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PREFACE

The information in this report summarizes the U.S. Department of Energy (DOE) data base for inventories, projections,
and characteristics of domestic spent nuclear fuel and radioactive waste. This report is updated annually to keep abreast
of continual waste inventory and projection changes in both government and commercial sectors. Baseline information is
provided for planning purposes 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 a2 number of private citizens. To sustain the objectives of this program
in providing accurate and complete data in this field of operation, comments and suggestions 1o 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
Route Symbol RW-432

1000 Independence Avenue, SW

‘Washington, DC 20585-0001

Office of Environmental Restoration and Waste
Management

Route Symbol EM-351 or 433

Trevion 2

Washington, DC 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. Payton, DOE/RW-432, Washington, DC 20585-0001
Telephone: (202) 586-9867

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

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

J. A. Klein, ORNL, P.O. Box 2008, Oak Ridge, TN 37831-6495
Telephone: (615) 574-6823

An important part of the Integrated Data Base Program is the Steering Committee, whose members provide both
genceric 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. Fach 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
Office of Storage and Transportation
Office of Civilian Radioactive
Waste Management

/)44;/ e
gifl L/}uf;{z -

{Deputy Asistant Secretary
Office of Waste Management
Office of Environmental Restoration
and Waste Management

jstant Secretary

vircamental Restoration

Office of Environmental Restoration
and Waste Management

Office of
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Light-water reactor
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Oak Ridge Isotope Generation and Depletion Code (Version 2)

Oak Ridge Institute for Science and Education, Oak Ridge, Tennessee
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DOE Schenectady Naval Reactors Office, Schenectady, New York

Special power excursion reactor test

Sodivm reactor experiment
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Santa Susana Field Laboratory, Canoga Park, California {also referred to as the Energy Technology
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Separative work unit

Test area north

To be determined
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TRW Environmental Safety Systems, Inc.
Thorium extraction
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Tennessee Valley Authority, Knoxville, Tennessee
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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 BASE FOR 1993:
U.S. SPENT FUEL AND RADIOACTIVE WASTE
INVENTORIES, PROJECTIONS, AND CHARACTERISTICS

ABSTRACT

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

The radicactive materials considered, on a chapter-by-chapter basis, are spent nuclear fuel, high-level waste
(HLW), transuranic (TRU}) waste, low-level waste (LLW), commercial uranium mill tailings, environmental
restoration wastes, commercial reactor and fuel-cycle facility decommissioning wastes, and mixed (hazardous 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 or estimated isotopic
compositions. In addition, characteristics and current inventories are reported for miscellaneous radioactive
materials that may require geologic disposal.

0. OVERVIEW

0.1 INTRODUCTION

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.  Historical wastc inventories
compiled as of December 31, 1992, arc 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
(D&D) programs and activities at various government and
commercial sites are defined and become operative. In
many tables of this report, historical waste inventories and
projection data are reported on a CY basis. These tables
use a horizontal line to mark the point in time when past

history ends and future projections begin. Because
historical waste inventories are reported as of
December 31, 1992, the line is drawn 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
assembled as a part of the IDB Program at Oak Ridge
National Laboratory (OKNL), which has the lead
responsibility for maintaining and reporting summary files
of pertinent data on current and projected inventories and
characteristics of permanently discharged domestic spent
nuclear fucl and radioactive wastes.

Radioactive waste originates from five major sources:
(1) the commercial nuclear fuel cycle; (2) DOE-related
activities; (3) institutions such as hospitals, universities, and
rescarch foundations; (4) industrial uses of radioisotopes;



and (5) mining and milling of uranium ore. The waste is
broadly categorized as spent nuciear fuel, HLW, TRU
waste, LLW, and uranium mill tailings. Large quantities of
radioactive waste will also result from fuiure activities such
as DOL environmental restoration activities and ihe D&ID
programs of DOE aed coramercial nuclear facilities.

The primary purpose of this document is to report
U.S. spent fuel and radioactive waste inventories,
projections, and characteristics. The data presented were
obtaincd through the cooperztion and assistance of the
offices and programs that were established by DOE to
oversee the managemeni of the various radicactive wastes
and spent fuels. JIn addition, the receni literaturc was
reviewed to aid in selecting the data that are presented
here and to help cstablish a basis for many of the
calculated radioactivity levels and heat-generation rates that
are included. In this report, spent fuel and radioactive
wastes are characterized froin (he standpoint of their
volumes (or masses) aad their nuclear, physical, and
chemieal propertics. The data reporied are selected from
more extensive information; that information is available
upon request.

This annual inventory report contains summarized
data of types found to be useful for programmatic planning
purposes within the DOX community. The data are
intended to provide a common basis for both DOE
managenicnt-level planning and for more detailed analyses
of the waste 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 documents previously issued, some
of which may be referenced in this report.

This repori does not address the programumatic
implications of the data presented, such as the possible
future need for interim spent-fuel storage facilities.
Discussion of the data is limited to the minimura extent
aeeded to explain what the data represent and the sources
from which they were derived. Likewise, discussions of
packaging details, shiclding and transportation
requirements, health and environmental effects, and costs
are purposcly avoided. Questions regarding the data
presented may be addressed to the IDB Program.

The DOE waste data contained in this report are
furnished by DOF contractor sites through the 1993 Waste
Management Information Systermn (WMIS) data cail for the
IDB Program. The DOE site data (wasie inventories,
projections, and characterisiics) are used by DOE-
Headqguarters (DOE-HQ), operations offices, and
operating contractors for the management and sirategic
planning of various waste programs. The objective of this
report is io provide waste information that is consistent,
reflecis current inveniories and projections, and includes
the types of basic data best suited to meet DOE waste
program planning needs.

Information for this report is provided by a variety of
sources. The waste data reported to WMIS are received
from DOE contractors through DOE operations oifices.
DOE-HQ assigns to selected organizations major
responsibilitics for providing information on particuiar
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 facilitics
referred to in this report is provided in Appendix D.

0.2 CHARACTERIZATION OF WASTL FORMS

The major characteristics of radioactive materials and
wastes are described below.

o Spent Fucl

Spent fuel consists of irradiated fuel discharged from
a nuclear reactor. Unless otherwise identified, all
spent fuels discussed in this report are assumed to be
permanently discharged and eligible for repository
disposal. Three categories of permanently discharged
speat fuel are considered: (1) fuel from commercial
light-water reactors (LWRs); (2) fuel from non-L.WR
commercial reactors [e.g, the Fort 8t. Vrain
high-temperature, gas-cooled reactor (HTGR)); and
(3) special fuels associated with government-sponsored
research and demonstration programs, universities, and
private industries. This report does not track the
inventories of government production reactor spent
fuels that have been reprocessed in the manufacture of
nuclear weapons for national defense. However, the
inventories of HLW resulting from the reprocessing of
these fuels are reported in Chapter 2. Also, Chapter 1
reports quantities of DOE spent fuel not scheduled for
reprocessing.

Currently, most LWR spent-fuel assemblies are stored
in pools at the reactor sites. The bulk of the
remainder is in storage at the West Valley
Demonstration Project (WVDP) site at West Valley,
New York; the Idaho National Engineering Laboratory
(INEL) at Idaho Falls, Idaho; and the Midwest Fuel
Recovery Plant (MFRP) at Morris, Illinois. The
WVDP facility is currently being decommissioned. All
utility-owned spent-fuel assemblies previously stored
there have been returned to the utilities, and the fuel
remaining is DOE-owned material.

Spent fuels discharged from a variety of reactors are
currently stored at the Hanford Site (HANF) and
INEL. HANTF contains inventories of fuel from the N
Reactor, the Fast Flux Test Facility (FFTF), and
pressurized-water reactor (PWR)}-Core II fuel from



Shippingport.  Fuel from the damaged Three Mile
Istand (TMI}-Unit 2 reactor, as well as some of the
spent fuel from the Fort St. Viein HTGR, are stored
at INBL. Some special spent fuels are stored at the
Savanunah River Site (SRS) and at INEL. ‘These
special fuels are government owned and are not
scheduled for reprocessing in support of DOE
activitics,

HILW

For this repoit, HLW means the highly radioactive
material resulting from the reprocessing of spent
pucicar fuel. This includes mainly the liquid wastes
remaining from the recovery of uranium  and
plutoniurn in a fuel reprocessing plant, This HLW
may also be in the form of siudge, calcine, or other
products into which such liquid wastes are converted
to facilitate their handling and storage. Such waste
contains fission products that result in the release of
considerable decay energy? For this reason, heavy
shiciding is required to absorb penetrating radiation,
and provisions (e.g., cooling sysiens) are needed to
dissipate decay beat from HILW.

TRU Waste

TRU wastes refer to adivactive wastes that contain
more than 100 nCi/g of alpha-emitting isotopes with
atomic pumbers greater than 92 and half-lives greater
than 20 years.® Such wastes result primarily from
fuel reprocessing and  from  the [abrication of
plutonium weapons and plutonium-bearing reactor
fugl.  Generally, little or no shielding is required
(“eontact-handled” TRU wastc), but energetic gamma
and neutron emissions from certain TRU nuclides and
fission-product contaminants may require shielding or
remote bandling (“remote-handled” TRU waste).

LW

Several statutes (refs. 2, 4, and 3) define LLW not by
what it is, but by what it is not. In general, LLW is
radicactive waste not classified as spent fusl, HLW,
TRU waste, or by-product materials such as uranivm
or thorinm mill tailings. Xlowever, there are slight
differences between the specific regulatory delinitions
of DOF-generated LLW and commercial LLW.

The definition of DOE LLW is based on DO Order
5820.2A,% which specifies DOE’s policy for radioactive
waste management.  According to this order, LLW
includes all radicactive waste not classified as either
HLW, TRU waste, spent nuclear fuel or the bulk of
the by-product tailings containing uranium or thorium
from processed ore. The DOE policy as stated in
Order 5820.2A allows small volumes of fissionable

matedal to be irradiated for cescarch and development
(¥.8:0) only~but not for the production of power or
plutonium—and  small concentrations of TRU
(<100 ni/g) radionuclides 10 be managed as LLW.
The same DOR policy allows small volumes of DOE
waste confaining by-product material {specified in
Sect. 11e(2) of the Atomic Energy Act (AEA)) or
naturally occnrring  and  accelerator-produced
radioactive material (NARM) 1o be managed as LLW.
Any LLW that also contains hazardous chemicals
covered by either the Resource Conservation Recovery
Act {(RCRA) or the Toxic Substances Control Act
(TSCA)Y requires management as a “mixed waste.”

The definition of commercial LLW is based on two
statutes, the Nuclear Waste Policy Act (NWPA) and
the Low-[evel Radioactive Waste Policy Amendments
Act (LLRWPAA)® According to both the NWPA
and the LIRWPAA, commercial LLW is radioactive
material that (a) is not HLW, spent nuclear fuel, TRU
waste, or by-prodact  material  as  defined in
Sect. 11e(2) of the AEA; and (b) the US. Nuclear
Regulatory Comumission  (NRC), consistent  with
cxisting law, classifies as LLW.

The radiation level from LLW waste may sometimes
be high snough to requice shielding for handling and
transport.  For commercial LLWs, the NRC has
defined, in ref. 9, four disposal categories of LLW that
requite  differing degrees of confinement and/or
monitoring:  classes A, B, C, and Greater-Than-
Class-C (GTCC). The NRC excludes NARM from
the LLW category. DOE LLWs are classified by
groupings of disposal categories that are site specific,
yet similar to the NRC categories. 'This report
documenits only thosc inventories of solid LLW
destined for disposal. It includes no liquid or gas
waste in storage nor inventories of soils contaminated
with LLW.

Comnmcrcial Uranium Mill Tatlings

Comimercial aranivm mill tailings are the earthen
residues that remain afier the extraction of uranium
from ores. Tailings are generated in very large
volumes and contain low concentrations of naturally
courting  radioactive materials.  These materials
comprise 4 potential health hazard; the isotopes of

major concern are ““Ra and its daughter, PRa.

Miscelianeous Radinactive Matedials

A variety of iviscellancous radicactive materials
(MRMs) are currenily stored at some DOE and
comimercial sites. These materials include hot cell solid
wastes as well as whole, sectioned, or damaged spent-
fuel rods or assemblies that originated in commercial



reactors and wcre used in various DOE-related
cxperimental prograins. Many of these matecials are
highly radioartive and may cveniuaily require geclogic
disposal.

Mimed TILW

Mixed LW contains concentiations of both low-level
ivactive materials and hazardous chemicals. The
hazardous component  of mixed wasic  has
characterisiics identified by ay or all of the foillowing
statutes: the R{ERA, as amended;’ the TSCA;® and
siatc regwlations.  lypically, mixed LLW from
activitics supporting DOL piograms includies a varicty
of contaminated materials, such as air {iiters, cleaning
solutions, enginc Gils and grease, paint residues, soils,
consiruciion and building taterials, water-treatment
chemicals, and decommniissioned plant  equipment.
This report documienis inventories and generation
rates of various types of mixed wastes stored at DOE
sites based on infurmation regaocied in the Iederal
racilities Compiiance Act (FI'CA) Interin Mixed
Waste Taventory Report (IMWIRY! and 1SCA waste
informaiion collecied and reviewed for the WMIS.
The WMIS contains inftirmation on wastes generated,
stored, and disposed at 124034 sites and is maintained
by the Hazardous Wastes Reniedial Actions Program
(HAZWRAP; in support of the DOL Office of
Havironmental Restoraiion and Waste Managemcnt.

ia

Disposed Wasics

i, Sloreat, 2

It should be empliasized that all of the iypas of
radioactive muaterials and wasics discussed in this
rCport can cxist either a8 imnais generated, tieated,
stored, or disposcd.  The distisnciions among these
various wasic conditions or “states” are as follows:

—  Genevated waste. A inaicrial recently discharged
from a faciiiy production process or opcration
that cail e regarded as a waste becanse it has 6o
econoinic value.  In this repori, quantities of
generaton waste are mceasuicd in uniis of volumic
[cubic meters (m3)] or inass (kg) produced
during a calesdar vear,

— dreaied wnste. A waste that, {ollowing

genciation, has oeen altered chemiically  or
physically to redace its toxicity or prepaic i for
storage or disposal on- or ofi-site.  Waste
treatmient can include voluimc-reduction activities,
such as iicineration or compaction, which may be
done prior to either storage or disposal or both
(discussed ncsi).

—  Stored waste. A waste that, following generaiion

(and usually somie treatment), is  being

(temporarily) retained and wmopitored in A
retrievable manner pending disposal.  In this
report, inveniories and projections of stored
rachoactive materials or wastes are reported in
volume (m®) or mass {kg) units or both.

— Disposed wasie. A waste thai has been put in
final emplacement to ensure its isolation from the
Giosphere, with no intention of retricval.
Deliberate action is required to regain access to
the waste. Disposed waste includes materials
placed in a geologic repository, buried
vaderground in shallow pits, durnped at sea, or
discarded by hydrofracture injection. The latter
two techniques were past practices and are no
longer perforimed.

Throughout this repuit, the reader is urged to note the
distinctions betwecen these waste conditions,  Such
conditions have a great impact on the regulatory status of
the waste materials considered in ihis report.

03 METHOULS AND ASSUMEPTIONS USED IN
RETORT PREPARATION

This repori consolidates a large aimount of information
from many sources. Some of these data arc historical in
natuie, some are current, and some arc projocted; sote
have teea calenlated or estimated, and somie have been
measured. Over tiic years, wasie rcgulations have beei
revised, waste category definitions have changed,
mcasurcment instiuments and calibration methods have
teen improved, and record-keeping has been upgraded at
all waste-generating and -receiving sites. i preparing this
report, a maior effort has been made to integraie waste
data from many sources aad to sirvive for a consistent and
technically rational approach for the entire scope of
coverage. Our primary sources of data are refereaced,
and, for calculated valucs (¢.g., decayed radioaciivity and
thermal power), the bases for the calculations are
identified. To achieve adequate iniegration of data,
nuinerous factors bad to be considered; these are cited i
footnotes that generally accompainy ihe iables and figures
of this report. In some cases, 2 more thorough explanation
is provided in tiie text.

tlach chapter details the assumpiions on which iis
wasic inventories and projections are based. Ihe broader
assumaptions are mentioned herc and are lisied in
Table 0.1. These include the projected time franic and
specific assumpiions used for esiimating commercial and
government (DOE) wasie projections. For the comimerciat
fuel cycle, ihe spent-fuel and waste projections depead
upoi the auclear power growth scenaric. The commiercial
fuel cycle waste projections reporied in this document
assume a reference projection of nuclear power growth and
no spent fuel reprocessiag. The reference nuclear power



electrical growth projection (and associated discharged
spent-fuel schedule) used throughout this report is the
1993 DOE/FIA No New Orders Case.!t In addition, this
document also includes a set of nuclear capacity and spent-
fuel projections associated with the 1993 DOE/EIA Lower
Reference Case to illustrate, for planning purposes, a
conservative upper bound of commercial nuclear power
growth.!  The No New Orders and Lower Reference
spent-fuel and power-capacity projection cases are ¢ach
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 United States for domestic
nse 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 generaily greater than
justified in terms of numerical significance, but this proves
useful and necessary for bookkeeping purposes. 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 10, or 123.4; and 1.234E-4 means 1.234 x 10,
which is 0.0001234.

0.4 WASTE CHARACTERISTICS AND UNITS
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 mecting the requirements for
waste treatment, storage, and disposal. Waste volume is

reported in cubic meters (m*) and generally reflects the
amount of space occupied by the waste and its container.
Radicactivity represents the rate of spontanecus
disintegration of the radionuclides comprising the waste.
In this report, radioactivity is measured by 2 unit calied a
curie (Ci), which is 3.7 x 10 nuclear disinicgrations per
second. Over time, radionuclides decay to nonradicactive,
stable isotopes. As an example, the shortdived
radionuclides found in spent nuclear fuel rapidly decay
during the first few years after the fuel is removed from a
reactor.

It should be noted that while waste volumes
accumulate with time by conventional addition, total
radioactivity does not. Because of radicactive decay,
cumulative activity cannot be based on ceported anaual
additions; rather it must be estimated from knowledge of
the waste composition, which includes the radionuclides
comprising the waste, their concentrations, and decay
attributes (c.g., hall-lives and decay schemes). Inm this
report, decayed radioactivity is generally estimated for
various wastes by an abridged version of the QRIGEN2
code (ref. 13).

Thermal power is a measure of the rate of heat-ensrgy
emission resulting from the decay of radicauclides in a
waste. Like radioactivity, thermal power {s not cumulative
by conventional addition because of radicactive decay.
Information on thermal power is necded in the design of
shipping casks, storage facilities, and repositorics where
temperature rise, especially with regard to spent fuel and
HLW, is an important concern.  Thermal encrgy
generation rates are highest for spent fuel, HLW, and
remote-handled TRU waste. They may also be imporiant
for certain types of LLW. The unit of thermal power used
in this report is the watt (W), which represents 1 joule of
thermal energy emitted per second. Estimates of thermal
power are based on radionuclide composition as well as
total activity. While levels of thermal power may not be
significant for certain waste forms (particularly some types
of LLW), they are nevertheless reported for the major
radioactive waste categories referenced in this report to
provide a standard for comparison.

For spent fuel and TRU waste, mass is reported to
provide better assurances of accountability. Spent fuel is
reported in units of metric tons of initie! heavy metal
(MTIHM) to avoid difficulties and confusion arising from
the need to ¢stimate ranges of varied heavy-metal content
(MTHM) that result from different levels of earichinent
and reactor fuel burnup. Mass is reported in kilograms (kg)
for the TRU radionuclides comprising TRU wastes.

In this report, quantities of gencrated wastes are
expressed in terms of either the amount of mass (kg) or
volume (m®) produced in a given calendar year. Thus,
generation rates for wastes are expressed in either
kilograms per year (kg/year) or cubic meters per year
(mP/year), depending on the availability of site inforimation.
Annual generation rates are reported in this document for
spent fuel, TRU waste, LLW, and mixed LLW. Apnual



generation rates are not reported for IILW in part because
of security restrictions for the DOE nuclear weapon
production  activities that produce these wastes.
Additionally, there are problems in accurately estitnating
HLW generation levels. One taajor difficulty is accounting
for net waste-quantiiy changes due to the combined effects
of various modes of site waste management operations
such as cvaporation and calcination.

Quantitics of wastes can also be reported in terms of
the number and iypes of waste containers. LWR spent-
fuel inveniories and projections can be expressed in terms
of the number of permanciitly discharged boiling-water
reactor (BWR) and pressurized-water reactor (PWR) fuel
assemblies. HLW will be immobilized in either borosilicate
glass or a glass/ceramic matrix solidified in stainless steel
canisters. Fstimates of the quantities of HLW to be
dispased of in a geologic repository are based on the
number and iyves of these canisters. Quantities of LLW
and stored TRU waste can be based on the number and
types of drums, boxes, or containers used or scheduled for
use

Waste characteristics are also identified by waste
coinposiiion.  Throughout this report, waste composition
is expressed in terms of the following:

o radicactivity (Ci) or specific-activity (Ci/m®) breakdown
by  radionuclide (with accompanying daughter
producisy and

o physical form (solid, tiquid, gas, or studge) or chemical
content (by chemical component), expressed in terms
of either volume (i) or mass (kg) or as a percentage
of total weight (wt %), volume (vol %), or activity
(act 7).

This annual report also provides some information on
the status of land usage at LLW burial and disposal sites.
Such information includes total site area, estimated total
usable land arca, and estimated area currently utilized. To
conform with the metric unit format used in this report,
these land-usage-area parameters are reported in units of
hectares, where 1 hectare (ba) = 10,000 m?, or
2.4710 acres.

0.5 SUMMARY DATA AND CHAPTER
OVERVIEWS

A few graphical presentations and summary tables are
included ia this chapter to provide a broad overview.
Figures 0.1 and 0.2, respectively, show the volumes and
radioactivities of commercial and DOE wastes and spent
fuel accumulated through 1992.

Suwamaries of spent-fuel and radicactive waste
inventories and projections are provided in Tables 0.2 and
0.3. In genexral, material to be sent to R&D facilities or to
the proposed national geologic repository for spent fuel
and HLW is siill listed in each individual site’s inveniory.

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

05.1 Spent Fuel

Chapter 1 of this report presents national data on the
quantities of permanently discharged spent fuel from
commercial nuclear power reactors. Historical data on
commercial spent-fuel inventories' are reported along with
two sets of DOE/EIA projections,!! the No New Orders
and Lower Reference cases. 'The No New Orders Case
(without reactor license rencwal) is the baseline commercial
scenario used throughout this report to make wasic
projections. In contrast, the Lower Reference Case (with
reactor 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 1993-2030), the No New Orders Case assumes that
no new reactors will be ordered.

DOE spent-fuel inventories that are not scheduled for
reprocessing are reported in Chapter 1 and Appendix A.
These include various types of research reactor spent fucls
which are stored at the SRS and the INEL.

In this report, the mass of discharged spent fuel is
measured in MTIHM. The term “initial heavy metal”
refers to the original mass of the actinide elements of the
fuel, most of which is uranium. (Elements of the actinide
group are those with atomic numbers greater than 89.)

052 HLW

The inventorics 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 (DWPF) at SRS in 1996, and
projections of vitrified HLW from commercial reprocessing
activities are given for the WVDP. FProjections recently
made of the number of canisters containing the final
immobilized form for the DOE HLW at ITANY and the
INEL are also reported. In addition, Chapter 2 gives the
locations, volumes, and radioactivities of HLLW.

In 1992, DOE decided to phase out the reprocessing
of its production reactor spent fuels. Until then, the
reprocessing activities recovered enriched uranium and
plutonium which were used to suppoit nuclear weapons
production. As a consequence of ceasing to reprocess
reactor spent fuels, littie additional HLW is expected to be
generated at DOE sites in the future. However, DOE site
D&D activities may generate some wastes with radioactivity
levels high enough to require disposal in a deeply mined
geologic repository.



053 TRY Waste

The locations, inventories, and projections of TRU
waste buried and stored at DOE sites are presented in
Chapter 3. Current inventories of TRU waste are virtuaily
all derived from government operations. The inventories
documented in this report are based on data provided by
the sites and include waste volumes and the masses and
radioactivities of contained radionuclides. Projected future
TR waste volumes through CY 2020 were also requested
from the sites, but the sites were not able to make such
estimates in all cases. Projections are reported througn
CY 2020 for those sites that provided cstimaies.

In 1984, DOE (with input from otber federal
agencies) revised the minimum radioactivity concentration
level for detining TRUJ waste from greater than 10 nCi/g
to greater than 100 nCyg®  Consequently, the waste
currently in the inventory contains wastes stored under
both criteria. This redefinition, as well as the development
of instrumentation to detect these low lkwels of
radinactivity, will reduce the volume of TRLY waste. As
the waste is assayed, that portion of it which is greater than
10 nCi/g and less than 100 nCifg will be reclassified o
other waste categories.

054 LLW

Data for LLW from commercial and government
aclivitics are given in Chapter 4 and Appendix A
Commercial fuelcycle LLW is generated from the
conversion of yellowcake to uranium hexafluoride (UF),
enrichment, fuel fabrication, and reactor operation. LLW
also results fromy commercial operations by private
organizations that are licensed to use radioactive materials.
These include institutions and industries engaged in
research and varicus medical and industrial activities.
DOE LW is similar in nature to the commercial 1/ waste
and the commercial fuel cycle TLW.

A wide variety of radionuclides are found in LLW.
Uranium isotopes and their daughters dominate in the
conversion, enrichment, and fuel-fabrication steps of the
nuclear fuel cycle. Reactor operations prodoce LLW
containing mostly activation products and fission producis.
A significant fraction of institutional LI W that is shipped
to disposal sites is contaminated with small quantities of >H
and M.

By the end of 1992, approximately 66% of the total
cumulative volume of disposed LL W resulted from various
DOE activities. The remaining 34% resulted from
domestic commercial activities. About 54% of the volume
of LI.W disposed dursing 1992 resulted from commercial
activities.

055 Commercial Uranjum Mill Tailings

Current inventories and projections of tailings from
commercial wranium mill operations are spmmarized in
Chapter 5.  Twenty-six licensed uranium mills have
accumulated tailings from their operations. Half of these
mills have accumulated both commercial and government
tailings. By the end of 1992, only two of the NRC-licensed
mills were still active.  To date, almost all domestic
uranium has been produced by conventional mining and
milling methods from which these tailings derive. A small
portion has been obtained via in situ leaching, recovery
from mine water, recovery from copperfvanadium dump
leach ligquor, and recovery from wet-process phosphoric
acid effluents. Projections of uvranium mill tailings are
based on commercial fuel-cycle requirements, adjusted for
foreign imports, as specified by the DOE/EIA Lower
Reference Case projection of commercial reactor power
growth. Tailings from the now inactive mills that produced
uranium only for government operations are classified as
environmental restoration wastes (see Chapter 6).

055 Fovironmenia!l Restoration Wastcs

The DOL Assistant Sccretary for Environmental
Restoration and Waste Management (DOE/EM) oversees
the assessment and remediation (environmental
restoration) of contaminated inactive facilities at all DOE
sites and some non-DOE sites for which DOR has
responsibility.  Recently, the Office of Environmental
Restoration and Waste Management was renamed the
Cffice of Bnvironmental Management. This modification
will be incorporated in other sections in future updates of
this document.

An overview of DOE environmental restoration
projects and activities is given below. Further details are
provided in Chapter 6. The scope of Chapter 6 is limited
to radioactive and mixed (radicactive and chemically
hazardous) wastes that could be generated by
environmental restoration  activities. Noaradioactive
hazardous and sanitary wastes are outside the scope of this
report,

The major objective for DOE  enviropmental
restoration activities is to ensure that risks 1o the
environment and to human health and safety posed by
inactive and surplus facilities and sites contaminated by
radioactive and chernically hazardoas materials are either
eliminated or reduced to prescribed, safe levels. Projects
within the Qifice of Environmental Restoration (EM-40)
are comprised of remedial action (RA) and D& activities.
RA involves the assessment and cleanup of inactive sites
and deals mainly with contaminated environmental media



such as soil, sediment, and ground water. D&ID activities
are primarily concerned with the safe carctaking of surplus
nuclear facilitics {ollowing shutdown and for either their
ensuing decontaminaiion for reuse or their complete
dismaailement. About 500 contaminated facilitics are
currently included under the EM-40 D&D Program.
Activitics associated with environmental restoration projects
are found in 31 states.

DOE EM-A40 is currently undertaking a major
initiative to determine the volumes and types of waste that
may be generated during future eavironmental resioration
aciivities. These studies have not yet reached the point at
which realistic waste projections can be made. Resuiis
from these studies should be available within the next few
years. Tor this reason, inventories and projections for
actual environmental resioration wastes are not provided
i1 this repoct. However, the voluines of contaiminated solid
media, such as soils and debris from which environmental
restoration wastes will be generated, are known to a
reasonable degrec at many EM-40 project sites. Pstimates
of the volumes of such contaminated media arc reported
in Chapter 6.

057 Cowinercal Decommissicoing Wasios

Chapter 7 presents waste  projections for the
decommussioning of commercial powes reactors and fuel
cycic facilities. The D&D activitics at such installations
may resuli in very large volumes of LLW, depending on
the methods selected. The major LI W volumes will result
from the decomimissioning of power reactors, which will
also produce a smali voiumne of high-activity waste. Unlike
that for other waste gencration activities, the timing of
decomunissioning operations 5 very unceriain, since
facilities may be either decommissioned upon shutdown or
put into a moihbalied or proieciive storage condition to
allow for sufficient radioactive decay before
decovunissioning. Chapter 7 rcports a set of projected
characteristics  for wastes from commercial LWR
decomnmissioning activities. These projections are based on
the assumpiion that each power reactor is decommissioned
soen after it is shut down. To date, only a few commercial
eactors have been fully decomimissioned, and several have
been placed in protective storage. Wastes from completed
decommissioning actions have been included with existing
inventorics discussed in other chapters. Because of timing
uncertainties, projecied commercial decomimissioning
wasics arc not included in the projections of LLW

06 REVEHRENCES

(Chapier 4). Rather, commercial decomnuissioning waste
projections are reported separately in Chapter 7.

05.8 Miscellancous Radicactive Materials

Inventories and characteristics of misccllaneous
radioaciive materials are reported in Appendix A. Such
materials consist mainly of permanently discharged or
damaged spent fuel (pellets, rods, and other fuel-assembly
components) from civilian and government-sponsored
experimental nuclear programs.

059 Mixed LIW

Current inventories and generation rates of mixed
LLW from both DOE and commcrcial sources are
summarized in Chapter 8. These wastes are containinated
with baoth low-level radioactivity and chemically hazardous
substances. The radioactive components are defined by
the Atomic Energy Act of 1954 (AEA),® while the
hazardous components are defined by the RCRA® the
TSCA,’ and pertinent state regulations. As of the end of
1992, inventorics of mixed LIL.W at DOE sites totaled
about 182,400 m®. It is estimated that about 60,000 i’ of
additional mixed LLW will be generated duging the period
1993-1997.

0.5.10 Appendises

In addition to Appendix A, which documents
miscellaneous radioactive maierials that may possibly
require repository disposal, several other appendizes are
included in this report. A tabulation of the propeitics of
important radionuclides is given in Appendix B.
Appeadix C is a compilation of waste flowsheets, 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 IDE Program, the source term
for a particular waste is comprised of two components
unigue to that waste: (1) the number of curies of
radioactivity, expressed either per uait of facility production
or per unit of waste volume or mass, and (2) a listing of
the relative contributions of component radioisotopes per
curie of radicactivity 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 end of this report.

1. U.S. Depaitiment of Energy, Integrated Data Base for 1992: U.S. Spent Fuel and Radioactive Waste Inventories,
Frojections, and Characteristics, DOT/RW-0006, Rev. 8, Oak Ridge National Laboratory, Oak Ridge, Tennessce

(October 1992).
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1992), Washington, D.C.
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Table 0.1. Major assumptions used in this report

Inventory/projection basis

¢ Inventories are reported for December 31, 1892
® Projections are made for the CYs 1893~2030

HIW splidification activities

© For WVDP, HLW solidification (glass production) starts in 1996 and is completed in 1983

® For SRS, HLW solidification [glass production at the Defense Waste Processing Facility (DWEF)]
starts in 1996 and continues through 2015

® For INEL, HLW solidification (immobilization) starts im 2007 and continues through 2030

¢ For HANF, HLW solidification (borosilicate glass production at the Hanford Waste Vitrification
Plant) starts in 2000 and continues through 2030

Commercial activities
® DOE/EIA projections of installed net LWR electrical capacity for the No New Orders® and Lower

Reference cases of ref. 9:

No New Orders Case

Year 1993 1995 2000 2005 2010 2015 2020 2025 2030
GW(a) 99 100 101 102 88 64 49 24 5

Lower Reference Case

Year 1983 1985 2000 2005 2010 2015 2020 2025 2030
GHie) 98 100 101 104 102 108 113 116 119

® DOE/EIA assumptions for LWR fuel enrichment and burnup:

CY¥s fuel is Fuel enrichment Design burnup
LWR fuel loaded (z 233y, __(Md/MTIEN)
BWR 1993-1994 3.016 33,000
1995-2001 3.193 36,000
2002-2010 3.320 39,000
2011-2030 3.554 43,000
PWR 1993-1997 3.775 42,000
1998-2003 4.009 48,000
2004-2006 4.319 50,000
2007-2030 4.695 55,000

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

AThis case assumes that each reactor will be retired when the expiration date spacified in its
operating license is reached.
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Tabla 8.2, Spent fusl and radiocactive waste invemtoriss ss of December 31, 1932

TRU Thermal
isotopes Mass Volume Activity? power
Waste category (kg) (MTIEM) (m3) (108 ci) (103 W)
Spent. fuel
Commereial
BURs 9,547 3,849b 7,037 25,800
THRs 16,375 6,601P 19,374 74,300
DOk >123.5 c c c
High-level waste
Savannah River (DOE) 126,900 632.4 1,724
Idaho (DOE 11,200 44 .9 130
Hanford (DOE)d 258,700 360.7 1,041
West Valley {(commarcial) 1,550 25.9 79
Transuranic waste (DOE)
Buried TRU waste >352 204,438 >0.73 >5.2
Potentially cont.aminated soil d >32,000 >0.08 d
Stored TRU waste 2,975 105,948 1.86 33.9
Low-level waste
DOE sites
Generated 37,244 c c
Stored 115,040 c c
Disposed 2,834,878 12.4 17.4
Cournercial sites
Disposed 1,472,129 5.7 21.1
Uraniwp will tailings (commercial)
Licensed mill sites® 118,600,000 ¢ c
Environmental restoration program c c c
wastes (DOE)f
Commercial reactor decommissioning g B g
tiiscellaneous radioactive materials 243.2 c c c
Mixed LLYW
DOE 203, 5880 182,372 c c
Ccomercial c c c c

3Activity data are calculated decayed values as of December 31, 1992.

bIncludes volume of spacing between the fuel rods of each assembly.

