100.00 

51,125 

34,148 
__3_ 

85,273 
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Component W t  x 

6.00 

12.89 

0.16 

0.48 

0.31 

0.02 

0.14 

0.08 

0.03 

12.02 

5.00 

0.04 

3.71 

0.89 

0.82 

0.04 

8.00 

0.14 

0.25 

1.20 

0.03 

0.04 

0.02 

0.08 

0.23 

40.98 

0.03 

0.02 

3.56 

0.80 

0.63 

0.02 

0.02 

1.32 

100.00 

2.6 

aTaken from ref. l(d). 
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4.84F+O$ 
7.6%+03 
1.94Ei-03 
7.26E-t-04 
5.25E+04 
7.6OE+O!, 

4.58E+O5 
4.58E+05 
2.01Es04 
2.OlEd.04 
s. 71Ei-01 
5.47&+0Q 
4.58E.105 
4.33E+05 
2.43Et03 
4.61E+02 
3.73Ef00 
6.58E+O2 
2.39Ei-02 
1.13F+Q 1 

Total 1.87E+Od 

1.34 

1.16Et07 

232 

1.81%+06 

36.2 

6 t8E+06 
6.19Ei 06 
2.OlEt 04 
2.01E404 

2. SfiE+03 5.1RE1.03 
I. 56E.tQ2 3.17E+02 
5.4%+06 6.88E4 06 
5.17E+O6 fi.SIE+Oij 

5.ZOE+04 
8.27E4 03 
1. Q5E+03 
7.44E+04 
5.27E104 
7. GOE+04 

l.OEE+07 2. 59Ei-07 

177 16.7 

1.83EtO6 
1.83Et06 
7.53E-02 
7. ME-02  
4.42Ei.02 
1.05Ef02 
2.07E+06 
1. 'XE+06 
5.95Et03 
2.92E+Q3 
2.06E+O2 
1.9YEt04 
1.73Et04 
2.15E+04 

7.76Ei-06 

97.0 

aTakm o r  caLculated from xef ~ l(d). 
bLi.quid, slnc~se, and zeol-ite curies  are as of December 31, 1992. 
%l.ass curi.ea are as of December 31, 1996 (t.he first year &lass is t o  he generated). 
%pecifir:  activity is d e f i n e d  in this table t o  be the r ad ioac t iv i ty  o f  A waste  t y p e  a t  R given t h e  

divided by t he  vol.me of that  waste type a t  the S i v s n  time. 
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’i’hfs chapter presents infomiation on the inventories 
amid charaeteristia of the transuranic (TRU) wastes at 
various sites in the 1Jnited States. 

‘IRIX waste is a waste category peculiar to DOE; it 
dors not apply to wastes regulated by the NRC. TRU 
W S ~  b cimrrentty defitied in IIOE Order 5820.2A as 
“without regard t o  stwrce or forn1, waste that is 
ciiintdaxairncaled with alpha-emitting transuranium 
radicnciclides with half-lives greater than 20 years, and 
~ o ~ ~ ~ ~ i t ~ - a t ~ ~ n s  greater than 100 nCi/g at the time of assay. 
Pdcada of held b,lements can deterniine that other alpha- 
confaminated waste, peculiar to a specific site, must be 
inasaged as tiansuraanic waste.”’ This definition includes 
i s i  ,113pes of neptunium (Mp), plutonium (Pu), americium 
(hi), curium (Chi), and californium (Cf). Generally, 
DOH; w&e containing less than 100 n<”i/g of TKIJ alpha 
c ~ n ~ ~ ~ ~ ~ n ~ t ~ ~ ~  is  classified and managed as low-level waste 

TR%J  waste is primarnly generated by research and 
dc vebprnent ad  ivrties, plutonium recovery, weapons 
tmatnafaciuring, environmental restoration, and 
decrmtaminat it  an d ~ d  dwornmissioning (D&D) projects. 
Mwt ‘IXU wide  exists in solid form (e.g., itenis such as 
protect we clothing, paper trash, rags, glass, miscellaneous 
 fool^, and ~~~~~~~~~~~ that have become contaminated with 
TRU ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ j d ~ s ~ .  Some TRU wastes are in liquid form 
(r,hdgcs) resulting from chemical processing for recovery 
of ~~~~~~~~~~ or other ‘IRU elements. Prior to 1970, 
TRK 1 waste was disposed of on-site in shallow, landfill-type 
~ r ~ i ~ ~ ~ ~ ~ a l ~ ~ ~ ~ $  ‘l3.U waste d l s p d  of in this manner is 
reietred to as “l~usied” TRU waste. In 1970, the 1J.S. 
Atomic Energy Ccmmission (AEC), which was a 
predcc@s4nr to 1Br_?iE, concluded that waste containing long- 
lived ~ ~ ~ ~ ~ a ~ ~ ~ ~ l ~ i i ~ g  radionuclides should have greater 
co~~fnement  Irom the environment. Thus, all TRU waste 
generaled since the earb 1976)s has been segregated From 
o h x  waste types and placed in retrievable storage pending 
shipment and final ilispsal in a permanent geologic 
repmtusyi-2 This waste is referred to as “retrievabty 
stored” ’1 RU waste. Retrievably stored waste is contained 
in a v:iriely of packaging5 (metal drums, woaden and metal 
boxes) and is stored in earth-mounded berms, concrete 
culverts, or arrtker t y ~ s  of fa5lities. 

(I .I WJ. 

TRU waste packages are classified as either “contact 
handled” (CX) or ‘“remote handled” (RH) depending on 
the radiation level at the surface nf the pachge at the time 
of packaging. If this level exceeds 200 rnremh, the 
package is classified as RH. 

CH ’I7RU waste contains relatively small quantities of 
fission and activation products that produce highly 
penetrating radiation; typically, i t s  emissions consist mast$ 
of alpha particles and low-energy photons of little 
penetrating power. Most TnU waste (more than 
volume) is of the CIZ type. a311 TKU waste 
contains a greater proportion of fission and activation 
products that produce highly penetrating radiation and 
therefore tends to produce a higher level of radiation at 
the surface of the package. 

It is estimated that as much as 50 to 60% of TRU 
waste is mixed waste, meaning that it contains, in addition 
to radioactive constituents, hazardous constituents defined 
and regulated in accordance with the Resource 
Conservation and Remvery Act (RCRA). Examples of 
mixed waste are radionuclide-contaminated spent solvents, 
discarded materials contaminated with both solvents and 
radioactive materials, scintillation fluids, and discarded 
contaminated l a d  shielding. TRU mixed waste must be 
managed to comply with the applicable hamrdous waste 
regulations (e.g., RCRA) as well. as thaw applying to 
radioactive TRU waste only. Some T R U  waste may be 
contaminated with hazardous materials defined by other 
regulations. DOE is currently developing strategies for 
identifying and managing U wllstes containing 
hamrdous contaminants defined by regulations other than 
RCRA. 

Under existing arrangements, relrievably stored TKU 
waste is the responsibility of the DOE/EM Ofice of Waste 
Management (HM-30). It is planned that the retriwably 
stored TRU waste and newly generated TKTJ waste from 
defense-related activities will be shipped to the Waste 
Isolation Pilot Plant (WIPE’) for disposal. Prior to !he start 
of these shipments, it is planned that tests will be 
conducted over approximately the next 5 years to ensure 
that the wastes to be shipped to WIT, and the criteria for 
their emplacement at WIPP, will meet all applicable federal 
and state requiremenis for TRIJ and. mkd TRU wastes. 
If the test phase is succ~?ssIuI, the retrievable 
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invcntokgr wit[ be d i s p c d  of in W P P  mer approximately 
the next 20 years. 

Buried ?RIY waste and TRU waste generated from 
sike remediation activities and TP&D activities are the 
responsibility of the Office of Environmental Restoration 
(EM-4Q). The disposition of thcx  ‘TRU wastes is 
uncertaiil at this time. 

Quantitative information contained in this chapter is 
derived h m  data fiirnished by the DOE sites through 
annual data calls, as described later in this sectirprm. As 
program and @ X I S  cvoke or change, modifications aiad/or 
additiuris wE1B ?x made to the data and other information 
in this e.ta;ipter. It is expected that the quality and accuracy 
of the data will improve with each annual revision of this 
dncuineat, thus iniproving the usefulncss of thc data for 
program planning and decision purposes. 

Early TRU waste iraventory practices were not as 
stviirgent as those of today in regard to requirements for 
waste idcntikation, categorization, and segregation. 
Consequently, thi: early inventorg, data are based largely on 
proces knowledge and on various studies and sramrnaries 
related to site-specific practices? AS these efforts continue 
and TKU wastc is further characterized by radioasfay, 
significant rcvisioans in the estimated overali quantities of 
TRBJ wask are anticipated. 

TRU wilstc rziaiiagement activities (generation, 
rctrievable storage, etc.) are performed at six major and 
ten minor 1)OR sites. ’The major sites, from the 
standpoint of TRU waste quantities, arc (1) the Hanford 
Site (HANF), (2) Idaho National Engineering Laboratory 
(INEL), (3) Im Namos National. Laboratory (TANL), 
(4) Qak Ridge National Laboratory (ORNI,), ( 5 )  Rocky 
Flats Plant (RET), and (6) the Savannah Kiver Site (SKS). 
HANF and RFT no longer generate X U  waste a part of 
weapons production processes but do generate TRXJ waste 
as part of emironmental restoration (cleanup) activities. 
‘Ihe ten minor sites are (1) Argonne National 
Laboratory-hst (ANL-E), (2) Knolls Atomic Power 
Lamriltnry ( W E ) ,  ( 3 )  rawrence Berkeley Laboratory 
(LEE), (4) kaewence Livermore National Eaboratorgr 
(LLNL), (S) Santn Susana Field hboratory (SSFL) [also 
referred to as thc Fncrg Technology Engineering Center 
(EI‘kC)], (6) Mound Laboratory (MOUND), (7) Nevada 
Test Site (NlS) ,  (8) Paducah Gaseous Diffusion Plant 

(PAD), (9) Sandia National Laboratory (SNLA), and 
(lo) West valley Demonstration Project (WVDP). 
Figure 3.1 shows the locations of these sites and gives an 
approximate indication of the relative volumes of storcd 
TRU waste at each site. Figure 3.2 shows the volumcs of 
CH and RH retriwably storcd TRU waste at the major 
sites and clearly sham that the preponderance of TKU 
waste voolame is ira the CH category. Figure 3.3 shows the 
decayed radioactivities of retrievabliy stored CTI and RH 
TRp1 waste at the major sites as of December 31, 1992. 

Data on the volumes and radionuclide compositions of 
those remote-batidlcd ‘I’KU wastes that were formeeiy 
listed as miscellaneous radioactive materials in the Manford 
2W-Area burial grounds were not submitted to the TDB in 
time to be incorporated in the figures and tables of this 
chapter. Summary dara on these wastes are presented in 
‘l’;mbllc C.13 of Appendix C. 

3.213 

This year’s l[l)L3 contains significant changes io the 
manner in which TRU waste data are collected, reviewed, 
and used for the calculation of decayed radioactivities. 

3-23.1 Site data su 

All of the quantitative 1RU waste data in the IDB are 
ultimately derived from the site data submitted to the 
DOE Waste Management Information System (WE), 
which is maintained by thc Ha~ardous Waste Remedial 
Actions Program (HMWRAP). The sites supplyvolumes, 
radionuclide compositions, and curies of each radionwlidc 
added in each year of TRU waste accumulation. ‘[%is is 
done for each TRIJ waste type (CH stored, RH stored, 
CM buried, and R H  buried). The annual. radioactivities in 
the site submittals are on an as-stored basis; that is, they 
represent the curies of each radionuclide added at the end 
of the year in which lhe waste was placed in storage. The 
data are entered by the sites on standardized €orins 
siippliied by ITAZWRAP and are returned to HMWRAP, 
which distributes copies to other organizations taking park 
in the process. The complete set of TKU waste site data 
submittals for this year’s HDB is listed as ref. 4 (Sect. 3.6). 

”IC site data submittals for TRU waste were reviewed 
to make certain, insofar as possible, that the data supplied 
met the requirements of the E W W l U P  data request 
forms with regard to completeness and consislency. This 
ycnr, because the radioactive decay and accumulation code 
system W A C  was being used for the first time, the data 
review process included modifying the formats of the data 
SO that they could be easily converted to input data files 
suitable for direct use in the W A C  decay module. 
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Tables 3.1 through 3.3 summarize a small portion of 
the information in the site submittals. These tables show 
the volumes and cumulative asstored (undecayed) 
radioactivities of retrievably stored CTI and K H  1L’IpU 

waste at each site in 5-year increments from 1970 to 1W 
and at the end of 1992. Table 3.2 shows total 
radioactivities (is., all radionuclides included), and 
Table 3.3 s h m s  TKU radioactivity (Le., only TKU 
radionuclides included). 

The computer code YELD9FL is the decay and 
accumulation module of the RADAC system. It converts 
annual as-slored radioactivities to annual decayed 
radioactivities and accumulates these quantities to produce 
tables showing decayed grams, curies, and watts on a year. 
by-year, site-by-site, and radionuclide-by-radionuclide basis. 
Annual added and cumulative volumes are aho shown; 
volumes are assumed to be unaffected by decay. 

Comparisons of the results of the RADAC system 
with those of the previously used ~ ” I B ( ~ ~ ~ - W K N ~ ~ ~ - ~ ~ ~  
system have thus far shown excellent agreement. For 
example, on page 84 of the 1992 IDB report: Table 3.1, 
which was calculated by the LIBGEN-WIN PRO-SAS 
system, showed 1887.51 kCi of stored CII TKU waste 
accumulated at the end of year 1991. The same data were 
independently run on the RADAC system and showed 
1887.67 kCi at the end of 1991. Other examples have 
been run on both systems with similar agreement. 

In a number of cases, the site-submitted data were not 
sufficiently detailed to permit the dcqired calculations. The 
difficulty most frequently encountered was that 
radionuclide compositions were not adequately specified. 
Two other modules of the M A C  syslem, I fANW’IITL 
and ALISTDAT, were used Lo convert site-supplied input 
data to khhe radionuclide-specific forms required for decay 
EllCUkdtiOnS. ’Ihesc Codes were used as follims: 

1. Where the site-supplied data called for mixtures of 
Wion products but did not give quantitative 
composition daia for such mixtures, the assumption 
was made that the isotopic cornpition was the same 
as that specified by I-Kanford in their submittal. 

2. Certain parent fission products are always 
accompanied by short-lived daughters. The 
NLSTDAT code adds short-lived daughter fission 
products in cases where the site submittal shmvs the 
parent but does not specificalty show the daughter and 
it is clear that the daughter must be present. For 
example, if a site shows 108 Ci of %r but dtxs not 
show any 9, the program assumes that the 100 Ci is 
the total activity of parent and daughter and changes 

334.1 

Tables 3.4 and 3.5 show the cumulative decayed 
radioactivities of retrievably stored CLX and RH TKU 

h of the sit& by 5-yew increments from 1970 
and at the end of 192.  ‘I’hiese tables are 

analogous to Tables 3.2 and 3.3, except ehai in Tables 3.4 
and 3.5 the radnoactivities are on a decayed basis; that is, 
they Lake into a m u n t  the processes of radioactive decay 
and ingrowth of rsdroaetive daughters. As before, 
’XBble 3.4 shims lo8al radioactivities (all ~ d d ~ o n u c ~ ~ ~ e s  
inckided), and Rible 3.5 shows only the r ~ d i o a c ~ ~ ~ t ~ ~ s  oh 
TRU raclioniicltdes As previously stated, it is assumed 
throughout the tables that volumes csf TRU waste ate not 
affected by s ~ d ~ c ~ c t i v e  decay. 

‘lhhles 3.6 and 3.7 summarize tlne total system 
inventories (Le., all sides ~ ~ ~ b i n e d ~  of relrievably stored 
CH and RH TRIJ wastes at DOE sites fix the end of each 
yeas from 1970 ic9 1992. The cumulative masses, 
~ ~ ~ ~ ~ ~ c ~ ~ ~ ~ ~ ~ § ~  and thermal powers shown in these tables 
are decayed values. ’lib difference between Tables 3.6 
and 3.7 is that the masses, radioactivities, and thermal 
powers in Table 3 5  are based QII all the radionuclides in 
the waste, whereas the quantities shown in Table 3.7 
include only the contributions of the TRU radionuclides; 
daughters of TRU nuclides are not included in ’Table 3.7. 

Buried ‘KRU waste voiunies and radioactivities are 
shown in Tables 3.8 through 3.14. These are baed on 
data provided in the site submittals. The form of the sile- 
submitted data for buried waste is idenlical to that of the 
retrievably stored waste except that no distinction is made 
between CH and RH buried wastes. 7’he buried waste 
tables (Tables 3.8 through 3.14) are anabgoos in form and 
information ctsntent tu the retrimably stored waste tables 
(Tables 3.1 through 3.7) and folkow the ~ame sequencc. 
Table 3.8 shows as&orcd volumes by sites and time 
pcriods. Tabla 3.9 and 3 BO show cumulative as-stored 

-onty rddioactivities by sites and time 
3.11 and 3.12 show cumulative decayed 

total and TRU-only radioabrvrties. Tables 3.13 and 3.14 
are for all siles combined. They show annual and 

I radaunuclade masses, radioactivities, 
for the end of each year from 1944 to 
s, “total” radioactivity means that all 

~ a d ~ o ~ u ~ ~ d e s  are included, and ““TReT-onty” radwactkity 
U nuclides are included. 
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c)vw the yearsI many of the older buried waste 
containers have developed Peah and contaminated the 
adjacent miL Am, at snme sites, soil has become 
contaminated by liquid spills or has been used as an ion- 
exchange medium for dilute liquid waste streams. It is 
difficult to make accurate estimates of the actual quantity 
of contaminated mil. The data reported by the sites are 
shown in Tabk 3.15. Additional characterization efforts will 
be required to reduce the uncertainties in these data. 

’Ihr sites were requested to submit estimates of the 
volumes of rctrievably stored CW and RH ‘lXU wastes 
that might fall into the category of rnbed p?IU wastes. 
These estimates were requested for three time periods: 
1970-1986,1987-1992> and 1993. Table 3.16 summarizes 
thc site-submitted estimates of these volumes. 

3.4 3 QU 

‘I’abk 3.17 shmw the data submitted by the sites for 
estimated future volumes of TRU waste generation. ‘Ilne 
sites were not requested to estimate the radioactivities or 
isotopic sonipit ions of these wastm, since i t  was felt that 
there would be little basis for such estimates. ‘The 
estimated volumes are given in terms of average annual 
rater (rn3&earg for seven time periods from 1993 to ZOXL 
An effort WRS made to obtain estimated rates in three 
categories: (1) general operations, (2) D&D, and 
(3) remedial action. The estimated e€fect of volume- 
reduction processes was aim requested; however, Bittic 
information on this was available. 

‘Ihe goals of the DOE ’IRaJ Waste Program are to 
terminate interim storage and rlt hicvc peimancnt d i s p l  
of all DOE TRU wasle.6 ??x of the major efforts in this 
direetioim is the \WPP projcd. As stated trp Public 

“ . . . as a defense achvity of the DOE for the parpose of 
providing a research. and dmebpment facility to 
demonstrate thc safe disposal of radioactive waste resulting 
from defense activities and pro afthe United States.’’ 
Coinstructicsn of the facility is n mtially complete, and 
WIPP is JPOW the only fac&,y specifirMj designcd for 
isohition of IXtJ waste. It is rlesignGd to emplace about 
175,000 m3 of TRU waste 650 rn below gmund in a mined 
salt formation 

Waste received at W P P  amst meet the WIk’P-WAC 
and associated qdabry assum~rr: reqbirefiients specified in 
WIPP/DOE 069.8 4 rrumbm of othcr approvals remain to 
be conapleted M o r e  DOE can begin disposal operations at 
the fac!lrlf. A? pev.io~~sly &&d7 a test pmgram of 
approximately 5 years will he conducted to ciyse-re that the 

WPP,  wli comply Mth all applicable federal and state 
regulations If the test phase is ssicces.sherl and all necessary 
approvals are obtai i~d,  it is p h n r d  that shipment and 
eml>$acelIIeint of wastes Y aRB ~ I C ~ E I B  and will ro&iiue through 
apprmdhiately the year 7018. 

In fine past year, thc W Y 3 ’  Izgislative Iand 

b w  %-164,7 the W P P  piujcet was to br rnn&:rka@:cd 

wastes to be shipped to V m T ,  and *\ex eiiiplacemerrt at 

Wlilldt awa; Act was ya.Tsed, coa~Pi17ingcongl~~lol~a~ Illtent 
dcvclopment and permitting of to brave !JOE coiltinlie 

the fanc;litgi. Since then, the DOE kr3s slated :ts intent to 
accelerate prgces.ws Irxbog to thc stnrt of waste d i s p t  
operations at the \?WP. 

1. U.S. Ilcpartment of Energy, Haddnactiw Waste Management, DOE Ot der 5820.2A, Washington, D.C. (Sepb 26, 1988). 

2. K S. Hollingsworth, Policy Statemfit Regardkg Solid Wmie Burid, AEC Directive iA I9  No. OS1 1-21, Washington, D.C. 
(Mar. 20, 19’70). 
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4. U.S. Department of Energy, Waste Management Information System (WMIS), DOE site ‘IRU waste data submittals 
(Attachment 6) issued, received, and maintained by the Hazardous Waste Remedial Actions Program (€IAZWRAP), 
Martin Marietta Energy Systems, Inc., submitted to MAC Technical Service Company (MACIEC) and the XDB 
Program during August-December 1993. The foUawing TRU waste submittals from W I S  were received, reviewed, 
analyzed, and integrated by MACIXC and the IDB Program. Preceding each submittal b the site (in parentheses) to 
which it refers. 

a. (AMES) Kay M. H a n n a h ,  Ames Iaboratory, Ames, Iowa, letter to Lise J. Wachter, Martin Marietta Energy 
Systems, Inc., IIAZWRAF’, Oliver Springs, Tennessee, submitting Ames Laboratory TRTJ waste information, dated 
Aug. 11, 1593. 

b. (ANL-E) K. Max Schletter, Argonne National Laboratory, Argonne, Illinois, memorandum to k L. Tabem, DOE 
Argonne Area Office, Argonne, Illinois, “Request for Office of Waste Management, Waste Data Information 
Update,” dated Aug. 26, 1993. 

c. (NE-W) No submittal received. 

d. ( H W  R. D. Wojtasek, Westinghouse Hanford CBmpany, Hanford Site, Richland, Washington, letter to 
Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oiiver 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, 1W4. 

f. (LANT,) Thomas C. Gundemon, I m  Alarnos National Iaboratory, Cos Alamm, New Mexico, memorandum to 
Lise J. Wachter, Martin Marietta Energy Systems, Tnc., I-IAZWRAP, Oliver Springs, Tennessee, “WMIS Data 
Call,” EM-DO: 93-941, dated Aug. 17, 1993. 

(LBL) IIannibai Joma, U.S. Department of Energy, San Francisco Operations Office, letter to L i s  J. Wachter, 
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, submitting Lawrence Berkeley 
Laboratory LLW waste information, 93W-332/5W.l.A.13, dated Aug. 23, 1993. 

g. 

h. (LLNL) Kevin Hartnett, U.S. Department of Energy, San Francisco Operations Office, memorandum to 
Millie JefTers, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “WMIS Data CAII 
for LLNI-” 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., I W W R A P ,  Oliver Springs, Tennessee, “Request for 
DOE Waste Date (sic) Information Update,” dated Aug. 20, 1993. 

(NR sites) J. J. Mangeno, U.S. Department of Energy, Naval Reactors Programs Offiee (NE-60), Crystal City, 
Virginia, memorandum to J. Coleman, DOEEM 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-M) 
Cognizant Fdcilities,” dated Aug. 9, 1993. 

j. 

k. (NTS) Iayton J. O’Neill, 1J.S. Department of Energy, Nevada Operations Office, Las Vegas, Nevada, 
memorandum to Joseph A. Coleman, DOEEM Office of Technical Support (DOE/EM35), Washington, D.C., 
“Request for Office of Waste Management, Waste Data Information Update,” dated Sept. 2, 1593. 

1. (ORNI,) 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, 1593. 

m. (PAD) Jimmy C. Massey, Martin Marietta Energy Systems, Inc., Paducah, Kentucky, letter to Donald G. Hooher, 
DOE Paducah Site Office, Paducah, Kentucky, “Update of Department of Energy Low-Level Kadioactive and 
Low-Level Mkd 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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(RFP) W. T. Prymak, DOE ltoclry mats Office, Golden, Colorado, mcmorandum to I ise J. Wachter, Martin 
Marietta Energy Systems, Inc., I IAXWRAP, Oliver Springs, Tennessee, “Subrnision of Waste Data Information 
to Support the Integrated Data Base,” date3 hug. 27, 1993. 

(SNLA) Strva: Ward, Sandia National Laboratories, Albuquerque, New Mexico, letter to George I& bskar, IJOfi 
A!buquerque Ogrcrations, ““Transmittal of Waste Management Information System ( W I S )  Update Inforrnatioc,” 
dated Aug. 5, 1993. 

(SRS) Michael Q. O’Rear, Director, Sohd Waste Division, DOE Savannah River PC)prations Office, letter to 
Director, Office of ‘TechniraR S ~ p p r t  (EM-35) ,  RQ, [with cmpy to 1.i.w J. Wacheer (HAZWILUP)], “Department 
of Energy Waste Inventory Data Systems,” dated Nov. 13, 19993. 

(WJDP] J. P. JaJcnAson, West Valley Nuclear Sewices Company3 Inc., West Valley, N a v  York, letter to Iise J. 
Wacrhter, Martin Marietm Pinerg Systems, Inc., XI,%ZWIzp, Oliver Spriings, Tennessee, “’Waste Information 
Update for Calendar Year 192,” dated Aug. 20, 1993. 

(SSHJETEC) Hannibal Joma, DUE Sac Francisco Operations Oifte, letter to Lise Wachtcr, Martin Marietta 
Energ Systems, Inc., W , W A P ,  Oliver Springs, ‘I’ennesec, submitting Energy ’Technology Eiigineering Center 
(Santa Susana Field Iabralory) TKtJ waste information, 93W-332/SW.l.A.23, dated Aug. 23, lW3- 

U.S. Congress2 I)egautm@nr of Energy National Security and Military Application of Nuclear Energy Authnrkation Act 
of 1980, Ptlh. L. 96-164 (198Q). 

U.S. Department of Energy, TRU Waste Acceptmce Cri:eriafnr the Wmte Isola~iwa Pilot Hmt, WIPPDOE-069, Rev. 4, 
Carisbad, New Mexico (December 1991). 



87 



GRNL DWG 94-6685 
70000 

60000 

- 50000 
v) 
E 
Lu 

tr; 

2 m 

01 

40000 

3 

2 7oooo 
3 
€3 > 

20000 

10000 

0 

700000 

600000 

- 500000 

E 
v) 

lx 
3 

2 400000 
> 
k 
L 

0 

b $ 300000 

a 

200000 
2 

lOOGO0 

0 

I- 

HANF 

..... - 
INEL 

........ 

ILANL ORNL RFP SRS OTHERS 

VOLUME BY SITE 

HANF INEL 

-L ..... 

LANL 

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

I 1  

ORNL RFP 

RADlOAGTlVlTY BY SITE 
SRS 

0 C1-l 

RH 

ORNL DWG 94-6686 

n CH 

Rl-i 

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

OTHERS 



Table 3.1. F-y of retrievsbly staredl TRU w a s t e  by sites: cumulative as-stored volumes 

S i t e  name S i t e  acronym 1970 1975 1980 1985 1990 1992 

Argonns National Laboratory-East 
Energy Technology Engineering Center 
Hanford Si te  
Idaho National Engineering Laboratory 
Knolls Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 
Los Alamos National Laboratory 
Mound 
Nevada Test S i t e  
Oak Ridge Rational Laboratory 
Paducah Gaseous Diffusion Plant 
Rocky Plats  P l a n t  
Sandia National Laboratory-Albuquerque 
Savannah River S i t e  
West Valley Demonstration Project 

Total 

Argonne National Laboratory-East 
Energy Technology Engineering Center 
Hanford S i te  
Idaho Natioal Engineering Laboratory 
Knolls Atrmic Power Laboratory 
Lawrencs Berkeley Laboratory 
Lawrence Livemore National Laboratory 
Los Alarms National Laboratory 
Mound 
Nevada Test S i t e  
Oak Ridge National Laboratory 
Paducah Gaseous Diffusion Plant 
Rocky Flats Plan t  
Sandia National Laboratory-Albuquerque 
Savannah River S i t e  
W s s t  Valley Demonstratim P r o j e c t  

Total 

ANL-E 
ETEC 
mm 
INEL 
KAPL 
LBL 
LLNL 
LANL 
WOUND 
NTS 
ORNL 
PAD 
RPP 
SNLA 
SRS 
WVDP 

AHL-E 
ETEC 
HANF 
INEL 
W L  
LBL 
LLNL 
LAM 
Mom 
BTS 
OWL 
PAD 
RFP 
SNiA 
SRS 
W P  

Contact hendled 

0.0 
0.0 

745.2 
1,420.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
12.6 
0.0 
0.0 
0.0 
a 
0.0 

0.0 
0.0 

5,541.6 
28,356.0 

0.0 
0.0 
0.0 

3,352.3 
23.0 
34.9 
539.9 
0.0 
0.0 
0.0 
a 
0.0 

0.0 
0.0 

10,086.3 
42,341.0 

0.0 
0.0 
0.0 

5,988.1 
61.2 
177.9 
725.6 
0.0 
0.0 
0.0 
a 
0.0 

0.0 
0.0 

14,668.9 
57,615.0 

0.0 
0.4 
0.0 

8,825.1 
99.5 
550.2 
900.3 
0.0 
0.0 
0.0 

19.5 
a 

25.5 
2.5 

15,282.3 
64,774.0 

0.0 
0.8 

194.5 
10,381.9 

137.7 
606.8 

1,047.6 
4.3 

952.0 
0.0 
a 

48.4 

32.9 
2.5 

15.472.9 
64,774.0 

0.0 
0.8 

222.7 
10,540.0 

153.0 
607.1 

1,069.1 
4.3 

1,040.0 
0.0 

9,974.3 
48.4 

2,177.8 37,847.6 

W t e  handled 

0.0 0.0 
0.0 0.0 
10.3 123.8 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.2 
1.7 223.0 
0.0 0.0 
3.0 0.0 
0.0 0.0 

0.0 0.0 

12.0 351.0 

0.0 e.0 

- - 

59,360.1 

0.0 
0.0 

194.9 
17.0 
0.0 
0.0 
0.0 
7.9 
Q.C 
0.6 

362.9 
0.0 
0.0 
0.0 
3 . 0  
9.0 

583.3 
- 

82,678.9 

0.0 
0.0 

198.2 
48.0 
0.0 
0.0 
0.0 

27.4 
0.0 
5.3 

442.1 
0.0 
0.3 
0.0 
0.0 

499.2 

93,458.4 

0.0 
0.0 

201.0 
35.0 
0.0 
0.0 
0.0 
27.4 
0.0 
5.3 

1,092.6 
0.0 
0.0 
0.0 
0.0 

499.2 

co 
\o 103,942.0 

0.0 
0.0 

201.0 
75.0 
2.4 
0.0 
0.0 
78.4 
0.0 
5.3 

1,144.2 
0.0 
0.0 
0.0 
0.0 

499.2 

1,220.2 1,900.5 2,005.5 

aNo data supplied for  these years. The s i t e  reported a l l  Cii waste inventoried pr ior  t o  1991 as par t  of the 1991 inventory. 



~ ~ ~ ~~ ~~ 

Cmula t ive  as -s tored  r a d i o a c t i v i t y  a t  end of calondas yea r ,  lo3 Ca 

S i t e  name S i t e  acronym I970 1975 1980 1985 1990 1992 

Asgonne National Laboratory-East 
Energy Technology Engineering Center 
Hanford S i t e  
Idaho National Engineering Laboratory 
Knolls  Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 
Los Almos Natiorial Laboratory 
Mound 
Nevada Test S i t e  
Oak Ridge National Laboratory 
?aducah Gaseous Diffusion P lan t  
Rocky F l a t s  Plant 
Sandia National Laboratory-Albuquerque 
Savannah River Site 
West Valley Demonstration P ro jec t  

Tota l  

Argonne National Laboratory-East 
Energy Technology Engineering Center 
Banford S i t e  
Idaho National Engineering Laboratory 
Knolls Atomic Power Laboratory 
Lawrence Barkaley Laboratory 
Lawrence Livermore Nat,ional Laboratory 
Los Alamos 3a t iona l  Laboratory 
Mound 
Xevada Test S i t e  
O a R  Ridge Xational Laboratosy 
Paducah Gaseous Diffusion P lan t  
BQ&Y F l a t s  Plant 
Sandia National Laboratory-Albuquerque 
Savannah River SiLe 
West Valley Demonstration P ro jec t  

Tota l  

ANL-E 
ETEC 
HAN? 
INEL 
U P L  
LBL 
LLNL 
LANL 
MEND 
NTS 
tiRNL 
PAD 
lWP 
SNLA 
SRS 
WVDP 

ANL-E 
ETEC 
, W F  
XNEL 
KhPL 
LBL 
LLNL 
LANL 

NTS 
O W L  
PAD 
RFP 
SNZA 
sa§ 
WVDP 

x m n  

0 . 0 3  0.00 
0.03 0 .00  
1.05 19.62. 
4.22 126.46 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 49.18 
0.00 0 .00  
0.00 3.27 
3.05 12.48 
0.03 0.00 
c . 0 0  0.00 
G.00 0.00 
a a 

0 . 0 0  0 .00  

5.32 208.00 

- 

R 0 i m t e  ZlmdBed 

0.00 0.00 
0.00 0.00  
27.09 55.70 

0 .00  3.00 
3.00 9.00 
0.03 8.30 
0.00 3.00 
3 . t 0  3 .03  
0 .00  0.00 
0.00 a. 15 
0 .00  0 .00  
0.30  3.00 
0.00 0 .00  
3.00 0.30 
0 .00  0.30 

27.09 55.37 

0.00 0.00 

- - 

0 . 0 0  
0 .00  

19i.69 
255.32 

0.00 
0.00 
0.00 

108.46 
0.00 
1.21 
17.80 
0.00 
0.00 
0.30 
a 

0.00 

574.89 

0.00 
0.00 

471.69 
0.49 
0 .03  
0.00 
0.00 
0.96 
0.00 
0.04 
0.32 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.00 

0 . 0 0  
0.30 

278.46 
435.07 

0.30 
0.00 
0.00 

151.01 
0.00 
2.83 
98.19 
0.00 
0.00 
0.00 
a 

0.03  

935.59 

0.00 
0.00 

480.11 
4.93 
0.00 
0.00 
0.00 
3.49 
0.00 
0.25 
0.54 
0.00 
0.03 
0.09 
0.00 
0 .03  

473.50 488.26 

0.12 
0.01 

325.64 
496.42 

0.00 
0.00 
0.93 

212.92 
0.00 
3.45 
99.55 
0.00 
48.66 
0.09 

a 
0.05 

1,187.05 

0.00 
Q.00 

482.10 
10.53 

0 . 0 0  
6.00 
0.00 
3.45 
c.00 
0.25 

166.80 
0.00 
0 . 0 0  
0.30 
3 .00  
0.00 

663. I& 

3.12 
3.01 

329.50 
495.48 

0.00 
0.00 

218.70 
1.95 
3.45 

100.07 
0.00 
99.59 

0.03 
711.72 

0.05 

1,948.99 

1.80 

0 .00  
0 .00  

482.10 
10.53 
0.11 
0.30 
3.50 
3.46 
0.00 
0.25 

177.68 
0.30 
0.00  
0 . 0 0  
0.30 
0.30  

674.13 

aNo da ta  supplied f o r  t hese  years .  The s i t e  repor ted  a l l  CB waste inventor ied  p r i o r  t o  1991 as  p a r t  of the 1991 inventory.  



Cumulative as-stored T3.U radioactivity at 
and of calendar year, l o 3  Ci 

Site name Site acronym 1970 1975 1980 1985 1990 1992 

Ccmtact h d d  

Argonne National Laboratory-East 
Energy Techrroiogy Engineering Center 
Banford Site 
Idaho National Engineering Laboratory 
Knolls Atomic Power Laboratory 
Lawrence 3erkeley Laboratory 
Lawrence Livermore National Laboratory 
Los Alamoa National Laboratory 
Mound 
Nevada Test Site 
Oak Ridge National Laboratory 
Paducah Gaseous Diffusion Plant 
Rocky Flats Plant 
Sandia National Laboratory-Alhbuquerquue 
Savannah River Site 
West Y ~ l b y  Demonstraticn Project 

Total 

Argonne National Laboratory-East 
Energy Eechnolo8y Engineering Center 
Banford Site 
Idaho National Engineering Laboratory 
:Knolls Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 
Lo6 ~ 1 - s  National Laboratory 
Mound 
Nevada Test Site 
Oak Ridge National Laboratory 
raducah Gaseous Diffusion Plant  
Rocky Flats Plant 
Sandra National Labozaterj-Albuquerque 
Savannah Fkver Site 
West Qalley Demonstration Project 

T o t a l  

AHL-E 
ETEC 
HANF 
INEL 
KAPL 
LBL 
LLNL 
LANL 
MUND 
NTS 
o m  
PAD 
REP 
SMLA 
5Rs 
WM? 

ML-E 
ETEC 
HANF 
INEL 
KAPL 
ZBL 
LLNL 
LANL 
ElOUND 
NTS 
CRNL 
FAD 
U P  
s m  
SR5 
" r n P  

0.00 
0.00 
0.19 
1.52 
0.00 
0.03 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
a 
0.00 

1.72 
- 

Remote h d e d  

0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
3.00 
0.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.0'0 
0.00 

0.00 
0.00 
3.22 

50.87 
0.00 
0.00 
0.00 
48.66 
0.00 
0.26 
6.28 
0.00 
0.00 
0.00 
a 
0.00 

109.30 

0.00 
0.00 
0.19 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.G2 
3.00 
0.03 
2.00 
0.90 
0.00 

0.00 
0.00 

122.85 
0.00 
0.00 
0.00 

104. B5 
0.00 
1 .02  
6.59 
0.00 
0. 00 
0.00 

0.00 

342.12 

106. 81 

a 

0.00 
0.00 
0.41 
0.01 
0.00 
0.00 
0.00 
0.04 
0.00 
0.00 
0.03 
3.00 
3.00 
0.00 
0.30 
0.oc 

0.02 0.21 0.49 

0.00 
0.00 

119. 34 

9.00 
0.00 
0.00 

144. E9 
0.05 
2.43 
9.89 
0.00 
0.00 
0.00 
a 
0.30 

460.23 

183.83 

0.00 
0.00 
0.52 
0.03 
0.00 

0.00 
0.09 
0.OQ 
0.00 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 

0.69 

0.00 

0.04 
0.00 

123.87 
205.34 
0.00 
0.00 
0.2.5 

206.42 
0.00 
2.70 
10.02 
0.00 
12.73 
0.00 
a 
0.00 

561.27 

0.00 
0.00 
0.55 
0.10 
0.00 
0.30 
0.00 
0.09 
0.99 
0.00 
1.06 
0.00 
0.00 
0.00 
0.63 
0.00 

1.81 
- 

0.04 
0.00 

124.46 
205.35 
0.00 
0.00 
0.28 

212.20 
1.95 
2.70 
10.10 
0.00 

0.00 
405.86 
0.00 

991.00 

28.06 

- 

0.00 
0.00 
0.56  
0.30 
0.00 
0.00 
c.00 
0.09 
0.00 
0.00 
1.12 
0.50 
2.00 
3.00 
0.00 
0.0g 

1.87 
~~ ~~ ~~ ~~ 

%o lata supplied fo r  these years. The site roported all CH waste inventoried prior to 1932 as part o f  the 1991 
inventory. 



Cumulative r a d i o a c t i v i i y  a t  end of calendar year ,  IO3 C i  
~~ ~~ 

S i t e  niime S i t e  acronym 1970 1975 1980 1985 1990 1992 

Cmkact hmdld  

Argonne National Laboratory-East 
Energy Technology Engineering Center 
Hanfard S i t e  
Idaho l a t i o n a l  Engineering Laboratory 
KnoLls Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermere National Laboratory 
Los Alamos National Laboratory 
Mound 
Nevada Test S i t e  
Oak Ridge Nationai Laboratory 
Paducah Gaseous Diffusion P ian t  
Rocky F l a t s  P lan t  
Sandia National Laboratory-Albuquerque 
Savannah River S i t e  
West Valley Demonstration P ro jec t  

To ta l  

Argonne National Laboratory-East 
Energy Technology Engineering Center 
Hanford S i t s  
Idaho National Engineering Laboratory 
Knolls Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Eivermore National Laboratory 
Los Alamos National Labozatory 
Mound 
Nevada Test S i t e  
Oak Ridge Kational Laboratory 
Paducah Gaseous Diffusion Plan t  
Rocky F l a t s  P lan t  
Sanclia National Laboratory-Aljucperque 
Savannah River S i t e  
West Valley gemonstration ?reject 

Tota l  

krJL-E 
ETEC 
W F  
INEL 
M P L  
LBL 
LLNL 
ZAM. 
MOUND 
NTS 
O W L  
PAQ 
P..FP 
SNLA 
SRS 
WVDP 

ANL-E 
ETEC 
M F  
IHEL 
UP:. 
LBL 
LENi  
WL 

W U N D  
NTS 
OWE 
PAD 
XFP 
SNLh 
SRS 
WVDP 

0.00 0.00 
0.00 G.00 
1.05 18.25 
4.22 120.85 
C.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 48.71 
0.00 0.00 
0.00 0.27 
0.05 11.26 
0.00 0.00 
3.00 0.00 
0.00 0.00 

0.00 0.00 

5.32 199.33 

a a 

- 

0.00 0.00 
0.00 0.00 
27.09 28.85 
0.00 0.00 
0.00 0.00 
0.09 0.00 
0.00 0.00 
0.00 0.00 
0.OC 0.00 
0.00 0.00 
0.00 0.15 
0.00 0.00 
0.00 0.00 
0.30 0.00 
0.00 0.00 
0 .00  0.00 

27.09 29.50 
~ - 

0.03 
0.00 

183.76 
230.01 

0.00 
0.00 
0.00 

102.16 
0.00 
1.20 
15.07 
0.00 
0 . c 0  
0.00 
a 
0 .00  

0.30 
0.00 

244.40 
348.56 
0.00 
0.00 
0.00 

139.36 
0.00 
2.78 
90.39 
0.00 
0.00 
0.00 
a 
0.03 

0.11 
0.01 

229.40 
393.67 
0.00 
0.00 
0.89 

195.26 
0.00 
3.29 
75.24 

0.00 
47.04 
0.00 
a 
0.05 

532.20 

0.00 
0.00 

293. 19 
0.58 
0.03 
0.03 
0.00 
0.88 
0.00 
0.04 
0.28 
0.00 
0.00 
0.00 
5.00 
0.00 

294.97 

825.62 

0.00 
0.00 
64.16 
7.03 
0.00 
3.00  
3.00 
0.73  
0.00 
0.23 
0.43 
0.00 
0.00 
0.00 
0.00 
0.00 

72.58 
~ 

944.96 

0.00 
0.00 
45.02 
9.10 
0.00 
0.00 
0.00 
0.36 
0.00 
0.19 

159.79 
0.00 
0.30 
0.00  
0.00 
0.00 

3.10 
0.01 

221.58 
375.47 
0.00 
0.00 
1.68 

199.07 
2.95 
3.24 
69.94 
0.00 
88.23 
0.00 

685.80 
0.04 

1.646.94 

0.00 
0.00 

40.39 
7.98 
0.11 
0.00 
0.00 
0.34 
C.C0 
0.18 

160.78 
0.00 
0.00 
0.00 
3.00 
3.00 

214.46 209.78 

v, 
N 

~~ 

aNo da ta  supplied for t hese  years .  The s i t e  repor ted  all CH waste inventor i sd  prios t o  1991 0s p a r t  of tho 1991 
inventory.  



,&rgcnae lationa4. Laboratory-East 
%erg3 TechnoLogy Zngineermg Cantez 
llanford Site 
Zdahn Yationda engineering &aboratory 
~ ~ + i l s  z i t ~ ~ i c  Power Laborattxy 
Lawtance EerBehy Laboratory 
Lawrence L ~ V ~ K W K J Z ~  Wational &aborat.org. 
Los Alamos 3atacnal  Laboratory 
?-bund 
Xevada Pest  S i t e  
3ak Rrdge Halional Laboratory 
ledueah Saseous Diffusion Plant  
Rocky F l a t s  Plant 
Sandia Aatiunai Laboratory-Albbuparque 
Savannah Kiver S i t e  
West Valley Demonstration Project  

-. 

Total  

Argonne National Laboratory-East 
Energy Technology Engineering Center 
Hanford S i t e  
Idaho National Engineering Laboratory 
Knol l s  Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 
Los Alamos National Laboratory 
Mound 
Nevada Test S i t e  
Oak Ridge National Laboratory 
Paducah Gaseous Di€€usion PLant 
Rocky F l a t s  Plant  
Sandia National Laboratory-Albuquerque 
Savannah River Site 
West Valley Demonstration p ro jec t  

Total  

.aNL-E 
ETEC 
3mF 
CNEL 
w?!, 
23L 
ZLBL 
EANL 
M U N D  
NTS 
DTitL. 
PAD 
RFP 
SNLA 
SRS 
r n P  

ANL-E 
ETEC 
K4NF 
INEL 
KAPL 
LBL 
LLNL 
LANL 
MOUND 
NTS 
o m  
PAD 
W P  
SNLA 
SRS 
'WDP 

9.00 
0.00 
0.19 
1.52 
0.00 
0.oc 
0.00 
0.00 
C.00 
0.00 
0.01 
0.Q0 
23.CO 
9.00 

0.00 

1.72 

a 

- 

8.00 
0.00 
3.25 
50.91 
C.GO 
0 5 .  00 
0.20 

48.35 
9.30 
0.26 
5.14 
3.00 
0.00 
0 .00  
a 
0.00 

3.00 
0.00 

:a?. 31 
222. $0 
0.00 
0.oc 
0.02 

101.55 
0.00 
1.02 
5.27 
0.03 
0.00 
0.00 
a 
0 .00  

108.92 

R e e D t e  handled 

0.00 0.00 
0.00 0.00 
0.02 0.20 
0.00 0.50 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.02 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.02 0 .22  

- ~ 

338.25 

0 .00  
0 .00  
0 .44  
0.01 
0.00 
0 .00  
0.00 
0.04 
0.00 
0.00 
0 . 0 3  
0.00 
0.00 
0.00 
0.00 
0.00 

0.52 

0.00 3.04 
0.00 9.00 

116.79 1Z8.79 
sal, 58 201.41 
0.00 0.00 
0.00 0.00 
0.00 0.15 

137.44 194. E3 
0 . 0 0  c.00 
2.48 2.68 
9.46 9.83 
3.00 0.90 
0.00 12.77 
0.00 5.30 
a a 
0.00 0.00 

447.71 540.36 

0.00 0.00 
0.00 0.00 
0.6'2 0.69 
0.03 0.10 
0.00 0.00 
0.00 0.00 
0.00 0.00 
9.09 0.09 
0.00 0.00 
0.00 0.00 
0.05 1.04 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.77 1.90 
- - 

0.u4 
0.05 

118.38 
200.73 

2.00 
3.00 
9.28 

398.59 
1.95 
2.5% 
9.99 
0.30 
28.30 
0.00 

403.05 
0.00 

963.90 
- 

0.00 
0.00 
0.69 
0.10 
0.00 
0.00 
0.00 
0.09 
0.00 
0.00 
1.09 
0.00 
0.00 
0.00 
0.00 
0.00 

1.37 
- 

W w 

%o da ta  supplied fo r  t hese  years .  The s i te  reported a l l  El waste inventor ied p r i o r  t o  1991 as part 0% t h e  1991 
inventory.  



2970 
1971  
1372 
1973 
2274 
1975 
1976 
1977 
1978 
1978 
1380 
138l 
;902 
1983 
1954 
3985 
1986 
1987 

3989 
L99Q 

1392 

m a  

:a9133 

1970 
a371 
1972 
1373 
1374 
1975 
1376 
1977 
I 9 7 8  
I979 

1989  
1980 

2 ,177 .5  
8,692.3 
7,518.3 
7,116.0 
5.617.9 
6 , 7 2 5 . 3  
2,119.2 
5 , 4 8 9 . 8  
3 , 5 2 5 . 5  
5 , 1 3 4 . 6  
4,703.4 
4 , 6 4 8 . 3  
4 ,596 .  I 
4 ,308 .4  
4 , 5 1 8 . 5  
4 , 9 2 5 . 5  
LJ93.7 
2,514.5 
2,033.2 
1 ,436 .0  

395 .9  
10,158.0 

325.7 

12.0 
15.9 
94.9 
E:.? 
4 , . i  

125.7 
7 6 . 6  
56.6 
49 .4  
2 3 . 1  
26.5 
3 5 . 2  

2 .177 .6  

is, 98E. 3 

3 1 , 1 2 2 . 2  

13, 870 .0  

2 5 , 5 0 4 . 3  

37 ,647 .6  

45,656. E 
69 ,482 .  : 
SC.676.7 
59,380.11 
65 ,226.4 
69,826.5 
7:, :34. D 
7 7 , 7 5 5 . 4  
82.676.  9 
8 7 , 0 7 2 . 6  
89 ,  587 .2  
Y1, 626.4 
93 ,062 .4  
93 ,458 .4  
103,S16. 4 
1 0 2 , 9 4 2 . 1  

4 0 ,  256.8 

32.0 
27 .  8 

122 .8  
2.84.2 
225.3 
351.0 
427.5 

533 .6  
556 .7  
583 .3  
615.5 

484.2 

4 7 . 1  
315.9 

1,085.5 
13E.8 

3 , ab@ ? . u 
776.6 

4 ,369 .  c 
7 2 5 . 0  
195.9 

3 , 3 9 6 . 5  
4.601.0 
1 , 0 92 .1  
I ,  G7C. D 
1 , 2 3 c  .i 

72;. . g 
2 7 3 . 1  
3 4 6 . 1  
451.8 
282 .5  
223 .5  
200.8 
361.5 

36.4 

29.6 
2 2 . 5  
12.1 

3 . 5  
3 . 3  
1 .4  
2.7 
2.1 
2.3 
8 . 9  
3 . 7  
3.5 

47. I 
3 6 4 . 3  

3,4451.4 
1 , 5 5 0 . 2  
5,526.1 
6 , 3 0 4 . 7  

:U, 573 . 6  
i 1,358.6 
1 1 . 5 8 4 . 5  
14 ,980 .8  
19,561.7 
2 0 , 5 7 3 . 8  
21 ,744  . 7  
2 2 , 9 7 4 . 3  
23,695. U 
23.973.0 
24 ,335 .0  
2 4 , 5 6 7 . 8  
2 5 , 0 5 0  .s 
25,274.3. 
25,474.9 
25 ,536 .4  
25,932.8 

2 9 . 5  
52.1 
54.2 
64.7 
55 .4  
66 .8  
63 .5  
71.6 
7 4 . 5  
82.5 
86.2 
95.7 

5 .32  
22 .43  
34 I 1:: 
28.00 
64.18 
53.94 
58. 86 
54.10 
56.52 
63. as 

153 .53  
58 .04  

37.37 
1 3 5 . 6 1  

80.89 
86.10 
51.57 
3 9 . 7 1  
37 .59  
3 7 . 2 3  

733.42 
27 .75  

48 .79  

2 7 . 0 9  
7.86 
2.85 
7 . 2 3  

4.88 
5.25 

1 4 . 3 5  
1.12 

235 .03  
169.87 

5 .13  

5 . 3 9  

5 . 3 2  
27.57 
6 0 . 9 3  
87 .32  

149.23 
199.54 
233.20 
281.64 
330.59 
386 .97  
532.19 
5 7 9 . 2 4  
J,O.29 
643.37 
753.34 
325.62 
883.68 
9C11.06 
914 .38  
929.16 
944 .95  

9 , 8 5 7 . 5 1  
1 ,646 .34  

- _  r 

27 .09  
29 .87  
28.39 
3L.30 
31 .03  
23.30 
29 .66  
38.44 
33 .77  

264.86 
294 .96  
163 .93  

0 . 0 6  
0 .46  
3 . 5 2  
3 . 4 1  
L.53 
0.79 
0 . 9 4  
1.10 
1.33  
0.93 
3.44 
3 .95  
0.P7 
0 . 5 5  
3.32 
0. S i  
0.65 
0.67 
3 . 7 5  
0 .55  
0 . 4 8  
15.21 
3.30 

0.32  
0 .09  
0 .33  
0 . 3 3  
3.92 
3.05 
0.02 
0.16 
0 . 0 0  
;.io 
0 . 6 9  
0 .05  

0.05 
0 . 5 2  
1.03 
i. 43 
2.93 
5 . 7 0  
6 . 6 2  
5 . 7 0  
6.96 
7 . 8 5  

13.. 25 
12.15 
12.65 
1 3 . 3 2  
14 .07  
1 4 . 8 8  
1 5 . 6 1  
16.15 
15.81 
17 .29  
1 7 . 7 0  
32 .88  
32.97 

0 . 3 2  
3 . 3 6  
3 . 5 4  
0 . 3 3  
5 .30  
G.20 
0.28 
3 .40  
D.35 
1 . b 1  
1 . 4 7  
3.38 



YOlWV3 

End of (m3) 
calendar 
year Annual Cumulative 

~~ 

Annual CuITIulat ive 

1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1878 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 

I992 
1991b 

33.1 
34.2 
20.7 
515.8 
18.8 
88.8 
5.2 

537.0 
30.5 
78.4 
26.6 

2,169.7 
8,708.1 
7,613.2 
7,177.4 
5,659.0 
6,851.0 
2,395.8 
5,546.5 
3,874.8 
5,217.8 
4,730.0 
4,881.5 
4,631.2 
4,342.6 
4,639.2 
5,441.3 
4,412.5 
2,603.3 
2,044.4 
1, 973. C 
426.4 

10,236.4 
352.3 

649.5 
683.8 
704.5 

1,220.3 
1,239.0 
1,327.8 
1,333.0 
1,670.0 
1,900.5 
1,978.9 
2,005.4 

2,189.7 
10,597.9 

25,688.6 
31,347.5 
38,198.6 

46,140.8 
50,015.6 
55,233.4 
59,963.4 
64,844.9 
69,476.0 
73,818.7 
78,457.9 
83,899.2 
88,311.7 
90,915.0 
92,959.4 
94,932.4 

105,595.3 
105,347.5 

18,511.1 

40,594.3 

95,353. 9 

2.9 
15.6 
12.1 
3.1 
2.4 

6,456.0 
3.5 

153,569.2 
4,625.7 
5,475.8 
5.088.1 

76.7 
339.4 

1,097.6 
131.2 

3,948.6 
778.0 

4,371.6 
727.1 
188.8 

3,404.3 
4,604.6 
1,101.5 
1,073.8 
1.245.8 
734.0 
276.2 
348.4 

6.907.8 
286.4 

153,792.7 
4,826.5 
6,837.4 
5,184.5 

98.6 
114.2 
126.2 
129.3 
131.6 

6,587.6 
6,591.2 

160,160.4 
164,786.1 
171,261.9 
176,350.0 

Total 

76.7 
416.3. 

1,513.6 
1,644.9 

6,371.4 
10,743.1 
11,470.2 
11,659.0 
15,063.3 
19,667.9 
ZC, 769.4 
21,843.2 
23,089.1 
23,823.1 
24,098.3 
24,447.7 
31,355.4 
31.641.8 
185,434.5 
1B0,260. 9 
197,098.3 

5,593.5 

202,282.8 

Radioactivity Thermal powsz 
(lo3 ci) (103 w) 

Annual Cumulative Annual 

3.33 115.04 0.02 
3.80 92.51 0.01 
0.78 77.39 0.01 
2.73 72.58 0.01 
1.39 65.99 0.01 
19.45 80.88 0.07 
4.12 82.12 0.01 

144.29 220.19 0.64 
4.64 214.45 0.02 
6.12 212.36 0.03 
4.88 209.77 0.02 

32.41 
30.29 
36.99 
35.29 
70.07 
55.83 
44,13 

57.65 
298.88 
315.41 
63.16 
52.12 
41.17 
136.39 
83.62 
87.49 
71.02 

181.87 
41.92 
739.51 
32.63 

68.46 

43.83 

32.41 
57.43 
89.33 
119.22 
180.26 
228.33 
262.86 
320.08 
364.3G 
651.83 
027.15 
743.27 
731.33 
733.38 
840.73 
898.21 
949.66 
981.95 
996.50 

1.149.35 
I, 159.40 
1,869.67 
1,858.72 

0.36 
0.55 
0.55 
0.44 
1.53 
0.84 
0.96 
1.26 
2.30 
2.05 
4.14 
1.00 
0.78 
0.56 
0.83 
0.87 
0.86 
0 . 7 4  
0.37 
1.19 
0.50 
15.27 
0.32 

Cumulative 

0.64 
0.52 
0.44 
0.40 
0.37 
0.41 
0.40 
1.01 
0.97 
0.95 
0.93 

0.38 
5.87 
1.37 
1.76 
3.23 
4.00 
4.90 
6.10 
7.31 
9.26 
12.73 
13.02 
13.49 
13.84 
14.51 
15.26 
15.97 
16.56 
17.21 
18.30 
18.67 
33.53 
33.90 

~ ~ 

%ass mans mass of radionuclides, not of t o t a l  waste. 
%RS 28 waste cats no t  availabls  fox individual years prior to IC91 but I s  iccluded in totzls foz years IC91 and 1C92. 
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Volup. Tw mas& TRU radioactivity TRU t h e m 1  powor 
End of (m3 (kg) (103 ci)  (103 w) 

calondar 
Y O U  Annual Cmulative Armual Cumulative Annual Cwoulative Annual Cumrulat ive 

1982 
1983 
1984 
1985 
1986 
1987 
1986 
1989 
1990 
1991 
1992 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1968 
1989 
1990 
199lC 
1992 

33.1 
34.2 
20.7 
515.8 
18.8 
88.8 
5.2 

537.0 
30.5 
78.4 
26.6 

2,189.7 
8,708.1 
7,613 .2 
7.177.4 
5,659.0 
6.851.0 
2,395.8 
5,546.5 
3.874.8 
5,217.8 
4.730.0 
4.881.5 
4,631.2 
4,342.6 
4,639.2 
5,441.3 
4,412.5 
2,603.3 
2.044.4 
1,973.0 
426.4 

10,236.4 
352.3 

649.5 
683.8 
704.5 

1,220.3 
1,239.0 
1,327.8 
1,333.0 
1,870.0 
1,900.5 
1,978.9 
2,005.4 

2.189.7 
10,897.9 
18,511.1 
25.688.6 
31,347.5 
38,198.6 
40,594.3 
46.140.8 
50,015.6 
55.233.4 
59,963.4 
64,844.9 
69,476.0 
73,818.7 
78,457 -9  
83.899.2 
88,311.7 
90,915.0 
92,959.4 
94,932.4 
95,358.9 
105,595.3 
105,947.5 

0.4 
0.6 
0.4 
0.2 
0.2 
0.7 
0.2 
2.5 
0.1 
0.1 
0.1 

8.5 
25.2 
38.5 
39.3 
49.1 
75.1 
34.7 
60.0 
56.2 
117,Q 
148.5 
142.0 
174.6 
158.6 
206.7 
208.7 
205.4 
141.7 
277.3 
215.4 
191.6 
347.3 
52.5 

6.7 
7.3 
7.7 
7.9 
8.0 
8.7 
8.9 
11.4 
11.5 
11.6 
11.7 

Z0t.l 

8.5 
33.7 
72.2 
111.5 
160.5 
235.7 
270.3 
330.4 
386.5 
504.4 
653.0 
794.9 
969.7 

1,128.3 
1,335.0 
1,543.7 
1.749.1 
1,890.8 
2,188.0 
2,383.4 
2,575.0 
2,922.3 
2,974.8 

0.03 
0.07 
0.03 
0.01 
0.01 
0.13 
0.02 
0.88 
0.08 
0.04 
0.03 

1.74 
13.19 
15.42 
10.54 
44.78 
23.83 
26.17 
33.15 
39.36 
28.20 
104.22 
29.01 
21.61 
17.16 
25.57 
24.96 
24.09 
20.49 
23.97 
18.40 
15.21 
420.56 
9.24 

0.62 
0.70 
0.74 
0.76 
0.78 
0.92 
0.95 
1.84 
1.91 
1.95 
1.97 

1.74 
14.94 
30.33 
40.84 
85.60 
109.14 
136.96 
169.58 
208.24 
235.54 
338.78 
366.14 
386.01 
401.39 
425.19 
448.48 
470.90 
489.74 
512.05 
528.76 
542.27 
961.14 
965.87 

0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
0.00 
0.00 
0.00 

0.06 
0.43 
0.51 
0.34 
1.48 
0.78 
0.93 
1.09 
1.30 
0.92 
3.43 
0.94 
0.69 
0.55 
0.62 
0.79 
0.77 
0.66 
0.75 
0.58 
0.48 
13.87 
0.30 

0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.06 
0.06 
0.06 
0.06 

0.06 
0.49 
1.00 
1.34 
2.81 
3.58 
4.50 
5.57 
6.84 
7.73 
11.12 
12.01 
12.64 
13.13 
13.89 
14.63 
15.34 
15.94 
16.64 
17.16 
17.59 
31.40 
31.55 

a d i o a c t i v e  daughter. of TRU radionuc1id.s are not included. 
%RU mass means mass of Iw radionuclidoa. not of total raate. 
cSRS CE w a s t e  data not available for individual years prior to  1991 but i a  included in totala for yoara 1991 and 1992. 



Cumiia t ive  volume at end of ca lendar  gear ,  m3 
S i t e  

acrocym 1 9 4 5  1950 1855 1960 1965 1970 1975 1383 "985 1032 S i t e  name 

Argonne 34ationa.l Laboretosy- 

Energy Tec'nnolofiy Znginaezing 

Banford S i t e  
Idaho U a t i a n a l  Engineer ing 

Labordtory 
Knokls  Atomic Power Laaoratory 
Lawrence Berkalay Laboratory 
Lawrence Livvrmose Llataonal 

Los ALama KazionaA Laboratory 
Ysund 
Pevada T e s t  S i t e  
O a k  Ridge N a t i o n a l  Laboratory 
Paducah Gaseous Diff.-isiun P,ant 
Rocky F l a t s  Plant 
Sandia  N a t i o n a l  Laboratory- 

Savanndin R i v e r  S z t e  
West Va .ley 3arnonstratio-i 

E a s t  

Canter  

Labora tory  

ALbuquerqL\e 

T r o j e c t  

ANL-E 0 0 0 G 3 0 0 0 0 0 

0 

779 
3 

G 0 0 0 0 O 

ITd.533 35,509 47,932 63 ,624 63,620 
1.629 29,029 68,929 125,659 125,659 

3 0 0 

53,629 53,629 63, 62Sa 
225,659 125,659 125,659 

0 0 0 
0 0 0 
3 i) 0 

5,159 
c 

KAPL 
LBL 
LLNL 

ZANL 
WEWD 
NTS 
3UUL 
PAC 
W P  
SNLA 

0 
0 
0 

0 
0 
3 

0 0 0 0 0 
0 0 0 0 0 
0 9 0 0 0 

0 0 0 0 
0 0 0 

0 
B 
c L1 3 0 0 
0 0 0 56 9,155 
c' u 19 0 0 
0 0 0 0 0 
0 0.14 0 .85  1.33 I. 33 

0 s 0 
3 3 0 
3 3 0 

i,165 10,6:5 10.615 
3 0 0 
0 0 0 
'i. 53 A. 33 1.33 

SBS 
'rnP 

b 
0 

b iJ b 4,534 4 , 5 3 4  
0 0 0 0 0 

4,534 4,534 4 ,534 
5 0.5ZC G.02 

- 
779 6,159 Total 10,162 6 4 , 5 3 8  116,862 193,886 195,008 135,008 2 0 4 , 4 3 3  204,438 

"RePesence 4 s t a t e s  t h t  upon r e t - i e v d  of t h i s  was te ,  d s i g n i f i c a n L  amodnt 0% the s o i l  wilt Decorne contaminated and w ~ L k  increai .+ t h e  volrime of  

"No da-ca ovai;aSae f o r  2hese y e a r s .  
c'rll'DP s u b r u t a l  snows 0.318 n3 b u r i e d  i n  yea= 1984.  

waste-. The es t imated  waste  and associated condamnaked soib vol.wm is ,09 0 0 3  rn5. 



Table 3.0. S- of buried TRU uaate by sites: e d a t i v e  as-stored radioactivity (all radionuclides) 

Cumulative r ad ioac t iv i ty  a t  end of calendar yea r ,  lo3 Ci 
S i t e  

S i t e  name acronym 1945 1950 1955 1560 1965 1970 1975 1980 1985 1992 

Contact and r-te h d d  

Argonne National Laboratory- 
East 

Energy Technology Engineering 
Laboratory 

Hanford S i t e  
Idaho ffational Engineering 

Laboratory 
Knolls Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrence Livermore National 

Lor; Alamor National Laboratory 
Mound 
Nevada Test S i t e  
Oak Ridge National Laboratory 
Paducah Gaseous Diffusion Plant 
Rocky F l a t s  Plant  
Sandia National Laboratory- 

Savannah River Site 
West Valley Demonstration 

Laboratory 

Albuquerque 

Project  

To ta l  

ANL-E 

ETEC 

HANF 
INEL 

KAPL 
LBL 
LLNL 

LANL 
MOUND 
NTS 
MWL 
PAD 
RFP 
SNLA 

SRS 
WVDP 

0.00 

0.00 

0.56 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

b 
0.00 

- 
0 . 5 6  

0.00 

0.00 

13.89 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

b 
0 .00  

~ 

13.89 

0.00 

0.00 

170.14 
0.02 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

b 
0.00 

190.16 

0.00 

0.00 

231.13 
72.24 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

b 
0.00 

303.37 

0.00 

0.00 

242.85 
1.472.24 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

b 
0.00 

1,715.09 

0.00 

0.00 

601.02 
4,849.24 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 

9.83 
0.00 

5,460.10 

0.00 

0.00 

601.67 
4,849.24 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

24.90 
0.00 
0.00 
0.00 

9.83 
0.00 

5 , 4 8 5 . 1 1  

0.00 

0.00 

601.68 
4,849.24 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

24.90 
0.00 
0.00 
0.00 

9.83 
0.00 

5 , 6 8 5 . 3 2  

0.00 0.00 

0.00 0.00 

601.68 601.68 
4,849.24 4,849.24 

0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 

702.60 702.60 
0.00 0.00 
0.00 0.00 
0.00 0.00 

3 .83  9.83 
3 .00a  0.00 

-- 
E, 162.83 E,  162.83 

aWVDP submit ta l  shows 0.91 C i  buried in year 1984. 
bNo data ava i l ab le  for these years .  