C€Information not available.

dHanford tank wastes consist of HLW, TRU waste, and LLW. Heowever, in the interim storage mode,
the tank wastes are managed as if they contain HLW and, therefore, are included in the HLW inventory.

©Includes contributions from 26 NRC-licensed mills.

I Information currently not available. 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 known in a few years, will be included when available in future
revisions of this report.

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

lass of mixed LLW is expressed in metric tons (t) and includes other elements in addition to
heavy metals.



13

Table 0.3, Currxent and projected cumulative guantities of radioactive waste and spenk fuel

[Quantities ars expressed as volume ¢10% w3) unless otherwise indicated]

End of calendar year

Source and type of material 1992 2000 2010 2020 2030
DOE
HLW
Interim storage 397 342 318 g2 301
Glass or gleass/cesramic?® 0 0.44 3.19 14.6 40.2
TRUP
Buried 204 204 204 204 204
Stored 106 c [ [ c
LLW (buried)d 2,835 3,763 4,645 5,432 5,945
Environmental restoration c c c c c
program wastes®
Mixed LIW 182.4 c c c c
Miscellaneous cadicactive 243.2 c c c c

materials, mass, MITEM

Commercial
LY¥R spent fuel, wass, mrImf
(no reprocessing)

No New Orders Case 25,922 42,100 61,700 76,700 84,300
Lower Reference Case 25,922 42,100 51,300 81,600 163,000
HLW (WVDP)
Interim storage 1.550 0.0 0.0 0.0 0.0
Glass 0.0 0.24 0.24 0.24 0.24
LI¥ (no repreocessing) 1,472 c c c c
D&d (LLW)8
Classes A, B, and C LLW - 0.00 25.86 628.21 1,239.565
Greater-than-Class-C LLW - 0.00 0.01 0.22 0.44
Mill tailings (no 118,600 118,800 c c c
reprocessing)
Mixed LLW < c c c c

Alncludes projections for glass at SRS and glass/cersmic at ICPP.

braventories and projections are updated mainly as a result of improvements in detection
methods,

CInformation not available.

dProjections include contributions from SRS saltstone.

®Information currently not available. DOE is undertaking several initiatives to determine the
volumes and types of wastes currently in storage abt 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 future
revisions of this report.

Historically, spent fuel has been measured in units of mass (MTIHM) rather than units of
volume., The 1992 discharged spent fuel mass is a BWR and PWR mass sum rounded to the nearest metric
ton. Such rounding may result in slight differences between the spent fuel inventories and
projections reported in this document and those reported by DOE/EIA.

BProjected D&D wastes from light-water reactors shut down after 1982. Wastes collected from
historical D&D of reactors are included in the LLW inventories listed above,
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ORNL PHOTO 6941-93

-

The Oconee Nuclear Power Station, three 846-MW(e) pressurized-water reactors, located in Seneca, South Carolina. (Courtesy of
the Duke Power Company, Seneca, South Carolina.)



1. SPENT FUEL

1.1 INTRODUCTIOM

This chapter reports the quantities and chacacteristics
of spent fuel that has been permanently discharged from
commercial LWRs and one-of-a-kind reactors. In addition,
this chapter contains a mass summary report of DOBE
spent fuel which is not scheduled for reprocessing. Though
curreiitly in storage at numerous commercial and DOE
sites, this fuel in its entirety ultimately will require geologic
disposal.

For inventories of special fuels (from DOE/fcivilian
development programs) stored at various DOE and
commercial sites as of December 31, 1992, the reader is
referred to Sect. 1.4 and Appendix A. Though now in
storage at the locations cited in Sect. 1.4 and Appendix A,
these special fucls also may possibly require geologic
disposal.

Some commercial spent fuel in inventory will be
reinserted into reactors for further irradiation. However,
this amount is relatively smaill, and the schedules for
reinsertion are not always predictable. Therefore, for the
purposes of this report, all spent fuel is considered
permanently discharged from the reactors.

Historical inventories of LWR spent fuel have been
updated through December 31, 1992.) ‘The data reported
in this chapter include the inventories of spent fuel stored
at the WVDP, the MFRP, and the INEL sites in addition
to those stored at the various reactor sites. The map in
Fig. 1.1 shows the locations of existing and planned power
reactor sites and commercial LWR spent fuel storage
facilitics. A list of commercial reactors is given also in
report DOE/OSTI-8200-R56 (ref. 2).

Projections of nuclear capacity and spent fuel
discharges are given for the years 1993-2030 for two
forecast schedules, the DOE/EIA MNo-Mew-Orders-Case
and the DOE/EIA Lower-Reference-Case forecasts,
reporied in ref. 3. The No-New-Orders-Case forecast
projects installed capacity to increase from 93.9 GW(e) at
the end of 1992 to 1013 GW(e) by the year 2000,
ultimately decreasing to 4.7 GW(c) by 2030. The Lower-
Reference-Case forecast predicts that the instalied US.
commercial nuclear electrical generating capacity  will
increase from 989 GW(e) at the end of 1992 to
101.3 GW(e) by 2000 and to 118.8 GW(e) by 2030.

15

The reference scenarios considered for projecting
accumulated spent fuel assume a fuel cycle with no
reprocessing. Commercial spent fuel projections developed
for the DOE/EIA No New Orders Case and the DOE/ELA
Lower Reference Case are illustrated, along with historical
discharge data, in Figs. 1.2-1.5. Spent fuel discharge
projections for both schedules, in terms of annual mass
discharged and accumulated radioactivity, arc graphically
iliustrated in Figs. 1.2 and 1.3, respectively. A graph
showing the increase in the cumulative mass of discharged
spent fuel for the DOE/EIA No New Orders Case is
shown in Fig. 1.4. This plot also shows both the age and
mass disiribution for spent fuel from 1970 to 2030,
Figure 1.5 js a similar plot showing the increase in the
cumulative mass of discharged spent fuel for the DOE/EIA
Lower Reference Case.

DOE/EIA projections for both the No New Orders
Case and the Lower Reference Case assume that burnup
levels of discharged spent fuel will increase from their
current average levels of 28,806 and 36,446 MWdA/MTIHM
for BWR and PWR fuel, respectively, at the rate of about
0.6% per year for BWR fuel and about 1.5% per year for
PWR fuel. This increase in burnup is projected to occur
from 1992 to approximately 2022 for BWR fuel and from
1992 to 2013 for PWR fuel, at which times the equilibrium
cycle discharges will level out at values of roughly 42,000
and 53,000 MWI/MTIHM? for BWR and PWR fucl,
respectively. The final cycle discharges will be somewhat
lower because most of the final ¢ycle cores will not have
achieved the projected design burnups. Figure 1.6
graphically illustrates how the activity and thermal power of
BWR and PWR spent fuels vary with burnup and time
from discharge.*

1.2 COMMUERCTIAL SPENT FUEL

1.2.1 Inmventorics and projections

The total inventory of commercial LWR spent fuel in
storage at the WVDP site, the MFRP, INEL, and the
reactor sites as of December 31, 1992, amounted to
25,522 MTIHM. Of this total amount, 27 MTIHM arc in



storage at the WVIDP site,’ 674 MTIFIM are in stopage at
the MFRP,! and 43 MTIHM are in storage at INEL!
The remainder is stored at the reactor sites. These
inventories do not inchide the spent fuel reprocessed at the
WVDP site wher the facility was operated as a fuel
reprocessing piani. Additional information on WVDP
spent fuel inventories is given in Chapier 7, Table 7.9.
IDetails concerniing the spent fuel reprocessed at West
Vallcy may be obtained {rom rci. 6.

A BWR/PWR Ureakdown of the cleciric power
generating capacity for both the No-New-Orders-Case and
the Lower-Refercnce-Casc forecasts is given in ‘Table 1.1,
along with hisiorical recactor capacity data. Table 1.2 gives
the projected cumulative mass of commercial spent fuel
discharges associated with the DOLE/EIA capaciiy-growih
scenarics of Table 1.1. The historical and projected
buildaps of permanently discharged BWR and PWR spent
fuel mass, radioactivity, and thermal power are given for
the DOE/EIA No New Orders Case in Table 1.3 and for
the DOE/EIA Lower Reference Case in Table 1.4.
Projections of ihe number of permanently discharged
BWR and PWR spent fuel assembilies for the DOE/EIA
No New Crders Case and Lower Reference Case are given
in Tables 1.5 and 1.6, respectively.

The hisiorical and projected mass of spent fuel
discharged froin a one-of -2-kind reactor, the Fort St. Vrain
HTGR,’ is given in Table 1.7. All of the discharged fuel
from the Fort St. Vrajn reactor that has been shipped off-
site is located at the ICPF (see Table A.6 in Appendix A).
The Fort St. Vrain reactor was permanently shut down in
1989.

122 Characierization

Reference characteristics of BWR and PWR {uel
assemblics, obtaincd from refs. 8 and 2, were used for this
report. ‘Thesc characteristics are summarized in Table 1.8.
Fuel asserably siructural material masses and compaositions,
nonactinide fuel impurities, and other physical and
irradiation characteristics of LWR spent fuel are discussed
in ref. 10. More detailed jnformation on spent fuel
characteristics mav be found in ref. 11. 'The BWR aand
PWR spent fuel annually discharged has a broad range of
burnup levels, as illustrated in Tables 1.9 and 1.10,
respectively. The mass, radioactivity, and thermal power of
the nuclides coniained in all stored domestic commeicial
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LWR spent fuel as of December 31, 1992, are listed in
Table C.2 in Appendix C.

13 DBSPGSAL

Surface-based studies for the determination of the
suitabitity of Yucca Mountain, Nevada, as a geologic
repository continued,  In addition, in April 1993,
construction of the Exploratory Studies Facility was begun.
Completion, by drilling and blasting, of the first 5000-ft
section of tunnel is expected by the end of 1994, In May
1993, iD0F awarded a contract for the 25-ft-diam tunnel
boring machine, which is expected to begin the next
scctions of tunnel in the spring of 1994,

‘The Mutti-Purpose Canister Implemeitation Program
Conceptual Design Phase Report was published in
Sepitember 1993.
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Summary characteristics of current DOV spent {uel
inventorics not scheduled for reprocessing are given in
Table 1.11 (based on refs. 12-19). Projected ten-year
inventory increases reporied by a few sites to the DOE
Office of Speni Fuel Management and Special Projects
(DOE/EM-37) arc reported in Table 1.12 (based on
ref. 12).

For purposes of clarification, the quantities of spent
fuel reporied in Tables 1.11 and 1.12 include contributions
froro other fuels besides those permanently discharged
from production reactors. Spent fuels reporied in these
tables atso: include DOE-owned nuclear fuel that has been
withdrawn from or resides for storage in a nuciear reactor
following irradiation, the constituent elements of which
have not been separated by processing.  In addition to
intact fuel, reactor-irradiated fuel materials requiring
special handiing (e.g., defective fuel and special fuel forms)
are also considered spent fuel and are eligible for inclusion
in Tables 1.11 and 1.12. These tablcs also list some
commeicially generated fuels and fucls {rom joreign
reactors and university research reactors which are stored
at DOE sites. More detailed information on these special
fuels will be included in future updates of this repoit.

1. U.S. Departriient of Encrgy, Energy Information Administration, Nuciear Fuel Data Yorm RW-859, Washington, D.C.

(data as of December 31, 1992).

2. US. Depariment of Encrgy, Office of Scientific and Technical Tnformation, Nuclear Reactors Built, Being Built, or
Planned: 1992, DOE/OSTI-B200-156, Oak Ridge, Tennessee (August 1993).

3. US. Deparimeni of EZnergy, Energy Information Administration, World Nuclear Capacity and Fuel Cycle Requirements
1993, DOE/EIA-0436(93), Washington, D.C. (November 1953).
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NOS/OSTI-8200-F56 (Suppl.)

Hig. 1.1. Locations of existing and planued commercial reactors as of Decewsber 31, 1992, (Courtesy of U.S. Depsriraent of Enery

Office of Scientific and Techuical Information, Ouak Ridge, Tennessee. )

From Nuclear Reactors Built, Being Built,

(DOE/CSTI-6200-Fi56)

or Planned

81
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Fig. 1.2. Projected mass (MTTHM) of annual commercial spent fuel discharges for the DOE/EIA No
New Ordess and Lower Reference cases.

(o)
‘5 ORNL DWG 93-10792
g G e e e O R e B
5
%) we HIISTORICAL
o 70~ B ) )
. - - NO NEW ORDERS CASE
L
m 60~ LOWER REFERENCE CASE
; H
gj )
o 501
) .
ou et
> T . \
st 8 40 Ll [Pl
Zo et
52 Pl Tl
~ S
6 30 /“//H N
o o/
0O
= |
@ i
w20 i
>
=
2 of
p=3
8
O l{Il]|lllllJrLlll{ILJI%llll%lllli||11%11[[%1111%1111%11_L_L4

1970 1875 1980 1985 1990 1995 2000 20056 2010 2015 2020 2025 2030
END OF CALENDAR YEAR

Fig. 1.3. Projected cumulative radioactivity of commercial spent fuel discharges for the DOE/EIA No
New Orders and Lower Reference cases.
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Fig. 1.4 Projecied cumulative mass (MTIHM) of commercial speni ve] discharges for the DOHEIA
No Mew Orders Case.
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Fig. 1.5. Projocied cumulative mass (MTIHM) of commercial spent fuel discharges for the DOEEIA
Lower Referenee Case.
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Historical =md projected imstalled LMRE ealectric power gemarating capacity
for the DOE/FIA Wo New Orders amd Lower Heferamce cases

Historical capacity?

projected capacity®C:©

No New Orders Case

Lower Reference Case
projected capacity® 4

End of [CW(e)] End of [GH{e)) [GY(e)]
calendar e - calendar

year BWR PWR Total year BWR PWR Total BWR PWR Total
1960 0.1 0.2 0.3 1993 31.8 67.2 99.0 31.8 67.2 99.0
1961 0.1 0.2 0.3 1984 31.8 67.2 99.0 31.8 68.4 100.2
1862 0.1 0.2 0.4 1995 31.8 68.4 100.2 31.8 68.4 100.2
1963 0.1 0.2 0.4 1996 31.8 69.5 101.4 31.8 69.5 101.4
1964 0.1 0.2 0.4 1997 31.8 69.5 101.4 31.8 69.5 101.4
1965 0.1 0.2 0.4 1998 31.8 69.5 101.4 31.8 69.5 101.4
1966 0.1 0.2 0.4 1999 31.8 69.5 101.4 31.8 69.5 101.4
1967 0.1 1.3 1.4 2000 31.8 69.5 101.3 31.8 69.5 101.3
1968 0.2 1.2 1.4 2001 31.8 70.7 102.5 31.8 70.7 102.5
1869 0.8 1.7 2.6 2002 31.8 70.7 102.5 31.8 70.7 102.5
1970 2.9 2.9 5.8 2003 31.8 70.7 102.5 31.8 71.3 103.1
1971 4.3 3.7 8.0 2004 31.2 70.7 101.9 31.8 71.3 103.1
1972 7.0 6.5 13.5 2005 31.2 70.7 101.9 31.8 72.6 104.4
1973 8.1 14.1 22.1 2006 30.4 70.7 101.1 31.8 72.86 104. 4
1974 13.3 19.4 32.7 2007 30.4 68.1 98.5 31.8 72.6 104.4
1975 15.0 23.3 38.3 2008 28.3 65.7 94.0 31.8 72.6 104.4
1976 16.8 27.9 44.7 2009 27.7 64.2 91.9 30.6 72.86 103.2
1877 16.8 30.4 47.2 2010 2B6.5 62.0 88.5 28.8 72.6 102.4
1978 17.6 32.2 49.8 2011 25.8 652.0 87.7 29.7 75.9 105.86
1979 17.6 32.2 49.8 2012 23.0 61.2 84.2 29.5 77.7 107.2
1980 17.6 34.3 51.9 2013 22.0 52.0 74.0 29.5 76.8 106.3
1981 17.6 38.6 56.2 2014 17.3 47.2 64.5 25.8 77.7 103.5
1982 18.7 40.5 59.2 2015 17.3 46.3 63.7 27.0 81.0 108.0
1983 19.7 43.6 63.3 2016 15.5 41.9 57.4 27.1 78.3 105.4
1984 24.2 45.8 70.0 2017 15.5 39.2 54.7 28.8 77.5 106.2
1985 26.8 51.7 78.5 2018 14.7 37.4 52.2 27.9 79.4 107.3
1986 28.9 55.2 84.1 2019 14.7 37.4 52.2 29.1 80.9 110.0
1987 31.8 60.8 82.6 2020 14.7 34.3 49.0 30.6 82.2 112.8
1988 31.8 63.1 84.9 2021 14.7 31.2 45.9 30.8 82.7 113.3
1989 33.8 64.1 97.9 2022 11.5 30.3 41.8 31.8 83.2 115.0
1830 32.8 66.7 99.6 2023 9.4 28.4 37.7 33.4 83.4 116.7
1991 32.0 67.7 99.6 2024 7.3 22.6 29.9 31.1 85.0 116.2
1892 31.8 67.1 98.9 2025 5.3 19.1 24.4 31.4 84.4 115.8

2026 1.1 13.8 14.8 32.6 86.4 119.0

2027 1.1 8.2 9.3 31.8 86.9 118.7

2028 1.1 7.0 8.0 33.0 87.6 120.6

2029 0.0 5.8 5.8 33.1 86.7 11¢.8

2030 0.0 4.7 4.7 33.7 85.2 118.8

3Based on ref. 1.
bData from ref,
currently under construction will he canceled.
€The projections contained in this table show minor differences from those found in the publication
World Wuclear Capacity and Fuel Cycle Requirements 1993, DOE/EIA-0436(93).

3 update.

Assumes (1) that no new reactors will be ordered and

The differences are

attributable to the availability of updated data not available for this DOE/EIA report.

dpata from ref.

3 update.

Assumaes basically the same criteria as given in footnote "b",
case further assumss that any generating capacity lost due tn reactor shutdown will be replaced.

except the

(2) that a few units
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Table 1.2, Projected cumilative mass of commercial
spent fuel discharges for altersative
DOE/EIA scenarios

End of Cumulative spent fuel discharged, 103 MTIEM
calendar
year No New Orders Case Lower Reference Case
19922 25.89 25.9
1993b 28.3 28.3
1994 30.0 30.0
1995 32.4 32.4
1996 34.1 34.2
1997 36.1 36.1
1998 38.1 38.2
1999 40.0 40.0
2000 42.1 42.1
2001 44,2 44.2
2002 46.0 46.0
2003 48.0 48.0
2004 50.0 50.0
2005 51.8 51.8
2006 53.8 53.7
2007 55.9 55.7
2008 58.0 57.5
2009 59.8 58.6
2010 61.7 61.3
2011 63.5 63.5
2012 65.3 65.3
2013 67.5 67.7
2014 69.6 70.1
2015 70.8 71.9
20186 72.5 74.90
2017 73.5 76.0
2018 74.7 77.9
2019 75.7 79.7
2020 76.7 81.6
2021 77.7 83.6
2022 78.7 B5.4
2023 79.9 87.5
2024 81.0 89.8
2025 81.9 922.1
2026 83.1 93.9
2027 83.6 98.1
2028 83.8 98.4
2029 84.2 100.7
2030 84.3 103.0

@Reported historical data from ref. 1,

Ppata for years 1993-2030 from ref. 3 update. The
projections contained in this table show minor differences
from those found in the publication World Nuclear Capacity and
Fuel Cycle Requirements 1993, DOE/EIA-0436(93). The
differences are attributable to the availability of updated
data not available for this DOE/EIA report.
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Table 1.3. Historical and projected mass, radicactivity, and thermal power of
permasnently discharged spent fuel by reactox Lype
for the DOE/ETA Ho Hew Orders Case

Fod of Mass,2:b MTIEM Radioactivity, 106 ci Thermal power, 106 W
calendar
year Armual Cumulative Annual Cumulative Armual Cumulative

Boiling-water reactor

1968-1970 16 11 0.0
1971 64 80 190 197 0.7 0.8
1972 142 222 431 456 1.7 1.8
1973 85 317 349 441 1.4 1.7
1974 245 561 908 1,042 3.6 5.0
1975 226 787 920 1,218 3.7 4.7
1976 297 1,084 1,151 1,581 4.5 6.1
1977 383 1,467 1,566 2,129 6.2 8.2
1978 383 1,850 1,618 2,412 6.5 9.3
1979 400 2,250 1,734 2,728 7.1 10.5
1980 620 2,870 2,685 3,888 10.9 15.1
1981 459 3,329 2,014 3,664 8.2 14.0
1982 357 3,686 1,582 3,362 6.5 12.6
1983 491 4,177 2,218 4,015 9.1 15.1
1984 498 4,675 2,211 4,283 8.0 16.0
1985 515 5,190 2,246 4,519 8.2 16.7
1986 458 5,648 1,963 4,404 8.0 16.0
1987 699 6,347 2,919 5,411 11.7 19.8
1988 536 6,883 2,363 5,177 9.7 18.8
1988 715 7,598 3,090 6,038 12.6 22.1
1990 633 8,231 2,821 6,101 11.6 22.3
1991 588 8,819 2,696 6,186 11.1 22.5
1992 729 9,547 3,359 7,037 13.9 25.9
1993 700 10,300 3,400 7,500 14.1 27.5
1994 600 10,800 2,800 7,200 11.86 26.2
1995 800 11,700 4,000 8,600 16.9 31.9
1996 500 12,200 2,500 7,600 10.7 27.8
1997 700 12,900 3,200 8,300 13.7 30.5
1998 700 13,500 3,200 8,600 13.6 31.5
1999 600 14,100 2,900 8,500 12.2 31.0
2000 700 14,800 3,300 9,100 14.0 33.1
2001 800 15,600 3,900 10,000 16.7 36.9
2002 400 16,000 1,900 8,400 8.0 30.1
2003 800 16,800 3,800 10,000 16.2 36.8
2004 600 17,400 3,100 9,900 13.0 35.7
2005 500 18,000 2,700 9,600 11.5 34.5
2006 800 18,800 3,900 10,800 16.4 39.5
2007 600 19,300 2,700 10,100 11.5 36.6
2008 800 20,200 3,900 11,300 16.5 41.3
2009 600 20,800 3,100 11,000 13.3 39.7
2010 700 21,500 3,200 11,100 13.4 40.0
2031 600 22,100 3,100 11,100 12.9 39.8
2012 900 23,000 4,400 12,500 18.3 45.5
2013 500 23,500 2,400 11,100 10.3 39.5
2014 900 24,500 4,300 12,800 17.9 46.0
2015 400 24,800 1,900 10,800 8.0 37.9
2016 500 25,400 2,600 11,100 10.9 39.2
2017 300 25,700 1,400 10,000 6.1 34,5
2018 400 26,100 2,000 10,300 8.6 35.8
2019 300 26, 400 1,600 9,800 6.7 34.2
2020 300 26,700 1,500 9,600 6.4 33.5
2021 300 26,900 1,300 9,300 5.6 32.4
2022 500 27,500 2,500 10,400 10.3 36.6
2023 500 28,000 2,600 10,700 10.8 38.1
2024 400 28,400 1,700 10,000 7.0 35.3
2025 400 28,800 1,900 10,000 7.8 35.3
2026 500 29,300 2,300 10,400 9.1 36.6
2027 0 29,300 0 8,100 0.0 27.6
2028 0 29,400 200 7,700 1.0 26.0
2029 100 29,500 600 7,700 2.4 26.4
2030 0 29,500 0 7,000 0.0 23.6



Table 1.3 (continued)

End of Mass,®:P MTIHEM Radioactivity, 108 ci Thermal power, 108 W
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative

Pressurized-water reactor

1970 39 39 204 204 0.8 0.8
1971 44 83 247 296 1.0 1.2
1972 100 183 545 638 2.2 2.5
1973 67 250 374 571 1.5 2.2
1974 208 458 1,098 1,320 4.4 5.2
1975 322 780 1,683 2,008 6.7 8.2
1976 401 1,181 2,222 2,894 8.9 11.3
1977 467 1,648 2,660 3,677 10.8 14.5
1978 699 2,347 4,030 5,428 16.4 21.5
1979 721 3,068 4,185 6,254 17.1 24,7
1980 618 3,686 3,667 6,248 15,0 24.5
1981 676 4,362 4,025 6,887 16.5 26.¢
1982 640 5,002 3,797 7,037 15.6 27.2
1983 772 5,775 4,590 8,077 18.8 31.2
1984 842 6,616 4,078 8,943 20.4 344
1985 861 7,478 5,196 9,641 21.4 37.0
1986 1,001 8,478 5,969 10,908 24.5 41.8
1987 1,114 9,592 6,687 12,240 27.5 46.9
1988 1,125 10,717 6,865 13,132 28.3 50.3
1989 1,227 11,944 7,422 14,347 30.5 54.8
1990 1,532 13,476 9,405 17,026 38.9 65.5
1991 1,298 14,774 8,049 16,881 33.4 64.4
1992 1,601 16,375 10,032 19,374 41,7 74.3
1993 1,800 18,000 10,600 21,100 442 81.1
1994 1,200 19,200 7,500 19,100 31.3 72.3
1995 1,500 20,700 9,800 21,400 41.1 81.4
1996 1,300 21,900 8,300 20,800 34.8 78.7
1997 1,300 23,200 8,500 21,400 36.0 80.8
1998 1,300 24,600 8,800 22,200 37.2 83.7
1999 1,200 25,800 8,000 22,000 33.9 82.5
2000 1,400 27,300 9,400 23,700 39.8 89.72
2001 1,300 28,600 8,700 23,900 36.9 89.5
2002 1,400 30,000 9,300 25,000 39.4 93.7
2003 1,200 31,200 8,200 24,600 34.8 91.5
2004 1,300 32,500 8,700 25,300 36.8 94.2
2005 1,300 33,800 8,500 25,500 35.9 95.2
2006 1,200 35,000 7,700 25,200 33.0 93.7
2007 1,600 36,600 10,700 28,500 45.3 106.7
2008 1,300 37,9800 8,400 27,400 35.7 101.9
2009 1,300 39,100 8,500 27,600 36.3 102.8
2010 1,100 40,200 7,400 26,900 31.5 99.5
2011 1,200 41,400 7,800 27,400 33.8 101.6
2012 900 42,300 6,100 26,000 26.0 95.4
2013 1,700 44,000 11,000 30,700 46. 4 114.6
2014 1,200 45,200 8,000 29,200 34.1 108.2
2015 800 46,000 5,600 26,800 24.1 98.3
2016 1,100 47,100 7,600 28,300 32.4 104.4
2017 700 47,900 5,000 26,100 21.2 84.9
2018 800 48,600 5,200 25,800 22.4 93.9
2018 600 49,300 4,300 24,700 18.6 89.5
2020 700 50,000 4,800 24,900 20.5 90.2
2021 800 50,800 5,200 25,200 22.2 81.7
2022 500 51,200 3,100 23,300 13.4 83.4
2023 600 51,800 4,000 23,500 17.1 84.6
2024 800 52,600 4,900 24,300 20.86 88.0
2025 500 53,100 3,500 23,000 14.5 82.6
2026 600 53,700 3,900 23,000 16.2 82.8
2027 500 54,300 3,300 22,300 13.7 79.7
2028 200 54,500 1,500 20,000 6.0 70.8
2029 200 54,700 1,400 19,100 5.8 67.4
2030 100 54,800 900 18,000 3.5 63.3
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Table 1.3 (cuutimued)

End of Mass,a-b MTIHM Radicactivity, 108 ci Thermal power, 106 w

calendar
year Annual Cumizlative Annual Cumulative Annual Cwnulative

Tot.al

1968~1970 55 215 0.8
1971 108 163 438 492 1.7 1.9
1972 241 405 976 1,104 3.9 4.3
1973 162 567 724 1,013 2.9 3.9
1974 452 1,019 2,006 2,363 7.9 9.2
1975 547 1,567 2,603 3,318 10.3 12.9
1976 698 2,265 3,373 4,475 13.4 17.4
1977 850 3,115 4,225 5,806 17.0 22.6
1978 1,082 4,197 5,648 7,840 22.9 30.8
1979 1,121 5,318 5,920 8,982 24,1 35.2
1980 1,238 6,556 6,351 10,136 26.0 39.6
1981 1,135 7,691 6,039 10,551 24,7 40,9
1982 998 8,688 5,379 10,399 22.0 39.8
1983 1,264 9,952 6,808 12,092 27.9 46.3
1984 1,340 11,292 7,188 13,226 29.4 50.4
1985 1,376 12,667 7,442 14,160 30.6 53.8
1986 1,459 14,126 7,931 15,313 32.5 57.9
1987 1,813 15,940 9,606 17,651 39.2 66.8
1988 1,661 17,800 9,229 18,310 38.0 69.1
1989 1,942 19,542 10,512 20,385 43.1 76.9
1990 2,165 21,707 12,225 23,126 50.4 87.8
1991 1,886 23,592 10,745 23,067 44.5 87.0
1992 2,330 25,922 13,391 26,410 55.6 100.2
1993 2,400 28,300 13,900 28,500 58.3 108.8
1994 1,700 30,000 10,200 26,300 42.9 98.6
1995 2,300 32,400 13,800 29,900 58.0 113.3
1996 1,800 34,100 10,800 28,500 45.5 106.8
1997 2,000 36,100 11,800 29,800 49.7 111.3
1998 2,000 38,100 12,100 30,800 50.8 115.3
1999 1,800 40,000 10,800 30,600 46.1 113.5
2000 2,100 42,100 12,700 32,800 53.6 122.3
2001 2,100 44,200 12,700 33,900 53.5 126.4
2002 1,800 46,000 11,200 33,400 47 .4 123.7
2003 2,000 48,000 12,000 34,500 51.0 128.3
2004 2,000 50,000 11,800 35,100 49.8 130.0
2005 1,800 51,800 11,200 35,100 47.4 129.7
2006 2,000 53,800 11,600 36,100 49. 4 133.2
2007 2,200 55,900 13,500 38,600 56.9 143.3
2008 2,100 58,000 12,400 38,700 52.3 143.1
2009 1,900 59,900 11,600 38,600 49.6 142.5
2010 1,800 61,700 10,600 38,000 44 .9 139.5
2011 1,800 63,500 10,900 38,500 46.6 141.4
2012 1,800 65,300 10,400 38,50CC 44 .3 140.9
2013 2,200 67,500 13,500 41,800 56.7 154.1
2014 2,100 69,600 12,400 41,900 52.0 154.2
2015 1,200 70,800 7,500 37,600 32.0 136.2
2016 1,700 72,500 10,200 39,400 43.3 143.6
2017 1,000 73,500 6,400 36,100 27 .4 129.6
2018 1,200 74,700 7,300 36,100 31.0 129.7
2019 900 75,700 5,900 34,600 25.4 123.7
2020 1,000 76,700 6,300 34,500 26.9 123.6
2021 1,000 77,700 6,500 34,600 27.7 124.0
2022 1,000 78,700 5,600 33,500 23.86 120.0
2023 1,100 79,900 6,600 34,200 27.8 122.7
2024 1,100 81,000 6,700 34,300 27.6 123.3
2025 800 81,900 5,300 33,000 22.3 117.8
2026 1,100 83,100 6,200 33,400 25.4 119.3
2027 500 83,600 3,300 30,400 13.7 107.3
2028 300 83,900 1,700 27,760 7.0 6.8
2029 300 84,200 2,000 26,900 8.2 93.8
2030 100 84,300 900 25,000 3.5 B6.8

2Ref. 1 (1968-1992).
bRef. 3 (1893--2030). Assumes no future reprocessing.
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Table 1.4. Historical and projected mass, radioactivity, and thermal power of
permenently discharged spent fuel by reactor type
for the DOE/EIA Lower Befersnce Case

End of Mass,arb MTIoM Radioactivity, 105 ci Thermal power, 106 w
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative

Boiling—water reactor

1968-1970 18 11 0.0
1971 64 a0 190 197 0.7 0.8
1972 142 222 431 466 1.7 1.8
1973 95 317 349 441 1.4 1.7
1974 245 561 908 1,042 3.6 4.0
1975 226 787 920 1,218 3.7 4.7
1976 297 1,084 1,151 1,581 4.5 6.1
1977 383 1,467 1,566 2,128 6.2 8.2
1978 383 1,850 1,618 2,412 6.5 9.3
1979 400 2,250 1,734 2,728 7.1 10.5
1980 620 2,870 2,685 3,888 10.9 15.1
1981 459 3,329 2,014 3,564 8.2 14.0
1982 as7? 3,686 1,582 3,362 6.5 12.6
1983 491 4,177 2,218 4,015 9.1 15.1
1984 498 4,675 2,211 4,283 8.0 16.0
1985 515 5,180 2,246 4,519 9.2 16.7
1986 458 5,648 1,963 4,404 8.0 16.0
1987 699 6,347 2,919 5,411 11.7 19.8
1988 536 6,883 2,363 5,177 9.7 18.8
1989 715 7,598 3,000 6,038 12.6 22.1
1930 633 3,231 2,821 6,101 11.6 22.3
1991 588 8,819 2,696 6,186 11.1 22.5
1992 729 9,547 3,359 7,037 13.9 25.9
1993 700 10,300 3,400 7,500 14.1 27.5
1994 600 10,3800 2,800 7,200 11.6 26.2
1995 800 11,700 4,000 8,600 16.9 31.9
1996 500 12,200 2,500 7,600 10.7 27.8
1997 700 12,900 3,200 8,300 13.7 30.5
1998 700 13,500 3,200 8,600 13.6 31.5
1999 600 14,100 2,900 8,500 12.2 31.0
2000 700 14,800 3,300 9,100 14.0 33.1
2001 800 15,600 3,900 10,000 15.7 36.9
2002 400 16,000 1,900 8,400 8.0 30.1
2003 800 16,800 3,800 10,000 16.2 36.8
2004 §00 17,400 2,800 9,600 12.0 34.7
2005 500 17,900 2,700 8,500 11.5 34.3
2008 700 18,600 3,400 10,300 14.7 37.8
2007 600 19,200 3,000 10,200 12.6 37.0
2008 600 19,800 3,000 10, 400 12.8 37.5
2009 900 20,700 4,200 11,700 17.6 42.8
2010 600 21,300 2,800 10,800 11.8 39.1
2011 900 22,100 4,200 12,100 17.5 442
2012 800 22,900 3,600 12,100 15.1 43.7
2013 800 23,700 3,600 12,200 15.0 44.1
2014 1,100 24,700 5,100 13,800 21.0 50.5
2015 600 25,300 2,600 12,000 11.0 42.8
20186 600 25,900 2,800 11,900 11.7 42.1
2017 600 26,500 2,800 11,800 11.7 41.7
2018 600 27,100 3,100 12,100 13.0 43.1
2019 500 27,700 2,800 11,900 11.7 42.3
2020 600 28,300 2,900 12,000 12.2 43.0
2021 500 28,800 2,600 11,900 10.9 42.2
2022 600 29,400 2,800 12,100 12.0 43.3
2023 500 30,000 3,100 12,500 13.3 45.0
2024 900 30,900 4,200 13,700 17.5 50.2
2025 800 31,700 3,800 13,800 16.0 50.6
2026 600 32,200 2,800 13,100 11.8 47.3
2027 700 32,900 3,400 13,600 14.2 49.2
2028 800 33,700 3,900 14,200 16.6 52.1
2029 700 34,400 3,300 14,000 14.0 S1.0
2030 800 35,200 3,900 14,600 16.5 53.5