'gable 3.10. 3- of r3Urisd L q U  waste by sites: c w l a t l v e  rbi-stord radioacrAvit.y (7.W radinauclddon; only$ 

Cumulative rdci,oactivxty a t  end OS ca lendar  gear, CI 
S i t e  

S i t e  name acronym I945 1250 1955 1960 1965 1W0 I 9 7 5  1980 3 8 5  1092 

Argonne Nat iona l  Laboratory-  
E a s t  

Energy Technology Engineerkng 
Laboratory 

Hanford S i t e  
Idaho Nat iona l  Engineer ing  

L a j o r a t o r y  
KnulLs Atomic Power L a j o r a t o r y  
Lawrence 3esireTey La5oratory 
Zawsance Livesmore h'ationab 

Los Alamos Nat iona l  Labora tory  
Mound 
Nevada Tes t  S i t e  
Gak Ridge Nat iona l  Laboratory 
Paducah Gaseous Dif fus ion  P l a n t  
Rocky Plats P l a n t  
Sandis  Nat iona l  Laboratory-  

Savannah River  S i t e  
We st Val ley  Dernons t r a t  i on 

Laboratory 

AlbuqJerque 

P r o j e c t  

T o t a l  

&?&-E 

ETEC 

HANF 
INEL 

U P L  
LBL 
ZLRL 

LANE 
MOUND 
NTS 
GRNL 
PAD 
aFP  
SNLA 

SRS 
WVDP 

0.00 

0.00 

0.10 
a 

0.00 
9.00 
C.OO 

0.00 
0.00 
0.00 
0 . 0 0  
3.00 
3.00 
0.00 

a 
0 . 0 0  

0.10 

a . 0 0  0.00 

0.00 0.00 

2.37 103.41 
a a 

0 .00  0.00 
0.00 0.00 
0 .oc  0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0 . 0 0  9.00 
0.00  0.03 
c.00 0.00 
0.00 0.00  

a a 
0 .00  0 . 0 0  

- -  
2.37 103.41 

0.00 0 .90  

0.00 0.QO 

110.90 112.64 
a a 

0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.09 0.co 
0.00 0.00 
0.00 0.00 
0.0C D.DC 
0.00 0.oc  

a a 
0 .00  0 . 0 0  

-- 
110.90 112.64 

3.90 

3.00 

114.45 
a 

0.00 
0 .00  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . o c  

a 
0 . 0 0  

3.90 

0 .00  

114.45 
8 

0.00 
0 .00  
0.00 

0.00 
0.00 
0.00 
0.02 
0.00 
0.30 
0.00 

a 
0.00 

G.03 

0.00 

114.45 
a 

G.00 
0.03 
C.00 

0.00 
0.00 
0.00 
3.02 
3.00 
0.00 
0.CO 

a 
0.00 

0.00 

0.00 

114.45 
a 

0.00 
5.00 
0.03 

0.00 
0.00 
0.00 
2.15 
5.00 
0.00 
0.00 

a 
0.00  

0.00 

0.013 

114.45 
a 

0.00 
0.00 
0.03 

0.00 
0.00 
0.00 
2.15 
0.00 
0.GO 
C.GO 

a 
0.00  

114.45 114.48 114.48 12.6.50 115.60 

"No d a t a  a v a i l a b l e .  



Table 3.11. S- of k i e d  =waste by sites: decayed radioactivity (all radionuclides) 

Cumulative radioactivity at end of calendar year, l o 3  Ci 
Site 

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

Contact and rePDte handled 

Argonne National Laboratory- 
East 

Energy Technology Engineering 
Laboratory 

Hanford Site 
Idaho National Engineering 
Laboratory 

Knolls Atomic Power Laboratory 
Lawrence Eerkeley Laboratory 
Lawrence Livermore National 

Los A l m s  National Laboratory 
Mound 
Nevada Test Site 
Oak Ridge National Laboratory 
Paducah Gaseous Diffusion Plant 
Rocky Flats Plant 
Sandia National Laboratory- 

Savannah River Site 
West Valley Demonstration 

Laboratory 

Albuquerque 

Project 

Total 

ANL-E 

ETEC 

HANF 
INEL 

KAPL 
LBL 
LLNL 

LANL 
MOUND 
NTS 
ORNL 
PAD 
RFP 
SNLA 

SRS 
WVDP 

0.00 

0.00 

0.56 
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

a 
0.00 

- 
0 . 5 6  

0.00 0.00 

0.00 0.00 

13.40 161 .70  
a a 

0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

a a 
0.00 0.00 

-- 
13.40  161.70 

0.00 

0.00 

189 .75  
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

a 
0.00 

189 .75  

0.00 

0.00 

177.37 
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

a 
0.00 

177.37 

0.00 

0.00 

452.07 
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 

a 
0.00 

w . o a  

0.00 

0.00 

308.59 
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

2 3 . 2 2  
0.00 
0.00 
0.00 

a 
0.00 

331.80 

0 . 0 0  

0 . 0 0  

256 .77  
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

20 .67  
0.00 
0.00 
0.00 

a 
0.00 

- 
2 7 7 . 4 5  

0.00 

0.00 

218.37 
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

660.96 
0.00 
0.00 
0.00 

a 
0.00 

879.33 

0 . 0 0  

0.00 

178 .71  
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

556 .20  
0.00 
0.00  
0 . 0 0  

a 
0.00 

- 
7 3 4 . 9 1  

c 

aNo data available. 



S i t e  name 

Cumla t ive  r a d i o a c t i v i t y  a t  end of calendar yea r ,  1 ~ 3  c i  
S i t e  

acronym 1945 1950 1955 1960 1Y65 1970 1975 1980 1985 1992 

krgonne National Lablboratory- 
Eas t  

Energy Technology Engineering 
Labozatory 

Hanford S i t e  
Idaho National Engineering 

Laboratory 
K.~oU.S Atomic Power Laboratory 
Lawrence Berkeley Laboratory 
Lawrance Livernose Ba5iona: 

LOB Almos National Laboratory 
Mound 
Nevada Test S i t o  
O a k  Ridge Hational Laboratory 
Paducah Gaseous Diffusion Plan t  
Rocky Flats Plant  
Sandia  National Labora to ry  

Savannah River S i f e  
West V a l l B y  Damonstzation 

Laboratory 

Albuqueryila 

Pro jec t  

Total 

ML-2 

ETEC 

HANF 
I E L  

KAPL 
E3L 
L l N L  

un. 
M3UND 
NTS 
ORHL 
PAD 
RFP 
SNLA 

SRS 
WVDP 

0 . 0 0  

0.00 

0.10 
a 

0.00 
0.00 
0.00 

0.30 
3.00 
0.00 
0.00 
0.00 
0.00 
0.00 

a 
0 . 0 0  

0.03 

0.00 

2.38 
a 

3.00 
0.00 
3.GO 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.30  

a 
0.00 

3.00 

0.00 

102.95 
a 

0.00 
0.00 
0.30 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

8 

0,oo 

0.00 

0.00 

IO?. 53 
a 

0.00 
3.00 
3.00 

0.00 
G.00 
0.00 
0.00 
0.00 
0.00 
0.50 

a 
0.00 

G.00 

0.00 

106.50 
a 

0.00 
3.50 
D .  00 

0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00  

a 
0.00  

0.00 

9.03 

105.61 
a 

0.00 
0.30 
3.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.90 

a 
0 , o o  

0.00 

0.00 

0.00 

102.95 
a 

0.00 
0.G0 
c.t.0 

0.00 
0.00 
R.00 
0.02 
3.00 
0.00 
3.00 

a 
0 .00  

0.03 

0.00 

100.32 
a 

0.00 
0.GO 
0.c.O 

0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
0.30 

a 
0 .00  

0.03 

0.00 

97.72 
a 

0.00 
5.00 
P.03 

0.00 
0.00 
0.90 
2.14 
0.00 
0.00 
0.00 

a 
0 ,oo  

0.10 2.38 102.95 107.53 106.50 105.61 102. S’E 100.34 99.85 

0.00 

0.00 

94. IS 
a 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
2.10 
0.00 

9.00 
0.00 

9 

0.00 

96.26 

1 
0 
h, 

aNo da ta  ava i l ab le .  



Table 3.13. Buried IRU waste inventories and decayed characteristics, total of all sites, all radionuclides includeda 

Volume Total massD Radioactivity Thermal power 
End of (m3) (kg ) (103 ci) (103 w) 
calendar 

year Annual Cumulative Annual Cumulative Annual Cumulative Annual Cumulative 

Contact and r-te hamdled 

1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

1981 
1982 
1983 
1984 

i g a o  

14.2 
764.6 
821,2 
962.8 
906.1 
991.1 

1,699.0 
1,755.7 
2,194.6 
2,075.6 
2,047.3 

3,630.2 
4,502.4 
4,567.5 
4,482.6 
1,993.5 
2,642.5 
3,165.8 
2,236.5 
2,317.2 
2,060.3 
1,679.2 
3,735.3 
4,214.5 
5,130.0 
1,001.3 
177.0 
935.2 

1.7 
7.5 
0.0 
0.0 
0.0 
0.0 
0.0 
5 . 0  
0.0 

2,950.0 
4,930.0 
1,550.0 

2.101.1 

14.2 
778.7 

1,599.9 
2.562.7 
3,468.8 

6,158.9 
7,914.6 
10,109.2 
12,184.8 
14,232.1 
16,333.2 
19,963.4 
24.465.8 
29,033.3 
33,515.9 
35,509.4 
38,151.9 
41,317.7 
43,554.2 
45,871.4 
47,931.7 
49,610.9 
53,346.2 
57,560.7 
62,690.7 
63,692.1 
63,869.1 
64,804.3 
64,806.0 
64,813.5 
64,813.5 
64,813.5 
64,813.6 
64,813.6 
64,813.6 
64,313.6 
64,813.6 
67,763.6 
72,693.6 
74,243.6 

4,459.9 

0.0 
100.5 
100.5 
100.5 
100.5 
105.5 
120.4 
130.3 
428.6 
376.9 
383.7 
380.1 
410.1 

9,915.7 
19,383.9 
39,278.6 
60,862.0 
41,487.7 

231,364.2 
70,911.5 
78,166.5 
134,494.5 
60,913.8 
23,042.9 
1,564.5 

54,601.9 
127.8 

0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
14.6 

15,325.2 
3.3 

0.0 
100.5 
201.0 
301.5 
402.0 
507.4 
627.8 
758.1 

1,186.7 
1,563.6 
1,947.3 
2,327.5 
2,737.6 
12,653.2 
32.037.1 
71,315.7 
132,177.7 
173,665.3 
405,029.5 
475,941.0 
554,107.5 
688,602.1 
749,515.9 
772,550.8 
774,123.2 
828,725.1 
828,852.9 
820.053.3 
828,853.3 
028.853.3 
828,853.3 
828.853.3 
828,853.3 
828.853.3 
828,853.3 
828,853.3 
826, a53.3 
628,853.3 
828,867.9 
844,193.1 
844,196.4 

0.00 
0.56 
0.55 
0.56 
0.56 
2.67 
9.00 
13.23 
13.47 
12.70 
102.33 
14.02 
15.67 
18.25 
18.52 
7.66 
0.88 
2.15 
2.26 
2.41 
2.41 
2.49 
2.69 
4.08 
89.24 
100.85 
161.32 
0.37 
24.76 
0.08 
0.32 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 

125.11 
498.09 
54.50 

0.00 
0.56 
1.07 
1.56 
2.03 
4.60 
13.40 
26.09 
38.56 
49.78 
150.72 
161.70 
173.91 
187.40 
198.51 
197.65 
189.75 
185.99 
183.17 
181.09 
179.14 
177.37 
176.00 
176.07 
260.90 
345.14 
452.08 
389.37 
383.20 
362.09 
345.94 
331.80 
319.26 
307.77 
297.04 
286.96 
277.15 
268.44 
385.02 
871.63 
903.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.05 
0.07 
0.07 
0.07 
3.03 
0.07 
0.00 
0.09 
0.09 
0.04 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.11 
0.33 
0.26 
0.00 
0.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.52 
1.90 
0.22 

0.00 
0.00 
0.01 
0.01 
0.01 
0.03 
0.07 
0.15 
0.22 
0.29 
3.33 
3.38 
3.44 
3.51 
3.57 
3.57 
3.53 
3.52 
3.51 
3.51 
3.50 
3.49 
3.49 
3.49 
3.58 
3.85 
3.88 
3.65 
3.62 
3.56 
3.53 
3.50 
3.47 
3.45 
3.43 
3.41 
3.33 
3.36 
3.86 
5.72 
5 .85  



1985 
1986 
1YB7 
1988 
IS89 
1990 
1991 
1992 

0.0 
0.0 
0.3 
0.0 
0.0 
0.3 
Q.0 
0.u 

7 4 , 2 4 3 . 6  
7 4 , 2 4 3 . 6  
75,243 . S  
7 4 , 2 4 3 . 5  
74.243.6 
7 4 , 2 4 3 . 6  
74,243.6 
7 4 , 2 4 3 .  E 

3.0 
0.0 
0 .3  
0.3 
0.9 
0.0 
0.0 
0.0 

544,196.4 
544,198.4 
344.iS6.4 
644,196.4 
844.196.4 
944 ,  i9E.4 
844,195.4 
8 4 4 , 1 9 6 . 4  

0.00 
0.03 
0.03 
0.03 
0 .09  
0.00 
0.00 
0.G0 

8 7 9 . 3 3  
955.53 
834.47 
81s. 19 
7S2 .63  
772 .75  
753 .52  
7 3 4 .  B X  

0.00 
0.00  
0 . 0 0  
G.03 
0.00 
ir.00 
0.00 
0 . 3 0  

5 . 7 6  
5 . 6 7  
5 . 5 9  
5 . 5 3  
5 . 4 2  
5.54 
5.27 
5.20 

aDoes not ancluda IEL and SR.5 because decayed data are not avai lable .  

bHass means sass  of sadionuclides.  not of t o t a l  was-te. 

Volume data for INEZ. and SRS are shown in 
T&Le 3.8. 



V o l p 3  W J  mas& TR1u radioactivity TRU thermal power 
End of (m'> (kg) t 103 c i )  (103 W) 
calaniar 

Cumulative year Annual Cumulative Annual Cumulative Annual Cumulative Annual 

1944 
1945 
1945 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1866 
1967 
1968 
1969 
1970 
1971 
1972 
1873 
1974 
1975 
1976 
1977 
1978 
1973 
198C 
2.981 

1983 
1984 
1985 
1936 

u a i  

14.2 
764.6 
821.2 
962.8 
906.1 
991.1 

1,609.0 
1.755.7 
2,194.6 
2,075.6 
2,047.3 
2,101.1 
3,630.2 
4,502.4 
4,567.5 
4,482.6 
1,993.5 
2,642.5 
3,165.8 
2,236.5 
2,317.2 
2,060.3 
1.679.2 
3,735.3 
4,214.5 
5,130.0 
1,001.3 

197.0 
935.2 
1.7 
7.5 
0.5 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2,950.0 
4,03C.. 0 
1,550.0 

0.C. 
0.0 

14.2 
778.7 

1,599.9 
2,562.7 
3,468.8 
4,459.9 
6,158.9 
7,914.6 
10.109.2 
12,184.8 
14,232.1 
16,333.2 
19,963.4 
24,465.8 
29,033.3 
33,515.9 
35,509.4 
38,151.9 
41,317.7 
43,554.2 
45.871.4 
47,931.7 
49,610.9 
53,346.2 
57,560.7 
62,690.7 
63,692.1 
53,669.1 
64,804.3 
64,806.0 

64,813.5 
64,813.5 
64,813.6 
64,813.6 

64,813.6 
64,813.6 
67,763.6 
72,685. C 
74,243.5 
74,243.6 
74,243.5 

54,813.5 

64, a n .  6 

0.0 
1.2 
1.2 
1.2 
1.2 
6.2 

21.0 
30.9 
31.4 
29.3 
36.1 
32.5 
32.7 
30.5 
31.1 
5.7 
1.5 
4.1 
4.3 
4.8 
4.7 
4.7 
5.0 
7.0 
6.5 
4.5 
1.1 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
5.0 
0.0 
0.0 
0.0 
0.0 
2.5 
6.0 
1.5 
0.0 
0.0 

0.0 
1.2 
2.4 
3.6 
4.8 
11.0 
32.0 
62.9 
94.3 
123.6 
159.7 
192.2 
224.9 
255.4 
286.5 
292.1 
293.6 
297.7 
302.1 
306.9 
311.5 
316.2 
321.2 
328.2 
334.7 
339.2 
340.3 
340.6 
340.6 
340.6 
340.6 
340.6 
340.5 
340.6 
340.6 
340.6 
340.6 
340 .C  
343.1 
351.1 
352.5 
352.6 
352.6 

0.00 
0.10 
0.09 
0.09 
0.09 
0.46 
1.54 
2.27 
2.31 
2.28 
91.80 
2.39 
2.42 
2.24 
2.30 
0.42 
0.11 

0.32 
0.35 
0.34 
0.34 
0.37 
0.51 
0.49 
0.34 
0.10 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.44 
1.28 
0 . 4 0  
0.00 
0.00 

0.38 

0.00 
0.10 
0.19 
0.28 
0.37 
0.83 
2.30 
4 .66  
7.00 
9.33 

101.19 
102.95 
104.76 
106.40 
108.13 
iO7.98 
107.53 
107.33 
107.12 
106.92 
106.71 
106.50 
106.32 
106.29 
106.24 
106.04 
105.61 
2.05.10 
104.57 
104.04 
103.51 
102.98 
102.45 
1oi.92 
101.39 

100.34 
99.52 
99.74 

IeO. 50 
100.35 
89.85 
98.33 

100. a7 

0.00  
0.00 
0.00 
0.00 
0.00 
0.01 
0.05 
0.07 
0.07 
0.07 
3.03 
0.07 
0.07 
0.07 
0.07 
0.01 
0.00 
0 . 0 1  
5.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 
0.01 
0.00 
0.00 
Q.00 
0.00 
0.00 
0.00 
D. 00 
0.00 
0.00 
0.00 
0.00 
0.06 
0.01 
0.04 
0.01 
0.00 
0.00 

0.00 
0.00 
0.01 
0.01 
0.01 
0.03 
0.07 
0.14 
0.22 
0.29 
3.32 
3.38 
3.43 
3.46 
3.53 
3.53 
3.51 
3.51 
3.50 
3.49 
3.48 
3.47 
3.47 
3.47 
3.46 
3.46 
3.44 
3.42 
3.41 
3.39 
3.37 
3.35 
3.34 
3.32 
3.30 
3.28 
3.27 
3.25 
3.25 
3.27 
3.27 
3.25 
3.23 



Volunle TRU massb TRL? radioactivity TRU thermal power 
End of (m' :kg > (193 ci) (103 H) 
calendar 

year Annual Cumulative Annual Cumulative h n u  a 1 Cumulazive h u a l  Cumulative 

1987 0.0 74,243.6 0.0 352.6 0.00 98.82 0.00 3.22 
1988 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 0.00 3.18 
1990 0.0 74,243.6 0.0 352.6 0.00 97.27 0.00 3.16 
1991 0.0 74,243.6 0.0 352.6 0.00 96.76 0.90 3.15 
1992 0.3 74,243.6 0.0 352.6 0.00 96.26 0.00 3.13 

aDoes not include INEL and SXS because decayed dasa are not available. 

bTRU mass means mass of TRU radionuclides. not of total waste. 

Volume data fo r  INEL and SRS are shown in 
Table 3.8. 
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Table  3.15. XRU-coataninatad soil 

Soil contaminated with Soil contaminated with 
solid TRU waste liquid TRU waste --- .--v__ 

Volume Radioactivity Volume Radioactivity 
Site (m3) (Ci 1 (m3) (Ci) 

ANL-E 0 0 0 0 
ETEC 0 0 0 0 
HANF a a 32,000 80,591 
INEL b b b b 
KAPL 0 0 0 0 
LANL C d C a 
LBL 0 0 0 0 
LLNL 0 0 0 0 
MOUND C C C C 

NTS C C b b 
ORNL C C C C 

PAD b b b b 
RFP 2 40 b b 
SNLA c C c c 
SBS 0 0 0 0 
WVDP e e e e - 

aIncluded In buried TRU waste. 
bListed i n  submittal as N/A (not applicable). 
cUnknown. 
dPartial data submitted. 
eNo data submitted. 
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T a b l e  3.16. Mixed Wll maste volrrmesa 

Mixed CH TRU volume, in3 Mixed RE TRU volume, m3 

S i t e  Category 1970-1986 1987-1992 1993 1970-1986 1987-1992 1993 

ANL-E Mixed (RCRA) b 0 b 0 
Mixed (PCB) b 0 b 0 
Mixed ( s t a t e  on ly )  b 0 b 0 
Suspect mixed b 0 b 0 

_I....I ~ .___..___._ 

0 
0 
0 
0 

1.4 
0 
0 
0 

691 
0 
0 
7.4 

ETEC Mixed (RCRA) 
Mixed ( X B )  
Mixed ( s t a t e  on ly)  
Suspect mixed 

0.2 0 
0 0 
0 0 
0 0 

HANF Mixed (RCRA) 0 160.6 11.2 0 
Mixed (PCB) 0 1.5 c 0 
Mixed ( s t a t e  on ly)  0 2.1 C 0 
Suspect mixed 193 3.8 d 4.46 

INEL Mixed (RCRA) 0 30,220 0 0 
Mixed (PCB) 0 364 0 0 
Mixed ( s t a t e  on ly)  0 0 0 0 
Suspect mixed 0 0,750 0 0 

KAPLS 

M I .  Mixed (RCRA) 0 619.1 225 
Mixed (PCB) 0 0 0 
Mixed ( s t a t e  only) 0 0 0 
Suspect mixed 6,796.3 0 0 

L B L ~  

0 
0 
0 
2.10 

10 
0 
0 
0 

LLWLU Mixed (RCRA) d 
Mixed (PCB) a 
Mixed ( s t a t e  only) 0 
Suspect mixed 0 

8.37 1.04 0 
0 0 0 
0 0 0 
0 0 0 

MOUND Mixed (RCRA) 0 1,020 0 
Mixed (PCB) 
Mixed ( s t a t e  on ly)  
Suspect mixed 

558 1.9 0 5.3 0 0 NTS Mixed (RCRA) 
Mixed (PCB) 
Mixed ( s t a t e  on ly)  
Suspect mixed 

6.8 d 231 665 d O W L  Mixed (RCXA) 176 
Mixed (PCB) 
Mixed ( s t a t e  only) 
Suspect mixed 752 

PAD Mixed (RCRA) 4.34 
Mixed (PCB) h 

Suspect mixed 
Mixed ( s t a t e  on ly)  h 

RF p i  Mixed (RCRA) 110 

Mixed ( s t a t e  only)d a 
Mixed (PCB) d 

Suspect mixed d 

SNLAj Mixed ( R U M )  d 
Mixed (FCB) 0 
Mixed ( s t a t e  only) h 
Suspect mixed 0 

110 d 225 9.9 d 

h h 
h h 
h h 

h 
h 
h 

h 
h 
b 

h 
h 
h 

823 18 
0.94 0 
h h 
h h 

d d 
0 0 
h h 
0 0 

a 
0 
h 
0 

0 
0 
h 
0 

0 
0 
h 
0 



T a b l e  3.16 (contimedl 
-_._I_ ___ 

Mixed CH TRU VOlum6, m3 Mixed RH TXU volume, m3 

Site Category 1970-1986 1987-1992 1993 1970-1996 1987-1992 1993 
............ ~ l___l--l- 

SRS Mixed (RCRA) d d d 
Mixed (PCB) d d d 
Mixed (state only) d d d 
Suspect mixed d d d 

WVDP Mixed (RCRA) 0 . 4 5 4  0 0 0 0 0 
Mixed (PCE) 0 0 0 0 0 0 
Mixed (state only) 0 0 0 0 0 0 
Suspect mixed 0 0 0 0 0 0 

%ompiled from Table 4 of site submittals. 

'Undetermined. 
CIncluded in RCRA. 
dUnknown. 
eKAPL estimated their TRU waste contains about 10% LLW and 52: mixed waste. 
fLBL reports that they do not generate or store T R U  mixed waste. 
gPCB and state-only not applicable to LLNL. 
hNot applicable. 
IThere is no remote-handled TRU waste at RFP. 
3SNLA appended the following notes to their Table 4 submittal: 

The quantities shown in each colvmn represent the total 
volume of a given waste type generated during the period indicated at the top of the column. 

1. Includes only TRU waste included in SNL/NM's Disposal Request process 
2, With regard to instruction footnote c of Table 4: TRU material, which may he mixed and may be 

remote-handled material, is in storage in Technical Area V (TA-V) and the Wanzano Site 
Structures. The years the material was generated or placed irr storage is unknown. The 
material in TA-V is approximately 1 in3 and is listed in the 180-day report, although it may not 
be categorized as waste under SNL/NM policy current at the time of this report. A recent 
inventory found two 55-gal containers of TRU material in the Manzanos, one contact-handled and 
one remote-handled. The material may be mired and also may not yet be officially categorized 
as waste. None of this Manzano material was included in TRU estimates for the 180-day report. 
There is no activity information for the material at T k - V  or the Mamanos. 
TA-V and the Manzanos has riot been entered into the D i s p o s a l  Request process. 
with SNLINM's approach for input into this report, no mat,eriaI that has not heen entered into 
the Disposal Request process is included in the values listed irk Table 4 ,  "Mixad TRU waste and 
non-mixed TRU waste volumes (m3) ." 
contaminated with RCRA constituents was estimated in Table 2-4 ,  "Trajection of mixed waste to 
be generated by DOE environmental restoration activities (in cubic meters)," Vulvlne 3 :  u.S, 
Department of Energy Interim Mixed Waste Inventory Report: 
Capacities. and Technoloffies, DOE/NBM-1100, April 1993, as being 1 m3. 
puts 1993 CH TRU mixed (RCRA) environmental restoration waste generation at zeLo. (See 
Table 5 ,  "Future generated TRU solid waste volumes-average anmaal.") The mount  of ?RU mixed 
operational or D&D waste in 1993 is unknown. Therefore, the volume of @E TRU waste 
contaminated with RCRA constituents in 1993 is unkr.own. 

Fhe TRU material at 
To be consistent 

3. The estimated waste generation for 1993 far enviranmental restoration waste containing TRU 

Waste Streams, Beatment 
A more recant. estimate 

4. The amount of contact-handled non-mixed TRU waste to be generated by Dec, 31. 1993, is uPlknown. 
5 .  An unknown amount of remote-handled non-mixed T R U  waste has been generated in 1893 to date and 

it is not known what additional amounts will be generated by Dec. 31, 1993. 
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Waste 
S i t e  type  

ANL-E 

ETEC 

HANF 

INEL 

KAPL 

LANi 

LBL 

LLNL 

tXlK)UHD 

NTS 

ORNL 

PAD 

RFP 

SWLA 

SRS 

WmP 

CH 
m 

CE 
RH 

CH 
rn 

CH 
RH 

CH 
Rfl 

CH 
RH 

CH 
RH 

cn 
RH 

CH 
RH 

CR 
Rx 

CB 
KH 

CH 
Rn 

CH 
RH 

CH 
RH 

CH 
m 

CH 
Rn 

Projec ted  vo~umos genera ted ,  rn3/year 

1993 

12.8 
1.7 

0.2 
0 

142" 7 
2.5 

0 
0 

c 
0.2 

3 10 
20 

0.1 
0 

10.9 
0 

2 
C 

e 
e 

81 
2a 

C 

C 

2Jf 

g 

e 
e 

5,210' 
C 

C 

C 

1994-1996 1997-2000 2001-2005 2006-2010 2011-2015 2016-2020 

12.8b 
1.7 

0 
0 

176.9 
336.8 

0 
0 

C 

0.6 

600 
30 

0.1 
0 

73.1 
0 

2 
C 

e 
e 

55 
25 

C 

C 

302f 
g 

e 
e 

1,238' 
C 

C 

C 

5.9 
1.7 

0 
0 

381.5 
205.9 

0 
0 

C 

0.8 

700 
30 

0.1 
0 

73.1 
0 

2 
C 

e 
e 

20.3 
25 

C 

C 

l l O f  

8 

e, 
e 

e ,  i 
C 

C 

C 

5.9 
1.3 

0 
0 

407.7 
211.4 

0 
0 

C 

1.0 

700 
30 

0.1 
0 

73.1 
0 

2 
C 

a 
0 

20 
20 

C 

C 

137f 
8 

e. h 
€3 

e ,  i 
C 

C 

C 

5.9 
1.7 

0 
0 

496.2 
244.5 

0 
0 

C 

1.0 

700 
30 

0.1 
0 

73.1 
0 

2 
C 

e 
0 

20 
12.4 

C 

C 

137f 
.5 

e 
e 

e. i 
C 

C 

C 

5.9 
1.7 

0 
0 

474.6 
90.4 

0 
0 

C 

1.0 

700 
30 

0.1 
0 

73.1 
0 

2 
C 

e 
e 

20 
12.4 

C 

C 

137f 
8 

e 
e 

a ,  i 
C 

C 

C 

5.9 
1.7 

0 
0 

338.5 
68.3 

0 
0 

C 

1.0 

700 
30 

0.1 
0 

73.1 
0 

0 
C 

e 
e 

20 
12 

C 

C 

137f 
8 

e 
e 

e .  i 
C 

C 

C 

aCampiled from Table 5 o f  s i t e  submi t t a l s .  
bFor year  1994 only.  
'No es t imates  g iven .  
dWaste fram D&D ope ra t ions  nu t  inc luded;  l i s t e d  a s  " t o  be determined." 
"unknown. 
fRemedial ac t ion  and D&JI waste unknown. no t  included i n  e s t ima tes .  
%No RP, waste a t  t h i s  s i t e .  
hKcrnedial ac t ion  CR TRU waste of 9 m3/year expected during 1997-2000 and 2 m3/year expected during 

lD&D and remedial  ac t ion  waste unknown i n  a l l  per iods .  
2001-2005. 
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4. Low-L;IEvEL 

As used in this chapter, LLW has the same meaning 
as in The Lm-Level Waste Policy Act (Pub. L. 95-573, 
Dec. 22, 1380). Namely, LLW is radioactive waste not 
classified as high-level radioactive waste, lransuranic [TRU) 
waste, spent nuclear fuel, or by-product material specified 
as uranium or thorium tailings and waste. The naturally 
occurring or accelerator-produced radioactive material that 
is disposed of at DCSE burial or commercial disposal sites 
is inchided in the inventories given, but are not treated as 
separate entities in this chapter. Tailings (viz., mill tailings) 
are considered in Chapters 5 and 6. Another waste 
classiiiuation not delineated in this chapter is “miued” waste 
that contains both chemically hazardous and radioactive 
constituents (see Chapter 8). Specific definitions of these 
waste types (as defined by DOE Order 5820.U) are given 
in. hhc glos.wry of this report. The DOE generates LLW 
through its defense activities, uranium enrichment 
operations, naval nuclear propulsion program, and various 
R&D achiviiics. The data for DOE sites represent a 
surnmasy of i n f ~ ~ r ~ ~ ~ ~ ~ n  obtained from each site.’ 

Blipsal of LLW at commercial sites currently 
aecounts for almost 55% of the X,X-W disposed (see 
Fig. 4 1). (~ornmercially disposed LLW is generally divided 
into Fie types:’ academic, government, industrial, medical, 
and utdity. The academic type includes university hospitals 
and nmluersily medica! and nonmedical research faclilies. 
?be government type includes state and non-DOE federal 
agcncias. The industrial type is comprised of private 
entities such as R&ll companies, manufacturers, 
arcsrsdestructi~e-testing operations, mining works, fuel 
fabrication facilities, and radiopharmaceutical 
manufacturers. ?he medical type includes hospitals and 
clinics, research facilities7 and private medical offices. ‘I’he 
utility type iiicludes commercial nuclear reactors. In past 
I D B  rqxxts, co~n~nerckilly disposed waste was reported by 
fuel cycle and indust~al/ms~itutional (In) type activities. 
Igmnvevcr, to achieve nsore consistency with other reporting 
agencies, Ihe five types described are used. 

Some LLW is also g~nemted by DOE environmental 
restmation programs [see Chapter 6). Other LT..W will be 
generated in future years by nonroutine D&D operations. 
W-aste lrorn past commercial DPrD operations is included 

with the commercial waste disposal portion in this chapter 
since it has not been reported separately. However, 
projections of D&D waste are not included here but, 
instead, are discussed in Chapter 7. 

The categorization of LLW according to DOE and 
commercial activities permils a comparison of the 
radioactivity levels and volumes ofwaste arising from each 
of these major sources (Figs. 4.1 and 4.2). Summary data 
on LLW (DOE and commercial) are given in Table 4.1. 
IIistorical and projected data by year for DOE 1.L.W are 
presented in Table 4.2. In Table 4.1, similar data. are 
shown for commercial LLW disposal. 

4.2 DOE XLW 

An abridgcd picture of IIOE LLW activities through 
1992 is given in Figs. 4.1-4.4, as well as Tables 4.1, 4.2, 
and 4.44.13. Prior to October 1979, mnie LLW 
generated by DOE contractors was shipped to commercial 
disposal sites. Currentky, all TLW generated by DOE 
activities is buried at DOE sites (Figs. 4.3 and 4.4). A 
summary of historical additions, cumulative volumes, and 
cumulative undecayed radioactivity for solid LEW buried 
at all DOE sites through 1992 is presented in Tables 4.1, 
4.2, 4.4-4.6, 4.9, and 4.10, Summaries of DQE site- 
generated CLW volumes and activities are presented in 
Tables 4.7 and 4.8, respectively. ?’he data in these tables 
are derived from the Waste Management Information 
System (WMIS) and subsequent site questionnaires 
obtained through the Hazardous Waste Remedial Actions 
Program ( I ~ w R A ~ ) . ’  

There are small quantities of I>OE LLW that have 
been disposed of by sea dumping or by hydrofracture: 
these wastes are not included in the WMPS data base. 
Table 4.11 show the estimated quantity and radioactivity 
of LLW disposed of by these methods. Sea dumping of 
LLW was halted by the IJniled States in 1970, and 
hydrofracture was terminated in 1983. 

An estimate of DOE !and usage for LJ,W burial is 
given in Tdble 4.12. 
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h s e d  i ~ i  infurmation reported in ref. 1, summaries of 
radiooocllde and physical charxterktks for DOE LLW are 
reported in Tahlcs 454.10. Summaries of representktive 
radionuclide characteristks for gencrated, stored, and 
buried LLW at DOE sites are provided in Table 4.5. 
Reprmentative radionuclide compositions for the buried 
wastc @p?s t w c  been developed4 and are giver! in 
'1"ablc C.3 of 4 9 p d k  C. Summaries of physical 
characteristics foi generated, stored, and buried wastes are 
given in iab!e 4.6. Breakdowns of i-adionuclide 
characteiisiic;s for buried LLW at each DOE site are 
provided for cumaulative ?piask volume in Table 4.9 and for 
total gioss % w e  activity in Table 4.18. 

Most of the DOE wastes that were disposed of bj sea 
dunipiiig (see Table 4.11) were i~scorpratcd into cement 
matrix iriakridl and packaged in stcel drums (55- or 8G-gaI 
capacity). 

deveiopcd at BRNL for the 
perinane~it disposal of locally generated, low-level 
(approximately 0.25 c~/L) liquid waste ~oncentrates.~ 
Waste was mixed with a blend of cemeiit and other 
additives, and the seslm:iing grout was injected into shale at 
a dcpth of 2110 to 300 m. Thc injectcd grout hardened 
ii-ittr thin, horizontal sheets several hundred meters wide. 

Significant changes in DOE LLW inventory and 
chararterist,irs data from that reported in the 1992 edition 
(1991 data) of this i c p r t  are sarrnrnarkcd in 'Table 4.13. 

A. digest of data on thz Curicnt statu5 of land usage at 
I?Cb sitec -.rlh iactive L I W  disposal areas is shown in 
Tabre 4 E ?  (data from refs 1,  3, aiid 64). Most of the 
i ) r lR  site laid usage information curreratlp rcpurted in 
Table 4.11 is based on data g m n  m ref. 1 with land usage 
factols iakcn from rcf. 3. 

PA prcvio~~sly disrissssd, the LLW ocean disposal sitm 
ussd for drsposal p u i p e s  since 1970. All 

of the kqoid I LW that had k e n  held i n  long-term storage 
at 0:WL :vas disposed of during 1982 and I983 using the 
new hydrofracture facilq. 

A n  asuinptiofi wed m this r c p t  t IS itlair the Icvd of 
IlOb V ~ C  t u  ~ a l  activities will remain constant thiough 
2030. Regiilrliiig rn 1993, the volume and undecayee: 
raclwaLtrvity added each year to each active LLW dnprpml 
a r m  are awslrncd to remain corlcialmt tkrougb 2070 at the 
value? projected fnr 1993 Thehe volumes and ar!kdie? 
arc spht into wastr t y p s  using thae radinninrlnde categories 
givcn in 'Lab'rs 4.5 4.9, andl 4.18. The radioactivity (by 
m~f?  type) is derzyed from the year of addition through 
2010 usipz the representative compositions given in 
lable C 7 of A p p ~ d l x  C. 

Projections €or burial of DOE LLW are presented in 
rabies 4.2, 4.14, and 4.15. Tahie 4.14 summarizes DOE 
LLW excluciirng saltstone. Table 4.15 sunamarhics 
projections of ~ d t s t o i ~ ,  an LLW by-product from the 
solidification of HLW at SRS. TD-his saltstone (see Fig. C.3 
and Table C.5 of Appendix C) is to he stored in concrete 
vaults at !US. Grout-immobilized LLW derived fiom 
procesing double-shell waste at Ilanford (see Fig. 2.7 in 
Chapter 2) is excluded from the projections in Table 4.2 
because the schedule and formulation for immobilimtkm 
are not yet firmly defined. 

'here  are six commercial shallow-land disposal sites for 
LLW (Figs. 4.2,4.5, and 4 4 ,  but only two are currently in 
operation. Commercial operations at the Maxq Flats, 
West Valley, and Sheffield sites have k e n  halted. In 
addition, acceptance of LLW at Beatty stopped as nf 
December 31, 192. Until 1986, a second NRC-licensed 
burial ground at West Valley continued to receive wastes 
generated on-sitc from cleanup and water treatment 
operations. However, disposal opcrations at the W P  
have been suspended since 19% pending the preparation 
of an envirnninental impact statement (EIS) report for the 
West Valley site closure 'Ihe Inistnrical data for annual 
additions and inventories of volume and radioactivity 
(undecayed) at each commercial disposal site through the 
end of 19992 are listed in Tables 4.16 and 4.17, respectively 
(compiled from refs. 3, 7, 9-12). 'lhe volumes are 
depicted in Figs. 4.2,4.5, and 4.6. Sources of the historical 
reported data through 1984 are given in ref. 3 and through 
1991 in ref. 7. Quantities of LLW shipped to disposal sites 
during 199'2 are listed in Table 4.18 on a state-by-state 
basis ~fiese state-by-siate values reflect the fact that the 
MaiGfest Information Management System (MHMS) IS able 
to assign, to thc original shippers, the LLW collected and 
treat& by waste brokeis. lsble  4.3 is a summary of 
historical and projcrted volrimes and radioactivity 
(decayed) for cornmercial LLW. Projections are only 
made through 1995 due to uncertainties in commercial 
disposal facilities operations. Not included in Table 4 3  are 
the drums rrT eernenied LLW lo be gemrated by the 
W P  as a result of the vitrification of HLW. lais LLW 
from the WJDP is described in 'Table C.8 of Appendix C. 

All of the T.LW accepted for coinrnercial disposal. is 
categorized as Class A, B, or C in compliance with NRC 
spe~ifications.'~ '17ae LLW that exceeds these specifications 
is cenriently in storage at the generator site or at a DOE 
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site which hits accepted it for study (see Sect. 4.3.3). A 
calculated representative radionuclide composition for 
disposed commercial ELW is given in Table C.4 of 
Appendix C. This composition is periodically updated to 
reflect changes in waste management practices and in the 
regulations governing LLW disposal. 

433 Greatex Waste 
(GTCC 

In 1980, federal law made each state respnsible for 
providing '.he disposal capacity for LLW generated within 
its borders, except for certain waste generated by the 
federal grn~ernmeat.~" In 10 CFR Part 61 (ref. 131, the 
NRC codifies &p.sal requirements for three classes of 
LLW, as mentioned above, generally suitable for near- 
surface d i s p t ,  namely, Class A, $3, and C (with Clm C 
waste requiring the most rigorous dispml specifications). 
Waste with concentrations above C B s s  C limits for certain 
short- and long-lived radionuclides (Le-> GTCC LLW) was 
found not generally suitable for near-surface d i s p 4  
except on a case-by-case evaluation of the waste and the 
proposed disposal method by WRC or state licensing 
agency. The Low-bel Radioactive Waste Policy 
Amendments Act (LLRWPA4)'5 made the states 
responsible for the disposal of Classes A, R, and C 1,1,W 
and made the federal government (viz., DOE) responsible 
for disposal of GTCC ILW. The law also required that 
GTCC LLW generated by censees of NRC be disposed 
af in a facility licensed by N C. The projected amounls of 
GKCC LLW are uncertai both because of regulatory 
uncertainties affecting the definition of PILW (Le., a clearly 
defined all-inclusive list of wdstes considered HLW may 
include more than those described in Chapter 2) and 
because of the lack of information on the sources, volumes, 
and characteristics of G'l'CC Ida.W.xs 

romulgated a rule that requires 
in a deep geologic repository 

unless disposal elsewhere has been approved by NRC. The 
rule as amended slates: "Wasle that is not generally 
acceptable for near-surface disposal is waste for which form 
and disposal methods must & different and, in general, 
more stringent than those specified for Class C waste. In 
Ihe absence of specific requirements in this p r t ,  such 
waste must be disposed of in a geologic r ep i to ry  as 
defined in Part 6c) of this chapter unless propawls for 
disposal of such waste in a disposal site licensed pursuant 
to this part are approved by the Commi~sion."~~ A 
disposal faciBty (other than a deep geologic repository) for 
GTCC LLW will probably not be available for several 
decades because of the complexities of siting and N M C  
licensing. A generic description of estimated sources and 
forms of GTCX: LLW is presentcd in Table C.7 of 
Appendix C. 

Existing volume projections of GI'K LLW vary, 
ranging from 2,000 m3 in the 1987 report to C:ongressl6 to 
17,000 m3 in the 1986 update of Part 61 Impacts Analysis 

~ e ~ h ~ ~ ~ ~ ~ . ~ 8  In an effort aimed toward rectifying this 
situation, DOE initialed a study eo provide ~ ~ ~ o ~ ~ a ~ ~ o ~  
a b u t  estimates of present and future GTCC LEW to the 
year 2.035 (205S in some instances). Information garnered 
during the study'9 includes ~ ~ e ~ ~ i f i ~ i t i o ~  of gmeratorb, 
waste form c ~ ~ ~ ~ ~ c ~ e r ~ s ~ i c ~ ,  volumes, and ~ d ~ 0 ~ u c ~ i d e  

(1) nuclear utilities waste, (2) sealed sources wastes, 
b-held potential. GTCC LLW, and (4) other 

gznerator waste. TYiree scenarios Tor data projection are 
used: (a) u n ~ c ~ a g e ~  volumes; (b) packaged volumes 
b& on the a~p~ication of packaging factors to the 
unpackaged volumes; and (c) concentration averaging, 
mixing or blending of similar materials wi%b different 
radionudide nincenlrations, values applied to the packaged 
~NDlurnes. Each of' the three scenarios is treated for thee 
cases: !ow$ base, and high 

The study determined that the largest volume of 
GTCC w:tstes ~ ~ ~ ~ i r ~ i ~ ~ ~ e l y  57%) is generated by nuclear 
power plants. " i k e  other germerabnr waste mteg0ry 
contributes a ~ p r ~ ~ ~ ~ ~ ~ i ~  10% of the tutal GTCC 

which is potential GTCC acmunts for nearly 3 
all GTCC waste project& to the year ?2.3i (see 
'l'abk 4.19). To date, no determination of a disposal 
meahcad has been made for the latter waste. Sealed 
sources are less than 8.2% of the told1 projected voI(ume (sf 
GrCV LLW. Data trends (1985-2035) among low, bse,  
and high cases for packaged waste show an nverall 

-case total (including DoIl held 
approximateIy 2,220 rn 

total is approximately 6, 

activities. me study ~ t ~ g c K ~ € %  GI'CC I.T<W as 

vtslume prr?jected to the 035. Waste held by 

The increases (m the high case) are the rmult of nuclear 
power reactor life extension (additmonal operations waste) 
and less pickaging cfficiency. -le volume an 
totals for 918 b:ise-case packaged GIT:C: 1.1 
3,250 m3 and 6 58 y: 10' CI, respctively. A summary of 
light-water reactor GTCC LEW projections based on 
packaged mstc  volumes (with application of packing 
Factors to the unpackaged volumes) ~QI-  the three cases 
(low, base, and high) is presented in 'l*;lble 4.20. 

Three commercial LLW disposal sites in the eastern 
United States (Maxey Flats, Sheffield, and West Valley) 
have k e n  closed to further i re  A ~ d i ~ ~ ~ ~ a ~ ~ ~ ,  rt;ccption of 
I,LW at Batty SEoppd of December 31, 1%. f h b j  B 

is occasionally buried at Maxq 14 
rce commercial LLW dispual sites rresdted in 

increasing V Q ~ U ~ ~ S  of LLW k i n g  shipped to the rhree 
remaining operating sites in South Carolina, Nc~ada, and 
Washington. ' h e  increase prompted Sourh Carolina to 
impose an upper limit on the volurnc of I.LW that could 
k accepted at Barnwell. Eventually, a general concern 
developed that the responsibility for I-Ltnd disposal should 

~nlall amount of On-site genemted 
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not rest with oniy three states and that a coordinated 
national plan was needed. As described previously, the 
LLRWA14 w% p a x d  in 1980, making each state 
responsible for its m LLW and encouraging formation of 
regional interstate conipacts to deal with the dispcxal 
problem. The Act provided that any compact apprcsved by 
Congress could restrict acces to its LLW disposal facility 
to men-sker states after January 1, 1986. However, by 
1984, it kcamc evkknt that no new rcgiotial dispxat 

es would be asprating by the end of 1985. This gave 
rise to new legislation, the lA1dWW&ls which continued 
to encourage interstate compact formation while requiring 
that nonsited (i.e., without an operating disposal site) states 
and compacts meet specific milestones, leading to the 
operation of new regiorral. Cacilities by January 1, 1993. 
Additionally, the ZdRWPAA established rates and limits 
of acceptance at the three commercial disposal sites in 

as well as space allocations for utility wastes. 
es arc required to meet certain waste volume 

reductions during a 7-year transition period, which is 
provided to allow for the opening of new X.LW d i s p a l  
sites under state eompct arrangements. 

However, no new regional facilities were in opesation 
as of January 1, 1993. ?be site at Beatty, Nevada, ceased 
receiving waste Decemlm 31, 1992. Barnwell is currently 
scheduled to continue receiving out-of-region waste until 
Julie 30, 1994. Barnwell will then receive oirly Southeast 
Compact Waste until 1)eccmlPer 31, 1995. If a IPW North 
Carolina facility opens earlier than this date, then Barnwell 
will clrxe. As of December 31, 199'2, the disposal facility 
at Richland, Washington, allowed access only to nicrnbers 
of the Northwest and Rocky Mountain compacts." 

During 6922, Barnwell received about 48% of the 
total volume of eominerciaal I.LW shipped for burial. The 
Beatty, Nevada, site received a b u t  30%, while the site at 
Richland, Washington, received about 22% (see 

Tahhe 4.16). Chem-Nuclear Systems, Inc operates the 
Bamweil C"isp1 sire, and U.S. Ecology, ILIC., opa:ew the 
disposal sites at both B a t t y  a& Richhid. The land usage 
at existilag commercial disposal sites is summaiized in 
'Iable 4.62. Updated infnrrnation repoiietl for thesc: 
commercial -dm is based on data provided by state health 
and earvlronmendal contaol agescies (fefs. 3, 6, 8, and 11). 

Table 4.21 providcs if breakdown of waste received at 
co~~~tllercial sites iil I992 by t y p  (academic, goveinmenat, 
industrial, medical, or utilaty T 1.W). 

t-'i.eviious IUM reports give pjcc t ions  f ~ i -  the narclear 
hael qcle and 1/l waste (see ref. 7). 'Phis report presents 
only sornmary information for disposed commercial waste, 
Historical volrime, radioactivityl and thermai power data 
through 1979 are taken from i d  7. After 1973, the 
soiirce term for commercial LLW in Table C.4 cf 
Appendix C is used to decay the annual waste additions to 
the coinrnercial siies. 

Projections for disposed coi-ilmcrcial 1.LW are made 
only through 1995 because of uricertairitics in current 
faciliiy opepatiom and the avxilbi!ity of future sites. 
Projections (lW3-iWS) are made for Barnwell and 
Richland and are based on ref. 20, Historical and 
projected vdume, radioactivity, and thermal power for 
dispwd aimneucial LL\V are presented. in Table 4.3. 

Because of timing uncertainties, piojected 
dccommissioniag wcstcs arc nni included in the projcctions 
of this chapter. Rather, dect)mr~~ijsioning waste projcctions 
x e  repried separately in Chapter 7. FOrPnei Dol3 
facilities that will be affected by environmental restoration 
activities are discussed in Chapter 6 and are also exc!udzd 
from the projected values i:1 this chztptes. 

1. U.S. Department of Energy, Waste Management Information System (WMIS), DOE site TLW data submittais 
(Attachment 4) iswed, received, and maintained by the I-Tazardous W-aste I:cmedial Actions Program (! BAZWKx4P), 
Mantin Marietta Energy Systems, Inc., submitted to the TDB Program during Augmt-December 1993. The follcaaing 
LLW submittals from M I S  were received, reviewed, analyzed, and integrated by the IDB Program. Preceding each 
submittal is the site (in parentheses) to which it refers. 

a. (.AbfES) Kay M. Hannasch, hnes Laborntoy, h e s ,  Iowa, letter to I ~ s e  J- Washter, Martan _Marietta Energy 
Systems, Tnc., WZWRAP, Oliver Springs, 'Tennessee, submitting Ames T aboratory lid .W infomation, dztcd 
Aug 11, 1993. 

b. (ANL-E) R. Max Schletter, Argonne National Laboratory, kgonne, Illiimis, naenioiaadsnm to A. 1.. Taboas, DUE 
Argonne Area Office, Argonne, Illinois, "Request for Office of \Vast:: Managemeat, Waste Data I.aforrnation 
Update," dated Aug. 2.6, 11993. 

c. (ANI,-LV) See footnotes in Tables C.11 and C.12 of Appendix C 
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d. 

e. 

f. 

g” 

h. 

1. 

m. 

n. 

0. 

(BNL) Carson I.,. Nealy, US. Department of Energy, Brookhaven Area Office, Upton, New York, memorandum 
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., I-LAZWRAP, Oliver Springs, Tennessee, “Brookhaven 
National Laboratory-l9!B Waste Management Information System (WMIS) Update,” dated Aug. 12, 1993. 

(FNAL) J. Donald Cossairt, 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. 

(tiANF) R. I). Wojtasek, Westinghouse Hanford Company, Hanford Site, Richland, Washington, letter to 
Lise J. Wachter, Martin Marietta Energy Systems, Inc., I-IAZWRAP, Oliver Springs, Tennessee, “Request for 
Office of Waste Management, Waste Data Information Update,” 9305688B R1, dated Aug. 9, 1W3. 

(INEL) See footnotes in Tables C.11 and C.12 of Appendix C. 

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

(K-25) Jeff Wilson, Martin Marielta Energy Systems, Inc., Oak Ridge K-25 Site, Oak Ridge, Tennessee, facsimile 
to IAe J. Wachter, Martin Marietta Energy Systems, Inc., H A Z W ,  Oliver Springs, Tennessee, providing K-2S 
Site LLW information, dated Sept. 15, 1993. 

(KCP) Patrick T. Hoopes, U.S. Depirlrnent of Energy, Kansas City Area Office, Kansas City, Missauri, 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. 

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

(IXL) Hannibat 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 
Labratoxy 1.LW waste information, 93W-332/5484.l.A.13, dated Aug. 23, 1993. 

(LLNL) Kevin Hartnett, U.S. Department of Energy, San Francisco Operations Office, facsimile to Millie Jeffers, 
Martin Marietta Energy Systems, Inc., I-IMWRAP, Oliver Springs, Tennessee, providing ILNL LLW information, 
dated Nov. 18, 1993. 

(MOUND) Mary E. Sizemore, EG&G Mound Applied Technologies, Miamisburg, Ohio, memorandum to 
Lisc J. Wachter, Martin Marietta Energy Systems, Inc., HAZWKAP, Oliver Springs, Tennessee, “Requesl for 
DOE Waste Date (sic) Information Uplate,” dated Aug. 20, 1993. 

(NR sites) J. J. Mangeno, 1J.S. Department of Energy, Naval Reactors Programs Office (NEaO), Crystal City, 
Virginia, memorandum to J. Caleman, DOE/EM Office of Technical Support fJ)OE/EM-35), Washington, D.C., 
“Update of Radioactive Waste Data on Waste Stream and Treatment, Storage, and Disposal Units for NE40 
<Bgnkant Facilities,” dated Aug. 9, 1993. 

(NTS) by ton  J. O’Neill, US. Department of Energy, Nevada Operations Office, La Vegas, Nevada, 
memorandum to Joseph A. Coleman, D O E E N  Office of Technical Support (DOE/EM-35), Washington, D.C., 
“Request for Office of Waste Management, Waste Data Information Update,” dated Sept. 2, 1993. 

(OIPISE) Lynda H. McLaren, 1J.S. llepartment of Energy, Oak Ridge Operations Office, Oak Ridgc, Tennessee, 
letter to Lise J. Wachter, Martin Marietta Energy ,Systems, Inc., HAZWRM, Oliver Springs, Tennessee, ‘‘Waste 
Management Information System: Integrated Data Rase-Qak Ridge Institute for Science and Education (ORISE) 
Submission,” dated Sept. 21, 1993. 
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r. 

S. 

t. 

U. 

V. 

w. 

X. 

Y. 

z. 

aa. 

ab. 

ac. 

ad. 

(UMNL) J. C. Patterson, Oak Ridge National Iaboratosy, Oak Ridge, ’Tensnessee, facsimile to A S. Icenhour, Oak 
Mrdge National Labiratsry, Oak Ridge, Tennessee, providing ORNL LJ,W inform~tion; dated Sept. 23, i 993. 

(PAD) Jimmy (:. Massy, Martin Marietta Energy Systems, Inc Paducah, Kentucky, letter to Uonaid C. Booher, 
1)OE Paducah Site Office, Paducah, Kentucky, “Updatc of Department of Ene rg  Ifiw-Level Radioactive and 
LcwL9vcl Mixed Wate Data for the 1993 Integrated Data Base Annual Rcpcsrt,” dated Aug. 20, lW3. 

(PANT) W. M. Logkry, Mason & Hanger-Silas Mason Companyg.., Inc., Amarillo, Texas, letter to I ise J. Washter, 
Martin Marietta Energ Systems he., HAZlmN, Oliver Springs> Tenoeswe, “Reqiiest for Office of Waiste 
Management---Waste Data Ilnformation Update,” dated Aug. 20, 1W3. 

(PTWEIAAS) Gary C .  Schmidtke, DOE Pinellas Area Office, Targo, Iqorida, memorandum to I isc J. Warhter, 
Martin Maritrta Energy Systems, Inc., H M W A P ,  Oi,wm Springs, Tenrpesce, detailing Pinellas Plant LLW 
information, dated July 30, 11993. 

(POKE) ‘Eugene W. Gillespie, DOE Portsmouth Site Ofice, Piketoil, Ohia, letter to Lise J. Wachter, Martin 
Marietta Energy Systems, Inc., IIAXWKAP, Oliver Springs, Temew,ee7 “Request h i  O%CC of Waste 
Management, Waste Data Information Updatc,” EO-23-5379, dated Aug. 10, lW3. 

(PPPL) No subinittail 

(KFP) W. T. Prpak,  DOE IPocky Flats Office, Golden, C:oEorado, memoraradurn to 1,ise J. Wachter, Martin 
Marietta Energy Systems, Inc., HAZWKAP, Oliver Springs, ‘I‘ennessec, ‘‘Submission of Waste Data Information 
to Support the Integrated Data Rase,” dated Aug. 27, 1993. 

(SZAC) Matthew A Allen, Stanford Linear Acceleratnr Centcr, Palo Alto, California, letter ta i i s e  J. CVachter, 
Mastin Mnriel?a Energy Systems, IAC., IIAZWRAP, Oliver Springs, ’I’ennessce, “Waste Data Information Update,” 
dated Aug. 16, 1993. 

(SNLA) Steve Ward, Sandia National laboratories, Albuquerque, New Mexico, letter to  George K. haskar, DOE 
Albuquerque Operations, ‘Transmittal of Waste Management Information System ( W I S )  Update Tnformaticsri,” 
dated Aug. 5, 1993. 

(SN LL) K K Shep~U.,  Sandia National I.aboratorics, Livermore, California, inemorandurn to S. E. Umshler, 
DOE Kansas City Area Office, Kansas City, Missouri, “Updated Data for the Waste Management Information 
System,” dated hug. 9, 1993. 

(SRS) Michael G. O’Xear, U.S. Department of Energy, Savannah River Operations Office, memorandum Lo 
Director, Office of Technical Support (EM-35), HQ, “Department of Energy Waste Invcntory Data Systems,” 
dated Nov. 13, lW3. 

(Y-12) Site data received, but pin lctter a F  transmittal. 

(\nndIlP> J. ?. Jackson, West Valley Nuclear Services Company, Inc., West Valley, New Yo&, letter to Lise J. 
Wachtcr, Martin Marietta Energy Systems, Inc., NAZWAP, Oliver Springs, Tennessee, “Wasle Inhematinn 
TJpdate fai Calendar Year 1992,” dated Aug. 20, 1993. 

2 R. L. Fuchs and S. I). McDonald, “1W2 State-by-State Assessment of Inw-Eevd Etadinactive Wastes Received at 
Commercial nisp9.d Sites,” BOE/LLW-181, Idaho National Engineering B.ahratory, Idaho Falls, Idaho (September 
1993). 

3. US. Department of Energy, Spent Fitel and Rcadbactive Wmte Iitvmitofies, Projections, and Chcmctersbtic.r, 
DOE/RW-0006, Rev. 1, Oak Ridge National laboratory, Oak Ridge, Te‘ennesce (December 198s). 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

1s. 

16. 

17. 

18. 

19. 

U.S. Energy Research and llevelopment Administration, Environmental Statement, Rmfdiooctivc FVa$re Facilities, 
Oak Ridge Natienal Iaboratory, Oak Ridge, Tennessee, WASII-1532 (Draft) (January 1974). 

Hcnry J. Porter, South Carolina Department of fkalth and Environmental Control, Columbia, South Gxolina, letter 
to A. S. Xcenhour, Oak Ridge National IAmalory, Oak Ridge, TennesFee, dated Mar. 26, 1993. 

John Vaden, Nevada Division of Health, letter to A. S. Icenhour, Oak Ridge National Ilaboratory, Oak Ridge, 
Tennessee, dated Mar. 26, 1W3. 

R. L. Fuchs, EG&G Idaho, Tnc., National ii-ow-:.evel waste Management Program, Idaho hk, Idaho, letler to 
A. S. Icenhour, Oak Ridge National Laboratory, Oak Ridge, Tennessee, “Integrated Data Base 1W2 Data 
Transmission-RT,F-~”9~~’ dated Aug. 6, 1993. 

T. J. Rowland, U.S. Department of Energy, West Valley Project Office, West Valley, New York, letter to S. N. Stofcb, 
Oak Ridge National laboratory, Oak Ridge, Tennessee, “Update to the DOE 1992 Integrated Data Base aZepxt,’s 
dated Apr. 1, 1992. 

D. Mills, ~ m ~ o n w ~ a ~ t ~  of Kentucky, Departnicnt for E ~ ~ ~ r o ~ ~ e n t a l  Protection, Frankfort, Kentucky, letter to 
A. H. abbey, Oak Ridge National T-abratory, Oak Ridge, Tennessee, dated Feb. 5, 1990. 

U.S. Department of Energy, National. Low-T~vcl Radioactive Waste Management Program, %e 1989 Sfu[te-B)*S#ate 
Assessmnt ofLow-Level Radioactive Wastes Shipped to Commerrirrl Disposal Sites, DOE/LLW-88, EG&G Idaho, Tnc.., 
Id;ilao Falls, Idaho (December l!XB). 

U.S. Nuclear Regulatory Commission, ‘‘Licensing Requirements for Iand Disposal of Radioactive Wastes,” Code of 
Federal ~ e ~ ~ ~ ~ ~ a ~ ,  Title 10, Part 61, Jan. 1, 1993. 

US. Congress, ’The Imv-T-mel Radioactive Waste Policy Act, Pub. I.,. 95-573, Dec. 22, 1980. 

U.S. Congress, The Low-kvel Radioactive Waste Policy Amendments Act of 1985, Pub. 1,. W-244, Jan. IS, 1986. 

U.S. Department of Energy, ~ e ~ o ~ ~ e ~ ~ a ~ o ~ . ~  for 
report to Congress in response to Public Law 99-240, I)OE/NE-0077 (February 1987). 

ent of Creater-rhm-Cia& Low-level Radioadve Wmte, 

US. Nuclear Regulatory Commission, amendments to 10 CFR Part 61, “Dispsal of Radioactive Wastes,” final rule, 
Fed Regist. 54( IOO), 22578-83 (May 25, 1989). 

8. 1. Oztunali, W. D. Pon, R. Bng, and G. W. Roles, Update of Pmf 61 Impacis At~rrlysis Methodology, Vol. 2, 
MUREC+/c:XP-4370 (January 19W9). 

20. U.S. Department of Energy, Office of Environmental Restoration and Waste Managcrnent, Report to Congress in 
Pilespaye to Public Law W-248, 1992 Amual Report on Low-Level Radioncfive Wmfe ~ ~ ~ Q g e ~ ~ ~ ~  Progress (final. 
draft), May 1W3. 
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ORNL DWG 93-10806 

CUBIC 
SOURCE METERS 

DOE 
44.9 

\ ', 
'\ 

', 
'\ 

COMMERCIAL 4.936E+04 
DOE 4.030E+04 

TOTAL 8 966Et04  

ORNL DWG 83-10808 

CUBIC 
SITE METERS 

MANE 13.1% 

I N E L  9.2 'ii 

OR** 
10 2% L A N L  6.1% 

BARN 
BETY 
MFKY 
RICH 
SHCF 
WVNY 
FEMP 
HANF 
I N E I '  
LANL 
N T S  
OR" 
s4s 
o r ii E R S - .  

6 842E+Ob 
1374E+06  
1 3 6 3 E t 0 6  
3 488E+06 
8 833E+04  
7 707F+04 
3 432F+OK 
6 646E+00 
1464E+06  
2 180E+06 
4 387E+06 
4 408€+06  
6 487E+06 
3 470E+04 

'Excludes LLW bur led In  
1892. 

"lnoludea cont r l  butlons 
from ORNL, K-26 Slte.  
and Y-12 Plant. 

"'OTHERS - includes 
con  t r I but lo ns fro rn 
AMES, BNL, LLNL,  
PANT, PAD, PORTS, 
and SNLA. 
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ORNL DWO 83-10807 

S I T E  
-I_...- 

F E M P  
H A N F  
INEL '  
L A t.1 L 
N T S  
OR""  
sns 
OTHERS."' 
I_...__.. ~ 

TO IAL  

CUBIC 
M E T E R S  

3 432E+06 
6 a 4 6 ~ + 0 6  

1464F+06 

2 180F+06 
4 387E+06 
4 408r*OrS 

6 497EtOb 

3 47Ot+04 

2.83BEt00 

'Excludes LLW b u r l e d  
In 1882. 

' 'I  nc ludes  cont r I  but Inn8 
f r o m  ORNL, K - 2 5  Slte, 
and Y-12 Plant .  

15.6% f rom AMES, BNL. L L N L .  
PANT. PAD, PORTS, and  
SFILA. 

Eig. 4.3. Total volume of MTE ILW disposed thou 

OUBlO METERS 

Fig. 4.4. Locations and total volumcs of DOE U W  disposed through 1992. 
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Volume Radioactivity Thermal power 
(103 Ci) (W 1 

___I-.. ~ . _ . . _ _ _  _.. -- ( 103 ,3) 

Category Annuala Cumulative Annual. Cumulative An3XWLl Cumulat i.ve 

DOE s i t e s b  41.E 2 , 8 3 6  63 I 12,408 3.283 17,419 

C m e r c i a L  sites 49.4 1,472 1,000 5,708 5 , 0 5 7  21,117 

Pwt.al buried/ 9 2 . 0  4,308 1,631 18,116 8.340 3 8 . 5 3 6  
disposed LLW 

.... ... .._ I....... ~ ____........__ . .. .... .. . .. ..- 
%'Addition during 1992. 
bIncliides waste estimated to be buried at INEL duririg 1992 (1,272 m3; 186,900 C i )  since actimL 

data were not cwai1ahl.e at Lime of calculations. However, date were received from INEL (including 
cantrihutinns from AWL-W) at press time and are included in Table C.12 af Appendix C ,  
chmige and activity change values reported in Tabla C.12 may be used to update the values reported 
i n  Table 4 . 1 .  
integrated i n t o  future editions of this report. 

'The volume 

Table 6.12 data w i l l  be This iipdate results in an annualvol.ume change of -0.96%. 
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Volume Rad ioac t iv i ty  Thermal power 
End of (103 ,3 ) (io3 Ci) (H) 

. .. . . . . ..... ___I I__ .......- ca lendar  
CumuLativeC Annual Cumulat ived  yea r  Annual Cumulative Annual d 

1990 54.6 2,746 339 13,087 1,288 16,443 
1991 48.3 2,794 366 12,586 1,555 15.958 
-- 1992 41.6 .._ 2,836 6 3 1  12,408 .... 3,283 17,419 
1993 51.3 2,887 1,296 12,643 6,031 20,114 
1994 51.3 2,938 1,296 12,499 6,031. 20,745 
1995 158.3 3,097 1,305 12 I 307 6,054 21,049 
1996 94 .9  3,192 1,363 12,158 6,106 21,2fi3 
1997 123.8 3,315 1,315 11,961 6,101 21,409 
1998 139.6 3,456 1; 303 11,758 6,067 21,491 
1999 184.3 3,639 1 ~ 296 11,558 6,050 21,542 
2000 124.3 3.763 1,296 11,361 6,031 2 1  ~ 562 
2 0 0 1  79.5 3,844 1,296 11.174 6,031 2 1  ~ 577 
2002 80.3 3,924 1,296 10.999 6,031 21,591 
2003 89 .1  4,012 1,296 10,834 6 ,031 21,605 
2004 80.3 4,092 1,296 10,677 6,031 21,614 
2005 109.3 4,202 1,296 10,530 6,031 21.624 
2006 80.3 4.282 1,296 10,391 6,031 21,632 
2007 101.0 4,383 1,298 10,264 6,038 21,655 
2008 80.3 4,464 1,296 10,142 6,032 21,670 
2009 100.7 4,565 1,296 10,027 6,032 21,684 

2011 104.5 4,750 1,296 9,812 6,031 2 1  I 703 

2013 109.3 4,933 1 ,301 9,628 6,045 21,744 
2014 77.9 5,014 1,296 9,541 6,031 21,752 
2015 108.1  5,116 1,296 9.458 6 ,031 21,765 
2016 80.3 5,197 1,296 9,380 6,031 21,772 
2017 80.3 5,298 1,296 9,305 6,031 21,779 
2018 51.3 5,330 1,296 9,235 6,031 21,786 
2019 51.3 5,381 1,296 9,168 6,031 21,79'r 
2020 51.3 5,432 1,296 9,105 6.031 21,802 
2021 51.3 5,484 1,296 9,046 6,031 21., 810 
2022 51.3 5,535 1,296 8,990 6 ,031 21,818 
2023 51.3 5,586 1,296 8,937 6,031 21,826 
2024 51.3 5,637 1,296 8,886 6,031 21,834 
2025 51.3 5,689 1,296 8,839 6,031 21,842 
2026 51.3 5,740 1,296 8,794 6,031 21,850 
2027 51.3 5,791 1,296 8,752 6,031 21 ~ 659 
2028 51.3 5,843 1,296 8,712 6,031 21,868 
2029 51.3 5.894 1,296 8,674 6,031 21,876 
2030 51.3 5,945 1,296 8,639 6,031 21,885 

20 10 80.3 4,645 1,296 9,916 6 ,031  21,693 

2012 75.3 4,825 1,297 9,716 6,032 21,718 

l__l_. . . . . . . . . ._ . . . . ... -. . . . . . . . . . . ._. 
aSlurmation of va lues  i n  Tables 4.14 (bur ied  DOE LLW, except SRS s a l t s t o n e )  and 4.15 (LLW 

bData f o r  INEL f o r  1992-2030 a r e  based on 1991 da ta  s i n c e  t h e  a c t u a l  1992 d a t a  were no t  ava i l ah le  
s a l t s t o n e  a t  SKS). 

a t  t ime of c a l c u l a t i o n s .  However, d a t a  were rece ived  from INEL ( inc luding  con t r ibu t ions  from ANL-W) 
a t  pres s  t h e  and a r e  included i n  Table C.12 o f  Appendix C. The vol~une change and a c t i v i t y  change 
va lues  reported in Table C.12 may b e  used t o  update t h e  1992 values  repor ted  i n  Table 4.2. This 
update r e s u l t s  i n  an annual volume change of -0 .96%. Table C.12 d a t a  w i l l  b e  i n t e g r a t e d  i n t o  f u t u r e  
e d i t i o n s  of t h i s  r e p o r t .  

'The r a d i o a c t i v i t y  added each year  f o r  each waste type  is decayed as descr ibed  i n  t h e  foo tno te s  
of Tables 4.14 and 4.15. 

dNote %hat  the p ro jec t ed  cumulative r a d i o a c t i v i t y  decreases  whi le  t h e  p ro jec t ed  clunulative 
thermal. power inc reases .  This is  caused by t h e  decay o f  r e l a t i v e l y  s h o r t - l i v e d  low-energy 
rad ionucl ides  whose daughter ( o r  daughters )  have much h igher  thermal power pe r  c u r i e .  Tiis may be 
shorn by comparing t h e  souxce t e r n s  in Table C.3 of Appendix C with t h e  H / C i  va lues  f o r  pa ren t s  and 
daughters given i n  Table B . l  o f  Appendix B.  
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'JOlUClI@ Radioactivity Thermal power 
End of ( 1113 m3) (103 Ci (W 

_s____. .. . . . . .- I_._. calendar 
year Annual Curnu1 at ive Annual Cumulativeb Annual Cumulative 

1990 32.4 1,304 549 4,979 2,774 16,437 
1991 38.8 1 I 423 800 5,272 4,044 18,424 
-1- 1992 49.4 1.477, ..-_I 1.000 5.708 5.057 21,117 

1994 13.4 1,592 215 5,008 1,088 18,405 
199s 9.2. 1,511 143 4,672 722 17,114 

I993C 16.8 1.489 268 5,333 1,354 19 I 729 

_ l _ _ _ l . . . ~  1_--- 

aTncludes LLW disposed ai at the following comnercial sites: Beetty. Nevada; West Valley, 
New York; Naxey Flats, Kentucky; Richland, Washinston; SheEfisld, Illinois; and Barnwell, 
Smith Carolina. 

%he radioactivity thmu&h 1979 was decayed using a multiple source term methodology 
(sea Tables 4.3 and 4.20-4.25 of ref. 7 €or a description of this method). After 1979, the 
radioactivity is decayed from the year of addition using the representative compositions given 
in Tahle  C.4 of Appendix C. 

CProjectians were made based an disposal operations at Richland, Washington and Barnwell, 
South Carolina, a6 described in S e c t .  4 . 3 . 5 .  Trajections were made only through 1995 because of 
large  uncertainties in conmercial d i s g w a l  facility operations. 
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Generated on-site Biological  
Contaminated e q u i p e n t  
Dacontamination debris 
D r y  s o l i d s  
s o l i d i f i e d  sludge 
Other 

Stoxed 

Bur i ad 

Total 

Biological 
Contaminated equipment 
Decontamination debr i s  
D r y  s o l i d s  
Sol id i f i ed  sludge 
Other 

Total 

Bioiogical  
Contaminated equipment 
Des oct  aminat ion debr i s  
D r y  so316s 
S o l i d i f i e d  sludge 
Other 

Total  

140 
4,227 
3,674 
16,333 

872 
li, 998 

37,244 

32 
1,543 
1,780 
2 ,204  

7 65 
2,224 

a, 57G 

129 
6,600 
7,300 
12,430 

5 7 0  
12,718 

4 0 , 3 3 8  

- 

~ 

L 
E 
f 
f 
f -- & - 
f 

200 
39.400 
4,690 

37.450 
25 ,230  
8, C30 

176 
4,142 
4,760 
17, 323 
1,154 
8,292 

35, a47 

237 
1,709 
2,599 
6.301 

- 

696 
650 

12,032 

42 
ti, 1%U 
3 * 630 
12,200 
3,980 
19,880 

2 
479,7%0 

1,371 
405.302 

470 
1,190 

898,115 

e1 

202 
7 , 2 7 6  

5 
4 3  

20$, 634 

202,110 

.L 

250 
50:  

59G,230 
5 0 4  

53,000 

50,130 444,  45s 

f 
f 
f 
f 
f 
c - - 
f 

1 
209,000 

374 
555,960 

13 
393,934 

2 

368 ,348  
1,460 

832,012 
93 0 

124,100 

1,226,851 

100,980 
380 

11,369 

162 

112, E90 

3 

163 
233 

770,182 
$67 

338,OCO 

1,1U9,576 

"Baaed oil DOE s i t a  infomiation provided 'sp the Waste Manageinewt Information System (ref.  1). 

b ~ j s i c a ;  cha rac t e r i s t i c s :  

Totals reporzed in this 
t a b l a  may not  equal the sun of comporaen-t e n t r i e s  because of round-of% and %ru:icetion of ~LUTL&:S. 

(components, mairatenmncs wastes, et6.j; f c ;  docontaiiiaiatiori debris (wastes s a s u l s i c g  fxom dscontminat ion snd d e c m i s s l o n i n g  
offorzs, const=ucti03 debr i s ,  etc.!;  ;ti> cry so i ids  [normal plant  waskes, blotting piper, corhustible s a t a r i a l s ,  sLc.>: 
:e) s o l i d i f i e d  sludge cariy waa-Les solidified %porn a precass sludge such as e-raporator bottoms s o l i c i i f l c a t ~ o n ,  s o l i d i f i c a t i o n  of 
prec ip i t a t ed  saits, e t c . ; ;  and :f> other  ;aiate:iaia which are cutsida or' Lhe above categories). 

"Doas not icclude buried a: generated w a s h  volumes and a c t i v i t y  for 1992 f o r  IIE3 s i ~ c e  thesa data were no: avallabko at 
time of calculations far thia t a b l a .  Sowaver, data w e m  received from I N 3  : including cont.ribTJtions from ANL-W: at press t i m e  
and are included i n  Tables C.11 and C.12 of Appendix C .  
adjusted by adding the volumes aad activities from Table C . 1 1  and C.12. This update results in a t o t a l  ganeratad voiuma change 
of 5.3% and a t o t a l  buried volume change of 2.12. 

+ran beginning of opezatiuns th rmgh  1952. 
'sum of annuei addikions without deca:?. 
%t cqpl icable  [ i . e . ,  g m e r e t i o n  is taken t o  bo an i n t ens ive  cpanti5p (Ynocnt,'paar) and is not  add i t ive ;  whereas s-lorec 

eIr,formation n o t  avaibablo. 

( a )  b io log ica l  (sewage sludge,  aniwal carcasses, excreta, e t c .  I ; :>I con tmins t ed  aquipent  

The 1992 total volume and t o t a l  a c t i v i t y  values i n  Table 4.6 may be 

and buried are extensive q u a n t i t i e s  (amounts) and are addit ive] .  
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DOE siteb 
_I_I . ... 
APES 

ANL-E 

ANL-E! 