Table 1.4 (comtinued)

End of Mass, 2. P MTIHM Radioactivity, 108 Ci Thermal power, 106 W
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative

Fressurized-water reactor

1970 39 39 204 204 0.8 0.8
1971 44 83 247 296 1.0 1.2
1972 100 183 545 638 2.2 2.5
1973 67 250 374 571 1.5 2.2
1974 208 458 1,098 1,320 4.4 5.2
1975 322 780 1,683 2,098 6.7 8.2
1976 401 1,181 2,222 2,894 8.9 11.3
1977 467 1,648 2,660 3,677 10.8 14.5
1978 699 2,347 4,030 5,428 16.4 21.5
1979 721 3,068 4,185 6,254 17.1 24.7
1988 618 3,686 3,667 6,248 15.0 24.5
1081 676 4,362 4,025 6,887 16.5 26.9
1982 640 5,002 3,797 7,037 15.6 27.2
1983 772 5,775 4,590 8,077 18.8 31.2
1984 842 6,616 4,978 8,943 20.4 34.4
1985 861 7,478 5,196 9,641 21.4 37.0
1986 1,001 8,478 5,959 10,909 24.5 41.8
1987 1,114 9,592 6,687 12,240 27.5 46.9
1988 1,125 10,717 6,865 13,132 28.3 50.3
1982 1,227 11,944 7,422 14,347 30.5 54.8
1890 1,532 13,476 9,405 17,026 38.9 65.5
1991 1,298 14,774 8,049 16,881 33.4 64.4
1092 1,601 16,375 10,032 19,374 41.7 74.3
1993 1,600 18,000 10,600 21,100 44.2 81.1
1994 1,200 19,200 7,500 19,100 31.3 72.3
1995 1,500 20,700 9,800 21,400 41.1 81.4
1996 1,300 22,000 8,400 21,000 35.5 79.4
1997 1,300 23,200 8,400 21,300 35.3 80.3
1998 1,400 24,600 9,000 22,400 38.0 84.5
1999 1,200 25,900 8,000 22,100 33.9 82.8
2000 1,400 27,300 9,200 23,600 38.8 88.5
2002, 1,300 28,600 8,900 24,000 37.7 90.2
2002 1,400 30,000 9,300 25,000 39.4 93.9
2003 1,200 31,200 8,000 24,400 33.9 90.8
2004 1,400 32,600 9,000 25,500 38.1 95.3
2005 1,300 33,900 8,600 25,700 36.3 95.9
2006 1,200 35,000 7,800 25,400 33.1 94,1
2007 1,400 36,500 9,600 27,300 40.7 102.3
2008 1,200 37,700 8,200 26,900 35.1 100.2
2009 1,200 38,900 8,000 27,000 34.4 100.5
2010 1,100 40,000 7,600 26,900 32.9 100.1
2011 1,300 41,300 8,900 28,400 38.5 106.6
2012 1,100 42,400 7,400 27,700 31.6 103.0
2013 1,600 44,000 10,800 31,100 45.9 117.0
2014 1,400 45,400 9,300 30,800 39.4 115.7
2015 1,200 46,600 8,300 30,300 35.6 113.3
2016 1,500 48,100 10,200 32,300 43.4 121.5
2017 1,400 49,500 9,200 32,200 39.2 120.7
2018 1,200 50,700 8,300 31,600 35.6 118.3
2019 1,300 52,000 8,600 32,000 37.2 120.2
2020 1,300 53,300 8,900 32,700 37.9 122.5
2021 1,500 54,800 10,000 34,200 42.9 128.9
2022 1,200 56,000 8,200 33,200 35.0 124.1
2023 1,400 57,500 9,800 34,700 41.8 130.6
2024 1,500 58,900 9,800 35,400 42.2 133.7
2025 1,500 60,400 10,200 36,300 43,6 137.4
2026 1,300 61,700 8,500 35,300 36.7 133.1
2027 1,500 63,200 10,400 37,200 44 .6 140.8
2028 1,500 64,700 10, 400 37,900 44 4 143.7
2029 1,500 66,300 10, 400 38,500 44.3 145.9
2030 1,500 67,800 10,200 38,800 43 .4 146.7
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Table 1.4 (continued)

End of Mass, 2P MTTHM Radioactivity, 108 Ci Thermal power, 10% W

calendar
year Annual Cumulative Annual Cumulative Annual Cumulative

Total

1968-1970 55 215 0.8
1971 108 163 438 492 1.7 1.9
1972 241 405 976 1,104 3.9 4.3
1973 162 567 724 1,013 2.9 3.9
1974 452 1,019 2,006 2,363 7.9 9.2
1975 547 1,567 2,603 3,318 10.3 12.8
1976 698 2,265 3,373 4,475 13.4 17 .4
1977 850 3,115 4,225 5,808 17.0 22.6
1978 1,082 4,197 5,648 7,840 22.9 30.8
1979 1,121 5,318 5,920 8,982 24.1 35,2
1980 1,238 6,556 6,351 10,136 26.0 39.6
1981 1,135 7,691 6,039 10,551 24.7 40.9
1982 998 8,688 5,379 14,399 22.0 39.8
1983 1,264 9,852 6,808 12,092 27.9 46.3
1984 1,340 11,292 7,188 13,226 29.4 50.4
1985 1,376 12,667 7,442 14,160 30.6 53.8
1986 1,458 14,126 7,831 15,313 32.5 57.9
1987 1,813 15,940 9,508 17,651 39.2 66.8
1988 1,661 17,800 9,229 18,310 38.0 69.1
1989 1,942 19,542 10,512 20,385 43.1 76.9
1990 2,165 21,707 12,225 23,126 50.4 87.8
1991 1,886 23,592 10,745 23,067 44 .5 87.0
1992 2,330 25,922 13,381 26,410 55.6 100,2
1993 2,400 28,300 13,900 28,500 58.3 108.6
1994 1,700 30,000 10,200 26,300 42.9 98.6
1995 2,300 32,400 13,800 29,900 58.0 113.3
1996 1,800 34,200 11,000 28,600 46,2 107.3
1997 1,800 36,100 11,600 29,600 49.0 110.8
1998 2,100 38,200 12,300 31,000 51.6 116.0
1999 1,800 40,000 10,900 30,600 4€.1 113.7
2000 2,100 42,100 12,500 32,600 52.7 121.6
2001 2,200 44,200 12,900 34,000 54 .4 127.1
2002 1,800 46,000 11,200 33,400 47 .4 123.9
2003 2,000 48,000 11,800 34,400 50.1 127.5
2004 1,900 50,000 11,800 35,100 50.1 130.0
2005 1,800 51,800 11,300 35,200 47.8 130.2
2006 1,800 53,700 11,200 35,700 47 .8 131.8
2007 2,000 55,700 12,500 37,500 53.3 139.2
2008 1,800 57,500 11,200 37,200 7.8 137.7
2009 2,000 59,600 12,200 38,700 52.0 143.3
2010 1,700 61,300 10,500 37,800 &4 .7 139.2
2011 2,200 63,500 13,100 40,600 56.0 150.9
2012 1,900 65,300 11,000 39,700 46.8 146.7
2013 2,400 67,700 14,400 43,300 50.8 1561.1
2014 2,500 70,100 14,300 44,700 60.3 186.2
2015 1,800 71,900 11,000 42,300 46.6 156.1
2016 2,100 74,000 13,000 44,200 55.1 163.6
2017 1,900 76,000 12,000 44,000 50.9 162.4
2018 1,800 77,800 11,400 43,800 48.7 161.4
2019 1,800 79,700 11,400 44,000 48.9 182.5
2020 1,800 81,600 11,700 44,700 50.1 165.5
2021 2,000 83,600 12,600 45,100 53.8 171.1
2022 1,800 85,400 11,000 45,300 47.0 167 .4
2023 2,100 87,500 12,900 47,200 55,1 175.6
2024 2,300 89, 800 14,000 49,200 59.6 183.9
2025 2,300 92,100 13,900 50,200 59.5 188.0
2026 1,800 93,900 11,300 48,400 48,6 180.4
2027 2,300 96,100 13,800 50,800 58.8 190.0
2028 2,300 88,400 14,200 52,100 61.0 195.7
2029 2,200 100,700 13,700 52,500 58.4 196.9
2030 2,300 103,000 14,100 53,400 59.8 200.3

ARef. 1 (1968-1992).
bRef. 3 (1893-2030). Assumes no future reprocessing.



Table 1.5. Projected number of permanzntly discharged LWR spent fael
asselies for the DOESEIA Ho Now Ordexrs Case

End of BWR PHR Total
calendar
year Annual Cunulative Annual Cumialative Annual Cumulative
19922 4,024 52,587 3,713 38,274 7,737 90,871
1993b 4,000 56,600 3,800 42,000 7,800 98,700
1994 3,200 59,900 2,700 44,700 5,900 104,600
1995 4,700 64,600 3,500 48,200 8,200 112,800
1986 2,900 67,500 2,900 51,100 5,900 118,600
1997 3,800 71,300 3,000 54,200 6,800 125,500
19398 3,800 75,100 3,100 57,300 6,900 132,400
1999 3,400 78,500 2,900 60,100 6,200 138,600
2000 3,900 82,400 3,300 63,400 7,200 145,800
2001 4,600 87,000 3,100 66,500 7,700 153,500
2002 2,200 89,200 3,300 69,800 5,500 159,000
2003 4,500 93,700 2,800 72,700 7,300 166, 400
2004 3,700 97,400 3,100 75,700 6,700 173,100
2005 3,100 100, 500 2,800 78,700 6,100 179,200
2006 4,600 105, 100 2,700 81,400 7,300 186,500
2007 3,200 108,300 3,800 85,200 7,000 193,400
2008 4,700 113,000 3,000 88,100 7,700 201,100
2009 3,700 116,600 2,900 91,000 6,600 207,700
2010 3,800 120,500 2,500 93,600 6,400 214,100
2011 3,700 124,100 2,700 96,300 6,400 220,400
2012 5,300 129,400 2,000 98,300 7,300 227,700
2013 2,800 132,200 3,900 102,200 6,700 234,400
2014 5,200 137,400 2,800 105,000 8,000 242,400
2015 2,100 138,600 1,800 106,900 4,000 246,400
2016 3,000 142,600 2,600 109,500 5,600 252,000
2017 1,600 144,200 1,700 111,100 3,300 255,300
2018 2,300 146,500 1,800 112,900 4,100 258,400
2019 1,800 148,300 1,400 114,400 3,200 262,600
2020 1,700 150,000 1,800 116,000 3,300 266,000
2021 1,500 151,500 1,700 117,700 3,200 269,200
2022 3,100 154,600 1,100 118,800 4,200 273,400
2023 3,000 157,600 1,400 120,200 4,400 277,800
2024 2,200 159,800 1,800 122,000 3,900 281,700
2025 2,200 162,000 1,200 123,200 3,400 285,200
2026 2,900 164,900 1,400 124,800 4,300 289,500
2027 0 164,900 1,200 125,800 1,200 290,700
2028 300 165,100 500 126,200 700 291,400
2029 800 165,900 500 126,700 1,200 292,600
2030 0 165,900 300 127,000 300 292,900

3Reported historical data (ref. 1).

bData for years 1993-2030 are based on 101.,3 GW{(eg) installed in the year 2000 and
4.7 GH(e) installed in the year 2030 (ref. 3). Number of projected fuel assemblies
reported has been rounded to the nearest 100.
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Table 1.6. Projected mwmber of permanently discharged IMR spent fuel
assemblies for the DOEJEIA Lower Beference Case

End of BWR PWR Total
calendar
year Annual Cumulative Annual Cugnulative Annual Cumulative
19922 4,024 52,597 3,713 38,274 7,737 80,871
1993b 4,000 56,600 3,800 42,000 7,800 28,700
1894 3,200 59,000 2,700 44,700 5,900 104,600
1995 4,700 64,600 3,500 48,200 8,200 112,800
1996 2,800 67,500 3,000 51,200 5,900 118,700
1997 3,800 71,300 3,000 54,200 6,800 125,500
1998 3,800 75,100 3,200 57,300 7,000 132,500
1999 3,400 78,500 2,800 60,200 6,200 138,700
2000 3,900 82,400 3,200 63, 400 7,200 145,800
2001 4,600 87,000 3,100 66,600 7,800 153,600
2002 2,200 89,200 3,300 €9,900 5,500 159,100
2003 4,500 93,700 2,800 72,700 7,300 166,400
2004 3,300 97,000 3,200 75,3800 6,500 172,900
2005 3,100 100,100 3,000 78,800 6,100 179,000
2006 4,000 104,100 2,700 81,500 6,700 185,700
20607 3,400 167,600 3,300 84,800 6,700 192,400
2008 3,500 111,100 2,800 87,700 6,300 198,700
2009 5,000 116,000 2,700 90,400 7,700 206,400
2010 3,400 119,400 2,800 93,000 6,000 212,400
2011 5,000 124,400 3,100 296,000 8,100 220,500
2012 4,300 128,700 2,500 93,600 6,800 227,300
2013 4,300 133,000 3,700 102,300 8,000 235,300
2014 6,100 139,100 3,200 105,500 9,300 244,800
2015 3,100 142,200 2,800 108,400 6,000 250,600
2018 3,400 145,600 3,500 111,800 6,800 257,400
2017 3,300 148,900 3,100 115,000 6,400 263,900
2018 3,600 152,500 2,900 117,800 6,500 270,400
2019 3,300 155,800 2,900 120,700 6,200 276,500
2020 3,300 159,100 3,000 123,800 6,300 282,800
2021 3,000 162,100 3,400 127,100 6,400 289,200
2022 3,300 165,400 2,800 120,000 6,100 285,300
2023 3,500 168,900 3,400 133,300 6,800 302,200
2024 4,900 173,700 3,400 136,700 8,200 310,400
2025 4,400 178,100 3,400 140,100 7,800 318,200
2028 3,100 181,200 2,900 143,000 6,000 324,200
2027 4,100 185,300 3,500 146,500 7,600 331,800
2028 4,400 189,700 3,500 150,000 7,800 338,700
2029 3,800 183,600 3,500 153,500 7,400 347,100
2030 4,500 198,100 3,500 157,100 8,000 355,100

AReported historical data (ref. 1).

bpata for years 1993-2030 are based on 101.3 GW(s) installed in the year 2000 and
118.8 GW(e) installed in the year 2030 (ref. 3). Number of projected fuel assemblies
reported has been rounded to the nearest 100.
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Table 1.7. Spent fuel discharges frcm the Fort St. Vraim BTGR?2

Number of fuel assemblies Mass of fuel discharged
End of discharged (MTIEM?
calendar
year Annual Cumulative Annual Cumulative
1979 246 246 2.80 2.80
1980 0 246 0.00 2.80
1981 240 486 2.77 5.57
1982 0 486 0.00 5.57
1983 0 486 0.00 5.57
1084 240 726 2.85 8.42
1985 0 726 0.00 8.42
1986 0 726 0.00 8.42
1987 0 726 0.00 8.42
1988 0 726¢ 0.00 8.42
19894, e 128 852 1.32 9.74
19904 332 1,184 3.49 13.23
1991 42 1,226 0.48 13.71
19928 982 2,208 10.29 24.00
1993-19980 0 2,208 0 24.00

28Based on ref, 7. Discharges identified in this table are thase wade
directly from the reactor,

brais refueling replaced 240 standard fuel elements and 6 fuel test
elements.

€A1l spent fuel discharged prior to December 31, 1988, is located at
the ICPP (see Table A.6 of Appendix A).

dfyel removed from the reactor in 1989 and 1990 was temporarily stored
in on-site storage wells.

®Power operations effectively ceased on August 18, 1989.

I1n 19921, 18 of the discharged spent fuel elements were sent to ICPP,
18 elements were transferred to an on-site independent. spent fuel storage
installation (ISFSI), and 6 elements were temporarily stored in on-site
storage wells.

8A11 spent fuel elements have been discharged from the reactor and
transferred to the ISFSI. All spent fuel elements in temporary on-site
storage wells have been relocated to the ISFSI.

During this period, Public Service Company of Colorado plans to ship
the 1,464 elements currently in the ISFSI to ICPP. However, legal issues
have not been fully resolved.
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Table 1.8. IDB refersmce characteristics
of LWR fuel assemblies

Characteristics BWR2 PWRD
Overall assembly length, m 4,470 4.059
Cross section, cm 13.9 X 13.9 21,4 X 21.4
Fuel rod length, m 4.0684 3.851
Active fuel height, m 3.759 3.858
Fuel rod outer diameter, cm 1.252 0.950
Fuel rod array 8 x8 17 X 17
Fuel rods per assembly 63 264
Assembly total weight, kg 319.9 657.9
Uranium/assembly, kg 183.3 461.4
U0y /assembly, kg 208.0 523.4
Zircaloy/assembly, kg 103.3¢ 108.49
Hardware/assembly, kg 8.6° 28.1f
Total metal/assembly, kg 111.9 134.5
Nominal volume/assembly, m> 0.08648 0.1865

ARef. B.
bRret. a.

CIncludes Zircaloy fuel-rod spacers and fuel chammel.

dIncludes Zircaloy control~rod guide thimbles.

®Includes stainless steel tie-plates, Inconel springs, and
plenum springs.

fIncludes stainless steel nozzles and Inconel-718 grids.

EBased on overall outside dimension. Includes spacing
between the stacked fuel rods of an assembly.



Table 1.8. Historical mass of compercial BWR spent fuel discharged at various ranges of lmrnupa'b

Annval mass of discharged spent fuel for various burnup ranges, MTIEM Total annual

End of mass over all

calendar 0- 5,000~ 10,000~ 15,000~ 29,000~ 25,000~ 30,000- 25,900~ 40,060~ burnup ranges
year 4,939°¢ 9,999 14,999 18,599 24,999 29,959 34,998 39,999 44,598 {MTIBEM)
1968 G.6 0.8
1969 1.2 1.0 7.3 0.2 0.1 9.8
197¢ .6 5.8
1971 41,5 5.1 2.8 9.0 1.8 54.0
1972 97.¢ 12.1 27.6 5.9 i41.5
1973 9.7 18.5 30.9 35.4 1.5 0.1 95.1
1974 78.4 117.7 44.7 3.8 264 .56
1975 0.3 1.7 52.0 136.4 25.3 225.6
1976 0.9 67.1 108.7 118.4 2,3 297.4
1977 48.9 40.3 235.0 58.9 0.7 382.3
1978 6.3 32.4 13.1 84.2 232.0 15.2 383.2
1979 18.8 108.7 148.2 125.1 0.3 389.8
1880 14.0 0.4 3.8 93.3 413.3 87.8 10.7 69,9
1881 0.2 8.2 58.1 285.4 133.3 ¢.7 c.7 458.7
1982 0.2 4.8 25.6 138.5 173.5 13.8 c.5 G.4 357.2
1683 0.9 2.8 113.5 337.8 35.7 G.4 491.3
1584 7.8 43.0 0.3 136.2 238.5 70.8 9.4 498.0
1885 16.9 42.5 18.3 35.8 63.2 297 .4 10.2 0.2 514.8
1986 50.8 32.4 42.5 86.6 43.1 180.7 41.7 0.4 458.2
1987 133.5 36.1 58.8 45.8 24,7 352.4 42.9 0.4 699.4
1988 17.0 24.5 1.8 42.9 168.3 192.4 88.7 535.56
1989 30.9 8.9 §5.3 71.8 1983.2 227.7 85.5 3.8 714.9
1989 i7.0 34,0 67.8 106.2 247.5 158.9 1.8 632.8
1961 i7.38 24.5 7.2 24,90 215.0 287.2 12.1 588.0
1882 7.8 86.1 85.1 83.9 362.7 103.4 728.7

2Based on ref, 1,
Ppoes not include commercial spent fuel reprocessed at WVDP.
®Burnup range is given in units of MWd/MTIHEM,



Table 1.10. Historical mass of cowmercial PWR spent fuel discharged at various ranges of burnupa'b

Annual mass of discharged spent fuel for various burnup ranges, MITIHM 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 4,990¢ 9,889 14,9983 19,889 24,889 29,988 34,8939 39,588 44,9938 49,099 54,988 59,8988 (MTIHM)
1970 1.7 37.3 39.0
1971 4.8 6.2 33.7 44 .5
1872 1.9 29.3 27.8 8.9 22.1 99.9
1973 26.2 33.3 7.8 67.1
1974 7.4 1.5 86.4 13.8 40.5 57.2 1.1 207.7
1975 2.7 42.6 85.0 53.6 79.4 25.3 23.1 321.8
1976 5.8 194.2 82.4 83.3 55.4 401.0
1977 2.8 108.2 113.1 140.3 87.1 15.4 466.9
1978 1.4 47.9 89.8 39.1 336.9 123.1 60.4 0.4 698.¢0
1878 30.86 109.4 54,0 232.3 234.3 50.1 g.5 721.2
1980 0.4 66.8 241.8 280.8 26.3 2.0 618.1
1981 17.2 1.8 25.8 228.5 351.1 50.1 1.3 §75.8
1982 1.8 81.1 80.4 61.4 292.0 118.3 2.7 0.4 1.3 0.9 640.4
1983 5.5 4.0 80.6 44 2 188.9 331.8 131.4 5.4 0.5 772.2
1684 58.0 45,2 58.3 198.4 374.8 104.8 4.1 841,7
198s 49.90 13.6 217.0 317.8 238.4 24,1 2.4 861.3
1988 0.8 27.8 132.0 19.3 18¢.2 335.4 268.0 35.0 1.3 1.3 1,000.9
1987 27.2 78.1 53.4 175.7 411.8 315.8 51.8 1,113.8
1988 83.8 15.0 139.2 348.6 427 . & 103.2 4.6 0.4 2.0 1,125.2
1988 48.0 91.4 68.6 112.1 288.7 415.0 189.3 15.2 0.4 1,228.7
1980 24.90 85.2 24.0 127.5 388.0 616.4 249.4 7.0 0.3 1,531.9
1891 8.2 53.2 1.4 79.4 80.5 159.4 609.9 257.1 64.2 3.4 1,287.7
1992 19.8 14.8 43.7 15.90 111.8 304,1 453,0 505.9 118.0 14,8 1,601.0

35ased on ref. 1.
bpoes not include commercial spent fuel reprocessed at WVDP.
CBurnup range is given in units of MWd/MTIHM.



Table 1.11. Suwsmwary imventory characteristics of DOE spent fuel not scheduled for reprocessing?

Spent fuel mass

; itd .
Site Spent fuel source/type Number/type of fuel Initial Discharged
components Total heavy
o heavy metal
(t) metal (MTEM)
(MTIEM) o
ANL-E Hot cell experiment samples Fuel pins, pleces, and pelilets b b 0.080
Research resactor targets o) b C.001
ANL~E mass total b b 0.081
ANL-W Experimental Breeder Reactor {(EBR) II B85 assemblies; 36 partial b b 17.500
fuel assemblies
Hot Fuel Examination Facility Research 2,047 elements and subassemblies b b 1.000
Reactor fuel
Neutron Radiography Research Reactor 116 elements b b 0.001
fuel
Radioactive Scrap and Waste Facility 15,000 elements and subassemblies b b 7.000
reactor fuel
Transient Reactor Test Facility fuel 390 assemblies b b 0.014
Zero Power Physics Reactor fuel 55,600 rods and plates b b o]
ANL-W mass total b b >25,535
BNL Erookhaven Medical Research Reactor fuel 4 elements b b 0.001
Bigh Flux Beam Reactor fuel 829 elements b b 0.316
BNL mass total b b 0.317
Gad Hot cell fuel samples Fuel pins, pieces, and pellsts b b 0.004
HANF® PNL fuel
® Full commercial assemblies 7 assemblies b b 2,400
® Sectioned commercial rods and b b b 0.012
assemblies
* Research reactor fuel pieces b b b 0.025
Fast Flux Test Facility fuelf 328 assemblies b b 13.000
N-Reactor production fuel 102,680 assemblies b b 2,113,300
] Shippingport fusl (T-Plant Basin) 72 assemblies b b 16.400
Single Pass Reactor production fueil 964 assemblies o 3.4 3.300
i (other production reactors)
TRIGA Research Reactor fuel 101 assemblies b k] C¢.020

9¢



Table 1.11 (continued)

Spent fuel mass

Site Spent fuel source/type Numbex /type qf fuel Initial Discharged
components Total heavy N
eavy metal
(t}) metal (MTHEM)
(MTIHEM)
HANF® 200-West Area Burial Ground fusl 90 fuel pieces b b 0.650
{contd.) (from commercial reactors, FFTF, and
TRIGA reactor)
HANF mass total 2,149,107
INEL Advanced Test Reactor fuel elements and b b b 0.100
experimental debris
Fort St. Vrain HTIGR fuel 744 assemblies b 8.9 8.9
Fuel Element Cutting Facility 2 elements b b b
Irradiated Fuel Storage Facility b b b 0.500
commercial graphite fuel
Materials Test Reactor commercial fuel 107 canisters b b 0.260
and scrap
Naval Reactors Expended Core Facility b b b 3.500
(naval fuel)
Power Burst Facility reactor fuel b b b 0.562
Reactivity Measurements Facility fuel b b b D.230
Test Area North fuels
® Intact commercial fuel elements b b b 38.100
¢ Commercial and Loss of Fluid Test Intact rods and canned debris b b 2.800
(LOFT} fuel
o TMI-Unit 2 fuel Damaged fuel debris 155.8 82.8 82.6
Underground Storage Facility commercial Intact and sectioned rods and b b 92.940
and research fuel assemblies
Underwater Fuel Storage (naval, b b b 7.580
commercial, research and production
fuels)
INEL mass total >155.8 >91.5 >238,072
LANL Chemistry and Metallurgy Research 45 alements b b 0.010
Building fuel
Omega West Reactor fuel 40 elements b b 0.008
LANL mass total b b 0.018
LTC Commercial fuel rods and sections 3 intact rods; 17 sectioned rods b b 0.044
MOUND Californium Multiplier Facility fuslh 210 fuel plates b b 0.002




Table 1.11 {continued)

Spent fusl mass

Site Spent fuel source/type Number/type of fuel e Initial Discharged
components Total heavy b 3
. eavy metal
(t) metal (MTEM)
(MTIEM)
ORNL Building 3018 fuels
e Commercial fuel (Canada/Con Ed) 405 cans b b 1.043
» Hanford production fuel 41 cans b b 0.023
* SRS production fuel 144 cans b b 0.070
Building 4501 fuel sections 40 sections 0.007 0.007 28.007
Bulk Shielding Reactor fuel storage
® Bulk Shielding Reactor fuel 41 elements 0.:84 0.007 0.007
® (Oak Ridge Research Reactor 32 elements 0.143 G.052 0.052
Classified burial ground b b b b
High Flux Isotopes Reactor fuel 43 assemblies 5.864 C.404 0.404
Homogeneous Reactor fuel 135 gal of uranyl sulphate 0.500 ¢.004 0.004
Molten Salt Reactor Experiment fuel LiF and BeFp salt mixture 11.550 0.038 0.038
Research reactor fuel in Buildings 3525, Fuel samples and targets >1,246 b <]
7920, 7823A, 7827, and 7829
Tower Shislding Reactor fuel 1l assembly 0,182 5,008 0.9009
ORNL mass total >19.675 >1.5857 >1.857
SNLA Annual Core Ressarch Reactor fuel b b b 0,001
Hot Cell Facility fuel components from Intact rods, fuel pieces in dry b b 0,009
research and production reactors and wet wells
Manzano Storage Facility (research b ko] b 0.025
reactor fuel stored in dry casks)
Sandia Pulse Reactor fuel in dry wells o] b b 0,029
Special Nuclear Material Storage 2 elements b b 0.011
Faciiity fuel in DOT containers
SNLA mass total b b 0.0786
SRS Production reactor fuel assemblies and Assemblies and targets b b 153.700
targets in disassembly basins and
canyons
Receiving basin for off-site fuel:
® Commercial fuel 97 assemblies and cans b b 3.010
® Zxperimental material 585 assemblies and cans b b 18.070
® Foreign fuel 534 assembliss and cans b b 20,812
® Research reactor fuel 1,304 assemblies and cans b b 0.355
* Targets b b b 17.400




Table 1.11 (continued)

Spent fuel mass
A 3 Initial X
Site Spent fuel source/type Number/type of fuel nitia Discharged
components Total heavy
heavy metal
(4] metal (MTEMS
(MTIHM) R
SRS Reseaxch reactor fuel sections in 4 sections b b b
{contd.) Building 773-A
Test reactor pile (305-M) fuel b b b b
SES mass total 214,147
WVDP Commercially gensrated fuel in Fuel
Receiving and Storage Facility
* BWR fuel 85 assemblies b 11.5 b
® PWR fuel 40 assemblies b 15.3 b
WYDP mass total 26.8 25.6
Y-12 Health Physics Research Reactor (HPRR) 170 pieces b 0,204 0.184
fuel pieces
Space Huclear Auxiliary Power (SNAP-10) 35 rods b 0,005 0.005
reactor fuel
Y-12 mass total b
" DOE complex mass total - | >2,554.8

aInformation as of December 31, 1992, unless indicated otherwise. Based on refs. 12-20.

binformation not available.

CClassified.

dGsneral Atomic, San Diego.

€Information as of October 1, 1983,

fIncludes inventory of fresh and partially used fuel.

8Fuel from all other Hanford Site production reactors.

hThis material at the MOUND Plant is not spent nuclear fuel since, by definition, it has not been irradiated im a veactor.
The material is actually part of a neutron radiography facility. However, it is reported in this table because it was included
in the DOE wvulnerability assessment of reactor-irradiated nuclear materials {ref. 19).

6¢
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Table 1.12. Projected 10-year inventory incxeaseé of IOE spent fuel not scheduled for reprocessing?

Spent fuel mass

Initial heavy Discharged
Total metal heavy metal Number of
Site Spent fuel source/type (t) (MTIRMD (MITEM) assemhlies
ANT~W Test and experimental reactor b b 2.7 b
fuel with stainless steel
clad
BNL High Flux Beam Resactor fuel b b 0.25 769¢
with aluminuwm cladding
INEL Aluminum-based fuel b b 1.13 b
Fort St. Vrain fuel to be b b 16.7 b
shipped from Colorado?
Naval reactor fusl b b 14.2 b
Test and experimental reactor b b 0.27 b
fuel with stainless steel
cladding
INEL total b 32.3 b
ORNIL Aluminum-based fuel )} b 1.1 b
Other Foreign reactor fuel b b 8.51 b
Research reactor fuels b b 0.05 b
University reactor fuel b b 4,32 b
Other total b b 12.88 b
Grand total b b 49.23 >769

binformation not available.

CFuel elements.

dpublic Service Company of Colorado plans to ship the remainder of the discharged Fort St. Vrain
fuel currently being held in thes independent spent fuel storage installation (ISFSI) to ICPP.
legal issues have not been fully resolved.

2pased on ref. 12. Projections cover the period 1993-2002.

However,
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ORNL PHOTO 1397-94

- CALCINE STORAGE
BIN SETS

View of the idaho Chemical Processing Plant New Waste Calcining Facility (NWCF), operational since 1982; old Waste Calcining Facility
{WCE), operated as a pilot-scale demonstration and production facility from 1963-1980. {Courtesy of Westinghouse Idaho Nuclear Company,
Inc., Idaho Falls, Idaho.)



2. HIGH-LEVEL WASTE

2.1 INTRODUCTION

High-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 HLW 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 HLW is that which has resulted
from DOFE activitics and which is stored at the Savannah
River Site (SRS), Idaho National Engineering Laboratory
(INEL) [at the Idaho Chemical Processing Plant (ICPP)},
and Hanford Site (HANF). A small amount of HLW was
generated at the commercial Nuclear Fuel Services (NFS)
Plant near West Valley, New York, during the period
1866-1972. 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 (WVDP) Act, which authorized
DOE to decommission the facility and immobilize the
radioactive wastes. The WVDP is the responsibility of the
DCE Operations Office, Idaho, West Valley Project
Office. The WVDP is a joint project of DOE (90%
funding) and NYSERDA (10% funding). The DOE is not
paying anything for lease of the premises. All the waste
and all the facilitics at the site are owned by NYSERDA
in perpetuity—except 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, Inc. (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 SRS is
Westinghouse Savannah River Company; for INEL,
Westinghouse Idaho Nuclear Company, Inc; and for
HANF, Westinghouse Hanford Company (all subsidiaries
of Westinghouse Electric Corporation). '

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

These wastes are not as generated; they have 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.g.,
glass) for final disposal. Data on the volume, radioactivity,
distribution, and location of HLW (through 1992) are
shown in Figs. 2.1-2.4. Current (and projected) HLW
operations at these sites are depicted in Figs. 2.5~2.8.

The DOE HLW 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 evapaorator concentrates (see Iig. 2.5). The
relative proportions of liquid and salt cake depend upon
how much water is removed by waste cvaporators during
interim waste management operations. The condensed
water at HANF (114,600 m” 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 facility will
provide destruction of trace organic contaminants 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 the Columbia River, thus
allowing enough time for tritium to decay. At SRS
(Fig. 2.5), the condensate is sent 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 HANF, all the wastes
contained in double-shell tanks consist of mixtures of
HLW, TRU waste, and several LLWs (¥ig. 2.7), which
have unique rheological properties and are referred to as



slurry. In HANF storage practice, the double-shell tanks
are managed as if they contain only HLW. Thus, their
contents are included in the HLW inventory.

The commercial HLW at WVDP consists of both
alkaline and acidic wastes (Fig. 2.8); the alkaline waste was
generated by the reprocessing of commiercial power reactor
fuels and Hanford 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 inventorics of HLW that
is stored in tanks, bins, and capsules are presented in
Table 2.1.  Projected inventories of HLW 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 HLW 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 power
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.}® 9 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 HILW is expected to be generated by this source.
Decontamination and decommissioning activities 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. 1(d).

22 INVENTORIES

Inventories of HLW 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.

221 HLW Tnventodes at SRS (DOE)

Approximately 126,900 m® of alkaline H{I.W that has
accumulated at the SRS during about the past 4 decades
is being .stored in underground, high-integrity,
double-walled, carbon-steel tanks. The current inventories
(Tables 2.4 and 2.5) include alkaline liquid (59,300 m?),
studge (14,300 m®), salt cake (53,100 m®), and precipiiate
(172 m*) 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
supcrnatant  liquor is concentrated in evaporators.
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Precipitate results when salt cake is treated by the in-tank
precipitation process.

222 HLW loventodnes at INEL (DOE)

The 11,200 m® of HLW stored at INEL (at the ICPP)
consist of 7,670 m° of liquid waste and 3,540 m’ 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 tapks 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 vauits.