BNL 

FEMP 

FNAL 

W F  

IWEL 

I T H I  

R-25 

KC P 

LANL 

LBL 

LLAL 

M N N U  

WB sitesf 

NTS 

ORISE 

QMHL 

PAD 

PANT 

Pinellas 

PORTS 

PPPL 

RFP 

m11 

SLAC 

SNLA 

SNLL 

SRS 

Y-12 

Total 

... 

~~~ ~ 

VOlLUnO,  tn3 
............................................. .. -. ... .......... - 

Ur an iumJ Fission Induced 
thorium product activity Ti i i ima  Alpha Other': Totai 

74 0 0 0 0 0 74 

0 0 0 0 0 251 251 

d d d d d d d 

5 33 118 20 19 0 196 

.............................. ........................ . - .. __ .... - .. - ........ _. 

e 

9 

1,146 

d 

6 

2,353 

0 

1,149 

0 

25  

0 

145 

C 

-=1 

75 

499 

0 

0 

1,651 

d 

75 

e 

0 

4 

1 

5 2 0  

5,869 

13,607 
-. ........ 

e 

0 

1 ,491  

d 

4 

0 

0 

64 

0 

0 

0 

14 1 

C 

<< 1 

1,220 

0 

0 

0 

0 

d 

0 

e 

117 

35 

d 

15  

0 

0 

236 

15 

0 

0 

1.773 

C 

0 

1 3 1  

0 

0 

0 

0 

d 

0 

e e 

0 0 

14 1 2  

0 0 

9.900 790 

0 0 

12,867 3,242 

__ 

e 

4 

0 

d 

9 

0 

0 

85 

3 

66 

250 

0 

C 

2 

9 

0 

0 

48 

0 

d 

0 

e 

0 

1 

12 

800 

0 

1,309 

__ 

e 

0 

0 

d 

za 
0 

0 

762 

0 

96 

1,800 

0 

C 

0 

80 

0 

0 

0 

0 

d 

693 

e 

0 

-=-= 1 

0 

1,100 

0 

4,577 

__ 

e 

0 

0 

d 

<< 1 

0 

c1 

40 

2 1  

8 

0 

27 

C 

20 

0 

462 

627 

0 

0 

d 

0 

e 

130 

2 .672  

d 

6 1  

2,353 

Cl 

2,336 

39 

195 

2 ,050  

2 ,086  

C 

22 

1 , 5 1 5  

9 6 1  

627 

48 

l , S = l l  

d 

768 

e e 

0 0 

6 36 

<1 13 

180 13,290 

0 5,869 
___ 
1,642 37.244 

"Based on DOE: site information provided by the Waste Managenirni, Information Systsm (ref. 1). 
Totals reported in this table may not equal t.he sum nf component entries because of round-off and 
truncation of numbers. 

bRadionuclide characteristics are described in footnote b of Table 4.5. 
cunknorm or mixture. 
dData for 1992 were not available f o r  this site at time of calculations for t .his  table. 

However, data were received from INEI. (including coniributions f rom ANL-$1) a t  press t i m e  an3 are 
inchded in Table C.ll of Appendix C. This update results in a total volume change f o r  DOE of 
5.32. Table C . l l  data will be integrated into future editions of this report. 

"Ihis site is now included in t h e  DOE Fnviroimental Restoration Program. In future updates 
of this r epor t ,  information on waste generated from environmental. restoration activities at this 
site wi1.L be provided in Chapter 6 .  

'Naval reactors IHR) sites include KAPL. BAPL, and N W .  
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Table  4.8- Breakdarn of activity of LLW generated during 1992 at 
DOE sites by radiormclide characteristica 

Activity, Ci 
.- 

Uranium/ Fission Induced 
DOE site” thorium product activity Tritium Alpha Otherc Total 

AMES 

ANL-E 

ANL-W 

BNL 

FEMEJ 

FNAL 
HANF 

INEL 

ITRI 

K-25 

KCP 

LANL 

LBL 

LLNL 

MOUND 

NR sitesf 
NTS 

ORISE 

ORNL 

PAD 

PANT 

Pinellas 

PORTS 

PPPL 
W P  

R M X  

SLAC 

SNLA 

SNLL 

SRS 

Y-12 

Total 

<-=l 0 

C C 

d d 

1 e41 

e e 

<-=l 0 

47  17, gag 

d d 

1 <<l 

C 0 

0 0 

-=e1 70 

0 0 

2 0 

0 0 

0 7 

C C 

4 4  <e1 

2 1,680 

<< 1 <-=l 

1 0 

0 0 

<<l 0 

d d 

<l 0 

0 e 

0 0 

65 130 

.=l 0 

192 110 

C 0 

308 19,986 
- 

0 

C 

d 

1 

e 

3 

0 

d 

.z< 1 

0 

0 

385,900 

cc 1 

0 

0 

422,077 

C 

0 

288 

0 

0 

0 

0 

d 

0 

e 

0 

240 

0 

24,000 

0 

832,510 

0 

C 

d 

1 

e 

<c 1 

0 

d 

1 

0 

0 

3 

e1 

153 

5,000 

0 

C 

<< 1 

5 

0 

64 

13,444 

0 

d 

0 

e 

0 

28 

1,910 

14,000 

0 

34, SO9 

0 

C 

d 

41 

e 

0 

0 

d 

1 

0 

0 

467 

0 

Cl 

3 

0 

C 

<< 1 

c1 

<< 1 

0 

0 

0 

d 

3 

e 

0 

5 

0 

-=e1 

0 - 
480 

0 

C 

a 
0 

e 

0 

0 

d 

<< 1 

0 

c1 

0 

2 

<1 

0 

-=1 

C 

<e1 

0 

0 

0 

0 

0 

d 

0 

0 

0 

220 

CCl 

.=.z 1 

0 

222 
- 

6c 1 

C 

d 

2 

e 

3 

18,036 

d 

c1 

C 

c1 

386,400 

2 

155 

5.003 

422,084 

C 

-1 

1.975 

1 

64 

13,444 

e z  1 

d 

4 

e 

0 

688 

1,910 

38, 302 

C 

888.115 

“Based 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 o f  numbers. 

hadionuclida characteristics are described in footnote b of Table 4.5. 
cLlnknovPn or mixture. 
dData for 1992 were not available for this site at time o f  calculations for this table .  

However, data were received from INEL (including contributions from ANL-W) at press time and are 
included in Table C.11 of Appendix C. Table C.ll data will be integrated into future editions of 
this report. 

this report, information on waste generated from environmental restoration activities at this site 
will be provided in Chapter 6. 

e n i s  site io now included in the DOE Environmental Restoration Program. In future updates of 

fNaval reactors (NR) sites include KAPL, BAPL, and NRF. 
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Volume, m3 

Uranium/ Fission Induced 
DOE site" thor iuiii product activity Tritium ALpha OtherC Total 

Iu&S 

ANL-E 

APIL-Wd 

BNL 

F E W  

FNN. 

HANle 

IN EL^ 
ITRl 

K-25 

KCP 

LAHL 

LBL 

LLHL~ 

E W N U  

sites8 

NTS 

ORISE 

OFUiL 

PAD 

PANT 

Pinellas 

PIlKTS 

BPPL 

RFP 

RMI 

S J A C  

SNM 

SMLX. 

SRS 

Y-12 

Total 

200 

0 

0 

0 

3 3 7.54 8 

0 

227,734 

4,136 

0 

81,048 

0 

63,967 

0 

9,102 

0 

0 

101,731 

0 

19,044 

7,613 

121 

0 

12,110 

0 

0 

0 

0 

3,178 

0 

71,016 

151,247 

0 

0 

0 

0 

0 

0 

211,469 

25,500 

0 

0 

0 

11,552 

0 

CCl 

0 

0 

216,804 

0 

123,427 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

403,381 

0 

0 

0 

0 

5 

0 

0 

121,546 

374 

0 

0 

0 

10,262 

0 

<< 1 

0 

0 

12,853 

0 

34,067 

0 

0 

0 

0 

0 

0 

0 

0 

33 

0 

43,579 

0 

0 

0 

0 

832 

0 

0 

3,789 

1 

0 

0 

0 

3,358 

0 

0 

0 

0 

8,404 

0 

3,801 

0 

13 

0 

0 

0 

0 

0 

0 

41 

0 

34,262 

0 

0 

0 

0 

0 

0 

0 

0 

961 

0 

0 

0 

12R, 814 

0 

0 

0 

0 

90,751 

0 

13,042 

0 

0 

0 

0 

0 

0 

0 

0 

cc 1 

0 

92,193 

0 

0 

0 

0 

3 

5,670 

0 

0 

114,400 

0 

0 

0 

71 

0 

0 

0 

0 

9,282 

0 

15,076 

0 

0 

0 

0 

0 

0 

0 

0 

c< 1 

0 

5,504 

0 

200 

0 

0 

839 

343.218 

0 

564,537 

145,371 

0 

81.048 

0 

218,024 

0 

9,102 

0 

0 

439,825 

0 

208,457 

7,613 

134 

0 

12,110 

0 

0 

0 

0 

3,219 

0 

649,935 

151,247 

1,089,794 992,140 222,718 54,459 325,761 150,006 2,834,878 

aFrorn beginning o f  operations through 1992. Based on DOE site information provided by the 
WarSe Management lnformation System (ref. 1). Totals reported in this table may not equal the sum 
of component entrj-es because of round-off and truncation of numbers, 

'Radionricljda characteristics are described in footnote b of Table 4.5. 
CUnknows or mixture. 
dData for 1992 were not available for this site at tiine of calculations for this table. 

CurnuLative values f o r  this site are as of December 31, 1991. However, data were recei.ved from 
INEL (including contributions from MJA-W) at press time and are included in Table C.12 of 
Appendix C. This update results in a total volume change for INEL of 0.58%. Table C.12 data will 
be integrated into future editions of this report. 

Tahl.es C.9 and C.l.0 of Appendix C. This data will be integrated into future updates of this 
report. 

Site 300 Area, an exyhsives disposal area located off, but, near, LLNL. 

"Updated LLW burial information for Hanford was received at press time and is presented in 

fNo wastes are buried on the LLNL site. 

gNaval reactors (W.1 sites include KAPL, BAPL, and R K F .  

The inventory reported is for wastes buried at the 
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Tabla 4.10. Breakdown of total gross activity of LLW buried at DOE sites 
by radionuclide characteristic 

Total gross activity, C i a  

Uranium/ Fission Induced 
DOE siteb thorium product activity Tritium Alpha OtherC Total 

AMES 

m - - E  

m-wd 
BNL 

FEMP 

ENAL 

HANF" 

IN EL^ 
ITRI 

K-25 

KCP 

LANT. 

LBL 

LLNL~ 

MOUND 

NR sites8 

NTS 

ORISE 

OhLUL 

PAD 

PANT 

Pinellas 

PORTS 

PPPL 

RFY 

RMI 

SLAC 

SNLA 

SNI.1. 

SRS 

Y-12 

Total 

Cl 

0 

0 

0 

2,610 

0 

507 

45 

0 

59 

0 

264 

0 

13 

0 

0 

2,506 

0 

1,349 

20,396 

8 

0 

26 

0 

0 

0 

0 

12 

0 

293 

10,400 

0 

0 

0 

0 

0 

0 

7,499,242 

1,523 

0 

0 

0 

17,902 

0 

-=e1 

0 

0 

90,323 

0 

384,291 

3 

0 

0 

0 

0 

0 

0 

0 

611 

0 

719,693 

0 

0 

0 

0 

2 

0 

0 

486,891 

36 

0 

0 

0 

418,211 

0 

e-= 1 

0 

0 

7,095 

0 

853,834 

0 

cc 1 

0 

0 

0 

0 

0 

0 

5.493 

0 

4,881,952 

0 

0 

0 

0 

3 

0 

0 

454,121 

15 

0 

0 

0 

1,053,710 

0 

0 

0 

0 

9,258,999 

0 

12,239 

0 

Cl 

0 

0 

0 

0 

0 

0 

2,984 

0 

4,689,572 

0 

0 

0 

0 

0 

0 

0 

0 

86 

0 

0 

0 

4,527 

0 

0 

0 

0 

54,765 

0 

754 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

5,225 

0 

0 

0 

0 

1 

1,804 

0 

0 

11,690,000 

0 

0 

0 

0 

0 

0 

0 

0 

361,327 

0 

41 

0 

41 

0 

0 

0 

0 

0 

0 

4 

0 

243,996 

0 

e1 

0 

0 

5 

4,414 

0 

8,440,761 

11,691,705 

0 

59 

0 

1,494,614 

0 

13 

0 

0 

9,775,015 

0 

1,252,508 

20,399 

8 

0 

26 

0 

0 

0 

0 

9,107 

0 

10,540,731 

10,400 

38,487 8,713,588 6,653,524 15,471,643 65,360 12,297,173 43,239,775 

asurn of annual additions without decay, from beginning of operations through 1992. Based on DOE 
site information provided by the Waste Management Information System (ref. 1). Totals reported in this 
table may not equal the stun of component entries because of round-off and truncation of numbers. 

kadionuclide characteristics are described in footnote b of Table 4.5. 
Curknown or mixture. 
dData for 1992 were no t  available for this site at time of calculations for this table. Cumulativa 

vahes for this site are as of December 31, 1991. However, data were received from INEL (including 
contributions from ANL-W) at press time and are included in T a b l e  C.12 of Appendix C. Table C.12 data 
will be integrated into future editions of this report. 

Tables C.9 and C.10 of Appendix C. 

Area, an explosives disposal area located off, but near, LLNL. 

eUpdated LLW burial information for Banford was received at press time and is presented in 

fNo wastes are buried on the LLNL site. 

&Naval reactors (NR) sites include KAF'L, BAPL, and W. 

This data will be integrated into future updates of this report. 
The inventory reported is for wastes buried at the Site 300 



134 

Undecayed 
radioactive 

content 
( C i  1 

Waste 
containers 
buriedb 

Sit.n use 
1.0c at i on (year) Site 

Atlantic Ocean 

1951-1955; 
1959-1962 

74,400' 

2'100 

2.440 

87 

480 

38"30'N 
72'06*W 

14 I 300 

14,500 

4.008 

843 

432 

Atlantic 

At Lantic 

Massachusetts Bay 

Cape Henry 

Central Atlantic 

37 50'N 
7 0 3 5 ' W 

1957-1959 

42'25'N 
7 0 3 5 ' W 

1952- 1959 

36-56-N 
74"23.H 

36"20*N/ 
43 49.H 
4 5 00 -W 

ID4 9- 1967 

1959-1960 

____. 
34,083 Subtotal 79,507 

Pacific Ocean 

1951-1953 Farallon Islands 
(Subsite A) 

37'38.N 
123 08-W 

37-37'N 
123"17*W 

33"40*N 
119"40'4 

50'56*N 
136*03*W 
52-25.N 
140'12*W 

32"OO-N 
12 I e 30 -w 

3,500 

4 4 , 0 0 0  

3,114 

360 

1,100 

13,400 

108 

124  

Farallon Islands 
(SUhSitR B) 

1946-1950; 
1954- 1956 

Santa Cruz Basin 1946-1962 

Cape Scot 1958-1969 

San Diego 1959- 1962 4.415 34 

55,389 14,766 Subtotal (ocaans) 

Tokal 89,472 94,273 

HJdrofraeture facility 

Bedded Conasauga 1950-'1965 Small experimental 
shale underlying 
the ORNL site 19G6-1980d 8.0 X l o 3  m3 of  grout 600,000 

200,000 
1993- 5 . 5  x 103 m3 of grout 500,000 

Total. 17.3 x 103 d 1,300,000 

raiawixi t Y 

1982" 3 . 8  x 103 ,3 of grout 

~- . ._. . . . . . . . . . . . . . .. .. . 

aRadioactivity is givua at time of burial. Data taken from Tablo 4.5 of ref. 3. 
bFstimated nivnber of containers. 
'Includes approximately 33,000 Ci of induced activity associated with the U.S.S. Seawolf 

dRetirad after 15 injections. 
e N ~ v ~  facility startod up with fou r  injections in 1982 and cumpletgd canpalgn with s d v m  

reactor vessel. 

injections in 1983. 
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Tabla  4.12.  Status of laud usage at Itw burial and disposal sites‘ 

Site 

Estimated 
Estimated total area utilized 

Site size usable areab through 1992 
(ha) (ha) (ha)b 

DOE (burial sites) 
HANFC 
INEL 
K-25 
LANL 
N T S ~  
ORNL 
SNLA 
SNLL 
SRS 

145,040 
230,510 

607 
11.137 

349,661 
1,174 
1,141 
167 

84,175 

385 
35.6 
d 
37.1 
820 
26 
0.27 
0.013 
78.9 

153 
21.2 
d 
17.2 
55 
7 
0.08 
d 
78.2 

Total 

Commercial (disposal sites) 

(Closed Mar. 11, 1975If 

(Closed Dec. 27, 1977) 

(Closed Apr. 8. 1978) 

West Valley, NY 

Maxey Flats, KY 

Sheffield, IL 

Barnwell, SCg 
Beatty, Nvh 
Richland, WA 

823,612 

8.9 

102 

8.9 

121 
32 
40 

21,383 

7.2 

<51 

8.1 

44.5 
18.6 
29.5 

Total 313 159 

r332 

3.8 

10.4 

8.1 

34.7 
15.7 
11.9 

84.6 
- 

Grand total 823,925 -1,542 >417 

“Note: 1 acre = 0.4047 ha, end 1 ha 
bDOE usable area and area utilized (except where noted) ere generally taken from 

CUtilized land value is for the 200-Area only; in addition, the closed 100- and 

dInformation not available, or unknown. 
aThis pertains to the radioactive waste management site in Area 5 and Area 3 of 

the NTS. The availability of land that could be used for shallow-land burial is not 
clearly defined because of the classified nature of the site and the abundance of 
land. 

until late 1986. No waste was buried at West Valley from 1987-1992 (see Table 4.16). 

is December 31, 1995. 

10,000 m’. 

ref. 1. Comparable conmercial values (except where noted) are taken from ref. 7. 

300-Area burial grounds include a total of 16.8 ha. 

fWVDP LLW was buried on-site in the noncomnercial NRC disposal area from 1982 

BBased on information provided in ref. 6. 

hBased on ref. 8. 

Anticipated closure date For this site 



DOE / X i -  0 C 0 6, 33E/%l-0306, 
% A K i a l /  Kev. 8 (19YZ) Rev. 9 (19933 
disposal Sign i f i can t  r ev i s ion  

s1 te  Table No. Tabis No. o r  r,et change Exg!.ariacion 

DOE / Eanfard 4.1, 4.2, 4 . 4 ,  4 . 5 ,  4 . 1 ,  4 . 2 ,  4 . 4 ,  4 . 5 .  Hanford h e k e d  values for The o r i s i n a l  va l ces  zepozkad viare 
4.6, 4 . 5 .  4.15, and 4 . 6 ,  4 . 8 ,  ~ 1 . 1 0 ,  and f i s s i o n  product volune and t o o  h i g h  due to c;ou3le-comciny, 
4 .  ::4 4.14 r a& i o a c t i v i  ty fo I 1 9 5 6- 1 9 3 I of sYmarina reactor  cmparlnel;ts 

have decreased 

Comercia1 4 . 2 0 ,  4.21, 4 .22 .  4 .21  
4 . 2 3 ,  4 .24 .  and 4 . 2 5  

Repastiny oE comnercial LLW 
by f u e l  cycle  and l/.L ;%psl-ted by cata&o,p,es consistent 
ca tegor ies  d ~ s c o n ~ i n u e d  with t h e  National Low-Level Waste 

Coim~sciaily clisgoseci LLW is now 

Mma~ement, Program 
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T a b l e  4.14. Historical ;uDd projected ml-, raidlloactivit.y, and t h e m 1  power 
charactarist.ics o f  buried DOE LEW, sixcapt SBS saltstans 

vo 1umea 8 RadioactivityaSb Thornal. powar 
End of ( 103 m3 I (103 Ci) (W) 

_____.-._ calendar 
year Annual Cumulative Annual CumuletiveC Annual. CwdativeC 

1990 54.6 2,746 339 13 ,087  1 ,288  16,443 
1991 48.3 2,794 366 12,505 1 , 5 5 5  15,958 - 1992 41.6 2.836 63 1-.-.-.. 12.400 3.283 17.419 
1993 51.3 2,087 1 ,296  12 ,642  6.031 20,114 
1994 51.3 2,938 1 , 2 9 6  12,499 6 ,031  20,7 4 5 
1995 51 .3  2,990 1,296 12,299 6 ,031  21,026 
1996 51.3 3,041 1,296 12,083 6 ,031  21,165 
1997 51.3 3,092 1,296 11,868 6 ,031  2 1  I 240 
1898 51 .3  3,144 1,296 11,660 6 , 0 3 1  21,286 
1999 51 .3  3,195 1 ,296  11,460 6 ,031  21,317 
2000 51.3 3 ,245  1 ,296  11 ~ 270 6 , 0 3 1  21,342 
2001 51.3 3,298 1 ,296  11 ,091  6 , 0 3 1  21,363 

21x13 51.3 3,400 1,296 10,759 6 ,031  21,400 
2004 51.3 3 ,451  1,296 10,607 6,031 21,416 
2005 51 .3  3,503 1,296 10 ,663  6 , 0 3 1  21 ,431  
2006 51 .3  3,554 1 ,  298 10,327 6 , 0 3 1  21,446 
2007 51.3 3 ,605  1 ,296  10 ,198  6 ,031  21 ,461  
2000 51.3 3,657 1 , 2 9 t  10,077 6 ,031  21,475 
2009 51.3 3,708 1 ,296  9,962 6,031 21,480 
2010 51.3 3,759 1 , 2 9 6  9.853 6,031 21,501 
2011 51 .3  3,811 1,296 9.750 6 , 0 3 1  21,514 
2012 51 .3  3 ,  862 1 ,296  9,653 6.031 21,527 
2013 51.3 3,913 1,236 9,562 6 ,031  21,540 
2014 5 1 . 3  3,964 1,296 9 ,475  6 ,031  21,552 
2015 51 .3  4,016 1,296 9,394 6 , 0 3 1  21,555 
2016 51.3 4,067 1 ,296  9,316 6 ,031  21,577 
2017 51.3 4,118 1 I 296 9 ,243  6 , 0 3 1  21,583 
2018 51.3 4,170 1 ,296  9.174 6,031 
20 19 51.3 4.221 1 ,296  3,109 6 ,031  21,614 
2020 51 .3  4,272 1,296 9 , 0 4 8  6 ,031  21,526 
2021 51 .3  4,324 1 ,296  8,990 6 ,031  21.638 
202% 5 1 . 3  4,375 1,296 8 , 9 3 5  6 ,031  21,650 
2Q23 51.3  4,426 1,296 8 ,883  6 , 0 3 1  21,662 
2024 51 .3  4,477 1 ,296  8 ,834  6 , 0 3 3  21,674 
2025 51.3 4,529 1 ,296  8,780 6 , 0 3 1  21,686 
2026 51.3 4,580 1 , 2 9 6  8 , 7 4 5  8 , 0 3 1  21 ,698  
2027 51 .3  4 ,631  1 , 2 9 s  8.704 6.031 21,711 
2028 51 .3  4,683 1 ,298  8 ,665  6.031 21,723 
2029 5 1 . 3  4,734 1 , 2 9 6  8 ,628  6 ,031  21,735 
2030 51.3 4,785 1 ,296  8 ,594  6 ,031  21,747 

2002 51.3 3 ,349  1 , 2 9 6  10.920 6 ,031  21,382 

21,601 

-lil_.- .___ ^__.. ._. .. ._. I .. .___I___ 
aHistorical (beginning of operations through 1991) annual values of voliime and radioactivity (by 

waste type) for each site are from ref. 7. Similar va1ues for 1992 axe  from ref. 1. See Tebl.es 4 . 4 ,  4.5,  
4 . g S  and 4.10 f o r  mare detail. Radioactivity (hy waste type) is decayed from the year of addi.tion using 
the representative compositions given in Table C.3 o f  Appendix C .  

blileginning in 1992, the volume and radioactivity added zach year are assumed to remain constant 
through 2030 at the 1992 values projected (ref. 1 )  by each site. At% exception to this scheme is INEL. 
Since no 1992 data were available for INEL, the 1992-2030 values for volume ani1 radioactivity were 
projected based on 1991 data. The radioactivity (by waste type) is decayed from the yesr of addition 
using. the representative compositions gi.ven in Table C.3 of Appendix C. Data were received frorn IBEL 
(including contributions from ANL-W) at press time and are included in Table C.12 of Appendix C .  ma 
volume change and activity change values reported i.n Tabla 12.12 may be used to update the 1992 vaLues 
reported in Table 4.14 .  This update results in an annual. volume change of -0.96Z. 
be integrated into futuro editions of this report. 

power increases. This is cawsed by the decay of relatively short-lived luw-energy sadioniic1.ides whose 
daughter (or daughters) have much higher thermal power per curie. This may be shorn by comparing +,he 
source terms in Table C . 3  of Appendix C with the W/Ci values for parents and daughtoss given in Table B.l 
of Appendix B .  

Tabls C.12 data will 

'Note that the projected cumulati.ve radioactivity decreases w h i l e  the projected cunul.ative thermal 
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T a h l e  4,15.  Projected vel-, rad ioac t iv i ty ,  d tlaexmal m e r  characteristics 
of M E  U W  saltstma at ma 

Volume Radioactivityb Thermal power 

I...~.._II_ End of (103 ,3) (103 c i )  (W 
____ --...._. calendar 

year Annual Cumulative Annual Cimulative Annual Cumulative 

1993 0.0 0 .0  0.0 0.0 0.0 0.0 
1994 0.0 0.0 0.0 0.0 0.0 0.0 
1995 107.0 107.0 8 .1  8 . 1  23.5 23.5 
1996 4 3 . 6  151.0 66.1 74.2 75.4 98.9 
1997 72.5 223 ~ 0 18.2 92.4 70 .1  169.0 
1998 80.3 312.0 6.0 98.4 3 6 . 1  205.0 
1999 133.0 444.0 0.0 97.6 19.5 225.0 
2000 73.0 517.0 0 .0  90.2 0 .0  220.0 
2001 28.2 546.0 0.0 83.8 0.0 214.0 
2002 29.0 575.0 0.0 78 .8  0.0 209.0 
2003 37.8 612.0 0 . 0  74.4 0.0 205.0 
2004 29.0 641.0 0.0 70.2 0.0 198 * 0 
2005 58.0 699.0 0 . 0  67.0 0.0 193.0 
2006 29.0 728, a 0 .0 63.8 0.0 186.0 
2007 49.7 778.0 1 . 6  65.4 7.2 194.0 
2008 29.0 807.0 0.0 65.4 1.2 195.0 
2009 49.4 857.0 0.0 65.2 1.6 196.0 
2010 29.0 886.0 0.0 63.3 0.0 192.0 
2011 53.2 939.0 0.0 61.9 0.0 189.0 
2012 24.0 963.0 0 .4  62.3 1.5 191.0 
2013 58.0 1,020.0 4.2 66.5 13.9 204.0 
2014 26.6 1,050.0 0 .0  65.3 0.0 200.0 
2015 56.8 1,100.0 0.0 64.8 0.0 200.0 
2016 29.0 1,130.0 0.0 63.4 0.0 195.0 
2017 29.0 1,160.0 0.0 61.8 0.0 190.0 
2018 0 . 0  1,160.0 0.0 60.2 0.0 185.0 
2019 0.0 1,160.0 0.0 58.7 0.0 180.0 
2020 0 . 0  1,160.0 0 .0  57.3 0.0 176.0 
2021 0.0 1,160.0 0.0 56.0 0.0 172"  0 
2022 0.0 1,160.0 0 . 0  54.6 0 .0  168.0 
2023 0.0 1,160.0 0.0 53.3 0.0 164.0 
2024 0.0 1,160 .O 0.0 52 .1  0.0 160.0 
2025 0 . 0  1,160.0 0 . 0  50.9 0.0 156.0 
2026 0.0 1,160 .O 0.0 49.7 0.0 152.0 
2027 0 .0  1,160.0 0 .0  48.5 0.0 148.0 
2028 0.0 1,160.0 0.0 47.4 0.0 145.0 
2029 0.0 1,160.0 0 .0  46.3 0.0 141.0  
2030 0.0 1,160.0 0.0 45.2 0.0 138.0 

____. . . . . _.-. 
aTaken from r e f .  1 of Chapter 2. 
bitadinnuclide coiriposition as  a function of time i s  given i n  Table C . 5  of Appendix C .  
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T a b h a  4.16. H i s t o r i c a l  annual add i t ions  & totalvol- o f  LLW at caunercial disposal. sit.es" 

Volume. m3 
.I.___ . ..... 

West Maxey Annual Cumt~lntive 
Year Beat ty  Vallel$ Flats '  Richland Sha f f i s ldd  Barnwell t o t a l  t o t a l  

1982 
1953 
1964 
1955 
1956 
1967 
1968 
1969 
1970 
1951 
1972 
1973 
1874 
1975 
1976 
1977 
1978 
1879 
1960 
1981 
1982 
1983 
1934 
1985 
1986 
1SH7 
1898 
1989 
1990 
1991 
1992 

T o t a l  

1,861 
3,512 
2,836 
1,988 

3,206 
3,576 
4,526 
5,152 
4,916 
4,301 
4,076 
4,103 
4,943 
3,864 
4,742 
8,874 
6,491 
12,717 
3,351 
1,505 
1,111 
2,067 
1,388 
2 668 
9,414 
2.645 
3,291 
1,684 
4,539 
14,575 

137 ~ 455 

3,533 

127 
5,940 
5,192 
3,951 

3,490 
4,099 
4,906 
7,002 
9,045 
7,535 
8,866 
2,243 
427 
351 
144 
138 
141 
21s 
632 

1, 284 
966 
a09 

2,095 

7,475 

77,074 

2,206 
3,872 
5,753 
5,557 
7,820 
8,178 
10,354 
12,521 
13,173 
15,570 
10,074 
8,898 

13,775 
423 

17,098 

135,280 

668 
2,402 
773 

1,359 
438 
424 
584 
854 

1,033 
1,411 
1.500 
2,867 

7,422 
12,185 
24,819 
40,732 
39,606 
40.458 
38,481 
40,135 
18,833 
15,765 
11,430 
11,562 
8,362 
11,872 
11,271 

349,763 

2,718 

2,527 
2.713 
2,012 
2,825 
4,430 
5,956 
8,524 
12,373 
14,116 
13,480 
17,643 
1.735 

88,334 

1.171 
3,757 
15, a39 
18,244 
18,072 
40,227 
45,663 
61,554 
63, a61 
54.723' 
39,427e 
34,779 
35,132 
34,879 
34,389 

27,060 
26,391 
31.242 
22,315 
22,368 
23,518 

684,223 

29,612 

1,861 

52,648 
13,601 
15,443 
21,801 
19,316 
21,429 

31,276 
39,291 
47,081 
53,895 
57,972 
74,640 
71,510 
79,729 

92,400 
83,726 
76,522 

5,845 

25, a27 

82,675 

77,985 
73,393 
76,721 
53,208 
52,239 
40,466 
46,095 
32,361 
38,779 
49,364 

1.851 

33,955 
49,398 
71,199 
90,515 
111,944 
137,771 
169,047 

255,419 
309,314 
367,286 
441,926 
513 466 
583,195 
675,870 
768,270 
851,99G 

l,OO6,503 
1,082,696 
1,1S9,6l7 
1,212,425 

1,305,530 
1,351,625 

1,422,765 
1,472,129 

1,472.129 

7,706 
20 354 

209.339 

$28 ~ 518 

1,265, a64 

1,383,986 

aFFur a surrmary of h i s t o r i c a l  addi t ions (1962-1984), see  Table 4.6 in r e f .  3. For operat ing s i tes  
(BeaLty, Richland, and Barnwell) ,  t h e  add i t ions  f o r  1985-1991 a r e  from Table 4.16 in r e f .  7. 
Information for 1992 is taken from ref. 9. 

Mar, 13, 1975, and an NRC-licensed f a c i l i t y  ( f o r  on - s i t e  f u e l  reprocessing wastes)  which opened in 1966 
and continued t o  r ece ive  only on-si te-generated LLW associated w i t h  water t reatment  and s i t e  cleanup 
u n t i l  l a t e  1986. This l i c e n s e  is i n  abeyance. Disposal operat ions a t  t h e  West Valley DmonstKatLon 
P ro jec t  (WVDP) have been suspended pending t h e  preparat ion of an E I S  r e p o r t  for t h e  West Valley s i t e  
c l o s m e .  The WVDP began i n  1982. The LLW volumes reported f o r  1982 through 1966 a r e  f o r  t h e  WVDP only 
and a r e  taken from r e f .  7. Since the beginning o f  1987, LLW generated a t  t h e  WmP is s t o r e d  o n - s i t e  i n  
engineered f a c i l i t i e s  pending f i n a l  d i sposa l  (ref. 7). 

cClosed Dec. 27, 1977. Small pe r tu rba t ions  i n  waste volurues have occurred during site cleanup 
operat ions ( r e f .  11) b u t  a r e  n o t  included he re  s ince  they are inconsequent ia l .  

dC1osed Apr. 8, 1978. 
ernme values  exclude almost 19,000 in3 (approximately 14,506 i n  1980 and approximately 4,279 i n  

18811 of very low-leveL-activity s e t t l i n g  pond s ludge t h a t  was not  counted aga ins t  t h e  annual quota.  

bWest Valley includes a c o m e r c i a l  s t a t e - l i censed  f a c i l i t y  which opened Nov. 28, 1963, and closed 

No add i t iona l  operat ions have taken p l ace  a t  t h e  s i t e .  
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"I1.e 4.17. Historical annual. additions rand tmtal imdecqed radioactivity 
rcial disposal sitesa 

Radioactivity, Ci 

~. . .. ....... .. .. ............................. 

-............---II -...____ 
West Maxey Annual Cumulative 

Year Beatty Valley' FlatsC Richland Sheffieldd Barnwell  total total 

1962  e 
1963 5 ,690  
1964 6,477 
1965 6,377 
1966 11 ,974  
1967 1 0 , 8 9 4  
1968 6 , 8 0 8  
1969 9 , 7 6 1  
1970 1 2 , 3 0 4  
1971  4 ,316  
1972  5 , 2 2 8  
1973 5 ,704  
1974 23 ,904  
1975 18.388 
1976 4.493 
1977 2 3 , 8 1 1  
1978 5 , 6 8 5  
1979 8 ,897  
1980 148 ,312  
1981  5 2 , 2 1 4  
1982 80 ,929  
1983 1 , 3 5 6  
1984 54 4 
1985 453 
1 9 8 s  672  
1987 3,353 
1988 8 ,690  
1989  42,678 
1990 11 ,323  
1991  2 9 , 6 7 9  
1992  9 0 , 2 0 6  

Total 641 ,120  

100 
10 ,400  
22 ,600  
35 ,400  

123 ,100  
10 ,600  
36,000 
91 ,900  

436,700 
131,300 
346 ,000  

6 ,600  
11 ,600  

1 , 2 0 0  
900 
700  
400 
300 
229 
293 
255 

25 
39  
13 
0 
0 
0 
0 
0 
0 

1 , 2 6 6 , 6 5 4  

2 2 , 5 5 6  
147 ,218  

63 ,828  144 
52 ,737  1 , 6 0 6  

45 ,577  6 4 , 4 3 2  
31 ,028  55 ,964  
46,969 52 ~ 820 

720,146 23 ,916  
2 1 7 , 3 5 1  31 ,809  
118 ,359  57,037 
143 ,656  12 ,773  
289 ,570  1 1 3 , 3 4 1  
211 ,359  104 ,306  
267 063 7 , 4 6 5  

23.5, 548 
164 ,787  

4 1 , 0 3 1  
43,905 
59, 007 

120 ~ 534 
215,286 
287 ,849  
1 1 5 , 5 9 1  

42 ,734  
32 ,067  
99 ,056  
92 ,985  

158 ,784  
93 ,923  

2 ,400 ,690  2 , 3 3 4 , 0 7 8  

23 ,273  5 ,378  

_l__._.l 

3 , 8 5 0  
2 , 3 8 1  
2 , 1 9 2  
5 ,427  
7 , 8 9 5  
4,857 
2 ,834  
3 ,229  
6 .103  
7 , 7 4 4  

11 ,147  
2 I 547 

4 , 1 5 1  
1 3 , 5 7 5  
48 ,212  
1 3 , 5 5 7  
1 7 , 4 2 8  
9 0 , 2 0 5  

390 ,121  
652 ~ 0 6 1  
314 ,938  
1 4 3 , 5 0 2  
183 ,744  
273 .962  
383,450 
385 ,079  
4 6 0 , 5 7 1  
1 1 6 , 1 0 8  
211,026 
2 1 8 , 9 0 1  
7 2 5 , 1 6 4  
444,277 
611 ,348  
815 ,974  

60 ,206  6 , 5 1 7 , 3 5 4  

e 
28 ,346  

164 ,095  
92 ,949  

101,717 
1 6 6 , 4 9 5  
129 .798  
134 ,945  
209 ,420  

1 , 1 9 7 , 1 2 4  
404 ,120  
578 ,146  
203 ,719  
456,430 
419,307 
700,507 
8 9 6 , 5 4 1  
489 ,022  
333 ,145  
280 ,092  
4 1 4 , 1 9 1  
505 ,595  
600 ,934  
7 4 8 , 9 1 2  
232 ,384  
257 ,113  
259 ,658  
866 ,898  
548.585 
7 9 9 , 8 1 1  

1 , 0 0 0 , 1 0 3  

e 
2 8 , 3 4 6  

192 .441  
285 ,380  
387 ,107  
553,602 
683 ,400  
818 ,345  

1 ,027 ,765  
2 .224 .889  
2 , 6 2 9 , 0 0 9  
3 , 2 0 7 , 1 5 5  
3 , 4 1 0 , 8 7 4  
3 ,867 ,304  
4 , 2 8 6 , 6 1 1  
4 , 9 8 7 , 1 1 8  
5 , 8 8 3 . 6 5 9  
6 , 3 7 2 , 6 8 1  
6 , 7 0 5 , 8 2 6  
6 ,985 ,918  
7 , 4 0 0 , 1 0 9  
7 ,905 ,704  
8 , 5 0 6 , 6 3 8  
9 ,255 ,550  
9 ,487 ,934  
9 ,745 .047  

10 ,004 ,705  
1 0 , 8 7 1 , 6 0 3  
1 1 , 4 2 0 , 1 8 8  
1 2 , 2 1 9 , 9 9 9  
1 3 , 2 2 0  ~ 102 

1 3 , 2 2 0 , 1 0 2  

llll_ll- 

aFor a swmary of historical additions (1962-19841,  see Table 4 . 6  in ref. 3 .  For operating sites 
(Beatty, Richland, and Barnwell), the additions for 1985-1991 are from Table 4.16 i n  ref. 7 .  
Illformation for 1992 is taken from ref. 9 .  

Mar. 11, 1 9 7 5 ,  and an NRC-licensed facility (for on-site fuel reprocessing wastes) which opened in 1966 
and continued to receive only on-site-generated LLW associated with water treatment and site cleanup 
until late 1986 .  This license is in abeyance. Disposal operations at the West Valley Demonstration 
Project (hip) have been suspended pending the preparation of an EIS report. for the West Valley site 
closure. The WVDP began in 1982 .  The LLW radioactivity values reported for 1982 through 1986 are for 
the WVDP only and are taken from ref. 7 .  Since the beginning of 1987 ,  LLW generated at the \UDP is 
stored on-site in engineered facilities pending final disposal (ref. 7 ) .  

bWest Valley includes a comercial state-licensed facility which opened Nov. 1 8 ,  19B33  and c l o s e d  

"Closed Dec. 2 7 ,  1977 .  
dClosed Apl-. 8 ,  1 9 7 8 .  
eReported as 296 kg of source material (as defined in Title 10, Code of Federal. Regulations, 

Part 4 0 ) .  
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T a b l e  4.18. Distribution of total valine and radioactivity, by state,  0% LLW 
sbipped to cunnercial disposal sites In 199Za 

Volume Radioactivity 
State (m3 > (Ci) 

Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Distxict of Columbia 
Florida 
Georgia 
Nawai i 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 

576 
4 

539 
184 

3,199 
959 

1,503 
28 
45 
666 
831 
83 
1 

8,072 
77 
154 
232 
62 
701 
249 
506 

1,608 
0 

1,139 
357 
320 
4 

53,669 
669 
997 

32,562 
15,730 
32,978 
29,392 

1 
31 
996 

40,312 
3 
2 

103,273 
27 

1,319 
26 

4,683 
8 ,110  
8,421 
76,588 

0 
59,979 
2,669 
1,128 

7 

42,085 

Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Puerto Rico 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virgin Islarids 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 
Otherb 

Total 

357 
4 
1 

1,077 
99 

I, 991 
1,750 

3 
629 
795 

4,183 
2,636 

0 
11 

1,297 
48 

2,374 
4,612 

152 
172 
0 

2,627 
2,246 

5 
195 
e1 
13 

49,364' 

101,285 
18 
1 

47,959 
56 

90,377 
57,505 

67 
3,440 

60 
742 

141,249 
0 

==1 
3,088 

Cl 
1,595 
4,057 

108 
20,513 

0 
1,154 
10,663 

31 
571 
5 
5 

1,000,102= 

'Data provided by E G G ,  Idaho (ref. 91, to be published by the Low-Level Waste Management Program. 
bWastes generated by U.S. Army bases located inside and outside l.he United States. 
'Differences in the 1992 annual totals ( i . e . ,  the volume in Table 4.16 and the radioactivity in 

Table 4.17 and the sumnations of shipments by state, as sham above) result from round-off and 
truncation of numbers. 
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Category 
Act iv i ty  

(Ci )  

Nuclear u t i l i t y  wastes 
Operations 
Decamxissioning 

Sub tot a1 

1,330 
523 

1.853 
.-..-__I 

23,300.000 
41,700,000 

65,000,000 
....I____ 

Sealed sources 6 302,890 

DOE-held potent ia l  GICC waste 1,076 538,275 

Other generat,ox waste 307 2,924 

Total 3,242 65,844,089 

-- 

aBased on the  EGG; Idaho, I n c . ,  study o f  r e f .  13.  Data reported 
represent packaged base-case scenario inventor ies  and project ions  o f  wastes 
generated during the period 1985-2035. 
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Estimated packaged waste volume 
(m3) by expected cases' 

........ _I._____ ___ Activi tyd 

Reactor cvvqmient L O W  Base Uigh (Ci 9 

G E / B W  Car t r idge  f i l t e r s  
Control rod components 

Bearings 
Blade 
Inner  d r i v e  s t r a i n e r s  
h t e r  d r i v e  s t r a i n e r s  

Core shroiid 
Dry tubas 
Fuel i n  d scon tmina t ion  r e s i n s  
Local powsx e m g e  monitor 
Poison c u r t a i n s  
Pool f i l t e r s  

Ca r t r idee  f i l t e r s  
Control rod d r i v e  
Core h a r r e l  
Core shroud 
Crud tank f i l t e r s  
Flux w j r a  
Fuel  i n  decontamination r e s i n s  
In-core de t ec to r s  
Nisc9llnneous. metals  
Primary ~ o i i r c e s  

B&W t o t a l  

Ca r t r idge  f i l t e r s  
Conbrol. rod d r i v e  
Core b a r r e l  
Core shroud 
Flux wire 
Fuel i n  decontamination r e s i n s  
In- c or e de t, e c t o r s 
Primary sources 
Eliscellansous a e t a l s  
Thiinhle pliag assemblies 

@E t o t a l  

Ca r t r tdgs  f i l t e r s  
Con t ro l  rod d r i v e  
Core herrel. 
Core  shroud 
Fuel i n  decontamination resins 
In-core instmunents 
M i s c e l b m e n u s  metals 
Source, rods 
Thiinble plug assemblias 

WW t o t a l  

PWX t o t a l  

Lm t o t a l  

5.8flE- 0 2  

1.42E-04 
3.53E+02 
2.55E-02 
1.12Et00 
l.E0E+fl2 
1.31EfOI 
1.13E1-01 
5.80Et 01 

1.68E+fl0 

6 = 18E+02 

1.32E1.00 
3.20E-02 

e 
1.44E.tOl 
2.32.E-Q 1 
4.OOE-01 
1.70E+0O 
1.17E+01 
3.80E-02 
1.13E-02 

2.9SE+O1 

2 I 30E+Q0 
7.40E-01 

4.63Ed-01 
6. DOE-02 
9.34E+O0 
2.75E+O 1 
7.47E-02 
3.00E--01 
4.00E-01 

6 = 7 8 ~ 4 3  

e 

1.16E+flfl 

1.42E-04 
4.411402 
5.09E-fl 1 
2.22E+O1 
2.57E+Q2 
2.13E+D1 
5.66E+0 1 
9.67E+O 1 
6.7%-03 
3.36E.tfl-l 

2.32E+00 

1.42E-04 
8.83Ef02 
l.O2E+OD 
4.55E+01 
3.861+02 
4.36E+Ol 
1.13E+02 
1.93E4fl2 
6.7EE-03 
6.72E+OI 

9.30E+02 

2.6QE+O 1 
3.20E-02 

2. D G E t O l  
4.64E+O0 
4.00E-01 

1.95E+OI 
3 ~ ROE-02 
1. HE-02 

8.OlE+Ol 

4.592t01 
7.40E-01 

6.62EfOl 
6.00€-02, 
4.66E+01 
4.59E+Ol 
7.471-02 
3.00E-01 
8,OOE-01 

e 

8 .  4aw00 

B 

8,70E+Q1 

8 .5 OE-t-0 0 

1.72€+01 
e 

l.ZSE+OZ 
3 ~ 24E+01 
1.34E+OI 
1.25ECOQ 
1.15E+00 
3 I agE+oi  

2.07Et02 

1.7OE+Q2 
1.72EtOl 

1.79E+02 
1. E 1E+QZ 
2.15E+Q 1 
1.25E+00 
1.15E+00 
7.78E+OL 

e 

6.29~+02 

9 ~ 16E+02 

1.85E+03 
I__ .......... .................. 

"Based on ref. 19. 

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

1 I 73E+Q3 

~ . Z ~ E + O I  
3.20E-02 
4.59E+01 
3.09E+O 1 
9.28E+OO 
4.00E-01 
1.70E+O1 
3.90E+Ol 
3. ROE-02 
1.13E-02 

1.95E+02 

9.19E+fl1 
7.40E-01 
3.69E+O2 
9.83E+01 
6.00s-02 
9.33Et01 
9.17E+01 
7.47E-02 
3.00E-01 
1.20E+00 

7.48E+02 

3.34E+02 
1.72EtDl 
5 .95Ef02  

3.22%+02 
4.4 7E+O 1 
1.25E+00 
1.15E+OO 
1.17E+02 

2 .  fiaE+w 

5.27E+06 

3.2HE+02 
6.14E+02 
3.64E+05 
1.78Ef06 
3.47E+01 
1.55E1-04 
1.18Ef03 
1.75E+04 

f 
l.ZlE+Ok 

2,19Et06 

8.33E+01 
1.45E+03 
7.OGE+05 
5.54Ef06 

f 
4.5431.03 
2,39E+04 
9.26E+06 

f 
f 

_- 

1.55E+Q7 

3.12E+02 
6.766 t D 6  
3.94E+O6 
2.44E+07 

1.22E+05 
f 

6.73E+08 
l.S6E+04 

1.7 a~+o4 

1.70ES03 

2 64E+03 

4.37E+03 

k.Z0E+O7 

5 ~ 97E+07 

6.50E+07 

2 General E l e c t r i c ,  BE;W = Bahcock ti Wilcox, CE = Cornbustion Engineering, aizd Wl3 = Westinghouse. 
Cihese pro jec t ions  cover t h e  time frame 1985-2035. The low case corresponds t o  the lowest volume 

expected; t h o  base case t u  t h e  most l i k e l y  volume, and t h e  high case t o  t h e  largost  volume expected. 

"Not  included i n  t h e  Low and base cases .  
fNot reported (information n o t  reported i n  r e f .  19). 

same mount  of  o c t i v i t y  i s  associated with each voltme p ro jac t ion  case .  
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Barnwe 11 Ac adcmi c 479 97 
Goverrmmt  3 , 2 8 3  40,332 
I n d u s t r i a l  8 , 1 0 9  31 ,232  
Medica l  111 10  
U t i l i t y  1 1 , 5 3 6  744,302 

23 I 518 815.974 

- _I- ~. . . . . . . 

B e a t t y  Academic 454 1 ,525  
Government 354 381 
I t i d u s t r i a l  10,493 50 ,970  
t f s d i c a l  3 4 4  370 
U t i l i t y  2 ,930  3 6 , 9 6 0  

1 4 , 5 7 5  90 ,206  

Richland Acadsmlc 322 102 
Goveraclent 8 4 2  67 
I n d u s t r i a l  7 , 1 7 3  1 7 ,  aaa 
Madl c a l  m a  18 
U t l l l t y  2 , 6 9 6  75 ,848  

1 1 , 2 7 1  93,923 
_ _  

aBased on ref 9 







Uranium mill tailings are the residual wastes of milled 
ore that remain after the uranium values hive been 
recovered. Mill tailings at licensed sites and those Lhar will 
be prohfuced to meet future uranium requirements art: 
‘Lccsmniercial” mill tailings, the suhjcct of this chapter. 
Tailings resulting from uranium milled for defense 
purposes are not included. E.xisting tailings at sites that are 
no longer licensed are classified as “iiiactive” nail! 
Inactive tailings are administered under the remedial action 
projects discussed in Chapter 5. 

Mill tailings are geraerated during the proces of 
extracting uranium from the ore fed to the mill. Uranium 
mills employ either an acid leach or an aikeline leach 
process to recover tiraniurn, dcpnding on the ore’s 
chemical characteristics. Cur~~itlgr, 97% of the U.S. 
milling capacity uses the acid leach pcoce,rs. Mill tailings 
frcJm both processes consist of slurries of sands and clay- 
like prtticles called slimes; the tailings slurries are pumped 
to tailing ~ ~ ~ ~ ~ ~ d m e ~ ~  p ~ d s  for disposal. 

US. uranium production from conventional milling 
has declined since 198% as a consequence, the quantity of 
mill tailings generated each year has declined (see 
Table S.1). 13uring 1992, two mills qxrated and generated 
tailing. The location of each of these mills is indicated in 
the map of Fig. 5.1, While no conventional mills remained 
operating in the United Stntes’,2at the end crf 1 ~ 2 ,  six 
mills wieh a total rated capacity of 13,380 t/d of ore were 
retained on standby status. ”Hhis small utilhtion of 1J.S. 
capacity can be attributed in large pait to nuclear power 
plant cancellations and deferments. Since the late 197Os, 
thew have led to lower uranium demand which, in turn, 
has contributed to lower uranium pr‘;ces and a steady 
decline in domestic uranium mining. In addition, c05t 
increases for domestic uranium mining and niilling have led 
to increased reliance on i m p b  o f  lower cust uranium. 

In recent years, 1J.S. uranium concentrate productim 
from conventional milling of ore has declined. The total. 
processing of ore at conventional mills in 1 

conventional mills in 1992 was about 570 9: U30,, about 
less than in 1891. mncentrate p“uct2iora from 

The skatus of the licensed mills, including their 
estimated commercial nod ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ r ~ ~ a ~ ~ ~ ~  lailings 
inventories at the end of lion, is show in Table 5.2 (data 
based on refs. 1-12). For each mill, rhs. anmunt of taings 
generated depmds OBI the amount of are pr~mssed, the 
ore-feed grade (U3Q8 may),  aiid the percentage of l.1308 
recovered. Table 5.3 licts thh: annual. rniEiing rate, ore 
grade, and U,Q, recovery. The awxiated mill tailings 
generat& through 1 % ~  a ~ c  189.6 x t (118.6 x en3 
The IXIEELA estimates’ thalO.% x IO6 t (1.52 x 10’ m 1 
of tmhrtgs were addcd to the tailings piles at operating mill 
sites during 1992. 

4 
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and Riarial with no nioic than 4 ha (10 acres) uncrmercd at 
acy one tiwe. 

I$c~ime the amoutit of nianium (by weight) extracted 
from the ore during iiiil!ing is relative@ small, thc dry 
weight of thc tailings produced is nearly equal to the dry 
we@ of the ore processed. Dry tailings typically are 
cornpwd of 90 to 80 wt % mad-sked particles and 20 to 
30 wt * 5  finer-sized particles, A d  Beaching is preferred 
for ores with ~ G N  lime content (12% or less), ‘hose with 
high lime content require excesive quantities of acid for 
neiatralkation and, for econrirnic ieawn5, are &st treated 
by alkaline leaching Tn either leach process, most of the 
uraniuni is diwched, together with the other materials 
present in thc ore (c.g., iron, aluminum, and other 
imparities). A k a  the ore is leached, the uranium-laden 
leach liquor k ternanred from the tailings solids by 
decantation. After thorough washing, the tailings are 
pumped as a slurry to a tailings pmd. The waste liquid 
accompanying the tailings solids to the disposal pond is 
approximately 1 to 1.5 times the weight of the procesed 
ore. Typical characteristics of the tailings solids and liquid 
are outlined in Table 5.4 (ref. 3). 

In August 1986, the EPA issued its final rules on 
7 T 7 ~ n  emissions from tailings piles.’ MIH wncrs have 
6 yaars (subject to cei tam extensions) to phase out the use 
of large existing tailings piles. New tailings piles must be 
contai~ed in small [i.c., less than 16 ha (40 acres)] 
irmrpoundmcratw or dispr~,aed of by continuous dewatering 

1. U.S. Eaepartweni of Energy, Energy Information Administiation, Foim EIA-$58, “~Jraaliim Industry CInraual SUIV&Y,” 
Washington, 1J.C. (19992). 

2. I J X  Idcprtmcnt of Energy, Energy Information Adminiskation, [J rmi im 8:&s&y Antmual 1992, DOE/ElA-0478(92), 
Washington7 1i.C. (October 1993). 

8. 1J.S. Environmental Protection Agency, “’National Eniision Standard foi Radon-227. Fmissions f roa Licensed I Jranium 
Mill Tailings,” Code of Federd Reguldom, 40 CFR Part 61, Sibpart 3M (Sepiemlxr 1986). 
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Table 5.1. Historical and projected volmm of 
uraniup mill tailings-b 

End of 
calendar year 

Volume 
(106 m3) 

Annual Cumulative 

Prior to 1978 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1388 
1989 
1990 
1991 

7.9 
9.1 
9.5 
8.2 
5.0 
3 . 4  
2.5 
1.0 
0.7 
0.8 
0.7 
0.7 
0.4 
0.4 

68.0 
75.8 
84.9 
94.4 

102.7 
107.7 
111.1 
113.6 
114.6 
115.4 
116.2 
116.9 
117.6 
118.0 
118.4 

1992 0.2 118.6 
1993 0.0 118.6 
1994 0.0 118.6 
1935 0.0 118.6 
1996 e0.1 118.6 
1337 co.1 118.7 
1398 co.1 118.7 
1999 <O.l 118.8 
2000 eo.1 118.8 
2001 co.1 118.9 
2002 0.1 118.9 
2003 0.3 113.2 
2004 0.3 119.5 
2005 0.5 120.0 

aProjections of domestic tailings are generated 
from estimates of U.S. uranium production under 
current market conditions described in ref. 3, which 
is the Lower Reference Case of ref. 4. 

Energy, Grand Junctian Project Office data files. 
lSl84-1992-Energy Infarmation Administration, 
Form EIA-858, "Uranium Industry Annual Survey." 

bSaurces: Prior to 1984-U.S. Department of 



Location 

Colorado 
Canon Ci ty  
L:r&vm 

Cot tes  
Umetco W;neza.Ls 

Shut down, 1987 Wood chi? covering 
Decomnissioctng ? a r t i a J y  s t a a i l i z e d  

Sub to ta l  

Xievr Mexico 
iJebn l l e t  a 
Church Rock 
Grants 
Grants 
Grants 
Marcpe z 

Subto ta l  

South Dakota 
Edgernont 

S&to ta l  

Texas 
F a l l s  C i ty  

!dobson 
Ray Point 

(Fe lder  
F a c i l i t y  j 

Subtozal 

Utah 
Blandlng 

La S a l  
Moab 
Hanksville 

Sohio Weshsn Mining 
LJnLterI Nuclear 
Anaconda 
Quiv i rd  MinAng 
IIomestake Minsng 
EJkum aesoLCces 

1,393 

I, 453g 
2,7238 
5,440g 
6,350 
3,0808 
1.820% 

Decomnissioned, 1986 h 
De c ormi s J ioned , 1 Y 86 h 
Decomnxssioned, 1987 P a s t i a l l y  s t a b i l i z e d  
Shut dorm, 1985 Fenced 
Decomnissioning Uns t a b i l i z e d  
N e i l  [on ziandby) Never opazateci 

Tennessee Valley 
Authority 

Continental  Oil/ 
Pioneer Nuclear 

R i o  Grande Resources 
Exxon 

Umetco/Energy Fuels 
Nuclear 

Rio Algorn 
A t l a s  
Plateau Resourcas 

5,350 

6808 

- 
0 

3,08Cs 

2,720 
1,0008 

- 
2,720 

1,810 

1,2708 
680 

910 

Decomissioned, 1983 P a r t i a l l y  s t a b i l i x e d  

Decomnissioned, 1981 h 

Deconrnissioning h .  
Decomissioned, 1973' StabibizedJ 

Shut down, 1990 P a r t i a l l y  s t a b i l i z e d  

Decomissioned h 
DecoImissioaang 'Lnstabil ized 
New (on s tancay)  Xever operated 

Sub to ta l  3.490 

81 
4 4  

325 
- 

73 
53 
193 
142 
105 

0 

602 

- 

50 

- 
50 

69 

101 
18 

- 
208 

135 

14 
> E O  
26 

2257 

- 

1.3 
5 . 9  

2.1 
9 . 5  

0 .3  
5 . 2  

7.2 

1.2 
2.0 
13.5 
18.8 
12.7 
0 

11.6 

1.8 
4.2 

21.7 
30.1 
20.5 

3 

5 .5  

0 
0 
8.0 
9.1 

10.4 
c 

4 8 . 3  

1.2 

- 
1 .2  

6.5 

3.9 
0.2 

- 
90.6 

1.9 

2.2 
5.0 
9 

1 0 . 1  

- 

77.2 

1.8 

- 
1.8 

10.5 

5.0 
0 . 4 k  

- 
16.6 

3.2 

3.5 
9.6 
C 

16 .3  

~ 

27.5 

1.5 

- 
1.5 

0 

0 
0 

- 
0 

0 

0 
5.4 
O 

5.4 

- 



T a b l e  5.2 (continued) 

Location 

Tutal tailings 
Tailings 

Bated Status storage Government 
capacit9 area Volumee Mass partionf 

Operator (t/d ore) opere t ionsb TailingsC (ha)d ( l o 6  m3) ( l o 6  t) ( l o 6  t) 

Washington 
Ford 
Wellpinit 

S u b t  o t a1 

Wyoming 
Gas Bills 
Gas Hills 
Jeffrey City 
Natrona 
Powder River 
Powder River 
Shirley Basin 
Shirley Basin 
Red Desert 

Sub total 

Dawn Mining 410 Shut down, 1982 
Western Nuclear 1,8108 Decomnissioned - 

410 

American Nuclear 860g 
Pathfinder 2,540g 
Western Nuclear 1,540g 

Exxon 2,900g 
Rocky Mountain Energy 1,8106 
Pathfinder 1,630 
Petrotomics 1,360g 

Umetco 1,2708 

Decomnissioned, 
DecMnaissioned 
Decomnissioned, 
Decomnissioned, 
Decomnissioned, 
Decomnissioned, 
Decomnissioned 
Decomnissioned, 

Wood chip covering 
h 

1988 Unstabilized 
Unstabilized 

1988 Interim stabilization 
1987 Unstabilized 
1984 Partially stabilized 
1987 Unstabilized 

1985 Unstabilized 
h 

43 
17 

60 

- 

52 
55 
34 
70 
8 1  
6 1  
94 
65 

1.8 
1 . 6  

3.4 

3 . 3  
6.6 
4.4 
4.6 
6.4 
2 . 7  
4.7 
3 . 9  

2.8 1.1 
2.6  0 

5.4 1.1 

- - 

5.3 1.9 
1 0 . 6  2.4 

7.3 1 . 9  
10.3 0 

4.3 0 
7 . 4  0 
6.3  0 . 7  

7.0 3.0 

Minerals Exploration/ 2,720 Shut down, May 1983 Partially stabilized 12 1 1.3  2 . 1  0 
Union Energy blining - - - - 

~ 

4,350 633 37.9 60.6 9.9 
BII I II - - 

1990 total for all sitasb~l*~n 18,320n h 118.6 1851.6 50.9' 

aData based on refs. 1-12. Note: subtotals and totals may not equal sum of components because of independent rounding. Ray Point, Texas 
(Pelder Facility), site was stabilized during 1987 by Exxon Corporation. 
from the Gmnd Junction Projecc Office and EIA files. The values shown include all tailings. 

BistaricaL data  are revised based on d e t a i l e d  study of milling data 

~FZOK~ refs, 1 ,  6, and IO.  slues rounded to nearest 10 t. 
'On kug. 15, 1996, E X  issued its final rules on 222Rn emissions f r o m  tailings piles. Hill owners have 6 pears (subject to certain 

extensions) to phase out the use of Large existing tailings piles. 
or disposed of co~tinuo~~sly by dewatering and burlal (i.e., no more than 4 ha are uncovered at any one time). 

New tailings p i l e s  may be contained in small impoundmants (less than 16 ha) 
See ref, 8.  

dFrom ref. 7 ;  1 ha = 13,000 m2 3r approximately 2 . 5  acres.  
"Calculated from reportart mass using density = 1.6 tlm3. 
f ~ r o r n  ref. 8 ,  ~ a b l o  8.0, 
gEstinrates provided are not i n c h d s d  in the total. 
%ot available. 
iFrm ref. 10. 
J F r m  r e f .  12. 
k ~ r o m  ref. 1:. 
IThese values are cimlatfve totals that may n o t  ecysb sum of components due to iadepandant rounding. 
mFroin ref. 1, 
nMills reported as permanently closed on Form EIA-858 for 1992. 
'Total at the end of governnent-contracted deliveries in 1970 (ref. 8 ) .  

T I I ~ S ~  tailings are from government contracts onby and are included in t h e  " ~ o t a l  tailings'* c o ~ m n .  
See column l a b s l ~ d  "Operations" under "Status" for reason. 

For annual t o t a l s  see Table 5 . 5 .  

This is not the same as decmmissionsd, according to inadsthy contacts. 
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'3O6 Ore procassed _^- ............. Tai l ings  genera ted  

End of MassC Grade from ore Productd Masse vo l n m e  f 
ca lendar  year  (lo6 t )  (Z U$8)  (Z) (lo3 t )  (106 t )  (106 m3) 

Recovery 

............... ................ ..................--I__ ................. -. II_ ........... 

P r i o r  t o  1978 a a g 6 108.8 68.0 
1978 12.5 0. 13/k 91 15.6 12.6 7.9 
1979 14.6 0.113 91 15.3 14.5 9.1 
1960 15.3 0.118 93 17.2 15.2 9.5 
1981 13.2 0.115 94 14.5 13.2 8.2 
1982 7.9 0.119 96 9.9 8.1 5.0 
1963 5.4 0.128 97 7.0 5 . 4  3.4 
1984 3.9 0.112 95 4.4 4 . 0  2.5 
1985 1.6 0.161 96 2.8 1.6 1.0 
1986 1.2 0.338 97 4.0 1.2 0.7 
1987 1.3 0.284 96 3.8 1.3 0.8 
1988 1.1 0.288 95 3.2 1.1 0.7 
1989 1.1 0.323 95 3.7 1.0 0.7 
1990 0.7 0.293 94 2.1 0.7 0.4 
1991 0.6 0.188 92 1.2 0.6 0.4 
1992 0.2 0.229 95 0.6 0.2 0.2 

_____ ~ 

Tota lh  189.6 118.6 
.................. ............ .- ............ ._ .................. _.l_ll ........... 

aSources: P r i o r  t o  1984-U.S. Departinont of Energy, Grand Junc t ion  Area OfEice d a t a  
f i l e s .  1984-1992-Energy Information Administration, Form EIA-858, "Uranium Indus t ry  
Annual Survey. " 

bThis t a b l e  has  been r ev i sed  based on a d e t a i l e d  s tudy  o f  a i l l i n g  d a t a  from t h e  
Grand Jtinction P ro jec t  Of f i ce  and EIA f i l e s .  The val.ues shown inc lude  a l l .  t a i l i n g s .  

'Before in-process inventory adjustments.  
k o n v e n t i o n a l  u308 concent ra te  product ion .  
*Includes adjustments t o  o re - f ed  i i m m n t s  f o r  annual m i l l  c i r c u i t  inventory  changes 

fCalcu la ted  assuming t h a t  t h e  average dens i ty  o f  t a i l i n g s  i s  1.6 t / m 3  (met r ic  t ons  

Q n t  a v a i h h l e .  
hTota ls  may n o t  equal s m  of components due t o  independent rounding. 

and uranium concent ra te  production. 

per  cuhic a e t e r ) .  
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Table 5 . 4 .  *ita1 cberacteristfcs of uraaita, m i l l .  tailingsa 
.___ I.--IiI-..- ..._ 

Tailings P a r t i c l e  s i z e  Chemical Radioactivity 
composition charac te r i s t ics  

.- -. ._... component (w) 
Sands 75 t o  500 SiO, with :I% complex s i l i c a t e s  0.004 t o  0.01% u30$ 

of A I ,  Fe, Mg, Ca, Na, K. Ss. 
Mn, Ni, Mo, Zn, U, and V; a lso  Acid loaching:c 
metal l ic  oxides 26 t o  100 pCi 22sRa/g; 

70 t o  600 pCi 230Th/g 

Slimes 

Liquids 

45 t o  75 Small amounts of Si02 but mostly 
very complex clay-like s i l i c a t e s  twice the concentra,tion 
of Na, Ca, Mn, Mg, Al, and Fe; present i n  the  sands 
a lso  metal l ic  oxides 

UgOd and 226X0 are  almost 

Acid leaching: 
150 t o  400 pCi 22%a1g; 

70 t o  600 pCi  230T11/g 

Acid leaching: Acid leaching: 

C1-, and dissolved so l ids  20 t o  7,500 pCi 226RalL; 
up t o  1% 

pH 1.2  t o  2.0.  Na', NH4'. S 0 4 - 2 ,  0 . 0 0 1  t o  0.01~ u 

2,000 t n  22,000 pC2 230Th/L 

d 

Alkaline leaching: Alkaline leaching: 
pH 10 t o  10.5; Cog-' and HCO-J-; 
dissolved so l ids  -10% 

Z O O  si 22%a/L* 
essent ia l ly  no 230m 
~insol r tb le )  

.._._.--I___ 

'Adapted from information i n  r e f .  9. 
bU308 content is higher for acid leaching than f o r  a lkal ine leaching. 
%.parate analyses of  sands and slimes from tha alkal ine leaching pracess are  not avai lable .  

However, t o t a l  226Xa and 230Th contents of up t o  600 pCi/g (oE each) have been reported fo r  the 
combined sands and slimes. 

dPar t ic le  s i z e  does not apply. 
is greater  i n  the alkal ine process. 

Up t o  70% of the l iqu id  may be recycled. Recycle poten t ia l  
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The ~ u ~ ~ ~ ~ ~ e ~ ~ a ~  god lof the M P R  @ E m  of 
~ n v ~ ~ o n ~ ~ n ~ ~  Rm4nralirm (L.QEF,hf-403 or simply 
EM-40) is to ensure that the aisb to the ~ ~ ~ i r o n m ~ ~ ~  and 
human health and safety pnscd by inacaive and surplus 
f:idrties and sites are either elamin;ated or reduced to 
prescribed, sift: Irvek t " ~  ctantain radioactive 
and chemically hazard nants iib a result of 
prewous activities condiicte 1: and its predecessor 

prescribed by applicable fccdcral, &tide, and local 
e n v ~ r ~ ~ ~ ~ ~ e n ~ a ~  statutes md r~~~~~~~~~ requiremznts, it is 
not limited to 1 e@&mrpr coanplr2mc~. 1X)31's paramount 
conccrn is ~ ~ ~ n ~ ~ ~ ~ ? ~ ~ ~ ~ ~  and ~~~~~~~~~~ human health and 
safety and protecting the ~ ~ ~ ~ r : ~ ~ ~ ~ ~ ~ ~ .  

')'he DOE ~ ~ ~ r Q ~ m ~ ~ ~ a ~  r~storetion program indudes 
a bias for actic:n ta e#.peditc actual cleanup wherever and 

iMe. lfmever, tnajcx actions ate currenlly 
being undertaken at only a limited rrundwea of sites because 
most sites are in the assessrneiit phasc to detcmine the 
nature and extent of c o n t a ~ ~ n ~ ~ l ~ ~ ~ ~  that must ke 
addressed. Closures and interim remedial actions ai e laeirig 
undertaken at several sites to atlrlrm mnae imra-rediate 
concerns and bring thcni into complranct= with fccleral and 
slate environmental laws and regulal iotas. Full remediation 
will follow assessment effods, and, after cleanup is 
completed, these sites will c,onbinur. to be monitored. 

~ n v ~ r ~ n ~ e n t a l  restnration elforis are procceding in 
lwrn major arcas.' remedial action (RA] and 
d e c o n t ~ i ~ i ~ ~ t ~ ~ ~ ~  and ~ & ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~  (D&D>. These 
activities include cleanup of Tacilntics and arms that 
s t i ~ i ~ r ~ e ~  defense-related nclinlies, such as nuclcar 
W W p o R  mcnt fabrication, and nondefense, ciwlran 
I N J C l t X  activitks, suck as the development of heat 
sources for the space program and the operation of small 
test reactors. 

IRA activities are concertxed with all aspects of the 
aSSd,ment and cleanup of inactive sites at which releases 
of radioactive arad chemically )samsdous substances have 
marred. These aalom are not only limited to thtnt: areas 
direct@ impacted by the release but also include adclilional 
areas to which contarninaNs rwy hwe migated (q., t n ~  
ground water). A number of DnF. inslallatioais arc the 
EVA National Priorities List. RA tasks include sile 

agencies, , ~ ~ t ~ o u ~ h  this goal ~~~~~~~~~~ all requi- I en1ents 

discovery, preliminary assessment, and site inspection; sire 
characterization, analysis of cleanup alternatives, and 
selection of rcmed5 cleanup m d  site closure; and site 
compliance monitoring. Akhough such activities may deal 
with storage tanks, buildings, and structwes, mcbt are 
concerned with contaminated environmental media such cis 

soil, sediment, and ground water. 
The principal regulatory requirements f o r  RA activities 

are derived from the Resource Consewation and Recuvuvergr 
Act (KCRA) and the Comprehensbe ~ n a i a o ~ ~ e ~ ~ ~ ~  
Response, Compensation, and Liability Act (Cl?Ri:I,A)- 
Activities may further be subject to requirements 
associated with cmnpliance with the Natioflai 
Environmental Policy Act (MEPA) as well as to additjrsnal 
regulatory requirements i m p d  by the states. Other 
requirements are set forth in various DOE Orders and 
standards and other guidanm documents. 

n&D activities are pirmariiy concerned with the 
safekeeping of surplus nuc1ezv fac es following shutdown 
and for either their ensuing decnntamination for reuse or 
their complete dismantlement. Such tasks include 
surveillance and maintenance, ~ s s e s s ~ e n t  and 
charat%erization, environmental review, engineering, spcilic 
D&D operations, and project closcout. Most X)&D 
activities are conceriied with facilities such as reactors, hot 
cells, prwessing plants, starage tanks, and other structures 
from which, in general, few releases to the environment 
have occurred. Approximately 500 contaminated facilities 
are currently included in the T7M-40 inventory for future 

of D&D activities are to 
cs and to eliminate any potential 

haTards to public health and the enaironment. 
D&D activities are carried out under the authority of 

the Atomic Energy Act (AEA) and with requirements set 
forth in various DOE Orders and standards and other 
guidance documents. In addition, the provisions of WGWA 
and CERCIA may apply also to those Cacilities from which 
there either has been a release or there is  a potentjal for 
release to the environment. State requirements may also 

in certain instances. Only those D&D activities at 
es transferred to the Ofice of ~ ~ n ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ a ~  

Restoration and Waste Management (F 
in this chapter. Kecently, EM- 1 was renamed the Oflice of 
Environmental Management. ' h i s  madificarion will be 
incorporaled in all sections of future updates of this report. 
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Q 2.1 Saxtkiwrstrrn Awa P i q p m s  

llie Sou;hwm?ern Arm Yrogiams include all X:M-40 
actliuities mariagzd through the DOE Nevada aild 
.4lbuqucrque operations offlcea, the Grand Junction 
Projects C)tficz, and the Rocky Nats Office. Activities 
rnanagcd by the Nevada Oprltions Office include 
remediation of a n u m k i  of locations at the Ncvada Test 
Site (NTS) and at off-sitc; areas where nuclear tests have 

beer, conducted. Efixronnental restoration nctiwties at 
N 1's EIVO~VC c l ~ a i ~ p  of areas of coptarnination from 
ahria? giodild and rinderground nuclear weapons testing. 
Off-site Icxatinns include Amchstka Island, Nasks; the 
Xso Mlanco and Ruiison Test stes m Colorado; :he Gnome 
and Gasbuggy Test sitcs m New Medco; the Salmon Test 

i; and the Shoal and Central Nwada 'rest 
vtcs in N c r ~ d a  

The A l b q u e r q x  Operattons Office actiwties are 
rmnaged, as five separate propts.  I3:rvironmeatal 
restct ailm activities at the Albuqucrcpe Laboratories 
poject i r , c i w k  remedial x?ons at the South Valley 
Supel fund Sntc, Sandna Natnsnal hbratories-Nesy Mexico 
(rekrred to in thas r e p i t  as SNIA), ?AX Alanms National 

), and the Inhalation '1oxncology 
'IRtaa)? all of which aie located in New 

Mrcco, and at Sandra National IaboTaion~.s-@a9n~oin~a 
(refeiicd ;a in this report as SMLL). These Iaboiatorles 
se-c vised f ~ h  variniis defense-related R&D activities. 
Enwionmcntal restoration activitses at Nbuqueiquc 
Produ~tnori Fmlities include rcmcclaA actions at the 
Pantex, Kansas City, Pimdias, m d  Mound plants These 
plants, vdwh dde located in Texas, Misour,, Florida, and 
Ohio, respectively, were used m the pioductioo. of nuclear 
rnatcrvals for  defense actiwties 

The Albuquerque Opiatiuns Oiflce 1s icSPiXibk also 
for implementing the Uranium Mill 'kailiirgs Remedial 
Action Project (UMTRAP), which was authorbed tn 1978, 
and wolves the siabiltmtron and control of (a) 24 mactwc 
uranium-procesing w es and associated winiigi properties 
laated in 10 states 2nd 4 Inaran i~" .~at ions  and 
(b) vicinity pmpertm ~ S S O C  atcd w t h  the Edgemont, South 
DzCqla, irractavc ilrannim mill, which 1s CUI icntly owned by 
the Icnnasee Valley Authortry (see 1 ig. 6.2j All of the 
sites are located in the western Unitcd States, except for 
one in Canonslmrg Pennsylvania. Currently, two 
A b u q u e r q x  progccts oversee w ~ r k  for IJM IUM: 
UI aiiium Mill 'IBilnng Remedial Actinn (UMTRA) Surface 
and UMTWA Ground-Watei Assessment and 
Remrdratinn. Iiemcdral acilclns have ken completed at 
10 sites undcr thc UMTR4 Surface Project. 

'The fifth ~ K J J ~ C ~  inanaged by the Albuquerque 
C?pcratrons Office ronsirts of hlro sites being rei~iediated by 
the Grand Junctrsn Projects Office This pi ojects office IS 

i c s p n s h k  for d i t  ecir lag R.4 activities for tailings 
reincdration and for surface and giouiid-w:iter cleanup at 
tb? Monticeico Mill 'I?ailingr Site in Utah and the Gini-rd 
Juni;~m PiojCcts Office Site IM Colorado. 

The %cky Flats Plant (KFP) in CeaBoa-ado was 
forwcriy a nuclear weapons manufacturing facility; the 
ms ion  of this facility is currently environmcntal restoration 
and waste management Storage and dapsa l  of 
bmrdous, redinactivc, and nuied wastes occurred on-site 
iii the past when the faalaty was o,mrational. Off-- bite areas 
that inay rcquirc remediation includc two rcsGIvom and 
surrounding land arms. These arcas inay have received 
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already been remediated (sce Fig. 6.3). Most W S W  
sites are in the onsbern half of the countiy. 

'Ihe Oak Ridge Operations Office also manages 
environmentaai restoration activities k i n g  conducted by the 
Weldon Spring Sitc Office. This site office is responsible 
for the cleanup of a former uranium processing plant in 
Misso~ i .  Environmental restoration acthities at this site 
iI9CiUde the DPrD of the chemical plant processing 
buildings, remedial action of the raffinate pits and quarry, 
restoration of contaminated vdcinity properties, construction 
and operation of two water treatment plants and waste- 
processing facilities, and d i s p l  of all waste generated by 

The Savannah River Operations Offce manages 
environment& restora:ion at the Savannah River SYc 
(SRS) in South Caiolina. The site's nuclear prhxlillCtk3n 
reactors have m t  operated since 19%; much of the site's 
airrent mission is errvirnPimental restoration and waste. 
management. Its historical mission of producing nuclear 
inatcrials for defense p u r p e s  has resulted in the 
generation of a significant qnantiPf of iadioactive, 
har~rdrsl~s ,  and mixed wastes, which were disposed of 
on J t e .  Soil and groundwater contamination has resulted 
from contaminants migrating from seepage and settling 
basins, iiniincd disposal pits, waste piles, burial grounds, 
and underground storage tanks. IP&D activities are 
currently unde: w8y at several reactor arcas; remedial 
action activities arc ongoing at burial grounds, tarah, pits, 
basins, and areas having ground-water contamination. 

' h e  Fernald Field Ofice is responsible for 
implementing the Pernald Environmental Management 
Project (FEMP> in Ohio. This site was the location of the 
forrnner Feed Materials Breductian Center, whose mission 
was to produce feed materials (principally uranium) for 
nuclean reactor fuel as pasnit of thc nation's defense 
program. The mission of this project is nrm cmrironrnental 
restixation and waste managmen:, Previoais activities a t  
this site resulted in the contamination of structures, soil, 
surface v ~ ~ t e r ,  and ground water. The major  ont tam in ants 
are generally uranium arid radium. 

site c!eanaap activities. 

The v~lumes  and types of wastes a~~a7ciatcd with DOE 
environmerrtal restoration aclivities arc a direct result of 
the i emedy chosen Waste asraciated witti remediation of 
contaminated environmental media would occur only when 
such media are exbumcd. For &xample, no waste would be 
produced at  a site for whirhi an in situ remedy was 
selected, sanch as capping an area containing copbminated 
sod. If a minimal remedial. action were selected 
(e.g.> pumping and treating a small packet of contaminated 
groimd water fuliosued by construction of lateral barriers to 
minimize future naigratbn), the site would have relatively 
small waskc vo~umcs. Howevei, if large volumes of 
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O R N L  DWG 94-6752 

\I 1,sou I< I 5 IIES 
b '7 L ~ t y  A\c'nuc Propcriic\, Ha7clwootl 
f ^  SI L,wi\ 4irporr Site. St Loui\ 

* St  L o u i \  Airporr Sile \'icinity Propmi?\, SI. Loui \  
st L ( I U l 5  Dowillown Sm, SI. Lour\ 

7 H'nyric Inrcrim Stornse Sire. WaynePequniiiiock 
I I iJJ ls\ex Sdmpliiis Plait, MiddIe\ex 
Kew Bruri\wick Site, New Brun,wick 
Du?tont X. Coinpany. Deepwnler 

Niagni,i Fall5 Sror;lse Sire, Lewi\ton 

A\IAtiid 1. T o m w , d a  
A\hlAnd 2 .  1uIl'lw'~nd'I 

CO1IPLE'I'ED SITES 
Acid/l'ueblo C'inyon, LO\ Al:mos, NM 
Alhany Rewearc11 Center, Albdiiy, OR 
Bayo C'iiiSon, Los Almds,  NM 
Cliupadcra Me\& White Sand5 Mi\\ile Range, NM 
E17a Gate Sire, Onk Ridge, TN 
Kellex/Picrpont, Jersey City, NJ 
Middksex Municipdl Laiidlili, Middlesex, N! 
h'nrional G u . d  Armory, Clncngu, IL 
Niagma Fdl> Storage Sire Vicinity Prop., Lcwi>ton. NY 
Seymour Speciairy \ V i r ,  Scyrnour, CT 
Cni~ersiry of C;ilifoniid, Berkeley, CA 
L'nrver\ity oi Ctiic~go, Chrcazo, IL 

AI)I)I'~IOSA I ,  S I'I'ES 
NEW YOKK sIT1:s 

M:ldl\oll SltC, Madl\oIl. 1L 
Oxford Sire, OxtorJ. Oh 
Paiii\cville Site, P a i n w  i l k ,  OH 

Spnngtlale Sire. Spriiigdak, PA 
V m w n  Corporatim. Beceiiy. M A  

Aliquippa Forge, Aliquippa, PA 
USrT Meraia, Cdurrihus, OH 
5,iker Bros., Toled,),, OH 
Ch:ipn!m Vnlie, hidim Orchard. M A  
GeiierA Motors, Adriali, M i  
Grmite City S!eel, Granite City, IL 
LuLkry Sire, Luckey, OH 

+ ' Co~viiic 1ii1ciun Storage Site, Coionle 

* Shpdck LniiJtill, Nomil M A  

B&L Stei.1, Bbllnlo 
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b<,N\*'1HONMENTAI, RESTORATION WASTES 
(RADIOACTIVELY CON'I:4iWINATED SOILS) 

OMNL DWG 93-10817 

WASTE 
CLASS 

........ -. ..... 

lle(2) BY-PRSODUCT 
LOW-LEVEL 
MIXED ile(2) BY-PRODUCT 
MIXED LOW-LEVEL 
'TRANSURANIC 

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

TO'W L 

CUBIC 
ME a'ER§ 



Table 6.1. Estimated volunes of radioactively contdnated aoils associated w i t h  emriroumntal restoration projectsa*b 

Waste volume. m3 

lle(2) Mixed l l e (2)  
Environmental restoration program LLW Mixed LLW by-productc by-product mU wasted Total 

Southreatern Area P r o g r m ~ ~  
Albuquerque Laboratories 

Inhalation Toxicology Research 9,000 9,000 
Institute 

Los A l m s  National Laboratory 8,300,000 1,200,000 93,000 9,600,000 
Sandia National Laboratories- 15,000 52,000 67,000 
Albuquerquo 

Livemore 
Sandia National Laboratory- 0 

South Valley Superfund Site 0 

Kansas City Plant 0 
Mound Plant 150,000 
Pantex Plant 0 
Pinellas Plant 0 

Albuquerque Production Facilities 

Grand Junction Projects Office 
Grand Junction Projects Office Site 
Monticello Remedial Action Projecte 

Nevada Test Site 14,000,000 
Nevada off-site locationsf 30,000 

Rocky Flats Plant 270,000 
32,000,000 Uranium Mill Tailings Ramedial 

35,000 
2,200,000 

Nevada Operations Office 

Action Projectg 

140,000 17,000 

35,000 
2,200,000 

47 

14,000,000 460 

18,000 250,000 
9,500 21,000 

32,000,000 

Southwestern Area total 

llorthwestern Area Progr- 
Battalle Columbus Laboratories 
Chicago Laboratories 

Ames Laboratory 
Argonne National Laboratory-East 
Argonne National Laboratory-West 
Brookhaven National Laboratory 
Hallam Site 
Piqua Site 
Princeton Plasma Physics Laboratory 
Reactive Metals, Inc., Site 
Separations Process Research Unit 
Site A/Plot Mh 

Hanford Sitei 
Idaho National Engineering Laboratory 

22,000,000 1,500,000 34,000,000 

640 

360 
8,700 

1 
23,000 

24,000 
14,000 
4,500 

3,100,000 
280,000 

240 
19,000 

3,400 

3,500 

500 
760,000 
200,000 

47 58,000,000 93,000 

390 1,000 

60 0 
21 27,000 

1 
26,000 

0 
0 
0 

27,000 
14,000 
5,000 

3,900,000 
170,000 660,000 
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ahtimated as of September 3 0 ,  1993. Includes contaminated soil, sediment, and sludge. Blank entries mean there are no radioactively 
contaminated soils for the indicated waste class. 

bThese volume estimates represent the quantity of in-piace contaminated materials; the waste volumes resulting from remedial action 
activities may he larger or smaller depending on the selscted remedy and treatment technology utilized. 
remedial actions such as capping, monitoring, and certain in situ remedies will be quite small. 
updated as site characterization activities proceed. 
significant figure. 

Waste volumes resulting from minimal 
All values are preliminary and are being 

Values are given to two significant figures unless information was reported to only one 
Some totaLs may not equal sum of components due to independent rounding. 

CBy-product material as defined in Section Ile(21 of the Atomic Energy Act of 1954 (P.L. 83-703). as amended. 
dASl TRU wastes are considered to be mixed wastes, consistent with the DOE approach for complying with the Federal Facility Compliance 

"Includes contaminated debris, which will be managed in the same manner as contaminated soil. 
fConsists of Amchitka Island, Alaska; the Rio Blanco and Rulison Test sites in Colorado; the Gnome and Gasbuggy Test sites in New Mexico; 

gEstimated as of December 31, 1991. 
hEstamate is very preliminary and includes contaminated debris. 
iDoes not include contaminated soil at the 200 Area of the Hanford Site, which is currently planned to be capped in place. 

JIncludes contaminated areas in the vicinity of Oak Ridge, Tennessee, beyond the boundaries of the Y-12 Plant, the K-25 Site, and Oek 

Act. 

the Salmon Test Site in Mississippi; and the Shoal and Central Nevada Test sites in Nevada. 

A small 
percentage of the radioactively contaminated soil at the Banford Site nay be TRU waste. 

Ridge National Laboratory. 



T a b l e  5.2. E s t h t e d  voluawts of radioactively c a t a m i n a t d  deb r i s  associated wit& eavirmmemlal resteration pro jec t sa  e b  

Waste volume, m3 

lle(2) Mixed l l e ( 2 )  
LLW Mixed LLW by-produc tC by-product TRU waste' To ta l  Environmental r e s t o r a t i o n  program 

3outhstern Area Progrllms 
ALbuquerque Laboratories 

Inha la t ion  Toxicology Research 

Los Alamos Hational Laboratory 
Sandia National tabora tor ies -  

Sandia National Laboratories- 

South Valley Superfund S i t e  
Albuquerque Production F a c i l i t i e s  

Kansas City  P lan t  
Mound Plan t  
Pantex P lan t  
P ine l l a s  ? l an t  

Grand Junction Pro jec ts  Of f i ce  S i t e  
Monticello Remedial Action Projecte 

Nevada Test S i t a  
Nevada o f f - s i t e  loca=ionsf 

Rocky F l a t s  P lan t  
Uranium M i l l  Ta i l ings  Remedial 

Action Pro jec tg  

Ins  ti t u t e  

Albuquerque 

Livermore 

Grand Junction Pro jec ts  Of f i ce  

Nevada Operations Cff ice  

Southwestern Area t o t a l  

44  4 4  

9,800 
2,600 

1,600 lf.000 
2,600 

0 

0 

0 
2s. c30 

0 
0 

28,000 

2,100 38 2,200 
0 

3,800 290 4,100 
0 
3 

1ao,003 110,000 

110,000 44,000 1,900 38 160,000 

Borthrestern Axea Programs 
B a t t e l l e  Columbus Laboratories 
Chicago Laboratories 

Ames Laboratory 
Argonne National Laboratory-East 
Argonne National Laboratory+est 
Brookhaven National Laboratory 
Hallam S i t e  
Piqua S i t e  
Princeton Plasma Physics Laborato-rj 
Reactive Metals, Inc . ,  S i t e  
Separations Process Research Unit 
S i t e  A/Plot Mh 

Banford S i t e 1  
Idaho National Engineering Laboratory 

4,200 

110 
4, OGO 
150 
33 

24 4.300 

3 
120.000 

110 
130,000 

150 
400 

0 
0 
0 

5,100 
36 1,500 

0 
2,5OOI00O 

25,000 

190 

6.9 360 

5,000 
1,400 

2,300,000 
23,000 

99 
1 .6  

120,000 
2.700 



Waste volume, m3 

Environmental r a s to ra t ion  program 
lle(2) Mixed. Ile(2) 

Lih’ Mixed LLW by-productc by-product TRU wasted To ta l  

Oakland Operations Off ice  
General Atomic S i t e  
General E l e c t r i c  Val leci tos  Nuclear 

Laboratory for Energy-Related Realth 

Lawrence Berkeley Laboratory 
Lawrence Livermore National Laboratory 
Senta Susana F ie ld  Laboratory 
Stanford Linear Accelerator Center 

Center 

Research 

Northwestern Area t o t a l  

Eastern Area Prograss 
Fernald Environmental Management Project  
Formerly Ut i l i zed  S i t e s  Remedial 

Action Project  
Missouri s i tes 
New Jersey si tes 
New York s i t e s  
Other s i t e s  

Oak Ridge Laboratories and Production 
F a c i l i t i e s  

K-25 S i t e  
Oak Ridge National Laboratory 
Osk Ridge Reservation ( o f f - s i t e ) j  
Paducah Gaseous Diffusion PLant 
Portsmouth Gaseous Diffusion Plant  
Y-12 Plant  

Savannah River S i t e  
Weldon Spring S i t e  Remedial Action 

Pro j ec t 

Eastern Area t o t a l  

Grand t o t  si 

730 
24 

390 

1.000 

2,400,000 

300,000 

130 
6 

5,100 
690 

26.000 
11,000 

34,000 
160 
40 

180,000 

2,600,000 

29 

4.2 
35 
20 

240,009 

8 4 , 0 0 0  

110 

1,200 

13,000 

530 
670 

150,000 

340,000 

17, 000 
65 

11,300 

120,000 

150,000 

260,000 

1,300 

1 ,300  

2,300 

39 

270 

270 

750 
24 

390 

4 . 2  
35 

1,100 
0 

2,600,000 

190,000 

17,000 
71 

15,000 
690 

26,030 

C 
13, OOC 
3 4 ,  000 

690 
710 

120,000 

12,000 

270 430.000 

540 3,200, ooe 



aEstimated as of September 30, 1993. Includes cantaminated metal, conciate, brick, wood, acd other similar materials. Blank entries 

%nese volme es-uiroates represent z h ~  quantity of in-place contaminated mazerials; the waste volumes rasulting from remedial action 
mean thsze are no radioactively contaminated debris for :ha indicaeed waste class. 

activities may be larger or smaller depending on the selected remedy and treatment technology utilized. Waste volumes resulting from minimal 
remedial actions such as capping. monitoring, and certain in situ remedies will be quite s m a l l .  A11 values are preliminary and are being 
updated as site characterization activities proceed. A l l  values are given to two significant figures unless information was reported to only 
one significant figure. Some totals may nst eyai sum of components due to independent rounding. 

'Sy-producc material as defined in Section lle(Z3 of the Atomic Energy Acz of 1954 !P,L. 83-7031, as mended. 
dAll WJ 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 -uhe same mariner as contaminated soil. The volume of debris associated with remediation of -uhe 

fConsists of Amchitka Island, Alaska; the Rio Blanco and Rulison Test sites in Colorado; the Gnome and Gasbuggy Test sites in New Mexico; 

8Estimated as of December 31 ,  1991. 
kontaminated debris volume is included with the contaminated soil volume given in Table 6.1. 
ifi small percentage of the radioactively contaminated debris at the Hanford Site may be TXU waste. 
jIncludes contaminated areas in t h e  vicinity of Oak Ridge, Tennessee, beyond the boundaries of the Y-12 Plant, the K-25 Site, and Oak 

Act. 

Mon-uicellu Uranium Miil Tailings Sits and vicinity properties is included with the contaminated soil VOPU~O given in Table 6.1. 

the Salmon Test Site in Mississippi; and the Shoal and Central Nevada Test sites in Nevada. 

Ridge National Laboratory. 







7. COMMERCIAL, DECOMMISSIONING WASITS 

7.1 WIRODUCIION 

At the end of their useful life, commercial nuclear 
facilities must be shut down and decommissioned. A 
schedule of historical and projected commercial LWR 
shutdowns, based on refs. 1 and 2, is given in Table 7.1. 
The projected volume, radioactivity, and thermal power of 
various types of waste generated from future commercial 
p e r  LWR decommissioning activities are reported in 
Table 7.2 ll~ese waste projections are in addition to those 
previously reported in Chapter 4 (for UW) and in 
Chapter 6 (for environmental restoration activities). This 
approacb is taken mainly because the timing associated 
with future decontamination and decommissioning (D&D) 
activities at commercial power reactor sites is uncertain. 
The projected waste data shown in Table 7.2 are based on 
the projected LWR shutdown schedule given in Table 7.1 
and deconmksioning waste source terms developed from 
refs. 3-9. These projections also assume a 4-year period 
for decommissioning, beginning 2 years after reactor 
shutdown to allow sufficient preparation time for D&D 
operations. It is further assumed that the D&D wastes will 
be sent to disposal sites in four equal volumes during the 
4 years of facility decommissioning. The power reactor 
shutdown schedule presented in Table 7.1 is based on 
utility estimates of reactor lifetimes. Actual 
decommissioning schedules may be significantly different 
from those indicated in this report if any of the following 
are implemented: 

reactors are upgraded to extend their operating 
lifetimes, 
significant radioactivity decay time is allowed before 
decommissioning operations begin, or 
the last core of spent fuel is required to remain on 
site for a minimum period (possibly several years) 
prior to shipment. 

Estimates of wastes from decommissioning reference 
commercial LWRS and supporting fuel cycle facilities (e, 
uranium conversion, enrichment, and fuel fabrication) are 
given in Table 7.3 (data from refs. 3-12). Most of these 
estimates assume a 40-year facilityqerating life. (In 
practice, the operating lifetime can vary significantly, 
depending on the extent to which facility equipment is 

periodically upgraded or retrofitted.) Not shown in this 
table are the radioactive wastes that will result from the 
decommissioning of r-ch, training, and test rea~tms.~" 
Hawever, the total volumes of tbe& wastes ate not 
expected to be significant because such reactors are much 
smaller than commercial puwer reactors. 

7.2 WAsne QIARACZERIZATION 

The LWR decommissioning radioactive wastes can be 
grouped into three major categories'' (I) neutron- 
activated wastes, (2) contaminated wastes, and 
(3) miscellaneous radioactive wastes. 

Neutron-activated materials generally include the 
reactor vessel and its internal components (e.&, core 
support assemblies and control-rod guide tubes) and the 
inner portion of the biological shield. Contaminated 
materials include much of the piping and equipment in the 
reactor mtainment, fuel-handling, and auxikuy control 
buildings. In addition, some of the concreb surfaces of 
these buildings are expeaed to be radioactive and will 
require removal. The miscellaneous radkmaive waste 
category consists of a small, but significant, group of 
materials that includes both %etY' and "dry" solid wastes. 
Wet radioactive wastes result from the pKlcesdag of 
chemical decontamination solutions and contaminated 
water. These wasta include spent ionexcbange resins, 
cartridge filters, and evaporator and concentrator bottoms. 
Dry radioactive wastes include discarded contaminated 
items, such as rags and w i p ,  took, and ptotective 
clothing. Many reactor items with surface contarmaa ' tion 
can be decontaminated,ls rendering most of the material 
nonradioactive and producing a smaller, more concentrated 
volume of waste containing the radioactivity. Waste 
decontamination requires the appropriate technology and 
a defined level of radioactivity which tbe contamination 
level is acceptable. Establishing such criteria is complicated 
because there are varying levels of natural radioactivity. 
Minimum regulatoxy levels have already been clefbed in 
Europe;" the EPA, which has responsibility for defhing 
such levels in the United States, began a review of criteria 
in 1984. Currently, the NRC handles requaits to dcclart 
a waste below regulatory concern on a case-by-case baair. 
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Mayid ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ g  involves cost trade-of& between 
the costs of storage with delayed decommi~ion~ng versus 
the higher casts resulting f m n  the higher radiation levels 
assrxiafed with rapid ~ e ~ ~ m ~ ~ ~ ~ ~ n i n g . ~  ‘fierefore, the 
start of actual ~ e c ~ m ~ ~ ~ i o n ~ n g  may be much later than 
the ~~~~~~~~~ date io alkxv plant radiation levels to decay 
to lower lewls. Another ~ ~ ~ d e r a ~ ~ c 9 n  is that the last core 
of discharged spent fuel may need to remain at the reactor 
site for at least 5 pars  prior to shipment. Table 7.7 shows 
the effect5 of various ~ e ~ m m ~ i o n i n ~  alternatives on the 
volumes and radioactivities of D&D wastes from a 

WR”’ and a reference ~ ~ t . 6 ~   or cases 
ferrcd D&D activities, it is evident that both 

the oolurncs and activities of wastes significantly decline 
after a safe storage peritxl (if 58 years. 

PNB, is updating its earlier analysis of LWK 
~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ i ~ ~ o n ~ ~ ~  casts and waste projections (documented 
in refs. 3 4 1 .  This updated nnalysis is being performed for 
the NRC and wtl he completed eariy next year. 
Infcmnation garnered from thc updated CWR D&D study 
will be aised In dleve,elop IIW decomniissicioning ‘waste source 
ternis and to rev& “ab‘ables 7.2 and 7.7 in hiture editions of 

kwentories and p ~ j e ~ t i o n s  of wastes from three 
major DOE ~~~~~~~s~~~~~~~ programs are summarized in 
‘I’alAes 7.8, 7.9, and 7.10 (data from refs. 27-29). 
‘r’;able 7.8 lists waste inventory and projection data for 
crmpleted ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~  activities at the Shippingport 
Staiioa ~ e ~ . ~ ~ ~ ~ ~ ~ ~ ~ n i ~ g  Project, site of Ihe first domestic 
crmmcrcial puwca: reactor. The facility was shut down in 
1982, and physical ~ ~ s ~ i a ~ ~ ~ ~ ~ g  kegan in September 1985. 
13urinrg April 1989, the d c c ~ ~ ~ ~ ~ i o n e d  reactor pressure 
vcs,wi from the ~ ~ ~ ~ ~ p ~ ~ g ~ r ~  Station was received for 
disp”s”pI at the ITaaiford Sire after an e water 
joornq. The pressure vessel was the la reactor 
conipauent to be shipped from the facility. Shippingport 
[ ~ ~ ~ ( ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~  activities were completed in 1 9 ~ r 0 . ~  

‘UMe 7.9 ( d m  from ref. 2.8) pres 
the Wcst Valley lkmonstration Project 
R coanancrcia! fuel rcp~isccssing facitily. Since startup of the 
project in 1 9 Q  mere then 70% of the cell surface areas of 
tlse iiaaisinal prcccss lsuildiag have been decontaminated 

t h i s  report. 

and released f i x  project reuse, 
1 ~ ~ ~ ~ ~ ~ ~ ~ ~ s  and psr3jjections of W&SteS from 

~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ a ~ ~ ~ ~ ~  activities at the damaged Three Mile 
XsBmrl-Up-rit 2 (TM-2) reactor are summarized in 
TabRe 7-10. WenmvaI of core debris from the damaged 
rcacbor; was bepail in January 19% and was completed in 
April 19tN. This  r ~ ~ l t e d  in the shipnicnt of 155.9 t of 
care debris to INEL for ItBD testing and storage. TMT-2 
is ciarrenatiy scheduled to have Post Defueling Monitored 
Stcjrztgs: (PDMS) preparation activities completed by the 
errd of IW3. ~ ~ ~ ~ ~ ~ ~ ~ n e n ~ ~ t ~ o ~  of PDMS activities will 
require WKC npprm~tl of a submitted licensing change 

~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~  waste projectiom are k i n g  
compiled on several other reactors and a fuel fabrication 

re.querit.29 

plant. The reactors include Dresden-Unit 1, La Crosse, 
Saxton, IIumboldt Hay-Unit 3, Rancho Seco, Fort St. 
Vrain, Pathfinder, Shoreham, Indian Point-Unit I, 
Yankee Rwe, and San Onofre-Unit 1. 

The Commonwealth Fxlison @ampany has h u e d  a 
decommissioning plan and environmental 
Dresden-Unit 1 nuclear p e r  station. 
Edison plans to decornmission this reactor by first placing 
the facility in a SAFSTOR condition until Dresden-Units 
2 and 3 are ready for decommissioning. 11 an extended-life 
program for Units 2 and 3 is not inilialed, all three 
Dresden units will be decommissioned by dismantling, 
beginning in 2017. A summary of projected radioactive 
materials from the SAFSTOR dammnksionhg of the 
Dresden-Unit 1 station is given in Table 7.11 (data from 
refs. 30 and 31). 

Ihe Lct Crcme HWR was shut down in 1987 and 
placed in SAFSTOR in 1988. Current plans are to 
dismantle the reaclor after a SAFSI‘( ItP period of 25 years. 
Projected volumes and associated activities of annual waste 
shipments from this reactor during this priiorl are given in 
’Table 7.12 (data from ref. 32). 

The Saxfon Nuclear Fxprirnental Reactor is a 
3-MW(e) PWR that was placed in SAtd’K’OEP following its 
shutdown in 1972. Work on d i s ~ a ~ t ~ i n ~  the reactor site 
(DECBN) started in 1986. To date, decontamination of 
the control room and radwaste buildrng has k e n  
completed. The reactor containment building is not 
scheduled for dismantling u n d  the mid-l99%. A summary 
of projected waste characteristics from ~ i s ~ ~ ~ ~ ~ ~ n g  the 
Saxton site is provided in Table 7.13 (data €ram ref. 33). 

Projections of wastes from ~ e c o n ~ m i s s ~ o n i ~ ~  the 
65-MW(e) IIumboldl Bay-Unit 3 WR arc reported in 
Table 7.14 (data from ref. 34). Proyxtions for the 
IIumboldt Hay RWR include wastes from completely 
dismantling the reactor f o ~ ~ ~ ~ ~ ~  a SAFSE’OR period of 30 
years [Le-, SAFSTBR with delayed DEGON). 

was shut down in 1989. Table 7.15 (data from ref. 35) lists 
projected volumes of wastes rrom the ~ ~ ~ ~ n ~ ~ e ~ e n ~  of 
this reactor following a SAFSTOR perid of about 7,o 
years. 

In August 1989, the 330-MW(e) Fork St. Vrain 
IITGR was shut down to replace an inoperable control 
rod. During this forced outage, stress cracking of the feed- 
water ring headers to the steam generators was noted and 
thus resulted in a decision to pcmianently cease reactor 
operations. The i>I!C:ON option was selected as the mode 
of decommissioning. During 1991 and 1992, early 
dismantling of certain systems and components and 
defueling of the reactor were performed pending issuance 
of the decommissioning order. In August 1992, a team 
headed by Westinghouse was selected to perform 
decommissioning and assume early dismantlement 
responsibilities. later that year, the NRC issued the Fort 
St. Vrain Decommissioning Order, which became effective 
on December 7, 1992. Projeclions of wastes from 

‘Pae Rancho Seco reactor is a 918- 
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DECON of the Fort St. Wain reactnr are reported in 
Table 7.16 (data from refs. 36 and 37). Actual inventories 
of wastes disposal from D&D activities through 1992 are 
reyxxted in Table 7.17 (data from ref. 38). 

The 40-MW(e) Peach Bottom-Unit 1 PTIG R was 
shut down in 1974 and placed in SAFSTOR. To put the 
reactor in this n i d e  of decommissioning, 490 containers of 
solid radioactive waste were packaged and shipped. This 
solid waste reprcsented a total volume of nearly 400 m3 
and an actiwtjr level of 386) Ci. In addition, a b u t  1.14 m3 
(380 gal) of liquid waste, consisting of contaniinated 011, 

were processed or mlic'nified?9 
'lke 66-MWle) PPthfinder B W  was placed in the 

SAFSTOK mode foAlowisag its shutdnwn in 1967. Work on 
disrnalatlrng the reactor (PJE(:ON) began in July 1990. 
Tlsc scope of this phase of decommissioning includes the 
reactor building, the fuel-handling building, thc fuel 
transfer tube and vault, and the surrounding areas. By 
May 1991, m a t  of the piping, pumps, tanks, wiring, 
ventilation, and miscellaneous systems were removed and 
disposed of. 'he  reactor vessel was lifted out of 
containment in May 1991. Iater that year, the 
decommisioning team shipped the vessel via rail to a 
commercial LLW disposal site near Richland, Washington. 
Upon completion of the phase of decommissioning, only 
tracc a ~ ~ ~ O ~ i ~ t s  of residual contamination will remain in the 
operating, converted fossil plant. Waste inventories and 
projectiom from D&U activities at the Pathfinder reactor 
site are given in Table 7.18 (data from ref. 40). 

The 82O-MW(e) Shoreham BWR underwent low- 
power tests until 1989, when the plant's owner, Long Island 
Lighting Company, agreed to sell the plant to the state of 
New York for decommissioning. A proposed 
decommisioning plan (ref. 41) for the Shoreham plant was 
reviewed rand approved by the NKC (ref. 42). Prompt 
decontamination and dismantling (LIECON) of the 
Shoreham plant begnn in 1992, and they are proceeding. 
projections of wastes from decommissioning the Shoreham 
BWR are reported in fable 7.19 (information based on 
ref. 13). 

Table 7.20 (data from ref. 44) r cp i t s  projections of 
wastes from decommissioning the Indian Point-Unit 1 
reactoi. lhis ?65-MW(e) P W  W~?S shut dowo in 1974 
and later placed io SAEB'1'4)It. The projections of 
Table 4 'EO pertain to a case of complete dismantlement 
(DECON) of the IJnit I station upon completion of its 
SAEXTOR phase, which will occur when the BJnit 2 
(PWK) station is finally shut down. 

The 167-MW(e) Y2 e :<OW I"WX :vas $hut driuili 
in 1992, and piojectloias of 
decommi~imlng  are w p i t e d  in l a  
ref. 45). These Frqwtions are r e p  tcd for tivo m a p  
phases of prujcct deeoinmisionnng: coiiip ~nczt ieiiiovA 
(1993-19%), which includps ihe reactor core rn;;qxments 
and steam geerueeator, and balance of decomn m c m i g  
(1!399-26)02), which includes the rematfidei nf the rcai:oI's 
components and general plant iilventor;cP 45 

Projec'llons of w m e s  from decomm,sz;?is,ilng the 
recently s h ~ d  dowra San Oriofic-LTnrt 1 P E W  are r c p t e d  
in TaabPc 7.22 (data froin ref. 4-61. ihese prqe~tions are 
relmited for a case invoking SP,I.lSrIOR. 

dccornmissbning activities at the CihiaiPOi? (Okinirtrrna) 
I:esel Fabitcation Facility are pra?iibcd .n Table 7.23 (data 
from ref. 47). During 1992, 46 shipmcnts of lo..~-spcc~fic- 
activity ( E A )  ~ a s t e  were inadc from the Ciinarrnn znliiy 
to Barnwell, S o ~ t h  Carolina 'I 
a b u t  488 m3 in volume and 
Decontamination work at this fabrication p h l t  IS srhcLi!~d 
to be completed durang 1993. 

Currently, the total impact of \yiw:~-? from E&n 
activities at commercial reactor and fuel uyclc sitc; has 
been small. However, the mipact t 4 l  hemme morc 
signifiuut after the year 2000, when nioic of ths alder 
reactors complete their can ipgn  s f  operAtmn 

In addition to mstes from the dwnvmissioning of 
commercia? reactor and fiicl cycle fa 
wastes wall result froni US. Depa 
(DOD) p w c r  plant decoinmssioning opci-ai:ions Ihrirtg 
a period spanning 20 to 30 years, about 100 
nuclear pwencd suhmarims of thc 1J.S. Wavy m q  irc 
removed from service and rnrrsigoned to perriiarieiit drsriose! 
after removal of spent fuel Cuiicat plans arr tn ~ I S ! J O S C  

of the Submarine reartnr compartni 
the Hanford Site Each rcactnr cnTpirtmrnt contains 
about loo0 t of metal, and it  BS E;sillfidied tl.at 100 rrxtor 
compartments can be borzcd oii 4 ha (10 acres) of land.* 
As of the end of 1W2, 56 si&mai IITCS had been t a k m  out 
of active service. In 2.8 of thew submarines, thc rccctoi 
co~npartmcnt wa. fills? Llcfi,~!&, then iatrr r e m o k d ,  atid 
disposed of at Hanfo~td. (el VI d i s p ~ ~ d  frorir iiicsc 
activities IS included 111 the DOF s ~ t e  cCventOitC< rclkJlted 
in Claapier 4 ) The renali-iing ?3 subm: 
compartrncnts were bciuig : I~ICI  in proicctive storage.' 

Inventories and projections of 'P' 

1. U.S. Department of Energy, Office of Scientific and Technical Information, N i d m  Renrtw: Bitilt, i3oi-g Bg:ij:, or 
Phtraed. 1992, UOE/OS1T-S2SO-W56, Oak Ridge, Tennessee (August 1995). 
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BWR IWH 
Calendar yea r  of 

shutdown 
...... 

1963 
1967 
1968 
1972 
1974 
1976 

1978 
1979 
1982 
1987 
1989 
1991 
1992 

Actual t o t a l s  
through 1992 

2000 
2004 
2005 
2007 
2008 
2009 

20 10 
2011 
2012 
2013 
2014 

2015 
2016 
2017 
2018 
2020 

2021 
2022 
2023 
2024 
2025 

2026 
2027 

2029 
2030 

2028 

Projec ted  t o t a l s  
(1993-2030) 

1 
1 
2 

1 

1 

1 
1 

- 
8 

1 
1 
1 

2 

3 

2 
4 
5 

1 
2 

1 

2 
1 
4 
2 

4 

1 

- 
37 

5 
66 
39 

65 

200 

48 
820 

............ 
1.243 

67 
610 
605 

2,086 

I, 956 

1,159 
3,376 
3,856 

800 
1,832 

762 

2,183 
1,100 
4,195 
1,996 

4,210 

1,055 

- ....... ._ 
31.848 

1 

1 
1 

1 
1 

1 
1 
2 

9 

- 

3 
2 
1 

2 
1 
1 
9 
8 

2 
5 
2 
2 
3 

3 

2 
3 
6 

4 
4 
3 
1 
4 

71 
_I_ 

..... 

17 

3 
265 

926' 
72 

918 
167 

1,566 

3,934 

1,892 
1,346 
470 

1,178 
755 
781 

7,596 
6,377 

1,843 
4,400 
1,872 
1,769 
3,137 

3,075 

1.988 
3,470 
6,860 

3,909 
4,745 
3,430 
1,103 
4,620 

66,596 
___ 

T o t a l  L'W. 

No, W ( e )  
................... 

1 
2 
2 
1 
1 
1 

1 
1 
1 
1 
2 
1 
2 

17 

- 

1 
1 
1 
3 
4 
1 

5 
1 
3 

13 
13 

3 
7 
2 
3 
3 

3 
2 
3 
7 
8 

8 
4 
3 
2 
4 

5 
83 
39 
3 

265 
65 

200 
926 
72 
48 

1.738 
167 

1,566 

5,177 

67 
610 
6 0 5  

1,892 
3,432 
470 

3,134 
755 

1.940 
10,972 
10,233 

2,643 
6,232 
1,872 
2,531 
3,137 

3,075 
2,183 
3,068 
7,665 
8,856 

8,119 
4,745 
3,430 
2,158 
4,620 

108 98.444 

=Data from r e f s ,  1 and 2. H i s t o r i c a l  d a t a  ( p r i o r  t o  1993) a r e  based oii r e f .  1. 
Pro jec ted  shutdown d a t e s  a r e  hased on u t i l - i t y -p ro jec t ed  da te s  f o r  r e a c t o r  r e t i c m m n t  
r epor t ed  i n  Table 4 of r e f .  2. 

i n  which no r e a c t o r  shutdown is expected a r e  e l imina ted .  
CShutdown of Three Mile Island-Unit  2 nuclear  power p l a n t  due t o  an acc iden t .  Upon 

completion o f  t h e  p re sen t  cleanup campaign, t h e  p l a n t  w i l l  bo placed i n  a monitored s to rage  
mode and w i l l  be  decommissioned when TMI-Unit 1 is dismantled.  
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T a b l e  7.2.  Projectiorm of cumlative voluma, radioactivity, end thermal 
parar of wastes frcra decdllrailasianing c-rcial light-water 

reactors shut d a m  during 1993-2030a * I 

Waste type 
Volume Activity Thermal power 

(m3 ) (Ci 1 (W) 

Boiling-water reactors 

Class-A LLW 510,450 42,970 

Class-B LLW 

Class-C LLW 

Subtotals 

10,282 133,525 

1,460 443,816 

522,192 620,311 

Greater-than-Class-C LLWd 273 4,466,342 

Totals for D&JI of BWRs 522,465 5,086,653 

Pressurized-water xeactorla 

Class-A LLW 1,017,984 221,865 

Class-B LLW 12,128 299,606 

Class-C LLW 

Suh to t als 

964 252,429 

1,031,076 773,900 

Greater-than-Class-C LLWd 258 45,587,422 

Totals for D&D of M s  1,031,334 46,361,322 

Total light-water reactors 

Total LLW 1,553,268 1,394,211 

Greater-than-Class-C LLW 531 50,053,764 

Totals for  D&n of LWRs 1,553,799 51,447,975 

327 

1,024 

1,634 

2,985 

27,350 

30,335 

1,145 

2 I 593 

1,887 

5,625 

267,112 

- 

272.737 

8,610 

294,462 

303,072 

='The projections of this table are based on a decomnissioning 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. 
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 ref. 1 and the source terms 
developed from refs. 3-9 (see Appendix C), each reported number is significant 
to no more than three figures. 

Historical 
reactor D&D wastes are included in the institutional/industrial (I/I) waste 
inventories reported in Chapter 4. 

cumulative levels of wastes from reactor D&D activities during the period 1993- 
2036. For the scenario described in footnote a, the year 2036 is the last year 
in which wastes are collected from reactors shut down in the year 2030. 

In terms of numerical 

bThis table refers only to reactors yet to be decomnissioned. 

cTiie projections reported for volume, activity, and thermal power are the 

dContrihution from the core shroud (see ref. 9). 



Table 5.3. ProjectAons o f  radioactive wastes €sa decmdssioning X ~ R ~ S I I C ~  commsciisl 
F e r  reactors and fuel cycle facil it ies" 

Opezatton 
Xaste vo:-ume, m3 

L i f e t ime Dacomissioning 
Fuel cycle facility Capacity Period (years) alternative LLWb GTCCC 

Boiling-water reactor 1,155 MW(e) 40d DECON 18,938 1oe 

Pressurized-water :reactor 1,175 ?W:o) 40d DECON 18,192 5e 

EraDium conversion slant I0,CiOO MT%HM/year 
(solvent extraction process) 

40 DECOM 1,260 0 

U r a n i u m  enrichment plants 
(gaseous diffusion plants) 

0 K-25 site 7,700,000 kg SWU/year 1945-1985 40 BECOW 910, a12 0 
0 Paducah site 11,300,030 kg Sfl/year 1954-2005 51 DECON 562,414 0 

Portsmouth slte 8,300,000 kg SWU/year 1956-2005 49 DECON 633.093 0 

Fuel fabrication plant 1,000 H:TIEM/year 40 DECON 1,090 0 

aBased OA information reported in refs. 3-12. 
bClass-A, C l a s s - B ,  and Class-C LLW. 
'Greater-than-Class-C LLW. 
hactor operations assume a 75~-capacity factor. 
eA.5su..es contributions only from the core shroud. Estimated from information provided in tho report DOE/LLW-114 (ref. 9). 



T a b l e  7.4. List of U.S. civilian reactors shut darn or dismantled as of D e c d e a  31, 109Za 

[Reactors of lO-WIW(th) capacity or greater] 

Capacity rating Decomnissioning Present status of 
Year of alternative decwrmissioning 

Reactor facility Location Reactor type MW(e) EIW(th) shutdown selected alternative 

Boiling Nuclear Superheater 
Pwver Station (BONUS) 

Carolinas-Virginia Tube 
Reactor (CVTR) 

Dresden Nuclear Power Station- 
Unit 1 

Elk River Power Station 

Enrico Feni-Unit 1 

ESADAIGE Vallecitos 
Experimental Superheat 
Reactor (Empire States 
Atomic Developent 
Associates and General 
Electric Company) 

Fort St. Vrain Reactor 

General Electric Testing 
React or 

Hallam Nuclear Power Facility 

Humboldt Bay Power Plant- 
Unit 3 

Indian Point Station-Unft 1 

La Crosse Nuclear Generating 
Station 

Pathfinder Atomic Plant 

Peach Bottom Power Station- 
Unit 1 

Punta Biguera, PR 

Parr, SC 

Morris, IL 

Elk River, MN 

Lagoona Beach, MI 

Pleasanton. CA 

Platteville, CO 

Pleasanton, CA 

Hallam, NE 

Eureka, CA 

Buchanan, hY 

Genoa, HI 

Sioux Falls, SD 

Peach Bottom. PA 

Boiling-water 

Pressure-tube, 
heavy-water 

Boiling-water 

Boiling-water 

Sodium-cooled, fast 

Light-water, 
modes at ed 

High-temperature, 
gas-cooled 

Tank 

Sodium-cooled, 
graphite-moderated 

Boiling-water 

Pressurized-water 

Boiling-water 

Boiling-water 

Bigh-temperature, 
gas-cooled 

17 

17 

200 

22 

61 

 NE^ 

330 

NE 

75 

65 

265 

48 

65 

40 

50 

64 

700 

58 

ZOO 

17 

842 

so 

240 

242 

515 

165 

192 

115 

1968 ENTOMB ENTOMB 

1967 SAFSTOR SAFSTOR 

1970 SAFSTOR SAFSTDX pr epar at io& 

1968 DECON DECON completed' 

SAFSTOR SAFSTOR 1972 

1967 SAFSTOR SAFSTOR 

1989 

1977 

1964 

1975 

1974 

19m 

1967 

1974 

DECON 

SAFSTOR 

ENTQMf3 

SAFSTOR 

SAFSTORg 

SAFSTOR 

PECON 

SAFSTOR 

DECON in progess' 

SAFSTOR 

ENTOMB 

DECON~ 

SAFSTOX 



Dacomissioning Present status of Capacity rating 
Year o f  alternative deconnniasioning 

Reactor facility Location Reactor type m(ej t-?d(th) shutdown selected alternative 

Piqua Sluclear Power Facility 

Plum Brook Reactor 

Rancho Seco 

San Gnofre4'nit 1 

Saxton Nuclear Experimental 
Reactor Project 

Shippingport Power Station 

Shoreham Reactor 

Sodium Reactor Zxperimerh 

Southwest Experimental Fast 
Oxide Reactor (SEFOR) 

Three Mile Island-Unat 2 
Reacsor 

Troyan-Unit 1 

YaLlecitos Boiling-Water 
Reactor (VBWR) 

Westinghouse Testing Reactor 
(wm) 

Yankee Rovre-Unit 1 

Piqua, OR 

Sandusky, 08 

Clay Station, CA 

San Clemente, C.4 

Saxton, PA 

Shippingpost, ?A 

Brookhaven, NY 

Santa Susana. CA 

Strickler, AR 

Londonderry 
Township, PA 

?KRsCOtZ, OR 

Ireasanton, Ck 

Waltz M i l l ,  PA 

?.owe, Mk 

Organic-coolad and 
moderated 

Tank 

Pressurized-water 

Pressurized-water 

Pressurized-water 

Pressurized-water 

Boiling-water 

Sodim-cooled, 
graphite-moderated 

Sodium-cooled, fast 

Pressurized-water 

Pressurized-wa%ei 

Boiling-water 

Tank 

Pressurized-water 

l a  

NE 

918 

436 

3 

72 

azo 

i0 

NE 

926 

1, a30 

5 

NE 

167 

46 

60 

2,915 

1,347 

24 

235 

2,436 

30 

20 

2,770 

3,411 

33 

60 

600 

1966 

1974 

1989 

1892 

1972 

1982 

2.989 

L364 

1972 

1979 

1992 

1963 

1962 

1991 

ENTOMB 

SATSTOR 

SAFSTOR 

SAFSTOR 

SAFSPOR 

DECON 

DECOA 

33COR 

SrnFSTOR 

P 

TBD 

SAXTOR 

SAFSTOR 

SAFSTClB 

ENTCMB 

S-AFSTOR 

SAFSTOR pr eparat ion3 

SAFSTOR praparationk 

DECOR in progress1 

DECON completedm 

DECOX in progress" 

DECOA completed3 

SXFSTOR 

P 

?BD 

SAFSTOR 

SAFSTOR 

SNSTCJR preparation 

aBased on refs. 1 and 17. 
bEstimates of decomissioning wastes are reported in Table 7.11. 
CBecomnissioning wastes aze reported in Table 7 . 5 .  
dNE = no electricity generated by reactor before it was shut down. 
eEstirnates of decomnissioning wastes are rsgorted in Table 7.16. 
fEstirnates of decomnissioning wastes are reported in Tabla 7.14. 
gXstimates of dacomissioning wastes are reported in Table 7.20. 
hZstimates a€ dacomissioning wastes are reported in Table 7.12. 

Actual inventories are reported in Table 7.17. 



:Estimates of decomnissaoninp wastes are reported In Tabla 7.18. 
~Decomnissioning wastes are reported in Table 7.15. 
kDecomnissioning wastes are reported in Table 7.22. 
lDECON of the Saxton facility started i n  1986. 
mDec~issfon$ng wastes are reported in Table 7 .8 .  
"DECON of the Shoreham plant started i n  1992. 
oDec~issioning wastes are reported in Table 7.6. 
PTEIX-ffait 2 has completed defueling and decontamination in selected areas. 

Elstirnates of decomissioning wastes are given in Table 7.13. 

Estimates of decrxmrissioning wastes are reported in Table 7.19.  

The plant will he placed i n  a long-term monitored storage mode and 
will be decomnisaioned when TMI-Unit 1 I S  dismantled. Inventories of decontamination wastes are reported in Table 7.10. 
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Reactor pressure vessel 

Reactor internals 
Upper shroud 
Lower  shroud 
Core and shroud plate 
Core support stand 
Inner thermal shield 
Shadow shields 
Feedwater distribution ring 

Subtotals (internals) 

Externals 

Biological shield 

Miscellaneous radioactive 
contaminated materials 
(excluding concrete) 

Contaminated concrete 

Totals 

4.6 

e 
e 

e 
e 

e 

1.1 

e 

e 

___ 

36.0 

8.1 

1,110 

770 
35 

2,370 
100 

3,090 
2,330 

75 

8,770 
I__ 

5.3 54.0 440f 

5.9 39.0 5.8 

1,350 1,090 e 

2,010 2,680 e 

3,377 3,907 >lo, 325 
__ ~ _____ 

agesea on information reported in COO-651-93 (ref. 22), BNL-NUREG-29244R 

bThe E l k  River BWR operated from 1963 to 1968 and generated 58.29 
(ref. 231, and ref. 24. 

Mk?(e)-yenrs of (gross) electrical energy. The plant was decommissioned from 1971 
to 1974. During this time, the reactor was completely dismantled. 

decommissioning wastes were shipped to Sheffield, Illinois. 
dEstimated at the start of decomissioning. 
eInformation not available. 
fIncludes 75 Ci estimated for the outer thermal shield of the reactor. 
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T a b l e  7.6.  -6 aud vulues of wastes fma d e c d s s i o d q  the 
Santa Suoma Sodiu Reactor IIsperireat siteanb 

Shipping container volume m3 

Type of wasteC King-Pacd Boxese 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 
solidified liquids 

14 1 141 

Disposed liquid 36 36 

Totals 1,752 1,759 69 248 35 3,863 

aBased on information reported in ESG-DOE-13403 (ref. 25). Activity data were not available. 
bThis sodium-cooled, graphite-moderated reactor operated from 1957 to 1964 and generated 

I_ - - - - __ 

4.244 M(e)-years of (gross) electrical energy. The plant was decomissioned from 1974 to 1983. 
During this time, the reactor was completely dismantled. 

CInitially, these wastes were shipped to Beatty, Nevada. Later in the dscomnissioning 
program, shipments were made to Aanford, Washington. 

dThis is a registered trademark for tri-walled cardboard containers used for packaging 
low-specific-activity nonmetallic wastes (e.g., contaminated soil, bedrock, and concrete rubble), 

%ooden boxes used for packaging low-specjfic-activity wood or  steel. 



Totals Class-A LLW Class-B L L W  Class-C LLW 

Actlva ty Yslilllre Actxvity Decomssslorllna, V o l y e  hctlvlty VJ1LUriW Actlvlty Vollme 
aLfernabive I m J )  ,;$ C1) (m3 I { 103 c1 (m3 I (103 Cl) d (103 cl) 

Refsr.jnc€J bollnl&aa",ss reactor Il.155 m(eS3 

Imjediate decontamination 18, 958 295.8 18,512 15.9 373 42.8 53 299.3 
fo l lowing  shutdown 

Deferred decontamination 
a f t e r  a safe 
period of: 

30 yaarsd 

1ac year& 
50 yearsd 

Entombment e 

storage 

Imnedi at e decontamination 
following ShUtdOWG 

18,335 9.0 18,652 1.4 233 1.1 
2 , 7 3 6  5.9 1,453 0 . 2  24 7 1.0 
1,625 4 . 0  1 , 3 4 3  0.1 247 0 . 5  

8,031 286.6 7,605 4.7 3 73 42.8 

Reference pressurlzedlrater reactor r1.175 W(e1 l  

18, I92 124.7 17,96l 5 7 . 3  2 1 4  53.1 

55 
39 
39 

53 

17 

Deferred decontmination 
after a safe szorage 
persod of: 

30 yearsd 18,195 3.6 18.055 1.5 123 0 .5  37 
50 yearsd 1,700 1.6 1, 568 0.3 215 0.2 17 
100 yearad 1,650 1 . G  1 , 5 3 3  0.2 1 0 0  co.1 17 

5.5 
4 . 7  
3 . 5  

239.1 

34.3  

1.5 
1.1 
0 . 8  

Eritombmante 3,367 126.5 3,136 39.1 214 53.1 17 34.3 

aFrom refs. 5 - 8 .  Activities wore calculated from data reported in refs. 3-8. 

bBased on the limiting concentrations of Long- and short-lived radionuclides given in Tables 3 and 2 of 10 CFR 61.55. 
"Estimates for GTCC wastes from LWR decormnissioriing (DECOEJ) were recently developed by ImG Idaho, Inc. and are reported 

in ref. 9. A sumnary of all GTCC wastes estimated in ref. 9 for LWR operations and decomissioning activities is presented in 
Chaptqr 4. 

Daza for each reactor are basad on 40 years 
of operation and a capacity factor of 0.75. 

'inclcdss ratiosctive wastes from both preparations f o r  safe storage and deferred decontamination. 
eInvoLvec the ramova; of rrsactor spent fuel  (shipped to zeposizoryj followed by the encaseinent of the rest of the 

radioactiva portion of the reactor facility. 
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To ta l  waste removed from t he  
Shippingport r eac to r  f a c i l i t y  

Volume Mass Ac t iv i ty  
Type of waste (m3) (kg) (Ci 1 

. .. .......... - 
1, i qui d 2,187 C 0.64 

S 0 I . d  
Rcac tar  pressure vossel package 
Spent resins 
Asbestos 
Cnrnpacted t r a s h  
Metal l ic  waste 
1" axg e ,  an e -p i e c e c umpoaent s 
Coorreta 
Lead 
S o i l  
S o l i d i f i e d  s1tzdge 
Other s o l i d s  

283 
101 

1,072 
24 

1,801 
326 
52 
57 
53 
1S4 

2,123 

815,560 
56,429 
138,205 
12,412 

1,117,113 
455,230 
52,470 
62,302 
31,493 
198,066 
833,976 

16,467 
40. 82 
2.49 
0.04 
41.59 
24.27 

0.17 
1.44 
4.30 

26.54 

0.08 

Total. s u l i d  waste 6,056 3,773,256 16,608.75 

%ased on ref. 2 7 .  
%he Shippingport r eac to r  operated from 1957 t o  1982, generating 841.8 Mw(e)- 

years of (gross) e l e c t r i c a l  energy. During its h i s t o r y ,  t h e  r eac to r  operated with 
thxse d i f f e r e n t  cores .  Two of these were l ight-water  cooled, seed-blanket,  FWR- 
typz cozos. The t h i r d  and l a s t  core i n  t h e  r eac to r  was a seed-blanket WBR-type. 
Physical dismantling began i n  September 1985 and was completed i n  Ju ly  1989. 

__ 

"Information not  ava i l ab le .  
'Solid waste  volume and mass include t o t a l  volume and t o t a l  mass as packaged. 
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fab1.e 7 .  Y. T m w m % o r i a a  .md p~~jec t i a~c l s  of was.tas frm vn~~imxs a c t i v i  ti 9s 

at the ~ m s t .  ~ ; d ~ . ~ a y  ~eommstxattnn iarrojsl-ta*b _ ... .. ............. .. .................... .... __ 
Projected total x a s t s s  

Total wastes as o f  upon cnmpletion of 
' -ta description December 31, 1992 the prajectc 

,..I....-.-I_ . .  ~~~ 

Spent file~. rcmainingd 
Mass. MTIRI.1 
Nuro5er  of file1 assemblies 

High-level waste generated from 
reprocessing operations (1966-1972)e 

~ o ~ u m - ,  mQ i-mste form> 

Activity, Cif 

Transuranic waste generated from 
presolidification activities and 
HLW vi tri fi cat ionh 

Activity, Cif 
V o l w r : ,  m3 

L O W - ~ C V O ~  waste  generated from 
pr eso lidi f i c at ion activities and 
HLW vitrific atiorr 

Buried wnsto (1982-86) volume, in3 
Buried waste  (1982-86) activity, Cif 
Stored waste volume, m3 
Stored waste activity, Cif 

Lov2T-level waste incorporated in csment. 
by radwaste treatioent systernJ 

Stored waste volurl,e, m3 
Stored wasto  activity, Cif 

Low-level waste from postsolidification 
D&B after HLLC vitrification 

Voltme; in3 
Activity, Cif 

27 
125 

1,231 
(liquid. sludge, 
and zeolit-) 
27,250,000 

43 
54 

5,786 
625 

13,290 
i 

3,417 
336 

0 
0 

27 
125 

7.10 
(glass) 

23,590,000g 

300 
350 

15,000 
58,600 

5,560 
547 

4,300 
1,400 

l'otal low-level sumuary 
(buried and stored. wastes) 

Volume, m3 22,493 
Activity, Cif >961 

aBased on data reported in ref. 2 8 .  
bAt the West Valley Demonstration Project (WdnP) site, Nuclear F u e l  Services, Inc. ~ 

................. .................... ................... ................... ............. .......... - 

operated a reprocsssing plant with a rated capacity of 300 MTPiM~year. During its opcrztion 
from 1966 to 1972, 6 4 0  t of spmt fuel wero reprocessed. 

'Wastes generated after 1987 are regarded as stored, not buried, or disposed. 
dAt the end of 1992, 125 fuel assemblies (representing 27 t o f  spent. fuel-) still remained 

in storage at the %DP. These assemblies are owned by QQE. The return shipmnt of a l l  
coinmarcially ownad spent fuel (625 fuel assemblies) to tho o m c r  utilities was nnmpl-eted by the 
end of 1986. 

tanks. Eventually, this waste will be vitrified and about 300 canisters of glass will be 
produced. 

'Currently, about 2,031 m3 of HiJd  is stored at t.he IWDP site in two undsrprownd steel 

This assumes each canister contains 0.70 m3 of glass. 
fPrincipal nuclides include 241A.m31, 241Fii, 1 3 9 C s ,  "Tc, "Sr, and 63Ni. 
gDocayed activity for 1997, 
hExcludes remote-handled TR!I waste. 
iInfesrnation currently unavailable. This information will be updated in futuro updates of 

this report to include estimated total activity for containerized ~ a s t . e s  after they  hecome 
characterized. 

JCoaprised of Class A and Class C LLW. See Table C.10 of Appendix C. 
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Waske category 
vo lune 

Reactor component(s) (m3; 

Radioac t ive  ma te r i a l s  Reactor v e s s e l  and i n t a r n a l s  
Reactor ves se l  11 
Bioshxeld sand and concre te  239 
Thermal s h i e l d  2 
Ins t rumenta t ion  suppor t  tubes  1 
Bottvur core support  s t r d c t u r e  1 
OtherC 5 

Sub t o t  a 1  

S o l i d i f i e d  decontaminatjon so lven t s  

Reactor s t a t i o n  components and 
ma te r i a l s f  

Tota l  

Radioac t ive  hazardous Asbestos i n s u l a t i o n  on contaminated 
m a t  p r i  al-s p ip ing  and cnropoiients 

Grand +,otaL 

259 

655 

6,214 

-. . . . . . . . 
7.12R 

409 

,_ - 
7,537 

aBasnd on r e f s .  30 and 31.  
hThe 2OO-Mkk(s) Dresden Em began opera t ion  i n  1’360 and genera ted  

about 1,800 Md.leb(e)-years of (gross) e l e c t r i c a l  snergy be fo re  it wzs shu t  
down in 1978. The p ro jec t ions  o f  t h i s  t a b l e  p e r t a i n  t o  wastes from tbc 
dismantlement o f  t h e  react,or follcwing a SAKTOR per iod  of about 30 yearn .  

‘These p ro jec t ions  do n o t  inc lude  32 m3 ~f LLY from SAFSTOR 
prepa ra t ion  a c t i v i t i e s  ( e . g . .  matcsials from c l ean ins  spen t  f u e l  p o o l  
su r f aces ,  miscellaneous sumps, and ot,her coniaminated a r e a s ;  f i l t e r s  f r m  
chemical c leaning  sy’steiii; and miscell anenus dry a c t i v e  t r a s h ) .  

‘The g r e a t e s t  source of r a d i o a c t i v i t y  i n  t h e  Dresden contairmmt. 
bu i ld ing  is i n  t h e  r e a c t o r  v e s s e l  and i n t e r n a l s .  This a c t i v i t y  r e s u l t s  
from neut ron  a c t i v a t i o n  products i n  the vessel. and s h i e l d  m a t e r i a l s .  
Reference 28  r e p o r t s  an entiinated a c t i v i t y  of 4,029,000 C i  f o r  t h e  v e s s e l  
and i n t e r n a l s  when t h e  reactor was shu t  down i n  1978.  By the year  2017, 
when d ismant l ing  of t h e  reactor i s  t.o begin ,  t h i s  a c t i v i t y  is pro jec t ed  t o  
drop t o  a l e v e l  of about 1 6 , 0 0 0  C i .  

t o p  g r i d  assaably ,  bottom suppor t  g r i d ,  c o n t r o l  rod guide tubes ,  and 
r e a c t o r  v e s s e l  c ladding .  

pumps I h e a t  exchangers, bu i ld ing  concre te ,  and s t r u c t u r a l  s t e e l .  

“Other r e a c t o r  int,nmel components inc lude  s t e m  d e f l e c t o r  suppor t ,  

fRsac tor  s t a t i o n  components and ma te r i a l s  inclirde p ip ing ,  va lves ,  
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i m e  S,WSTOR 4.69 70.3 

1989" SAFSTOP. 6.74 37 12 

i w a e  SAFSTOK 4.59 0.74 

1991" SAFSTDR 5 . 4 6  0.31 

1992e SAIFSTOR 3.72 0.44 

To ta l s  ( through 1992) SAFSTO2 25.13 103. i3Zf 

1993 StW'S4'OR 5 . 0  0.4 

1994 S M S T O X  5.0 0 . b  

1399--2003 SAFSTQR 8 . 5  13 

2004-2008 S,twST(>K 4 . 9  7 

2009-2013 SAFSTGB. 3 .6  S 

2014-203.8 DECIIPB 103.0 S Z P O  

Projected t o t a l s  (1993-2018) SAFSTQRJDECON 60F. 0 >i,s?.s I af 

H i s t o r i c a l  and p ro jec t ed  SAFSTOK/I)ECOA 625.1 1,529,  7f 
t o t a l s  (1988-2018) 

..~ _ll.ll.,-.-............-ll_. ___..__ ___._ ___I_ 

agased on t h e  infururatiun reported. in r e f .  32. 
bfhe 48-MFI(e) La GKOSSE~ W3 hagan operat ion i n  1968 and g * n e c ~ l ; ~ d  452 W ( e ) -  

years of  (gross) e l e c t r i c a l  energy u n t i l  it. was &ut d o m  i.r~ A p r i l  1987. :be 
r e a c t o r  was placed i n  SAlrSTOR i n  1988. The dsta  In thi.s t ab le  arc h a s p <  ci? a 
SW'STOR period of 25 years. 

which will be processed and shipped t o  a s i i i t d l e  d i sposa l  f a c i l i t y  %ill bo I n w -  
level r ad ioac t ive  wastes p r i n c i p a l l y  with r a d i o a c t i v i t y  content  less than Cl.ass C: 
(10 CFR 61) wastes.  These wastes rill. include (1) dry aetivo wastes (DAM), ninrrrnlly 
Class  .A, uns tab le ;  ( 2 )  dewatered spent  demineral izer  resins. and f i l t r a t i o n  media, 
norn;al.ly Class A o r  3, s t a b l e ;  and ( 3 )  contaminated DE i r r a d i a t e d  plant s y s t , n m  
components, normally Class B or  C ,  s t a b l e .  

included. Volume est imates  of t hese  ma te r i a l s  are c u r r e n t l y  not. ava i l ab le ;  however, 
o preltmiriary a c t i v i t y  es t imate  of 12,620 C i  has  been made for  these ac t iva t ed  
ma te r i a l s  f o r  year  2014, when t h e  r eac to r  w i l l  be ready Eor d i smsn t lmen t .  

Slolume of waste fur this year reflects s i g n i f i c a n t  reduct ions dne t o  
t reatment .  Waste shipments for tk3 s year contained DAW arid cont,aminated metal., 
wliich were e i t h e r  deeon tmina t sd ,  supercompacted, or both by two Oak Ridge w a s t o  
t reatment  companies (QJadrex Recycle Center aid SEG). 

"During t h e  SAFS'STOR period,  t h e  p r i n c i p a l  types of radinrct,tve a n l i d  was t i  

dContributions from ac t iva t ed  core ccrnponents and s t r u c t u r a l  mat.eria1.s are uot  

Ilnde c ay ed a c t i v i t y  
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Table 7.13. Projected voluwe QL wastes frm Saxton 
IWB aecamrissLoning ractivitiesavb.c 

-- 
Volume 

Reactor component(s)/waste (m3 1 
~ 

Reactor vessel, head. and internals 
Pressurizer 
Primary coolant pump 
Steam generator 
Demtneralizers 
Shutdown cooling pumps 
Relief valve discharge tank 
Purification system surge tank 
Safety injection pumps 
Cooling heat exchanger 
Containment vessel sump pumps 
Discharge tank drain pumps 
Containment ventilation equipment 
Primary piping 
Auxiliary system piping and valves 
Contaminated and activated concrete of containment 
General valves, controllers, and instrumentation 
Low-level waste from disposal operations 
Westinghouse supercritical test loop 

3 9 . 6 4  
3 . 1 2  
2 . 8 3  

2 4 . 0 7  
4 . 2 5  
0 . 8 5  
4 . 2 5  
9 . 9 1  
1 . 4 2  

1 6 . 9 9  
0 . 8 5  
0 . 8 5  

1 6 . 9 9  
5 . 6 6  

2 8 . 3 2  
vassel 229 .37  

4 2 . 4 8  
3 3 . 9 8  
4 2 . 4 0  

Total volnme 5 0 8 . 3 1  

aBased on the information reported in ref. 3 3 .  
bThe 3 - W ( a )  Saxton PWR was 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 1 0 . 4  MW(e)-years of (gross) 
electrical energy. 

decomnissioning waste characteristics are still being reviewed, and 
additional information w i l l  be provided in this table in future reports. 

CActivity data are unknown at this time. Saxton reactor 
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T a b l e  7.14. Projected burial wlums of radioactive wastes 
f r m  SAPsTaR (mthballiry/delayed dismantling) 

of FIuabOLit B a p U n i t  3'lblc 

Volume 
DsJ) activitylreactor component b 3  1 

Spent fuel racks 63 

Nuclear steam supply system removal 
Reactor vessel 
Reactor vessel internals 
Other components 

Removal of major equipment 
Main turbinelgenerator 
Main condenser 

Disposal of contaminated plant systems 
Turbine system 
Electrical system 
High-pressure steam and feedwater systems 
Condensate system 
Radwaste collection and treatment systems 
Other systems 

Decontamination of site buildings 
Refueling 
Yard piping and soil 
Other 

71d 
24 e 
17 

353 
164 

425 
153 
190 
155 
200 
248 

434 
160 

30 

Disposal of contaminated solid waste 152 

Process liquid wastef 63 

Disposal of modified plant and off-gas 
systems as a result of 1986-1991 
capital improvements 

100 

Total 3 ,002  

aBased on the information reported in ref. 34 .  
bThe 6 5 - W ( e )  Humboldt Bay-Unit 3 BWR operated from 1963 until 

1976, generating 545 W(e)-years of (net) electrical energy. The 
plant was placed in a SAFSTOR mode in 1988. 
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. 

'Except where noted, the volumes reported represent estimates 
for packaged C l a s s  A LLW. 

dIncludes 53 m3 of Class C LLW. 
eIncludes 22  m3 of Class C LLW and 2 m3 of GTCC waste. 
%lass B LLW. 

The projections in 
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Primary system components and piping 

Total for reactor vessel and components 

1,336 

2,063 
I___ 

Secondary and sadwasta systems 2,625 

Contaminated structures 468 

Processed liquid waste 98 

Dry active wasta 397 

Grand total 5,651 

=Based on ref. 35 (extracted from a 1991 docsmissioning 

bThe 918-i'IW(e) Rancho Snco4nit 1 PdR was shut down in 
cost study prepared by TLG Engineering, Inc.). 

1989. The reactor operated f r o m  1974 until 1989, generating 
5,277.3 NW(e)-years o f  (gross) electrical onergy. 

CThe projections in this  table pertain to wastes from 
dismantlement of the reactor Eollowing a SAPSTOR period of 
about 20 years. 
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Table  7.16. Projected characteristics of wastes from DFCOU 
(di-tlin(r) of the Fort St. Vrain. El'GRa*b 

Reactor component(s)/waste 
Burial volume Activity Projected 

(m3) (Ci) LLW class 

Prestressed concrete reactor vessel (FCXV) syst- 

PCRV concrete 
Control rod drives (CRDs) 
CRD absorber strings 
CRD metal clad reflector 
Boronated stainless steel rods 
Top cover plates 
Top head kaowoold and liner 
Core barrel 
Core support blocks 
Core support floor kaowool, plates, and liner 
Metal clad reflector blocks ( n 0 n - W )  
Durmry fuel blocks 
Graphite reflector blocks 
Silica insulation blocks 
Large permeable reflectors 
Reflector keys 
Metal shell for large side reflector 
Radial cover plate, kaowool, and PCRV liner 
Region constraint devices 
Helium purification and regeneration system 
Helium circulators 
Steam generators 

PCRV system total 

1,174.94 
97.81 
18.81 
4.04 

845.27 
1.59 
13.32 
21.97 
41.09 
6.94 
28.67 
168.28 
237.65 
14,27 
709.32 
0.57 
0.58 
55.57 
1.42 

30.87 
4.01 

269.02 

3,746.01 

C 
C 

C 

C 
C 

C 

C 
C 

C 
C 

C 

C 

C 
C 
C 

C 

C 

C 

C 

C 

C 
C 

A 
A 
C 
C 
B 
A 
A 
A 
A 
A 
C 
A 
A. B 
A 
B 
A 
A 
A 
C 
A 
A 
A, B 

1.30E+6 

Material handline, treatment, uud storage (EIIZS) -st- 

Fuel handling machine 
Fuel storage wells 
Equipment storage wells 
Auxiliary transfer cask 
Hot service facility 

MHTS systems total 

63.33 C 
28.48 C 

2.98 C 
19.52 C 

10.98 C 

125.29 3. 881-2 

Decontamination and waste (Du) systems 

Decontamination system 9.57 C 

Radioactive liquid waste 9.15 C 

Radioactive gas waste 32.93 C 

D r y  activated and other wastes 153.34 C 

DW systems total 204.99 1.33E-4 

Fort St. Vrain HTGR total 4,076.29 i.3a~+6 

aBased on refs. 36 and 37. 
radioactive systems at the reactor site after defueling of the reactor has been completed, 

bThe 330-W(e)  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. 

The case considered involves complete dismantlement of all 

A 
A 
A 
A 



Irradiated hardware Dry active w a s t e  
.... - ._ ......... 

Bo. of VohmnC Activity No. of Volumec Activity 
Y c ?.Y shipments (m3 1 (Ci) shipmt*s (In3 > (Ci 1 

1991 6 2 9 . 1  8,083.80 20 13.3  1.81 
___  ~ ......... ......... . 

1992.d 64 365.8 32,678.49 6 

Total 70 384.9 40,762.29 26 
........... ~ I_ 

13.4 7.00 

26.7 9.69 
~ - 

aBased on r e f .  38. 

bTracking of volime hy individual ccmponents andlor system is not performed due to 

CActual disposal volume which therefore includes void space, filler volume, packaee 

dPiior to December 8 ,  1992, preliminary dismantlement. activities were performed. 

Includos shipments mad3 by Ft ih l i c  Service Company of Colorado and 
decommissioning contractor and waste  procossois subsequent. to voluiie reduction. 

mixing of components frcm various wastan st.rems, w i d  spaces, etc. 

volume, stc. 

Decorinnissioning order for Fort St. Vrain became effective on December 7 ,  1992. 

Takaale 7.18. Chaxarctesistics of raR'.ioa,sltfia? wastes associated with 
dec-issimim the Pathfinder csectenxa e 

vo lmrne Mass Activity 
Reactor ccmpnnent(s)/waste (m3 1 (t) ( C i  - -_ 

Ronct,nr vesseld 113 280.5 560.92 

Bioshield 78 179 0.26 

Recirculation pimps and motors ( 3 )  7 1  56 0.018 

Cont.aminated concrete 50 40 0.065 

Dry active washe 567 635.5 0.557 

Liquids 0 0 0 

Asbestos 

Total 

97f 
- 
976 

17 0 .0001  

1,208 561.82 

%ased on ref. 40. ALL material is lcw-specific-activity LLW. 
byhe 66-W(e)  Pathfinder BM began operation i n  1964 and had gensrated about 

140,000 Md(e)-hours of electrical energy when it was s h u t  down i n  1967. 
'These nwmbars represent the volima of radioactive waste shipped to processors; the 

final disposal volumes have not yet been determined. 
dInclirdes reactor pressure vessel, internal components, control rod drive blades ~ 

gravel, grout, and routine shipping (Type A )  packaging coinponents. 
'Includes piping, valves, conduit, cable, sarid, wire, steel, shiald bl-ocks, 

grating, lights, filters, plastic, paper, and wood. 
fThls i s  the volume of asbestos removed during D&. 

reduced in volume to 20 m3, 
Later this material was 
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Table 7.19. Projected c h a r a c t e r i s t i c s  ~f wastes frm %r&ma 
WlJR decomnissianing acti lait i .esa*h 

(Unless otherwise indicated,  all wastes a r e  projected t o  be LLW Class  A )  

Reactor component(s)/waste 

Burial  
volume Activi ty  
(m3 > (61 1 

Reactor pressure ves se l  (RPV) 
Reactor i n t e rna l sd  
Reactor r e c i r c u l a t i o n  system 
Control rod blades 
Control rod drive systeme 
Residual hea t  removal system 
Core spray system 
Reactor water cleanup system 
Fuel pool cleanup system 
Condensate and demineralizer system 
Process sampling system 
Spent f u e l  rack and acceasorias 
Process and dry ac t iva t ed  wastes 
Demineralizer syst.em and r e s i n s f f i l t e r s  
Liquid radwaste system 
Mirror i n su la t ion  

C 

50.1 

2 7 . 8  
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

403 

462 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C - 
TotaLs 93.1 065 

l__ll 

aBased on r e f .  4 3 .  
bThe 820-EIW[e) Shoreham BWR undeiwent low-power t e s t s  u n t i l  1989, 

when t h e  Long I s l and  Lighting Company agreed t o  s e l l  t h e  p l a n t  t o  t h e  
s t a t e  of New York for decomissioning.  A t o t a l  of Ot5 MW(e)-hours of 
(gross) e lec t , r i ca l  energy were generated duririy the low power t e s t s .  

(VRFs) f o r  processing p r i o r  t o  b u r i a l .  
have been s e n t  t o  W s .  
( represent ing less than 0 . 3  C i  of a c t i v i t y )  w i l l .  he buried a s  waste. 

range monitor t u l e s ) ,  which a r e  projected t o  be Class 5 LLW. 

C A l l  items noted have been s e n t  t o  volume reduction f a c i l i t i e s  
As of June 1933, about 2600 m3 

O f  t h i s  pre-processed volume, 15.2 m3 

dIncluder about 0.4 m3 (198 C i )  of incore i r i s t rmen t s  (local.  power 

eExcludes con t ro l  blades and con t ro l  rod d r ives .  

Table 7.20 .  Projected VQIUWS of wastes frm Indian Point-lhsit 1 
PWR decu.amissimini: a c t i v i t i e @ * b  

I __-. 
Conbaincr ( type and number) 

LSA boxes Cask l i n e r s  To ta l  
Reactor component(s) 

Contaminated piping,  valves ,  1,269 
equipment, and concrete 

Spent f u e l  racks 9 
Reactor i n t e r n a l s  7 
Reactor v e s s e l  52 

0 

0 
13 

0 

1,269 

9 
20 
52 

Tota l  containers  1,337 13 1,350 

External  volume (m3) of each 4.694 3 . 3 4 1  
container  (box o r  l i n e r )  

To ta l  container  volume (m3) 6 , 2 7 5  4 3  6,318 
___I . .. ................ __ ............ 

aBased on r e f .  44. 
bTlie 265-NbJ(e) Indian Point-Unit  1 PWR. began operat ion in 1982 and 

generated about 1,440 MW(e)-years of (gross)  e l e c t r i c a l  energy be fc re  it was 
shut down i n  1974. The project ions i n  t h i s  t a b l e  p e r t a i n  t o  wastes from t h e  
dismantlement o f  t he  r eac to r  following a SAFSTOX period of about 35 y e a r s .  
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Reactor component 
Volume 

(m3 1 
Act iv i ty  

(Ci 1 

Reactor v e s s e l  i n t e r n a l s  
Reactor core  baff le '  
Steam generator  
P res su r i ze r  
Dry ac t iva t ed  waste 
F i l t e r s  
Drums 
Demineralizer r e s i n  

To ta l  (1993-1994) 

59.7 
1.4 

200.1 
19 .3  

137.6 
1 7 . 0  
15 .7  
3 .4  

454.2 

Reactor v e s s e l  
Main coolant pumps 
General p l a n t  inventory 
Building inventory 
Spent f u e l  racks 
DXWIlS 

156.5 
26.6 

1 , 4 9 9 . 6  
178 .8  
240.1 
178 .1  

290,000 
1,020,000 

1 ,760  
5 

G O  
120 
480 

60 

1,312,075 

6,940 
20 

c500 
c60 
430 
4 0  

To ta l  (1999-2002) 2 ,279 .7  

To ta l  (1993-2002) 2 ,733 .9  

7,600 

1 ,319 ,675  

aBas.ed on ref. 45. The values  reported i n  t h i s  t a b l e  a r e  
preliminary and w i l l  be f i n a l i z e d  i n  t h e  decommissioning plan 
t h a t  w i l l  be  submitted t o  t h e  NRC. 

bThe 167-tW(a) Yankee Rowe-Unit 1 Iwa began operat ion i n  
1960 and generated about 4,030 W ( e ) - y e a r s  of  ( g r a s s )  e l e c t r i c a l  
energy before  it was shu t  down i n  1992. 

t o  t h e  r e a c t o r  core ,  exceeds the  Class C limits i n  accordance 
with 10 CFR 61.55 and will be handled a s  HIM. 

CThe r e a c t o r  core  b a f f l e ,  t h e  component d i r e c t l y  adjacent  
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T a b l e  7.22 .  Projected w1-s of wastes fraa, San Omafre-Unit 1 PWB decamDissioainy acti-sitiesa*b 

Waste volume. m3 
Activitylreactor facility component il- 

or type of waste Class A Class B C l a s s  C GTCC Total 

Annual SAFSTOR maintenance 
Dry activated wasteC 

Spent fuel racks 

Nuclear steam supply system (NSSS) removal 
Reactor coolant piping 
Pressurizer quench tank 
Reactor coolant system pumps and motors 
Pressurizer 
Steam generators 
Control rod drive mechanism and incore 

Vessel internals 
Reactor vessel 

instrumentation 

BSSS total 

Plant systems 
Auxiliary fcedwatar 
Containment ventilation 
Contaminated electrical equipment 
Feedwater sampling 
Feedwater 
Gaseous radwaste 
Letdown demineralizer 
Letdown and residual heat removal 
Liquid radwaste 
Post-accident sampling 
Pressurizer and relief tank 
Xadwaste drain system 
Raactor coolant pump seal water system 
Reactor cool system 
Reactor cool system sampling system 
Safety injection 
Spent fuel cooling 
Chemical volume and control system 

Plant system total 

Site buildings 
Reactor sphere and enclosure 
Auxiliary additions 
Contaminated soil 
Fuel storage 
Miscellaneous contaminated buildings 
Radras t e 
Reactor auxiliary 
Storage building 

Site buildings total 

Final  waste liquid processing 

Mired Waste 

Totals 

121.12 

14.39 

86.04 
12.94 
49.28 
56.64 

367.54 
40.20 

22.26 
147.15 

790.05 

92.12 
42.45 
79.27 
90.28 

338.48 
54.46 

3.82 

37.72 
5.35 
0.20 
5 . 2 1  

13 .71  
3 .12  

13.06 
85.70 
11.98 
23.93 

943.34 

42.48 

249.27 
2.04 

724.96 
21.69 
18.49 
13.45 

5.89 
1.42 

121.12 

14.39 

86.04 
12.94 
49.28 
56 ~ 64 

367 .54  
48"  20 

13.06 30 .81  20.25 86.38 
51.94 199.09 

65.00 30.81 20.25 806.11 

~ - _I 

92.22 
42.45 
79.27 
90.28 

54.46 
3.02 

42.40 
37.72 

5 . 3 5  
0.20 
5.21 

13.71 
3.12 

13.06 
85 I 70 
11.98 
23 I 93 

943.34 

338. 4a 

249.27 
2.04 

724.96 
21.69 
18.49 
13.45 

5.89 
1 .42  

1,037.21 

16.68 

2,922.79 

1 .037.21  

40.24 40.24 

16.68 

105.24 30.81 20.25 3 ,079,  Q9 

- 

aBased on ref. 46.  
bThe 4 3 6 - W ( e )  San Gnafre-Unit 1 PWR began operation in 1967 and generated about 6,045 MW(e)- 

CIncludes 83.94 m3 of dry activated waste (including protective worker clothing) generated 
years of (gross) electrical energy before it was shut down in 1992.  

during the latter phase of decomnissioning. 
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T&Ie 7.23. Characteristics wastes frcao dec .ss-lmiag activities 
et the Ciaarron Fuel- Fabrication Facilitya 

-...... _._.... .. ... 
Total waste removed 
from Cimarron through 

December 1992' Projected 
waste volume 

Vol1une Activity remainingC 
Project area Type of waste (m3 ) (Ci) (m3) 

Burial ground 

Mixed-oxide fuel plant 

Uranium fuel plant areas 
a. Uranium fuel plant 
b. North Field 

Liquid process waste evaporation ponds 
a. Mixed-oxide plant pond 
b. Uranium plant pond 

Sanitary lagoon piping and manholes 

Project totals 

LLW (LSA)~ 

TRU 
LLW (LSA) 

LLW (LSA) 
LLW (LSA) 

LLW (LSA) 
LLW (LSA) 

LLW (LSA) 

TRU 
LLW (LSA) 

1,833.10 

255. a9 
463.88 

2,198.76 
630.19 

104.30 
183.73 

1,565.63 

255.89 
6,979.59 

5.37 

10.87 
3.25 

3.65 
0.33 

0.000009 
0.23 

2.93 

10.87 
15.76 

0 

0 
0 

12-24 
0 

0 
0 

0 

0 
12-24 

Total waste 7,235.48 26.63 12-24 

ai3ased on the information provided in ref. 47. 

CDecontamination work is scheduled to be completed during 1993. 

~ L S A  = low-specific-activity waste. 

LLW inventories are included in the camnorcia1 disposal site inventories of Chapter 4. 
More than 95% of the estimated 

decontamination requirement has been completed. 
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T$is chapter reporb estimated iiaveiitories and 

colnsnerciaa operations. Mkxe ncludes mixtures of 
lO\v-levcS rad1wetive anal eria (chemically and/or 
physically) hapardous wasiles. Typically, mixed LA I 
DUB 5 i k s  includes a variety aP contaminated materials, 
~ n ~ l ~ ( ~ ~ ~ ~  air fakerb, cle;ining materials, engine cads and 
grc:rse, paint residues, ~ h ~ ~ o g r a ~ h i c  materials, moils, 
building materials, and plank cquipnient !beXing 
decommissioned. Mtus,d high-level and T R T J  wastes are not 
inclinded b this chapter, but they are included in the HI,W 
and ‘TKil waste inventories and projectians of Chapters 2 

The radtoartivr, conipnents of mixed wastes are 
subject to the Atora-ric Energy Act (AI%), as amend&,* 
w h ~ c h ~  lor goveswinenl sources, 
and, for commercial smrces, by 

I-Paz,xrdnus cornphsnents rsf mast mixed wastes are subject to 
either of two fedaxal statutes that are administered by the 
1J.S. ~ ~ i ~ v ~ r o n ~ e ~ ~ ~ a ~  Prntrcticm Agency (EPA) (unless a 
state h ~ s  obtained an mthorkatiorn slatus): (1) the 
Resoerrcr: Conservation and ecovery Act QRCKA), as 
a n m x ~ , ~  and (2) the ’ ~ X K  ~ubstanccs Control Act 
(TSCA] some mixed wastes, prticuiarty spent engine 
oih, ax regulated by state laws. 1”me treatment, handling, 
and diiqmwl sf RClZPa- and TSCA-regulated mnxed wastes 
arc Sexbj7jrct Po the regailaliom rsf the and NRC (or 
the autlilorixd and agreement states), or DCW. ’Igble 8. I 
(d&i Born ref. 6) lists thosc states and territories 
dlesigndted by EPA as iaa~ving mixed waste authoriiation. 

IS considered separtdeiy 
froin the purely radrmctke LLW, which is discussed in 
Chapter 4. ‘Ihrs section repcsrts mixed LI,W i 
and projections for two major gro,ops of mixed T 
first cunnprises wastes ~ 4 1 0 , s ~  laamrdous components are 
lii:RA and/or state regulated. The summmy information 
reported for these RCR &‘state-regulated wastes are bascd 
on thr 1993 DOE lnterim Mixed Waste Inventory Report 
(IMWBK),~ which is required Q tine Federal Facility 

updating the bite information and data in the 
Wastes whose hazardous components are regulated by 

gen~at ion rates of mixed O m  DOE-Sik? and 

and 3,  respti.delly 

O b t 3 h d l  FBRreemGnt-State 3klt 

In this report, mixed LI, 

‘I[‘SCA comprise the second group of mixed LLW 
inventories and projwlions of this group are reported in 
this chapter. Information for the TSCA-reguhled wastes 
was provided by the Waste Management Information 

19 a data base of treatment, storage, and 
) facility capabdities and DOE site waste 

stream characteristics. The ‘WE was established to 
support the DOE Ofice of flrrvironmental Restoration and 
Waste Management and is maintained by the XIazardous 
Waste Remedial Actions Program ( ‘11AZWW). 

Unless otherwise noted, the inventories :and projections 
reported far mixed TLW separate from those reported 

in Chapter 4. Inventories of 
d at DOE sitcs are being 

thoroughly characterized. As n result, the waste at some 
sites could require reclassification, thereby causing 
significant changes in the inventories that reflect current 
data. 

Chrrently, generic c ~ a r a c ~ e r ~ ~ t ~ o ~  of niired wastes is 
drfficult for several reasons: (1) such wastes have different 
blends of ba~irdous (chemical and/or physical) and 
radioactive components that dictate precautionary 
measures; (2) several processes may be involved in 
generating these wasks; (3 )  various methods are used to 
prepare these wastes for storage; and (4) in recent years, 
RPA has adopted new loxicitqr-characteristic leaching 
procedures (TCI,Ps). Representative data on the chemical 
and radionuclide campi t ions  of mixed wastes will be 
reported as more detailed site information is available. 

Tn this chaptcr, inventories and annual germation rates 
of mixed TLW are expressed in t e r m  of physical and 
hamrdaus categories. Physiczl properties are classified in 
four catcgories: solid, liquid, gas, and sludge, Hazardous 
properties are classified :coording to was1 e categories 
identified in the IMWXR and TSCA. 

(:umulativc inass iiavenntorizs and generation rates are 
reported in this chapter for most of the DOE sites listed in 
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At Ames, the only wWe that is lmth LLW and '1XX 
regiriaicd is asbcstosxontainiiig makrial. Small quantities 
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of such waste are projected for AMIS in Tables 8.4, 8.5, 
8.18, and 8.19 to retlect the completion of D&D activities 

ask estimates for the period 1995-2030 are 
U ~ ~ o ~ ~ .  

Projections reported in Tables 8.4,8.5,8.18, and &19 
for ANE-E are rough estimates based on preliminary 
fmeca3t.s of remediation projects. Full waste 
characterization for these site remediation projects must 
still be performed. No current inventories of TSCA- 
regulated wastes are reported. m - E  handles and 
reports radioactively contaminated asbestos as LLW 
because this material is shipped to IIANF, where it is 
accepted as XLW. '?%e quantities of reported projected 
wastes are baed on an assumed density for solids of 
3,B'm aCgm3. 

Mied  TSCA LLW inventories reported for RNL in 
Tables 8.2, 8.3, 8.9, 8-60, 8.13, and 8.14 represent 
cumulative levels from 13%. Projected annual generation 
rates repo1ted in Table6 8.18 and 8.19 for BNL assume 
that TSCAantaminated materials are removed and 
substituted where possible. This assumption results in a 
projected generation rate that is constant for a while but 
eWniuiIlW declines over the long term. 

FTdAL mixed TSCA LLW inventories reported in 
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent 
curnulative levels from 1989. Tables 8.18 and 8.19 show 
tha& zmnuat 'TSCA waste generation is projected to remain 
constant over the next 5 years but that it will sharply 
decline mer the three decades that follow. 

eported quantities of RCKNstate mixed 1,LW for 
in 'I'ables 8.2-8.5 include only contributions from 

newly generated solid w a s t q  which include sludges, metal 
debris, lab packs, soils, and a variety of other materials. 

F KClLAJstate mixed LLW inventories and 
projections reported in the IMWIR a b  include 
contributions from double-shell tank waste, which consists 
of aqueous liquids and organic liquids. These liquids, 
alehaugh comprising mked I , W ,  are managed as HLW. 
For this reason, contributions from the double-shell tank 
waste are not included in this chapter, but in the HI,W 

rim and projections of Chapter 2. 
Ked IISCA LLW inventories reported for EIANF in 

Tables 8.2, 8.3, 8.9, 8-10, 8.13, and 8.14 represent 
~~~~~~t~~ levels from 1987. fnventories and generation 

levels reported for 1W2 are based on an assumed average 
density of 1,OOO kg/m3 for liquids and debris and 
1,500 kg/m3 for soils. Generation projections are based on 
an average annual generation between mid-1987 and 19!E 
(5.5 years). 

8.4-6 I- Naws Nalioaal Laboratsry (LANL) 

Inventories of TSCA-regulated mixed LLW at LANL 
reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 
represent cumulative levels from 1971. These reported 
inventories are based on the limited records kept of 
asbestos and PCR wastes in the early operating years. 

8-4.7 Lmnmce Berkeley Laboratory (LI3L) 

For the most part, only TSCA TLW volume 
information wds reported by LTSL in ref. 9. TSCA LLW 
m a s  estimates for LBL are based on the densities cited in 
the footnotes of Tables 8.2, 8.4, 8.9, 8.1 1, and 8.13. The 
mass generalion projections of Tables 8.18 were estimated 
from the volume generation projections of Table 8.19 using 
a density of 1,ooO kg/m3. Inventories of LBL TSCA LLW 
reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 
represent cumulative levels from 1988. In addition to 
asbestos and PCBs, inventories of TSCA LLW at L H L  
include pump oils contaminated with tritium. The 
projections reported for IBL reflect several assumptions. 
After 1992, there will be no generation of contaminated oil. 
In addition, future generation of asbestos and PCB wastes 
will be sporadic-dependent upon laboratory 
decommissioning schedules. 

Inventories of TSCA-regulated I L W  at II,NJ., are 
reported in Tables 8.2, 8.3, 8.9, 8.10, S.13, and 8.14. No 
TSCA wastes were generated in 1992 nor are any 
projected for the future partly because the sile no longer 
purchases equipment which uses PCBs. In recent years, 
the only generation of TSCA wastes at 1d.NI. occurred 
when capacitors containing PCBs were removed from 
service, and when asbeslos was removed from building 
demolition or renovation. 

8-4.9 M d  Rant (MOIJND) 

Mound Plant TSCA LLWs are PCB wastes. 
Inventories far these wastes reported in Tables 8.2, 8.3, 
8.9, 8.10, 8.13, and 8.14 represent cumulative levels from 
1985. 

8-4-10 Naval XeacaorS (NX) P Sites 

Generation levels reported for NM Program sites in 
Tables 8.4,8.5,8.18, and 8.19 represent contributions from 
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the Knolls Atomic Power Laboratory (KAPL). The 
projections reported in Tables 8.18 and 8.19 assume a 
generation rate for asbestos wastes consistent with 
maintenance and plant D&D activities. 

Inventories of 'rSCA LLW at ORNL reported in 
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 are cumulative 
levels from 1968. Site generation projections reported in 
lablcs 8.18 and 8.19 pertain to radioactivity~ontaminated 
asbestos. Somc ORNL wastes containing PCBs are 
inciiaded in the KCRA waste inventories reported in ref. 7. 

8.4-12 P" Ga=s s (PAD) 

The PAD site TSCA LI,W inventories reported in 
'Tables 8.2, 8.7, 8.9, 8.10, 8.13, and 8.14 are cumulative 
levels from 1980. Projections reported for generated 
TSCA wastes in TabAcs 8.18 and 8.19 are based on the 
following mxmptions: 

a routine waste generation of 608 m3/frear; 
the m a s  Df a 55-gal (0.21 m3) drum is 159 kg; 
generation levels resulting from routinc site activities, 
envirorinieiital restoration activities, and engineering 
project activities; 
reported quantities for only waste solids and liquids, 
no sludges; and 
all iulure PCB wastes to he regarded as ha;.ardous. 

At POKE,  TSCA-regulated mixed LLW is comprised 
of both PCBs and asbestos. Inventories of these wastes 
are reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14. 
Current generation rates are reported in Tables 8.11, 8.12, 
8.15, and 8.16. Projections of TSCAwastes from PORTS 
site activities are currentb not available. 

Mixed LLW inventories, generation, and projections 
reported in this chapter for remedial action program 
(RAP) sites include contributions from the Battelle 
Colurfibus Laboratory Decommissioning Project (BCLDP) 
and the Senta Si~sana Field Laboratory (SSFL) of the 
Energy Techeadogy Engineering Center (ETEC). 

Projections for BCLDP waste generation pertain orsly 
from 1993 to the year 2ooU, at which time the project is 
scheduled to be completed. The generation level reported 
for 1W8-2030 is an annual average based Qn total 
contributions from 1998-2008. Mass quantities were 
estimated Irmr reported volume projections using an 
assunled waste density of 1,OOO kg/m3. 

'TSCA waste inventories for SSFJ, include 
coiltribuiioims from the years 1991 and lW2. SSFL TSCA 

waste is primarilly askstos-containing floor tiles rrmmed 
during D&$m operations. 

8-4-15 Rocky Flats HDLannt (KPP) 

Projections q o r k d  in Tables 8.18 and 8.19 foi TSCA 
LLW generated at RIT perrain to both asbestos arid YCB 
wastes. hwmptions associated with projected asixstos 
generation include: 

funding suplxarh to continue for a k s t o s  reinoval 
projects; 
regulations not to be modified to require the ri^r;iom: 
of all damaged asbestos7 and 
no removal of asbestos requiicd by site transition 
activities (Le,? changes in the mcs of site fzcilitk-s). 

Assumptions associated with projccted PCD gene:atioii 

funding support to continuc for PC3 rema 
PCB materials rernovee io contain some ~ a o ~ w : s  of 
LLW conternination, and 
a transformer containing PCBs io bc rrmi;t.ed froiri 
service in 1%4. 

rates at WIT include: 

Inventories of TSCA kI,W (asbestos) reporlad for 
SNLA in Tabies 8.2,8.3,8.9,8.10,8.13, and 8.14 xpreser,: 
cumulative levels from 1989, when dispszl nf 1 I W in 
SNLA landfills ceased. Estimates for futuie TSCA LL% 

be mostly radioactively contamindted asbss;os frnrri i i & i J  
activities. Some older budding? on the sde have k c i ,  
designated for D&IU aipd are know to coritaln 
radioactively contaminated askstcs. HOwevei, no f i d l n g  
is yet available for cieanup of these fxilitim and au 
sampling and analysts has occurrcd 

are currently unknown. Future geneation IS ex to 

8-4.17 % m m b  R'kEr sip@ (SRS) 

SRS mixed rSCA LLW inventolm icpoiccd in 

Tables 8.2, 87 ,  8.9, 8.10, 8.13, and 8.14 represent 
cumulative levels from 1986. Most of the SKS TSCA 
wastes arc asbestos materials whose m a s  '.vas e & r t  !,it& 
fnom sitemported vduinc data using an assuiiitd densiiy 
of 200 kg/m3. This densily was ais0 used tn cst:,1iZtc thr  
projected TSCA LLW mass generation raics repol ied iii 

Tables 8.4, 8.11, 8.15, and 8.18. 

At the W D P  site, TSCA-reguldeC mixcd LLW is 
coinprised of both asbestos and F29i msks.  The Wasle 
projections reported for WVDP in Tahle 8.18 a d  8.19 are 
based On the fOllGWing ak%UmptionS. 
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wastes estimated for 1993 include both asbestos and 
PCB wastes, the latter of which is assocxated with two 
capacitors and two light ballasts scheduled for 
removal; 
the average generation level reported for 1998-20 
excludes 1,024 kg (1.15 m') of PCB waste to 
removed &om this work scheduled to begin in the 

asbestos removal already begun is to be completed by 
the year 2030. 

8-4-19 Y-12 FWt 

Y-92 Plant I X A  mixed LLW inventories reported in 
Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8,14 represent 
cumulative levels from 1982. These wastes are PCBs. 
Cantributions from asbestos are not reported because it is 
considered to be a smitary waste at the Y-12 Planl. 'LVaste 
volumes reported were estimated from site-reported waste 
mass information using an assumed density of 1,Sm kg/ni3 
for solids and 1,001) kg/ni3 for liquids. In 'I'dbles 8.94.12, 
the quantity of generated sludge cannot be broken out and 
therdore is included in the solid or lquid data given in 
1he.w tables. In  Table 8.9, a large portion of the 
cumulative inventory (5,341,225 kg) consists o f  dispi i l  
area remedial action soils from the Oil Land Farm Soil 
Storage Facility. 

Projected 'ISCA mixed LLW generalion rates for the 
Y-12 Plant are unavailable due to three factors: (1) the 
changing Y-12 Plant mission; (2) the unknown amount of 
environmental restoration work to be done; and (3) the 
unknown amount of UStU work to be done. 

I(imntly, the NIW and EPA co-sponsored a survey 
study to compile a national profile of the volumes, 
characteristics, and treatability of commercially generated 
mixed LLW. Such a profile was designed to provide the 

states and compacts with inrormaiion to assist in 
planning and developing adequate disposal capacity 
for low-level radioactive waste, including mixed waste, 
as mandated by the Luw-Level Radioactive Waste 
Policy Amendnients Act; 

e private developers with a clearer idea of the 
characteristics and volumes of mixed waste and the 
technical capability and capacity needed to treat this 
waste; and 
a reliable national dab baw on the volumes, 
characteristics, and treatability of commercial mixed 
waste. 

In addition, the data were collected to provide a basis for 
possible federal actions that would effectively manage and 

following: 

e 

regulate the treatment and dispmt of mixed waste. 
esults from this investigation are documented in ref. 10 

and s u ~ ~ ~ ~ ~ d  in this report, 
The study identified the trpes and volumes of mixed 

I,I,W generated from five groups of facilities: nuclear 
utilities, medical kdlilies, academic institutions, ~ ~ d u s ~ r ~ i ~ l  
facilities, and NRC-licensed government facilities. The 
study selected a random sample of 1,323 facilities out of a 
total target population of 2,936 facilities. Data from the 
1,016 completed mixed waste: survey questionnaires (77% 
response rate) received and the use of a p ~ r o ~ r ~ ~ e  
weighting factors indicate that approximately 3,%0 m' of 
low-lml radimctive mixed waste-of which 72% was liquid 
~ ~ n ~ ~ ~ ~ ~ ~ ~ o ~  f lu idwere  generated in the Uniled Sfatss in 
1m. 

The study divided the low-level radioactive mixed w t e  
into several hxmrdous stream categories, includrng the 

Liquid scintillation fluids from laboratory counting 
actiVitieS. 

8 Wate or1 from various pumps, equipment, and 
maintenance activities. 

o Chlorinated or fluorinated organics and chlorinated 
lluormiirbns, including sludges and contaminated 
filters from dry cleaning, refrigeration, ~ ~ g r ~ ~ ~ n g ,  and 
decontamination operations. Chlornform and a 
number of pesticides are also included. 

0 Other organics, including miscellanmus solvents, 
reagents, expired products, and other organic 
c o ~ p o u ~ ~ ~  (or n-taterials 4ike rags, wipes, etc., 
contaminaled wilh such) from resEarch and 
m ~ i n u f ~ c ~ ~ r ~ n g  activities, experimental procedures, and 
laboratory and process equipment cleaning. 
Lead wastes, including i a d  shielding and lead solutions 
for research and industrial facilities. 

4 Mercury wastes, including equipment and debris 
contaminated with mercury. 

o Chromate wastes, including chrora3ium-contarnina~~~ 
soluti~m fur research, maintennncc, and waste 
treatment (ion exchange) operations. 

t Cadmium wastes from decontamination activities. 
e Aqueous corrosive wastes, including inorganic acid.., or, 

in some instances, bases from clcanup and 
decontamination activities. 

Q Other ha7ardous materials, including materials either 
no1 readily assignable to any one or the previous 
categories or containing a number of different 
hazardous materials. 

Summaries or estimated generalion rates, amounts in 
storage, and aniounts treated for each of the five facility 
categories and each of the hawardous waste stream 
categories are shown in Tables 8.20 and 8.21, respectively 
(data from ref. IO). Upper and lower bounds were also set 
on the wlume of mixed waste that is untreatable under 
current technologics by making the simplifyl;ng assumption 

fol?mving. 
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that liquid scintillation fluids, oil, aonhalogenated organics, 13% of the estimated 1 m  national generation rate of 
and corrosive wastes are treatable. Deducting their total 3,9550 in3. However, it was noted that the capacity to treat 
contribution from the estimated total mixed waste dl of the so-called treatable mixed waste may not be 
generation rate leaves residues of a b u t  524 m3. n i s  available. 
upper b u n d  for untreatable mixed waste is approximately 

1. U.S. Congress, Atomic Energy Act of 1954, Pub. L. 83-703, Aug. 15, 1954.. 

2. U.S. Congas, Resource Consewation and Recovery Act of 1976, Pub. L. 94-580, Oct. 21, 1976, as amended by the 
Hazardous and Solid Waste Amendments Acts of 1984, Pub. L. 98-616, Nov. 9, 1984. 

3. U.S. CAsngress, Toxic Substances Control Act of 1976, Pub. L. 94-459, Oct. 11, 1976. 

4. U.S. Environmental Protection Agency, “Identification and 1,isting of IIamrdous waste,” Code ofFederal ~ ~ ~ ~ ~ ‘ ~ ~ ~ ,  
48 CFR Parts 260-271 (1986). 

5. US. Environmental Protection Agency, “Subchapter R-Toxic Substances Control Act,” Code ofFede.m! Rzgulntiorns, 
48 CFK Parts 700-799 (1988). 

6. Betsy %en, Science Applications International Corporation, Germantma, Maryland, facsimiles to S. N. Storch, Oak 
Ridge National Iaboratory, Oak Ridge, Tennessee, dated Jnne 4 and 18, 1993, containing the updated respective EFA 
nihcd waste authoriiation statuses for states and U.S. territories as of April 30, 193. 

7. U.S. Department of Ener , Interim Mixed Wmfe Inventmy Kepm: Waste .%w.m, 7i.L.abne~zt Capcitieq and 
Techologies, DBE/NBM-llOO, Washingtnn, D.C. (April 193).  

8. U.S. Congress, Federal Facility Compliance Act of 1932, Pub. 1,. 102-386, Oct. 6, 1W2. 

3. US. Department of Energy, Waste Management Information System ( M I S ) ,  DOC; site TSCA-regulated mixed LLW 
data s u ~ m ~ ~ ~ a ~ s  (Attachment 5) issued, received, and maintained by the Hazardous Waste Ren-nedial Actions Program 
(IPhZWRAP), Martin Marietta Energy Systems, Inc., submitted aa the IDB Program during Aaagust-I)ecember 1993. 
The following TSCA mixed ILW submittals were received and reviewed by II,;b,WRAP and its support contractors 
before being submitted to the IDB Program for analysis and integration. Preceding each submittal is the site (in 
parentheses) to which it refers. 

a. 

b. 

C. 

d. 

e. 

(AMES) Kay M. Hannasch, Ames Laboratory, AnL s, Iowa> letter to Lise J. Wachter, Martin Marietta Energy 
Systems, Inc., IIAXWRAP, Oliver Springs, Tennesee, submitting Ames Laboratory TSCA mixed LLW 
information, dated Aug. 11, 1993. 

(ANL-E) R. Max Schleeter, Argonne National Laboratory, Argonne, Illinois, K E ~ P - ~ O ~ ~ A ~ I J ~  to A. I.. Taboas, DOE 
Argonne Arm Office, Argonne, Illinois, “Request for Office of Waste Management, Waste Data Information 
Update,” dated Aug. 26, 1993. 

(ANL-W) No submittal. 

(BNL) Carson J-. Nealy, U.S. Department of Energy, Brookhaven Area Office, Upton, New York, memorandum 
to Lise J. Wachter, Martin Marietta Energy System, Inc., M U W R A P ,  Oliver Springs, Tennessee, “Brookhaven 
National Laboratory-1993 Waste Management Tnf0m1ation System (WMLS) Update,” dated Aug. 12, 1993. 

(bW=%) J. Donald Gcsairt,  Fermi National Accelerator Iaboratory, Raravia, Illinois, letter to Tise J. Wachter, 
Martin Marietta Energy Systems, Inc., I I A Z W A P ,  Oliver Springs, Tennessee, “Request for Office of Waste 
Management, Waste Data Information 1Jpda&e,” dated Aug. 9, 1993. 



213 

f. 

g. 

h. 

i. 

j. 

k. 

1. 

m. 

n. 

0. 

(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 R1, dated Aug. 30, 1993. 

(INEL) Virginia C. Randall, EGLG Idaho Inc., Idaho National Engineering Laboratory, Idaho Fall.., Idaho, letter 
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, T e n n e w ,  “Integrated 
Data Base for 1993,” VCR-11-94, dated Feb. 14, 1994. 

(ITRI) Susan Umshler, U.S. Department of Energy, Kansas City Area Office, Kansas City, Miswuri, 
memorandum to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, 
detailing TSCA mixed LLW information for the Inhalation TaXicdogy Research Institute, dated Aug. 6, 1993. 

(K-25) Jeff Wilson, Martin Marietta Energy Systems, Inc., Oak Ridge K-25 Site, Oak Ridge, Tennessee, facsimile 
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, dated Sept. 15, 
1993. 

(LANL) Thomas C. Gunderson, Los Alamos National Laboratory, Los Alamos, New Mexico, memorandum to 
Lise J. Wachter, Martin Marietta Energy Systems, Inc., M W K A P ,  Oliver Springs, Tennessee, “WMIS Data 
Call,” EM-DO 93-941, dated Aug. 17, 1993. 

(LBL) Hannibal Joma, US. 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 TSCA mixed LLW waste information, 93W-332/5484.1.k13, dated Aug. 23, 1993. 

(LLNL) Kevin Hartnett, U.S. Department of Energy, San Francisco Operations Office, facsimile to Millie Jeffers, 
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, providing LLNL LLW information, 
dated Nav. 18, 1993. 

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

(NR sites) J. J. Mangeno, U.S. Department of Energy, Navdl Reactors Programs Office ( N E d ) ,  Crystal City, 
Virginia, memorandum to J. Coleman, DOEEM 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 NE40 
Cognizant Facilities,” dated Aug. 9, 1993. 

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

p. (ORISE) Lynda I-I. 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. 

q. (ORNL) Site data received, but no letter of transmittal. 

f. (PAD) Jimmy C. M a w ,  Martin Marietta Energy Systems, Inc., Paducah, Kentucky, letter to Donald C. Rooher, 
DOE Paducah Site Office, Paducah, Kentucky, “Update of Department of Energy Low-Level Radioactive and 
Low-Level Mixed Wa5te Data for the 1993 Integrated Data Base Annual Report,” dated Aug. 20, 1993. 

s. (PANT) R. M. Laghry, Mason & fIanger-4ilas Mason Company, Inc., Amarillo, Texas, letter to Lise J. Wachter, 
Martin Marietta Energy Systems Inc., IIAZWRAP, Oliver Springs, Tennessee, “Request for Office of Waste 
Management-Waste Data Information Update,” dated Aug. 20, 1993. 
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t. ( P I N E L M )  Gary C Schmidtke, DOE Pinellas Area Office, Targo, Florida, memorandum to I isc J. Wzchrer, 
Martin Marietta Energy Systems, he., HAZViWW, Oliver Springs; Tennessee, detailing Picwllas fala.% ’BSCA 
mixed ?,I,\%’ information, dated July 30, 1993. 

u. (PORTS) Eugene W. Gillespie, DOE Portsrmiith Site O€fice, Piketon, Ohio, letter to Lise J, Waashter, Martin 
Marietta Enei gy Systems, Inc., HRZWIUP, Oliver Springs, Tennessee, “Request foi Office of Waste 
Management, &xtaste Data Infgrmation Update,” EO-23-5379, dated hug .  10, 1993. 

v. (PPPL) No submittal. 

w. (RF’P) W. 1‘. YPymak, DOE Rocky Flats Office, (hldcn, Cdorado, memorandum to T k  J. Wachter, Martin 
Marietta Energy Systems, Inc., HAZWRAP, OIivcr Springs; re’enra?ssee, ““Sukmissjon of Waste IIPata Information 
to Supprt the Integrated Data Max,” dated Aug. 27, 1993. 

x. (SLAC) Matthew k Allen, Stanford Linear Accelerator Center, Palo Alto, California, Icttc; to lake .I. Wachtcr, 
Martin Marietta Energy Systems, Inc,, HAZWRAF, Oliver Springs, ‘]Tennessee, “Waste Data Information Update,” 
dated hug. 16, 1993. 

y. (SNi A) Steve Ward, Sandia National laboratories, Albuquerque, New Mexico, letter ta Georgc M, Taskar, DOE 
Albuquerque Operations, T r d m m  ttal of Waste Management Information System (WMIS) Update Information,” 
dated Aug. 5, 1993. 

z. (SNTL] K. K. Shepodd, Sandia National Zaboratories, Livermore, California, rneniorandum to S. E. Urnshler 
DOl! iQc,sas City Area DBfice, Kansas City, Missouri, “Updated Data for the Waste Management Inforimtion 
Syst.cnr,” dated Aug. 9, lW3. 

aa. (SRS) Michael G. O’Rear, U.S. Department of Encrgy, Savailnah River Operations Office, anemorandrim to the 
DOE/CM Illrector of the Office of Technical SUpFJrt (DOE/EM-35), Washington, D.C., ‘Wepartiment of Encrg 
W a t e  Tnventniy Data Systems,” dated Nov. 3, 1W3. 

ab (Y-12) Site data received, hu? no letter of transmittal. 

ac. (WIPP) No submittal. 

ad ( W P )  J. P. Jackson, West Val@ Nuclear Services Company, Inc., West Valley, NCW -fork, letter to 
Lise J. Wachtcr, Mat tin Marietta Energy Systems, Inc., W W r r h A P ,  tlliver Springs, Tenncssc, “Waste 
Infonmiion Update for Calendar Yea: 1992,” dated h g .  20, 1993. 

10. J. A. Klein, ct al., Notional &oj% WI ComlptexiaIly Generaki Low-Level Radioactbve Mixed Waste, prepared by Oak 
Ridge National Laboratory, Oak Ridge, Tennessee, for U S Nuclear Regulatoiy Commishsinn and 1J.S. Enwonmi-ntnl 
Protection Agewy, NURC(’r/CR-S938, QRNLd73 1 (December 192). 
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ORNL DWG 93-10819 

OTHERS* 
28.9% 

INEL 
12.7% I 

4.6% 

SITE 
CIJRIC 

ME i E R S  

I N E L  
K-26 
ORNL 
PORTS 
R F P  
SRS 
Y-12 
OTHERS' 

2.322€+04 
2 910Et04 
4.022E+03 
1.193E+04 
6.608E+04 
4.740€+03 
1.513E+04 
3.815E+04 

TOTAL 1.824€+06 

'Repor ted  contr lbut lons 
f rom 36 sltes. 

ORNL DWG 93-10820 

CUBIC 
S I T E  M E T E R S  

Fig* 8-1. Total volume inventory of al l  DOE mixed U W  through 1992 

cumulative volume  ti^^ of all DQE mixed LLW during 1!?!&-1997. 

HANF 
INEL  
K - 2 6  
PAD 
PORTS 
RFP 
SHS 
Y-12 
OTHERS' 

1 i 6 a ~ + o 4  
2 620t+03 
6 401F+03 
3 b22F+03  
4 611Et03 

2 764F-03 
1467F+OA 
1023Et04 
3 604E+03 

TOTAL 6.001E+O4 

'Repor ted  contr lbut lons 
f rom 0 4  s i tes .  
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Table 8.1. EZLfrty-faur states and t&?rrbtorisa with. ETA d x e d  w a s t e  authorbaaticma 

S t a t e  f t e r r i t o r y  Ef fec t ive  d a t e  S t a t e / f z r r i t o L y  E f f e c t i v e  d a t e  

.... ..... . . ... ... ._. 

Arizona 

Arkamas 

C a l i f o r n i a  

Colorado 

Connecticut 

F l o r i d a  

Georgia 

Gu 

Idaho 

I1 l i n o  i s 

Indiana 

Kansas 

Kentucky 

Louisiana 

Michigan 

Minne s o t  a 

Miss i s s ipp i  

0 1/ 221 93 

05/29/90 

08/01/92 

11/07/ 86 

12/31/90 

02 /12 /91  

09/26/88 

10/10/89 

04/09/90 

04/30/90 

09 /30 /91  

06 125 190 

121 19/88 

10 /26 /91  

12/26/89 

06/23 I 8 9  

05 /28 /91  

Missouri  

Nehraska 

Nevada 

New Mexico 

New Yoxk 

North Caro l ina  

North Dakota 

O h  i 0 

Oklahoma 

Oregon 

South Caro l ina  

South Dakota 

T enne s s R e 

Texas 

Utah 

Washington 

Wisconsin 

03/12/93 

121 03 188 

06/29/92 

07/25/90 

05/07 190 

11/21/89 

0 8/24 190 

06/30/89 

11/27/90 

05/29/90 

09/13/87 

06/17/91 

0 8 /  111 87 

031 15/90 

03/07/89 

11/23/87 

04/24/92 

aBased on r e f .  6. Information a s  of ApriL 3 0 ,  1993. 
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Table 8.2. -1ative mas8 (kg) invmtories of DOE site 
operations mixed LLW thrbugb 189Zapb 

Site RCRA/stateC TSCA~ Total. 

M S  
ANL-E 
ANL-w 
BNL 
FEMP 
FNAL 

INEL 
ITRI 
K-25 
KCP 
LANL 
LBL 
UNL 
MOUND 
NR sitesj 
NTS 
ORISE 
ORNL 
PAD 
'PANT 
PINELLAS 
PORTS 
PPPL 
RAP sites1 
RFP 
RMI 
SLAC 
SNLA 
SNLL 
SRS 
WVDP 
Y-12 
Othersm 

HANFf 

Total. 

692 
156,496 

19,223 
78,305 

3 ,524 ,491  

2 ,  946,863g,h 
e 

11,958,814 
960 

38,661,192g 
4,260 

938,787 
13,439 

204,189 
20,370 
17 ,161  

0 
e 

2,894,5621 
186,105g 
126,011 

29 
5,530, 6b3k 

0 
1 ,349 ,212  

61,240,145 
9,098 

e 
98,285 

3,577 
2,373,3421 

16,790 
16,503,5738 
44,129,016 

2,400 
0 
e 

262 
e 

98 
101,815 

i 
e 

0 
379,658 

4,190 
252 

0 

e 
199,289 

2,529,125 
e 

1,431,630 

900 
25,120 

e 
0 

68 
0 

18,656 
12 ,251  

5,872, BOO 
e 

e 

3,409 

e 

a 

e 

3,092 
156,496 

19,223 

3 ,524 ,491  
98 

3,048,678 
11,958,814 

960 
38,661,192 

4,260 
1 ,318 ,645  

17 ,629  
204,441 

23 ~ 859 
17 ,161  

e 

3,093,851 
2,715,230 

126,011 
29 

6,962,273 
e 

1,350,112 
61 ,265 ,265 

9,098 
0 

96,353 
3 ,577  

2 ,391 ,998  
2 9 8 0 4 1  

44,129,016 

7 8 . ~ 6 7  

e 

22,378,473 

193,005,630 10,582,303 203,587,933 

%ateriala may be in interim storage awaiting treatment. 
Specific site information is provided in S e c t .  8 . 4 .  

general, densities of SO0 kg/m3 far compressed gases, 
1,000 kg/m3 for liquids, and 1.500 kg/m3 for solids and sludges were 
assumed to estimate masses when site did not report mass data. 

'Based on the IPWIR, ref. 7.  
dBased on the DOE site data submittals of ref. 9. 
eInfonnation not available or unknown. 
fIncludes contributions from PNL. 
gReported inventory as of the end of 1991. 
hConsists of contributions from newly generated solid waste. 
iContributions are included in the RCRAlstate category, 
jIncludes contributions (if any) from Bettis (BAPL), Knolls 

kReported inventory as of the end of February 1993. 
l1ncludes contributions from Santa Susana (ETEC/SSFL) , Colonie 

mIncludes contributions from the Middlesex Sampling Plant in 

(KAPL), and NRF (INEL). 

(CISS), Grand Junction (GJPO), and Weldon Spring (WSSRAP). 

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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S i t e  R W l s t a t e b  ‘rscAC Total  

m s  
ANL -E 
ANL-w 
BNL 
F M P  
FNAL 
W F e  
INEL 
ITRT 
K-25 
KCP 
LAMI, 
LBL 
LLML 
NOUND 
MR si tes i  
NTS 
ORISE 
ORNL 
PAD 
PANT 
PINELLAS 
FORTS 
PPPL 
RAP s i t e s k  
REP 
RMI 
SLAC 
SNLA 
SNLL 
SRS 
WVDP 
Y-12 
Others1  

0.2 
95.9 
9.5 
84.5 

3,108.1 
d 

2,930 .7f  * g  
23,215.4 

1.3 
29,100. q f  

5.4 
680.5 
22.2 
212.0 
50.7 
30.9 
0.0 
d 

2,665. Zf 
185. af 
87.9 
0.0, 

5,527.75 
0.0 

715.6 
56,026.0 

15.9 
d 
65.5 
9.6 

12.2 

24,545.2 

4,648. O f  

11,112. If 

2.4 
0 
d 
0.7 
d 
0 . 1  

87.4 
h 
d 
d 
0 

1,859.6 
3.3 
0.2. 
3.4 
0 
d 
d 

1,357.0 
3,203.3 

d 
0 

6,403 .O 
d 
5.7 
52.0 
d 
0 
0.4 
0 
92.1 
32.6 

4,014 .O 
d 

T o t a l  165,164.4 17,207.2 

2.6 
95.9 
9.5 

85.2 

0.1 
3,018.1 
23,215.4 

1.3 
29,100.4 

5.4 
2,540 .1 

25.5 
212.2 
54.1 
30.9 
d 
d 

3,108.1 

4,022.2 
3,479.1 

87.9 
0 

11,930.7 
d 

721.3 
56,078.0 

15.9 
0 
65.9 
9.6 

4,740.1 
44.8 

15,126.1 
24,545.2 

ia2.371.6 

“Materials may be  i n  in te r im s to rage  awaiting t rea t inent .  

bBased on the  IWIR, r e f .  7. 
CBased on t h e  DOE s i t e  d a t a  submi t t a l s  of r e f .  9. 
dInformation no t  ava i l ab le  o r  unknown. 
eIncludes con t r ibu t ions  from PNL. 
fReported inventory a s  of t h e  end of  1991. 
RConsists of con t r ibu t ions  from newly genera ted  s o l i d  

3 o n t r i b u t i o n s  a r e  included i n  t h e  RCRAIstate ca tegory .  
l Inc ludes  con t r ibu t inns  ( i f  any) from B e t t i s  (BAPL) ,  

JReported inventory  as o f  t h e  end of  February 1993. 
kInc ludes  con t r ibu t ions  frcm Santa  Susana (ETEC/SSFL) , 

Colonie (CISS),  Grand Junct ion  (GJPO), and Weldon Spring 
(WSSKAP). 

i n  New Je r sey  (24,468 in3 )>  t h e  Laboratory f o r  Energy-Related 
Health Research i n  Ca l i fo rn ia .  and 4 naval  sh ipyards  (Mare 
I s l a n d ,  C a l i f o r n i a ;  P e a r l  Harbor, Hawaii; Portsmouth, Maine; 
and Pugst Sound, Idashineton). 

Spec i f i c  s i t e  information i s  provided i n  S e c t .  8.4. 

waste.  

K n o l l s  (KAPL), and N U  (1NEL). 

l Inc ludes  con t r ibu t ions  from t h e  Middlesex Sampling Plant, 
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Site 
_ . - . ~  

m s  
M L - E  
ANL-w 
9NL 
FEW 
F1.U 

INEL 
ITRI 
8-25 
KCP 
L M L  
LBL 
I>I.rn, 
MOlINQ 

NTS 
OXISE 
ORNL 
PAD 
PANT 
PINELLAS 
PORTS 
PPPL 

RFP 
RMI 
SLAC 
SMLA 
SNLL 
SWS 
W W P  
Y-12 

W F f  

IR sitesi  

RAP sited 

Other& 

Total 

TSCAd Total 

0 
61,973 
4,550 

27,243 
66,796 

e 
11,750,8326 
2,569,971 

16,290 
6,637, 18Sh 

0 
545,950 
17,874 
404.417 
1,559 

0 
35, azo 

e 
652, 19Zh 
380, 59%h 
276,400 

0 
4,456,147 

395 
9.215 

3,908,995 
440 

1 , 5 6 4  
4.175 

%,DO9 

42,940 

63,521,397 

e 

18.538,15Oh 

13,101,716' 

_ _  

100 
251,486 

214 
e 

150 
92.500 

0 

e 
0 

164,000 
70,000 

0 
0 

49,466 
e 
e 

64,935 
2,305,225 

e 
0 

e 

B 

e 
e 

84.250 
128,400 

e 
0 
e 
0 

26,600 
23,217 

e 
e 

3,260,623 

100 
313,459 
4,550 
27,457 
66 796 

150 
11 I 8143,332 
2,569,971 

6,637,185 
0 

709,950 
87,874 
404,417 
1,559 

55,286 

16, zsa 

e 
e 

717,127 
2,685,823 
276,400 

0 
4,456,147 

395 
93,465 

4,037,475 
440 

0 
1,564 
4.175 

18,564,759 
31,226 

13,1171,716 
42,940 

86,782,020 

..l_l._._..__..__ 

%pecific site information is provided in Sect. 8.4. 
Beneral, densities o f  500 kgfm3 fox compressed gases, 

1,000 kgld for liquids, and 1,500 kg/m3 for solids and sludges ware 
assumed to estimate masses when site d i d  not report mass data. 