223 HLW Inveatorics at HANF (DOE)

"The 258,700 m> of alkaline HLW stored at HANF is
categorized as liquid (25,100 m*), sludge (46,000 m*), and
salt cake (93,000 m?) that are stored in single-shell tanks
and as slurry (94,700 m’®) 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 (*Sr, *Cs,
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 m®)
and 605 strontium capsules (1.08 m®) require storage. Of
the 1,328 cesium capsules, 959 are in storage at HANF,
and 369 are on lease off-site for beneficial uses. Of the
605 strontium capsules, 601 are in storage at HANF, and
4 are on lease off-site for beneficial uses. The liguid,
sludge, salt-cake, and slurry wasies are stored in
underground concrete tapks with carbon steel liners.
Current inventories of these wastes at HANYF are listed in
Tables 2.4 and 2.5.

224 HIW Inventorics at WVDP {Commercial}

Reprocessing at the NFS plant was terminated in 1972,
and no additional HLW has been gencrated since. As of
December 31, 1992, the 1,550 m® of HLW stored at
WVDP consist of 1,440 m? of alkaline waste (1,390 m® of
liquid plus 50 m of sludge), 50 m® of acidic waste, and 60
m? of an inorganic ion-exchange material (a zeolite) loaded
with radioactive cesium (™*Cs, Cs, and "'Cs). The
alkaline waste was generated by reprocessing commercial
and Hanford N-Reactor spent fuels. As generated, the
waste was acidic; treatment with excess sedium hydroxide
resulted in the formation of an alkaline sludge. The small
amount of acidic waste now in storage was generated by



reprocessing a batch of thorium-uranium fuel from the
Indian Point-1 Reactor. Storage for the alkaline waste is
provided in an underground carbon- steel tank, while
storage for acidic waste is provided in an underground
stainless-steel tank.

In May 1988, the processing of high-level alkaling
liquid waste started at the WVDP. This liquid was
decontaminated to LLW in the WVDP Supernatant
Treatment System (STS) in  preparation for the
incorporation of all HLW at the WVDP into a glass. In
the STS, an ion-exchange process, operated in a batch
maode, is employed to remove cesium from alkaline liquid
waste, as depicted in Fig. 2.8. The ion-exchange columns
are located in the underground carbon-steel tank, which
was originally installed as a backup tank for the storage of
alkaline HLLW. 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
will be combined and incorporated inio a glass. The
current inventories of HLW at WVDP are presented in
Tables 2.4 and 2.5.

23 WASTE CHARACTERIZATION

A generic characterization of HLW at any site is
difficult, because over the years several different flowsheets
have been 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. 1{(a)~1(d), as well as from the references cited in the
fooinotes to the tables.

24 PROJECTIONS

Projected inventories (volume, radioactivity, and
thermal power) for HILW are presented in Tables 2.6-2.8.
These projections were generated by each site (based on
the assumptions given below) and should be considered
only as current best estimates. An estimate by each site?
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of a potential number of canisters of solidificd HLW that
may be generated by the site is shown in Table 2.3.

The HLW projections for 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 Defense
Waste Processing Facility (DWPT) will begin to produce a
glass waste form (see flowshee! in Fig. C.3 of Appendix C)
in 1996, following the schedule shown in Table 2.3. These
assumptions continue to be followed for projection
purposes since no revised versions are currently available.
The HLW glass will be stored on-site until a national
repository”™ becomes available. Current plans call for the
DWPF to produce 5,462 canisters of glass from 1996 until
the end of year 2015.

The HLW projections for ICPP are based on
predictions of no fuel reprocessing 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 at ICPP, the
identification of a reference waste form (glass,
glass/ceramic, etc.) and process is scheduled for completion
in the 1990s. The projections of HLW presented in
Tables 2.6-2.8 for ICPP are based on waste immobilization
in a glass/ceramic form.

The HLW projections for HANF are based on the
assumptions that (1) the fue!l reprocessing plant is not
restarted and (2) the irradiated fuel remains in wet storage.
A Hanford Waste Vitrification Plant (HHWVP) is to begin
operation in 19995 The planned operations for the
HWYVP are discussed in ref. 7. Estimates of the number
of canisters of HLW incorporated in borosilicate glass that
might be generated annually by the HWVP are given in
Table 23. 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 WVDP, vitrification of the HLW
(Fig. 2.8) is scheduled to begin in 1996 and to be
completed in 1998. ’

The cost for the disposal of DOE HL'W in a national
repository will be paid by DOE into the Nuclear Waste
Fund. Reference 8 states that the number of canisters
used in the estimates of this cost will be published in the
IDB. Table 2.3 includes potential production schedules for
capisters which are not intended for use in DOE disposal
cost estimates.
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1994.

¢. (HANF) R. D. Wojtasek, Westinghouse Hanford Company, Hanford Site, Richland, Washington, letter to
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Table 2.1. Historical and projected cumulative volume,
radioactivity, and thermal power of HLW stored in
tanks, binsg, and capsules by source®, P, ¢

Cumulative
End of
calendar Volume Radiocactivity Thermal power
year (102 o3) (108 ci) (10% W)
DOE (SRS, ICPP, and HANF)
1980 295 1,310 3,298
1981 305 1,577 4,748
1982 340 1,317 3,918
1983 351 1,248 3,653
1984 361 1,397 4,226
1985 355 1,465 4,466
1986 364 1,417 4,475
1887 379 1,277 3,750
1988 383 1,174 3,380
1989 379 1,081 3,072
1990 397 1,015 2,876
1991 395 971 2,758
1992 397 1,038 2,895
1993 417 1,004 2,802
1994 382 939 2,598
1995 362 212 2,526
1996 361 862 2,397
1997 356 776 2,187
1998 354 724 2,059
1999 345 683 1,952
2000 342 B50 1,863
2001 339 618 1,776
2002 336 594 1,703
2003 332 570 1,632
2004 343 558 1,590
2005 342 536 1,523
2006 331 518 1,463
2007 327 481 1,361
2008 326 447 1,282
2009 320 417 1,174
2010 318 386 1,084
2011 314 362 1,012
2012 312 339 948
2013 309 311 874
2014 307 285 827
2015 304 278 781
2016 302 269 756
2017 302 261 733
2018 302 253 713
2019 302 246 692
2020 302 239 671
2021 302 232 652
2022 302 228 635
2023 302 220 619
2024 302 214 603
2025 302 209 588
2026 301 204 574
2027 301 199 551
2028 301 195 548
2029 301 190 535
2030 301 186 523
Commercial (WVDP)
1980 2.2 33.4 96.9
1981 2.2 32.7 94.7
1982 2.2 31.9 92.6



52

Table 2.1 (conilnued)

Cumulative
End of
calendar Volume Radioactivity Thermal power
year (103 m) (108 ci) (10% W)
Commercial. (WVDP) (continued)
1983 2.2 31.2 90.5
1984 2.2 30.5 88.4
1985 2.2 29.8 86.4
1986 2.2 29.1 84.5
1987 2.2 28.4 81.2
1988 2.1 27.9 80.8
1989 2.4 27.3 79.3
1990 1.2 26.7 77.0
1991 1.7 26.2 75.9
1992 1.6 25.9 79.1
1993 2.5 25.3 77.1
1994 2.5 24.7 75.3
1995 1.3 24,1 73.5
1996 0.6 15.8 48.1
1997 0.3 7.6 23.2
Total
1980 297 1,344 3,394
1981 307 1,610 4,843
1982 342 1,349 4,011
1983 353 1,278 3,743
1984 363 1,427 4,315
1985 357 1,495 4,553
1986 366 1,446 4,560
1987 381 1,305 3,831
1988 385 1,202 3,480
1989 381 1,108 3,151
1990 398 1,042 2,953
1991 397 997 2,833
1992 398 1,064 2,975
1993 420 1,030 2,879
1994 384 964 2,673
1995 364 936 2,600
1996 362 877 2,445
1997 357 783 2,211
1998 354 724 2,059
1999 345 683 1,952
2000 342 650 1,863
2001 339 619 1,776
2002 336 594 1,703
2003 332 570 1,632
2004 343 558 1,590
2005 342 536 1,523
2006 331 518 1,463
2007 327 481 1,361
2008 328 447 1,262
2009 320 417 1,174
2010 318 386 1,084
2011 314 362 1,012
2012 312 339 948
2013 309 311 874
2014 307 295 827
2015 304 278 781
20186 302 269 756
2017 302 261 733
2018 302 253 713
2018 302 248 692

2020 302 239 671



Table 2.1 (countinued)

Cumulative

End of

calendar Volume Radioactivity Thermal power
year (10% ) (108 ci) (10% W)

Total (continued)

2021 302 232 652
2022 302 226 635
2023 302 220 618
2024 302 214 603
2025 302 209 588
2026 301 204 574
2027 301 198 561
2028 301 195 548
2029 301 190 535
2030 301 188 523

AHistorical inventories for HLW are taken from the previous edition
of this report [i.e., DOE/RW-0006, Rev, 8 (Octobar 1992)]. 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 as svaporation and/or calcination.
Annual rates for radioactivity and thermal power are not given for these
same reasons and because radioactive decay, especlally for short-lived
activity, causes apparent perturbations,

CRadicactive decay is taken into account by each site through
isotope generation/depletion codes,
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Table 2.2, FProjected volume, radiosctivity, and thermal powsr of B glass
amd glass/cersmic stored in camisters by soucce®

Volume Radioactivity Thermal power
End of (103 w3 (108 ci) (108 W
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative
DOE (SRS and TCER)D
1996 0.05 0.05 11 11 27 27
1997 .08 0.13 61 71 147 175
1998 0.08 0.20 33 105 82 258
1899 0.08 0.28 12 117 30 289
2000 0.16 0.44 21 137 59 352
2001 0.24 0.69 19 156 62 419
2002 0.25 0.93 15 172 51 472
2003 0.19 1.13 14 185 48 522
2004 0.15 1.28 12 198 42 567
2005 0.18 1.46 14 212 51 620
2006 0.22 1.68 24 236 77 701
2007 0.25 1.93 32 269 99 801
2008 0.35 2,29 31 299 g7 201
2009 0.41 2.69 26 326 83 986
2010 0.50 3.19 28 354 89 1,078
2011 0.59 3.77 16 370 56 1,136
2012 0.68 4,46 15 385 44 1,177
2013 0.84 5.30 27 413 79 1,261
2014 0.95 6.25 12 424 34 1,289
2015 1.11 7.36 16 440 49 1,341
2016 1.14 8.50 12 443 36 1,346
2017 1.29 9.79 14 448 39 1,355
2018 1.45 11.24 15 454 42 1,367
2019 1.60 12.84 16 461 48 1,392
2020 1.76 14.850 17 470 50 1,410
2021 1.91 16.52 18 479 53 1,443
2022 2.07 18.59 18 489 53 1,470
2023 2.23 20.81 18 501 54 1,499
2024 2,38 23.20 19 511 54 1,529
2025 2.53 25.72 19 522 54 1,561
2026 2.65 28,37 18 533 53 1,591
2027 2.77 31.14 18 543 52 1,622
2028 2.90 34.04 18 553 51 1,651
2029 3.02 37.06 17 564 50 1,681
2030 3.14 40.20 17 575 49 1,709
Commexcial (WYDP)C

1996 0.08 7.8 23.7
1997 0.16 15.3 45.7
1998 0.24 22.3 65.9
1999 0.24 21.8 64.4
2000 0.24 21.3 62.8
2001 0.24 20.8 61.4
2002 0.24 20.3 60.0
2003 0.24 19.8 58.6
2004 0.24 19.4 57.2
2005 0.24 18.9 55.9
2008 0.24 18.5 54.6
2007 0.24 18.1 53.3
2008 0.24 17.6 52.1
2009 0.24 17.2 50.9
2010 0.24 16.8 49.7
2011 0.24 16.5 48.5
2012 0.24 16.1 47 .4



Table 2.2 (continued)

Voluma Radioactivity Thermal power
End of (103 md) (108 ci) (10% W)
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative
Commercial (WVDF)® (continued)
2013 0.24 15.7 46.3
2014 0.24 15.4 45.2
2015 0.24 14.9 b4 .2
2016 0.24 | 14.6 43.1
2017 0.24 14.2 42,1
2018 0.24 13.8 41.2
2019 0.24 13.6 40.2
2020 0.24 13.3 39.3
2021 0.24 13.0 38.4
2022 0.24 12.7 37.5
2023 0.24 12.4 36.6
2024 0.24 12.1 35.8
2025 0.24 11.8 34.9
2026 0.24 11.5 34.1
2027 0.24 11.2 33.4
2028 0.24 11.0 32.6
2029 0.24 10.7 31.8
2030 0.24 10.5 31.1
Total

1996 0.05 0.13 11 19 27 50
1997 0.08 0.28 61 87 147 221
1998 0.08 0.44 33 127 82 324
1999 0.08 0.52 12 139 30 354
2000 0.18 0.68 21 159 59 415
2001 0.24 0.83 19 177 62 480
2002 0.25 1.17 15 192 51 532
2003 0.19 1.37 14 205 48 581
2004 0.15 1.52 12 217 42 624
2005 0.18 1.70 14 231 51 676
2006 0.22 1.92 24 255 77 756
2007 06.25 2.17 32 287 29 854
2008 0.35 2.53 31 317 97 853
2009 0.41 2.93 26 343 83 1,037
2010 0.50 3.43 28 371 89 1,129
2011 0.59 4.01 16 387 56 1,185
2012 0.68 4.70 15 401 44 1,224
2013 0.84 5.54 27 428 79 1,308
2014 0.95 6.49 12 440 34 1,334
2015 1.11 7.60 16 454 49 1,385
2016 1.14 8.74 12 458 36 1,389
2017 1.29 10.03 14 463 39 1,397
2018 1.45 11.48 15 468 42 1,408
2019 1.60 13.08 16 474 46 1,432
2020 1.76 14 .84 17 433 50 1,448
2021 1.91 16.76 18 492 53 1,481
2022 2.07 18.83 18 501 53 1,508
2023 2.23 21.05 18 513 54 1,536
2024 2.38 23.44 19 523 54 1,565
2025 2.53 25.96 19 533 54 1,596
2026 2.65 28.61 18 544 53 1,625
2027 2.77 31.38 18 555 52 1,655
2028 2.90 34.28 18 564 51 1,684
2029 3.02 37.30 17 575 50 1,713
2030 3.14 40.44 17 586 49 1,740
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Table 2.2 (continuad)

3Glass and glass/ceramic may be in storage at the site, in transit to a repository, or
in a repository.

bBTaken from, or calculated with, data given in refs. 1(a) and 1(b). At SRS, the DWPF
(see Fig. .3 in Appendix C) canisters are 2 ft in diam by 10 ft in length. Each is assumed
to be filled with 0.625 m3 of glass [i.e., 85% of the usable capacity (0.735 m3)] made with
HLW from the reprocessing of spent fuel at SRS. The glass incorporates 36 wt I oxides from
waste (28 wt Z frowm spent fuel and 8 wt Z from processing chemicals) and 64 wt Z oxides from
nonradioactive glass frit. Volumes reported are for the glass waste form and not the
canisters (see Table 2.3 for the number of canisters and Table 2.6 for the volume of glass).
At ICPP, each canister is assumed to contain ncminally 0,92 md of a glass/ceramic waste form
made with HLW from the reprocessing of spent fuel. See Table 2.3 for the number of
canisters and Table 2.6 for the volume of glass/ceramic at ICPP.

C€Taken from data given in ref. 1(d). It is assumed that 300 canisters (2 ft in diam by
10 ft in length) are filled with waste glass during 1996-1998 and that each canister
contains 0.8 m3 of glass at the filling temperature.



Table 2.3. Estimated potential number of HLW canisters by source?®

Number of canisters

SRsb ICPP® HANFd WVDP®
Year Annual Cumulative Annual Cumulative Annual Cumulativa Annual Cumulative
1396 73 73 100 100
1997 125 198 100 260
1998 125 324 100 300
1999 124 448 300
2000 257 706 290 290 300
2001 387 1,094 290 580 300
2002 390 1,484 320 960 300
2003 307 1,792 320 1,220 300
2004 243 2,035 320 1,540 300
2005 286 2,322 320 1,860 300
2008 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 319 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 5,258 717 2,559 320 4,740 300
2015 203 5,462 852 3,410 320 5,060 300
2018 5,462 288 4,399 320 5,380 300
2017 5,462 1,123 5,522 320 5,700 300
2018 5,462 1,258 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 11,371 320 6,980 300
2022 5,462 1,801 13,172 320 7,300 300
2023 5,462 1,936 15,108 320 7,820 300
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 2,411 24,001 320 8,900 300
2028 5,462 2,518 256,609 320 9,220 300
2029 5,462 2,626 29,235 320 9,540 300
20390 5,462 2,733 31,967 320 8,860 300

8Taken 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 materinal
balances for their solidification facilities. The number of canistsrs at HANF is not related to projected
waste vplumes, radioactivity, and thermal power values because material balances for the solidification
facility at this site are still in the planning stage.

Canisters are 2 ft in diam by 10 ft in length. Each canister is assumed to contain 0.625 m> of glass
made with HLW from the reprocessing of spent fuel at SRS. The glass incorporates 36 wt Z oxides from wasbte
(28 wt % from spent fuel and 8 wt Z from processing chemicals) and 64 wt Z oxides from nonradioactive glass
frit.

®Dimensions of canisters have not been set. Each canister is assumed to contain nominally 0.98 m® of
a glass/ceramic waste form.

dcanisters are 2 ft in diam by 10 ft in length. Each canister of vitrified waste is assumed to contain
0.62 m? of a borosilicate glass incorporating waste solids,

®Canisters are 2 ft in diam by 10 £t in length. Each canister is assumsd to contain 0.8 w3 of a
borosilicate glass incorporating waste solids.



Table 2.4, Current volume of HLW in storage by site through 1992

Volume, 10° m3

Capsulesd
Site? Liquid Sludge Salt cake Slurryb Calcine Precipitate® Zeolite Sr Cs Total
Doze
SRS 58.3 14.3 53.1 £ i 0.2 £ £ £ 126.9
ICPP 7.7 £ £ £ 3.5 b £ £ £ i1.2
HANFE 25.1 46.0 83.0 84,7 £ £ £ 0.002108 0.00245 258.,7
Subtotal 92.1 60.3 146.1 4.7 3.5 0.2 £ 0.00108 €.00245 396.8
Commerciall
WVDPE
Acid waste 0.05 £ £ £ i £ £ £ £ 0.05
Alkaline waste 1.39 0.05 £ £ £ £ £ £ £ 1.44
Zeolite waste £ £ £ il £ hd 0.05 £ £ 0.08
Subtotal 1.44 0.05 £ £ £ £ 0.06 £ £ 1.55
Total 93.54 60.3 145.1 94,7 3.5 0.2 0.086 0.00108 0.00245 398.35

ASRS is Savannah River Site, ICPP is Idaho Chemical Processing Plant, HANF is Hanford Site, and WVDP is West Valiey
Demonstration Project.

bSlurry refers to all waste (regardless of when it was generated) contained in double-shell tanks.

CPrecipitate {non-Newtonian fiuid) from the in-tank precipitation process,

dCapsules contain either strontium (998r-90y¢) fluoride or cesium ( 37Cs-137m53) chloride.

€Taken from refs. 1{a)-1(c).

frot applicable.

8Hanford single-shell tank wastes (i.e., liquid, sludge, and salt cake) and double-shell tank wastes (i.e., slurry) consist of
HLW, TRU waste, and several LLWs. FHowever, in storage practice, all tanks are managed as if they contain oniy HLW. Thus, their
contents are included in the HLW inventory.

Braxen from ref. 1{a).



Table 2.5. Curreat radioactivity of HLW in storage by site through 1982

Radioactivity,? 108 ci

Capsules® Thermal
power
Site? Liquid  Sludge  Salt cake  Slurry®  Calcine  Precipitated  Zeolite Sr Cs Total (10% W)
poef
SRS 85.4 400.9 145.0 g g 6.1 B g & 832.4 1.724
ICPP -1 -4 I3 g 40 .4 g 8 g g 44.8 0.130
HANFD 19.9 110.3 11.5 62,1 I3 3 g 49,90 108.0 38G.7 1.041
Subtotal 1106.8 511.2 156.5 82.1 40,4 0.1 3 48,90 108.0 1,038.0 2.594
Commerciall
WVDP
Acid waste 1.8 8 g g g g g 8 g 1.8 0.010
Alkaline waste 1.8 11.8 g g g g B g I3 13.5 0.043
Zeolite wasta g B g g g g 10.8 g g 16.8 0.026 o
—_ —_— - - - - — - -~ —_— b
Subtotal 3.7 11.8 8 g I3 g 10.6 3 g 25.8 0.079
Total 114.5 522.8 156.5 82.1 40,4 0.1 10.6 49,0 108,90 1,063.9 2.873

2Calculated values allowing for radioactive decay.

D3RS is Savannah River Sits, ICPP is Idaho Chemical Processing Plant, HANF is Hanford Site, and WVDP is West Valley Demonstration
Project.

CSlurry refers to all waste (regardless of when it was generated) contained in double-shell tanks.

dPrecipibata {non-Newtonian fluid) from the in-tank precipitatiecn process.

®Capsules contain either strontium (gOSr-goY) fluoridse or cesium (*37Cs-137mBa) chloride. Radioactivity values are for the pair,
that is, parent plus daughter radionuclide.

fraken from refs. 1{a)-i{c).

%Hot applicable.

bganford single-shell tank wastes {i.e., liquid, sludge, and salt cake} and double-ghell tank wastes (i.e., slurry) consist of HLW, TRU
waste, and several LLWs. However, in storage practice, all tanks are managed as if they contain only HLW. Thus, their contents are included
in the HLW inventory.

iTaken from ref. 1{d).



Table 2.6. Historical and projected total volumes of HLW in storage by site through 20302

Volume, 103 md

End of
calendar Salt Glass or
year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsulesb glass/ceramic® Total
Savannah River Site
1980 59.8 10.5 26.4 96.7
1985 71.3 13.8 37.86 122.7
1986 72.8 13.8 41.2 127.8
1987 83.2 13.8 50.5 0.1 127.6
1988 64.2 14.1 50.0 0.1 128.5
1989 53.3 13.8 54.8 0.1 122.1
1990 61.3 14.8 55.5 6.1 131.7
1991 57.2 14.5 55.7 0.5 128.0
1992 58.3 14.3 53.1 0.2 126.9
1985 54.4 14.3 48.5 0.4 117.6
2000 51.86 12.5 30.6 0.1 0.4 95.2
2005 48.8 8.2 21.4 0.2 1.5 80.2
2010 46.3 3.2 13.5 0.3 2.7 66.0
2015 44.9 3.8 0.4 3.4 52.6
2020 44.9 2.6 0.2 3.4 51.2
2025 44.8 2.6 0.2 3.4 51.2
2030 44.8 2.6 0.2 3.4 51.2
Idaho Chemical Processing Plant
1880 9.3 2.1 11.4
1985 7.1 3.0 10.1
18886 6.5 3.0 9.5
1887 8.9 3.¢ 11.9
1888 7.6 3.4 11.0
1989 8.5 3.5 12.0
1990 8.5 3.5 12.0
1991 6.8 3.8 10.4
1992 7.7 3.5 11.2
1985 7.8 3.7 11.5
2000 4,8 5.0 9.8
2005 5.8 5.0 10.8
20190 0.1 4.9 0.5 5.5
2015 0.0 3.8 3.8 7.7
2020 0.1 2.5 11.2 13.8
2025 0.1 1.3 22.3 23.7
2030 0.1 0.1 36.8 37.0



Table 2.6 (continued)

Volume, 109 m3

End of
calendar Salt Gless or
year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsulesb glass/ceramic® Total
Hanford Site
1980 39.0 49.0 95.0 4.0 0.0017 187.0
1985 28.1 46,0 93.0 55,1 0.0040 222.1
13886 28.0 46.0 93.0 58.5 0.0040 228.4
1087 27.3 46.0 83.0 73.4 0.0040 239.7
1988 26.8 46.0 83.0 77.7 0.0036 243 .4
1988 26.5 46.90 93.0 79.3 0.0036 244 .8
1890 26,4 46.0 93.0 88.2 00,0036 253.8
1891 25.5 46.0 93.0 92.0 0.0035 256.4
1992 25.1 46.0 93.0 94,7 0.0035 258.7
19885 12,2 48.0 83.0 82.2 0.0035 233.3
2000 12.0 46.0 93.0 86.7 0.0035 237.6
2905 12.0 45,0 93.0 102.0 0.0035 252.9
2010 12.0 46.0 83.0 98.3 0.0035 249.3
2015 12.0 46.0 83.0 99,7 0.0035 250.7
2020 12.0 48.0 93.0 100.7 0.0035 251.5
2025 12.0 46.0 83.0 101.5 0.0035 252.4
2030 12.0 45,0 93.0 102.1 0.0035 253.0
Hast Valley Demonstration Project

1980 2.145 0.046 2,191
1985 2.145 0.046 2.181
1986 2.145 0.046 2.191
1987 2.145 0.046 2.191
1988 2.065 0.046 0.013 2.124
1989 2.305 0.046 0.031 2.382
1990 1.135 0.046 0.045 1.226
1991 1.820 0.057 0.052 1.728
1992 1.440 0.050 0,060 1.550
1995 1.310 1.3104d
2000 0.240 0.240
2005 0.240 0.240
2010 0.240 0.240
2015 0.240 0.240
20290 0.240 0.240
2025 0.240 0.240
2030 0.240 0.240

2gistorical inventories for HLW are taken from the previous edition of this report [i.e., DOE/RW-0006, Rev. B (October 1892)].
inventories for 1882 and the projections through 2030 are taken from ref, 1.
bCapsules contain either strontium (905r-90Y) fluoride or cesium (137Cs~137Mpay chioride.

CGlass is waste form for SRS and WVDP,
9Yolume is 2 mixture of acidic liquid, alkaline sludge, zeolite,

Glass/ceramic is waste form for ICPP.
and any residual liquid.

Glass is most likely waste form for HANF,

The
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Tabls 2.7. Historical and projected total radioactivity of HLW in storage by site through 203062

Radiocactivity, 198 Ci

End of
calendar Salt Glass or
year Liquid Sludge caks Siurry Calcine Precipitate Zeolite Capsulesb glass/ceramic® Total
Savarnah River Site
1980 187.4 429.0 82.6 £99.0
1885 93.3 581.3 185.8 B841.4
iges B3.1 517.2 189.4 784.7
1987 105.2 450, 4 168.2 0.2 734.5
1988 g9.0 403.1 162.1 0.2 564, 4
1889 94.6 351.2 152.8 0.3 598.9
1880 g1.6 318.8 150.2 0.1 561.6
1881 83.0 302.1 146.4 0.1 537.6
1992 85.4 400.9 145.90 0.1 6324
1895 84.0 307.4 131.90 15.4 537.8
2030 79.8 175.4 83.3 i.7 137.3 457.5
2005 68,8 161,90 1.9 3.0 2312.1 456.0
2010 57.7 506.3 15.7 5.2 349.0 478.9
2015 49.5 1.4 0.8 7.6 393,90 452.3
2020 44,1 0.8 0.3 6.1 343.7 401.0
2025 39.4 0.9 0.2 5.5 308.5 355.4
2030 35.1 0.8 0.2 4.9 275.3 316.3
Idaho Chemical Processing Plant
1980 17.0 36.4 53.4
1885 1.7 47.7 69,4
1985 12.9 47.7 66.6
1987 14.3 48.2 52.%
1988 10.1 56.9 87.¢
1989 11.5 56.9 68.4
1990 7.5 55.7 63.2
1991 2.4 57.0 59.4
1992 4.5 40 4 44,9
1895 1.8 40.1 42.90
2000 1.2 35.3 35.5
2005 1.1 31.1 32.2
2010 25.3 4.8 30.1
2015 3.7 48.5 80.2
2020 4.8 120.0 124.8
2025 0.8 212.0 212.8
20630 0.1 300.0 330.1

9



Table 2.7 (continued)

Radioactivity, 106 ¢i

End of
calendar Salt Glass or
year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Cepsulesb glass/ceramic® Total
Hanford Site
1880 34.6 175.0 16.0 0.3 332.0 557.9
1885 26.2 130.5 13.6 171.2 212.8 554.2
1988 25.5 127.4 13.3 187.3 207.9 561.3
1987 24 .4 124 .4 12.9 115.8 203.1 480.6
1988 23.3 121.4 12.6 110.8 174.7 442.9
1988 22.8 118.5 12.4 89.6 170.8 413.8
1980 22.0 115.7 12.1 74.86 166.1 390.4
1991 20.8 113.0 11.8 66.9 161.2 373.6
1992 18.9 110.3 11.5 62.31 157.0 360.7
1985 9.0 102.7 10.7 62.9 146.4 331.7
2000 7.9 81.0 9.5 54.1 130.3 292.8
2005 7.0 80.8 8.5 47.6 115.8 259.8
2010 6.3 71.7 7.5 42.2 103.2 230.8
2015 5.6 63.86 6.7 37.86 1.8 205.3
2020 5.0 56.4 6.0 33.4 81,7 182.5
2025 4.4 50.2 5.3 29.8 72.7 162.4
20390 4.0 44,8 4,7 28.5 64.7 144.6
West Valley Demonstration Project
1980 18.5 15.0 33.4
1985 16.4 13.3 29.8
1986 16.1 13.0 28.1
1987 15.7 12.7 28.4
1988 12.9 12.4 2.8 27.9
1988 8.5 12.2 6.6 27.3
1890 5.5 11.8 9.3 26.7
1891 4.1 11.6 10.5 26.2
1892 3.7 11.6 10.8 25.8
1995 24.1 24,19
2000 21.3 21.3
2005 18.8 18.9
2019 16.8 16.8
2015 14.9 14.9
2020 13.3 13.3
2025 i1.8 11.8
2030 10.5 10.5

2Historical inventories for HLW are taken from the previous edition of this report [i.e»., DOE/RW-0006, Rev. 8 {(Octobsr 1982)}. The
inventories for 1882 and the projections through 2030 are taken from ref, 1.

bCapsules contain either strontium (99sr-90Y) fluoride or cesi (137¢5-137mp4) chloride.

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

dRadioactivity is contained in a mixture (i.e.,, acidic liquid, alkaline sludgs, zsolite, and any residual ligquid).
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Table 2.8. Historical and projected total thermal power of LW in stoxage by site through 20303
Thermal power, 103 w
End of
calendar Salt Glass or
Y9ar Liquid Sludge caks Calcine Precipitate gliass/ceramic® Total
Savannah River Site
1980 13.5 1,440.5 396.0 2,050.90
1985 264.3 1,782.7 490.2 2,537.2
1986 302.2 1,794.1 47%.0 2,575.3
1987 279.8 1,438.9 432.8 0.4 2,151.9
1988 231.¢ 1,280.5 370.8 0.4 1,883.7
1989 217.7 1,1¢5.8 349.5 0.7 1,673.7
1990 209.0 1,015.8 341.7 0.4 1,566.7
1991 203.0 971.0 335.0 0.3 1,509.3
1992 137.0 1,194.0 333.0 0.3 1,724.3
1985 183.0 912.0 301.0 35.2 1,441.2
2000 182.0 572.0 145.90 3.9 352.4 1,255.3
2005 155.0 437.0 73,1 6.8 820.0 1,291.9
2016 132.0 154.1 36.1 14.1 1,085.0 1,401.3
2015 113.9 9.6 1.9 17.4 1,207.0 1,346.0
2020 101.¢ 8.2 0.6 14.0 1,083.0 1,186.8
2025 80.0 8.7 0.5 12.5 947.0 1,058.7
2030 80.2 8.4 0.5 1.1 840.0 940.2
Idaho Chaemical Processing Plant
1580 53.8 115.2 169.0
1985 72.5 137.4 210.0
1985 38.5 137.4 175.¢
1887 43.5 138.0 182.5
1988 30.4 165.2 195.86
1289 34.3 184.9 199.2
1690 22.9 161.5 184 .4
1891 7.¢ 185.0 172.0
1992 3.3 117.0 130,23
1995 5.6 1i7.¢ 122.8
2500 3.5 102.0 105.5
2005 3.1 80.2 €3.3
2010 73.3 15,8 87.1
2015 39.9 134.0 173.8
2020 4.1 347.90 361.1
2025 2.3 614,90 616.3
20390 0.2 869.0 859.2

V9



Table 2.8 (continued)

Thermal power, 103 w

End of
calendar Salt Glass or
year Liquid Sludge cake Slurry Calcine Precipitate Zeolite Capsulesb glass/ceramic® Total
Hanford Site
1980 75.1 325.8 32.8 0.5 644 .4 1,078.6
1985 65.9 428.3 38.1 604.0 582.7 1,719.0
1986 64.1 418.1 37.3 635.0 569.4 1,723.9
1987 61.2 408.2 36.4 353.4 556.2 1,415.4
1988 58.6 3988.4 35.5 328.5 479.3 1,300.4
1989 56.7 389.0 34.7 249.7 468.8 1,199.0
1890 S50 379.7 33.9 200.4 455.8 1,125.0
1991 520% 370.7 33.1 177.7 442.6 1,076.2
1992 50.0 361.9 32,3 165.2 431.7 1,041.2
1995 22.6 336.7 30.1 170.3 402.5 962.3
2000 19.9 298.6 26.8 150.0 358.1 853.4
2005 17.7 264.9 23.8 133.2 318.6 758.2
2010 15.8 235.0 21.2 118.6 283.5 674.0
2015 14.1 208.5 18.8 105.7 252.2 599.3
2020 12.5 185.0 167 84.2 224.5 533.0
2025 212 164.5 14.9 84.0 199.7 474.3
2030 8.9 146.4 13.2 75.0 177.6 422.2
West Valley Demonstration Project
1880 47.8 49,1 96.9
1885 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
1989 22.3 40.6 16.4 79.3
1990 14.1 39.7 23.1 77.0
1991 11.0 38.9 26.0 75.9
1992 10.0 42,7 26 .4 79.1
1995 73.5 73.54
2000 62.9 62.9
2005 55.9 55.9
2010 49.7 49.7
2015 44 .2 44 .2
2020 39.3 39.3
2025 34.9 34,9
2030 31.1 31.1

2Historical inventories for HLW are taken from the previous edition of this report [i.e., DOE/RW-0006, Rev. 8 (October 1992)]. The
inventories for 1992 and the projections through 2030 are taken from ref.

bCapsules contain either strontium (°0Sr-
®Glass is waste form for SRS and WVDP.

Glass/ceramic is waste form for ICPP.

1.
0Y) fluoride or cesium (137¢Cs-137MmBa) chloride.
Glass is most likely waste form for HANF.

dThis thermal power is from the decay of radionuclides in a mixture (i.e., acidic liquid, alkaline liquid, zeolite, and residual
liquid) to be incorporated into glass during 1995-1997.