'Based on the TNWIR, ref. 7. 
dBased on the DOE site data submittals of ref. 9. 
eInformation not available or unknown. 
fincludes contributions from PNL. 
BCmulative generation for the period 1992-1Q97. 

hCumulative generation for the period 1992-1996. 
iIncludes coiitributions (if any) from Bettis (BAPL) ~ Knolls 

(KAPL3, and NRF (INEL). 
jIncLudes contributions from Battelle (BCLUP) and Santn Susana 

(ETIC/SSFL). 
kIncludes contributions from 6 naval shipyards (Charleston, 

South Carolina; Mare Island. California; Norfolk, Virginia; Pearl 
Harhnr, Hawaii; Portsmouth, Maine; and Puget Sound, Washington). 

Consists o f  
contributions from newly generated solid waste. 
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T a b l e  8.5 .  Projected S-year (1993-1997) c u m l a t i w e  

operations mixed ~ s P  

Site RCRA/stateb TSCAC Total 

AMES 0.0  4 0 . 1  <O.l 
ANL-E 29.8 628 .1  657.9 
ANL-W 3.9 d 3 . 9  
BNL 27.4 1 . 6  29.0 
FEp4P 151.1  d 151.1 
FNAI. d 0.2 0 . 2  
M F e  11,603 .af 79.5 11,682.7 
INEL 2,619.5  0 2 ,619 .5  
ITRI 4 . 3  d 4 . 3  
K-25 6 ,401 .08  d 6,401.0  
KCP 0.0 0.0 0.0 
rn 524.7 265.0 789.7 
LBL 31.1  7 . 0  38.1 
LLNL 430.5 0.0 430.5 
MOUND 1 . 5  0 . 0  1 . 5  
NR sitesh 38.9 93.2 132 .1  
NPS 0 . 0  d d 
ORISE d d d 
ORNL 599.4g 262.8 862.2 
PAD 380.18 3 ,041 .4  3 , 4 2 1 . 5  
PANT 195.7 d 195.7 
PINELWS 0.0 0.0  0.0 
PORTS 4,610.9 d 4.fi l0.9 
PPPL 0 . 5  d 0.5 
RAP sitesi 20.4 88.3 108.7 

2 ,763 .6  RFP 2,640.5  123 .1  
WlI 0 . 9  d 0 . 9  
SLAC d 0 . 0  0.0 
SNLA 0 . 8  d 0 . 8  

SRS 14,537.78 133.0 14 ,670 .7  
WVDP 7.3  96.0 103.3 

10,233. Og d 10,233.0  Y-12 

Vollme (m3) ganeration of WE site 

I--_.- I.._.-I 

--.._.I 

SNLL 15.8 0.0 15.8 

Others j 79.9 d 79.9 
. . . 

Total 55,189.8 4,819.3 6 0 , 0 0 9 . 1  

aSpecific site information is provided in Sect. 8.4.  
bgased on the IM-JIR, ref. 7 .  
CBased on the DOE s i t e  data submittals o f  ref. 9.  
dInformation not available or unknown. 
eIncludes contributions f r o m  PNL. 
fCumulative generation €or the period 1992-1997. 

Consists of contributions f rom newly generated solid waste. 
~Gumulative generation for the period 1992-1996. 
hIncludes contributions (if any) from Bettis (BAPL), 

iIncludes contributions from Battelle (BCLDP) and Santa 

JIncludes contributions from 6 naval shipyards 

Knolls (KAPL), and NRF (INEL), 

Susan? (SSFLIETEC). 

(Charleston, South Carolina; Mare Island, California; Norfolk, 
Virginia; Pearl Harbor, Hawaii; Portsmouth. Maine; and Puget 
Sound. Washington). 
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T a b l e  8.6.  Rxysicallcberaical. &roups aud categories used to  cha rac t e r i ze  E R A -  and 
s t a t e - r e b u l a t d  mixed frcm site operationsa 

I 

Haste group/category Descr ipt ion 
I__ __ 

Liquids Consis t  of so lu t ions  and s l u r r i e s  

Aqueous 

Organic 

Sludges and s o l i d s  

Inorganic 

organic 

Cemented s o l i d s  

So l ids  

Debris 

Inorganic 

Organic 

Heterogeneous 

Labpacks 

Consist  mainly of water,  have <lZ (by mass) t o t a l  organic carbon 
(TW) content ,  and C35-40X (by mass) s e t t l e d  o r  suspended s o l i d s .  
Some a r e  comnonly r e fe r r ed  to as wastewaters. Exclude lab packs 

Comprised mainly of hydrocarbons such as petroleum d i s t i l l a t e s  and 
halogenated solvents .  Include any pumpable f l u i d s ,  l i q u i d s ,  end 
s l u r r i e s  with a TOC of a t  l e a s t  1I and <35-40% (by mass) of 
suspended o r  s e t t l e d  s o l i d s .  Exclude l ab  packs 

So l id  or semisolid ma te r i a l s  o the r  than s a i l  o r  deb r i s .  Include 
highly viscous,  nonpumpable ma te r i a l s  

Comprised of s o l i d  o r  semisolid inorganic or mineralogical  
ma te r i a l s  o the r  than soil. or deb r i s .  These wastes a r e  general ly  
homogeneous and include sludges from chemical wastewater treatment 
p l a n t s  and dusts  from a i r  po l lu t ion  con t ro l  devices .  Contain l e s s  
than 502 heterogeneous deb r i s  (by volume) 

Comprised of s o l i d  or semisolid organic ma te r i a l s  o the r  than 
debr i s .  Semisolids include highly viscous l i q u i d s  and s ludges.  
These wastes a r e  general ly  homogeneous and include sludges from 
b io log ica l  wastewater treatment p l a n t s ,  ac t iva t ed  carbon, and 
organic r e s ins .  Contain l e s s  than 50% heterogeneous deb r i s  
(by volume) 

Liquids,  sludges,  or miscellaneous s o l i d s  t h a t  have been 
s o l i d i f i e d l s t a b i l i z e d  with port land cement or o the r  so l id i fy ing  
agents bu t  do not  meet land d i sposa l  r e s t r i c t i o n  (LDR) treatment 
s tandards.  These a r e  a separate  subcategory of homogeneous 
inorganic s o l i d s  t h a t  r equ i r e  s p e c i a l  handling and treatment 

Contaminated soils a r e  geologic ma te r i a l s  l e s s  than 60 mu i n  
diameter t h a t  have r ad ioac t ive  and hazardoiis contaminants. Such 
s o i l s  a r e  s to red  i n  waste containers  for s p e c i a l  handling and 
t reatment .  Exclude i n - s i t u  soils. Include mixtures of soils and 
debr i s  containing l e s s  than 50% debr i s  (by volume) 

So l id  ma te r i a l ,  which is  e i t h e r  discarded or intended t o  be 
discarded, exceeding 60 mn p a r t i c l e  s i z e  t h a t  i s  e i t h e r  (1) a 
manufactured ob jec t ,  (2) p lan t  or animal mat ter ,  or ( 3 )  n a t u r a l  or 
geological  ma te r i a l  ( e . g . ,  boulders and cobblestones).  Ekcludes 
lead acid b a t t e r i e s  and process r e s idua l s  ( e . g . ,  smelter s l a g  and 
r e s idua l  ash) for which s p e c i a l  t reatment  s tandards have been 
e s t ab l i shed .  Mixtures of deb r i s  and o the r  ma te r i a l s  a r e  
considered debr i s  i f  t h e  mixture is comprised of >50% debr i s  by 
volume 

Include discarded me ta l l i c  and ceramic construct ion ma te r i a l s ,  
equipment, and s t r u c t u r e s .  Some of these  contain metul piping,  
metal  turnings,  g l a s s ,  concrete,  rocks,  and a spha l t  

Include animal carcasses ,  discarded paper,  p l a s t i c  products ,  wood, 
rubber,  and f a b r i c s  such as c lo th ing ,  gloves,  and rags 

Composed of both inorganic and organic deb r i s  or debr i s  with s o i l s  
o r  process s o l i d s  t h a t  occupy up t o  50X 0f t h e  t o t a l  waste volume 

Wastes with one or  more small  containers  of f r e e  l i q u i d s  or solids 
surrounded by a s o l l d  absorbent ma te r i a l  i n  a large container .  
Include used s c i n t i l l a t i o n  v i a l s  and r e l a t i v e l y  small  amounts of 
discarded laboratory equipment and laboratory chemicals 
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Waste grouplcategory BescripLion 

Lahpacks (cont inued)  
With meta ls  

Wlthor1t m r - t -  1 s 

Reactive/dangerous wastes 

Compressed gases 

ExpLos i ves  

Reac t ive  ms ta l s  

Inhe ren t ly  hnz-rdous wastes 

Bat. t e r  i e s 

Beryllium dus t  

Elementat l ead  

LiTdid mercury 

HuLtiple wastes 

Other wastes 

__ 
aDased on t h e  IFmIR, r e f .  7 .  

Contain one o r  m o r e  RCKA t o x i c  c h a r a c t e r i s t i c  (TC) meta ls  

Not contaminated with TC' meta ls  

Wastes t h a t  a r e  chsmically i e a c t i v e  and dangerous thereby  posing 
an ac&e phys ica l  hazard.  kJaastes w i t h  r e a c t i v e  contaminants 
( e . g . ,  cyanides) a r e  n o t  considered i n  t h i s  group unLess t h e  
overall :saste mat r ix  m a t e r i a l  i t s e l f  i s  r e a c t i v e  

Includ- d jscarded  ae roso l  cans and p res su r i zed  gas  cy l inde r s  

Waste ma te r i a l s  t h a t  rimy explode dur ing  normal o r  extromo 
handl ing .  Inc ludes  d iscarded  high-explosive m a t e r i a l s  and 
n i t r a t e d  c e l l u l o s e s  

Bulk r e a c t i v e  mntaJ.s t h a t ,  wheti u~ixed with  water ,  genera te  t o x i c  
o r  f l am.ab le  gases .  Inc lude  sodium, a l k a l i n e  in i?La l  a l l o y s ,  
aluiniiiuii f i n e s ,  and o the r  pyrophoric m a t e r i a l s  

Wastes whose primary components a r e  t o x i c  o r  hazardous 

Pr imar i ly  lead  ac id  and cadmiurn b a t t e r i e s  

Waste conta in ing  huLk q u a n t i t i e s  of bery l l ium dus t  

Inc ludes  both  sur face-contaminated  and a c t i v a t e d  Lead. Surface- 
contminat,ed Lead inc ludes  b r i c k s ,  counterweights,  sh ipping  casks ,  
and o the r  a h i e L d i n ~  con ta ine r s .  Act iva ted  l e a d  inc ludes  m a t e r i a l  
ac t iva t ed  by neut ron  o r  accel.erated p a r t i c l e  absorp t ion  

Any waste conta in ing  hulk q u a n t i t i e s  o f  l i q u i d  mercury 

Wastes comprisad of mixtures of  some of t h e  waste forms descr ibed  
above and, t h e r e f o r e ,  may roipiire s o r t i n g  o r  s epa ra t ing  p r i o r  t o  
treatment. 

Wastes t h a t  do n o t  f i t  into any of t h e  above ca t egor i e s  or  a r e  n o t  
y e t  cha rac t e r i zed  well enough t o  determine t h e i r  phys i ca l  and 
chemical pzope r t i e s .  Inc ludes  mixtures of wastes n o t  prev ious ly  
def ined  

....................... __lll_l 



Pahlis 8 . 7 .  Cmatlative mss at113 v o l u ~ e  inventories through 1992, 
&ysical.L/chbrraLcal matrix category, of RCRA- and state-regulated 

mixed LLW frcm M E  site operationsa 

Categoryb 
Vo Lme 

(m3 

Liquids 
Aipleous 49,648,415 49.073.3 
Bi-ganic 2,081,754 2,148.3 

Inorganic 56,608,672 42,381.7 
Orgnni c 2,888,740 2,881.7 

Cemented s o l i d s  242,054 169.1 
S o i l s  12,916,684 9,930 .O 
Debt-is 

Inorganic 46,090,689 26,493.7 
Ora ani c 1,097,9/t6 3,472.8 
Heterogeneous 3,589,414 9.742.5 

With mstals 131,174 1 6 7 . 7  
Without metals 99,685 99.3 

Slxdgcs and s o l i d s  

Labparks 

Reactive/dmgerous wastes 
Compt~ssed gases 2,558 4.2 

Reactive metals 47,021 66.0 

Bat ter i e s  16,505 16.8 
Berylliwn dust 2,ZOS 1.5 
Elemental ].end 4,290,984 0,249.5 
L i q u i d  mercury 270,954 31.8 

Hul+.iplr? wastes 10,628,584 7,309.6 
Other washes 2,350,762 2,922.9 

Grand total .  (DOE ccmplex) 193,005,630 165,164.4 

%ased on the IMWIR, ref. 7. Detailed s i t e  data for these  

bAs dzscribed i n  Table 8 . 6  and ref. 7. 

Explosives 830 0.8 

Inhhorently hazardous wastes 

-- -I- 

categories  ar~i  also reported in  this reference. 
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e a t  eg or+ 

Liquids 
Aq1enus 
Organic 

Inorganic 
Organic 

Sludges and s o l i d s  

Cemant.ad s o l i d s  
S o i l s  
Debris 

Inorganic 
Organic 
Materogeneous 

With m e t a l s  
Without metals 

Compsessed gases 

Reac t ive  m e t a l s  

Bnt,teries 
Beryllium dus t  
Elemental  l ead  
Liquid mercury 

Cabpacks 

Reactiveldangerous wastes 

Explosives 

Inhe ren t ly  hazardous wastes 

Mul t ip le  wastes 
Ot,her wastes 

Grand t o t a l  (DOE complex) 

8,342,923 
8,621,826 

7,712,018 
2,014,960 
7,820,412 

654,418 

1,322,256 
2,193,790 
5,201,567 

2,826,764 
3,421,7 56  

11,503 
3,100 

13,936 

131,704 
1,050 

777,622 
96,671 

11,889,962 
463,161 

8,324.0 
9 .074.1  

5,451.9 
2,0S4.1 
4,906.9 

502.8 

993.1 
2,266.1 
5.800.8 

2,742.2 
3,429.8 

14.5 
3 . 1  

10.3 

130.2 
0 . 7  

311.2 
91.3 

8,429.1 
653.6 

63,521,397 55,189.8 

aBased on t h e  INWIR, r e f .  7. Deta i led  s i t e  d a t a  f o r  t h e s e  

bAs descr ibed  i n  Table 8 . 6  and ref. 7. 
ca tegor i e s  a r e  a l s o  repor ted  i n  t h i s  r e fe rence .  
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S i t e  Solid I* iqu i d  GasC Sludge Total 

2,400 
0 

262 

98 
94 ,255  

e 

0 
376,220 

2 ,790  
247 

2,490 
0 

199,289 
2,379.587 

0 
1,245,900 

900 
21.100 

0 
68 
0 

18,656 
12,251 

5,578,000 

0 
0 

0 

0 
7.5E0 

e 

0 
3 , 6 3 8  

5 
9 D D  

0 

1,400 

0 
irt9,53a 

0 
95,294 

0 
4,020 

0 
0 
0 
0 
0 

294,900 

Total 9,934,513 557,354 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

0 
_I 

0 
0 

0 

0 
0 
% 

0 
0 
0 
0 
0 
0 

0 
0 

0 
90,436 

0 
0 

0 
0 
0 
0 
0 
h 

2,400 
0 

2 6% 

9a 
101.915 

e 

0 
379,858 
4,190 

252 
3,489 

0 

199,289 
2,529,125 

0 
1,431,639 

900 
25,120 

0 
68 
0 

12,251 
5,872,900 

18,656 

1 0 , 5 8 2 , 3 0 3  
.... . . . . .. -___ 

%ased on the  DOE s i t e  data submittals o f  r e f .  9 .  p la t e r i a l  may bo i n  intgrirn 
s tora  e awaiting treatment. Spec i f i c  s i t e  informot.ian i s  prtovided i n  Sect.. 8.4. 

liquids., and 1,500 kg/m3 For S o l i d s  and sludges were assurnad to calculate massss 
when the  s i t e  did n o t  report mass data. 

general,  densitisr; of 500 k8/rn3 for  camprasssd gases, 1,000 kc/m3 for 

CStored i n  cy l inders .  
dIncl i~des  coritributiona from PNL. 
&Far IMEL, r e f  I 9(g;) reports the following 1.992 physical catogel-1 cwnulative 

mass inventor ies :  solid, 8,600,OOO kg: l iqu id ,  179,000 kg; na sas; and sludgeD 
3,080,000 kp,. 'ilrese inventor ies  are n o t  inc luded  in tke t o t a l s  reported i n  this 
table because they are included in the  INEL ECRA/st..at.e w a s t e  inventaries of the 
IWIR (ref. 7 ) .  

(IMEL) I 
EIncludes contributions (if any) Pram B e t t i s  (SAPL), Knolls (WPL), and MF-F 

grncludes contributions from BatteLle (BCLDB) and Santa Susana (SSFL/ETEC). 
hunlmom . 
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. . . . . . . . . . .  . . . . . . . . .  .......................... ..................... 

S i t e  S o l i d  1.i q u i d  GasC Sludge T o t a l  

5 7 . b  0 0 0 2.4 

-W 

1' 

. . .  ~~~~~ _ ~ _ ~  -~ -~~ ~~~ ~ ~ 

ANI.-E 0 0 0 0 0 

0.7 0 0 0 0.7 

FNAI. 0 , 1 0 0 0 0.1 
H A N F ~  r 9 . u  1 . 6  0 0 87.4 
XNLI. n P 0 e e 
IiKi 
K-25 
KCP 0 0 0 0 0 
J..ANi. 1,855.1 4.5 0 0 1,859.6 
1.m. 1.9 1.4 0 0 3.3 
LLNL 0 . 2  < < , 1  0 0 0 . 2  

2.5 0 . 9  0 0 3 . 1: 

0 0 0 0 0 

1,357 . O  ORNL 1,357.0 0 0 0 
PAD 3,128.0 165.3 0 0 3,293.3 
PANT 
I'X:M.IAS 0 0 0 0 0 

6,403.0 PORTS fi,l86.(J 65.0 0 152.0 
PPPI. 
RAP s i t , e s g  5 . 7  0 0 0 5.7 
RFP 4 5 . 5  5 . 5  0 0 5 2 . 0  

RMI 
SI.AC 0 0 0 0 0 
SNi. B 0.4 0 0 0 0.4 
SNLL 0 0 0 0 0 
SRS 9 2 . 1  0 0 0 92.1 
bJ7iiJf' 32 6 0 0 0 32 6 
Y-12 3,719.0 295.0 0 h 4,014.0 

T o t a l  16,510.0 545.2 0 152.0 17,207.2 

............ ... -~ .... - 

_ ~ _ ~ ~  ~~~~ ~~~~~ ~ ______ ... 

aCass.3 3 7 1  t h e  DCl t  s i t e  dat,a suhii;i%+als of  r e f .  9 .  M a t e r i a l  may b e  i n  
intei-iiii  s t o r a q c  axai t i r ig  t , reat : , ;ent .  S g e c i f i c  s i t e  i i i f o z m t i o n  i s  p r o v i d e d  i n  
S e c t .  8 . 4 .  

l i q i i i d s ,  and I ,  S O 0  kg/in3 for s o l i d s  
iriasses wiien t h e  s i t e  d i d  not. r e p o r t  

h l n  ge:ie;nl~, d e n s i t i e s  o f  500  k g / m 3  f o r  c e s s e d  g a s e s ,  1 , 0 0 0  kg!ni3 T o r  
re assumi;.d t o  c a l c u l a t e  

CSt.nred i n  c y l i n d e r s .  
dIr ic ludes c o n t r i b u t i . i i i s  f r o m  7?1L. 
eFor SNEI., r e f .  9(g)  rep0ii .s  t.he foll ?.992 p h y s i c a l  c a t e g o r y  

cii.m;;lat,ive volnma i n v e n t o r i e s :  s o l i d ,  19 ', l i q u i d ,  178 m3; no g a s ;  and 
sludge, 3,100 m3.  These i n v e n t o r i e s  a r e  y r t e d  i n  t h i s  t a b l ~  b e c a u s a  
t h e y  a r e  i i ic luded iii  ?.lie IPXL KCKA/stat,e i x v e n t o r i e s  of  t h e  I W I R  
(ref. 7). 

fTncludes  c o n t . r i h t i o n s  ( i f  any)  froin R e t t i s  ( B A P L ) ,  K n o l l s  (KAPL) ,  and .- - 
r ( ~ t !  (Imi,). 

i t i o n s  f r o x  S a t t e l l e  (BCLDP) and S a n t a  Susana 
(SSFL/EI%C 1 

h,.. 7. 
ULU,,".".1. .  
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T a b l e  8.11. 1992 mass (kg) generation, by physical category, of 
I--regulated mixed LLW from DOE s i t e  operationsatb 

- 

Site Solid Liquid GasC Sludge Total 

AMES 
AUL-E 
ANL-W 
BNL 
FFMP 
FNAL 

INEL 
ITRI 
K-25 
KCP 
LANL 

LLNL 
MOUND 
NR sitesf 
NTS 
ORISE 
ORNL 
PAD 
PANT 
PINELLAS 
PORTS 
PPPL 
RAP sites6 
RFP 
RMI 
SLAC 
SNLA 
SNLL 
SRS 
W M P  
Y-12 

HANFd 

L B L ~  

200 
0 

34 

29 
56,245 

% 

0 
73,822 
1,560 

0 
0 

9,611 

35,229 
102,867 

0 
297.470 

900 
18,884 

0 
0 
0 

6,740 
2,808 
50,420 

0 
0 

0 

0 
0 
0 

0 
431 
26 
0 
0 
0 

0 
69,753 

0 
71,950 

0 
0 

0 
0 
0 
0 
0 

2,134,000 

Total 656,819 2,276,160 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
- 
0 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
4,360 

0 
0 

0 
0 
0 
0 
0 
h 

200 
0 

34 

29 
5 6 , 2 4 5  

0 

0 
74,253 
1,586 

0 
0 

9,611 

35,229 
172,620 

e 
373.790 

908 
18,884 

0 
0 
0 

6,740 

2,184.4 20 
2,808 

4,360 2,937,339 

aBased on the W E  site data submittals of ref. 8 .  Material may be in interim 

gh general, densities of 500 kg/m3 for compressed gases, 1,000 kg/m3 for 
stora e awaiting treatment. Specific site information is provided in S e c t .  8.4. 

liquids, and 1,500 kg/m3 f o r  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, r e f .  9(g) reports 760,000 kg of TSCA mixed LLW (solids) generated 

during 1992. These wastes are not reported in this table, however, because they 
are part of  the INEL RCRAlstate waste inventories of the IMWIR (ref. 7 ) .  

fIncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF 
(INEL). 

  includes contributions from BattelSe (BCLDP) and Santa Susana (SSFLfETEC). 
hunknown. 
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Site Solid Liquid GasC Sludge Total 

AMES 1.0 0 0 0 1.0 
ANL-E 0 0 0 0 0 
ANL-w 
BNL 0.2 0 0 0 0.2 
F W  
FNAL co.1 0 0 0 co.1 
m d  41.8 0 0 0 41.8 
INEX e 0 0 Q e 
ITXI 
IC-25 
KCP 0 0 0 0 0 
W L  82.7 0.4 0 0 83.1 
LBL 1.0 0.4 0 0 1.4 
LLNL 0 0 0 0 0 
MOUND 0 0 0 0 0 

ITS 
QRISE 
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 sited 5.7 0 0 0 5.7 
RFP 32.3 0 0 0 32.3 
RMI 
SLAG 0 0 0 0 0 
SNLA 0 0 0 0 0 
SNLI. 0 0 0 0 0 
SRS 33.7 0 0 0 33.7 
WVDP 6.8 0 0 0 6.8 
Y - 1 2  34.0 2,134.0 0 h 2,168.0 

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 
Specific site information is provided 

NR sitesf 18.9 0 0 0 18.9 

I - -___- 

interim storage awaiting treatment. 
in Sect. 8.4. 

and 1,500 kg/m3 for s o l i d s  and sludgea were assumed to calculate masses when 
the s i t e  did not report mass data. 

bDensities of 500 kg/m3 for compressed gases, 1,000 k8/m3 for liquids, 

'Stored in cylinders, 
dIncludes contributions from PNL. 
'For INEL, ref. 9(g) reports 1,260 m3 o f  TSCA mixed LLW (solids) 

generated during 1992. These wastes are not reported in this table, 
however, because they are included in the INEL RCRA/state waste inventories 
of the IWIR (ref. 7). 

NRF (INEL). 

(SSPL/ETEC). 

'Includes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and 

gIncludes contributions from Battelle (BCLDP) and Santa Susana 

'Unknown. 
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T a b l e  8.13. Clrulative mass (QS) inventories through 1992, 

mbt froD site operations" 
by hazard category. of TSCA-regdated mired 

Site PCB Asbestos Other Total 

AMES 
ANL-E 
ANL-W 
BNL 
FEMP 
FNAL 

I m L  
ITRI 
K-25 
KCP 
LANL 
LBL 
LLNL 
MUWD 
NR sitesf 
NTS 
ORISE 
ORNL 
PAD 
PANT 
PINELLAS 
PORTS 
PPPL 

RFP 
RMI 
SLAC 
SNLA 
SNLL 
SRS 
WVDP 
Y-12 

BANFb 

sites& 

Total 

0 
0 

228 

98 
101,815 

d 

0 
19,837 

410 
5 

0 
3,489 

0 
2,485,418 

0 
1,033,900 

0 
9,860 

0 
0 
0 

636 
4,196 

5,872,900 

9,532,792 

2,400 
0 

34 

0 

0 
C 

0 
360,021 

2,175 
247 

0 
0 

199,289 
43,707 

0 
397,730 

900 
15,260 

0 
68 

0 

8,055 
0 

1,047,906 

18,020h 

0 
0 

0 

0 
0 
d 

0 
0 

0 
0 
0 

1,605' 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

1,605 
- 

2,400 
0 

262 

98 
101,815 

d 

0 
379,858 

4,190 
252 

3,489 
0 

199,289 
2,529,125 

0 
1,431.630 

900 
25.120 

0 
68 

0 
18,656 
12 ,251  

5,872,900 

10,582,303 

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.  

bIncludes contributions from PNL. 
CUnknown. 
dFor INEL, ref. 9 ( g )  reports no asbestos and 230 kg of PCB wastes. 

These are part of a 1992 cumulative TSCA-regulated waste inventory of 
11,859,000 kg. These inventories are not included in this table, 
however, because they are part of the INEL RCRA/state waste inventories 
of the IWIR (ref. 7 ) .  

ePump oil contaminated with tritium. 
fIncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), 

gIncludes contributions from Battelle (BCLDP) and Santa Susana 

hE:,timated from volume data assuming a density of 200 kglm3. 

and NRF (INEL). 

(SSFL/ETEC). 
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Site PCB Asbestos Other Total 

. w s  
ANL-E 
ANL-w 
BNL 
FEN? 
FA& 

INEL 
ITBI 
K-2i 
KC P 
LANL 
LBL 
LLWI. 
KNJNll  
NR sitesf 
NTS 
ORISE 
ORNL 
PAD 
PANT 
PIHELLAS 
WRTS 
PPPL 
u p  sites8 
W P  
RMI 
SLAC 
S N L A  
SNZL 
SRS 
'WDP 
Y-12 

W - F b  

Total 

0 
0 

2 . 4  
0 

0 
0 

2.4 
0 

0.5 0.2 0 0.7 

0.1 
87.4 
d 

0 

0 
c 

0 
0 
d 

0.1 
87.4 
d 

0 

0.4 
e-=. 1 
3.4 
0 

56.8 
0 

1,802.8 
1.5 
0.2 
0 
0 

0 
0 
1.4' 
0 
0 
0 

0 
1,8S$. 6 

3.3 
0.2 
3.4 
0 

0 
3,121.5 

0 
2,901.0 

1,357.0 
171.8 

0 
0 

1,357 .O 
3,293.3 

0 
3,502.0 

0 
0 

0 
6,403.0 

0 
26.8 

5.7 
25.2 

0 
0 

5.7 
52.0 

0 
0.4 
0 
92.1 
32.6 

4,014.0 

17,207.2 

0 
0 
0 
2.0 
5.1 

4,014.0 

0 
0.4 
0 
90.1 
27.5 
0 

0 
0 
0 
0 
0 
0 

1.4 

......_ 

10.219.0 6,986.8 

a€iassd an 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. 

dFor INEL, ref. 9(g) reports no asbestos and 0.2 m3 of F'CB 
Unknown. 

w a s t e s .  These are part of a 1992 cumulative TSCA-reguLated waste 
inventory of 22,278 m3. 
table, however, because they are part of the INEL RCRA/st.ate waste 
inventories of the IEWWIR (ref. 7). 

These inventories are not included in this 

ePmp oil contaminated with tritim 
fIncludes contributions (if any) from Bettis (BAPL) ,  Knolls 

BIncludes contributions from BatteLle (BCLDP) and Santa Susana 
(KAPL) , and NfG ( INEL). 

(SSFL/ETFC). 
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T a b l e  8.15. 1992 mass (tg) generation, by hazard categoxy, 
of IXA-regulated mixed LGW from W E  aite operationsa 

Site FCB Asbestos Other Total 

AMES 
ANL-E 
f iNL-W 
BNL 
FEMP 
FNAL 

INEL 
ITRI 
K-25 
KCP 
LANL 
LBL 
LLNL 
MOUND 
NR sitesf 
NTS 
ORISE 
ORNL 
PAD 
PANT 
PINELLAS 
PORTS 
PPPL 
RAp sites8 
RFP 
RMI 
SLAC 
SNLA 
SNLL 
SRS 
W M P  
Y-12 

W F b  

Total 

0 
0 

0 

29 
56,245 

d 

0 
68,948 

40 
0 
0 
0 

0 
151,369 

0 
184,600 

0 
284 

0 
0 
0 
0 
0 

2,184,420 

200 
0 

34 

0 

d 
C 

0 
5,305 
1,500 

0 
0 

9 ,611  

35,229 
21,251 

0 
189,180 

900 
18,600 

0 
0 
0 

6,740h 
2 ,  808 

0 

2,645,935 291,358 

0 
0 

0 

0 
0 
0 

0 
0 

4 S e  
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

46 

- 

200 
0 

3 4  

29 
56,245 

d 

0 
74,253 

1 ,586  
0 
0 

9 ,611  

35.229 
172,620 

0 
373,700 

900 
18,884 

0 
0 
0 

6 , 7 4 0  
2 ,808  

2,184.420 

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 .  

bIncludes contributions from PNL. 
CUnknom. 
‘For INEL, ref .  9 ( g )  reports a 1992 generation of 760,000 k g ,  

comprised of 680,000 kg of FCBs and 80,000 kg of asbestos. 
contributions are not included in this table, however, because these 
wastes are part of tha INEL RCRA/state waste inventories of the IWIR 
(ref. 7 ) .  

These 

ePump oil contaminated with tritium. 
fIncludes contributions (if any) from Bettis (BAPL), Knolls 

8Includes contributions from Battelle (BCLDP) and Santa Susana 

‘Estimated f r o m  volume data assuming a density of 200 kglrn3. 

(KAPL), and NRF (INEL). 

(SSFL ETEC). 
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Site PCB Asbestos Other Total 

m s  
ANL-E 
AFIL-w 
BNL 
F E W  
FNAL 

INEL 
ITRI 
K-25 
KCP 
LAWL 
LBL 
LLNL 
HOUND 
NX sitesf 
NTS 
ORISE 
0RN.L 
PAD 
PAUP 
PINELLAS 
mms 
PPPL 
U P  sitesg 
RFP 
RE41 
SLAC 
SALA 
SMLL 
SRS 
WDP 
F-1.2 

HmFb 

0 
0 

1.0 
0 

0 
0 

1.0 
0 

0 0.2 0 0.2 

<0.1 
41.8 
d 

0 

d 
C 

0 
0 
0 

c0.1 
11.8 
d 

0 
46.0 

<<o. 1 
0 
0 
0 

0 
37.1 
1.0 
0 
0 
18.9 

0 
0 
0 . 4 e  
0 
0 
0 

0 
83.1 
1.4 
0 
0 
18.9 

0 
230.0 

106.0 
92.3 

106.0 
322.3 

0 
0 

0 
411.0 

0 
467.0 

0 
0 

0 
878.0 

5.7 
32.3 

0 
1.5 

5.7 
30.8 

0 
0 

0 
0 
0 
0 
0 

2,169.0 

0 
0 
0 

33.7 
6.8 
0 

0 
0 
0 
0 
0 
0 

0.4 

0 
0 
0 

33.7 
6.8 

2.168.0 

2,898.4 800.5 3,699.3 Total 
_____ 

aBased on the DOE site data submittals of ref. 9. Material 
may bo in interim storage awaiting treatment Specific site 
infomation is provided in Sect 8.4. 

’Includes contributions from PAL 

%or INEL, ref. 9(g) reports a 1992 generation of 1,260 m3, 
Unknown. 

comprised of 580 m3 of FCRs and 680 m3 of asbestos. 
contributions are not included in this table, however. because 
these wastes are part of the INEL RCRAIstate waste inentories of 
the IEWXB (ref. 7). 

These 

%imp oil contamjnatcd w i t h  tritium 
fIncludes contributions (if any) from Bottis (BAPL), KnoLls 

gIncludes contributions from aattnlle (BCLDP) and Santa Susana 
(KAPL) , and N E -  IINEL) ~ 

(SSFL/ETEC). 



233 

T a b l e  8.17. Historical and projected annual voltme (m31 gmexatPm rates far 
state-regulated mixed LLW frue DOE site envirawmmtal restoratbonr. actiwStlesa 

1992 and Projected 
Site priorb 1993 1994 1995 1996 1997 totaLC 

M S  
AWL-E 
ANL-w 
BNL 
FEMP 
FNAL 

INEL 
ITRI 
K-25 
XCP 
JANL 
LBL 
LLNL 
MOUND 
NR sitesf 
NTS 
ORISE 
ORML 
PAD 
PANT 
PINELLAS 
PORTS 
PPPL 
M P  sitesg 
W P  
RMf 
SLAC 
SNLA 
SNL.L 
SRS 
W P  
Y-12 
Othersh 

m d  

Total. 

0 
0 
0 
0 

2,500 
0 
6.9 
11 
0 
le 
0 
0 
0 
0 
1.8 
0 
0 
0 
0 
7e 
0 
0 
1ae 
0 

110.6 
43 
15.9 
0 
0 
0 
0 
0 
2ge 

24,476.1 

9.9 

230 

14 
180 

70 

1 
1,400 
720 

550 

101 
77 
3.2 

70 

7.0 

140 
8 . 5  

1,000 
10 

8 . 6  
34,000 

59 
46 

220 

28 

5 
4,500 
120 

360 

1,601 
11,000 

3.2 

110 

7.8 

59 
20 

9 . 5  

34,000 

130 
5,300 

65 

57 

10 

6 
6,200 

1,100 

1,601 
41,000 

3.2 

140 

7.8 

34 

9.5 

34,000 

350 
8,500 

24 

57 

120,000 

6 
3,500 

1,100 

101 
41,000 

3.2 

8,800 

7.0 

160 

27,220.3 3,502.4 53,157.6 83,663.5 

9.4 

e5 
63,000 

500 
48 

220 

8,100 
57 

83, 000 

0 
9* 000 

62 0 

in1 
55,000 

3.2 

9,400 

7.0 

33 

1,000 
48.3 

93.6 
165,230 

1,053 
14,074 

599 

8,100 
199 

203,010 

26 
24,600 

840 

3,730 

3,505 
140.077 

16.0 

18,520 

39.0 

426 
28.5 

229,192.4 533,214.4 

aBased on the IMWIR, ref. 7. 
bActual data. 
'Totals for the period 1993-1397. 
dIncludes contributions from PNL. 
eDoes not include contributions from years prior to 1992. 
fIncludes contributions (if m y )  from Bettia (BAPL), Knolls (KAPL), and NRF (INEL). 
gIncludes contributions (if any) from B a t t e l l e  (BCLDP), Colonie (CISS), Grand Junc t ion  

hJncludes contributions (if any) from General Atomic (California), Lahoratory for Energy- 
(GJPO), Santa Susana (SSFLjETEC), and Weldon Spring (%SRAP). 

Related Health Research (California), MiddLesax Sampling Plant (New J a ~ s e y ) ,  and Palo Forest 
Reserve (Illinois). 
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Table B.18. Bistorical and prwgeeted amnualmss (k&) &eneratimi rates for 
TSCA-rcgvl.ated m i x e d  U W  frcm IWE site w p e r a l t i a n B a  

_I 

Site 1992’ 1993 1994 1995 1996 1997 1998-2O3Oc 

M S  
ANL-E 
ANL-H 
RNT. 
PEMP 
FNAL 
HANFB 
INEL 
ITBI 
K-25 
KCP 
LANL 
LBL 
LLNL 
E1OUND 
NR sitesg 
NTS 
ORISE 

PAD 
PANT 
PINELLAS 
PORTS 
PPPL 
RAP sitesh 
RFP 
RMI 
SLAC 
SNLA 
SNLI. 
SRS 
W P  
Y-12 

a w L  

Total 

200 
0 

34 

29 
56,245 

f 

0 
74,253 
1,586 

0 
0 

9,611 

35,229 
172,620 

0 
373 I 780 

900 
18.884 

0 
0 
0 

6,740 
2.808 

2,184,420 

2,937,339 

50 
0 

40 

30 
18,500 

0 

0 
28,000 
1,400 

0 
0 

9,918 

4,027 
461,605 

0 
d 

16,950 
84,000 

0 
d 
0 

5.320 
4,689 

d 

635,329 

50 
188,528 

42 

30 
18,500 

0 

0 
31.000 

0 
0 

10,318 

1,400 

15,027 
461,190 

0 
d 

17,800 
3,180 

0 
d 
0 

5.320 
4,632 

d 

757,017 

d 
31,467 

44 

30 
18,500 

0 

0 
37,000 
1,400 

0 
0 

10,190 

15,027 
460,810 

0 
d 

16,500 
19,400 

0 
d 
0 

5,320 
4,632 

d 

620,320 

d 
31,467 

44 

30 
18,500 

0 

0 
37,000 
1,400 

0 
0 

9,605 

15,027 
460,810 

0 
d 

16,500 
2,500 

0 
d 
0 

5,320 
4,632 

d 

d 
24 

44 

30 
18,500 

0 

0 
31,000 
1,400 

0 
0 

9,435 

15,027 
460,810 

0 
d 

16,500 
19,400 

0 
d 
0 

5,320 
4,632 

d 

d 
24 

40 

10 
18,500 

0 

0 

1,400 
0 
0 

28,000 

9,275 

15,027 
460,810 

0 
d 

1,500 
18 ~ 800 

0 
d 
0 

5,320 
4,663 

a 

602,835 582,122 563,369 
- 

aBased on t,he DOE site data submittals of ref. 9 .  
in Sect. 8.4. 

bActual data. 
CAverago annual generation rate anticipated for this period. 
dInformation not available. 
eIncludes contributions from PNL. 
fFor INEL, ref. 9(g) reports a 1992 generation of 760,000 kg of TSCA-regulated wastes, 

which are included in the site’s RCRAJstate waste inventories reported in the IWIR (ref. 7). 
SIncludes contributions (if any) from Bettis (BAPL),  Knolls (KAPL), and NRF (INEL). 
hIncludes contributions from Battelle (RCLDP) and Santa Susana (SSFL/ETEC) . 

Specific site information is provided 



T a b l e  8.18. Eiotorical and projected annual volume (m31 8Rnlaration rates for 
Tm-regdated &ad LIM frarn WnE site operatima 

Site 1992b 1993 1994 1995 1996 1597 199&-2O3Oc 

M S  
ANL-E 
ANL-w 
BNL 
FEMP 
FXAL 
HANF" 
INEI. 
1 W I  
K 2 5  
KCP 
IANL 
LBL 
LLNL 
MOUND 

NTS 
ORISE 
OiWL 
PAD 
PANT 
PINELLAS 
PORTS 
PPPL 
RAP sitesh 
RFP 
RMI 
SLAC 
SNLA 
SNLL 
SRS 
WVDP 
Y-12 

sites6 

Total 

1.0 
0 

0.2 

co.1 
41.8 
f 

0 
83.1 
1.4 
0 
0 
18.9 

106.0 
322.3 

0 
878.0 

5.7 
32.3 

0 
0 
0 
33.7 
6.8 

2,168.0 

3,699.3 

co.1 
0 

0.3 

xo.1 
15.9 
0 

0 
45.0 
1.4 
0 
0 
20.5 

36.4 
609.0 

0 
d 

18.0 
6.3 

0 
d 
0 

26.6  
19.2 
d 

798.7 
__ 

co.1 
470.8 

0.3 

c0.1 
15.9 
0 

0 
50.0 
1.4 
0 
0 
20.5 

56.6 
608.5 

0 
d 

20.8 
21.8 

0 
d 
0 
26.6 
19.2 
d 

1,312.5 

d 
78.6 

0.3 

co.1 
15.9 
0 

0 
60.0 
1.4 
0 
0 
20.2 

56.6 
608.8 

0 
d 

16.5 
37.0 

0 
d 
0 
26.6 
19.2 
d 

940.4 

d 
78.6 

0.3 

co.1 
15.3 
0 

0 
60.0 
1.4 
0 
0 
17.2 

56.6 
608.0 

0 
d 

16.5 
21.0 

0 
d 
0 

26.6 
19.2 

d 

921.4 
- 

d 
cQ.1 

0.3 

co.1 
15.9 
0 

0 
50.0 
1.4 
0 
0 
16.8 

56.6 
608.0 

0 
d 

16.5 
37.0 

0 
d 
0 
26.6 
19.2 
d 

848.4 

__ 

d 
co.1 

0.3 

cG0.l 
15.9 
0 

0 
45.0 
1 . 4 
0 
0 
16.5 

56.6 
608.0 

0 
d 

1.5 
32.0 

0 
d 
0 

26.6 
19.2 
d 

823.1 
- 

%assd on the DOE site data subrnlttals of ref. 9. 

bActual data. 
CAverage annual generation rate anticipated for this period. 
dIuformation not available. 
eIncludes contributions from PNL. 
fFor INEL, ref. 9(g) reports a 1992 generation of 1,260 ha3 o f  TSCA-regulated 

watses, which are included in the site's RCXA/state waste inventories reported in 
the IElWIR (ref. 7). 

(INEL). 

Specific site information 
is provided in Sect. 8.4. 

&Includes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF 

hIncludes Contributions from Battelle (BCLDP) and Santa Susana (SSFL/EXEC) . 
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Table 8 - 2 0 .  Hational ccnmercially genexatadl mired LLW profile 
volune s , by facility c a t e ~ o d  

Waste vol*me, m3 

F a c i l i t y  category 
Generated 

i n  1990 
Stored a s  of 

Dec. 31, 1990b 
Treated 
i n  199Dc 

Academic 

Government 

Industrial .  

Medical 

Nuclear power p l a n t s  

Totald 

820.7 

750.4 

1,428.0 

563.6 

385.8 

3.948.5 

154.2 

78.9 

1,197.3 

63.1 

622.5 

2,116.0 

1,581.9 

612.5 

1,115.1 

466.3 

216.9 

3,992.6 

aBased on r e f .  10. 
bThis is not  t h e  amount of mixed waste requir ing disposal .  

'Treated wastes may include mixed wastes generated i n  years p r i o r  to 1990. 
dTotaL reported i n  t h i s  t a b l e  may not  equal t h e  sum of component e n t r i e s  because of round- 

Some of t h i s  waste was being 
accumulated f o r  treatment.  

off  and t runcat ion of numbers. 

Table 8.21. Uational  cogmercially  enr re rated mixed LLW profile volume 
sumary, by hazardous waste streama 

Waste volume, m3 

Hazardous stream Generat ed Stored a s  of Treated 
i n  1990 Dac. 31, 1990b i n  1990c 

Organics 
Liquid s c i n t i l l a t i o n  f l u i d s  
Waste oil 
Chlorinated organics 
Fluorinated organics 
Chlorinated fluorocarbons (CFCs) 
Other organics 

To ta l  organicsd 

Metals 
Lead 
Mercury 
Chromium 
Cadmiwn 

Total  metalsd 

Aqueous corrosives  

Other hazardous ma te r i a l s  

Grand t o t a l s d  

2.837.2 
148.9 
70.9 
0 

113.2 
274.6 

363.4 
178.1 
27.0 
3.5 

254.7 
113.9 

3.371. a 
139.4 
23.2 
0 
3.7 

258.9 

3.444.8 

81.6 
12.5 
28.4 
0.3 

122.8 

80.4 

300.5 

- 

944.6 

138.7 
81.1 
53.3 

745.2 

1,018.3 

12.2 

141.0 

.- 

3,797.0 

6.1 
1.5 
3.9 
0.1 

11.6 

2.6 

181.4 

__ 

3,948.5 2.116.0 3,992.6 
- ~ 

aBased on r e f .  10. 
bThis is no t  t h e  anount of mixed waste requir ing disposal .  

'Treated wastes may include mixed wastes generated i n  years p r i o r  t o  1990. 
dTotals reported i n  t h i s  t a b l e  may not  equal t he  sum o f  component e n t r i e s  because of  round-off 

Some of t h i s  waste was being 
accumulated f o r  treatment.  

and t runcat ion of numbers. 
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A-3 

1. 

2 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 1 .  

12 

13. 

G. C. Marshall, Argoilix Nation41 laboratory-West, Idaho Falls, Idaho, letter to it. Salmon, Oak Ridge Natronri 
Lahatoq, 9ak Xpidgc, Tennessre, “Update of hrgmne National. Labratoay-West Mmdlancous Iliadilaactivc 
Materds Dada for the 1993 Integrated Data Baw Repott,” d;lted June IO, 1W3. 

K D. Inng, Uabcock Kr Wilcnx Nuclear I:r,vironlsierniaI Services, Lynchburg, Virginia, letter to R Salmon, Oak Ridge 
Natioaal IaWratory, Oak Ridge, Tcnncwx, dated Apr. 19, 1W3. 

D. h I )ickmaii, Battelle PartSr: Nortiwrst Tahoiatopy, Richland, Washington, letter to R. Salmon, Oak Ridge National 
I ahratnry, Oak Ridgc, Itnkicssee, “IJpdate of FNL Mascellarieoias Radioactive hhteriails Imeimtory for the 1993 
Iutegiatcd Data Rasc Xcpoit,’’ dated Api. 76,  1993. 

R. D. W o p e k ;  Wcstnrrghouse [Tankid Comply,  Richland, Washitigton, letter to K. Salmon, Oak Ridge National 
J aboiatoiq, Onk R:dgt: i c n n c s w  “Update af Westinghouse IIanford Miscellaneous tPa&oactivh7 Materials Data for 
thc 1593 Pfitzgrated Data I3ase Mcpxt,” dated Apr. 30, 1993. 

A. Y .  Hoskins, Wmtinghousc Idaho Nuclear Company, Inc., ldahn Fails, Idaho, letter to M. J. Bonkoski, D3E/tD9 
Idaho kalls, Idaho, APII-33-93, dated Apr. 28, 1993. 

D. R. Conasrs, Westinghouse Electric Corporatim, Uettrs Atomic Power Laboratov, West Mifflin, Petlnsylvaraia, le:;er 
to K. Salilioil, Oak Kidge Nairi>irnl Jahotatory, Oak Ridge, l’ennewx, “Update of Idaho Naval Reactors Facilrty 
Miscellaneous I<adsodcirvce Materials fOi  the 1993 Integrated Data Base K e p i  t?’’ dated Apr. 28, 193’3 

A Marimer Joos i21a;-i7ns National laboratory, Ius Aninus, New Mexico, lettca: to R. Salmon, Oak Ridge National 
Laboratory, Zdk Ridgc, ’Iennrwr,  dated Junc 24, 1W3. 

A hf. IC ichrorky, Oak Ridee Natmnal Iaboiatory, Oak Ridge, ‘i%nr,cssee, pmsmal corimuriicatioil Lo S N. Storch, 
Oak Ridge National Ia’miaifiry, 3ak Ridge, I%nncssec, dated Ap:. 14, 1993. 

S. VV’. McAlhairy, DQE Field CiiiLe, Savannh Rivci, Arken, South Carolina, letter to K. Salmon. Oak Xdge National 
Taboiatoiy, Oak Ridge, ’lennescc, “Update of Savannah W e t  Site Spent rue1 Invcntory-,” dated Apr. 12, 1933. 

- 
I). A Kiyccht, Westmghnuse Idahn Niiclcar Company, Icc., Idaho Falls, Idaho, Better to M. J. Bnnkoski, UOE/rD, Idaho 
FalXs, Idaho, “CY-91 Integrated :Ma Base hformation,” U,4K-;-E3-92, dated Mar. i7, 1992. 

D. R. Connnrs ‘#catint;lrousc Elerfric Corporation, i k t t i s  Atomic Power Laboratory, West Mifflin, Pennsylvania, letter 
to K. 1 Pewson Dnk R:dge Natic~n;ll T aboiatory, Oak Ridge, I’ennesce, “Update of Idaho Naval Rcactnss Fac~l~t~e.!. 
hfisrelheouc W&c ?,~vciX~~y for thc 1992 Ti~i++;ratcd Data Base Rqxxt,” dated May 5, 199’2 

\El. C I)pnilis, Jr., DOE Field OTficc, Savannah REwr, ,\Ekt-n, South Carolina, letter to R. 1.. Pearson, Oak Ridge 
Natlcinak iahratory,  Oak R:dg:, Tennesxe, “Update of Savannah River Site (SKS) MicceBarxcnr15 Sbxiit Fuel for the 
1992 Integiatcd Ikta  Rase Repln;,” datrs! May 4, 1092 

J. € I .  Clark, EG&G Idaho, iilc.. Idaho Fa!!$? Idaho, letter to J. A. Klein, Oak kdgc National T,aaharatory, Oak Kidge, 
‘1’ennc.E;ce. “The Iiitegrated Data !hsc (IDBY Revisiop 8-JIIC-12-94.’’ dated Feb. 116. 1904. 
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O R N L  DWG 93-10821 

200 .000  

100.000 

0 

KILOGRAMS OF HEAVY METAL 

"Inoludeo Oontrlbutlan f rom both P N L  and 200 A r m  Durlel grounds. 
""lnoludee oontr lbut lone from ANL-W,  ICPP.  N R F ,  end other fscl l l t les.  

ORNL DWG e3- ioa22  

HEAVY METAL 
SITE (METRIC TONS) 

irdEL 2 17.4' 
sas  2 1 . 8  
OTHERS 4 . 0  

TOTAL 2 4 3  2 

SRS 
9.0% 

OTHERS 
1.6% INEL 

89.4% 

' Includes R 2 . 6  rnetrlc tons 
f rom T M I  - Unlt 2 

mg.. A2 and loortions of misccllanc~us radioactive materials as of DeGcmber 31,1y9a. 
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Table  A.2. Miscellaneous redioactive materids inventory at Argmne Rational 
Laboratory-Uest, as of Decder 31, lWZa 

Source of material 

U content, kg Total Pu 
content 

Composition Descriptionb Total 23511 fkg) 

Radioactive Waste and Scrap FacilityC 
Basic research4L Scrap In canisterd 182.00 12.980 5.052 
EBR-2 b i d e t  subassembly Scrap In canister! 134.35 21.62 0.242 
LMFBR test fuel Scrap In canistera 13.33 5.253 3.026 
Postirradiation test on NUMEC’ LMFBR Scrap In canisterd 0.72 0.345 0.123 
Sodium Loop Safety Facility Scrap In canisterd 1.80 1.242 0.569 

Total 332.20 41.44 9.012 
- 

aSee ref.  1. 
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. 
kanisters are retrievatjle and constructed of stainless steel with minimum dimensions of 8-in. OB and 5-ft length. 

eNuclear ‘Jranium Materials Equipnent Corporation. 
The canister lid is gasketed and tightly screwed on, welded closed, or screwed into a canister fitted with pipe threads. 

t4 
P 
‘4 



Table  A.3. B(iscePlme0us radioactive materials inventory at 5.W Xuclear Ewiramxmtal Services, Hnc., 
L ~ Q C ~ ~ W K  Technology Centar. as of Decmtber 31, l(r9Za 

U content, kg Total Pu 
Estimated burnup content 

(Wd/MTIHM3 Total 2 3 5 ~  :kg1 
Source of 
material compos izionb Description 

Arkansas I UOz, Zr-clad Three full-length rods; 47,000 11.752 0.046 0.133 
three sectioned rods in four 
4.25-in.-diam X 33-in. A1 
canisters 

UnknownC 

29,523 

B&W Test Reactor 

Consolidated Edison 

In fourteen 4.25-in.-diam X 
33-in. A1 canisters 

0.015 0.005 

10.849 0.060 

20.0005 

0.088 Four sectioned rods in 
4.25-in.-diam X 33-in. A1 
canisters 

Miscellaneousd eo. O82f Hot-cell solid waste In forty-four 50-gal drums, 
thirty-six 55-gal drums, and 
ninety-two 30-gal druns 

e e 

Oconee I UOz, Zr-clad Twenty-three secLioned rods in 
twenty-six 4.25-in.-diam X 
35-in. Al canisters 

18,656 
24,060 
26,450 
31, I60 
39,180 
50,800 

0.531 0.004 
2.159 0.023 
6.482 0.033 
4.275 0.041 
11.000 0.057 

3.517 0.030 

3.003 
0.017 
0.056 
0,037 
0.101 
0.094 

UOZ, Zr-clad One full-length rod 
tarchive Pdel rod Ao. 15181) 

50,000 2.062 0.007 

Five full-length rods; three 
sectioned rods 

59,300 14.543 0.047 

UO2-Gd203, 
Zr-clad 

UOz, Zr-clad 

In four 4.25-in.-dnam X 
33-in. Al canisters 

15, 000 7.911 0.103 0.048 

Oconee I1 

1 M I 4 7 n i t  2 

Eight sectioned rods in 
seven 4.25-in.-diam X 
33-in. Al canisters 

27,500 
39,300 
36,000 

unknownc 

10.711 0.105 
6.432 0.057 
1.999 0.015 

0.095 
0.056 
0.020 

KO2 debris In one 4.25-in.-diam X 33-in. 
A1 canistsr 

0 . 3 4 7  0.0307 90.0005 



Table A.3 (continued) 

Source of 
material 

~ 

compos i tionb Description 

~~ ~~ 

U content, kg Total Pu 
Estimated burnup content 

(Wd/MTIHM) Total 23511 (kg) 

Various fuel scrap 
samples 

Total 

UOz, Zr-clad 
~~ 

In one 4.25-in.-diam X 33-in. 
A 1  canister 

UnknownC 2.202 0.702 CO. 0005 

101.497 1.371 CO. 833 

ref. 2 .  
bZr-clad = Zircaloy-clad. 
CCurrently in underground storage tubes. 
dMiscellaneous materials from periodic hot-cell cleanup. 
eNegligible. 
fCalculated assuming a contamination level of cO.5 g of plutonium per drum. 
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Table A.5. Hiscellaneous radioactive materials iwentory at the Banford 200-Area burial grounds, as of December 31. 1992 

Total Pu U content, kg content 

Source of material Composition Description Total 235u (kg ) 

This material is no longer in the miscellaneous radioactive materials category8 

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. 
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Estimated burnup 
(WdfMTIHM or 0 content, kg Total Fu Tot31 Th 
Z of initial content content 

Source of material compos i t i onb Description loading) Total 23511 233u ( k s )  (Rei) 

TORY-IIC 

Subtotal 

Boiling reactor experiment 
No. 5 (BORAX-V) 

Experimental breeder 
reactor-2 (EBR-2) 

Fermi reactor core-1 Er 2 

Fermi reactor core-1 
blanket 

Fort St. Vrain Reactor 
< FSVR 1 

Miscellaneous AI-clad 
(Elziversity of 
Washington) 

Miscellaneous unirradiated 
SS-clad IML-W, EBR-II 
scrap) 

WE/Defense plus other swermmnt wency materials imrsnto~y at ICPP (continued) 

UO2-YZO3-ZrO2-BeO 655 A 1  tubes 2.75 X 1.5% 58.95 55.86 
ceramic pel le ts  54 in. in 23 
crushed to 0 .25  X canisters 
0.06 in. 

1,897.5 
-- - 
777.3 826.08 1.997 41,947 

JX)E/Civilian D e v e l o p e x i t  Pmym materials inventory a t  ICPP 

U02 with SS and 
2 . 5 X  Si, SS-clad 

Fuel is U metal 
with 5% fissium,c 
metallic sodium 
bonding, SS-clad 

U-Mo alloy fuel, 
metallic sodium 
bonding, Zr-clad, 
some declad 

3-Mo alloy fuel, 
metallic sodium 
bonding, SS-clad 

U-W carbide and 
Th carbide, 
pyrolytic carbon- 
coated particles 
in graphite matrix 

UAl, in an Al 
matrix 

U-5% fis~ium,~ 
SS-clad 

36 assemblies 3.6 X NA 
3.9 X 35 in. 

20.8 

41,951 elements 25,000-30.000 1 , 9 6 7 . 5  
0.174 X 23.8 in. 
in 3,688 SS cans 
2 X 2 5 . 5  in. 

214 assemblies canned 2% 
in 214 A1 cans 3.1 X 
43 in. 

510 3sSemb&3S canned c1x 
in 14 SS cans 25.5 X 
156.5 in. 

7 4 4  assemblies 14 X 
16 X 31 in. 

26 bundles 2.9 X 
2 . 4  X 2 7  in. 

56 SS cans 

5,000-26,000 

c.442 

None 

3,911.06 

3 4 , 1 6 5  

19.4 

1,224.97 

997.45 

120 

5.2 

2.0 

5.63 

308.33 167.648 90.139 0.752 8,316.6 

4 . 0 5 6  3.80 

5 5 . 7  21.64 



T a b l e  A.6 (continued) 

Estimated burnup 
(Wd/MTIHM or U content, kg Total Pu Total Ih 

X of initial content content 
Source of na$erial compos i tionb Description loading 1 Total 2 3 5 ~  233" (kg) (;re) 

W E / C i v i l i a n  Developmt Programs aaterirsls imwnkooq at ICE? (cerotinud) 

U-metal foils and 
U-metal mixed with 
glass 

U A L  with SS 
rollers and Al 
in the matrix, 
Al-clad 

13 drums Xone 38.171 34.435 

38.02 33.21 

Miscellaneous unirradiated 
(ANL foils, WCOR glass) 

Missouri University 
Research Reactor (MlXP.1 

56 assemblies 4 X 20-24% 
4.5 X 32.5 in. 

Pathfinder U02-B4C and SS in 
the matrix. Some 
thermocouples, 
SS- c lad 

417 rods 0.9 X HA 
79.5 in. 

53.406 49.242 

Poach Bottom U-Th carbide, 
pyrolytic carbon- 
coated ?articles 
in grzpkite matrix 
with Rh and B 

1,603 graphite, <I2 
elements 3.5 X 944 
in. in 80 AP cans 
4 . 5  x 155 in. 

332.42 233.54 46.31 0.97 2,620 

8.000-12.000 251.431 12.1 0.793 Pulstar (State University 
of New York at Buffalo) 

U02 pellets with 
Be, Zr-clad 

504 fuel pins 
0.474 X 2 6 , 1 2 5  in. 
in 24 SS cans 

Shippingport PWR-Core 1 U02-ZrD2 fuel with 
boron, Zr-clad 

U02-Zr02 fuel with 
boron and some 
with CaO, Zs-clad 

U-Zr-hydride fuel, 
clad removed 

4 subassemblies 
5.6 X 5.6 X 84.5 in. 

19 clusters 7.4 X 
7.4 X i04.5 in. 

42.82 

47% 

2.132 1.63 

519.68 394.34 Shippingport FWR-Core 2 1.95 

SRAP (AI, SGDR, SEER, 
SZDR, ST€, SERj 

19 A1 cans 3.8 X 
35 in.; 12 kL cans 
2.5 X 43 in. 

I A  20.8 26.0 

T R X A  (Training Reactor, 
Isotopes, General 
Atomic) stainless 
steel-clad 

U-Zr-hydride fuel, 
some containing 
graphite, erbiurn, 
SS-clad 

25 elements 3 X 3 X 
37 in. in A1 and SS 
cans; 7 rods 1.4 X 
30 in. in Al cans; 
263 elemants 1.5 X 
29 in.. not canned. 

Varies 60.82 14.16 0.03 



~~ ~ ~~ ~ ~~~ ~~ ~ ~ 

Estimated burnup 
IWdJMZIHM or U content, kg Total Ai Total Th 

X of initial content content 
Source of materiel Conrpositionb Description loading) Total 23523. 233u (kg) (kg) 

570 rods 1.4 X 29 Varies 
in.. nct canned 

103.19 20.24 "RIGA aluminum-clad U-Zr-hydride fuel 
with Mo and 
graphite, Al-clad 

U-carbide fuel 
with ZrC, 
contained in 
graphite blocks 

Unirradiated graphite 
(Parka, LANL) 

Hone 403.26 371.97 2,168 rods 314 X 52 
in. and also 390 
cans 

Unirradiated metal None 

8% 

17.34 1s. as 

12.38 2.61 

U metal or U metal 
with A 1  

9 drums 

Yallecitos Boiling-Water 
Reactor (VBwfi) (Geneva) 

U02 or U@2-TiO2 
fuel with SS, Zr, 
and Ti02 in the 
matrix, SS- or 
AL-clad 

142 rods in four 
6 X 36 in. A1 cans 

r;: 
c - -  

42.293 3 , 9 6 5 . 2  136.45 18.33 10,937 Subto t a1 

Shippingport PWR-Core 1 U02 pellets, MiscelLaneous test 11.100 
Zr -clad specimsns from 

blanket fuel 
assenilies 

?SO2 wafers, Three modules and 14,273 
Zr-clad module sect ions 

from blenket fuel 
assemblies 

568 4 . 5  3.4 

Shippingport RR-Cors 2 1,028 2 8.9 

Shippingpart EWR-Core 2 
seod 

U02 wafers, One seed module 
Zr-clad 

:a. 39 3 . 4 5  

1.607. 09 9.45 
~ - 

12.3 Subtotal 



Estimated burnup 
(Wd/MTIHM or  U content, kg Total Pu Total Th 
L of initial content content 

Source of material compos i t ionb Description loading 1 Total 23511 2 3 3 ~  (kg ) (kg) 

t PXQ~X- ~at~sdals hnvsrsltosy a% Pases Burst Facility ?PEP) 

PBF irradiated driver core LTD2-Zr02-Ca0 2,425 rods 0.75 X 1,849 
ternary fuel 47.5 in. in 72 
pellets, SS-clad canisters 

PBF unirradiated driver UOZ-Zr02-Ca0 595 rods 0.75 X 
Cora ternary fuel 47.5 in. 

pellets, SS-clad 

Subtotal 

None 

561.63 102.82 

140.3 25.34 

701.93 128.16 

Connecticut Yankee tBCD) UO2, SS-clad One 15 X 15 FWR 32,151 
assembly with 4 rods 
raplaced with SS rods 
contained in one 
canister 

Dresden 

Dry-rod consolidation 
technology' (DRCT) 

UO2-Dy2O3 f u e l ,  One complete 6 X 5 
Zr-clad BWR assembly 5 . 5  X 

5.5 X 134.25 in. of 
36 rods and 1 partial 
asssinhly of 19 rods 

UQ, fuel, Zr-clad 24 canisters 8.3 X 
7.9 X 155 in. 
(408 fuel rods per 
canister) 

Engine maintenance assembly UOz, Zr-clad 
and disassemblyf (EMAD) 

Five 15 X 15 FWR 
assemblies that were 
no t  consolidated in 
the DRCT program 

NA 

378.485 5 .204  

165.0 d 

28,124 (avg.) 21,002.7 147.36 

27,525 

H.B. Robinson U02 fual, Zr-clad 113 rods 20,000 

LOOSR fuel-rod shipping Variety of many 106 SS rods filled NA 
basket (LFRSB) (LEU) different types with cut-up pieces of 

of fuel rods fuel, some not canned 
and some clad 

2,303.32 17.09 

257.43 1.84 

309.354 1.759 

3.775 

1.064 

183.29 

19.19 

2.09 

2.627 



Table A.6 leantinuad) 

Estimated burnup 
(WdfMTIHM or U content, kg Total Pu Total Th 
Z of initial content content 

Source of material Ccmpositionb Descripcion loading) Total 2 3 5 ~  2 3 3 ~  (kg) tkg) 

WE/CiviUaO Developexit Pmylm materials iwentOrp a t  TAN ( c a n t h u d )  

Loss-of-fluid test (LOFT) UO2-ZrO2 fuel, 14 assemblies and 5 500-6,400 2,201.69 89.371 
Zr-clad one-quart SS cans of 

fines 

Peach Bottom 

TMI-Unlt 2 

Turkey Point4 (BCD) 

U02 fuel, Zr-dad. 2 partial assemblies, NA 
One assembly is 1 with 47 rods and 
depleted U 1 with 46. Asseat- 

bliss are 5.4 X 5.4 X 
176 in. 