Table 2.8. Significant revisions and chemges in the current values for HLW compared to the values in the previous yearavb

Significant revisions Reasons for significant changes
Waste characteristics 1962 vaiues? and changes 19894 values® and revisions or for none
&

Savannah River Site

Volume and radicactivity See Tables 2.5 None See Tables 2.4 No revisions. Changes are explained by
{liquid, sliudge, salt and 2.8 and 2.5 routine plant operations and decay of
cake, and precipitate) radionuclides

Idaho Chemical Processing Plant

Hadioactivity of calcine See Tabls 2.6 Radiocactivity of See Table 2.5 Change may be connected with new computer
calcine decreassad program being used. Values are being
from 59.4 X 109 i reevaluated

to 44.9 % 108 ci

Haanford Bite

Volume and radiocactivity See Tables 2.5 Vone See Tablas 2.4 No significant revisions. <Changes are
licuid, siludge, salt and 2.8 and 2.5 explained by rouhine plan%t operation
cake, siurry, and
capsulias)

West Yalley Demonstration Pxojeck

Volume and radiocactivivy See Tables 2.5 None See Tables 2.4 Changes are explained by routine plant
{acid liguid, alkaline and 2.8 and 2.5 operations, by radioactive decay, and
liquid, sludge, and by continued refinement of inplant
zeolite) measurements

99

ear snovm iLs publicatior. date of report. Data are for Decsmber 3%, 1891, S=e tables and zext cited in Chapter 2 of U.S. Department of
Znergy, lategrated Data Jase for 1991: Spent Fuel and Radiosctive Waste Inventories. Projections, and Characteristvics, DOE/RW-00C5, Rev, 8
(October 1892).

BYear shown is publication cdate of report. Data are for December 31, 1932.




Yable 2.10. Representative chemical composition of current and future HLW at SRS?

Liquid Sludge Salt cake Precipitateb Glass
Component Wt % Component Wt Z Component Wt % Component Wt Z Component wt %
Ag Trace Fe(OH), 11.8 NaNO4 65.4 K(CgHs) 4B 9.9 8§10, 45.8
Hg Trace MnGy 2.0 NaNO, 0.8 NaNOg 6.7 Nay0 11.0
Eb Trace U0, (0H) 5 1.3 NaOH 3.4 Others 1.8 B,03 10.3
u Trace AL(OH)3 13.7 NaAl(CH), 7.8 Hy0 88.5 Fey03 7.0
F- 0.003 ALO(OH) 5.2 NayCOg 2.7 A1,04 4.0
Fe Trace CaCO, 1.5 NayS0, 9.4 100.0 X,0 3.6
cL” 0,023 CasQy, 0.2 NagPOy Trace Liz0 3.2
oH™ 1.63 CaCy0, 0.2 NaF 0.2 Fe0 3.1
KOy~ 1.10 Ni(CH), 0.8 E 0.1 U504 2.2
NOS' 9,83 HgO 0.4 Insolubles 3.7 MnO 2.0
AL(OH),™ 4.54 810, 0.2 Hy0 6.4 Cthers 8.0
€052 0.72 ThOy 1.8
cro,2 0.014 Ce(Ol)g 0.2 100.9 100.0
50,2” 0.22 2rG(OH) 0.2
0, %" 0.12 Cr(OH)3 0.2
Ng,* Trace Mg (OH) 5 0.2
Ka® 11.0 NaNO4 1.1
H,0 71.0 NaOH 1.3
Zeolite 1.5
100.0 Others 1.2
0 55.0
100.0
Density (25°C), 1.1 1.4 1.8 1.05 2,85
g/ml

ATaken from ref. 1(a).

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

L9
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Table 2.11. Representative radionuclide compositiom of current (emd of 1992) HLW forms and
future (Lo be generated im 1996) HIW glass at SRS®
Radiocactivity, Ci
Radionuclide Liquid Sludgs Salt cake Precipitate Total® Glass®

905y 7.68E+05 1.22E+08 1.22E+06 1.83E+03 1.24E+08 2.00E+05
90y 7.68E+05 1.22F+08 1.22E+06 1.83E+03 1.24E+08 1.98E+05
993 6.69E+02 2.33E+04 2,22E+03 2.62E+04 2.90E+01
108g,, 4. 55E+04 1.86E+05 1.66E+03 2.33E+05
108k 6.33E+04 1.86E+05 1.66E+03 2.33E+05
125gp 6.87E+04 1.70E+05 1.62E+03 2.40E+05 6.39E+00
137¢q 4 . 37E+07 6.91E+07 7.44E+07 7 .44E+04 1.87E+08 2.75E+08
137mp, 4, 02E+07 6.35E+07 6.85E+07 6.85E+04 1.72E+08 2.53E+08
l4beg 4. S3E+04 9.74E+06 1.02E+03 9.79E+06
l4bpy 4.53E+04 9. 74E+06 1.92E+03 9.79E+06
147 py 7.20E+05 1.79E+07 1.69E+DS 1.88E+07 4. 42E+02
233y 2.60E~01 2.60E-01 1.90E-02
235y 2.80E-01 2.80E-01 2.00E-02
238y 2.20E+01 2.20E+01 4.30E~02
238py 1.60E+06 1.60E+06 6.60E+02
239py 2.30E+04 2.30E+04 3.50E+01
240py 1.00E+04 1.00E+04 2.30E+01
281py 1.40E+06 1.40E+06 1.30E+02
242py 1.70E+01 1.70E+01 3.30E-02
244¢y, 1.40E+04 1.40E+04 1.70E+03

Tatal 8.64E+07 4 .01E+08 1.45E408 1.47E+Q5 6.32E+08 1.08E+07

Specific activity,d 1.46 20.0 2.73 0.74 4.98 108
Ci/lL
8Taken or calculated from ref. 1(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).

dSpecific activity is defined in this table to be the radicactivity 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 2.12, Representative chemical composition of current
and future HIW liquid at ICPP?

Composition, wt %

Component giigzﬁ;ﬁm :::i::s Nonfluoride Fluorinel
AL 1.3 0.8-1.6 1.51 0.742
B 0.15 0.005-0.01 0.003 0.241
Ca 0.03-0.2 0.27
cl 0.06-0.1 0.023
cd 1.42
Cr 0.036 0.0087
F 3.4 0.005-0.06 0.032 5.99
Fe 0.04 0.05-0.09 0.19 0.023
gt 1.12 0.03-0.15 0.12 0.18
K 1.12 0.03-0.15 0.33
Mg 0.062
Mn 0.048 0.0004
Na 0.12 2.1-4.0 1.31
Ni 0.016 0.0049
N0z~ 13.7 19.4-23.3 23.1 11.47
50,2~ 0.33-0.5 0.85 1.52
Zr 2.47 3.80
Hy0 76.6 76.6-69.2 70.9 76.0

100.0 100.0 100.0 100.0

Density, g/ml 1.2 1.2-1.3 1.2 1.2

2Taken from U.S, Department of Energy, Spent Fuel and Radioactive Waste
Inventories, Projections, and Characteristics, DOE/RW-0006, Rev. 1 (December
1985).
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Takle 2.13. Representative chemicel composition of current
aod future HLW calcine at ICPP2

Composition, wt %

Zirconium Zirconium- Stainless Fluorinel-
Caomponent, Alumina filuoride sodium blend steeal sulfate sodium blend
Al,0y 82.0-95.0 13.0-17.0 10.0-16.0 4.4 6.5-7.5
Al,(S0,)3 81.0
By0g 0.5-2.0 3.0-4.0 2.0-3.0 3.0-3.2
Ca0 2.0-4.0 13.0-17.0 3.3-3.6
CaFp 50.0-56.0 33.0~38.0 46.0-49.0
Cd 6.0-6.5
Cry04 2.0 0.05
Fey;03 7.0 0.2-0.3
Na50 1.3 6.0-8.0 10.0-15.0
NiO 0.9 0.02-0.03
NO5™~ 5.0-9.0 0.5-2.0 7.0-9.5 10.0-15.0
S04%”
Zr0y 21.0-27.0 16.0-19.0 19.0~20.0
Miscellaneous 0.5-1.5 0.5-1.5 0.5-1.5 4.4
Fission products 0.2-1.0 0.2-1.0 0.2-1.0 0.2-1.0 0.2-1.0
and actinides
Density, g/mL 1.1 1.4 1.8 1.2 1.4

ATaken from U.S. Department of Energy, Spent Fuel And Radioactive Waste Inventories,
Projections, and Characteristics, DOE/RW-0006, Rev. 1 (December 1985).
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Table 2.14. Representative radionuclide composition

of current HILW at ICPP2

Radionuclide

Radioactivity, Ci

Liquid Calcine
90gy 1.03E+06 9.60E+06
90y 1.03E+06 9.60E+06
106gy 4 . 56E+03 7.48E+01
106gy, 4.56E+03 7.48E401
134¢g 3.46E+04 1.29E+04
137c, 1.18E+06 1.09E+07
137mp, 1.12E+06 1.03E+07
la4c, 2.29E+04 8.22E+01
labp, 2.29E+04 8.22E401
154gy 1.18E+04 4. 09E+04

Total 4. 47E+06 4. 04E+07
Specific activity,P 0.58 11.4
Ci/L
8Taken from ref. 1(b). Curies as of December 31, 1992.

Similar values for actinide nuclides are not available.
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 2.15. Represemtative chemical composition of curxenb
and futucre HLN at HANF?

Composition, wt Z

Component LiquidP SludgeP Salt cakeP $lurry®
Nall0; 20.8 25.3 81.5 14.8
HaNO, 15.8 3.8 1.7 5.6
NayC0y 0.8 2.2 0.5 1.9
NalH 6.2 5.3 1.5 7.0
NaAlO, 12.5 1.2 1.4 6.0
NaF 0.4
NayS0, 1.0 1.3 0.3
NagPO, 2.3 15.8 1.6 0.8
KF 0.4
FeQ(CH) 1.3 0.2
Organic carbon 0.17 1.2
Nyt 0.08
AL(OH) 4 2.9 4.9
SrO°H20 0.1
Na,Cr0, 1.3
Cr(OH)4 0.2 0.02
Cd(0H), 0.1
Ni(CH), <0.1
BiPO, 0.5
c1” 0.1
Nip Fe(CN)g 0.6
PpOge 2440, 44HH0 <0.1
Zr0y22H,0 0.5 0.2
Fission products <0.01
Ho0 40.2 33.6 10.5 56.2
Other <0.1 5.5 <0.01
j: 0.12 ppm

Total 100.0 100.0 100.0 100.0
Density, g/mL 1.6 1.7 1.4 ~1.3

8Taken from 11.S. Department of Energy, Spent Fuel and Radioactive Waste
Inventories, Projections, and Characteristics, DOE/RW-0006, Rev. 1 (December
1985).

bStored in single-shell tanks.

CStored in double-shell tanks.




Table 2.15. Representative radionuclide composition (Ci)
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of current HLW at HANF?

Capsules
Radionuclide Liguid Sludge Salt cake Slurry 90g,-90y 137¢y--137mp,

lag 1.87E+03 2.50E+03 6.67E+02

35Fe 4, 75E+03

5% 9. 06EH00

60co 3.22E+03 1.03E+04

63n4 3.08E+05 1.05E+03

7836 6.58E+01

89g, 9.05E-06

905y 4.13E+05 5.10E+07 2.20E+06 1.09E+07 2. 45E+07
90y 4.13E+05 5.10E+07 2.20E+06 1.09E+07 2. 45E+07
Sly 6.G8E-04

83zy 9.70E+03 3.21E+02

93y 8.21E+03 1.1BE+02

957 7.10E-03

$33p 1.57E-02

85my, 5.24E-05

997¢ 1.79E+04 1.435+04

103y 1.64E-09

1030y, 1.47E-09

106y, 9.81E+00 3.04E+05

108y 9.81E+00 3.04E+05

107pq4 8.21E+00

110mpg 1.64E+01

110x¢ 2.17E-01

113mgq 3.74E+03

113g, 7.92E-02

1150¢4 2.04E-10

119mgy, 2.92E+02

121mgy 6.39E+01

1235y 1.76E+00

123mpe 5.99E-06

124gy, 4 4BE-08

1253y 2.96E+05

125wy 7.22E404

128gy 1.04E+02

126y, 1.46E+01

126mgy, 1.15E+02

127mye 6.68E-01

12774 6.54E-01

12907, B.20E-14

1281 2.85E-01

134¢g 1.40E405

135¢q 5.91E+01

137¢4 9.80E+06 3.61E+06 3.65E+06 1,62E+07 5.55E+07
137mp 4 9.27E+06 3.41E+06 3.46E+06 1.53E+07 5.25E+07
141c, §,29E-13

l44ce 4 .63E+05

144p, 4 B1E+05

l4hmpy 5.54E+03

147py, 6.18E+06
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Table 2.16 (continued)

Capsules

Radionuclide Liquid Sludge Salt cake Slurry 90g,-90y 137¢5-137mp,

148py 4.98E-12

148mpy, 8.84E-11

151gm 8.33E+05 2.03E+05

152y 5.41E+02

153gq 1.07E-01

154py 6.75E+04

155gy 9.90E+04

1607y 9.71E-07

234y 1.23E+00

235y 5.18E-02

238y 1.08E-01

238y 9.46E-01

2378p 2.55E-03 4 .51E+01

238yp 2.17E-01

238py 3.67E+02

239py 2.20E+04 3.28E+03

240py 5,29E+03 8.85E+02

241py 5.25E+04 3.35E+04

242py 8.68E-02

241an 7.36E+02 4. 53E+04 5.24E+04

242pm 4.31E+01

242mpp, 4.33E+01

243pm 7.16E+00

242cm 3.65E+01

244cy 1.57E+02 1.29E+03

Total 1.99E+07 1.10E+08 1.15E+07 6.21E+07 4.90E+07 1.08E+08

Specific
activity,P CijL  7.9E-01 2.4E+00 1.2E-01 6.6E-01 4. 5E+04 4. 4E+04

8Taken from ref. 1(c).

given time divided by the volume of that waste type at the given time.

Curies as of December 31, 1992,
bSpecific activity is defined in this table to be the radioactivity of a waste type at a



Table 2.17.

Chamical composition of alksline liquid HIL.W

(from reprocessing via a PUREX flowsheet) at WvDR2

Wet basis Dry basis

Compound (wt 2) (wt 2)
NalNO4 21.10 53.38
NaNO,y 10.90 27.57
Na5S0, 2.67 6.75
NaHCO4 1.49 3.77
KNOg 1.27 3.21
NayCO3 0.884 2.24
NaCH 0.614 1.55
KoCx0y 0.1729 0.45
NaCl 0.164 0.42
NagzPO, 0.133 0.34
NayMaOy 0.0242 0.08
NagBO3 0.0209 0.05
CsNO5 0.0187 0.05
NaF 0.01786 0.04
Sn(NO3) 0.00858 0.02
Na,U,04 0.00808 0.02
S5i(NO3), 0.,00805 0.02
NaTcO, 0.00620 0.02
RbNO3 0.00417 D.01
Na,TeO, 0.00287 0.207
Al¥g 0.0027 0.0068
Fe(NO3)3 0.00151 0.004
NaySeQ, 0.000353 0.0013
LiNOg 0.00049 0.0012
HyCOg 0.00032 0.00080
Cu(NO3)3 0.00021 0.00053
Sr(NO3)q 0.00014 0.00035
Mg (KG3) 4 0.00007 0.00018

Subtotal 39.53 100.00

H,0 (by 60.47 0.00

difference)

Grand total 100.00 100.00

&Taken from ref. 1(d).
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Table 2.18. Chemical composition of alkaline sludge HIW
(from reprocessing via a PUREX flowshest) at WyDR2

Compound Wt 2
Fission products
Ge(OH) 3 2.0364E-06
SrS0, 2.2095E~-03
Y(OH)3 1.0487E-03
Zr(OH), 9.8154E~03
Ru(OH), 4.6633E-03
Rh(OH) 8.0437E-04
Pd(oi), 3.4619E-04
AgOH 7.1274E-06
Cd(OH) 1.7309E-05
In(OH) 3 3.0546E-06
Sn(OH) 4 2.5455E-05
Sh(0H) g 7.1274E-06
BaS0y 3.0851E-03
La(OH)3 1.8837E-03
Ce(OH) g 3.6044E-03
Pr(OH)3 1.7309E-03
Na(OH) 3 6.3230E-03
Pm(OH) 45 1.5273E-05
Sm(OH) 3 1.4560E-03
Eu(OH) 3 7.6365E-05
Gd(OH) 3 1.7309E-05
Th(OH) 5 3.0548E-06
Dy (OH) 3 2.0364E-06
Subtotal 3.7147E-02
Actinides
U0, (0H) 3.1432E-02
NpOy 3.5637E-04
PuOy 3.7673E-04
AmO, 2.7491E-04
Cm0y 4.0728E-06
Subtotal 3.2444E-02
Others
Fe(OH) 4 6.7242E-01
FePO, 6.4666E-02
Al(OH)4 5.9585E-02
AlFg 6.2415E-03
MmOy 4. BBA4E-02
CaCO3 3.2BB64E-02
5i0g 1.2860E-02
Ni(OH), 1.1078E-02
MgCO3 8.4103E-03
Cu(QH) o 3.8284E-03
Zr(OH), 9.8154E-03P
Zn(OH) 5 1.3033E-03
Cr(OH)3 6.6183E-04
Hg (OH), 2.3418E-04
Subtotal 9.3041E-01
Grand total 1.0000

8Taken from ref. 1(d).
bExcludes fission product zirconium.
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Table 2.19. Chemical composition of acid liguid HIW
(from reprocessing via a THOREX flowsheat) at WVDP2

Compound Wt Z Total, kg
Th(NOg), 36.42 31,054
Fe(NO3)3 9.92 8,462
AL(NO3)3 4,90 4,175
HNO4 3.29 2,805
Cr(NOjz)3 2.25 1,918
Ni(NOj3), 0.83 78
H3BO4 0.56 480
NaNO4 0.27 227
KNO4 0.22 191
Nay50, 0.21 180
Na,8i03 0.15 126
KMnO, 0.11 98
Nd(NO3)4 0.088 73
Mg (NO3) o 0.067 57
Nag MoO, 0.0863 54
NaCl 0.058 50
Ce(NO3), 0.050 43
Ru(NO3), 0.049 42
Zr0Ogy 0.041 35
Ca(NO3) 5 0.035 30
CsNOy 0.033 28
Ba(NO3)4 0.032 27
La(NO3)3 0,026 22
Pr(NO3)3 0.025 21
Sr(NO3)o 0.019 16
Y(NO3)3 0.016 14
Sm(NO3) g 0.016 14
Zx(NO3), 0.014 12
NazFO, 0.014 12
NaTcO, 0.013 11
Rh(NO3), 0.013 11
Zn(NO3), 0.012 10
PA(NO3), 0.0094 8
U0, (NO3) 5 0.0070 6
RbNO4 0.0070 6
NayTeO, 0.0059 5
Co(NO3) 5y 0.0035 3
NaySe0, 0.0012 1
NaF 0.0012 1
Eu(NO3)3 0.0012 1
Np(NO3), 0.0011 0.2
Cu(NO3) 5 0.00094 0.8
Sn(NO3)5 0.00082 0.7
Pa(NOz), 0.00082 0.7
Pu(NO3), 0.00082 0.7
Gd(NO3) 3 0.00047 0.4
Cd(KO3z)5 0.00035 0.3
Sb(NO3)3 0.00012 0.1
AgNO4 0.000094 0.08
In(NO3)3 0.000047 0.04
Ge(NO3), 0.000023 0.02
Pm(NO3) 5 0.000011 0.01
Tb(NO3)g 0.0000047 0.004
Dy(NO3)3 0.0000023 0.002
Solids 59.95 51,125
Hy0 (by difference) 40.05 34,148
Total 100,00 85,273

ATaken from ref. 1(d).
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Table 2.20. Representative chemical composition

of future (to be generated in 1996)

LW glasz at RWVDP2

Component. Wt 7
Al,04 6.00
Bo0y 12.89
Bal 0.186
Cal 0.48
Cay0y 0.31
Co0 0.02
Cxrg05 0.14
Cso0 0.08
CuD 0.03
Fep0s3 12.02
Kp0 5.00
Lay0g 0.04
Liy0 3.71
Mg0 0.89
MnO 0.82
Mo034 0.04
Na,0 8.00
Md,04 0.14
NiO 0.25
Fy0q 1.20
Pdo 0.03
Prg0y4 0.04
Rhjy03 0.02
Ru0, 0.08
503 0.23
Siog 40.98
Smp03 0.03
Sr0 0.02
ThO, 3.56
Ti0y 0.80
U0g 0.63
Y504 0.02
Zn0 0.02
Zr0, 1.32

Total 100.00
Density (25°C), 2.8

g/mL

3Taken from ref. 1(d).
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future {to be gemerated im 1996) HIW glass abt WVDPA

Representative radionuclide composition of current (end of 18992) HILW forws and

Alkalina waste

Acid waste

Zeolite waste

(PUREX) (THOREX) (Ion exchanger)
Radionuclide Liguid Sludgea Liguid Wat mixture TotalP Glass®
(Ci) (Ci) (Ci) (ci) (Ci) (Ci)
90g, 5. 66E+06 4 .58E+05 §.19E+06 1.83E+05
90y 5.8BE+06 4.58E+05 6.19E+06 1.83E+06
1084, 3.54E-03 3. 54E+00 2.0184+04 2.01E+04 7.53E-02
105gm 3.54E-03 3. 545400 2.01E+04 2.01E+04 7.53E-02
13404 2.56E+03 5.71E+01 2. SBE+03 5.18E+03 4. 42E+02
135¢s 1.56E402 5.47E+00 1.561E+02 3.17E+02 1.05E+02
137¢y 9.57E+05 4. 58E405 5.4BE+06 6.88E+06 2. 07E+06
1370, 9.05E+05 4, 33E405 5.17E+06 6.51E+08 1.96E+06
14T py 1.53E402 4. BAE+04 2. 43E+03 5.20E+04 5.95E+03
238py 1.225+02 7.69F+03 4.51E+02 8.27E+03 2,92E+03
238py 6.15E4+00 1.94%+03 3.73E400 1.95E+03 2. 08E+02
241py, 1.15E+03 7.26E+04 6.58E+02 7. 44E+04 1.99E+04
241 p 5.25E+04 2, 39E+02 5.27E104 1.73E+04
2hhpy 7.60E+04 1.13E+01 7 .60E+04 2.15E+04&
Total 1.87E+05 1.1BE+07 1.81E+06 1.058+07 2. 59E+07 7.76E+06
Specific 1.34 232 36.2 177 16.7 97.0
activity,d
Ci/L

Aakzn or calculated
bLiquid,
CGlass curies are as

from vef, 1(d).

sludge, and zsolite curies are as of December 31, 1992,

of Decembex 31,

1998 (the first year glass is to be generated).

dSpecific activity is defined in this table to be the radinactivity of a waste Lype at a given

divided by the volume of that waste type at the given time.

time
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3. TRANSURANIC WASTE

31 IMTRODUCTION

This chapter presents information on the inventories
and characteristics of the transuranic (TRU) wastes at
various sites in the United States.

TRU waste is a waste category peculiar to DOE; it
daes not apply to wastes regulated by the NRC. TRU
waste s currently defined in DOE Order 5820.2A as
“without regard to source or form, waste that is
contaminated  with  alpha-emitting  transuranium
radionuclides with half-lives greater than 20 years, and
concentrations greater than 100 nCi/g at the time of assay.
IHeads of Field Blements can determine that other alpha-
contaminated waste, peculiar to a specific site, must be
managed as transuranic waste.”! This definition includes
isotopes of neptunium (Np), plutonium (Pu), americium
(Am), curium (Cm), and californium (Cf).  Generally,
DOE waste containing less than 100 nCi/g of TR alpha
contamination is classified and managed as low-level waste
(LLW).

TRIT waste is primarily generated by research and
development  activities, plutonium  recovery, weapons
manufactocing, environmental restoration, and
decontamination and decornmissioning (D&D) projects.
Most TRU waste exists in solid {form (e.g., items such as
pratective clothing, paper trash, rags, glass, miscellaneous
tools, and equipment that have become contaminated with
THRIJ radionuclides). Some TRU wastes are in liquid form
(sludges) resulting from chemical processing for recovery
of plutonium or other TRU elements. Prior to 1970,
TR waste was disposed of on-site in shallow, landfill-type
configurations. TRU waste disposed of in this manner is
referred to as “buried” TRU waste. In 1970, the U.S.
Atomic Epergy Commission (AEC), which was a
predecessor to DOE, concluded that waste containing long-
lived alpha-emitting radionuclides should have greater
continement from the environment. Thus, all TRU waste
generated since the early 1970s has been segregated from
other waste types and placed in retrievable storage pending
shipment and final disposal in a permanent geologic
repository.  This waste is referred to as “retrievably
stored” TR waste, Retrievably stored waste is contained
in a variety of packagings (metal drums, wooden and metal
boxes) and is stored in earth-mounded berms, concrete
culverts, or other types of facilities.
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TRU waste packages are classified as either “contact
handled” (CH) or “remote handled” (RH) depending on
the radiation level at the surface of the package at the time
of packaging. If this level exceeds 200 mrem/h, ithe
package is classified as RH.

CH TRU waste contains relatively small quantities of
fission and activation products that produce highly
penetrating radiation; typically, its emissions consist mostly
of alpha particles and low-energy photons of little
penetrating power. Most TRU waste (more than 90% by
volume) is of the CH type. RH TRU waste typically
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 delined
and regulated in accordance with the Resource
Conservation and Recovery 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 lead shielding. TRU mixed waste must be
managed to comply with the applicable hazardous waste
regulations (e.g., RCRA) as well as those applying to
radioactive TRU waste only. Some TRU waste may be
contaminated with hazardous materials defined by other
regulations. DOE is currently developing strategies for
identifying and managing TRU wastes containing
hazardous contaminants defined by regulations other than
RCRA.

Under existing arrangements, retrievably stored TRU
waste is the responsibility of the DOE/EM Office of Waste
Management (EM-30). It is planned that the retrievably
stored TRU waste and newly gencrated TR waste from
defense-related activities will be shipped to the Waste
Tsolation Pilot Plant (WIPF) for disposal. Prior to the 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 WIPP, and the criteria for
their emplacement at WIPP, will meet all applicable federal
and state requirements for TRU angd mixed TRU wastes.
If the test phase is successful, the retrievable TRU waste



inventory will be disposed of in WIPP over approximately
the next 20 years.

Buried TRU waste and TRU waste generated from
site rernediation activities and D&I) activities are the
responsibility of the Office of Environmental Restoration
(EM-40). The disposition of these TRU wasies is
uncertain at this time.

3.2 TRU WASTE INVENTORIES

321 Souroens of Data

Quantitative information contained in this chapter is
derived from data furnished by the DOE sites through
annual data calls, as described later in this section. As
programs and plans evolve or change, modifications and/or
additions will be made to the data and other information
in this chapter. It is expected that the quality and accuracy
of the data will improve with each annual revision of this
document, thus improving the usefulness of the data for
program planning and decision purposes.

Early TRU waste inventory practices were not as
strinigent as those of today in regard to requirements for
waste identification, categorization, and segregation.
Consequently, the carly inventory data are based largely on
process knowledge and on various studies and summaries
refated to site-specific practices.® As these efforts continue
and TRU waste is further characterized by radioassay,
significant revisions in the estimated overall quantities of
TRU waste are anticipated.

322 Sie Locations—Summarized Volumes and
Radicactivity

TRU waste msanagement activities (generation,
retrievable storage, etc.) are performed at six major and
ten minor DOE sites. The major sites, from the
standpoint of TRU waste quantities, are (1) the Hanford
Site (HANF), (2) Idaho National Engineering Laboratory
(INEL), (3) Los Alamos National Laboratory (LANL),
(4) Oak Ridge National Lahoratory (ORNL), (5) Rocky
Flats Piant (RFP), and (6) the Savannah River Site (SRS).
HANTF and RFP no longer generate TRU waste as part of
weapons production processes but do generate TRU waste
as pact of eavironmental restoration (cleanup) activities.
‘The ten minor sites are (1) Argonne National
Laboratory-East (ANL~E), (2) Knolls Atomic Power
Laboratory (KAPL), (3) Lawrence Berkeley Laboratory
(LBL), (4) Lawrence Livermore National Laboratory
(LLNL), (5) Santa Susana Field Laboratory (SSFL) [also
referred to as the Energy Technology Engineering Center
(ETES)), (6) Mound Laboratory (MOUND), (7) Nevada
Test Site (NTS), (8) Paducah Gasecus Diffusion Plant
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(PAD), (9) Sandia National Laboratory (SNLA), and
(10) West  Valley Demonstration Project (WVDP).
Figure 3.1 shows the locations of these sites and gives an
approximaie indication of the relative volumes of stored
TRU waste at each site. Figurc 3.2 shows the volumes of
CH and RH retrievably stored TRU waste at the major
sites and clearly shows that the preponderance of TRU
waste volume is in the CH category. Figure 3.3 shows the
decayed radioactivities of retrievably stored CH and RH
TRU waste at the major sites as of December 31, 1992.

Data on the volumes and radionuclide compositions of
those remote-handied TRU wastes that were formerly
listed as miscellaneous radioactive matecials in the Hanford
200-Area burial grounds were not submitted to the IDB in
time t0 be incorporaied in the figures and tables of this
chapter. Summary data on these wastes are presented in
Table C.13 of Appendix C.

323 Devetopment of Detailed Inventoy Data

This year’s 1DDB contains significant changes in the
manner in which TRU waste data are collected, reviewed,
and used for the calculation of decayed radioactivities.

323.1 Site data submitial process

All of the quantitative TRU waste data in the IDB are
ultimately derived from the sitc data submitted to the
DOE Waste Management Information System (WMIS),
which is maintained by the Hazardous Wasie Remedial
Actions Program (HAZWRAP). The sites supply volumes,
radionuclide compositions, and curies of each radionuclide
added in each year of TRU waste accumulation. This is
done for each TRU waste type (CH stored, RH stored,
CH buried, and RH buried). The annual radiocactivities in
the site submittals are on an as-stored basis; that is, they
rcpresent the curies of each radionuclide added at the end
of the year in which the waste was placed in storage. The
data are entered by the sites on standardized forms
supplicd by HAZWRAP and are returned to HAZWRAP,
which distributes copies to other organizations taking part
in the process. The complete set of TRU waste site data
submittals for this year's IDB is listed as ref. 4 (Sect. 3.6).

323.2 Site data review and modification

The site data submittals for TRU waste were reviewed
to make certain, insofar as possible, that the data supplied
met the requirements of the HAZWRAP data request
forms with regard to completeness and consistency. This
year, because the radioactive decay and accumulation code
system RADAC 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 RADAC decay module.



3233 Assiored volumes and radicactivitics

Tables 3.1 through 3.3 summarize a small portion of
the information in the site submittals. These tables show
the wvolumes and cumulative as-stored (undecayed)
radioactivities of retrievably stored CII and RH TRU
waste at each site in 5-year increments from 1970 to 1990
and at the end of 1992, Table 3.2 shows total
radioactivities (i.e., all radionuclides included), and
Table 3.3 shows TRU radioactivity (ie., only TRU
radionuclides inciuded).

3234 Calculation of annual decayed radioactivities

The computer code YIELDYFL is the decay and
accumuiation module of the RADAC system. [t converts
annual as-stored radioactivities to annual decayed
radioactivities and accumulates these quantitics to produce
tables showing decayed grams, curics, and watis on a year-
by-year, site-by-site, and radionuclide-by-radionuclide basis.
Annual added and cumulative volumes are also shown;
volumes are assumed to be unaffected by decay.

Comparisons of the results of the RADAC system
with those of the previously used LIBGEN-WINPRO-SAS
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-WINPRO-SAS
system, showed 188751 k(i of stored CH TRU 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 199]. Other examples have
been run on both systems with similar agreensent.

In a number of cases, the site-submitted data were not
sufficiently detailed to permit the desired calculations. The
difficulty most frequently encountered was that
radionuclide compositions were not adequately specified.
Two other modules of the RADAC system, HHANFUTIL
and ALLSTDAT, were used to convert site-supplied input
data to the radionuclide-specific forms required for decay
calculations. These codes were used as follows:

1. Where the site-supplied data called for mixtures of
fission products but did not give quantitative
composition data for such mixtures, the assumption
was made that the isotopic composition was the same
as that specificd by ITanford in their submittal.

2. Certain parent fission products are always
accompanicd by short-lived daughters. The
ALLSTDAT code adds short-lived daughter fission
products in cases where the site submiital shows the
parent but does not specifically show the daughter and
it is clear that the daughter must be present. For
example, if a site shows 100 Ci of ®Sr but does not
show any *Y, the program assumes that the 100 Ciis
the total activity of parent and daughter and changes

the input to 50 Ci *Sr and 50 Ci ®Y. Other fission
product parent-Jaughter combinations are handled in
the same manner, using the appropriate curie ratio for
each combination.

324 Results of Inventory Calculations
3241 Retrievably stored wasies

Tables 3.4 and 3.5 show the cumulative decayed
radioactivities of retrievably stored CH and RH TRU
wastes for cach of the sites by 5-year increments from 1970
through 1990 and at the end of 1992. ‘These tables are
analogous to Tables 3.2 and 3.3, except that in Tables 3.4
and 3.5 the radioactivities are on a decayed basis; that is,
they take into account the processes of radicactive decay
and ingrowth of radioactive daughters. As before,
Table 3.4 shows total radioactivities {(all radionuclides
inchuded), and Table 3.5 shows only the radicaciivities of
TRU radiomuclides. As previously stated, it is assumed
throughout the tables that volumes of TR waste are not
affected by radivactive decay.

Tables 3.6 and 3.7 summarize the total system
inventories (i.e., all sites combined) of retrievably stored
CH and RH TRU wastes at DOE sites for the end of each
year from 1970 {0 1992. The cumulative masses,
radioactivities, and thermal powers shown in these tables
are decayed values. The difference between Tables 3.6
and 3.7 is that the masses, radicactivities, and thermal
powers in Table 3.6 are based on 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.

3242 Buried TRU wastes

Buried TRU waste volumes and radioactivities are
shown in Tables 3.8 through 3.14. These are based on
data provided in the site submittals. The form of the site-
submitted data for buried waste is identical to that of the
retrievably stored waste except that no distinction is made
between CH and RH buried wastes. The buried wasie
tables (Tables 3.8 through 3.14) are analogous in form and
information content to the retrievably stored waste tables
(Tables 3.1 through 3.7) and follow the same sequence.
Table 3.8 shows as-stored volumes by sites and time
periods.  Tables 3.9 and 3.10 show cumulative as-stored
total and TRU-only radiocactivities by sites and time
periods.  Tables 3.11 and 3.12 show cumulative decayed
total and TRU-only radioactivities. Tables 3.13 and 3.14
are for all siles combined. They show annual and
cumulative volumes, radionuclide masses, radicactivitics,
and thermal powers for the end of each year from 1944 to
1992. 1In these tables, “total” radioactivity means that all
radionuclides are included, and “TRU-only” radicactivity
means that only TRU nuclides are included.



3243 Contaminated soil

Over the years, many of the older buried wasic
containers have developed leaks and contaminated the
adjacent s0il. Also, at some sites, soil has become
contaminated by fiquid 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 s0il. The data reported by the sites are
shown in Table 3.15. Additional characterization efforts will
be required to reduce the uncertainties in these data.