UOa fuel, Zr-clad 342 SS canisters 
fuel assemblies 
reduced to large 
pieces of core 
debris, partial 
assemblies, and 
rubble 

3,176 

UOz, Zr-clad One 15 X 15 PWR 25,665 
assembly with 11 rods 
replaced with SS rods 
contained in one 
canister 

Virginia Electric Power U02 fue l ,  Zr-clad 12 assemblies, 
Company (VEPCO) (Surry) typical 15 X 35 PWR 

Subtotal 

30,521 

354.64 2.39 

82,399 1,820 

408.57 3.52 

7,551.28 52.38 

117,332 2.140.89 

DaB/CiviUan D e v e l o p a n t  Program Paterials inventory at Test Reactors Area (rrcA) 

Canadian Deuterium Uranium UOz pellets, 8 pins 
Reactor <CAEIDO) Zr-clad 

Gap conductance (GAP CON) UOz pellets, 20 pins 
Zr - c lad 

General Electricg (GE) UO2 pellets, 5 rods 
Zr-clad 

5,000 2.66 0.261 

41-115 12.838 1.285 

NA 18.644 0.394 

2.029 

1.87 

151 

3.24 

66.59 

436.765 

0.071 

w w 
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Table A.7. Mscelhneoua radioactive w t e s i a l s ;  inventory at the Lo81 ATzsms Hatima1 Laboratory, as of D e c d e r  31, 19Y2a 

Source of material Composition 

~ ~ ~~~ 

U content, kg Total Pu Total ‘fi 
Container descriptsori content content 

Total 2 3 5 ~  2 3 3 ~  ( i g )  (kg) 

Enriched uranium Nunco&ustibls material Same as for 23% items 
(hot-cell waste)b 

mega Wesz Resctor Reactor f u e l  ZOd5; 0.3 in. d i m  X 13.5 in 
SS-clad iengtn 

Plutonium-23s Noncolr;oust:ble material; Same as for 233U item 
(hot-cell 48 items a ra  cemented 

items 

Roactor U308 an furl sods; 
SS-clad 

-0.3 in. diarn X -13.5 in. 
length. Stored in a lead- 
lined cask t h a t  weighs 
-17:eoo kg 

Thorium (hot-ceP1 wastelb h’oncombustible material Same as for 233E items 

mmx sods U3O8 fuel pins Lead-shielded container 
-10 in. diarn X 2.5 €t 
in height 

Uranium enriched in 23% Moncombus.tible material Haterial stored in a three- 
(hot- c ell waste)b layered confignration; t h e  

innsrmoat container is a 
metal container -8 in. in 
d i m  and 12 in. high. This 
container is within a plastic 
container with a plastic lid. 
The final layer of containment 
is steel with a weldad lid. 
3 1 s  container is - 8 . 5  in, 
in d i m  X 11 i n .  high 

3.092 1 . 8 2  

7.772 6.84 

7.174 5.988 

0.032 0.03 

0.36 

1.31 

c 

0.058 

Total 18.13C 14.665 0.058 1.31 e 

aSee ref. 7 .  
’199 g of 239Pu, 92 g ( 4 5  g ;so) anriched .xaniLiun, and 6 g of 233U are buried 8; TRU w a s t e  in six csnisters. Contcliners aso shlelded 

canasters w; tn  a diameter of -26 ~ n .  and 12 ft ~n length Canisters range an wes&nt from 2603 to 3640 Lb. 
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OkVL inventory  Izem Nos. 
(COltd. 3 

3,P-OZ from SSS ~J-'02 powder i n  t h i r i y - t w o  3.5- ,n . -  
33 C 24-*n. SS can$ 

iC3-03 E r o m  SRS X2 2owcler I n  1 4 0  3.88-;n.-OD X 

-3-,n. SS cans - <  

kC?-34 from SRS 'JF4-;iF 2owcler Tn :our 3.5-tn.-OD X 
converted trom 24-%.n. SS cans  

JOZ 

XC?-06 

XCP-ZU/JZBL Erom >Ahd 

Poach Bottom4 

Quad Cizy-1 

T o t a l  

U308-CdO so,id cake  I n  twenty-seva? 
3.5-:n.-OD X 2&--.n. 
SS cans 

:I mota:, cnunks In s i x  3.5-111.- 
03 X 24-111. SS cans 

UOz, Zr-clad O/i6-;n.-diam X 8 - i n .  
E u e ~  rod  s e c t i o n s  plus 
shor: Lengths 

Ja2, Zr-clad i /Z-rn.-diam X 6-11. 
fue! rod s e c t i o n s  2 1 ~ s  
snort 1anAcl.s 

C 1::. :,4 .:I. 72 

C 5 7 . 4 1  61 .51  

C 

C 

10, O G O  

4 0 , 0 3 0  

' . " 3  

65.55 

5 . 1 5  

3.324 0.001 

5 0 . 5 0  

5.05  

0, ,301 

1 . 5 0  0 . 0 0 4  9.303 

~~ - 
1,252.468 998.7 260.25  O . B C 1  

aSee r e f .  8 .  
b ~ r - c l a d  = Zirca loy-c lad .  
c?io in format ion  regarding :;le burnup of  t h i s  Sue: i s  a v a i l a b l e .  
dThs Molten Salt Reecior  Experirnent was conciud~ad i n  1959,  and f u e l  has never been removed from Lhe f a c i l i t y .  A s u r v e i l l a n c e  and 

moni tor ing  p o g r a m  :?as been i n  f o r c e  s i n c e  shutdown. 3ecormiss inning  of  the MSRZ CacLlity is an er,vironmsnta; res:osetlon act*viLy ~ L S C U S S Q ~  

s f l ~ l i e ~  in  C h q t e r  5. 



T a b l e  A.9. ~ s c e U a n ~ t 3  radioactive materials inventory at the Savannah River Site, as of December 31, 1992$ 

U content, kg Total  Pu Total Th 
Estimated burnup content content 

Source of material Cmpoaitionb Description (MWd/MTIHMI) Total 2.35~ 2331; (h) (kg) 

DOE/CiviUan Development Programs materials inventory at SRS 

Rods in three 5.0-in.- 6,500 
dim X 14-ft cans; 
pieces in three 3.5- 
in.-dim X 1-ft  cans 

50.07 0.231 Canadian Deuterium Uranium 
Reactor (CANDU) 

UOz, Zr-clad 

Carolinas-Virginia Tube 
Reactor 

U02-Zr or SS-clad One bundle of 34 rods Unknown 
in a 5.O-in.-diam X 
14-ft can 

67.23 0.640 0.200 

684.00 37.545 15.391 1.879 1,857.0 Dresden U02-Th02, SS-clad Intact assemblies in 4,000-10,000 
4.4-in. X 4.4-in. X 
135-in. cans 

224.29 185.159 14.722 

0.51 0.004 

4,818.6 

0.003 

Elk River Reactor (ERR) UOZ-ThOZ, SS-clad Assemblies 3.5 in. X Max. 50,000 
3.5 in. X 81.62 in. 

Four 6- to 8-in.-long 5,800-30,000 
fragments i n  4.5-in.- 
dim X 32-in.-long can 

Fuel rod pieces in Unknown 
five 3.75-in.-dim. X 
32.5-in.-long cans 

Materials Test Reactor 500 
plate-type fuel  assembly 
3 4 . 3 7  in. X 2.38 in. X 
3.14 in. 

8. B. Robinson UO2-PuO2, Zr-clad, 
SS casing 

Light-water reactor (LWR) 
smples 

uo~-Pu02, SS- m d  
Zr-clad 

12.631 0.192 

3 5 . 4 2  7.015 

0.109 

Nereide (a French 
experiment using 
DOE fuel) 

UA1-Si,, Al-clad 

i5.408 Saxton iJ02-PuOz, Zr- or 
SS-clad 

1,000 280.21 1.411 

voz, 22-clad Multiple pins in four 1,600 
5.G-in.-dim X 1 4 - f t  
cans end O ~ Q  Sur.dle 
in one 12-ix.-dim X 
14-ft can 

89.19 6.865 0.233 



~ 

U content, kg Total Pu Total Th 
Estimated bumup content corat ent 

Source of materia; ~omysrs i t i onb Description (Hdd!MGikM~ Total 2 3 5 ~  233" (k8) .;kg1 

U02, Zr-clad In four 3.5-in.-diam X 1,500 
12-in. cans 

Vallecizos hoiLing-water 
reactor (VBW6I) 

Subtotal 

1.243 0.003 11.93 

1.455.521 
- - - -  
241.306 30.113 17.835 6,675.6 

3&W scrap UOZ-Pu02. SS-clad In 3.5-in.-dim X 
32-in. cans 

8-54 

1,600 

1,600 

1,600 

1,600 

1,600 

120 kW totai in 
1975 

10,000-34,000 

0.325 

1.73 

1,600,32 

7,482.73 

26.93 

917.72 

0.44 

2.04 

0.513 a .  048 

Experimental boiling- 
watsr reactor (EBWR) 

UO2, SS-clad Assemblies 3.75 in. X 
3-75 in. X 6 2 . 5  in. 

1.612 

95. it56 

93.967 

26.651 

2.087 

0,376 

1.624 

U02,  Zr-clad Assemblies 3.75 in. X 
3.75 in. X 6 2 . 5  in. 

3.092 UQz-Zr, Zr-clad Assemblies 3.75 in. X 
3.75 in. X 62.5 in. 

UOZ-Zr02-Cs0. 
Zr-clad 

U02-PuO2, Zr-clad 

Assemblies 3.75 in. X 
3.75 in. X 62 .5  in. 

Assemblies 3.75 in. X 
3.75 in. X 62.5 in. 

Eight rods in a 
3.5-in.-diam X 30-in. 
can 

13.940 

0.114 Experimental breeder 
reactor-2 (EBR-2) 

UO2-PuOZ, SS-clad 
(from ANL) 

UOz-Pu02, SS-clad 
(from KEDL) 

Rod segments in 
0.5-in.-diam X 42-in. 
cans 

0.680 

?uOZ, SS-clad Pieces in 4.5-in.- 
diam X 32-in. cans 

Four Z-in.-diam X 32- 
in. A 1  cans of scrap 
pieces; two 1.5-in.- 
d i m  A1 cans of plates; 
65 pin-type assernblies 

Experimental power 
reactor-1 (Ern-11 

Gas-cooled reactor 
experiment (WE) 

Unknown 0.022 

61.290 56.559 U02 or UO2-BeO, 
Has telloy-c lad 



Table A - 9  (continued) 

U content, kg Total Pu Total Th 
Estimated burnup content content 

Source of material Compos itionb Description (tWd/MTIWpI) Total 23511 2 3 3 ~  (kg) (kg) 

W E  plus other govenmmt agencies materials inventory at SRS (continued) 

Heavy-water components U and U02, Zr-clad Intact assemblies 3 in. 6,250 
test reactor fHWCTF?.pR) dim X 132 in. Pieces 

of assemblies in 
3.5-in,-diam X 12-in. 
cans 

U-Zr, Zr-clad 

High-temperature reactor 
experiment (HTRE) 

Mobile Low Power Plant 
NO. 1 (ML-1) 

Oak Ridge National 
Laboratory (OWL) 
SIW-1 rods 

Oak Ridge Reactor-low 
enriched uranium 
( Om-LEU ) 

ORNL mixed oxide 

Savannah River Site (SRS) 

Shippingport 

Sodium Reactor Experiment 
( S E I  

U02-Be0, Nichrome- 
clad 

U02 and hO2-BeO, 
SS-clad 

U, Zr-clad 

U3Si2, Al-clad 

UO2-Pu02, Zr- or 
SS-clad 

VO2-PuO2, Zr-clad 

U02, Zr-clad 

U, Th rods, 
SS-clad 

UC, SS-clad 

Segments and pieces of 
f u e l  assemblies and 
test pieces in thirteen 
4-in.-diam X 36-in. A1 
cans 

Sixty-eight 19-pin 
assemblies 

Rods in three 4.5-in.- Unknown but l o w  
diam X 9.25-in. A1 cans 

In fourteen 3.5-in. X 15,600 
3.5-in. X 168-in. 
A 1  cans 

One 3.5-in.-diam X Unknown but l o w  
15.12-in. can 

In one lZ.O-in.-diam X Unknown 
14-ft can 

One 10.5-in.-diam X 18,000 
15-in. container 

3.5-in.-diam X 10,000 
110.25-in. cans 

1.051.376 9.470 0 . 5 6 5  

37.165 31.590 

4.039 3.423 

58.575 54.478 

0.184 0.171 

95.006 14.960 

0.376 0.030 

69.87 0.354 

16.000 0.023 

154.934 143.410 1.045 

44.324 4.344 

5.537 

0.094 

0.161 

0.108 

1,972.6 

0.016 
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The following ‘Table R.1 lists radionuclides whose cliaracteristics are most often referenced in the variety of studies and 
evaluations discussed in Chapters 1-7. It includes isotopes for IILW, ‘IXU waste, XLW, and uranium mill tailings as defined 
by EPA,l NRC,23 and DOE?> The data in Table B.1 were obtained from refs. 6-9. 

1. U.S. Environmental Protection Agency, “Environmental Radiation Protection St;lndards for the Management atid 
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive: Wastes,” Code of F‘ederd Regdmfom, 
40 CFR Part 191 (1992). 

US. Nuclear Regulatory Commission, “Licensing Requirements for Land Disyoal of Radioactive Waste,” Code of 
Federal Regulations, 10 CFR Part 61 (1W2). 

U.S. Nuclear Regulatory Commission, “Riomediwl Waste Disposal,” Fed. Keg&. 46{47), 16230-16234 (Mar. 11, 1981). 

2. 

3. 

4. US. Department of Energy, DOE Order 5820.2A, Rndiouctive Waste Mmagement, Washington, D.C., Sept. 26, 19%%- 

5. US. Department of Energy, Energy Information Administration, Domestic Uranium Mtiing ~ n d  Afillhg Industry 
1 WQ-Eabilify Assessment, DOE/EIA-o477(9o), Washington, D.C. (December 1991). 

5. 

7. 

D. C.  Kocher, Radiouctive Decay Datu Tubles, l~QE/TIC-111026, Washington, D.C. (1981). 

I). C. Ktxcker, A Rudionirrlide Decny m a  Bme4nciUc mid S m a ~  Table, NIJRRG/CR-1413, ORWLiNUREG-70, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee (May 1980). 

E. Browne and R. €3. Firestone, Tuble of Radioactive Isotopes, John Wiley and Sons, hc. ,  ed. V. S. Shiirlq, New York 
(1986). 

h G. Croff? 0RIGENZ-A Revked and Updated T/ez&m of tile Qnk Ridge I S O ~ Q ~  Generihm and ikplet im Code, 
ORNL-5621, Oak Ridge National Taboratory, Oak Ridge, Tennessee (July 1980). 

8, 

9. 
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Sable B.1. Characteristics of 9wporta% radionuclidesa 

Major radiation energiesd 

Atomic models) of activity 
Principal (MeV/dis) "Q" valuee Spec if ic 

Nuclide number Half-lifeb decayC U E I ( X )  (MeVIdisl (WICi) (Ci/g) Daughter(s) 

6 

13 

14 

15 

16 

17 

19 

20 

21 

24 

25 

26 
26 

27 
27 
27 
27 

28 
28 

30 

31 

34 

1.233E+01 y 

5.730E+03 y 

7.2E+05 y 

650 y 

14.282 d 

8 9 . 5 1  d 

3.01E+05 y 

1.27?E+09 y 

165.8 Z 

83.83 d 

27.704 d 

312.20 d 

2.73 y 
44.496 d 

271.77 d 
70.92 d 
5.271 y 
10.47 min 

7.5E+04 y 
1.001E+02 y 

244.1 d 

3.261 d 

119.37 d 

P 

P 

EC 

P 

P 

P 

p (98.14); 
EC (9.94) 

P (89.3343: 
EC (10.67%) 

P 

B 

EC 

EC 

EC 
P 

EC 
EC 
P 
IT (99.75%); 
P (0.25%) 

EC 
B 

EC 

EC 

EC 

0.00568 5.581-33 3.373-05 

4.95E-02 2.93E-04 0.0495 

0.4451 2.6758 3.079 1.8251-02 

0.0647 2.1OE-01 1.245E-03 

0.6947 6.95E-01 4.12E-03 

0.0486 4.861-02 2,883-04 

0.2460 2.460E-01 1.4583-03 

0.4545 0.1559 6.104E-01 3.62E-03 

0.0773 7.70E-02 4.561-04 

0.1120 2.0095 2.122 i. 2572-02 

0.0031 0.0325 3.56E-02 2.11E-04 

0.0034 0.8360 8.3943-01 4.9752-03 

0.0038 0.0016 5.4E-03 3.23-05 
0.1174 1.1882 1.3056 7.741E-03 

0.0176 0.1252 1.428E-01 8.4643-01 
0.0336 0.9758 1.0094 5.993-03 
0.0958 2.5058 2.6016 1.541E-02 
0.0536 0.0066 6.02E-02 3.573-04 

0.0043 0.0024 6.723-03 3.96E-05 
0.0171 1.71E-02 1.01E-04 

0.0066 0.5838 5.90E-01 3.51E-03 

0.0333 0.1549 1.882E-01 1.115E-03 

0.0134 0.3924 4.061-01 2.41E-03 

9.650E+O3 

4.457 

1.91E-02 

1.7 19ESO 1 

2.853E.+05 

4.263E+04 

3.299E-02 

5,983E-06 

1.780E+04 

3.3813+04 

9.2403+04 

7.738E+03 

2.500E+03 
4.918E+04 

8.4563+03 
3.131E+04 
1.131E+03 
2.993E+08 

8.0793-02 
6.168E+01 

8.237E+03 

5.975E+05 

1.453Ei-04 



Tabbe 13.1 (continued) 

Ma3 BI sadi at ion energi e sd 
Spec i f i c  

Atomic rnodecs) o f  activity 
Principal (MeVjdis) "cy' varuee 

Nuclide number Half - l i feb  decay' a e 7 ( X )  WeV!dis 1 W/Ci 1 W / g )  Baughter(s) 

34 

36 

37 

38 
38 

39 
39 

40 
40 

41 
41 
41 

42 
42 

43 
43 

44 
44 

45 
45 

46 

47 

47 

48 
48 

48 

<6.53+04 y 

1.072Ei01 y 

18.66 d 

50.55 d 
2.85EC01 y 

2.671 d 
58,51 d 

1.531+06 y 
6 4 . 0 2  d 

1.368+01 y 
2.03Ei04 y 
34.97 d 

3500 y 
2.748 d 

2.13E+05 y 
6.006 h 

39.254 d 
1.020 y 

56.12 min 
2.17 h 

6.5E+OB y 

24.6 s 

249.76 a 

9.3E+l5 y 
2.371+01 y 

44.6 d 

B 

P 

B 
B 

P 
B 

B 
B 

IT 
P 
P 

EC 
B 

B 
IT 

B 
B 

IT 
P 

B 

p (99.702); 
EC (0.30%) 
p (S8.64X); 
IT (1.36X) 

P 
f l  (S9.Qf); 
IT ( 0 . 1 X )  
B 

0.052Y 

0.2505 

0.6670 

0.5829 
0.1958 

0.9332 
0.6039 

0.0471 
O.lZO0 

0.0281 
0.2454 
0.0435 

0.0051 
0.4076 

0.0846 
0.0142 

0.1105 
0.1004 

0.0375 
0.3144 

1. I842 

0.0755 

0.0933 

C.6C.29 

0.0022 

0.0945 

0.0001 

0.0036 

0.0018 
0.7337 

0.0018 
1.5715 
0.7643 

0.0107 
0.2723 

D. 1240 

0.4851 

0.0017 
2.8826 

0.0093 

0.0316 

2.7392 

0.1834 

0.0329 

5.296-02 

2.53E-01 

7.62E-01 

5.83E- 0 1 
1.96E-01 

9.33E-01 
6.07E-01 

4.89E-02 
8.54E-01 

2.99E-02 
1.7169 
8.07BE-01 

1.583-02 
6.799E-01 

8.463-02 
1,382E-01 

5.96E-01 
1.004E-01 

3.92E-02 
3.197 

9.3E-03 

1.216 

2.814 

9.132-02 
1.33E-01 

6.36E-91 

3. B E - 0 4  

1.50E-03 

4.528-03 

3.46E-03 
1.16E-03 

5.542-03 
3.60E-03 

2.90E-04 
5.06E-03 

1.77E-04 
1.0 18E-02 
4.788E-03 

9.37E-05 
4.028E-03 

5.01E-04 
8.186E-04 

3.53E-03 
5 .  g51E-04 

2.32E-04 
1.8943-02 

5.52-05 

7.208E-03 

1.669E-02 

5.412E-04 
1.08E-03 

3.76K-03 

5.966E-02 

3.923E+O?. 

%.138E+04 

2.905E+04 
1.364E+02 

5.441E+05 
2.4528+04 

2.513E-03 
2.148E+04 

2.826Ef02 
1.873E-01 
3.910E+04 

1.10 
4.796E+05 

1.695E-02 
5.271E+06 

3.227E+O4 
3.346E+03 

3.253Ef07 
3.56OE+09 

5.1436-04 

4.169E+O9 

4.7501+03 

3.4O2.E-13 
2.168E+02 

2.546E+04 



Major radiation energiesd 
Principal (MeV/dbs j "Q" valuee Spec i Pic 

Atomic modecs) of activity 
Nuclide number Balf-lir'eb decayC 0: c 7 ( X )  (MeV/dis) ( WICi 1 :tile) Dau&hter(s) 

49 
49 
49 

50 
50 
50 
50 

50 
50 
50 

5 1  
5 1  
5 1  
51 

52 
52 
52 
52 

52 
52 

53 
53 
53 
53 

5 4  

55  
5 5  
55  

56 
56 

2.807 d 
1.658 h 
49.51 d 

115.09 d 
13.61 d 
293.0 d 
5.5E+01 y 

129.2 d 
9.64 d 
-1E+05 y 

6G.25 d 
2.73 y 
12.4 d 
19.0 rnbn 

119.7 a 
5 8  d 
9.35 h 
109 d 

1.160 h 
33.6 d 

13.2 h 
50.14 d 
1.59E+C7 y 
8.040 6 

5 . 2 4 5  d 

2 .062  y 
3.OE+O6 y 
3.0173+09. y 

1.954E+01 y 
2 . 5 5 2  min 

EC 
IT 
IT (95.749; 
EC (4.32) 

EC 
IT 
IT 
IT (77.62); 
p (22.4X3 
B 
p 
P 

P 
P 
P 
P (864); 
IT (142) 

IT 
IT 
B 
I? (B7.6X) ;  
p ( 2 . 4 % )  

P 
I? (6441; 
P (362) 

EC 
EC 
B 
B 

P 

.B 
P 
p ;54.521; 
/3 ( 5 . 4 2 1  

EC 
IT 

0.0340 
0.1340 
0.1431 

0.1394 
0.1613 
0.0783 
0.0352 

0.5222 
0.8110 
0.1249 

0.3897 
3.1257 
0.3527 
0.6323 

0.1020 
0.1106 
0.2248 
0.0821 

0.5422 
0.2663 

0.0276 
0.0179 
0.0556 
0.191? 

0. 1363 

5 .  1639 
0.0563 

9.6547 
0.0652 

0.4053 
0 . 2 5 5 5  
0.0343 

0.2808 

0.0114 
O.OO50 

0.0069 
0.3124 
0.0573 

b .  8523 
0.4434 
2.7496 
1.5484 

0.1580 

0.1482 
0.9361 
3.9048 
3.0111 

0 . 0 6 2 4  
0.0379 

0.1729 
0 . 0 4 2 2  
0.0246 
0.3826 

0.0459 

1 .5555  

0. I708 

0.4045 
0.5991 

4.393E-01 
3.89E-01 
2.39E-01 

4.20E-01 
3.19E-01 
a. 97E-02 
4.02E-02 

5.29E-0 1 
1.123 
1.8ZE-01 

2.242 
5.69s-G1 
3.102 
2.181 

2.502E-01 
1.467E-01 
2.30E-91 
S. 32E-02 

6.05E-01 
3.03E-01 

2.005E-01 
6.OZE-02 
8.04E-02 
5.74E-01 

1.82E-01 

1.719 
5.63E-02 
1.71E-01 

4.592E-3: 
6.64E-02 

2.604E-03 
2.31E-03 
1.40E-03 

2.48E-03 
1.89E-05 
5.322-04 
2.43E-04 

3.14E-03 
6.6562-03 
1.08E-03 

1.329E-92 
3.37E-03 
1.839E-02 
1.292E-02 

1.482E-03 
8. 690E-04 
1.36E-03 
5.522-04 

3.58E-03 
I. BOE-03 

1. 1e8~-03 
3.57E-04 
4.77E-34 
3.4OE-03 

1.08E-03 

1.019E-02 
3.323-04 
P.O%E-03 

2.7223-03 
3.94E-03 

4.157E+05 
1.673E-tO7 
2.313E+04 

1.004EtO4 
7.969E+04 
4.478E+03 
5.912E+01 

8.219E+03 
1.084E+05 
2.837E-02 

I. 749E+04 
1.032E+O3 
8.36OE+04 
?.854E+07 

8.87GE+03 
1.851Z+04 
2.639EtO6 
9.432E-tO3 

2.0946+07 
4.013E+04 

1.940E+06 
1.737E+04 
1.765E-04 
1.2402+05 

1.872E+05 

1.294E+03 
1. l51E-03 
8.698E+01 

2.50irEi02 
5.379E+06 



T a b l e  B.1 <continued) 

Major radiation energiesd 
Principal (MeV/dis) "Q" valuee Specific 

Atomic mode(s) of activity 
Nuclide number Half-lifeb decay' 7(X)  (MeV/dis) (WICi) (CilS) Daughter(6) 0 E 

141ce 
144Ce 

143Pr 
1 4 4 ~ r  
144mp, 

1 4 6 ~  

1 4 7 b  
1 4 8 h  
148mp, 

1515, 

152Eu 

lS4Eu 
1%" 

1 5 3 ~  

157Tb 
15%Tb 

160m 

1 6 9 ~  

I7%f 
lE1€lf 

182T, 

Ia7Re 

1921, 

201T1 
207T1 

58 
58 

59 
59 
59 

61 

61 
61 
61 

62 

63 

63 
63 

64 

65 
65 

65 

70 

72 
72 

73 

75 

77 

8 1  
8 1  

32.50 d 
284.9 d 

13.58 d 
17.28 min 
7.2 min 

5.53 y 

2.6234 y 
5.370 d 
41.29 d 

Q.OE+Ol y 

1.333E+01 y 

8.8 y 
4.96 y 

241.6 d 

150 y 
150 y 

72.3 d 

32.02 d 

70.0 d 
42.39 d 

115.0 d 

4.6E+10 y 

73.831 d 

3.046 d 
4.77 min 

B 
B 

B 
B 
IT (99.96%); 
p (0.04%) 

EC (66.1%); 
p (33.9%) 
B 
P 
B (95.4%); 
IT (4.6%) 

B 

EC (72.08%); 
P (27.92%) 
B 
B 

EC 

EC 

B (18%) 
B 

EC 

EC 
B 

B 

B 

f l  (95.4%); 
EC (4.6%) 

EC 
B 

EC (azx) 

0.1707 
0.0918 

0.3156 
1.2091 
0.0464 

0.0928 

0.6196 
0.7235 
0.1695 

0.1251 

0.1275 

0.2994 
0.0650 

0.0389 

0.0031 

0.2535 

0.1117 

0.0439 
0,1943 

0.2073 

0.0007 

0.2162 

0.0481 
0.4931 

0.0770 
0.0192 

0.0289 
0.0121 

0.7542 

0.5747 
1.9861 

1.1628 

1.2531 
0.0633 

0.1015 

0.005G 

1.1271 

0.3121 

0.3646 
0.5441 

1.3011 

0.8137 

0.0924 
0.0022 

2.483-01 
1.llE-01 

3.16E-01 
1.238 
5.856-02 

8.473-01 

6.203-02 
1.298 
2.156 

2.25E-01 

1.290 

1.532 
1.28E-01 

1.414E-01 

8.10E-03 
9.OZE-01 

1.381 

4.238E-01 

4.0856-01 
7.54E-01 

1.508 

2.53 

1.030 

1.40E-01 
4.952-01 

1.471-03 
6.583-04 

1.871-03 
7.338E-03 
3.433-04 

5.OZE-03 

3.671-04 
7.6913-03 
1.2783-02 

7.41E-04 

7.6463-03 

9.0811-03 
7.593-04 

8.3813-04 

4.802E-05 
5.347E-03 

8.186E-03 

2.5123-03 

2.4223-03 
4.473-03 

8.940E-03 

1.535E-02 

6.105E-03 

8.303-04 
2.93.E-03 



61 

82 
s2 
e2 

5 3  

83 

53 

04 

84 
84 
8 4  
84 

85 

66 
96 
06 

87 
87 

88 
88 
68 
80 
88 

89 
89 

59 

53 
90 
90 

3.053 loin 

3.253 h 
56.1 rnin 
1 0 . 6 4  h 

2.14 min 

1.3092 h 

45.59 min 

a32 y 

2.95E-07 s 
4.2E-06 6 

i.780E-03 s 
1.50E-02 s 

3.23E-32 s 

3.96 s 
5 5 . 6  s 
3.825 d 

4 . 9  m i ¶  
21.8 min 

11.43 -5 
3.66 d 
14.2 d 
1.600E+03 y 
5.75 y 

10.0 d 
2.177E+01 y 

6.13 h 

18.718 d 
1.913 y 
7.3402+133 y 

P 

P 
B 
B 

a (89.727:tI; 
0 (0.273;:) 
CY (35.942); 
p (64.06;:) 
cz (2 .1621 ,  
B (97.642; 

a (99.742) 
EC (0.262~ 
0 

U 

u 
a 

a 

a 
a 
-2 

a 
B 

a 

r" 

B 

a 

a 

a 
B (98.62%); 
a ( 1 . 3 8 4 )  

P 

a 
a 

6 . 5 5 8 5  

2.2740 

0.1268 

5.7844 
5.3757 
7 . 3 8 6 4  
6.7785 

7.0557 

6.8122 
6.2675 
5.4692 

6.3571 

5.6972 
5.6751 

4,774; 

5.7501 
0.0673 

5.9022 
5.3992 
4.8620 

0.5975 

0.1880 
3.4523 
3.  1752 

3.  oog9 

0 . 5 0 2 5  

0.4563 

0 . 3 0 6 4  

0 . 0 0 8 4  
0.3805 

0.0731 
0.0322 
0.1057 
C.0335 
0.0116 

0.0251 
0.0125 

0.4292 

0.0543 
(3.0231 

3.3742 

0.0578 
0.1453 

0.0457 

0.1063. 

0.0825 

0.0002 

0,0563 
0.0005 
0.0004 

0.0277 
0.3542 

9.1348 
0.3133 
0.0137 
3.0067 

0.0176 
0.0002 

0.9269 

0.1123 
0 .0334  
0.0343 

3.972 

1.98E-01 
5.203-31 
3.2OE-01 

5.507 

2.783 

6. 66E-01 

4.9645 

8 . 7 8 4  
8.375 
7.386 
6.779 

7.066 

6.575 
6.288 
5.490 

6.393 
4.353-01 

5.905 
5.668 
1.193-01 
4.784 
1. 16E-02 

5.793 
8.00E-02 

1.356 

6.058 
5.423 
4.896 

2 .  X4E-02 

1.l7E-03 
3.083E-23 
1.93E-03 

S.916E-22 

1.5492-02 

3.352-03 

2.943E-01 

5.2076-02 
4.964E-02 
4.SJ8E-02 
4.018E-02 

4. :WE-02 

4.0762-02 
3.9292-02 
5.255E-02 

3.78YE-02 
2. 85E-03 

3.5GOE-02 
3.372E-GZ 
7.08E-CI4 
2.8362-02 
6.88E-05 

3.434E-02 
4.74E-04 

8.338E-03 

3. WE-02 
3.2l4E-02 
2.902E-02 

2.Y45E+08 

4.544E+O6 
2.468E+07 
1.383E+05 

4 .  164E+O5 

3.465E+07 

1. Y34E+07 

1.68E+09 

1.774ET17 
1.261E+16 
2. 948E+13 
3.482E+li 

1.6102+12 

1.30bE+10 
9.22JE+@8 
1.538%+05 

1.772E+08 
3.868E+07 

$.121E+04 
1.593E+05 
3.32OEi04 
9.887E-01 
2.34OE+02 

5.803E+04 
7.233E+Ol 

2.242E3.05 

3.073E+N 
8. 196E+DZ 
2.127E-01 

N 
4 
0 



90 
90 
90 
90 

91 
91 
91 

92 
32 
92 
92 
92 
99, 

93 

93 
93 

e4 
94 
94 
94 
34 
94 
94 

35 
95 

95 

95 

96 
85 

7.54E404 y 
1.0633 d 
1.405E+10 y 
24.19 d 

3.2766+04 y 
27 .0  d 
l,17 min 

6.BSE+O1 y 
1.592Ei05 J 

2.454E+05 y 
7.0372+08 y 
2. 342E-1-07 y 
&.46YE+014 y 

2.55QEiO5 y 

2.149Ei06 y 
2.355 d 

2.851 y 
8.7748+01 y 

6.553E+03 y 
1.445+01 y 
3.?53E+?5 y 
5.263907 y 

2.411E+04 y 

4.327E+02 y 
18.O-i h 

l.i:!.E+OZ y 

3.3803+a3 y 

162.94 d 
2 35E+Q:. y 

4.6859 
0 . 1 7 3 2  
4.0056 

4.9230 

5.3065 
4.0141 
4.7732 
4.3705 
4.4753 
4.2945 

4.7604 

5 . 7 5 2 1  
5 .4671  
5.1011 
5.1543 
0 .  00oi 
4.3SOb 
4.5751 

5.1851 

9.0232 

5.2555 

e . 0 r 3 4  
5 . 8 3 8 3  

0.0158 

0.0435 
0.1941 
0.8227 

0.0055 

0.0426 
0.0i:is 
0.0055 

0.1967 

0.0643 
3.2521 

3 . 9 1 2 6  
0.3099 

0.  ir00-i 
0.0007 

0.  G3C4 
0 .1781  

0 . 0 4 D 3  

0. 00YO 
B.t22Y 

0.0004 
0.0295 
0.0032 
0.0094 

0.0399 
0.2342 
G.0121 

3.0002 
2.0013 
3.0091 
0.1531 
0.9'215 
0.0013 

0.1411 

0.0327 
0 .1340  

0.0020 
3.0018 
0.0051 

0.0052 
9.0014 
O . U O \ l l  

c . C287 
D.0PFJO 

0.0049 

3..?431 

0. 9018 
0.1316 

4.665 
2.03E-01 
4.006 
2. SZE-OZ 

5.011 
3.982-01 
0.356-01 

5.307 
4,821 
4.773 
4.577 
4.492 

4.205 

3.38E-01 

4.657 
4.255-3: 

5.767 
5.498 
5.101 
5,155 
5.3E-03 
*. 500 
4 .  Si6 

5.539 
1.36E-0: 

6. WE-02 

5.3137 

5.0542 
6.089 

2.765E-02 
1.21E-03 
2.3752-02 
1.499-04 

2.970E-02 
2.36E-03 
4.95E-03 

3,1463-OZ 
2.8573-02 
2.82QE-02 
2.713E-3% 
2.652E-02 
2.49ZE-02 

2.00%-03 

2.873E-02 
2.53E-03 

3.4lBE-G2 
3.2583E-02 
3. G24E-2% 
3.O56E-02 
3.2E-05 
2.9043-32 
2.112E-02 

3.2833-02 
1. 163-03 

4.05E-64 

3.14969-02 

3.591;SE-02 
3.6053-02 

2.109E-02 
5.316Ei05 
1.OWE-07 
2.316XiOs 

4.723E-Q2 
2.075E+04 
6.666Et08 

Z.l40E+Ol 
Y.680E-93 
6.2468-03 
2.161E-06 
6.469E-C5 
3.362Z-O7 

1.317E-02 

7.049E-34 
2,32GE+05 

5.313E-02 
1.7lZE~Ol 
6.216E-02 
2.279E-01 
1. 030%+02 
3.8ZBE-03 
1.736.Z-05 

a .  43% 
6.084%+05 

9.718 

1. YOSE-51 

3.5UBE?(19 
5.162E+01 



5.7365 0.0016 5 .798  
5.3631 0.1342 0.1170 5.615 

5.3764 C.0372 3.3014 5.385 
4.9435 3 .2152  5.253 

95 3.40E+05 y a ( 9 1 . 7 4 1 ) ;  4.5524 
S?F ( 3 . 2 5 2 )  

4.6524 

252cp 98 2.645 y a (95 .938X) ;  5 .9308 0.3051 O.OC1: 5.9370 
SPY ;3.9921) 

agased o n  r e f s .  5-9. 
by - years ;  d - days;  h - hours;  m i n  - minutes;  and s - seconds. 
ca - d ~ h a  decay; 0 - n e g a t i v e  beta decay; 53 - e lec t run  capture ;  I F  - isomeric t r a n s i t i o n  ( r ad ioac t ive  tzansht ion  fsorn one 

"a - a lpha  decay; E - t o t a l  e:Lec.;ron emissions; and 7 ( X )  - g a m a  and X-ray photons. 
eThe s m  of t h e  average enesgies fo r  d i f f e r e n t  rad;ation types in MeV/d n teg ra t ion  or W / C i  ( inc ludes  algha and be ta  p a r t i c l e s ,  

nuclear isomer t o  another of  bowes encrgy) ;  and SP? - spon'teneous fission. 

d i s c r e t e  aiectrons, and photons).  -ne "Q" value ind icazes  t h e  mount of  energy (heaz)  t h a t  c o d i  be depos i ted  i n  ti r ac ioac t ive  
ma te r i a l  Lznm each Gecsy event i f  none of t h e  radie5:ton e s c a p d  %;on the ma te r i a l .  Xeutrinos are noi included. 
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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 charactePlizt: cemh types 
of waste (e& see Table C.1). In other instances, estimates were made OF lhe waste volnme generated per iiait of pr&uct 
throughput for each step in the fuel cycle. This appendix is a compilation of generic flomheets and source t e r m  used ~ J C  

making waqte projeclions. Source terms are used to descnbe quantitative aad qualitative characterid ics of  rddioactive wastes. 
In general, the source term for a particular waste is comprised of two cornponenth unique Lo that waste: (1) the number 
of curies of radiaactivity expressed either per unit of fadrly production or per unit of waste rolinnie 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 repirted hk%~riral data, engineering estimates, 
calculations, and/or experimental data. Ilocumentation of the source terms and key w ~ ~ s t e - ~ ~ ~ e ~ ~ ~ ~  parameters is provided 
in the following sets of figures and tables (based primarily on refs. 1 through 1 ) IPPetaiied infomiation on how these source 
term and modeling parameters were derived is available, mainly in ref. 1 te (ref" 2). Figures <L 1 and C.2 were 
adapted from refs. 1 and 2. Figure C.3 was adapted from information re[ 3. The m a s ,  r ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~  and 
thermal power of the nuclides contained in all stored domestic commer~ta nt fuel as of Deceinher 31, 1992, are 
listed in Table C.2. 

Average 
concentrations for representatbe radionuclides in I2LW disposed of at commercial sites are gkren in SBble C 
which gi.reS the radionuclide composition of saltstone at SRS, summarizes infomatiorn obtained from ref- 3. 
generation values are reported in Table C.6; the values are based on reh. 4-7. 'fable C.7 gives a summary of 
and estimated characteristics of commercial greater-than Class-C TJ,W (data from refs. 8 and 9). l[nforrnalicPkil on the I,LW 
to be incorporated in cement as a result of future operations by the West Valley Demonstration Project Kadwilstc 
Treatment System is presented in Table C.8, which is taken from ref. 10. 

Additional HANF and INEI, waste information and data recently provided fcrr this report st press time are @en in 
Tables C.9-C.13. The information and data in these tables will be integrated into futusc editio9ss c ~ h  this report. Histnriml 
IIANF buried LLW volume and radioactivity inventories and characterisiics are re rteA in Tables C.9 and C.10, 
respectively. Table C.11 reports and compares recentty reported INEL generated LLW volurne and activity for 19W. with 
the estimates used in this report. The same type of comparison is made with estimated and recently reported actual. lW2 
INW, buried LLW characteristics in Table C.12. Table C.13 summarizes various r ~ ~ ~ ~ e - ~ ~ ~ ( ~ ~ e ~ l  wa&% at IIANF 
that are not included in the inventories shown in Chapter 3. These wastes are stored at the HANF 2 
and were previously identified as miscellaneous radioactive materials. They represent an additional ' R C J  waste inventorgi 
that will be integrated into the TRU waste chapter in future updates of this report. 

Representative DOE LLW radionuclide mmpaitiom are described in Table C.3 (based on ref. 1). 

1. C. W. Forskrp,, W. L. Carter, and A. 111. IKibbey, Flowsheets mzd S~.mrce Tenm for Rrzdionclive Wmte Rojectiom, 
0RN1~TM-8462, Oak Ridge National Laboratory, Oak Ridge, Tennessee (March 198s). 
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3. M. G. O’Rear, DOE Savannah River Opera?ions Gffrce, &ken, South Carolina, rr~erno to the DOF;/EM Director of 
the Office of Tcchnical Support (EM-351, Washington, D C., “1I)eprtmeot of Energy Waste Inventory Data Systems,” 
dated Sept. 29? 1993. 

4. U.S. Department of Energy, Integrated Data Bme for 1992: U.S. Spend Fuel md Radioactive WaW Inventories, 
Projechiq m d  Characteristics, DOE/RW-OOCKj, Rev. 8, Oak Ridge National 1 aboratory, Oak Ridge, ‘Tennc,we 
(0,:tober 1W2). 

5. k EI. Kibbcy and S. M. X)ePaoli,A Compilution offrhe Elechicify Genzmted atid Low. I m e l  Radioactive kVasres Sh@pd 
for Wisposal by US. Nuclrrv Power Plants? 1959-1985,ORNL/TM-104440, Oak Ridge National Laboratory, Oak Ridge, 
TenneLsee (December 1987). 

6. U.S. Nuclear Regulatory Commission, The Licensed ~ ~ r ~ t i ~ a g  Reacror S t a ~ ~ ~  § U W W P ~ ~  Report (Gray Book), Vols. 1-14, 
No. 1 for each year 1976-1989, usually published by thc following February, U.S. Governmemt Printing Office, 
Washington, D.C. 20402. Data are also available on magnetic tap from W. H. lmeiace, Ofice of Information 
Resources Management, Division of Computer and Telecommunications Services, U.S. Nuclear Regulatory Coinmission, 
Washington, D.C. 20555. 

7. U.S. Department of Energy, Energy Information A ~ ~ ~ ~ ~ ~ t r a t i o ~ ~  World Nuclear Capacity and F z d  Cycle Requirements 
Z993, DOB/EL4-0436(93), Washington, D.C. (November 1993). 

8. U.S. X3egartment of Energy, Recommendations for Mmagerncnt of Greater-thm Cla~s-C I,ow-Levt‘l Radioactive Waste, 
report to Congress in response to Public Law 99-240, DOEDJE- 77 (February 1987). 

9. 0. I. Odunali, W. D. Pon, M. Eng, and G, W. Roles, U#ae of Part 61 Impacts Analysis Methodology, Vol. 2, 
NUREG/CR-4370 (January 1986). 

10. J. P. Jackson, West Valley Nuclear Sewices Company, Inc., West Valley, New York, Setter to List: J. Wachter, Marlin 
Marietta Energy Systems, In@., HAZ , Oliver Springs, Tennessee, “Waste Data Information Update for Calendar 
Year 1992,” dated Aug. 20, 1993. 
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DECOMM l SSl  ON I N Q  
OF l - M W ( e )  CAPACITY 
OF B O I L I N Q -  
W T E R  REACTOR 
( I  M M E DI AT E D ECOM M I  SSI 0 N I N G) 

4 

O R N L  DWG 83-1082 

LOW - L E V E L 'tJAST E 

PACKAGED WASTE V O L U M E  - i . e 4 ~ + i  m 3 / ~ ' ~ ( e )  

TOTAL ACT lV l  T Y  = 2 . 5 3 E + 2  C I / M W ( e )  

W S T E  CLASS 

A 
( o i u m e ,  r n a / ~ w ( e )  I.BOE+I 
\ c t l v l t y .  C I / M W ( e )  1.23E+1 
j p e c l f l c  A c t l v l t y ,  C l /m3  

C 3 . Q 7 E - 0  
1 4  

N I  1 . 4 0 E - 6  
5 8  

9 4 N b  2 .16E-8  
g Q  Tc 9 . 3 4 E - 0  
Bo Co 2.7OE-1 
e3  N~ l . 9 7 E - 3  
9 0  
9 0  

1 3 7  
137m 

6 . 4 8 E - 4  S r  

Y 

Ca 
6 . 4 a ~ - 4  
2 . 5 4 E - 2  

Ba  2 . 4 0 E - 2  
H a l f - L i f e  ( 6  y r  4 .47E-1  

Tota l  7 . 0 9 € - 1  

B C 

3 . 2 3 E - 1  4 . 6 9 E  -2 
3 . 8 8 S + 1  2.12Ec2 

1 .03E-3  
0.31E-3 
1.44E-6 
3 .16E-7  
4 . 2 8 € + 1  
8 . 7 3 E - 1  
6 . 0 7 E  - 2  
6 . 0 7 € - 2  
3 . 4 4 € + 0  
3 .25E+O 
0 .9OE+1  

1.88E-1 
1.00E+O 
2.3QE-3 
6 . 0 2 E - 6  
6 . 3 7 € + 2  
1 . 3 7 E + 2  
O.OOE+O 
O . O O E + O  
O . O O E  *o  
Q . O B E + O  

3 . 9 3 E + 3  

GREATER T H A N  CLASS C: L O W - L E V E L  VASTE 

PACKAGED W S T E  VOLUME - 8 . 6 6 E - 3  m 3 / M W ( e )  

TOTAL ACTIV ITY - 1.11E+3 C l / M W ( e )  

GREATER THAN C L A S S  C 

Volume,  m 3  / M W ( ~ )  0 . 6 6 E - 3  
A c t l v l t y ,  C I / M W ( e )  l . l l E + 3  
S p e c l t l c  A c t l v l t y ,  C l / m 3  

C 1 .20E+ l  
1 4  

5 4  
M n  1 .77€+3  

6 6  Fe 7 . 0 4 E * 4  

69 NI 8.41E+1 
8 3 N l  8 .91E+3  

e°CO 4 . a 3 ~ + 4  

94N b 1.30E-1 

Tota l  1 .28E+6 

Fig. C1. Boiling-water reactor decommissioning wastes per I-MW(e) capacity. 
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DECOMMISSIONING 
OF- l - M W ( e j  CAPACITY 
OF P R E S S U R l Z E D  
'&I E H R E ACTOR 
(I M M E D I AT E D E  COFA MI  SS I ON I N 6) 

O R N L  DWG 93-1083 

- O h  - L F V t L 'A'4S T E 

PACKAGED W A S l E  V O L U M E  * 1 66F+1 m3 / M W ( e )  

TOTAL A C T I V I T Y  - 1 . 0 0 ~ 4 2  C I / M W ( ~ )  

W A S l t  C L A S S  

A 
V o l u m e ,  m 3 / M W ( e )  1 . 5 3 € + 1  
A c t l v l t y ,  C I / M W ( e )  3 . 2 8 E c l  
s p o c l f l c  . 4 c t l v l t y ,  ~ 1 / r n 3  

H a l f -  

l 4 C  
6 9 N l  

O B  i c  
s o  C n  

@ O  Sr  

" N b  

Y 

cs 
Be 

1 3 7  
1 3 7 m  

-Life <6 y f  

T o t a l  

O . O O E + Q  
4 . 7 6 3 . 6  
2 . 4  1 E .- 3 
O.OOE+O 
3 . 6 7 E -  1 
6 . 3 8 E - 3  

4 . 8 9 E - 6  
4 . B B E - 6  
6 .3QE-2  
6 . 1 0 B - 2  
i . e a E + o  

2 . 1 6 E + 0  

B C 
1 . 4 6 E  - 2  1 . 8 2 E - 1  

4 . 4 0 € + 1  2.81EI.1 

0 . 0 0 E + 0  
7 . 2 3 E - 3  
6 . 2 2 E - 5  
O . O O E + O  

7.03EJ.1 
1.16E+O 
1 . 7 3 E - 3  
1 . 7 3 E - 3  
2 . 0 8 E + 0  
l . Q 6 E + O  
1 . 6 Q f + 2  

O . O O E + O  

6 . 6 1 E - 1  

4 . O B E - 3  

O . O O E + O  
7,3 Q E  + 2  
8.09E41 
0 I 0 0 E i 8 
O . O O E + O  
O . O O E + O  
O . O O F + O  

1 . 1 8 E + 3  

G R E A T E R  T H A N  C L A S S  C L O W - L E V E L  W S T E  

PACKAGED WS1-E V O L U M E  - 3 . 0 9 E - 3  ma / M W ( o )  

TOTAL A C T I V I  1 Y  - 5.06€+3 C I / M W ( e )  

Q R E A T E R  T H A N  C L A S S  C 

'0 I u me, rn / M W ( (3 1 3 . 8 P E - 3  
4c t I v I  t y ,  GI /N W (  e )  
j p e c l f l c  A c t l v l t y ,  C i / m 3  

6 . 0 6 E + 3  

1 4  c 1 . 3 3 E + ?  
M n 7 . 7 3 E o 4  

6 4  

6 6  Fe 7 . 6 5 € + 6  

'@ N I  4 , 3 1 E + 2  
eoco  S.BQE+b 

e 3 ~ ~  8.2BEa.4 
@ 4 N  b 2 I 2 4E +o 
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Unit thermal 
Radioactive material/ Unit activity powor 

waste type (~ilrn3) (ti  f 1 2  1 

Spent fuela 
B b R  
Prn 

1,000,000-10,000,000 3,500-40,000 
2,000,000-20.000.000 7,500-~65,000 

High-level Waste 1,500-15,000 5- 50 

Transuranic waste 
RemoCe hand1 ed,  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' 
DOE sites 
Comercia1 sitesC 
Class A 
Class B 
Class C 
GTCC~ 

9- 27 0.012-0.054 
4.6-6.4 0.30-1.60 
0.5-0,7 0.03-0.10 

O.l->7, oood 0.003-115d 
55-60 14-15 

SO. 1-No limit >0.003-Ao limit 

Uranium mill tailings 0.010 0.00020 
~ ~~~ ~~~~~~~~~~~~~~~~~ 

aLower-bound 1.svel.s are hasod on cumulative spent fuel discharged; 

bBased on 1986-1988 Solid !date Information Management System (SWIMS1 
upper-bound levels are based on annual dischargss. 

and the national Low-Level Wasts Management Program (LLhMP) data access 
system. both of which were maintained by E G G ,  Idaho. Inc., Idaho Falls, 
Idaho. 

basis of concentration of certab long- and short-lived radionuclides. 
The classification system is desigxled to minimize pot,entAial exposures in 
both the short and long term. 
representative of typical LLH shipped to commercial disposal sites. 
Piiclear power plant wastes account for moat o f  the radioactivity (-96%) 
and include Class A ,  E, and C. EssentiaUy all medical wastes are 
Class A .  Industrial wastes are largeJ-y Class  A ,  but they contain some 
C L a s s  B and C. 

There is no limit. on 
concentration of %, 6oCo, o r  nuclides with half-lives "-5 years. 
maximum thermal power shown is based o n  the highest reported gross Ci/m3 
analysis f o r  irradiat,ed core components (1986-1988) and assumes all the 
activity is due to 6oCo, which would yield the greatest heat output. If 
the activity is due to activation products, such as ' " F h ~  %o. etc., the 
Ci/rn3 could be much higher for individual shipments, and the total W/m3 
could exceed the value shorm. 

determine the lower activity boundary. There is no limit on 
concentrations of 3 H ,  6oCo, or  nuclides with half-lives ~5 years. 

%aste classification is defined by the XRC in 10 CFR 61.55 on the 

The gross Ci/d shown above are 

dElaximim ~ U K  63Ni in act.ivatod oheta1 or 90Sr. 
The 

eIn temporary storage. The concentration of actinides and lz9I 



$&be 6.2. bass, radioactivity, d t h e d  power of nuclides in  domestic coamercial 
spent fuel at the end of calendar year 1992* 

Mass. g Radioact ivi ty ,  C i  Thermal power, W 
Atomic Mahs n d e r  
number Element of nuc l ide  Annual Cumulative Annual Cumulative Annual Cumulative 

1 

2 
3 
4 
5 
6 

7 

9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 

24 

25 

26 

a 

27 

28 

29 
30 

Hydrogen 
Hydrogen 
RaliUU 
Lithium 
Beryllium 
Boron 
Carbon 
Carbon 
Nitrogen 
Oxygen 
Fluorine 
Neon 
Sodium 
Sodium 
Magnesium 
Aluminum 
S i l i c o n  
Wosphorus 
Wosphorus 
Su l fu r  
Chlorine 
Argon 
lotassium 
Calc iur ,  
Scandium 
Titanlum 
Vanadium 
Vanadium 
Chromium 
Chromium 
Mang m e s  e 
Manganese 
iron 
I ron 
Iron 
Cobalt 
Cobalt 
CobalL 
Nickel 
N i c k e l  
Ni C k d  

Copper 
Zinc 
Zinc 

Stableb 
3 

Stab le  
S tab le  
S tab le  
S tab le  
S tab le  

14 
Stab le  
S tab le  
S tab le  
S tab le  
S tab le  
24 

Stable  
S tab le  
Stable  
S tab le  
32 

Stab le  
S tab le  
Stable  
Stabla  
%&le 
S tab le  
S tab le  
S tab le  

50 
Stab le  

51 
Stable  
54 

Stab le  
55 
59 

Stab io  
58 
60 

Stab le  
59 
63 

Stab le  
S tab le  

65 

1.06E+04 
1.96E+02 
6.43E+03 
2.54E+03 
2.47Ei00 
2.34Ei03 
4.15Ei05 
l.O5E+03 
2.84E+05 
3.14E+08 
2.49E+04 
l.OZE+OO 
3.4 8E+04 
2.06E-04 
4.75E+03 
i.96E+05 
i.llE+06 
5.56E+05 
3.8lE-01 
6.08E+04 
1. I5E+04 
9.74E+02 
4.21E+OO 
4.65E+03 
2.75E-01 
2. O2E+O5 
&.22X+04 
1 . 3 m 0 2  
2. %E+O? 
9.44E+OI 
2.llE906 

7.70E+07 
5.632+03 
3.54E+00 
1.85Et05 
1.39€+02 
1.53E+04 
2.433+07 
a. 522+05 
2.65E+04 
4.16E+04 
9.38Et04 
2. b6E+01 

Z . ~ ~ E + O Z  

1.24E+05 
1.3 5E+03 
5.96E+04 
2.84E+04 
2.32E+01 
Zf59E+04 
4.65E+06 
9.85E+03 
3.20E+06 
3.49E+09 
2.77Ei05 
9.77E+00 

2 .  WE-04 
5.27E+04 
2.11E+O6 
1.243+07 
5. BlE+06 
3.81E-02 
6.94E+05 
I. 29E+05 
9.392+03 
4.03E+Oi 
5.18E+04 
2.63E+OO 
2. i5Ef06 
4.35Ef05 
1.35E+03 
2.83E+D3 
9,44E+Oi 
2.37E+07 
3.43EiO2 
8.63E+O8 
1.83E+04 
3.55Ei00 
2.05E+U6 
i.liE+02 
7.73Et04 

1.36E+06 
2.2SE+05 
4.57E+05 
1.0 4E+06 
3.59E+Oi 

3. 8a~+05 

2. ~ 5 2 ~ + 0 a  

O.OOE+OO 
1.89E+06 
0 .OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0. OOE+OO 
4.70E+03 
0.00ES00 
O.OOE+OO 
0 .OOE+OO 
0 .OOE+OO 
O.OOE+OO 
1. 8OE+O3 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
Q . OOE+OO 
1.09Et05 
0.00E+00 
0.00E+00 
0. OOE+OO 
0. COEfGO 
0.00E+00 
0 .OOE+OO 
O.COE+OO 
O.OOE+OO 
1.42E-ll 
0. 00E+00 
8.72E+G6 
0. UOE+OO 
1.61X+06 
0.00E+00 
1.42Ei07 
i.74E+05 
3.00E+00 
3.L6ES06 
1.84E+07 
O.OOE+CO 
1. i53+04 
1.64E+08 
0. OOE+OO 
0 . OOE+OO 
2.03E+05 

O.OOE+OO 
1.3OEi07 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.39E+04 
O.OOE+OO 
O.OOE+OO 
0. OOE+oO 
O.OOE+OO 
O.OOE+OO 
1.80E+03 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
1.09E+05 
O.OOE+OO 
O.O0E+00 
0.003+00 
0. OOE+OO 
0. OOE+OO 
0.00&+00 
OIOOE+OO 
0. oox+00 
2.42E-10 
0.0OE+00 
8.72X+OG 
0. GOE+OG 
2. 85E+06 
0.00@+00 
4.58E*O7 
1.75E+05 
0.00E+00 
3. S4E+O6 

0. OOE+OLl 
I. 03E+05 
1.38E+07 
O.OOE+OO 
0.00E+00 
2.96E+05 

a.  753+07 

O.OOE+OO 
6.3 7E+01 
O.OOE+OO 
0. OOE+OO 
0. OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.38E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0. OOE+OO 
0.00E+00 
4.98E+01 
O.OOE+OO 
O.OOE+OO 
0.00Ei00 
0.00E+00 

0. OOE-tOO 
0.00E+00 
0.40E+00 
O.OOE+OD 
O.OUE+OU 
0.00E+00 
O.OCE+OO 
O.OOE+'+OO 
2.67E-13 
0. OOE+OO 
1.8?2+03 
0. COEi-00 
S.OZEi03 
O.OGE+OO 
4.80E+02 
1.35E+03 
0.00E-00 
2. D7E+04 
2.3G+05 
0.00E+OI) 
4.57E-01 
1.65E+02 
U.OOE+OO 
0.00E+00 
7.11E+OZ 

1. IOE+'+O~ 

O.OOE+OO 
4.383+02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.29E+O 1 
0.00E+00 
OfOOE+OO 
0 .OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.98E+01 
O.OOE+OO 
0. 00E+00 
0.00E+00 
O.OOE+OO 
I. iUE+03 
0.00E+00 
0.00E+OQ 
O.OOE+OO 
0.00E+00 
0.00E+00 
OfOOE+OO 
0.00E+03 
O.CUE+OO 
2.673-12 
0 .  OOE+GO 
9.87E+O3 
0. 0OE+OO 
I. 42E+04 
0.00E+00 
1.55E+03 
I. 35E+03 
5 .  QOL+00 
2.12E+04 
1.35E+O6 
0. UOE+BU 
4.10E+00 
1.3%+03 
0.00E+00 
0. OOE+OO 
1.04E+O3 



?&le c.2 : C l m L i n u d )  

Kass, g Radioac t iv i ty ,  C i  Thermal powes, W 
Atomic  H . s s  number 
nurnbes Element of nuc l ide  Annual Cumulative h ,nu  a 1 Cumulative AnZIual Cumulative 

31 
32 
33 
34 

35 
35 

37 

38 

39 

40 

41 

42 
4 3  
4 4  

45 

46 

47 

4a 

Gallium 
Germanium 
Arsenic 
Selenitlm 
S e l e n i m  
Bromine 
Krypton 
Krypton 
Krypton 
Rub i d i urn  
Rub i d i m  
RuSidium 
Strontium 
Szron'uiiun 
Skrontxum 
Yctziun 
Y t t r i u m  
Y t t r i u n 1  
Zirconium 
Zirconium 
Zirconium 
Niobium 
Aiobium 
Niobium 
Niobium 
Niobium 
Mo lyb d e n m  
Technetiurn 
Rutheniurri 
RuLherdwn 
Rufimnim 
Rhodium 
Rhodium 
R h O d i U t I l  
Palladium 
Palladium 
S i l v e r  
Si lver  
S i l v e r  
S i l v e r  
S i l v e r  
S i l v e r  
Cadmium 
CadrniUlll 

S t a b l e  
Stab le  
S tab le  
S tab le  
79 

Stab le  
S t e j l e  

85 
S tab le  

36 
87 

Stabbe 
89 
90 

Stable 
YO 
91 

Stab le  
93 
95 

&;able 
93m 
94 
95 
9 5m 

Stab le  
99 

Stab le  
105 
106 

S tab le  
l03m 
106 

Szable 
107 

Stable 
108 
1E8m 
110 
113m 
111 

Stab le  
109  

a i  

8.0EE+OI 
1. 5OE+0J 
4.70Ei02 
1.17ES05 
1.40Et04 
5.09E-04 
8.02E+05 
5.6OE-02 
5 .  SUES04 
2.34E+05 
3.94E+00 
5.8IES05 
8.32E+05 
1.I9E+O4 
L. 26E+06 
1.03E+05 
3. 19Et02 
2.I6E+04 
7.76E+08 
I. 97E+06 
4.06E404 
:.25E+06 
:.612+00 
:.33E+C4 
3.45EM4 
l. 96E+01 
8.56E-FG6 
1.842+06 
5.21E+06 
1.62E+34 
2. a4%+05 
3.932+35 
1.%53+01 
2.671-01 
2.46E-kO6 
5.34E+05 
l.83E+05 
2.49E-09 
7.86E-01 
2.1PE-05 
1. 3YE+03 
3.07E+Oi 
3.20E+05 
8.61E-01 

7.733+02 
1.38E+04 
4.33%+03 
1.06E+06 
1.27E405 
4.651+05 
7.26X+P6 
4.85E-01 
3.4@E+35 
2.llE+06 
3 , 3 4 E + 0 0  
5.25E+06 
7.52E+CI6 
I. 2GE+04 
9.85Ei55 
9.14E+06 
2.472+03 
2.18E+04 
9.08E+Q9 
1.83E+07 
4. L2E+04 
:.32E+37 
4. S2EcOl 
L.lrOEt05 
3.55ESO4 
1.79E+OI 
7.84E+O7 
1.69E+O7 
4.7  1E-07 
1.62E-04 
5. S E i 0 5  
9.38Ei-06 
1.45E-0: 
4.82E-01 
2. :7E+07 
4.8BEt08 
1.71E+06 
1.871-08 
5.833303 
3.05E-E5 
2.31EiC3 
2.07E4G1 
2.99Et08 
1.82E+OU 

O.OOE+OO 
0.00E-tOO 
0.30z+oo 
3.5or,+oo 
9.75zi02 

i?.COE+00 
1. 18E-03 
Z.I6E+07 
0.00E+00 
3.21E+@S 
5.38E-02 
0.30E+00 
3.46E+08 
1.71B+OB 
0 .  SOE+OO 
1.73E+O8 
5.302+08 
0. iiOE400 
4.94ES03 
8.72E+38 
0.0OESCIU 
4.54E+O2 
2. 97F-103 
1.35E+09 
6.7bE+OE 
0. 00E+OO 
3 .  S E + 0 4  
0.00E+00 
5.23E+08 
9.493+38 
O.OEE+30 
a,. 71E+58 
9.49E+98 
0,00E+00 
2.7 5E+O2 
0 .  OOE+OO 
1.83Ei00 
2.05E1-01 
6.78Et04 
B.GOE+OS 
4.85E+06 
C1.00E+00 
2.22E+03 

C I . O ~ E + O ~  

0.00E+O0 
0.03E+00 
0.0I)E+00 
O.OOE+Dc? 
8.89E+03 
0 .  OOEtOO 
0. OGESOC 
1.03E-02 
1.37E+08 
0.00Ek00 
3. %IE+05 
4, 6OE-01 
0.00E+00 
3,4EE+08 
I. 34E-03 
0. GCIE-iOO 
L. SSES09 
5.36Er08 
0.00E300 
4.52Ei04 
5 .  S5E+OA 
C. 00ES03 
l.S9E+O4 
2.63X+04 
I. 388+09 
6.BlE+06 
0.00E+00 
2.872+05 
O.OOE+OO 
5.23E+08 
1.722+09 
3.00E+00 
4.?22+08 
1.72E+09 
0.00E+00 
2 . 5 m 0 3  
O.O0E+00 
1.38E+01 
1.55E+52 
1.27E+05 
9.56E+C)6 
4.85%+06 
0.00E+00 
4.70E+03 

O.OOE+OO 
0.00E+O0 
O.OOE+OG 
5 .OOE-OG 
2.43E-0: 
5. COE+00 
0. COE-00 
1.45E-07 
;.23E+84 
G.O0F+00 
b.45$+03 
4.253-05 
0.00E+03 
1.2os+o5 
1.39E+05 
0.50E-tO~L 
9.6E+05 
I. 90E406 
0,0OE+OU 
5 .  74E-OI 
4.42E+O6 
I). UOE-kOCI 
8.05E-GZ 
3.93%+01 
6.48E905 
9.3ZF+C3 
0 .  OOE+00 
1.57E+3t 
O.OOE+!jO 
L. 75E+36 
5.64E+3% 
O.OGE+OO 
I. 09E+ir5 
9.1OE+U6 
0.00E+00 
I. 63E-02 
0.0I)E+U0 
6.81E-03 
1.99E-0; 
6.3lE-02 
1. 15E-735 
1.0gE+O4 
Q.OOE+OO 
2.56E-03 

3.OOE-tUO 
0.00E+00 
.O. 305420 
3,30E+03 
2.21E+*50 
3.30ESG0 
0.00E+63 
1.27E-06 
2.05E+M 
0.00E+O0 
1.452+03 
3.842-34 
0.00E+30 
1.20E+CI6 
1.56E+06 
O.O@E+iiO 
7.46E+06 
1.92E+06 
0.00E+00 
5.251+00 
4.48E+06 
0.03E+OO 
2.47E+30 
2.66E+32 
6.62EcO6 
9.4SE+03 
0.00E+00 
1.4&E+C!2 
0.  C.QE+C)O 
3.75E+06 
I. GZEPO: 
0.  oxz-ao 
I, 08Ei05 
2.. 65E+07 
O.OOE+OO 
1.4%-01 
0.00E+OO 
5.121-02 
1.50E+Oi 
9.141+02 
1.80%+05 
n.O9E+04 
0. GOES00 
5.4SE-01 

s: 
M 



% S i % ,  Radioactivity, Ci Thermal power, w 
Atomic Mass number 
nunioez Element 5f nuclide Annual Cumulative Annual Cumulative Annual Cumuletive 

53 

54 

55 

56 

51 

52 

Cadmium 
Cadmium 

49 Indium 
Indium 
Indium 
Indium 
Indium 

50 ,in 
I in 
Tin 
Tin 
Tin 
Tin 
Tin 
Antimony 
Antimony 
Antimony 
Antimony 
Antimony 
Tellurium 
Tellurium 
Tellurium 
Tellurium 
Tellurium 
Tel1urim-I 
Tellurium 
Tellurium 
Telluriuii  
iodine 
Iodine 
Iodine 
Xenon 
Xenon 
Xenon 
Xenon 
Cesium 
Cesium 
Cesium 
Cesium 
Cesium 
Barium 
Barium 
Barium 
Sarium 

r '  
". 