33 LESTIMATED MIXER WASTE CONTENT
OF TRU WASTES

The sites were requested to submit estimates of the
volumes of retrievably stored CH and RH TRU wastes
that might fall into the category of mixed TRU wastes.
These cstimates were requested for three {ime periods:
19701986, 1987-1992, and 1993. Table 3.16 summarizes
the site-submitied estimates of these volumes.

3.4 PROJECTED FUTURE QUANTITIES
OF TRU WASTE

Table 3.17 shows the data submitted by the sites for
estimated future volumes of TRU waste generation. The
sites were not requested to estimate the radicactivities or
isotopic compositions of these wastes, since it was felt that
there would be little basis for such estimates. 'The
cstimated volumes are given in terms of average annual
rates (m’/year) for seven time periods from 1993 to 2020.
An cffort was made to obtain estimated rates in three
categories: (1) general operations, (2) D&D, and
(3) remedial action. The estimated effect of volume-
reduction processes was also requested; however, little
information on this was available.

3.6 REFERENCES
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35 TRU WASTE DISFSAL

The goals of the DOE TRU Waste Program are (o
terminate interim storage and achieve perimanent disposal
of all DOE TRU waste.® One of the major efforts in this
direction is the WIPP project. As stated in Public
Law 96-164,7 the WIPP project was to be oonstrucied
“...as a defense activity of the DOE for the purpose of
providing a rescarch and dcvelopment facility to
demonstrate the safe disposal of radicactive waste resulting
from defense activitics and prograrms of the United States.”
Construction of the facility is now essentiaily complete, and
WIPP is now the only facility specifically designed for
isolation of TRU waste. It is designed to emplace about
175,000 m’ of TRU waste 650 m below ground in a mined
salt formation.

Waste received at WIPY st meet the WIPP-WAC
and associated guality assuranee requirements specified in
WIPP/DOE-0698 A number of other approvals remain to
be completed before DOX can begin disposal operations at
the facility. As previously stated, a test program of
approximately 5 years will be conducted to ensure that the
wastes to be shipped to WIPP, and their emplacement at
WIPP, will comply with all applicable federal and state
regulations. If the test phase is successful and all necessary
approvals are obtained, it is planned that shipment and
emplacement of wastes will begin and will covtinue through
approximaiely the year 2018,

In the past year, the WIPP legislative land
Withdrawat Act was passed, confirming congressional intent
to have DOE continuie with development and permitting of
the facility. Since then, the DOE has siated its intent to
accelecate processes leading to the start of waste disposal
operations at the WIPP,

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

2. K. S. Hollingsworth, Policy Statement Regarding Solid Waste Burial, AEC Directive 1413 No. 0511-21, Washington, D.C.

(Mar. 20, 1970).

3. US. Department of Energy, Defense Waste Management Plon for Buried Transuraric-Contaninated Waste,
Transuranic-Contasninated Soil, and Difficult-to-Certify Transuranic Waste, DOV/DP-0044, Washington, D.C.

(June 1987).
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4. U.S. Department of Energy, Waste Management Information System (WMIS), DOE site TRU waste data submittals
(Attachment 6) issued, received, and maintained by the Hazardous Waste Remedial Actions Program (HAZWRAP),
Martin Marietta Energy Systems, Inc., submitted to MAC Technical Service Company (MACTEC) and the IDB
Program during August-December 1993. The following TRU waste submittals from WMIS were received, reviewed,
analyzed, and integrated by MACTEC and the IDB Program. Preceding each submittal is the site (in parentheses) to
which it refers.

a.

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

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

(ANL-W) No submittal received.

(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, EG&G Idaho, Inc,, letter to Lise J. Wachter, Martin Marietta Energy Systems, Inc.,
HAZWRAP, Oliver Springs, Tennessee, “Integrated Data Base Data for 1993,” dated Feb. 14, 1994,

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

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

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

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

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

(NTS) 1Ilayton J. O'Neill, U.S. Department of Energy, Nevada Operations Office, Tas Vegas, Nevada,
memorandum to Joseph A. Coleman, DOE/EM Oiffice of Technical Support (DOE/EM-35), Washington, D.C.,
“Request for Office of Waste Management, Waste Data Information Update,” dated Sept. 2, 1993.

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

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

(SNLA) Steve Ward, Sandia National Laboratories, Albuguerque, New Mexico, letier to George X. Laskar, DOE
Albuquerque Operations, “Transmittal of Wasie Management Information System (WMIS) Update Information,”
dated Aug. 5, 1993.

(SRS) Michael G. O’Rear, Director, Solid Waste Division, DOE Savannah River Operations Office, letter to
Director, Office of Technical Support (EM-35), HQ, [with copy to Lisc J. Wachter (HAZWRAP)), “Department
of Energy Waste Inventory Data Systems,” dated Nov. 13, 1993.

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

(SSKFL/ETEC) Hannibal Joma, DOE San Francisco Operations Office, letter to Lise Wachter, Martin Marictta
Energy Systems, Inc., HAZWRAP, Oliver Springs, Tenncssee, submitting Energy Technology Engineering Center
(Santa Susana Ficld Laboratory) TRU waste information, 93W-332/5484.1.A.13, daied Aug. 23, 1993.

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

U.S. Department of Boergy, Long Range Master Plan for Defense Transuranic Waste Program, DOE/WIPP 88.028,
Carisbad, New Mexico (December 1988).

U.S. Congress, Department of Energy National Security and Military Application of Nuclear Energy Authorization Act
of 1580, Pub. L. 96-164 (1980).

U.S. Depariment of Energy, TRU Waste Acceptance Criteria for the Waste Isolation Pilot Plant, WIPF/DOE-069, Rev. 4,
Carisbad, New Mexico (December 1991).
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Fig. 3.1. Locations and total volumes of retrievably stored DOE TRU waste through 1992
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Fig. 3.2. Retricvably stored TRU waste volumes at the end of 1992, by site.
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Table 3.1, Summary of retrievably stored TRU waste by sites:

cumnlative as-stored volumes

Cumulative volums abt snd of calendar year, w0

Site name Site acronym 1970 1975 1980 1885 1880 1982
Contact handled

Argorme National Laboratory-East ANL-E 0.0 0.0 6.0 0.0 25.5 32.8
Energy Technology Enginsering Center ETEC 0.0 0.0 0.0 0.0 2.5 2.5
Hanford Site HANF 745.2 5,541.6 10,086.3 14,668.9 15,282.3 15,472.9
Idaho National Engineering Laboratory IREL 1,420.0 28,356.0 42,341.0 57,615.0 64,774.0 64,774.0
Knolls Atomic Power Laboratory KAFL 0.0 0.0 Gg.0 0.0 6.0 0.0
Lawrence Berkeley Laboratory LBL 0.0 0.0 0.0 0.4 0.8 0.8
Lawrence Livermore National Labhoratory LLNL 0.0 0.0 0.0 0.0 194.5 222.7
Los Alamos National Laboratory LANL 0.0 3,352.3 5,988.1 8,825.1 10,381.9 1G6,540.0
Mound MOUND 0.0 23.0 61.2 99.5 137.7 153.0
Nevada Test Site NIS 0.0 34,9 177.8 550.2 506.8 607.1
Oak Ridge Wational Laboratory ORNL 12.6 538.9 725.86 900.3 1,047.8 1,069.1
Paducah Gaseous Diffusion Plant PAD 0.0 0.0 0.0 0.0 4.3 4.3
Rocky Flats Plant RFP 0.0 6.0 6.0 0.0 952.0 1,040.0
Sandia Natlonal Laboratory-Albuquerque SHLA 0.0 6.0 6.0 0.0 0.0 0.0
Savannah River Site SRS a a a a a 9,9874.3
West Valley Demonstration Project WVDP 0.0 0.0 0.0 18.5 48.4 48,4

Total 2,177.8 37,847.6 59,380.1 82,678.9 93,4584 103,942.0

Remote handled

Argonne Netional Laboratory-East ANL-E 8.0 0.0 0.0 0.0 0.0 0.0
Energy Technology Engineering Center ETEC 0.0 0.0 0.0 0.0 0.0 0.0
Hanford Site HANF 10.3 127.8 184.9 198.2 201.0 201.0
Idaho Natioal Engineering Laboratory INEL 0.0 0.0 17.0 48.0 75,0 75.0
Knolls Atomic Power Laboratory KAPL 0.0 0.0 9.0 0.0 0.0 2.4
Lawrence Berkeley Laboratory LBL 0.0 0.0 6.0 0.0 0.0 0.0
Lawrence Livermors National Laboratoxy LLNL 0.0 0.0 0.0 c.0 0.0 0.0
Los Alamos National Laboratory LARL 6.0 0.0 7.9 27.4 27 .4 78.4
Mound MOUND 6.0 6.0 g.¢ 0.0 0.0 6.0
Revada Test Site NIS 0.0 0.2 0.5 5.3 5.3 5.3
Oak Ridge National Laboratory ORNL 1.7 223.0 362.9 442.1 1,092.8 1,144.2
Paducah Gaseous Diffusion Plant PAD 9.0 0.0 0.0 0.0 0.0 0.0
Rocky Flats Plant RFP 8.0 0.0 0.0 0.3 0.0 0.0
Sendia National Laboratory-Albuquerque SNLA 8.0 0.0 0.0 0.0 0.0 0.0
Savannah River Site SR3 8.0 g.0 0.6 0.0 0.0 0.0
Wast Valley Demonstration Project Wwne 6.0 0.0 4.0 498,2 493.2 489.2

Total 12,0 351.0 583.3 1,220.2 1,800.5 2,005.5

3o data supplisd for these years.

The site reported all CH waste inventoried prior to 1891 as part of the

1991 inventory.
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Table 3.2. Sumpary of retrievably stored TRU waste by sites:

cumulative as-stored radioactivity (all radicauclides)

Cumulative as-stored radiocactivity at end of calendar year, 10% ¢

Site name Site acrenym 1970 1975 1880 1985 1980 1982
Contact handled

Argonne National Laboratory~East ANL-E 0.00 .00 0.00 0.00 0.12 0.12
Enerzy Technology Enginesring Center ETEC .00 .00 0.00 0.60 0.01 3.01
Hanford Site I 1,05 18.61 191.48 278,46 325.64 329.50
Idaho National Engineering Laboratory INEL 4 22 128,48 255,32 405,07 496.42 496.45
Knolls Atomic Powsr Laboratory KAPL 0.00 0.09 0.00 0.00 0.0¢ .00
Lawrence Berkeley Laboratory LBL 0.00 .00 0.00 0.00 0.00 0.00
Lawrence Livermore National Laboratory LLNL 0.00 0.00 0.00 0.00 0.93 1.80
Los Alamos National Laboratory LANL 0.00 49,18 108,46 151.01 212.92 218.70
Mound MOUND 0.090 0.00 0.00 0.00 0.00 1.95
Nevada Test Site NTS 0.00 0.27 1.21 2.83 3.45 3.45
Oak Ridge National Laboratory ORNL 4.C5 12,48 17.80 g98.18 99.55 100.07
Paducah Gaseous Diffusion Plant PAD 0.60 0.00 0.00 0.0C 0.00 0.00
Rocky Flats Plant RFP .00 0.00 0.00 0.0C 48,65 93.59
Sandia National Laboratory-Aibuquerque SNLA G.02 .08 0.00 0.060 0.00 0.00
Savarmah River Site SRS a a a 711.72
West Valley Damonstration Project WVDP 0.05 .00 4.00 0.03 0.05 0.05

Total 5.32 208.00 574,89 935.59 1,187.85 1,948.99

Remote handled

Argonne National Laboratory-Zast ANL-E .00 9,00 0.00 0.00 .00 0.00
Energy Technology Engineering Center ETEC 0.00 0.00 0.00 0.00 c.cQ £.00
Hanford Site HANF 27.09 55,70 471,69 480.11 482.10 482.10
Idaho National Engineering Laboratory INEL 0.00 0.00 0.49 4,93 10.53 10.53
Knolls Atomic Power Laboratory KAPL .00 0.00 0.00 c.00 6.0G 0.11
Lawrence Berksley Laboratory LBL 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Livermore National Laboratory LLNL J5.090 9.90 0.00 0.00 G.00 0.00
Los Alamos National Laboratory LANL 9.00 0.00 0.85 3.43 3.45 3.46
Mound MOUND 0.60 0.060 0.00 0.0C G.0D 3.00
Yevada Test Site NTS 0.00 0.00 0.04 .25 0.25 0.25
Oak Ridge National Laboratory ORNL 0.00 .18 0.32 0.54 166.80 177.88
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 G4.00 0.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 3.00 0.00
Sandia National Laboratory-Albuquerque SNLA 0.00 0.00 0.00 0.09 9.00 0.00
Savannah River Site SR8 0.00 0.00 0.00 0.00 0.400 0.00
West Valley Demcnstration Project WVDP 9.30 0.00 0.00 .09 .00 0.00

Total 27.939 55.87 473,50 485,26 663.1¢ 874.13

3o data supplied for these years. The site reported all CH waste inventoried prior to 1991 as part of the 1991 inventory.



Table 3.3. Summary off retrievably stored TRU waste by sites: cwmulative as—stored
IRU radioactivity {TRU radiomuclides only)

Cumulative as-stored TRU radicactivity at
and of calendar year, 103 ¢

Site name Site acronym 1878 1975 1980 1985 1880 1882

Contact handled

Argorne National Laboratory-East ANL-E 0.00 G5.00 0.00 0.00 .04 0.04
Enargy Technology Engineering Center ETEC 0.00 5.00 3.00 0.00 .00 9.00
Banford Site HANF 0.19 3,22 106.81 118.34 123,87 124,48
Idaho National Engineering Laboratory INEL 1,52 50.87 122.85 183.83 205,34 205.35
Knolls Atemic Power Laboratory KAPL 0.00 8.00 3.00 0.00 $.00 0.00
Lawrence Berkelay Laboratory LBL 0.00 0.00 0.00 0.00 0.90 3.00
Lawrence Livermore National Laboratory LLNL 0.00 09.00 3.30 0.00 0.15 5.28
Los Alamos National Laboratory LANL .00 48,66 104,85 144 .69 206,42 212.20
Mound MOUND 0.60 0.00 0.00 5,00 0.00 1.85
Nevada Test Site NTS §.00 0,26 1.02 2.49 2.70 2.70
Cak Ridge National Laboratory ORNL .01 6.28 6.58 9.89 10.02 10.10
Paducah Gaseocus Diffusion Plant PAD 0.00 .00 6.00 0.00 9.00 0.00
Rocky Flatg Plant RFP 0.00 0.00 0.00 0.00 12.73 28,08
Sandia National Laboratory~-Albuquerque SKLA 0.00 9.00 0.00 0.00 0.00 0.00
Savannah River Bite SRS a a a a a 405,86
West Valley Demonstration Project WVDP 0,00 0.00 0,00 0.00 0.00 0,00

Total 1.72 108.30 342,12 460.23 561.27 981,60

Remote handled

Argonne National Laboratory-East ANL-E 9.00 0.00 0.00 0.00 0.00 0.00
Energy Technology Enginesring Center ETEC 0.00 4.00 0.00 0.00 0.08 8.00
Hanford Site HANF 9.02 0.19 0.41 2.52 0.586 0.56
Idaho National Enginesring Laboratory INEL .00 0.00 0.01 0.03 3.10 9.10
¥nolls Atomic FPower Laboratory KAPL 0,00 0.0¢ 0.00 0.00 0.00 0.00C
Lawrence Berkeley Laboratory LBL 0.00 9.060 0.00 9.00 0.00 0.00
Lawrsnce Livermore National Laboratory LLNL 0.00 6.00 .00 0.00 0.00 8.00
Los Alamos NHational Laboratory LARL 0.00 8.00 0,04 0.09 0.09 .09
Mound MOUND 0.00 0.00 0.00 0.00 5.09 0.00
Nevada Taest Site NIs 0.00 0.00 0.00 §.00 8.00 0.00
Jak Ridga Natiocnal Laboratory CRNL 9,00 9.62 §.03 $.05 1.08 1,12
Paducah Gaseous Diffusion Plant FAD 0.00 9.00 2.00 0.00 0.00 9.00
Rocky Plats Plant RFP 0.00 5.00 .00 0.00 .00 9.00
Sandia National Laborabtory-Albuguarque SNLA 0.900 2.00 0.00 0.00 0.00 09.00
Savannah River Site SRS §.00 0.00 0.00 8,00 0.00 0.00
West Valley Demonsiration Project WVDP 6.00 0.00 0.00 ¢.00 0.00 0.0¢

Total 0.02 .21 B.49 0.69 1.81 1.87

%Mo data supplied for these years. The site reported all CH waste inventoried prior to 1891 as part of the 1981
inventory.
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Table 3.4. Swwnary of retrigvadbly atored TRU waste by sites:

decayed radioactivity (all radiomuclides)

Cumulative radioactivity at end of calendar year, 153 ci

Site name Site acronym 1979 1875 1980 1985 1990 1882
Contact handied

Argonne National Laboratory-East ANL-E 0.00 0.00 G.090 0.00 0.11 0.10
Energy Technology Engineering Center ETEC .03 G.00 G.00 0.00 2.01 0.01
Hanford Site HANF 1.05 18.23 183.76 244 40 229.490 221.38
Idaho National Enginsering Laboratory INEL 4,22 120.8% 230.01 348,86 393.67 375.47
Knolls Atomic Power Laboratory KAPL .09 0.0¢ 0.00 .00 .00 0.00
Lawrence Berkeley Laboratory LBL .00 .00 0.00 0.00 0.00 0.00
Lawrence Livermore National Laboratory LLNL 0.00 0.00 0.00 0.00 0.89 1.68
Los Alamos National Laboratory LANL 0.00 48,71 102.186 139.38 195.28 188.07
Mound MOUND 0.00 0.00 0.00 0.00 0.00 1.95
Nevada Test Site NTS 0.00 0.27 1.20 2.78 3.29 3.24
Oak Ridge National Laboratory ORNL 0.05 11.28 15.07 80.3¢ 75.24 69.94
Paducah Gaseous Diffusion Piant PAD 0.00 .00 0.00 0.00 0.00 g.00C
Rocky Flats Plant RFP 3.00 4.60 5.00 0.00 47 .04 £8.23
Sandia National Laboratory-Albuquerque SNLA 0,00 G.00 0.00 0.00 0.00 0.00
Savannah River Site SR3 a a a a a 685.80
West Valley Demonstration Project WVDP 0.00 0.00 .00 0.03 0.05 0.04

Total 5.32 198.33 532.20 825.62 944,98 1,546,984

Remote hamdlied

Argonne National Laboratory-East ANL-E 0.00 0.00 0.00 c.00 0.00 0.00
Energy Technology Engineering Center ETEC 0.00 0.00 0.00 0.00 0.00 0.00
Hanford Sits HANF 27.09 28.85 293.19 54,16 45.02 40,39
Idaho National Engineering Laboratory IHEL 0.00 0.00 0.58 7.03 8.10 7.98
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.060 0.11
Lawrence Berkeley Laboratory LBL 0.00 0.00 0.00 0.400 9.00 .00
Lawrence Livermore National Laboratory LLNL 0.0 0.00 0.00 9.00 0.60 06.00
Los Alamos National Laboratory LANL .00 0.00 0.88 0.73 6.38 0.34
Mound MOUND G.00 0.00 0.00 0.00 c.00 .60
Nevada Test Site NTS ©.09Q 0.00 0.04 0.23 0.19 0.18
Oak Ridge National Laboratory CRNL 0.00 0.15 0.28 0,43 159.79 i60¢.78
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 0.00 .00 0.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00
Sandia National Laboratory-Albuguerque SNLA 0.00 .00 .00 0.00 5.00 0.00
Savannal River Site SRS 0.00 0.00 3.00 0.00 .00 39.900
West Valley Demonstration Project WVDP 0.00 .60 0.00 0.00 0.060 $5.00

Total 27.08 29.00 294 .97 72.58 214,486 209.78

%No data supplied for these years. The site reported all CH waste inventoried prior to 1891 as part of the 1881

inventory.
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Table 3.5, Summary of retrisvably stored TRU waste by sites:

decayed radioactivity (TRU radionuclides only)

Cumulative radicactivity at snd of calsndsr year, 163 ¢y
8ite nams Site acrenym 1870 1975 1980 1985 198G 1552
Contact hendled

Argenne National Laboratory-East ANL-E 0.00 0.00 9.00 0.00 7.04 3.084
Enargy Technology Zngineering Centex ETEC 0.90C 9,00 .00 0.00 3,00 5.00
ganford Site HANF 0.1 3.25 107.01 118.77 118,73 118.38
Tdaho ¥ational Zngineering Laboraiory INEL 1.52 50.¢1 122.490 131.58 201,41 200,73
Xnoils Atomic Powar Laboratory KAPL §.0¢C .40 0.00 0.00 0.00 2.00
Lawrenca Berkeley Laboratory LBL 0,00 3.60 0.08 .00 3.90 0,00
Lawrence Livarmore National Laboratory LLENL D.0% 0.00 0.08 0.00 0.13 .28
Los Alamos National Laboratory LANL 6.00 48 .35 101,55 137.44 194 ,E8 198,59
Mound MOUND C.0¢ 0,00 .00 .08 G.00 1.95
Haveada Test Site NTS 0.00 .28 1.02 2.48 2.68 2.58
Sak Ridge Nabticnal Laboratory ORNL 0,01 8.14 3,27 9,46 9.83 3,89
Pgducen Gaseous Diffusion Plant PAD $.006 3.00 2.00 .00 0.90 3.00
Rocky Flats Plant RFP 0.60 0.090 2.00 3.00 12.77 28,30
Sandia ¥ational Laboratory-Albuguerqus BNLA 0.00 0.00 .90 9.00 9.00 0.00
Savannah River Site SRS a a a a a 403,05
West Vallay Demonstration Projsct WYDP 0.00 $.00 0.00 0.00 g4.908 .00

Total 1.72 108.92 328.25 447.71 540.38 963,90

Remote handled

Argonne National Laboratory-East ANL-E .00 0.00 0.00 0.00 .00 0.00
Energy Technology Engineering Centex ETEC 0.060 0.00 0.00 0.00 0.00 0.00
Ranford Site HANF 0.02 0.20 0.44 0.60 0.67 0.89
Idaho National Enginesring Laboratory INEL 0.00 0.98 0.01 0.03 0.10 0.10
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 0.00 06.00 0.00 0.00 0.00 0.00
Lawrence Livermore National Laboratoxy LLNL 0.00 §g.00 0.00 0.00 0.00 0.00
Los Alamos National Laboratory LANL 0.00 0.00 0.04 0.09 0.09 0.09
Mound MOUND 0,00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site KIS 0.00 0.00 0.00 0.00 0.00 0.60
Oak Ridge National Laboratory ORNL 0.00 .02 0.03 0.05 1.04 1.09
Paducah Gaseous Diffusion Plant PAD .00 0.00 0.00 0.00 0.00 0.00
Rocky Flats Plant RFP .00 0.00 0.00 0.00 0.00 0.00
Sandia National Laboratory-Albugquerque SNLA 0.00 0.00 0.00 0.00 0.00 0.00
Savannah River Sitse SRS 0.00 0.08 0.00 0.00 0.00 0.00
West Valley Demonstration Projsct WVDP 0.00 0.00 §.00 0.00 0.00 0.00

Total £.02 0.22 0.52 8.77 1,90 1.97

2o data supplied for thess years.

inventory.

The site reported all CH waste inventoried prior to 19881 as part of the 1981
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Table 3.8. Retrisvably stored TRU waste imventories and decayed characteristics,
total of all sites, all radionuclides inciuded

Volume Total mass? Radioactivity Thermal power
End of (m® (kg) (103 ci) (10° W3
calendar
year Annual Cumulative Annuai Cumulative Annual Cumulativa Annual Curmulative
Contact handled
1870 2,177.8 2,177.8 47 .1 47.1 5.32 5,32 0.05 0.05
18971 8,5682.3 13,870.C 316.9 364 .9 22.43 27.57 0.48 0.52
1872 7,518.3 15,388.3 1,085.5 1,643.4 34,13 80.93 04,52 1.03
1973 7,116.0 25,504.3 13C. & 1,530.2 28.00 87.32 0.41 1.43
1874 5,617.9 31,122.2 3,847.9 5,528.1 84,18 149,23 1.50 2,93
1875 5,725.3 37,547 .6 J76.6 8,304.7 53.94 189,34 0.79 3.70
1976 2,319.2 40, 166.8 4,369.C 10,873.6 58.8€ 233.20 0,984 4,62
1977 5,458.8 45,656.¢ 725.GC 11,358.5 54.,1¢C 281.84 1.10 5.70
1978 3,825.5 49,482, 1 185.9 11,584.5 56.52 330.59 1.230 6.96
1972 5,194.6 54,676.7 3,396.3 14,980.8 §3.85 388.97 0,93 7.85
1950 4,703.4 59,380.1 4,601.0 19,581.7 153.53 532.189 344 11.26
1985 4,848.3 B%,228.4 1,092.1 20,873.8 58,04 579,34 0.85 12.1
1682 4,598, 1 68,826.5 1,67¢.9 21,744.7 48.7 5156.29 0.77 12.85
1983 4,308.4 7%,134.9 1,23C.2 22,974.8 37.37 840,87 0.55 13.32
1984 4,818.5 77,752.4 72,9 23,888. 8 135.61 763.34 0.82 14.07
1985 4,925.5 82,678.9 273.% 23,970.¢ 80,89 825,52 3,87 14.83
1985 4,393.7 87,072.8 346.1 24,318.90 86.10 883.58 0.85 15.51
1987 2,514.5 89,587.2 451.8 24,767.8 51.57 901,08 5.87 16.1
1983 2,039,2 1,626.4 282.8 25,050.8 38.71 914.38 3.7% 15,81
1989 1,436.0 G3,082.4 223.5 25,2741 37.5% 929,186 0.55 17.29
1990 395.8 83,458. 4 200.8 25,474 .3 37.29 944 .95 0.48 17.70
19919 10,158.0 103,518.4 361.5 25,836.4 F33.40 1,857.31 i5.24 32.38
1392 325.7 103,842.1 96.4 25,932.8 27.75 1,546.94 0.30 32.97
Remote hendled

1870 2.0 12.9 29.8 29.8 27.09 27.09 0.32 0.32
1971 is5.8 27.8 22.5 52.% 7.86 29.87 0.09 0.36
1972 84.9 122.8 12.1 54.2 2.85 28,38 0.03 3.34
13973 1.5 184.2 9.5 4.7 7.28 1.86 0.03 .33
1974 41,1 225.,3 0.8 55.4 5.89 31.03 0.02 .30
1975 125.7 351.¢ 1.4 66.8 4,88 29,00 0.485 ¢.3
1976 76.5 427.6 2.7 69.5 5,25 29.86 0.02 .28
1977 56.6 484.,2 2.1 71.8 14.35 38,44 0.186 .40
1978 48 4 533.6 2.9 74.5 1.12 33.77 0,00 0.35
1979 23.1 556.7 8.1 82.5 235,03 264.86 1,10 1,61
188¢ 26.5 583.3 3.7 86.2 161.87 284,98 0.88 1.47
1981 3.2 8i8.5 3.5 85.7 5.13 163.93 0.05 0.58
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Table 3.6 {continued)

Yolume Total mass?® Radiocactivity Thermal power
End of (m®) (103 ¢i) (10% W
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative Annual Cumulative
1982 33.1 648.5 2.9 98.6 3.33 115,04 8.02 0.64
1983 34,2 683.8 15.8 114.2 3.80 92,51 9.01 .52
1884 20,7 704.,5 1z2.1 126.2 8.78 77.39 0.01 0.44
1885 515.8 1,220.3 3.1 128.3 2.73 72.58 0.01 0.40
19856 18.8 1,239.0 2.4 131.8 1,39 65,99 0.01 0.37
1987 88.8 1,327.8 5,456.0 6,587.8 18.45 80,88 0.07 0.41
1388 5.2 1,333.0 3.5 6,5981.2 4,12 82.12 0.01 0.40
1089 537.0 1,870.0 153,589.2 160,160.4 144,29 220,18 0.64 1.01
1890 30.5 1,9800.5 %,825.7 164,786.1 4.64 214.45 0.02 0.97
1991 78.4 1,976.8 5,475.8 171,261.9 6.12 212,386 0.03 0.85
1892 26.6 2,005.4 5,088.1 178,350.0 4.88 208,77 0.02 0.93
Total
1870 2,189.7 2,188.7 76.7 76.7 32.41 32.41 .38 $.38
1971 8,708.1 10,897.8 338.4 416,11 30,29 57.43 0.55 9.87
1872 7,813.2 18,511.1 1,087,858 1,513.8 36.99 88.33 0.55 1.37
1873 7,177.4 25,688.6 131.2 1,644.9 35.28 119.22 0.44 1.76
1874 5,659.0 31,347.5 3,948.6 5,593.5 70.07 180.26 1.53 3.23
1975 5,853.0 38,198.6 778.0 §,371.4 58.83 228.33 0.84 4,00
1978 2,385.8 40,594,3 4,371.8 10,743.1 44,13 262.88 0.96 4.90
1877 5,546.5 48,140.8 727.1 11,470.2 68.46 320.08 1.28 6.10
1878 3,874.8 50,015.86 188.8 13,6859.8 57.65 364.38 1.38 7.31
1879 5,217.8 55,233.4 3,4064.3 15,063.3 298,88 651,83 2.03 9.25
1880 4,730.0 59,863.4 4,604.6 19,667.8 315.41 827.15 4,54 12.73
1981 4,881.5 64,844.8 1,101.35 20,769.4 63.18 743.27 1.00 13.02
1982 4,831.2 69,476.0 1,0873.8 21,843.2 52.12 731.33 0.79 13.48
1983 4,342.6 73,818.7 1,245.8 23,089.1 41.17 733.38 0.56 13.84
1984 4,639.2 78,457.9 734.0 23,823.1 136.39 840,73 0.83 14.51
1985 5,441.3 83,8989.2 276.2 24,099.3 83.62 898.21 §.87 15.28
1986 4,412.5 88,311.7 348.4 24,4477 87.49 9498.66 0.86 15.97
1987 2,803.3 90,815.0 6,907.8 31,355.4 71.02 981,95 0.74 16.58
1938 2,044 4 82,9859, 4 286.4 31,841.8 43,83 996 .50 0.77 17.231
1888 1,973.¢0 94,832.4 153,792.7 185,434.5 181.87 1,148.35 1.19 18.30
1990 4264 95,358.8 4,828.5 180,260.9 41.92 1,158.40 0.50 18.87
1981b 10,236.4 105,595.3 5,837.4 197,098.3 738.51 1,869.67 15.27 33.83
1882 352.3 105,847.5 5,184.5 202,282.8 32.83 1,858.72 0.32 33,90

3Mass means mass of radionuclides, not of total waste.

DgRS CH waste data not available for individual yaars prior to 1691 dbut is

inciuded in totals for years 1891 and 1892,



Table 3.7. Retrievably stored TRU waste inventories sad decayed characteristics,
tetal of all sites, YRU radionuclides only includad®

Volume TRU mass® TRY radioactivity TRU thermal power
End of (w33 {kg) (103 c1) (103 Wy
calendar
year Annual Cunulative Annual Cumulative Annual Cumulative Annual Cumulative
Contact handled
1979 2,177.3 2,177.8 8.3 §.3 i.72 1.72 0.06 0.06
1871 8,692.3 10,870.0 25.0 33.2 13.17 14,88 0.43 0.49
1972 7,518.2 18,388.3 37.3 70.86 15.32 30.% 0.50 0.99
1973 7,1i6.0 25,504.3 39.0 109.8 10.51 40,87 0.34 1.33
1974 5,617.9 31,122.2 45,9 158.4 44,77 85.41 .67 2.82
1975 6,725.3 37,847.8 74.8 233.3 23.81 108.92 0.78 3.57
19786 2,3198.2 40,3166.8 34.1 267 .4 28,13 136.59 0.83 4,43
1977 5,489.8 45,656.6 59.4 526.8 33,10 189.25 1,09 5.58
1878 3,825.5 49,4821 55.7 382.6 39.3 207.87 1.28 6.83
18739 5,194.6 54,876.7 116.3 £59.3 28,10 235.06 0.82 771
1880 4,703.4 59,380.1 148.0 847.3 104.18 338.25 3.43 11.1
1881 4,B848.3 64,228.4 141.3 788.6 28.98 365.56 0.94 11.99
1982 4,598.1 68,826.5 174 .4 963.0 21.57 385.38 0.69 12.82
1983 4,308.4 73,134.9 158.0 1,121.0 17.09 430,69 0.54 13.1%
1984 4,518.5 77,753 .4 208.3 1,327.3 25.54 424,45 0.81 13.86
1985 4,925.5 82,6786.9 208.8 1,535.9 24.95 447.71 3.79 14,80
1988 4,393.7 87,072.56 205.2 i,741.1 24,08 470.12 0.77 15,31
1987 2,514.5 29,587.2 141.0 1,8382.1 20.37 458.82 0.65 i 1
1588 2,038.2 ©1,626.4 277.1 2,159.1 23.895 511,10 9.75 15.81
1889 1,435,0 §3,062.4 212.8 2,372.1 17.52 526.93 0.55 17.10
1990 395.8 83,358.4 191.5 2,563.5 15,13 540.38 0.48 17.52
1991°€ 10,158.0 103,6186.4 347.1 2,910.7 420.52 959,11 13.87 31,34
1992 325.7 103,942.2 52.4 2,9853.1 9.21 8383.80 6,30 31.48
Hewmote handled

18740 i2.0 12.9 0.3 0.3 7.02 .02 0.00 0.00
1871 15.9 27.8 0.2 Gg.5 0.02 G.05 0.00 0.00
1872 94.9 122.8 1.1 1.6 0.09 0.14 0.00 0.00
1973 5i.5 i84.,2 0.3 1.9 $.03 .17 0.00 0.01
1974 41,1 225.3 0.2 2.1 3.C61 0.19 0.00 0.01
1975 125.7 351.0 .5 2.4 3.63 2.22 0.0C 0.01
1978 75.3 427 .9 2.5 2.9 G.C5 5.27 0.006 0.01
1877 56.86 484 .2 3.5 3.5 0.C8 3.33 0.0¢C 0.01
1878 49.¢% 533.6 3.5 [N} .C4 0.87 0.0¢C 0.01
197¢ 23.1 556.7 1.1 5.1 0.989 0.47 0.09 G.01
1980 26.5 583.3 9.5 5.8 9.04 0.52 0.0¢ G.02
1382 33.2 615.5 0.7 5.3 J.05 0.58 0.00 .02



Table 3.7 (continued)

Volume TRU massP TRU radioactivity TRU thermal power
End of (m?) (kg) (108 ci) (103 W)
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative Annual Cumulative
1982 33.1 649.5 0.4 6.7 0.03 0.62 0.00 0.02
1983 34.2 683.8 0.6 7.3 0.07 0.70 0.00 0.02
1984 20.7 704.5 0.4 1.7 0.03 0.74 0.00 0.02
1985 515.8 1,220.3 0.2 7.9 0.01 0.76 0.00 0.02
1986 18.8 1,239.0 0.2 8.0 0.01 0.78 0.00 0.02
1987 88.8 1,327.8 0.7 8.7 0.13 0.92 0.00 0.03
1988 5.2 1,333.0 0.2 8.9 0.02 0.95 0.00 0.03
1989 537.0 1,870.0 2.5 11.4 0.88 1.84 0.03 0.06
1990 30.5 1,900.5 0.1 11.5 0.08 1.91 0.00 0.06
1991 78.4 1,978.9 0.1 11.6 0.04 1.95 0.00 0.06
1992 26.6 2,005.4 0.1 11.7 0.03 1.97 0.00 0.06
Total

1970 2,189.7 2,189.7 8.5 8.5 1.74 1.74 0.06 0.06
1971 8,708.1 10,897.9 25.2 33.7 13.19 14.94 0.43 0.49
1972 7,613.2 18,511.1 38.5 72.2 15.42 30.33 0.51 1.00
1973 7,177.4 25,688.6 39.3 111.5 10.5 40.84 0.34 1.34
1974 5,659.0 31,347.5 49.1 160.5 44 .78 85.60 1.48 2.81
1975 6,851.0 38,198.6 75.1 235.7 23.83 109.14 0.78 3.58
1976 2,395.8 40,594.3 34.7 270.3 28.17 136.96 0.93 4,50
1977 5,546.5 46,140.8 60.0 330.4 33.15 169.58 1.08 5.57
1978 3,874.8 50,015.6 56.2 386.5 39.36 208.24 1.30 6.84
1979 5,217.8 55,233.4 117.9 504.4 28.20 235.54 0.92 7.73
1980 4,730.0 59,963.4 148.5 653.0 104.22 338.78 3.43 11.12
1981 4,881.5 64,844 .9 142.0 794.9 29.01 366. 14 0.84 12.01
1982 4,631.2 69,476.0 174.8 969.7 21.61 386.01 0.69 12.64
1983 4,342.6 73,818.7 158.6 1,128.3 17.16 401.39 0.55 13.13
1984 4,639.2 78,457.9 206.7 1,335.0 25.57 425.19 0.82 13.89
1985 5,441.3 83,899.2 208.7 1,543.7 24 .96 448,48 0.789 14.63
1986 4,412.5 88,311.7 205.4 1,749.1 24,09 470.80 0.77 15.34
1987 2,603.3 90,915.0 141.7 1,890.8 20.49 489.74 0.66 15.94
1988 2,044 4 92,959.4 277.3 2,168.0 23.97 512.05 0.75 16.64
1989 1,973.0 94,932.4 215.4 2,383.4 18.40 528.76 0.58 17.16
1990 426.4 95,358.9 191.6 2;575:0 15.21 542.27 0.48 17.59
1991°€ 10,236.4 105,595.3 347.3 2,922.3 420,56 961.14 13.87 31.40
1992 352.3 105,947.5 52.5 2,974.8 9.24 965.87 0.30 31.55

2Radioactive daughters of TRU radionuclides are not included.
DTRU mass means mass of TRU radionuclides, not of total waste.
CSRS CH waste data not available for individual years prior to 19891 but is included in totals for years 1991 and 1992.
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Table 2.8, Suwsnary of burisd TRU waste by sites: cumzlativs as-stored volumes

Cumulative volume at end of calendar year, )
Site
Site name acronym 1945 1950 1855 1980 1965 1870 1875 1980 1985 1982
Contact and remote handled
Argonne ¥ational Laboratory- ANL-E 0 0 0 ¢ Q 0 0 0 0 0
East
Energy Technology Emginearing ETEC 0 G 0 0 0 0 0 ¢ 0 0
Center
Eanford Site BANF 778 5,159 18,333 35,508 47,932 63,624 53,628 53,529 53,529 53,6262
Idaho NMational Engineering IKEL 0 & 1,828 29,028 8,929 125,858 125,558 125,653 125,659 125,559
Laboratory
Knolls Atomic Power Laboratory KAPL 0 0 0 0 0 o 0 0 0 0
Lawrence Berkeley Laboratory LBL (] 0 0 9 0 0 [¢] 0 0 0
Lawrence Livermore Hational LLNL 0 2 0 2 0 0 0 0 9] 0
Laboratory
Los Alamos National Laboratory LANL 0 0 0 Q Q Q 0 3 Q 0
Mound MOUMD 0 9 0 ¢ 0 0 0 0 3 0
Fevada Test Site NTS 0 [ G G 0 0 0 g 0 0
Oak Ridge National Laboratory CRRL 1] 0 0 0 0 58 1,185 1,185 10,615 10,615
Paducah Gaseous Diffusion Plant FAD 0 G ¢ g 0 4} 0 0 Q 0
Rocky Flats Plant RFP 1] 3 Y 0 0 0 0 0 b 0
Sandia National Laboratory- SNLA 0 e} 5 .14 0.85 1.33 1.33 1.33 .33 1.3%
Albuquerque
Savannah River Site SRS b o b ko) b 4,534 4,534 4,534 4,534 4,534
West Vailey Demonstration WVDP 0 2 0 9 0 0 0 0 0.92¢ G.02
Project
Total 77¢ 5,159 18,162 64,538 116,852 183,588 185,008 195,008 204,438 204,438

%Reference 4 states that upon retrieval of this waste, a significant amount of the soil will become contaminated and willi increase the volume of
waste. The estimated waste and associated contaminated soil volume is 109,000 m®,

9No data available for these years.

CWYVDP submittal shows 0,018 m? buried in year 1984,
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Table 3.8, Summary of buried TRU waste by sites:

cumulative as-stored radioactivity (all radionuclides)

Cumulative radicactivity at end of calendar year, 102 ¢4

Site
Site name acronym 1945 1850 1955 1869 1865 1870 1975 1980 1885 ig92
Contact and rewmote handled
Argonne National Laboratory- ANL-E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
East
Energy Technology Engineering ETEC 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
Laboratory
Hanford Site HANF 0.56 13.89 170.14  231.13 242.85 601.02 601.67 601.68 601.68 601.68
Idaho Rational Enginsering INEL D.00 0.00 0.02 72.24 1,472,.24 4,849,244 4,849 .24 4,849.24 4,849, 24 4,849,248
Laboratory
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 06.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00
Lawrence Livermore National LLNL 0.00 0.00 0.008 .00 0.00 0.00 0.00 0.00 0.00 0.00
Laboratory
Los Alamos National Laboratory LANL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mound MOUND 0.00 0.00 0.00 .00 0,00 0.00 0.00 0.60 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.00 .00 0.00 0.00 0.00 6.00 0.00 0.00
Oak Ridge National Laboratory ORNL 0.00 0,00 .00 0.00 8.00 0.01 24,80 24,90 702.60 702.60
Paducah Gaseous Diffusion Plant BAD 0.00 8,00 0.00 0.00 0.00 0.00 0.00 G.00 8.00 0.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sandia Natfonal Laboratory~ SNLA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Albuguerque
Savannah River Site SRS b b b b b 9.83 9.83 9.83 9.83 8.83
West Valley Demonstration WVDP 0.00 0.00 g.00 0.00 0.00 0.00 0.00 0.00 4.00% ¢.00
Project
Total 0.56 13.88 1790.16 303.37 1,715.08 5,450.10 5,485.11 5,485,112 £,162.83 5,182,853

2QVDP submittal shows 0.91 Ci buried in year 1984,
byo data available for these y8ars,



‘Tabie 3.10., Svemary of buried TRY

waste by sites: cumulative as—stored radioactivity (TRU radicrmuclides only)

Cumuiative radioactivity at end of calendar year, 6% ¢

e

Site
Site name acronym 1945 1350 1955 1960 1965 197¢ 1975 13980 1985 1992
Coatact and remoie handled
Argonne National Laboratory- ANL-E 0.090 0.00 0.00 0.00 0.90 0.00 0.00 .09 3,90 0.09
Zast
Energy Technology Engineering ETEC 0.00 0.00 0.00 0.00 0.00 0.00 0.40 .08 .00 0.00
Laboratory
Hanford Site HANF 0.10 2.37 103.41 110.90 112.864 114.45 114,45 114._45 114,45 114,45
Idaho National Engineering IHEL a a a a a a 2 a a a
Laboravory
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.09 0.00 0.00 0.00 0.00 C.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 2,00 0.0C 0.09 0.00 0.00 0.00 0.90 .00 0.00 2.00
Lawrence Livermore National LLNL G.C0 0.0C 0.00 0.00 0.00 0.00 0.00 .00 G6.C0 0.00
Laboratory
Los Alamos National Laboratory LANL 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 .00 0.00 0.00
Mound MOUND 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 .00
Nevada Test Site NTS 0,00 0.00 0.00 0.09 0.00 0.00 0.00 0.90 0,00 .00
Cak Ridge National Laboratory GRNL 0.00 6.00 9.00 0.00 0.00 0.00 0.02 0.02 2.15 2,15
Paducah Gaseous Diffusion Plant PAD 0.00 G.09 .00 0.00 0.0¢ 0.00 0.00 0.00 0.00 0.00
Rocky Flats Plant RFP 0.00 8.00 .00 0.0¢ 0.0C 0.00 0.00 0.00 0.60 9.060
Sandia National Laboratory- SNLA 0.00 0.0¢ 0.00 0.00 0.0C 0.00C 0.00 06.C0 0.00 G¢.c0
Albuguerque
Savannah River Site SRS a a a a a a a a a a
West Valley Demonstration WVDP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Project
Total 0.10 2,37 103.41 110.80 112,64 114.45 114,48 134.48 116.80 115.60

o data available.
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Table 3.11. Swwmary of buried TRU waste by sites: decayed radicactivity (all radionuclides)
Cumulative radioactivity at end of calendar year, 103 ci
Site
Site name acronym 1945 1950 1955 1960 1965 1970 1875 1980 1985 1982
Contact and remote handled

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

East
Energy Technology Engineering ETEC 0.00 0.0D0 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00

Laboratory
Hanford Site HANF 0.56 13.40 161.70 188.75 177.37 452.07 308.59 256.77 218.37 178.71
Idaho National Engineering INEL a a a a a a a a a a

Laboratory
Knolls Atomic Power Laboratory KAPL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lawrence Berkeley Laboratory LBL 0.00 0.00 0.00 0.00 0.00 0.080 0.00 0.00 0.00 0.00
Lawrence Livermore National LLNL 0.00 4.60 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.0D

Laboratory
Los Alamos National Laboratory LANL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00
Mound MOUND 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nevada Test Site NTS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oak Ridge National Laboratory ORNL 0.00 0.00 0.00 0.00 0.00 0.01 23.22 20.67 660.96 556.20
Paduceh Gaseous Diffusion Plant PAD 06.00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 0.00 8.00
Rocky Flats Plant RFP 0.00 0.00 0.00 0.00 0.00 0.00C 0.00 0.00 0.00 0.00
Sandia National Laboratory- SNLA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Albuquerque
Savannah Rivar Site SRS a a a a a a a a a a
West Valley Demonstration WVDP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00

Project

Total 0,58 13.40 181.70 189.75 177.37 452,08 331.80 277.45 878.33 734,91

2No datae available.
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Table 3.12. Summmary of buried TRU waste by sites: decayed radioactivity (TRU radiomuclides oaly)

Cumulative radioactivity at end of calendar year, 1¢e ci

Site
Site name acrorym 1945 1850 1855 1960 1965 1970 1975 1880 1985 1992
Contact and remote handlsd
Argonne National Laboratory- ANL-E 0.00 0.00 3.00 0.09 C.00 0.00 0.09 0.00 0.00 0.00
East
Energy Technology Engineering ETEC 0.00 9.00 .00 0.00 ¢.00 9.00 0.0¢ 0.00 0.00 0.00
Laboratory
Hanford Sita HANF g.10 2.38 102.95 107.53 106.50 105.61 102.95 100.32 97.72 84.186
Idaho National Engineering INEL a a a a 8 a a a a a
Laboratory
Knolls Atomic Power Laboratory XAPL 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00
Lawzrence fierkaley Laboratory L3L 0.00 0.00 0.00 0.00 9.00 0.90 .00 0.00 §.00 0.00
Lawyarice Livermore Natiomal LiNL 0.00 9.00 0.90 5.00 0.00 0.00 c.Co .60 .00 0.00
Laboratory
Los Alamos National Laboratory LANL 0.90 .00 9.900 .60 .00 §.990 0.00 .00 0.00 0.00
Mound MOUND 0.00 6.00 $.00 G.00 $.60 .00 0.00 G.00 9.00 0.00
Nevada Test Site L) 0.00 0.00 0.00 .00 0.00 0.00 0.00 $.00 0.00 0.00
Oak Ridge National Laboratory ORNL 0.00 0.00 ¢.00 .00 .00 6.00 0.02 §.02 2.14% 2,10
Paducah Gaseous Diffusion Plant PAD 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 .00 0.00
Rocky Flats Plant RFP 0.00 .00 0.00 0.00 0.00 4,00 0.40 4.00 .00 0.00
Sandia National Laboratory- SNLA 0.0% 0.90 .00 0.00 0.90 0.060 0.00 0.00 0.00 0.00
Albuquergus
Savannah River Site SRS a a a a a a a a a a
West Valley Demonstration WVDP 0.00 0.00 0.00 0.00 0.90 0.900 0.00 .00 2.00 c.00
Project
Total .10 2.38 102.95 107.53 106.50 105.81  102,39% 100.34 89.85 96.28

2No data available.
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Table 3.13. Buried TRU waste inventories and decayed characteristics, total of all sites, all radionuclides included®

Volume Total massP Radioactivity Thermal power
End of (m®) (kg) (103 ci) (108 W)
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative Annual Cumulative
Contact and remote handled

1944 14.2 14.2 0.0 0.0 0.00 0.00 0.00 0.00
1845 764 .6 778.7 100.5 100.5 0.56 0.56 0.00 0.00
1946 821.2 1,598.9 100.5 201.0 0.55 1.07 0.00 0.01
1947 962.8 2,562.7 100.5 301.5 0.56 1.58 0.00 0.01
1948 906.1 3,468.8 106.5 402.0 6.56 2.03 0.00 6.01
1949 981.1 4,459,9 105.5 507.4 2.87 4,80 0.01 6,03
1850 1,689.0 6,158.8 120.4 627.8 9.00 13.40 0.05 0.07
1851 1,755.7 7,914.6 130.3 758.1 13,23 26,09 0.07 0.15
1952 2,184.6 10,109.2 428.6 1,186.7 13.47 38.56 0.07 0.22
1953 2,875.8 12,184.8 376.9 1,563.86 12.70 48,78 0.07 0.29
1954 2,047.3 14,232.1 383.7 1,947.3 102.83 150.72 3.03 3.33
1955 2,101.1 16,333.2 380.1 2,327.5 14,02 161.70 0.07 3.38
1956 3,630.2 19,863.4 410.1 2,737.8 15,67 173.81 0.08 3.44
1857 4,502.4 24,465.8 9,915,7 12,653.2 18.25 187.40 0.09 3.51
1958 4,567.5 29,033.3 18,383.9 32,037.1 18,52 198.51 0.08 3.57
1859 4,482.8 33,515.8 39,278.6 71,315.7 7.66 197.65 0.04 3.57
1960 1,983.5 35,509.4 60,862.0 132,177.7 0.88 189.75 0.01 3.53
1961 2,842.5 38,151.8 41,487.7 173,665.3 2.15 185.99 0.01 3.52
19862 3,165.8 41,317.7 231,364,2 405,029.5 2.26 183.17 0.01 3.51
1863 2,238.5 43,5542 70,911.5 475,941.0 2,41 181.08 0.01 3.51
1864 2,317.2 45,871.4 78,166.5 554,107.5 2.41 179.14 0.01 3.50
1865 2,060.3 47,931,7 134,494.5 688,602.1 2.49 177.37 0.01 3.48
1966 1,679.2 49,610.9 60,813.8 748,515.9 2.69 176.00 0.01 3.49
1967 3,735.3 53,346,2 23,042.8 772,558.8 4,08 176.07 0.02 3.49
1868 4,214.5 57,560,7 1,5684.5 774,123.2 88,24 260,90 0.11 3.58
1869 5,130.0 62,690.7 54,601.9 828,725.1 100.85 345,14 0.33 3.85
1870 1,001.3 63,692.1 127.8 828,852.9 161.32 452,08 0.28 3.88
1971 177.0 63,869.1 0.4 828,853.3 0,37 389.37 0.00 3.85
1972 935.2 64,804.3 0.0 828,853.3 24.76 383.20 0.07 3.62
1873 1.7 64,806.0 0.0 828,853.3 0.08 362.09 0.00 3.56
1974 7.5 64,813.5 0.0 828,853.3 0.32 345.84 0.00 3.53
1975 0.0 64,813.5 0.0 828,853.3 0.00 331.80 0.00 3.50
1978 0.0 64,813.5 0.0 828,853.3 6.00 319.28 0.00 3.47
1977 0.0 64,813.6 0.0 828,853.3 0.01 307.77 0.00 3.45
1978 0.0 64,813.6 0.0 828,853.3 0.00 297.04 0.00 3.43
1979 0.0 64,813.6 0.0 828,853.3 0.00 286.96 0.00 3.41
1980 5.0 64,813,868 0.0 828,853.3 0.00 277.45 0.00 3.38
1981 0.0 64,813,6 0.0 828,853.3 0.00 268,44 0.00 3.386
1982 2,850.0 67,763.6 14.6 828,867.8 125.11 385,02 8.52 3.88
1983 4,930.0 72,693.6 15,325.2 844,193.1 488,09 871.83 1.80 5.72
1984 1,550.0 74,2436 3.3 844,196.4 54,50 903.00 0.22 5.85

€0t



Tabie 5.13 {continued}

Volgme “otal mass? Radioagtivity Thermal power
End of e “x3) 120% ci) 220% W)
caiendar
wear Amnual Cumulative Annual Cumuliative Anqual Cumulative Annual Cumulative
Contact and revoie handled {continuved}

1985 0.0 74,243.8 2.0 8344,196.4 0.00 879.33 0.00 5.78
1986 0.0 74,243.8 3.9 844,.96.4 0.09 855.50 6.0% 5.67
1987 0.8 74,243.6 0.9 3464,196.4 0.03 834,47 0.09 5.59
1988 0.9 74,243.8 0.0 844,196.4 0.00 813.19 G.00 5.50
1989 0.9 74,243.,86 0.9 844,196, 4 $.00 782.83 ¢.00 5.42
1980 0.9 74,243.5 0.0 B44,196.4 5,00 772.75 5.00 5.34
1991 0.0 74,243.86 0.0 844,195 .4 0.00 753.52 .00 5.27
1992 0.9 74,243 .6 0.0 B44,195. 4 0.¢0 734,91 .00 5.20

ADoes not include INEL and SRS because decayed data are not available. Volume data for INEL and SRS are shown in
Table 3.8,
Mass means mass of radionuclides, not of total waste.
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Table 3.14. DBuried TRU waste inventories and decayed characteristics, total of all sites, TRU radionuclides only included?®

Volume TRU massP TRU radivactivity TRU thermal power
End of (m®) (k8) (108 ¢y (10% W)
calandar

year Annual Cumulative Annual Cumulativs Annual Cumulative Annual Cumulative

1944 1.2 14.2 0.0 0.0 6.00 6.00 8.00 0.00
1945 764.6 778.7 1.2 1.2 0.10 0.10 6.00 0.00
1848 821.2 1,589.9 1.2 2.4 0.08 0.18 0.00 0,02
1847 9862.8 2,562.7 1.2 3.5 0.08 0.28 D.00 0.01
1848 906.1 3,468.8 1.2 4.8 g.08 0.37 0.00 0.01
1949 g91.1 4,458,8 6.2 11.0 0.48 0.83 0.01 0.03
1850 1,688.0 56,158.9 21.0 32.0 1.54 2.38 ¢.05 6.067
1951 1,755.7 7,814.86 30.8 62.9 2.27 4,68 0.07 0.14
1952 2,194.6 10,108.2 31.4 94.3 2.31 7.00 0.07 0.22
1853 2,075.8 12,184.8 29.3 123.6 2.28 9.33 0.07 0.28
1954 2,047.3 14,2321 36.1 159.7 91.80 101.18 3.03 3.32
19535 2,101.1 16,333.2 32.5 192.2 2.39 102.95 0.07 3.38
1958 3,630.2 19,983.4 32.7 224 .9 2,42 104.78 9.07 3.43
1957 4,502.4 24 ,465.8 30.5 255.4 2.24 106.40 9,07 3.48
1858 4,567.5 28,033.3 31.1 286.5 2.30 108.13 0.07 3.53
1858 4,482.6 33,515.9 5.7 282.1 0.42 107.98 .03 3.53
1960 1,9983.5 35,509.4 1.5 2383.86 0.11 107.53 0.00 3.51
1961 2,642.5 38,151, 9 4,1 287.7 06.38 107.38 .01 3.51
1962 3,165.8 41,317.7 4.3 302.1 0.32 107.12 0.01 3.50
1983 2,236.5 43,554 .2 4.8 306.9 £.35 106,92 0.01 3.48
1864 2,317.2 45,871.4 4.7 311.5 0.34 106.7% 0.03 3.48
1985 2,060,3 47,931.,7 4.7 316.2 0.34 105.50 g.01 3.47
19866 1,B76.2 49,810.8 5.0 321.2 0.37 106.32 8.01 3.47
18867 3,735.3 53,346.2 7.0 328.2 .51 106.28 0.02 3.47
1968 4,214.5 57,560.7 6.5 334.7 0.48 106.24 g.02 3.46
1963 5,130.0 62,690.7 4.5 338.2 0.34 105.04 0.01 3.45
187¢ 1,001.3 83,692.1 1.1 340.3 6.10 105.81 0.00 3.44
1971 177.90 83,868.1 0.3 3490.6 0.62 105.10 0.00 3.42
1972 935.2 64,804.3 2.0 340,86 6.00 104.57 0.00 3,41
1673 1.7 54,808,0 6.0 340.8 0.00 104,04 6.00 3.38
1874 7.5 84,813.5 0.0 340.6 G.0C 103.51 0.00 3.37
1975 0.0 64,813.5 0.0 340.6 0.00 102.88 0.00 3.35
1978 4.0 64,813.5 0.0 340.8 2.00 102.45 0.00 3.3%
1877 8.0 64,813.6 8.0 340.8 G6.00 101.92 0.00 3.32
19878 8.0 54,813.6 0.0 240.8 0.00 101.39 .00 3.30
1878 4.0 654,813.8 0.0 340.86 0.00 160.87 0.00 3.28
1980 0.0 €4,813.6 0.0 340,86 G.0¢0 100.34 0.00 3.27
1981 0.0 64,813.6 0.0 345.6 3.€90 99.32 .06 3.25
1982 2,950.0 67,763.6 2.5 343.1 0.44 39.74 g8.01 3.25
1983 4,93C.0 72,883.6 8.0 351.1 1.28 180.50 .04 2.27
1884 1,550.¢ 74,243.5 1.5 352.5 D.40 100,38 0.01 3.27
1985 G.¢ 74,243.5 0.6 352.86 0.00 89.85 G.00 3.25
1988 0.0 74,243.58 0.0 352.86 0.00 89.33 0.00 3.23

<01



Table 3.14 {continued)

Volume TRYU mass? TRU radioactivity TRU thermal power
End of (m%) (kg 129 ci) {10% W)
calendar

yaar Annual Cumulative Annual Cumulative Annual Cumulative Annual Cumulative

1887 0.0 74,243.6 0.0 352.86 0.00 88.82 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 74,243.8 0.0 352.6 0.00 97.79 0.00 3.18
19890 0.0 74,243.6 0.0 352.86 0.00 97.27 g.00 3.16
1991 0.0 74,243.8 0.0 352.5 0.00 96.78 8.00 3.15
1992 0.0 74,243.8 0.0 352.86 0.00 96.26 0.00 3.13

8Does not include INEL and SRS because decayed data are not available. Volume data for INEL and SRS are shown in
Table 3.8.
TRU mass means mass of TRU radionuclides, not of total waste.

901
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Table 3.15. TRU-contaminated soil

Soil contaminated with S0il contaminated with
solid TRU waste liquid TRU waste
Volume Radiocactivity Volume Radioactivity

Site @) (ci) (m3) (ci)

ANL-E 0 [4} 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 d
LBL 0 0 0 n
LLNL 0 0 0 g
MOUND 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
B8RS 0 0 0 0
WVDF e e e e

Aincluded in buried TRU waste.

bListed in submittal as N/A (not applicable).
CUnknown .,

dpartial data submitted.

®No data submitted.



Table 3.16.
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Mixed TR waste volumes?

Mixed CH TRU volume, m3

Mixed RH TRU volume, o>

Site 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 (state only) b 0 b 0
Suspect mixed b 0 b 0
ETEC Mixed (RCRA) 0.2 0 0
Mixed (PCB) 0 0 0
Mixed (state only) 0 0 0
Suspect mixed 0 0 0
HANF Mixed (RCRA) 0 160.6 11.2 0 1.4 0
Mixed (PCB) 0 1.5 c (] 0 0
Mixed (state only) 0 2.1 c 0 v} [¢]
Suspect mixed 1983 3.8 d 4.46 0 0
INEL Mixed (RCRA) 1] 30,220 0 0 691 0
Mixed (PCB) 0 364 Q 0 0 0
Mixed (state only) 0 0 1] 0 0 0
Suspect mixed 0 8,750 0 0 7.4 0
KAPL®
LANL Mixed (RCRA) [1} 619.1 225 0 0 10
Mixed (ECB) 0 0 0 0 0 0
Mixed (state only) 0 0 0 0 0 0
Suspect mixed 6,796.3 0 0 2,10 Q 0
LBLE
LLNLE Mixed (RCRA) d 8.37 1.04 0 0 0
Mixed (PCB) d 1} 4] 0 0 1}
Mixed (state only) 0 0 0 0 0 0
Suspect mixed 0 0 1] 0 ] 0
MOUND Mixed (RCRA) 0 1,020 0
Mixed (PCB)
Mixed (state only)
Suspect mixed
NTS Mixed (RCRA) 588 1.8 0 5.3 0 0
Mixed (PCB)
Mixed (state only)
Suspect mixed
ORNL Mixed (RCRA) 176 6.8 d 231 665 d
Mixed (PCB)
Mixed (state only)
Suspect mixed 752 110 d 225 9.9 d
PAD Mixed (RCRA) 4,34 h h h h h
Mixed (PCB) h h h h h h
Mixed (state only) h h h h h h
Suspect mixed
RFpi Mixed (RCRA) 110 823 18
Mixed (PCB) d 0.94 0
Mixed (state only)d d h h
Suspect mixed d h h
SHLAJ Mixed (RCRA) d d d 0 0 o
Mixed (PCB) 0 0 0 0 0 0
Mixed (state only) h h h h h h
Suspect mixed 0 0 0 0 0 0
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Yable 3.16 (continued)

Mixed CH TRU volume, m° Mixed RH TRU volume, m>

Site Category 1970-1986 1887~1992 1983 1970-1986 1987-1992 1983
SRS Mixed (RCRA) d d d

Mixed (PCB) d d d

Mixed (state only) d d 4

Suspect mixed d d d
WVDP Mixed (RCRA) 0.454 i} 0 0 0 0

Mixed (FPCB) 0 0 4] 0 0 0

Mixed (state only) 0 v} 0 0 0 0

Suspect mixed 0 0 0 0 0 0

2Compiled from Table 4 of site submittals. The quantities shown in each column represent the total

volume of a gilven waste type generated during the period indicated at the top of the column.

bindetermined.

“Included in RCRA.

ynknown.

€KAPL estimated their TRU waste contains about 10Z LLW and 57 mixed waste.
freL reports that they do not generate or store TRU mixed waste.

8PCB and state-only not applicable to LLNL.

ot applicable.

iThere is no remote-handled TRU waste at RFP.

JsNLa appended the following notes to their Tsble 4 submittal:
1. Includes only TRU waste included in SNL/NM’s Disposal Request process,
2. With regard to instruction footnote ¢ of Table 4: TRU material, which may be mixed and may be

remote-handled material, is in storage in Technical Area V {TA-V) and the Manzano Site
Structures. The years the material was generated or placed in storage is unknown. The
material in TA-V is approximately 1 w3 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 resport. A recent
inventory found two 55-gal containers of TRU material in the Manzanos, one contact-handled and
one remcte-handled. The material may be mixed and alsc wmay not vet be officially categorized
as wasta. None of this Manzano material was included in TRU estimates for the 180-day report.
There is no activity information for the material at TA-V or the Manzanos. The TRU material at
TA-V and the Manzanos has not been entered into the Dispcosal Request process. To bs consistent
with SNL/NM's approach for input into this report, ne matsrial that has not been ontsred into
the Disposal Request process is included in the values listed in Teble 4, "Mixed TRU waste and
non-mixed TRU waste volumes (m3)."

The estimated waste generation for 1893 for environmmental restoration waste containing TRYU
contaminated with RCRA constituents was estimated in Table 2-4, "FProjzction of mixed waste to
be generated by DOE environmental restoration activities (in cublc meters),” Voluwe 1: U, S,
Department of Energy Interim Mixed Waste Inventory Report: Waste Streaws, Trsatment
Capacities, and Technologies, DOE/NBM~1100, April 1993, as being 1 w>. A more recent estimate
puts 1993 CH TRU mixed (RCRA) environmental restoration waste generation at zero. (See

Table 5, "Future generated TRU solid waste volumes-average annual.") The amount of TRU mixed
operational or D&D waste in 1993 is unknown. Therefore, the volume of CH TRU waste
contaminated with RCRA constituents in 1883 is unknown,

The amount of contact-handled non-mixed TRU waste to be generated by Dec. 31, 1993, is unknown.
An unknown amount of remote-handled non-mixed TRU waste has heen generated in 1993 to date and
it is mnot known what additional amounts will be generated by Dec. 31, 19833,
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Table 3.17. Projected fubure TRU waste wolumes gemerated anmually®

Projected volumes generated, m3/year

Haste
Site type 1993 1994-19986 1997-2000 2001-2005 2006-2010 2011-2015 2016-2020
ANL-E CH 12.8 12.8P 5.9 5.9 5.9 5.9 5.9
RH 1.7 1.7 1.7 1.7 1.7 1.7 1.7
ETEC CE 0.2 0 0 0 0 0 0
RH 0 0 0 0 0 o] 0
HANF CH 142.7 176.9 381.5 487.7 496.2 474 .86 338.5
RH 2.5 336.8 205.9 211.4 244.5 80.4 8.3
INEL CH 0 \] 0 0 4] 0 o}
RH 0 0 o} 0 0 0 0
KAPL CH [ c c c c c c
RH 0.2 0.6 0.8 1.0 1.0 1.0 1.0
LANL ‘ CH 310 600 700 700 700 700 700
RH 20 30 30 30 30 30 30
LBL CH 0.1 0.1 0.1 0.1 0.1 0.1 0.1
RH 0 0 ] 1] 1} 0 0
LLNL CH 10.9 73.1 73.1 73.1 73.1 73.1 73.1
RH 0 0 1} 0 0 0 0
MOUND CH 2 2 2 2 2 2 0
RH c c c c c c c
NTs CH e e e e e e e
RH e e e e e e e
ORNL CH 81 55 20.3 20 20 20 20
RH 28 25 25 20 12.4 12.4 12
PAD CH c c c c c c c
RH c c c c c c c
RFP cH 27% 302t 110 137% 137f 137% 137%
RH g 3 3 3 & 3 8
SNLA CH e e e, h e, h -] e [}
RH e e e e e e
SRS CH 5,210t 1,238% e, i e, i e, i e, i e, i
RH c c c c c c c
WVDF CH c c c c ¢ c c
RH c c c c c c c

3Compiled from Table 5 of site submittals.
For year 1994 only.
®Ho estimates given.
%aste from D&D operations not included; listed as "to be determined."”
Unknown .
fRemedial action and D&D waste unknowm, not included in estimates.
gNo RH waste at this site.
bremedial action CA TRU waste of 9 m3/year expected during 1997-2000 and 2 m3/year expected during
2001-2005.
ipeD and remedial action waste unknown in all periods.
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ORNL PHOTO 10488-88

Packaged dry active solid low-level waste being loaded onto the Oak Ridge National Laboratory Tumulus Facility. (Courtesy of Martin
Marietta Energy Systems, Inc., Oak Ridge National Laboratory, Waste Management and Remedial Action Division, Oak Ridge, Tennessee.)



4. LOW-LEVEL WASTE

4.1 INTRODUCTION

As uvsed in this chapter, LLW has the same meaning
as in The Low-Level Waste Policy Act (Pub. L. 95-573,
Dec. 22, 1980). Namely, LLW is radioactive waste not
classified as high-level radioactive waste, transuranic (TRU)
waste, speat 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 DOE burial or commercial disposal sites
is included in the inventories given, but are not treated as
separate entitics in this chapter. Tailings (viz., mill tailings)
are considered in Chapters 5 and 6. Another waste
classification not delineated in this chapter is “mixed” waste
that contains both chemically hazardous and radioactive
constituents (see Chapter 8). Specific definitions of these
waste types (as defined by DOE Order 5820.2A) are given
in the glossary of this report. The DOE generates LLW
through its defense activities, uranium enrichment
operations, naval nuclear propulsion program, and various
R&D activities.  The data for DOE sites represent a
summary of information obtained from each site.!

Disposal of LLW at commercial sites currently
accounts for almost 55% of the LLW disposed (see
Tig. 4.1). Cormomercially disposed LLW is generally divided
into five types:® academic, government, industrial, medical,
and utdlity. The academic type includes university hospitals
and universily medical and nonmedical research facilities.
The government type includes state and non-DOE federal
agencies. The industrial type is comprised of private
entities such as R&D companies, manufacturers,
nondestructive-testing  operations, mining works, fuel
fabrication facilities, and radiopharmaceutical
manufacturers. The medical type includes hospitals and
clinics, research facilities, and private medical offices. The
utility type includes commercial nuclear reactors. In past
138 reports, commercially disposed waste was reported by
fuel cycle and industrial/finstitutional (I/I) type activities,
However, to achieve more consistency with other reporting
agencies, the five types described are used.

Some LW is also generated by DOE environmental
restoration programs (see Chapter 6), Other LLW will be
generated in future years by nonroutine D&D operations.
Waste from past commercial D&D operations is included
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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 of waste 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.
Historical and projected data by year for DOE LLW are
presented in Table 4.2. In Table 4.3, similar data are
shown for commercial LLW disposal.

42 DOE LLW

4.2.1 Inventories at DOE LLW Disposal Sites

An abridged picture of DOE LLW activities through
1992 is given in Figs. 4.14.4, as well as Tables 4.1, 4.2,
and 4.4-4.13. Prior to October 1979, some ILIW
generated by DOE contractors was shipped to commercial
disposal sites. Currently, all LLW generated by DOE
activities is buried at DOE sites (Figs. 4.3 and 4.4). A
summary of historical additions, cumulative votumes, and
cumulative undecayed radioactivity for solid LLW buried
at all DOE sites through 1992 is presented in Tables 4.1,
4.2, 4446, 4.9, and 4.10. Summaries of DOE site-
generated LLW volumes and activitics are presented in
Tables 4.7 and 4.8, respectively. The data in these tables
are derived [rom the Waste Management Information
System (WMIS) and subsequent site questionnaires
obtained through the Hazardous Waste Remedial Actions
Program (HAZWRAP).!