113m 
11% 

Stable 
114 
114m 
115 
115m 

Stable 
117m 
119m 
121m 
123 
125 
126 

Stable 
124 
125 
126 
127 

Stable 
123 
123m 
125m 
127 
127m 
12s 
12% 
132 

Stable 
129 
131 

Stable 
128m 
131m 
133 

Stable 
134 
135 
136 
137 

Stable 
136m 
137m 
140 

6.09E+O2 
2.75E+01 
2.763+03 
8.45E-05 
5.25E+00 
5.40E+03 
5.452-02 
1.27E+07 
1.76E+01 
3.57E+03 
5.47E+Ol 
4 .  Q6E+02 
1.30E+01 
6. SOE+04 
4.97E+04 
4.25E+Ol 
3.52E+04 
1.61E+OO 
1.35Ef01 
I. 12E+06 
2.80E+01 
2.72E+00 
4.76E+02 
6.0 9E+00 
1.36E+03 
4.363-01 
4.49E+02 
1.2ZE+OZ 
1.286+05 
4.28E+05 
5.40E+O2 
1.24E+07 
4.OlE-03 
2.17E+OI 
5.34Et02 
2.652+06 
2.47E+05 
7.85E+0§ 
7.85E+01 
2.83€+06 
3.28E+06 
3 . m - 0 6  
4.332-01 
2.40E+03 

4.20E+O3 
2.76E+Ol 
2.741+04 
8.493-05 
5.28E+00 
5.82E+04 
5.453-02 
1.49E+08 
1.76E+OI 
5.18E+03 
4,77E+OZ 
5.64E+02 
1.30E+01 
6.00E+05 
4.66E+05 
4.31E+01 
1.20E-tO5 
1.61E+00 
1.35E+01 
1.02E+07 
2.42E+02 
3.00E+00 
1. 66E+03 
6.5lE+00 
1.49E+03 
4.372-01 
4.4 9E+02 
I. 223+02 
1.18E+06 
3.95E+06 
5.40E+02 
1.13E+08 
4.01E-03 
2.17E+OI 
5.34E+02 
2.453+07 
6.62E+05 
5.84E+06 
7.85E+OI 
2.24E+07 
2.84E+07 
3.52E-05 
3.43E+00 
2.40E-03 

1.32E+05 
7.OOE+05 
0.00E+OO 
?..16E+05 
1.22E+O5 
3.36E-08 
3.45E+05 
0. OOE+OO 
1.40E+06 
i.60E+07 
3.24E+03 
4.0%E+C6 
1.41E+06 
1.85€+03 
0.00€+00 
7.45E+05 
3.64E+07 
1.35E+05 
3.61E+06 
O.OOE+OO 
8.14E-09 
2.41E+04 
8.58E+06 
I. 61E+07 
:.29E+07 
9. i4E+06 
1.35E+0? 
3.7 1E+07 
0 . OOE+OO 
?.56E+01 
6.69E+07 
O.OOE+OO 
5.07E+02 
1.62E+06 
5.00E+08 
0.00E+00 
3.19E+08 
9.04E+02 
5. 75E+06 
2.47E+08 
O.OOE+OO 
9.48E+:+.J5 
2.33E+08 
I. m + o a  

9.llE+05 
7.02E+OS 
O.OOE+OO 
1.17E+05 
1.22E+05 
3.62E-07 
3.45E+05 
0 . OOE+O 0 
1.40E+06 
2.32E+O7 
2.82E+Q4 
4.63EiO6 
1.41E+OS 
1.70E+04 
O.OOE+OO 
9.53E+05 

1.35Ef05 
3.61EtOS 
0.00E+00 
7.043-08 
2.66E+04 
2.99Et.07 
1. ?ZE+07 
1.40E+07 
9.15E+06 
1. XE+07 
3.71E+07 
O.OOE+OO 
6.97E+02 
6.69E+O7 
O.OOE+OO 
5.07E+02 
I. 82Et06 
I. 00Ef08 
0.  OOEfOO 
8.57E+08 
7.88ET03 
5.753308 
1.95E+09 
0.00E+00 
9.482+05 
1.84E+09 
1.75E+08 

i.24~+oa 

2.22E+02 
2.61E+03 
0. OOE+OO 
5.54E+02 
1.7 1E+02 
4.82E-11 
6.092+02 
O.OOE+OO 
2.60E+03 
8.26E+03 
6.49E+00 
I.Z7X+04 
9.32Ef03 
2.3OE+OU 

9.8QE+03 
l.l4E+05 
2.4 9E+03 
2.14E+04 
O.OOE+OO 
8.25E-13 
3.51E+01 
7.21E+03 
2.17E+04 
6.932+03 
3.271+04 
2.37E+04 
7.35E+04 
0.00E+00 
3. fOE-02 
2.27E+O5 
0. OOE+OO 
7.09E-01 
1.75E+03 
1.87E+05 
0.00E+00 
3.251+06 
3.OZ.E-01 
3.843+04 
2.73E+05 
0.00E+00 
1.15E+04 
9.16E+05 
4.89E+05 

0. OOE+Oo 

1.53E+03 
2. E m 0 3  
O.OOE+OO 
5.57E+02 
1.72E+02 
5.2OE-10 
6.89E+02 
O.OOE+OO 
2.60€+03 
I. 20E+04 
5.65E+Ol 
I. 45E+04 
9.32E+03 
2.12E+01 
O.OOE+OO 
1.0OE+04 
3.87E+05 
2.49E+03 
2.14E+C4 
O.OOE+OO 
7.13E-12 
3.883+01 
2.51E+04 
2.323+04 
7.54E+03 
3.27E+04 
2.37E+04 
7.35E+04 
0.00E+00 
3.223-01 
Z.Z7E+05 
0.00E+OO 
7.09E-01 
1,75E+03 
1.07E+05 
0. OOE+OO 
8.72E+06 
2.63E+00 
7.84E+04 
2.16E+Q6 
0.00E300 
1.151+04 
7.24E-tO6 
4. a93+95 



T a b l e  C.2 (contixwad) 

Mass, g Radioactivity, Ci T k e m a l  power, W 
AtrniC Mass number 
n d e r  Element of nuc l ide  Annual Cumulative Annual Cumulative Cumulative Annual 

60 

61 

62 

63 

64 

65 

81 

BZ 

57 Lanthanum 
Lanthanum 
Lanthanum 

58 Cerium 
Cerium 
Cerium 
Cerium 

5 3  Praseodymium 
Praseodymium 
Praseodymium 
Praseodymium 
A'eodynium 
Asodymiw 
h'eodymim 
Prome thiam 
Pr oneth i sn 
Frome thitun 
Smerium 
Samarium 
Samarium 
Samarium 
Samarium 
Europium 
Europim 
Europium 
Europium 
Europium 
Gadolinium 
Gadolinium 
Gadolinium 
Terbium 
Terbium 
Terbium 
Thallium 
Thallium 
Thallium 
Thallium 
Thallium 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Stable 
138 
143 

Stabla 
141 
142 
144 

Stable 
143 
144 
144m 

Szable 
144 
i47 
I47 
148 
148m 

Stable 
147 
146 
149 
151 

Stable 
152 
154 
155 
156 

Stable 
152 
153 

Stable 
160 
161 

Stable 
206 
207 
208 
209 

Stable 
204 
205 
209 
210 
211 

2.91E+O6 
1.32E+Gl 
3.65E+02 
2.9C!E+06 
1. 5'JE+04 
2.70E-06 
5.58E+05 
2.58E+06 
2.6LE+03 
2.36E+01 
11. 18E-01 
3 .  S7E+S6 
2.65E+C6 
7. zos+o2 
2.312+05 
7. ?3E+OI 
4.863+02 
1,022+06 
1.83E+05 
4. i3E+05 
6.55E+03 
3.00E+34 
2.58E+€!5 
7.7ZE+OI 
9.29E+04 
3.23E+04 
5.33E+02 
1.34E+06 
7,54E+01 
I. 33E+02 
2.36&+04 
1.98E+C2 
1.57E+00 
2.4ZE-09 
6.07E-22 
6.6YE- 12 
1.00E-08 
1.91E-14 
2.30E+G3 
3.20E+01 
7.89E-02 
2.273-10 
9.96E-08 
5.18E-11 

2.64E+O7 
1.24E+02 
3.65E+I?Z 
2.62E+07 
1.50E+G4 
2.453307 
8.7iE+05 
2.33E+07 
2.61E+03 
3.70E+OI 
t. 85E-01 
5.83E+07 
2.75E+C7 
7.202+02 
9.64E+O5 
7.732+G1 
4.86E+G2 
9.49E+06 
3.68E+06 
3.52E+06 
7,13E+04 
2.90E+05 
2.33E-06 
5.43Ec02 
5.20E+05 
1.45E405 
5.33E+02 
I. 56E+07 
2.38E+03 
2 .  g5E+02 
2.44E+05 
2.03E+02 
1.57E+03 
2.03E-08 
6.07E-22 
3.41E-I0 
4.05E-07 
1.18E-13 
2.56E+04 
3.56E+02 
7.55E-0: 
6.39E-10 
9.19E-05 
2.64E-09 

0. O0ErOO 
2.5JE-07 
2.03E+G8 
D.OQE+OO 
4.ZBE+O8 
6.48s-02 
I. 782+09 
Q.OOE+OO 
1.76E+G8 
1.78E+09 
2.14E+O? 

3.l3E-06 
5.78E-07 
2.7GE+O8 
1. 27E-07 
1.04E+07 
O.OOE+OG 
4. i6E-03 
1.26E-07 
1.573-09 
7. 91E+05 
O.OUE+GO 
1.24E+C4 
2.51E+07 
1.50E+07 
2.94E+07 
O.OOE+OO 
1.64E-09 
6.80E+35 
0,00E+00 
2.243+06 
I. 84E+35 
0.00E+00 
1. 32E- 13 
1.28E-03 
2 .  g6E+OO 
7.80E-06 
0. OOEiOO 
4.01E-13 
4.59E-06 
1.03E-03 
7.6OE-06 
1.28s-03 

0.032+00 

0.00E+011 
2.37E-06 
2.03E+08 
O.OOE+OO 
4.285+08 
5.87E-01 
2. BOE+OS 
0. GOE+00 
1.76E908 
2 .  BOE+OY 
3.36E+07 
0.00E+00 
3.25E-G5 
5.75EfG7 
9.15E+38 
1.27Ei-97 
l.O4E+07 
U.OOE+OO 
8.383-02 
I. OSE- 05 
1.71E-08 
3.53E+03 
0.00E+00 
9.39E+04 
1.40E+08 
6.74E+07 
2.94E+07 
0.00E+OO 
5 .  i9E-08 
1.04E+D6 
O.OOE+OO 
2.29E+05 
I. 84E+35 
0,00E+00 
3.. 32E-13 
6.50E-02 
1.19E+02 
4.833-05 
3.00E+00 
4.453-12 
4.39E-OS 
2.91E-03 
9. f2E-04 
6.523-02 

O.OOE+GG 
-. 86E-09 
3.40E406 
3.00E+30 
5.27E+X 
Q.OOE+OO 
1.18E+06 
O.Q0E+00 
3.26&+05 
1.313907 
7.31E+03 
0.00E'OO 
6.03E+00 
1. K!E+O5 
9.633-04 
g . ?8E+04 
1.32E+05 
0.00E-1-00 
5 .  TOE-05 

0.00E+00 
9.27E+O 1 
0.006+00 
1. i i lE+OZ 
2.24€+05 
1.09E+04 
3.03Ei-05 
0. OOE+OO 
2 .  i4E-il 
6. i5E-02 
0. OOETOO 
Z.82E+04 
3.70E-02 
0,00E+00 
1.20E-15 
3.?4E-06 
6.96E-02 
1.3DE-07 
0. OOE+OO 
6.182-15 
1.333-10 
1. i9E-06 
1.7KE-09 
3 .  %3E-06 

I. 50E-08 

3.00E+00 
L. 74E-08 
3.40E+O6 
0.00E-00 
6.27EM5 
0.03Ec00 
I, 8SEt36 
0.00E+00 
3.28E+O5 
2.06E+07 
1. m + 0 4  
3.00E+00 
0. CIGE+OO 
I. 40$+C5 
3.27E+C5 
9.78E+G4 
I.32E+Q5 
0.003+00 
1.15E-03 
i. 27E-OB 
Q. DOE900 
8.85E+32 
0.00E+30 
7.10E+02 
1.25E+06 
4.90E+04 
3.03E+D5 
I?. 00E+00 
E. 76E-10 
3.41E+02 
O.OOE+OO 
1.876+04 
3.73E+02 
O.0OE+OO 
1.2OE-15 
1.91E-04 
2.5OE+00 
8.03E-07 
0.00E+30 
6.08B-14 
1.28E-09 
3.34E-06 
2.llE-07 
1.953-04 



Table C.2 (continued) 
~~ ~ ~~ ~ 

Mass, g Radioactivity, Ci Thermal power, W 
Atomic Mass number 
number Element of nuclide Annual Cumulative Annual C m l a t  ive Annual Cumulative 

84 

85 
86 

87 

88 

69 

90 

91 

Lead 
Lead 

83 Biamuth 
Bismuth 
Bismuth 
Bismuth 
Bismuth 
Bismuth 
Bismuth 
Bismuth 
Polonium 
Polonium 
Polonium 
'Polonium 
Polonium 
Polonium 
Polonium 
Polonium 
As tat ine 
Radon 
Radon 
Radon 
Radon 
Francium 
Francium 
Radium 
Radium 
Radium 
Radium 
Radium 
Radium 
Actinium 
Actinium 
Actinium 
Thorium 
Thorium 
Thorium 
Thorium 
Thorium 
Thorium 
Thorium 
Thorium 
Thorium 
Protactinium 
?rotactinium 

212 
214 
Stable 
208 
210 
220111 
211 
212 
2i3 
2111 
210 
211 
212 
213 
214 
215 
216 
218 
217 
218 
219 
220 
222 
22 1 
223 
222 
223 
224 
225 
226 
228 
225 
227 
228 
226 
227 
228 
229 
230 
23 1 
232 
233 
234 
231 
232 

5.923-06 
1.71E-12 
Q.32E+02 
1.ZBE-02 
1.62E-05 
7.48E-02 
3.06E-12 
5.61E-07 
1.87E-11 
1.273-12 
1.OZE-02 
3.753-17 
2.973-17 
2.80E-20 
2.29E- 19 
4,3 4E- 17 
2.36E-11 
I. Q9E-13 
2.24E-16 
1.10E-17 
9.83E-14 
8.91E-OS 
3.65E-10 
2.043-12 
4.956-13 
1.30E-14 
2. 5OE-OB 
5.16E-05 
6.413-09 
5.736-05 
3.25E-11 
6.2ZE-09 
1.92E-Q5 
5.632-12 
6.493-13 
4.23E-08 
9.89E-03 
1.343-03 
3. %+0O 
0.533-05 
5.89E-01 
1.14E-11 
3.19E-02 
7.05E-01 
1.30E-05 

2.39E-04 
1.98E-10 
1.04E+04 
1.2lE-01 
1.62E-05 
7.18E-02 
1.56E-10 
2.26E-05 
1.16E- 10 
1.47E-10 
1. i9E-02 
1. g1E-15 
1.20E-15 
1.73B-19 
2.03E-17 
2.21E-15 
9.52E-10 
2.30E-11 
1.393-15 
1. 183-17 
5.01E-12 
3.593-07 
4.23E-08 
1.26E-11 
2.36E-11 
1.30E-14 
1.273-06 
2.OBE-03 
5.63E-08 
6.59E-03 
3.87E-09 
3.85E-08 
9.1%-04 
6.03E-l?. 
6.493-13 
2.10E-06 
4.OZ.E-01 
1.OZE-02 
1.19E+02 

2.09E+01 
1.14E-ll 
3.58E-01 
7.34E+00 
1.30E-05 

a. 92~-04 

8.23E+00 
5.62E-05 
O.OOE+OO 
5.96E-05 
Z.O1E+OO 
4.252-05 
I. 283-03 
8.23E+00 
3.61E-04 
5.6ZE-05 
4.60E+01 

5.27E+G0 
3.53E-04 
7.36E-05 
1.28E-03 
8.22E+00 
5.623-05 
3.61s-04 
1.74E-OS 

B.ZZE+OO 
5.62E-05 
3.61E-04 
1.91E-05 
1.74E-05 
1.283-03 
8.22E+00 
3.30E-04 
5.67E-05 
7.61E-09 
3.61E-04 
I. 39F-03 
1.26E-OS 
1.74E-05 
1.30E-03 
8.11Ef00 
2.84E-04 
7.17E-02 
4.5&E+01 
6.4SE-08 
4.16E-04 
7.39E+02 
3.33E-02 
5.57E+00 

3.58~-06 

1. 2a~-o3 

3.32E+02 
6.5GE-03 
O.OOE+OO 
5.EEE-04 
2.01E+00 
4.OBE-04 
6.52E-02 
3.3ZE+02 
2.24E-03 
6.50E-03 
5.33E+01 
1.83E-04 
2.13E+02 
2.19E-03 
6.522-03 
6.52E-02 
3.32E+02 
6.50E-03 
2.243-03 
1.74E-05 
6.52E-02 
3. JZE+OZ 
6.50E-03 
2.241-03 
9.14E-04 
1.743-05 
6.5ZE-02 
3.323+02 
2.213-03 
6.523-03 
9.076-07 
2.246-03 
6.62E-02 
1.353-05 
1.74E-05 
6.47E-02 
3.30E+02 
2.16E-03 
2.39E+00 
4.75E+02 
2.29E-06 
4.16E-04 
8.ZQE+03 
3.47E-01 
5.57E+OO 

1.57E-02 
1.79E-07 
0 .OOE+OO 
9.38E-03 
4.64E-03 
1.343-06 
5. i0E-05 
1.40E-01 
1.52E-OS 
7.20E-07 
1.48E+00 
1.612-07 
2.79E-0 1 
1.79E-05 
3.423-06 
5.71E-05 
3,36E-Ol 
2.04E-06 
1.54E-05 
7.49E-07 
5.313-05 
3.12E-02 
1.86E-06 
1.392-05 
4.97E-08 
6.90E-07 
4.55E-05 
2.8ZE-Q1 
2.31E-07 
1.643-05 
5.87E-13 
1.263-05 
6.723-07 
1.09E-07 
6.66E-07 
4.753-05 
2.65E-01 
8.702-06 
2.033-03 
2.553-02 
1.56E-09 
3.. 05E-06 
3.00E-01 
1.00E-03 
3.64E-02 

6.32E-01 
2.073-05 
O.QOE+OO 
8.916-06 
4.641-03 
1 .28E-O5 
2.603-03 
5.64E+00 
9.4QE-06 
8.33E-05 
9.71E+00 
8.22E-06 
1.13E+01 
1.llE-04 
3.03E-04 
2.91E-03 
1.36E+O 1 
2.36E-C4 
9.55E-05 
7.49E-07 
2.711-03 
I. 26Ef01 
Z.15E-04 
8.63E-05 
2.373-06 
6.90E-07 
2.32E-03 
1.14E+O 1 
1.55E-06 
1.BBE-04 
6.99E-11 
7.61E-05 
3.21E-05 
1.17E-07 
6.66E-07 
2.363-03 
1.08E+O 1 
6.621-05 
6.773-02 
2.otjE-01 
5.55E-08 
1.05E-06 
9.36E+OO 
1.05E-02 
3.646-02 
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Table C.2 (continued) 

Mass. g Radioactivity, Ci Thermal p e r ,  W 
Atomic 
number Element 

36 Curium 
Curium 
Curium 
Curium 
Curium 
Cur irrs 
Cur iw, 

Mass number 
of nuclide Annual Cumulative 

242 1.5BE+04 1.9SEf04 
243 0.  IlE+OZ 6.2SE+03 
244 7.13E+04 4.4QE+05 
245 Z.?%E+O3 2. Q3Ef 04 
246 3.96E*8"1 2.61E+O3 
2 4 7  4,O3E+OD 2.553+01 
248 2.42E-01 1.39E+OO 

Annual Cumulative Annual Cusarlrtive 

5.27E+07 
4.70E+04 

4.7&E+Q2 
L. 2QE+&2 
3.79E-04 
1.03E-03 

5.77~+ce 

6.39E+07 
3.23E+05 
3.583+@7 
3.48Ea03 
& .03E+02 
2.37E-03 
5.92E-03 

~ 

1,94E+06 
1.73E+03 
2.02E+OS 
1.59E+O1 
3.92EiOQ 
1.21E-05 
1.263-04 

~ 

2.36E+O6 
1. fBE+O4 
1.253i06 
l.lSE+OZ 
2.63E+Ol 
7.56E-05 
7.37B-04 

Totals 3.563+09 4.01E+10 1.34E+10 2.64E+LO 5.56E+07 l.OOE+08 

aIncludss COZ&X3butiOnb from nuclides ia the iuel. cladding, and fue l  assembly Structural material. 
bTha term "stabla" represents 6 group of nonradiosctive nuclides of a particular shfaent. 



~ d l e  6.3. Representative ME U.W d i m t d i a e  cmpositipm by percam% act.iv-it.19 

Usaniumlt:?orim Fission product Induced activity kipha, clOQ nCi!g "Other" 

Nuclide Composition Nuclide Composition Nuclide Composition Nuclide Composition Nuclid~ Composition 

O.OOI7 6OCO 0.08 51Cr 4.95 238p, 2.62 JH 1.22 
212n 0,0045 9osr 9.77 5 4 ~  38.10 2 3 Q h  0.20 14C 0.06 
212Bi 0.0045 goy 7.77 56c0 55.40 240Pu 0.?3 54% 6.78 
292PO 0.0029 9 5 ~ r  1.27 5 9 ~ e  3.49 241Pu 96.4 58co 6.24 

20811 

216Po 0.0045 95Nb 2.83 %o 0.87 24 0.004 6OCO 18.03 

228R, 0.0269 125Sb 2.93 244~m 0.020 90Y 8.48 
ZZ8AC 0.0269 125m~, 0.73 100.00 99Tc 0.12 
228m a .  0045 106Ru 6.39 1OO.OOQ 134cs 23.98 
23 1 u f i  0.0259 1 0 6 a  6.39 137cs 18.45 

0.38 137ma-a 17.45 232m 0.273 134cs 
234m 33.997 137cs 19.31 

2 3 4 ~ ~  0.0034 144Ce 14.67 100. 00 
23 513 0.0258 944~r 14.67 
23811 33.197 147& 0.06 

1515, 0 . 1 1  
100 .oooo 152Eu 0.09 

1542, 0.09 
155& 0.05 

224Ra 0.0045 99Tc 3.02 55zn 0.19 242clTi 0 . 0 5 6  9 0 ~ r  8.48 

2 3 8 ~  0.73 
23 4mpa 33.197 137%, 16.38 

100. 00 

'%Based on ref. 1. 
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Radionuclide Half-lid 
Concentration 

(CiI"3) 

1.228E+01 y 
5.730E+03 y 
7.300E+05 y 
l.QQOE+02 y 

1.42REtQl d 
8.751Et01 d 

3.010E+05 y 
1.280E+09 y 
2.770E301 d 
3.122E+02 d 

2.73UE+Q0 y 
4.445E+Q1 d 
7.092E+01 d 

5.271E+00 y 
7.5002404 y 
1.001Et02 y 
2.441E+02 d 

1.072E+01 y 
5.055E+Q1 d 

2.85OE+Ol y 

2.671EI-01 d 

5.8513+01 d 

6.402Et01 d 

2.Q30E+04 y 

3.4972+01 d 
3.5QOEt03 y 

2.130E+Q5 y 
3.925E401 d 
1.30QEtQZ y 
2.495E+02 d 
9.000B+15 y 

2.730E+OQ y 
1.300E+13 y 
6.014Et-00 d 
l.S70E+07 y 
8.040E+Q0 d 

2.062E+QQ y 

3.000EtO6 y 
3.0172+03 y 

2.552E+00 min 
3.250E+01 d 

6.020Ei00 d 

2.840~+02 d 
1.728E+0l tnin 

2.1Q0E+15 y 
2.6232+00 y 

1.100E+02 y 
1.800E*02 y 
7.000E+01 d 
4.2403+01 d 
4.100E+10 y 

l.OR3E+00 
5.079E-03 
2, SRQE-10 
3.72iE-ll 

9.23ZE-04 
2.208E-03 
6.143E-I36 
1.766E-07 
7.137E-OZ 

3.895E-01 
3.112E+00 
5.08lE-03 
2.047E-01 
Z.242Ed-00 
1.364E-03 
2.6923-01 

1.174E-01 
8.147E-OS 
6,032$--03 

6.987E.-02 
5.987E-02 
R .  R99E-03 
1.0362.02 
1.5592-05 
1.916E-OZ 

9.273E-12 
1. 9 4 9 E - ~ 0 4  
5.OQOE-QS 
5.53BE-06 

3. BOOE-02 
4.2233-12 
2.6211-03 
1.90l.E-02 
5.71QE-07 

4.57OE-04 
2.101E-05 
5.23gE-03 
R.661E-02 
1.105E-OS 
2.431E-OX 
2.3onE-oi 
1.64%-03 
1.463E-02. 

1.463E. U 2  
1 .FiRSE-lQ 

1.317E-QZ 
1.012E- 10 
3.76AE-10 
1.4273-03 
3 ~ 2353-03 
1.7722-11 
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T a b l e  C.4 (continued) 

Radionuclide Half -1if eb Concentration 
(Ci/m3) 

3.253E+OO h 
1.600E+03 y 
7.340E+03 y 

7.54OE-t04 y 
1.405E+10 y 
3.276E+04 y 
1.592E+05 y 
2.4543+05 y 

2.4323+07 y 
4.468E+09 y 
Z.l40E+O6 y 
2.4133+04 y 

6.563E+03 y 
3.7633+05 y 

4.322Et02 y 
7.3803+03 y 
3.400E+05 y 

7.037~+08 Y 

1.2843-10 
2.852E-04 
1.310E- 10 
1.721E-08 
8.4823-03 
1,0163-10 
2.308E-07 
5.368E-05 
3.179E-05 
7.886E-07 
9.9703-03 

2.210E-07 
1.021E-05C 
2.504E-06' 
6.148E-07' 

4.053E-05 
1.398E-08 
6.2203-07 

8.380E+00 Total 

aTaken from the report by G. W .  Roles, Characteristics of Low-Level 
__..... ..... 

Radioactive Waste Disposed Durinn 1987 Throunh 1989, 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 though traces of plutonium could have entered 
with other wastes). 
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No New Orders Case 
His tor ica l  generation projected generationc 

calendar 
End of [MrlCeI-years I End o f  [tW(e)-yearsl 

calendar _________I_ -- 
year BwR m Total year BWR PIJR . .-. . . . . . . ._ .. .- -_.I 

1960 
1981 
1962 
1983 
1984 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1980 
1991 
1992 

29 
60 
137 
136 
164 
164 
221 
184 
205 
238 

1,011 
1,969 
3,188 
4,446 
5,298 
6,309 
8.044 
9,636 
11,353 
11,390 
10,416 
10,187 
10,201 
8,363 
9,766 
12,151 
12,737 
14,810 
16,722 
16,545 
20,417 
20,573 
19,761 

4 
97 
96 

208 
198 
212 
334 
419 
781 

1,049 
1,192 
2,103 
2,450 
4,620 
6,650 
12,089 
13,113 
17,737 
19,596 
17,332 
17,848 
20 ~ 310 
20,716 
22,494 
26,427 
30,413 
33,726 
36,465 
41,639 
43,489 
45,407 
49,310 
50,833 

33 
157 
233 
344 
362 
376 
556 
603 
986 

1,287 
2,203 
4,075 
5,641 
9,073 
11,955 
17,395 
21,343 
27,388 
31,142 
28,662 
28,343 
30,517 
30,938 
31,883 
35,072 
41,382 
46,495 
51,275 
58,361 
60,334 
65,808 
69,883 
70,594 

1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 

20,632 
20,632 
20,632 
20,632 
20,632 
20,632 
20,632 
20,606 
20,587 
20,587 
20,587 
20,439 

19,769 
19,769 
19,444 
18.277 
17,380 
17,029 
16,489 
15.247 
13,523 
11,849 
11,649 
11,010 
10,707 
10,438 
10,438 
10,438 
9,969 
6,866 
5,816 
4,592 
2,584 
854 
854 
500 

0 

20 ’ 185 

40.339 
48,914 
49,032 
50,150 
50,401 
50,555 
50,795 
50,795 
51,521 
51,494 
51,703 
51,703 
51,703 
51,703 
50,953 
49,447 
47,576 
46,249 
45,354 
45,036 
42,134 
36,663 
34,365 
32.547 
30,031 
28,438 
27 ~ 550 
26,609 
24,134 
22,880 
21,321 
17,905 
14,625 
10,508 
7,844 
5,305 
4,437 
3,715 

Total 

68,970 
69,546 
69,664 
70,782 
71,033 
71,186 
71,426 
71,400 
72,109 
72,083 
72,290 
72,142 
71.888 
71,472 
70,721 
68,891 
65,853 
63,629 
62,383 
61,525 
57,380 
50,186 
46,214 
44.197 
41,040 
39,146 
37,989 
37,048 
34,572 
32,849 
25,187 
23,720 
19,217 
13,092 
8.698 
6,159 
4,937 
3,715 

”Wistorical data f o r  1960-1989 are based on r e f s .  5 and 6. 
bHistor ica l  data for 1990-1992 and projected data for  1993-2030 were obtained from 

‘Tho projections contained i n  t h i s  table  show minor di f ferences  from those found 
DOEIEIA and are based on r e f .  7. 

i n  the publication World Nuclear Capacity and Fuel Cycle Requirements 1993 ( r e f .  7). 
The di f ferences  are at tr ibutable  t o  the use o f  a l a t e r  vers ion of input data t o  compute 
the projections found hare. 
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Table  C.7 .  Estimated sources and characteristics oi c-rcial Greater-Than-Class-6 

Waste source Physical form Primary isotopes of concern 
for disposal 

Utilities 
Operations 

Decomnissioning 

Fuel testing labs 
Burnup lab operation 

Burnup lab decomnissioning 

Sealed sources 
Manufacturer operations 

Activated metals, instruments, 59Ni. 63Ni, 94Nb, and TRU isotopes 
filters, ion-exchange resins, 
sludges 

Activated metals 5 9 N i ,  63Ni, and 94Nb 

Solidified liquids, metal 
cuttings, glassware, equipment, 
ion-exchange resins 

90Sr and TRU isotopes 

Solidified liquids, metals, 
glassware, equipment 

Trash, metal, f o i l s  

Manufacturer decomnissioning Trash, metal, f o i l s  

90Sr and TRU isotopes 

14C, "Sr, 13'Cs., 241;im, and 
Pu isotopes 

14C, "Sr, 13'Cs, 241h, and 
Pu isotopes 

Sources designated as waste Sealed sources 137~s, z3%u, 239~u, and 241~m 

Other 
14c users Solidified process liquids 14c 

Test and research reactors Activated metals 59Ni, "Wb, and TRU isotopes 

Other Soil, trash 24 1 ~ m  

'Gleaned from information given in refs. 8 and 9. 
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End of 
ca lendar  

year  

T o t a l  volume 
of drums 

Number of drums 
I___. .._.. . ..._. . . . . . . 
Class Ae Class  B Class ~f (m3) 

1987 
1988 
1989 

1991 
1992 
1993 

1990h 

726 - 
- 
- 

1,237 
3,197 

To ta l  number 

To ta l  volume, m3 

5,160 

1,393 

2,009 
4,523 
3,862 

0 
300 

1,987 

196 
542 

1.221 
1,043 

0 
415 

1,400 

12,681 

3,424 4,817 

"The so-ca l led  square drums used are para l l e l ep ipeds  of square c r m s  s e c t i o n  

bl%e c l a s s e s  a r e  i n  accordance with t h e  Classos (A ,  B,  o r  C )  as s e t  by 

CTaken f r o m  r e f .  10.  
dALkaline HLW l i q u i d  i s  processed ( see  Chapter 2 )  t o  y i e l d  a loaded ion- 

(-0.6 m X 0.6 rn X 0.8 rn) with a volume o f  7 1  gal. (0 .27  m 3 ) .  

requirements of t h e  NRC i n  10  CFR 61.55. 

exchange m a t e r i a l  ( z e o l i t e ) .  which is HLW, and an e f f l u e n t .  which is  LL'rd. This 
e f f l u e n t  is s o l i d i f i e d  wieh cement. 

eGencrat,ed i n  1987 during equipment t e s t i n g  campaigns. 
fS tored  i n  a sh ie lded  drum c e l l .  
gNo Class  B waste i s  expected t o  be generated with t h e  e f f l u e n t  mentioned i n  

hFrocessing o f  a l k a l i n e  M W  l i q u i d  was complated i n  November 1990, leav ing  a 
footnote  d .  

1,090-m3 h e e l  of l i q u i d  i n  t h e  a l k a l i n e  HLW waste  ( l i q u i d  plus s ludge)  s t o r a g e  
tank. 
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Table  C.Q. Volmm (d) of J A W  annually buried at Hanford, 
by radionuclide characteristica 

Fission Induced 
year 'ranimi: thorium products activity Tritium Total 

Calendar 

1945c 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Total 

1,339.39 
1,339.39 
2,613.66 
2,613.66 
2,613.66 
3,123.36 
2,981.78 
3,015.76 
3,550.95 
3,137.52 
5,351.91 
4,556.20 
2,775.07 
3,229.55 
3,256.46 
2,997.36 
2,350.31 
2,347.48 
2,321.99 
3,175.75 
5,431.20 
3,421.83 
4,416.04 

137,903.79 
180.73 
175.98 
262.22 

3,178.51 
209.23 
100.65 
77.20 
180.73 
541.07 
322.99 
216 I 10 
299.77 
453.41 

1,257.20 
727.52 

1,002.81 
1,463.71 
3,131.01 
1,335.95 
663.94 
261.10 
517.61 

1,377.07 

227,802.38 

1,958.12 
1,557.44 

1,159.58 

254.85 
421.92 

835.32 
21,614.28 
2,529.42 
2,888.90 
2,900.28 
3,289.03 
4,087.95 
4,604.88 
3,073.75 
9,266.22 
8,296.62 
14,717.53 
9.193.70 
10,359.16 
9,640.80 
14,579.31 
13,926.02 
11,128.62 
15,666.42 
13,682.00 
13,658 71 
12,041.49 
11,399.72 
8.518.30 
9,187.34 

236,437.68 

2.55 

223.70 
120.34 
10.19 

45.31 
1,529.12 

2,463.58 

240.69 
17,567.87 

11,336.99 
39.64 

5,097.06 
3,964.41 

7.52 
41,626.34 
2,335.57 
1,469.38 
1,856.39 
919.33 

1,274.39 
972.26 

2,428.78 
970.80 

2,166.93 
1,415.73 
1,994.25 
4,089.01 
4,869.46 
3,961.12 
3,489.83 
1,678.25 

475.31 
120.03 
35.12 

748.48 

3.04 
6.06 

2.93 

14.40 
0.64 

145.14 
117.53 
35.23 
45.79 

9.56 
105.59 
246.55 

1,237.53 
1,420.32 
329.79 

1,339.39 
1,339.39 
2,613.66 
2,613.66 
2,616.21 
3,123.36 
2,981.78 
3,239.46 
3,671.29 
5,105.83 
6,909.35 
4,601.51 
4,304.19 
3,229.55 
3,256.46 
6,620.52 
2.350.31 
2,602.33 
2,743.92 
3,416.44 
22,999.07 
3,421.83 
15,753.03 

874.96 
164,615.13 
6,674.56 
3,072.40 
44,791.88 
8,809.17 
5,766.56 
6,561.91 
4,073.21 
10,721.33 
9,809.96 
17,469.30 
10,395.90 
12,826.49 
11,655.07 
17,948.28 
18,777.77 
17,046.68 
21,091.26 
20,312.40 
16,778.30 
13,700.45 
13,374.56 
10,576.26 
10,929.32 

121,545.73 3,720.08 589,505.87 

aRevised data received at press time. 

bThe uranium/thorium category includes 904.45 m3 of waste that is actually a 

CFirst year of recorded burial operations. 

Note from Mike Coony, Westinghouse 
Aanford, to Laverne Cash, HAZWRAP, dated Jan. 19, 1994. 

mixture of uranium/thorium and tritium nuclides. 
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Calendar 
y-ear 

1945' 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

Uranium/ 
thorium 

0.04 
0.03 
0.07 
0.06 
0.07 
0.06 
0.07 
0 .21  
0 .21  
0.16 
0.16 
0.30 
0.19 
0.19 
0.19 
0.26 
0.26 
0.13 
0.13 
0.20 
0.20 
0.20 
0 . 1 1  
0.00 

36.76 
13.81 

4.79 
11.87 

7.76 
7.37 

15.50 

R.40 
18.55 

3.74 
13.50 
17.58 
28.02 
58.11 
11.42 
11.86 
52.40 
19.59 
55.12 
33.87 

8 .75  
8.53 

46 I 63 

~. 

5 . 5 8  

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

Fission Induced 
products activity Tritium Total 

1.020 .oo 
2,025.00 
4,150.00 
6,200.00 
8.225.00 
9,250.00 

10,250.00 
14,280.00 
19,210.00 
49,530.10 
45,000.00 
31,640.00 
21,060.00 
13.015.00 
18.965.00 
13,300.10 

7,060.00 
4,220. DO 
2,285.00 

10,355.00 
28,990 .oo  

9,485.00 
13,700,OO 
71,202.00 
75,549.90 
38,281.18 

6,161.65 
54,070.41 
14,527 43 

5,233.59 
237,679.51 
417,228.23 
901,947.86 

1,029,517.58 
864,908.96 
136,036.98 
792 I 903.21 
708,044.51 
858,805.07 
259,081.90 
268.347.36 
203,136.89 

67,104.67 
141,680.56 
158,711.16 
251,353.57 
495,315.70 
507,976.92 

0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0.00 

40.00 
40.00 

5.00 
0.00 

25.00 
650.00 

0.00 
0.00 

1,220"  00  
0.00 
0.00 
0.00 

4,500.00 
4,705.00 

0.00 
2,065.00 

20.00 
1,800.00 
1,880.00 

300.00 
20,485.00 

1,151.90 
1,001.22 
1,134.08 

557.88 
3,301.33 
5 ,952.11  

14,380.07 
1,418.06 
4,238.20 

656.88 
2,621.23 

959.38 
2,235.27 

183.51 
258.18 

1,506.90 
16.76 

489.19 
1,993.27 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

964.00 
131,800.00 
273,300.00 

0.00 
0.00 

482.00 
0.00 
0.00 
0.00 

1.542.12 
43.99 

1,622.00 
148.73 

2.83 
5 . 0 8  
0.00 

946.10 
14.23 

0 .09  
42,985.37 

263.81 
0.42 

1,020.04 
2.025.03 

6,200.06 
8,226.07 
9,250.06 

10,250.07 
14,320.21 
19,250.21 
49,535.26 
45.000.16 
31,665.30 
21,710.19 
19,015.19 
18,965.19 
14,520.36 

7,060.26 
4,220.13 
2,285.13 

14,855.20 
33.695.20 

9.485.20 
15,765.11 
71,222.00 
77,385.76 
40,174.98 

7.430.44 
206.367.28 
288,987.09 

6.242.18 

4,150 .a7 

2 3 8 . 8 ~ 9 . 0 9  
418,273.70 
905,257.59 

1,035,488.24 
873,292.77 
139,010.66 
797,202.98 
710,351.41 
861,633.14 
260,055.53 
270,599.57 
203,372.80 

68,328.54 
143,256.82 
158,761.88 
294.836.88 
497,581.31 
508,023.96 

Total' 503.01 8,914,021.12 81,791.44 454,120.77 9,450,436.33 

aRnvised data  roceived at press t i m .  
Lavarnc Cash. FLUMIUP, dated January 19, 1994. 

bFirst year of recorded site burial operations. 
'Total sum without decay. 

Note from Mike Coony, Westinghouse Ranford,  to 
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Table C.11. IB?Z-generated LLW brerakthwn by radionuclide characteristica - --_ 
volume, m3 Activity, Ci 

Volume Activity 
Radionuclide Estimated changeb Estimated =hang& 
characteristic 1992 1992 (mi3 1 1992 1992 (Ci) _- ~ ._... 

Uranium/ thorium 2.052E+02 6.844E+01 - 1.168EiO2 2.7 10E-01 6.8333-03 -2.64ZE-01 

Fission product 0 0 0 0 0 0 

Induced activity 0 0 0 0 0 0 

Tritiwn 0 0 0 0 0 a 

Alpha 0 0 0 a 0 0 

OtherC 

Total 2.926€+03 1.983E+03 -9.430Ei02 1.052Ei-05 1.439E+05 3.870Ei-04 
-. 

‘Virginia C. Randall, Idaho National Engineering Laboratory, Idaho F a l l s ,  Idaho, letter to Lise J. 
Wachter, Martin Marietta Energy Systems, Inc . ,  RAZWRAP, Oliver Springs, Tennessee, “Integrated Data Base 
Data f o r  1993-VCR-11-94.’’ dated February 14, 1994. Estimated 1992 values based on 1991 reported values. 

activity. 
bVolume change = 1992 volume - estimated 1992 volume; activity change = 1992 activity - estimated 1992 
“Unknown or mixture. 



Tiable C.12. IWEL bui& LLw breakdown by radionuclide characteristica 

volume, m3 Activity, Ci 
Volume Cumulative Activitg Total gross 

Radionuclide Estimated changeb volyme Estimated change activityc 1 d 

characteristic 1992 1992 (m3 > (rd 1 1992 1992 (Ci) /Ci 1 

iTranium/thorium 2.63124-01 B.B44E+Ol 6.513E+Oi 4.224E+O3 2.474E-01 5.8331-03 -2.406Z-01 4.503E+03 

Fission product 0 

Induced activity 0 

0 0 5.921E4-03 3 -5.9211+03 I. 523E4-03 

3.623E4-01 0 0 1.6OBE+05 0 

Tritium 0 0 0 6.230E-01 0 0 0 1.531E+01 M 
io 

0 0 9.605Et02 

1.152E+05 

0 0 0 

I. 4 39E+35 

Alpha 0 

Othere 1.244EiJ3 

Total 1.2722+03 

7.556E+G2 -4.864E4-02 1.439E+G5 3 

6.441E+02 1.463E+05 1.869EM5 1.439E+05 1. 163E+07 

'Virginia C. Randall, Idaho National Engineerin5 Laboratory, Idaho Falls, Idaho, letter to Lise J. Wachter, Martin Marietta Energy 
Systems, Inc,. H A Z m P ,  Oliver Springs, Tennessee, "Integrated Data Base Data for 1993-VCR-11-94,'' dated February 14, 1994. Estimated 1992 
values based on 1991 reported values. The estimated 1992 vahes were used in the decay calculations as indicated in the tables of 
Chapter 4 .  

bolume change = 1992 voluae - escimatad 1992 volume; activity change = I982 activity - estimated 1992 activity. 
'Beginning of operations through 1992. 
'Sum annual additions without decay. 
eUnknown or mixture. 



Tabla C.13. S ~ l l a a r y  characteristic6 of additional 
ramta-handled IRU wastes at the H d o r d  Sitea 

Characteristic and unit o f  measure Amount 

Volume, m3 

Uranium content, kg 

Plutonium content, kg 

Fission product radioactivity,b Ci 

140.13 

279 .49  

47.24 

5 2 0 , 4 0 5  

aThese wastes are stored at the Hanford 200-Area burial 
grounds and were previously identified as miscellaneous 
radioactive materials. 
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. 

They are not included in the 

%lndecayed. 
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APPENDIX D. REFEBENCE SITES AND FAcpLITIlEs 

This appendix provides information on the major DOE and commercial sites and facilities discussed 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 commercia1 radioactive waste disposal sites are given in 
Table D.4. For each site or facility listed 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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DOE office 

Manford Site 
Pacific No~thwest Laboratory 

§an Francisco Operations 
Office 

P.O. Box 9 3  
Golden, co ~WOI-WB 
(303/9645-700()) 

Rocky Flats Plant 

1333 Broadway 
Oakland, CA 94612 
(510,~?3435J) 

Energy-Related Health Research Laboratory 
Eawrerrce Berkeley Laboratory 
Lawrence Livennore National Laboratory 
Santa Susana Field Laboratory 
Sranford Linear Accelerator Cenier 

Savannah River Operations DOEBR P.Q. Box A Savannah River Site 
Otfie Aiken, SG 29802 

(803fl25-6211) 

‘Access to main organizations. 
%e Albuquerque Operations Office also has the following area offices (monitoring activities of the sites indicated) under its purview: Amadlo (Pantex Plant), 

Dayton (Mound Plant), Grand Junction (Grand Junction Projects Office), Kansas City (Kansas City Plant), Los Alamos (Los Alamos National Laboratory), and Pinellas 
(Pinelias Plant). 

Laboratory-East), Batavia (Fermi National Accelerator Laboratory), Upton (Brookhaven National Laboratory), and Princeton (Princeton Plasma Physics Laboratory). 

Plant, Paducah, Ponsmouth, and Weldon Spring. 

%e Chicago Operations Office has the foilowing area offices (monitoring activities of the sites indicated) under its purview: Argonne (Argonne National 

dThe Oak Ridge Operations Office has a separare site office located at the following: Oak Ridge K-25 Sile, Oak Ridge National Laboratory, Oak Ridge Y-12 



General mailing address Radioactive waste sites for which DOE 
(Phone numberla office has responsibility DOE office Symbolflabel 

DOE/HQ, Oifice of Naval Reactors DOEHQNE-60 Route SymboI NE-60 (Oversees Pittsburgh and Schenectady area offices 
and their sites) 2521 Jefferson Davis Hghway 

Arlington, VA 22202 
(?03/602-7321) 

Pittsburgh Naval Reactom Offices DOEPNRO P.O. Box 109 Bettis Atomic Power Laboratory 
WesK Mifffin, PA 15122-0109 Naval Reacton Facility (Idaho Falls, ID) 
(4 12/4?6-500O) 

Schenectady Naval Reactors Office DOE/SNRO P.D. Box 1069 Knolls Atomic Power Laboratory 
Schenectady, NY 12301-1069 
(51 8/395-4M) 

aAccess to main organizations. 
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Table D3 (continued) 

Sitenacility Symbolflabel 
Principal cantractor@) for site 
operations and mailing address 

(Phone number)a 

DOE operations office 
(Phone number)a 

hwrence  Berkeley Laboratory LBL University of California 
One Cyclotron Road 
Berkeley, CA 94720 
(510/486-4000) 

Lawrence Livermore National Laboratory LLNL University of California 
7000 East Avenue 

Livermore, CA 94550 
(5 10/4~1100) 

P.O. Box 808, L-1 

Los Alamos National Laboratory 

Mound Plant 

Naval Reactors Program Facilities 
Bettis Atomic Power Laboratory 

Knolls Atomic Power Laboratory 

Naval Reactom Facility (INEL) 

LANL University of California 
P.O. Box 1663 
Los Alamos, NM 87545 
(505/667-5061) 

MOUND EG&G Mound Applied Technologies 
P.0. Box 3oOO 
Miamisburg, OH 45343-0987 
(5 13/86PWQ) 

BAPL 

KAPL 

NRF 

Westinghouse Electric Corporation 
P.O. Box 79 
West Mifflin, PA 15122-0079 
(412/476-5ooO) 

General Electric Company 
P.O. Box 1072 
Schenectady, NY 12301-1072 
(518/395-looo) 

Westinghouse Electric Corporation 
P.O. Box 2068 
Idaho Falls, ID 83403-2068 
(208/526-5526) 

San Francisco 
Lawrence Berkeley Laboratory 

Site Office 
(510/486-4363) 

San Francisco 
(510n73-6333) 

Albuquerque 
Los Alamos Area Office 
(505/667-5061) 

Albuquerque 
Dayton Area Office 
(513/865-3271) 

DOE/HQ Office of Naval 
Reactors (NE-60) 

Pittsburgh Naval Reactors Office 
(412/476-5000) 

DOE/HQ Office of Naval 

Schenectady Naval Reactors Office 
(51 8/395-4000) 

Reactors (NE-60) 

DOE/HQ Office of Naval 
Reactors (NE-60) 

Pittsburgh Naval Reactors Office 
(412/476-5000) 



310 

3 Y
 

d
 

z 8
 

M
 

s 



Siteffacility SymboVlabel 
Principal contractor@) for site 
operations and mailing address 

(Phone 

DOE operations office 
(Phone 

Faducah Gaseous Diffusion Plant 

Pantex Plant 

Pinellas Plant 

Portsmouth Gaseous Diffusion Plant 

Princeton Ph5ma Physics Laborarory 

Reactive Metals, Inc. Extrusion Plant 

Rocky Hats Plant 

PAD Martin Marietra Energy Systems, Inc. 
P.O. Box 1410 
Paducah, KY 42001 
(502/4416000) 

PANT Mason gL HangetSilas Mason 
Company, Inc. 

P.0. Box 30020 
Amarillo, TX 79177 
(806/477-3000) 

PINELLAS Martin Marietta Specialty Components, Inc. 
P.O. Box 2908 
Largo, FL 34639-2998 
(813/541-8001) 

PORTS Martin Marietta Energy Systems, Inc. 
P.O. Box 628 
Piketon, OH 45661 
(614/897-2331) 

PPPL 

RMI 

RFP 

Princeton University 
P.O. Box 451 
Princeton, NJ 08543 
(609243-2000) 

RMI Titanium Company 
P.O. Box 579 
Ashtabula, OH 44004 
(216/992-7442) 

EG&G Rocky Ran, Knc. 
P.O. Box 464 
Golden, CO 80401-0464 
(303M6-7ooO) 

Oak Ridge 
Paducah Site Office 
(502/441-6800) 

Albuquerque 
Amarillo Area Office 
(806/477-3000) 

Albuquerque 
Pinellas Area Office 
(613/541-81%) 

Oak Ridge 
Portsmouth Site Office 
(614BY7-2331) 

Chicago 
Princeton Area Office 
(609/243-3700) 

Fernald 
Ashtabula Area Office 
(216/992-7442) 

Rocky Flats Office 
(303/966-7000) 
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TabIe D 3  (contiaued) 

Siteflacility Symbolflabel 
Principal contractor(s) for site 
operations and mailing address 

(Phone number)a 

DOE operations office 
(Phone number)a 

Waste Isolation Pilot Plant WlPP 

Weldon Spring Site Remedial Action Project WSSRAP 

Westinghouse Electric Corporation 
WIPP Project Office 
P.O. Box 2078 
Carlsbad, NM 88221 
(509885-7500) 

Jambs Engineering Group, Inc. 
MK-Ferguson Company 
7295 Highway 94 South 
St. Charles, MO 63304 
(314/441-8978) 

Albuquerque 
WIPP Project Office 
(505/887-8115) 

Oak Ridge 
Weldon Spring Site OMice 
(31 4/441-8978) 

Westinghouse Electric Corporation Idaho 
West Valley Nuclear Serrices Company, Inc. 

P.O. Box 191 
West Valley, NY 14171-0191 

West Valley Project Office 
10300 Rock Springs Road (716D42-4313) 

(7161942-3235) 

West Valley Demonstration Project WVDP 

aPhone number for access lo main organization. 
hPart of the Idaho National Engineering Laboratory. 
"art of the Hanford Site. 
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Site Spbol/label 
Principal contractor(s) for site operations 

and mailing address 
(Phone numberIb 

Barnwell 

Beatty 

M,mq Rats 

Richland 

BARN 

BETY 

MEKY 

RICH 

SHEF 

W Y  

Chcm-Nuclear Systems, Inc. 
140 Stoneridge Drive 
Columbia, SC 29210 
( 8 O ~ ! % - ~ 5 0 )  

U.S. Ecology, Nuclear 
P.O. Box 578 
Beatty, Wv‘ 8WO3 
(702/5’53-2203> 

Commonwealth of ~cwtucla$l~ 
Depai-iment of Environmental Protection/Superfutid Branch 
May Flats Project 
14 Reilly Road 
Frankfort, KY 40601-1190 
(502/564-6716) 

Site address: 

Maxq Flats Project 
Route 2 
P.O. Box 233A 
Hillsboro, KY 41049 
(6Ml784 4412) 

U.S. Emlogy, Nuclear 
P.O. Box 638 
Richland, WA 99352 
(509B77-2411) 

IJ.S Ecology, Nuclear 
P.O. Box 158 
Shefhield, 11, 61161 
(81 S/454-2342) 

Westinghouse Electric Dmrporation 
West Valley Nuclear Services Company, Inc. 
10300 Rock Springs Road 
P.O. Box 191 
West Valley, NY 64171-0191 
(71 6B.62-3235) 

N m  Yurk State Bmergy Research and I>welopment Authority 
2 Rockefeller Plam 
Albany, NY 12223 
(518/465-4251) 

aDoes not include uranium mill tailings sites. See Table 5 2. 
%hone number for scam to main organizations 
‘The Cnmmonwealtb of KIX~MCX~ 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 (IDR) 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 
forni, please respond to the questions in Items 1-11 (note that some require two answers). Item 12 requests some personal 
information (please type or print your complete name and mailing address). ‘To be eligible for future updates of this report, 
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. Nso, 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 Iaboratory 
105 Mitchell Road 
Mail Stop 6495 
P.0 .  Box 2008 
Oak Ridge, TN 37831-6495 

Phone@): 6151574-6823 
6151576-7575 

Fax: 615/576-0327 
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GLOSSARY OF “ E 3 W S  

This glossary gives definitions of some terms commonly used in the main body of this report. A more detailed glossary 
of waste terms: 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. 

fldmdes Elements with atomic numbers from 90 to 103 
inclusive. (Note that actinium is not part of this group.) 

. .  

AUivation produd: A radioactive material produced by 
bombardment with neutrons, protons, or other nuclear 
particles. 

Agreement State: A state that has entered into an 
agreement with the U.S. Nuclear Regulatory Commission 
(as specified by the Atomic Energy Act of 1954) and has 
authority to regulate the disposal of low-level radioactive 
waste under such an agreement. This term is used in the 
Im-Level Radioactive Waste Policy Act (Public Taw 
99-240). 

Alpha decay: Radioactive decay in which an alpha particle 
(%e nucleus) is emitted. 

Beta deoy: Radioactive decay in which a beta particle 
(negative electron) is emitted. 

Borositicate gbas: A type of glass containing at least 5% 
boric oxide. It is used in glassware that resists heat and is 
a leading candidate for use in high-level waste 
immobilization and disposal. 

Branching raw In branching radioactive decay, the 
fraction of nuclei that disintegrates in a specific way. (It is 
usually expressed as a percentage.) 

Burnup, specific The total energy released per initial unit 
mass of reactor fuel as a result of the fission process 
occurring. The unit commonly used for specific burnup is 
megawatt-days per metric ton of initial heavy metal, 
M WdNTIHM. 

Bypmdltct materiak (1) Any radioactive material (except 
special nuclear material) yielded in, or made radioactive by, 
exposure to the radiation incident or to the process of 
producing or utilizing special nuclear material. For 
purposes of determining the applicability af the Resource 
Conservation and Recovery Act to any radioactive waste, 
the term “any radioactive material” refers only to the 
actual radionuclides dispersed or suspended in the waste 
substance. The nonradioactive hazardous waste 
component of the waste substance will be subject to 
regulation under the Resource Conservation and Recovery 
Act; (2) the tailings or waste produced by the extraction or 
concentration of uranium or thorium from any arc 
processed primarily for its source material content. Ore 
bodies depleted by uranium solution extraction operations 
and which remain underground do not constitute “by- 
product material.” 

calcine: A form of high-level waste produced from 
defense reactor fuel reprocessing waste (at the Idaho 
Chemical Processing Plant) by heating to a temperature 
below the melting point to bring about loss of moisture 
and oxidation to a chemicalky stable granular powder. 

C2ni.m~ A metal container used Cor the slorage or 
disposal of heat-producing solid high-level radioactive 
waste. 

Capacity Eactor, plant: The ratio of the electrical energy 
actually supplied by a power plant in a given time inteml 
to the electrical energy that could have been produced at 
continuous full-power operation during the same lime 
period. 

“U.S. Department of Energy, Office of Environmental Kestoration and Waste Management, Glossuly of Tenm, 
working draft, July 1993. 
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Capdux Encapsulaitcd strontium a ~ d  cesirsrn high-lmel 
wastes produced from defcensc reactor fuel reprocessing at  
the flanford site. 

A corrosion-resistant tube, mwmonly made of 
zirconium alloy or stainless steel, surrounding the reactor 
fuel pellets which providrs pmtection from a chemicaliy 
reactive environment and containment of fission prodircts. 

C M  of F m  ReguWtxs: A documentation of the 
genenll rules by the executive departments of the federal 
government. The code is divided hato 50 titles that 
represenat Sr02.d areas subject lo federal replatioil. Each 
title is divided ioto chapters that usinally bear the name of 
tkc issuing agency. hcdch chapter is further s u b d n ~ M  into 
parts coveriag specific regulatory areas. 

W.tSep$ rock A movabie pare of the reactor core that is 
adjusted to regulate the degree of fuel fissioning in the 
core. 

(&weaim, heL Chemic38 treatment of yellowcake 
(U,O,) to uranium hexafluoride (UF6) in preparation for 
enrichment 

m", not- ?hat part of the reactor which 
contains the nuclear fuel and in which most or all of the 
nuclear fissions occur. 

R) 'Ehe nuclide(s) formed by the 
radioactive decay of the parent radionuclide. 

mdk-. The transition of a niicleus from one 
energy state to a Imver one, usualiy involving the emission 
of a photon, electron, neutron, or alpha particlc. 

-% : A series of nuclides in which 
each aaieaaikr decays to the ncxa member of the chain 
through iadioactive decay until a stabk niiclide has been 
formed. 

g Activities taken to reduce the potential 
health and safety impacts of commercial and DOE- 
contaminated facilities, including removing a unit from 
operation and/or decontamination, entombment, 
dismantlement, or coilversion of the site to another use. 

Wastes (generally low-level) 
collected o r  resulting Prom facility decon-rmissioning 
activities. 

Activities taken to remove unwanted 
(typimiiy radioactive) material from facilities, soils, or 
equipment by washing, chemical action, mechanical 
cleaniag, or other (treatment) techniques. 

D e e p  W -phna: A boiling-water reactor facility using a 
demineralizer vessel for w.antei purification which contains 
an ion-exchange resin that is 3 or more ft deep. 

DOE WWZ Kadioactiw m s t e  produccd from activities 
supported by the Department of Energy and/or U.S. 
government defense programs. 

Fkxt~m mphm: Radioactive decay in which an orbital 
electron is caphied by the nucleus of the radionuclide. 

k h ~ k h m e n t ~  h e Q  A nuclear fuel cycle proccss rvhich 
increases the concentratinn of fissionabhe uranium 
(i.e., u5U) in uranium ore a b v e  its natural level of@.71%. 
('lhe methad currently utilized in the IJnited States is 
gaseous dif€usmn.) 

D!n*onmiacnQl Kmpct Statcmcnt. A report that 
documents the information qui r t - s !  to evaluate the 
environmental impart of a project. Suck a - e p r t  informs 
decision-makers and the public of the reasonable 
alternatives which a~ould avoid or minimize adverse impacts 
Or enhance the quality of the: enviroilment. 

EbvimnmnM & r a a k i ~ ~ ~  Cleailtap and TCS~DP atiol~ of 
sites contaminated with radioactive andim hamrdous 
substanices during past production, axdental release$, or 
dhpm.1 activitics. 

~~~~~~~~~ cy&: A n  aswined qurlear fuel cydt in which 
the feed and waste materials of a facility have constant 
compttions. In a reactor this condition typim'iy results 
after thc third or fourth fuel-loading schedule. 

Fabrim~a, fuelm Conveisioq of enriched UF, into pllets 
of cciawic uranium diasride QUO,). These j ~ l l t %  are then 
sealed into corrosion-resistant tubes of zirconium alloy or 
seainks steel. ?be loaded tubes, called fuel elcmcnas oi 

rods, zre then mounted into special assemblies cor loading 
into the reactor core. 
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ a ~ ~ ~ ~  pl t: A facility that combines 
filtration and ion-exchange processing using nonregenerable 
ptmered resins. 

: A nuclide capable of undergoing nuclear 
[iisG~n with neutrons. 

nu The division of a heavy atomic nucleus 
into two or more isotopes, usually accompanied by the 
emlssioti of n e u ~ r o ~  and gamma radiation. 

Nuclides prcKBuced either by fission or by 
the subsequent decay of the nriclides thus formed. 

Nuclear fission that occurs without 
the addition of particles or energy to the nucleus. 

sik: A site contaminated with 
radioactive wristes which was prmiously used for supporting 
nuclear activities of the DOE'S predecessor agencies, the 
ManhatIan Engineer District ~ ~ a n ~ d ~ ~ a ~  Project) and the 
Atomic Energy mmmission. 

A grouping of nuclear fuel rods that 
remains integral during the charging and discharging of a 
reactor core. 

Fhn The complete series of steps invoked 
in supplying fuel for nuclear reactors. It includes mining, 
refining, UF6 conversion, enrichment, fabrication of fuel 
~ ~ ~ ~ ~ n ~ s ~  use in a reactor, and management of radioactive 
waste. It may also involve chemical processing to recover 
the fissionable material remaining in the spent fuel, 
reenrichment of the fuel material, refabrication of new fuel 
elements. 

'Zhe process of producing electric 
s of energy; also, Lhe amount of 
ced, commonty expressed in 
megawatt-years [MW(e)-years]. 

c : The total amount of electric energy 
prudoced by the generating units in a generating station or 
stations, measured at the generator terminals. 

iea (net) Gross generation less the electric energy 
consumed at the generating station for station use. 

>: The origination of new wastes from 
various facility aprations (including production, rework, 
~ e c o n t ~ ~ ~ i ~ ~ ~ o n  and decommissioning, and environmental 
resturatian), including the recovery of pre-1970 
transuranic-produced wastes, should their recovery be 
determined necessary. 

Cla%$-",r--[: Is>w-larsrel waste: e from 
rces containing radionuclide iralions 

that exceed 1S.S. Nuclear Regulatory Cornmissinn limits for 
Class C low-level radicrncrive waste as defined in 1 
Part 61.55 

: For a single radioactive decay 
process, the time required f o r  the acaivity ti, decrease to 
one-half of its initial value by that prwce,ns. 

c Nonradioactive waste containing 
concentrations of either toxic, roxrissivee, flarnmaMc, or 
reactive chemicals above n.raxixirnum permissible levels as 
defined by the U.S. Environmental Protection Agency 
(EPA) in 40 CFR Part 261 or polychlorinated bipbenyls 
(PCX3s) above  nu^^ pmsissihle It-vels as defined by 
the EPA in 413 CFR PxLs 702-759. 

e: As defined by the Nuclear Waste Poky 
Act, high-level waste is (1) thc highly radioactive material 
resulting from the repromsing of spent nuclear fuuel, 
including the liquid waste produced directly in reprocessing 
and m y  solid material derived from such Zquid waste that 
contains fission prsducls in suflirient cnncrntaations and 
(2) other highly radioactive material that thc T J X  Nuclear 
Regulatory Cornmis??ion, consistent with existing law, 
determines by rule to require permanent isolation. 

I : A process formerly used for permanent 
dispmil of lcnv-level ~ ~ i ~ ~ ~ o ~ ~ ~ t e ~  0.25 rifl,) liquid waste 
at the Oak Ridge National TAmratoPy. The prams  
involved rnking the w;ate with a blend d cement and 
other additives with the resulting grout being injected into 
shale at a depth of 200 to 308 rn. The injected grout 
hardened into thin, horizontal sheets wmal hundred 
meters wide. 

ustrial waste: Connmercia! low-level waste resulting 
from nonnuclear fuel cycle sources, These include the 
comrniercial producers of radiochemicals and 
radio~harmareulicals, luminous dial rnanuifaeturers, and 
instruments that i ncopra t e  sealled S O U ~ C ~  components 
(e.g., smoke detectors), 

WaEaer Commercial low-level waste resulting 
from bioresearch, medical, and certain nonbioresearch 
sources. Uioresmrcls wastes include wastes from animal 
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studies a t  universities. Medical wastes include those 
generated from diagnostic and therapeutic procedures on 
humans at  hospitals. Nonbiorestarch wastes include 
research reactor wmes; small-volume, sealed radiation 
sources; and accelerator targets. 

The process of removal or separation of soluble 
components from a solid by percolating water or other 
liquids through the solid. 

Xm c: As specified in the Low-Level 
Radioactive Waste Policy Amendments Act of 1985 (Public 
Law 93-240), sadinactive waste not clmifiied as high-level 
waste, spent nuclear fuel, or by-product material specified 
as uranium or thorium tailings and waste. 

UM Earthen residues that remain after 
the extraction of uranium from ores. Tailings may also 
contain other minerals or metals not extracted in the 
process. 

wm.te: Waste that satisfies the definition 
of low-level radioactive waste (LLW) in the Im-Level  
Radioactive Waste Policy Amendments Act of 1985 and 
that contains hazardous waste that has a t  least one of the 
following characteristics: (1) is listed as a hazardous waste 
in Subpart D of 44l CEX Part 261, (2) exhibits any of the 
hazardous waste characteristics identified in Subpart C of 
40 CFR Part 261, or (3) contains PCB-containing wastes 
subject to regulation under the Toxic Substances Control 
Act and $0 CFW Parts 702-799. 

M : Waste that includes concentrations of both 
radionuclides and ha72rdous chemicals. 

M m t m  A material. used to reduce neutron energy (for 
fissioning if in a reactor) by elastic scattering. 

ty A proposed facility for the monitored 
retrievable storage of spent fuel from commercial power 
plants. Such a facility would permit continuous monitoring, 
management, and maintenance of these wastes and provide 
for their ready retrieval for further processing or disposal. 

cmx 

h Y  
natorally occurring and is not source, special nuclear, or by- 
produce material or that is produced in a charged particle 
accelerator. 

tim The process of irradiating a material 
with neutrons so that the material itself is transformed into 
a radioactive nuclide. 

components include shrouds, control rods, fuel channels, 
incorc chambers, support tubes, and dummy fuel rods. 

: A radionuclide that upon dcay yields a specified 
nuclide (the daughter) either directly or as a later membcr 
of a radioactive decay series. 

PFesFum Astrong-walled container housing 
the w r e  of most types of power reactors. It insuallly also 
contains other core components such as the moderator and 
control rods. 

P A solvent. extraction procem that may 
be employed in the reprocessing of uranium/pAutonium- 
based nuclear fuels. 

iviry: The number of spontaneous nuclear 
disintegrations occurring in a given quantity of material 
during a suitably small period of time. A unit of activity 
commonly used is the curie (Ci), which is 3.7 x 10'' 
disintegrations/s. 

Reacbne, g-water. A light-water reactor in which 
water, used as both coolant and moderator, is allowed to 
boil in the core. The resulting steam is used directly to 
drive a turbine. 

R t: A reactor that produces more 
fissionable fuel than it consumes. The new fisionable 
material is created by a process (breeding) in which fission 
neutrons are captured in fertile materials. 

Readar, laqt Bun: A reactor in which fission is induced 
predominantly by fast neutrons. 

A nuclear reactor 
that uses an inert gas (helium) as the primary coolant and 
graphite as the moderator. 

bght-wtex A nuclear reactor that use3 light 
water (H,Q) as the primary coolant and mcderator, with 
slightly enriched uranium as the fuel. There are two types 
of commercial light-water reactors: boiling-water and 
pressurized-water. 

Reactor, naval 
vessel or submarine of the U.S. Navy. 

A reactor used to power a 

-wates: A light-water reactor in which 
heat is transferred from the core to a heat exchanger via 
water kept under high pressure, so that high temperatures 
can be maintained in the primary coolant systeni willlout 
boiling the water. Steam is generated in a secondary 
circuit. 

NrnfUEi #.s Nuclear reactor core parts and 
hardware, excluding the nuclear fuel itsclf. Such 
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Reador, A reactor whose primary purpse  k 
to produce fissile or other materials or to perfom 
irradiations on an industrial scale. Unless otherwise 
specified, the term usually refers to either a tritium- ar 
p l u ~ o n ~ ~ ~ - p r ~ u ~ ~ o n  facility used to produce materials for 
nuclear w e a p r x  

R A reactor w h w  nuclear mdiatians are 
used primarily as a tml for bmic or applied research. 
Typically, i t  has a thermal p e r  of 10 MW(t) or less and 
may induck facilities for testing reactor materials. 

R fuel: Irradiated reactor fuel that is discharged 
in one cycle and inserted into the &?me reactor during a 
~ u b ~ e ~ ~ e ~ ~  refueling. In a few caws, fuel discharged from 
one reactor has been used to fuel a different reactor. 

A facility that has an excavated 
subsurface system for the permanent disposal of spent fuel 
and high-level. waste. 

Re fwk  The chemical/mechanical processing of 
irradiated nu~lcar reactor fuel to remcwe Cision products 
and recover fisk and fertile material. 

cake A sal1 form of high-level waste stored in tanks, 
which b produced from neutralking acidic liquid waste 
from defense reactor fuel reprocessing with an alkaline 
agent (caustic soda). 

saustone: A low-level waste by-product from the 
mlidiEcation of high-level waste at the Savannah River Site. 
Saltstone is retained in trenches at the Savannah River 
Site. 

Placement of waste packages in deep 
ocean sediments. 

sea& : The practice of periodically 
dumping shiploads of drummed, solidified waste into the 
Ocean at specified locations. (No longer performed.) 

W w o r k  urnit: 'me standard measure of 
enrichment services. The separative work unit (SWU) is 
expressed as a unit of mass. For example, 1 kilogram of 
separative work is expresed as 1 kg S W .  

High-level waste%, generated from 
defense reactor fuel reprocessing at Hanford, which are 
stored in single-shelled tanks. These tanks contain 
inventories of liquid, sludge, and salt cake. See also 
"double-shell tank wastes." 

-1 e A3 defined and used by 117c us. 
Department of Energy (Doe  t lrdes 5828.2A), radioactive 
waste that, at the time of a.%wyl contains more than 
100 nCi/g of alpha-ernitting isotopes with atomic iaumlxss 
greater than 92 and half-lives greater than 2Q years 
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'1 k Transuranic waste 
with a surfacz dose rate of le%$ than 200 mremh and 
minimal heat generation to permit handling by contact 
methods. 

$~~~~ 

Nondestructive test procedures performed 
on suspect transuranic wastes to determine their 
transuranic isotope concentration. From these tests such 
wastes can be properly clasified (certified) as transuranic 
or low-Awel. 

I e* &kd: Transuranic waste 
with a surface dose rate of greater than 200 rnrem/h and/or 
heat generation to requir e remote handling and/or 
shielding. 

V~triiiation: The conversion of high-level waste materials 
into a glassy or noncrystalline solid for sub,sequent disposal. 

Waste: t: A facility, located near 
Ckrlsbad, New Mexico, to be used for demonstrating the 
safe disposal of transuranic wastes from DOE activities. 

Yd : A uranium oxide concentrate that results 
from milling (concentrating) uranium ore. It typically 
contains 80 to 90% IJ30e 
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