There are small quantities of DOE LLW that have
been disposed of by sea dumping or by hydrof*racture;3
these wastes are not included in the WMIS data base.
Table 4.11 shows the estimated quantity and radioactivity
of LLW disposed of by these methods. Sea dumping of
LLW was halted by the United States in 1970, amnd
hydrofracture was terminated in 1983.

An cstimate of DOE land usage for LLW burial is
given in Table 4.12.



422 Coasmctorizaticn of LLW at O Sies

Based og information reported in ref. 1, sumimaries of
radionuchide and physical characteristics for DOE LLW are
reported in Tables 4.5~4.10. Summaries of representative
radionuclide characieristics for generated, stored, and
buried L.LW at DOF sites are provided in Table 4.5.
Representative radionuclide compositions for the buried
waste types have been developed® and are given in
Table C3 of Appeadix Summaries of physical
characteristics for generated, stored, and buried wastes are
given in Table 4.6,  Breakdowns of radionuclide
characteristics for buried LLW at each DOE site are
provided for comulative waste volume i Table 4.9 and for
tfotal gross waste activity in Table 4.10.

Most of the DO wastes that were disposed of by sea
dumpiiig (see Table 4.11) were incorporated into cement
matrix niaiecial and packaged in steel drums (55- or 8C-gal
capacity).

Hydrofracture was deveioped at ORNL for the
perinanent  disposal of locally generated, low-level
(approximately 0.25 Ci/L) liquid waste concentrates.’
Waste was mixed with a blend of cement and other
additives, and the resuiting grout was injected into shale at
a depth of 200 to 300 m. The injected grout hardened
into thin, horizontal sheets several hundred meters wide.

Significant changes in DOE LLW inventory and
characteristics data from that reported in the 1992 edition
(1991 data) of this report are summarized in Table 4.13.

el
.

423 DOI ILW Disposal Sics

A digest of data oii the currcnt status of land usage at
DCE sites with active LLW disposal arcas is shown in
Table 4.12 (data from refs. 1, 3, and 6-8). Most of the
DOE site land usage information currently reported in
Table 4.12 is based on data given jn ref. 1 with land usage
factors taken from ref. 3.

As previously discussed, the LLW ocean disposal sites
have not teen used for disposal purposes since 1974, All
of the liguid T.LW that bad been held in long-term storage
at ORML, was disposed of during 1982 and 1983 using the
new hydrofracture facility.

424 POL LW Projections

An assumiption used in this report is ihat the level of
DO waste burial activities will remain constani through
2030. Beginning in 1993, the volume and undecayed
racdioactivity added each year to each active LLW disposal
arca are asswmed to remain consiant through 2030 at the
values projected for 1993. These volumes and activities
arc split info waste types using the radionnclide categories
given in Tables 4.5, 4.9, and 4.10. The radioactivity {by
waste type) is decayed {rom ihe year of addition through
2030 using the representative compositions given in
Table C.3 of Appeudix C.
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Projections for burial of DO LLW are presenied in
Tables 4.2, 4.14, and 4.15. Table 4.14 snmmarizes DOE
LLW cxcluding saltstone.  Table 4.15 summarizes
projections of saltsione, an LLW by-product from the
solidification of HLW at SRS. "U'his saltstone (see Fig. C3
and Table C.5 of Appendix C) is to be stored in concrete
vaulis at SRS.  Grout-immobilized LLW derived from
processing double-shell waste at Hanford (see Fig. 2.7 in
Chapter 2) is excluded from the projections in Table 4.2
because the schedule and formulation for immobilization
are not yet fiomly defined.

43 COMMUERCIAL LW

43.1 Ioveniciics at Commercial LLW Disposal Sites

There are six commercial shallow-land disposal sites for
LLW (Figs. 4.2, 4.5, and 4.6), but only two are currently in
operation. Commercial operations at the Maxcy Flats,
West Valley, and Shefficld sites have been halted. In
addition, acceptance of LLW at Beatty stopped as of
December 31, 1992, Until 1986, a second NRC-licensed
burial ground at West Valley continued to receive wastes
generated on-sitc from cleanup and water treatoient
operations. However, disposal operations at the WVDP
have been suspended since 1986 pending the preparation
of an environmental impact statement (EIS) report {or the
West Valley site closure. The historical data for annual
additions and inventories of volume and radioactivity
(undecayed) at each commercial disposal site through the
end of 1992 are listed in Tables 4.16 and 4.17, respectively
(compiled from refs. 3, 7, 9-12). 'The 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 inref. 7. Quantities of LLW shipped to disposal sites
during 1992 are listed in Table 4.18 on a state-by-state
basis.” These state-by-state values reflect the fact that the
Manifest Information Management System (MIMS) is able
to assign, t0 the original shippers, the LLW collected and
treated by waste brokers. Table 4.3 is a summary of
historical and projected volumes and radioactivity
(decayed) for commercial LLW. Projections are only
made through 1995 due to uncertainties in commercial
disposal facilities operations. Not included in Table 4.3 are
the drums of cemented LLW to be generated by the
WVDP as a result of the vitrification of HLW. This LILW
from the WVDP is described in Table C.8 of Appendix C.

432 Characterization of LLW at Commercial
Disposal Sites

Al of the LLW accepted for commercial disposal is
categorized as Class A, B, or C in compliance with NRC
specifications.”® ‘Ihe LLW that exceeds these specifications
is currently in storage at the generator sitc or at 8 DOE



site which has accepted it for study (see Sect. 433). A
calculated representative radionuclide composition for
disposed commercial LLW is given in Table C4 of
Appendix C. This composition is periodically updated to
reflect changes in waste management practices and in the
regulations governing LLW disposal.

433 Greater-Than-Class-C Low-Level Waste
(GTCC LLW)

In 1980, federal law made each state responsibie for
providing *he disposal capacity for LLW generated within
its borders, except for certain wasic gencrated by the
federal government.® In 10 CFR Part 61 (ref. 13), the
NRC codifies disposal requirements for three classes of
LLW, as mentioned above, generally suitable for near-
surface disposal, namely, Class A, B, and C (with Class
waste requiring the most rigorous disposal specifications).
Waste with concentrations above Class C limits for certain
short- and long-lived radionuclides (ie., GTCC LLW) was
found not generally suitable for near-surface disposal,
except on a case-hy-case evaluation of the waste and the
proposed disposal method by NRC or state licensing
agency. The Low-Level Radioactive Waste Policy
Amendments Act (LLRWPAA)® made the states
responsible for the disposal of Classes A, B, and C LLW
and made the federal government (viz., DOE) responsible
for disposal of GTCC LLW. The law also required that
GTCC LLW gencrated by licensees of NRC be disposed
of in a facility licensed by NRC. The projected amounis of
GTCC LLW are uncertain, both because of regulatory
uncertainties affecting the definition of HLW (i.e., a clearly
defined all-inclusive list of wastes 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 GT'CC LLW.1¢

In May 1989, NRC promulgated a rule that requires
disposal of GTCC LLW in a deep geologic repository
unless disposal elsewhere has been approved by NRC. The
rule as amended states: “Waste that is not generally
acceptable for near-surface disposal is waste for which form
and disposal methods must be different and, in general,
more stringent than those specified for Class C waste. In
the absence of specific requirements in this part, such
waste must be disposed of in a geologic repository as
defined in Part 60 of this chapter unless proposals for
disposal of such waste in a disposal site licensed pursuant
to this part are approved by the Commission.”7 A
disposal facility (other than a deep geologic repository) for
GTCC LLW will probably not be available for several
decades because of the complexities of siting and NRC
licensing. A generic description of estimated sources and
forms of GTCC LLW is presented in Table C.7 of
Appendix C.

Existing volume projections of GTCC LLW vary,
ranging from 2,000 m® in the 1987 report to Congress™ to
17,000 m? in the 1986 update of Part 61 Impacts Analysis
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Methodology.'”® In an effort aimed toward rectifying this
situation, DOE initiated a study to provide information
about estimates of present and future GTCC LLW fo the
year 2035 (2055 in some instances). Information garnered
during the study' includes identification of generators,
waste form characteristics, volumes, and radionuclide
activities.  The study categorizes GTCC LLW as
(1) nucicar utilitics waste, (2) scaled sources wastes,
(3) DOE-held potential GTCC LLW, and (4) other
generator waste. ‘Three scenarios for data projection are
used: (@) unpackaged volumes; (b) packaged volumes
based on the application of packaging factors to the
unpackaged volumes; and (¢} concentration averaging,
mixing or blending of similar materials with different
radionuctide concentrations, values applied to the packaged
volumes. Each of the three scenarios is treated for threc
cases: low, base, and high,

The study determined that the largest wolume of
GTCC wastes (approximately 37%) is generated by nuclear
power plants. The other generator waste category
contributes approximately 10% of the total GTCC LLW
volume projected to the year 2035. Waste held by DOE,
which is potential GTCC LLW, accounts for nearly 23% of
all GTCC waste projected to the year 2035 (see
Tabie 4.19). To date, no determination of a disposal
method bas been made for the latter waste.  Sealed
sources are less than 0.2% of the total projected volume of
GTCC LLW. Data trends {1985-2035) among low, base,
and high cases for packaged waste show an overall
ihreefold increase. The low-case total (including DOE-held
potential GTCC LLW) is approsimately 2,220 m’, while
the high-case (to 2055) total is approximately 6,500 m>.
The increases (in the high case) are the result of nuclear
power reactor life extension (additional operations wasie)
and less packaging efficiency. The volume and radioactivity
totals for all base-case packaged GTCC LLW are about
3,250 m® and 6.58 x 167 Cj, respectively. A summary of
light-water reactor GTCC LLW projections based on
packaged waste volumes (with application of packing
factors to the unpackaged volumes) for the three cases
(low, base, and high) is presented in Table 4.20,

434 Commercial LLW Disposal Sifes

Three commercial LLW disposal sites in the eastern
United States (Maxey Flats, Shefficld, and West Valiey)
have been closed to further use. Additionally, reception of
TLW at Beatty stopped as of December 31, 1992. Only a
small amount of on-site gencrated LLW from site clcanup
is occasionally buried at Maxey ¥lats. The closure of the
eastern three commercial LLW disposal sites resulted in
increasing volumes of LLW being shipped to the thres
remaining operating sites in South Carolina, Movada, and
Washington. ‘The increase prompted South Carolina to
impose an upper limit on the volume of LLW that could
be accepted at Barnwell. Fventually, a general concemn
developed that the responsibility for LLW disposal should



not rest with only three states and that a coordinated
national plan was needed. As described previously, the
LLRWPA" was passed in 1980, making each state
responsible for its own LLW and encouraging formation of
regional interstate compacts to deal with the disposal
problem. The Act provided that any compaci approved by
Congress could restrict access to its LW disposal facility
to member states after Japuary 1, 1986. However, by
1984, it became evident that no new regional disposal
facilities would be operating by the end of 1985. This gave
rise to new legislation, the LLRWPAA, " which continued
to cncourage 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 regional facilities by January 1, 1993.
Additionally, the LLRWPAA established rates and limits
of acceptance at the three commercial disposal sites in
operation, as well as space allocations for utility wasies.
The utilities are required to meet certain waste volume
reductions during a 7-year tramsition period, which is
provided to allow for the opening of new LLW disposal
sites under state compact arrangements.

However, no new regional facilities were in operation
as of January 1, 1993. The site at Beatty, Nevada, ceased
receiving waste Deceimber 31, 1992. Barnwell is currently
scheduled to continue receiving out-of-region waste until
June 30, 1994. Barpwell will then receive only Southeast
Compact Waste until December 31, 1995. If a new North
Carolina facility opens earlier than this date, then Barnwell
will close. As of December 31, 1992, the disposal facility
at Richland, Washington, allowed access only to members
of the Northwest and Rocky Mountain compacts.”®

During 1992, Barnwell received about 48% of the
total volurme of cormmercial LLW shipped for burial. The
Beatty, Nevada, site received about 30%, while the site at
Richlapd, Washington, received about 22% (sce
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Table 4.16). Chem-Nuclear Systems, Inc., operates the
Barnwell disposal site, and U.S. Ecology, Inc., operates the
disposal sites at both Beatty and Richiand. The land usage
at existing commercial disposal sites is suimmarized in
Table 4.12.  Updated information reporied for these
commercial sites is based on data provided by state health
and environmental control ageacies (refs. 3, 6, 8, and 11).

Table 4.21 provides a breakdown of waste received at
commercial sites in 1992 by type (acadersic, government,
industrial, medical, or utility T.LW).

435 Counercial LLW Projections

Previous 1D8 reports gave projections for the auclear
fuel cycle and I/T wasie (see ref. 7). ‘This report presents
only summary information for disposed commercial waste.
Historical volume, radicactivity, and thermal power data
through 1979 are taken from ref. 7. After 1979, the
source term for commercial LLW in Table C4 of
Appendix C is used to decay the annual waste additions to
the commercial sites.

Projections for disposed commercial LLW are made
only through 1995 because of uncertaintics in current
facility operations and the availability of future sites.
Projections (1993-1995) are made for Barnwell and
Richland and are based on ref. 20. Historical and
projected volume, radioactivity, and thermal power for
disposed commercial LW are presented in Table 4.3

Because of timing uncertainties, projected
decommissioning wasics are not included in the projections
of this chapter. Rather, decomimissioning waste projections
are reported separately in Chapter 7.  Former DOE
facilities that will be affected by environmental restoration
activities are discussed in Chapter 6 and are also excluded
from the projected values in this chapter.

1. US. Department of Energy, Waste Management Information System (WMIS), DOE site LLW data submittals
(Attachiment 4} issued, received, and maintained by the Hazardous Waste Renedial Actions Program (HAZWRATD),
Martin Marietia Energy Systerms, Inc., submitted to the IDB Program during Augnst-December 1993, The following
LLW submittals from WMIS were received, reviewed, analyzed, and integrated by the IDB Program. Preceding each
submittal is the site (in parentheses) to which it refers.

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

Aug. 11, 1993.

b. (ANL-E) R. Max Schletter, Argonne National Laboratory, Argonae, Itinois, memorandum o A. L. Taboas, DOE
Argonne Area Office, Argonne, Illinois, “Request for Office of Waste Management, Waste Data Information

Update,” dated Aug. 26, 1993,

¢. (ANL-W) See footnotes in Tables C.11 and C.12 of Appendix C.
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(BNL) Carson L. Nealy, U.S. Department of Energy, Brookhaven Area Office, Upton, New York, memorandum
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Brookhaven
National Laboratory—1993 Waste Management Information System (WMIS) Update,” dated Aug. 12, 1993.

(FNAL) J. Donald Cossairt, Fermi National Accelerator Laboratory, Batavia, Illinois, letter to Lise J. Wachter,
Martin Marictta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Request for Office of Waste
Magagement, Waste Data Information Update,” dated Aug. 9, 1993.

(HANF) R. D. Wojtasek, Westinghouse Hanford Company, Hanford Site, Richland, Washington, letter to
Lise J. Wachter, Martin Marictta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Request for
Office of Waste Management, Waste Data Information Update,” 9305688B R1, dated Aug. 9, 1993,

{(INEL) See footnotes in Tables C.11 and C.12 of Appendix C.

(ITRI) Susan Umshler, US. 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,

(X-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, providing K-25
Site LL.W information, dated Sept. 15, 1993.

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

(LANL) Thomas C. Gunderson, Los Alamos Natjonal Laboratory, Los Alamos, New Mexico, memorandum to
Lise J. Wachter, Martin Marictta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “WMIS Data
Call,” EM-DQ: 93.941, dated Aug. 17, 1993.

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

(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 Nov. 18, 1993.

(MOUND) Mary E. Sizemore, EG&G Mound Applied Technologies, Miamisburg, Ohio, memorandum to
Lise J. Wachter, Martin Marictta Energy Systems, Inc.,, HAZWRAP, Otiver 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 Office (NE-60), Crystal City,
Virginia, memorandum to J. Coleman, DOE/EM Office of Technical Support (DOE/EM-35), Washington, D.C,,
“Update of Radioactive Waste Data on Waste Streams and Treatment, Storage, and Disposal Units for NE-60
Cognizant Facilities,” dated Aug. 9, 1993.

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

(ORISE) Lynda H. McLaren, U.S. Department of Energy, Oak Ridge Operations Office, Oak Ridge, Tennessee,
letter to Lise J. Wachter, Martin Marietta Energy Systems, Inc.,, HAZWRAP, Oliver Springs, Tennessee, “Waste
Management Information System: Integrated Data Base—~Oak Ridge Institute for Science and Education (ORISE)
Submission,” dated Sept. 21, 1993,
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(ORNL) J. C. Patterson, Oak Ridge National Laboratory, Oak Ridge, Tennessee, facsimile to A. S. Icenhour, Oak
Ridge National Laboratory, Oak Ridge, Tennessee, providing ORNL LILW information, dated Sept. 23, 1593,

(PAD) Jimmy C. Masscy, Martin Marictia Energy Systems, Inc., Paducah, Kentucky, letter to Donald C. Booher,
DOE Paducah Site Office, Paducah, Kentucky, “Update of Department of Encrgy [.ow-Level Radioactive and
Low-Level Mixed Waste Data for the 1993 Integrated Data Base Annual Report,” dated Aug. 20, 1993.

(PANT) R. M. Loghry, Mason & Hanger—Silas Mason Company, Inc., Amarillo, Texas, letter to Lise 1. Wachter,
Martin Marictta Energy Systems Inc., HAZWRATP, Oliver Springs, Tennessee, “Request for Office of Waste
Managerent--Waste Data Information Update,” dated Aug. 20, 1993,

(PINELILAS) Gary C. Schmidtke, DOE Pinellas Area Office, Largo, Florida, memorandum to Lise J. Wachter,
Martin Maricita Energy Systems, Inc., HAZWRAP, Ciiver Springs, Tennessee, detailing Pinellas Plant LLW
information, dated July 30, 1993.

(PORTS) Eugenc W. Gillespie, DOE Portsmouth Site Office, Piketon, Ohio, letter to Lise J. Wachter, Mariin
Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Teanessee, “Request for Office of Waste
Management, Waste Data Information Update,” FE(O-23-5379, dated Aug. 10, 1993,

(PPPL) No submittal

(RFP) W. T. Prymak, DOE Rocky Ifats Office, Golden, Colorado, memorandum to Lise J. Wachter, Martin
Marietta Lnergy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Submission of Waste ata Information
to Support the Integrated Data Base,” dated Aug. 27, 1993,

(SLAC) Matthew A. Allen, Stanford Linear Accelerator Center, Palo Alto, California, letier to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Waste Data Information Update,”
dated Aug. 16, 1993.

(SNLA) Steve Ward, Sandia National Laboratorics, Albuquerque, New Mexico, letter to George X. Laskar, DOE
Albuquerque Operations, “Transinittal of Waste Management Information System (WMIS) Update Information,”
dated Aug. 5, 1993,

(SNLL) K K. Shepodd, Sandia National Laboratorics, Livermore, California, memorandum to §. ¥. Umshler,
DOE Kansas City Area Office, Kansas City, Missouri, “Updated Data for the Waste Management Information
System,” dated Aug. 9, 1993.

(SRS) Michael (i. O'Rear, U.S. Department of Energy, Savannah River Operations Office, memorandum to
Direcior, Office of Technical Support (EM-35), HQ), “Department of Energy Waste Inventory Data Sysiemns,”
dated Nov. 13, 1993,

(Y-12) Site data received, but no letter of transmittal.
(WVDP) J. P. Jackson, West Valley Nuclear Services Cormpany, Inc., West Valley, New Yoik, letter to Lise J.

Wachter, Mactin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Waste Taformation
Update for Calendar Year 1992,” dated Aug. 20, 1993.

R. L. Fuchs and S. 1D. McDonald, “1992 State-by-State Assessment of Low-Leve! Radioactive Wastes Received at
Commercial Dispasal Sites,” DOE/LLW-181, Idaho National Engineering Laboratory, Idaho Falls, Idahc (September
1993).

U.S. Department of Eneigy, Spent Fuel and Radioactive Waste Inventories, Projections, and Characierisiics,
DOE/RW-0006, Rev. 1, Oak Ridge National Laboratory, Oak Ridge, Tennessee (December 1985).

C. W. Yorsberg, W. L. Carter, and A. H. Kibbey, Flowsheets and Source Terms for Radioaciive Waste Projections,
ORNL/TM-8462, Oak Ridge Nationat Laboratory, Oak Ridge, Tennessee (March 1985).
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U.S. Energy Research and Devclopment Administration, Environmental Statement, Radioactive Waste Facilities,
Oak Ridge Naticnal Laboratory, Oak Ridge, Tennessce, WASH-1532 (Draft) (January 1974).

Henry J. Porter, South Carolina Department of Health and Environmental Control, Columbia, South Carolina, letter
to A. S. Icenhour, Oak Ridge National Laboratory, Cak Ridge, Tennessee, dated Mar. 26, 1993,

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

John Vaden, Nevada Division of Health, letter to A. S. Icenhour, Oak Ridge National Laboratory, Oak Ridge,
Tennessee, dated Mar. 26, 1993.

R. L. Fuchs, EG&G Idaho, Inc,, National Low-level Waste Management Program, Idaho Falls, Idaho, letter to
A. S. Icenhour, Oak Ridge National Laboratory, Qak Ridge, Tennessee, “Integrated Data Base 1992 Data
Transmission—RILF-26-93,” dated Aug. 6, 1993.

T. J. Rowland, U.S. Department of Energy, West Valley Project Office, West Valley, New York, letter to S. N. Storch,
Oak Ridge National {aboratory, Qak Ridge, Tennessee, “Update to the DOE 1992 Integrated Data Base Report,”
dated Apr. 1, 1992,

D. Milis, Commonwealth of Kentucky, Department for Environmental Protection, Frankfort, Kentucky, letter to
A. H. Kibbey, Oak Ridge National Laboratory, Qak Ridge, Tennessee, dated Feb. 5, 1990.

U.S. Department of Energy, National Low-Leve! Radioactive Waste Management Program, The 1980 State-By-State
Assessment of Low-Level Radioactive Wastes Shipped to Commercial Disposal Sites, DOE/LLW-88, EG&G Idaho, Inc,,
Idaho Falls, Tdaho (December 1990).

U.S. Nuclear Regulatory Commission, “Licensing Requirements for Land Disposal of Radioactive Wastes,” Code of
Federal Regulations, Title 10, Part 61, Jan. 1, 1993.

1.8, Congress, The Low-Level Radioactive Waste Policy Act, Pub. 1. 95-573, Dec. 22, 1980.
U.S. Congress, The Low-Level Radioactive Waste Policy Amendments Act of 1985, Pub. 1. 99-240, Jan. 15, 1985.

U.S. Department of Energy, Recormmendations for Management of Greater-than-Class-C Low-Level Radiocactive Waste,
report to-Congress in response to Public Law 99-240, DOE/NE-0077 (February 1987).

U.S. Nuclear Regulatory Commission, amendments to 10 CFR Part 61, “Disposal of Radioactive Wastes,” final rule,
Fed. Regist. 54(100), 22578-83 (May 25, 1989).

O. 1. Oztunali, W. D. Pon, R. Eng, and G. W. Roles, Update of Part 61 Impacts Analysis Methodology, Vol. 2,
NUREG/CR-4370 (January 1986).

R. A. Hulse, Greater-Than-Class-C Low-Level Radioactive Waste Characterization: Estimated Volumes, Radionuclide
Activities, and Other Characteristics, DOE/LL.W-114, EG&G Idaho, Inc., Idaho Falls, Idaho (August 1991).

U.S. Departroent of Energy, Office of Environmental Restoration and Waste Management, Report to Congress in
Response to Public Law 99-240, 1992 Annual Report on Low-Level Radioactive Waste Management Progress (Final
draft), May 1993.
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Fig. 41, Volume of LLW disposcd in 1992.
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Table 4.1, A swmary of characteristics for buried/disposed LIW as of Decewber 31, 18992

Volume Radioactivity Thermal power
(103 m3) (10% ci) )
Category Annual® Cumulative Anpual Cumulative Annual Cumulative
DOE sites? 41.6 2,836 631 12,408 3,233 17,419
Commercial sites 49. 4 1,472 1,000 5,708 5,057 21,117
Total buried/ 91.0 4,308 1,631 18,116 8,340 38,536

disposed LLW

2addition during 19982,

bincludes waste estimated to be buried at INEL during 1992 (1,272 m3; 186,900 Ci) since actual
data were not available at tims of calculations. However, data were received from INEL (including
contributions from ANL-W) at press time and are included in Table €.12 of Appendix C. The volume
change aud activity change values reported in Table C.12 may bz used to update the values reported
in Table 4.1, This update results in an annual volume change of -0.96%Z. Table C.12 data will be
integrated into future editions of this report.
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Table 4.2. Historical amd projected volume, radicactivity, and thermal power of buried DOE Liwa.b

Voluneg Radiocactivity Thermal power
End of (103 m3) (10% ci) ()
calendar
year Annual Cumulative Annual Cumulative®:d Annual Cumilatived
1990 54.6 2,748 339 13,087 1,288 16,443
1991 48.3 2,794 366 12,586 1,555 15,958
1992 41.6 2,836 631 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 12,429 6,031 20,745
1995 158.3 3,097 1,305 12,307 6,054 21,048
1995 94.9 3,192 1,363 12,158 5,106 21,263
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 21,562
2001 79.5 3,844 1,286 11,174 6,031 21,577
2002 80.3 3,924 1,285 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
2008 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 10,162 6,032 21,670
2009 100.7 4,565 1,296 10,027 6,032 21,684
2010 80.3 4,645 1,296 2,916 6,031 21,693
2011 104.5 4,750 1,296 9,812 6,031 21,703
2012 75.3 4,825 1,297 9,716 6,032 21,718
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 5,118 1,296 9,458 6,031 21,765
2016 80.3 5,197 1,286 9,380 6,031 21,772
2017 80.3 5,278 1,296 9,305 6,031 21,779
2018 51.3 5,330 1,296 9,235 6,031 21,788
2019 51.3 5,381 1,296 9,168 6,031 21,794
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 1,298 8,886 6,031 21,834
2025 51.3 5,689 1,286 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 21,859
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 1,298 8,639 6,031 21,885

8sumnation of values in Tables 4.14 (buried DOE LIW, except SRS saltstone) and 4.15 (LLW
saltstone at SKS).

Ppata for INEL for 1992-2030 are based on 1991 data since the actual 1992 data were not available
at time of calculations. Howsver, data were received from INEL (including contributicons from ANL-W)
at press time and are included in Table C.12 of Appendix C. The volume change and activity change
values reported in Table C.12 may be used to update the 1892 values reported in Table 4.2. This
update results in an annual volume change of -0.96Z. Table C.12 data will be integrated into future
editions of this report.

€The radioactivity added each year for each waste type is decayed as described in the footnotes
of Tables 4.14 and 4.15,

Note that the projected cumulative radioactivity decreases while the projected cumulative
thermal power increases., This is caused by the decay of relatively short-lived low-enexgy
radionuclides whose daughter (or daughters) have much higher thermal power per curie. This may be
shown by comparing the source terms in Table C.3 of Appendix C with the W/Ci values for parents and
daughters given in Table B.1 of Appendix B.
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Table 4.3. Historlcal spd projected volume, radicactivity, and therwal power
of eowmwercial LIW shipped for disposal?

Volume Radiocactivity Thermal power

End of (103 nd) (10% ci) (W)

calendar
year Armual Cumulative Annual Cumulat.ive? Annual Cumulative
1920 32.4 1,384 549 4,979 2,774 16,457
1931 38.8 1,423 800 5,272 4,044 18,424
1992 49.4 1,472 1,000 5,708 5,057 21,117
1993° 165.8 1,489 268 5,333 1,354 19,729
1994 13.4 1,502 215 5,008 1,088 18,485
1845 9.2 1,511 143 4,672 722 17,114

®Tuncludes LIW disposed of at the following commercial sites: Beatty, Nevada; West Valley,
New York; Maxey Flats, Kentucky: Richland, Washington; Sheffield, Illinois; and Barnwell,
South Caralina.

The radicactivity through 1979 was decayed using a multipla source term methodology
(sea Tables 4.3 and 4,20~4.25 of ref. 7 for a description of this method). After 1979, the
radicactivity is decayed from the year of addition using the representative compositions given
in Table C.4 of Appendiz C.

CProjections were made bassd on disposal operations at Richland, Washington and Barnwell,
South Carolina, as described in Sect. 4.3.5. Frojections were made only through 1995 because of
large uncertainties in commercial dispesal facility operations,



Tadle 4.4, Historical “axal acdiivas and total volume of LL¥ buried at DOE sites?
Volune of waste buried annually, 105 pd
Tobal Total
ALl annual cumiulative
Year FEMP HANFD INEL LAML NTS ORKL SRS v-i2¢ otherd addision v'0lume
1975® 308.5 352.0 84.6 131.6 8.3 181.5 269.1 58.4 83.8 1,478.9 1,479
19756 1.4 4.5 5.2 8.8 0.0 3.8 8,1 2.7 6.9 43.90 1,528
1977 2.8 10.7 6.8 3.6 0.5 2.4 1807 i.5 i.0A 43.3 %L,572
ig7s 1.3 9.8 5.9 7.5 10.90 2.C is.s 1.4 3.2 57.2 1,829
1979 1.8 7.5 5.3 4.9 15.48 2.1 i8.2 1.4 1.1 67.6 1,597
1980 1.3 i0.4 5.4 4.8 13.3 2.0 19.6 1.4 G.7 58.6 1,755
ige1 1.5 12.8 3.1 5.5 21.1 1.4 20.1 1.2 5.6 68.3 1,824
1982 2.8 i1.8 3.2 4.5 57.9 1.3 22.4 2.2 2.0 107.0 1,931
1983 3.4 i7.8 5.5 3.2 12,1 1.8 28.7 3.4 1.7 75.7 2,005
1884 3.5 i8.8 3.8 5.4 35.90 2.2 [ 7.2 16.5 113.7 2,29
1585 0.7 i7.0 3.1 8.7 41,7 2.2 33.5 18.7 2.1 i22.7 2,243
1985 0 20.2 3.4 4.5 27.9 1.8 39.1 5.8 1.9 193.9 2,347
1987 0 19.5 3.0 3.7 81,1 6.5 23.2 8.2 1.0 153.2 2,500
1985 0 15.0 2.0 4.3 39.1 G.6 30.2 10.8 1.0 162.8 2,503
1589 0 10.0 1.3 8.4 33.0 1.3 28.8 5.7 2.3 8.8 2,682
1990 0 8.0 1.8 4.5 9.1 0.3 26.6 L4 0.0 56,7 2,747
1891 L 5.3 1.3 5.8 11.86 0.2 23.8 6.3 G.o 48.3 2,785
1992 0 3.8 £ 2.3 20.% 1.1 13.0 5.0 0.9 40,3 2,835
Total 343.4 554,58 145.3 218.9 439.7 238.5 649.7 153.3 134.,2 2,835

&No TRU waste included; data from refs. :

from round-off and truncation of numbers,
“Updated LLW burial information for
This data will be integra

Appendix C.

“Land disposal of LLW at ¥~12 was

Includes contributior
breakdown of 1982 accumulation.

®Velves for 1975 are cumuliative
LINEL data for 1992 were not av
(including contridbutions from ANL-W)

INEL through 1992 may b
update results in a tot
raport,

8Does not include 24,559 qd

voiumes to this date {res, 3),
ailable at time of
at press time and are included in
@ obtained by adding the total volume from Table
Table €.12 data will be int

and 7.

ted into fub

Slight differences in
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Hanford was received at
ure updates of this report.
terminated as of July 1, 1991,
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al volume change for INEL of 0.55%.

of submar

PORTS, and SNLA,

calculations for this table.
Table C.12 of Appendix C.

c.12
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Press time and is presented in Tables C.

See Tables 4.5, 4.5

, 4.8,
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16 for
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Table 4.5. Summary of radionuclide characteristics for LIW at DOE sites?

VYolume, mo Astivity, Ci

Waste Radionuclide 1993 Total Total 1993
type characteristic? 1962°¢ Cumulatived (projectad) 1992¢ undecayed® decayedf (projected)
Generated Uranium/thorium 13,607 8 8,196 368 4 8 273
on-site Fission product 12,867 3 14,883 19,988 3 2 42,181
Induced activity 3,242 g 3,244 832,510 g g 1,134,190
Tritium 1,308 g 1,428 34,609 3 8 148,388
Alpha 4,577 g 7,022 480 g g 1,492
Other 1,542 g 1,064 222 g I3 317
Total 37,244 g 35,847 888,115 g g 1,326,851
Storaed Uranium/thorium 3,837 55,293 3,142 7G 2,156 h 113
Fission product 416 46,3998 562 627 545,240 h 213
Induced activity 342 2,302 188 200,248 200,734 h 100, 133
Tritium 3086 396 433 8,239 55,918 h 11,845
Alpha 2,740 8,643 5,826 14 182 h 82
Other 929 2,007 844 438 1,052 I 518
Total 8,570 115,040 12,092 209,634 805,282 h 112, 899
Buried?! Uranium/thoriuwm 21,508 1,089,794 21,422 302 38,487 49,7860 873
Fission product 12,568 992,140 21,566 19,440 3,713,588 4,002,578 182,098
Induced activity 1,170 222,718 1,138 410,200 6,653,524 701,923 805,011
Tritium 1,282 54,459 1,028 14,010 15,471,843 7,244,527 116,008
Alpha 3,442 325,781 4,714 500 65,350 42,273 1,467
Cther 368 150,008 282 4 12,297,173 387,182 18
Total 49,338 2,834,878 50,13¢ 444,456 43,239,775 12,408,244 1,108,578

2Based on DOE site information provided by the Waste Management Information System (ref, 1). Totals reported in this table may not
equal the sum of component entries because of round-off and truncation of numbers.

bRadionuclide characteristics: (1) uranium/thorium—those waste materials in which the principal hazard results from naturall:
occurring uranium and thorium isotopes., The hazard from all othsr radioactive contaminants should be insignificant. Exampless of thess
wastes include depletaed uranium, natural uraanivm ore, and slightly enriched uranium; {2) fission product—waste materials that are
contaminated with beta-gamma-smitting radionuclides which originate as a result of fission processes. Primary sxamples are 137¢cs and gC'Sr;
(3) taduced activity-waste materials that are contaminated with beta-gamma-emititing radioisotopes which are genarated through neutron
activation. Of major concern is 5080; {4} tritiumwaste materials in which the principal hazard results from tritium (3H3; {5) alpha—waste
materials contaminatad with alpha-emitting radionuclides not listed under U/Th or low levels (<100 nCi/fg) of TRU isotopses; and (5)
other—unknown or not defined materials,

CBoas not includs buried or generated waste volumes and activity for 1992 for INEL since these data were not available at time of
calculations for this table. However, data were received from INEL (including contributions from ANL-W) at press timas end are included in
Tables C.11 and C.12 of Appendix C. The 1892 volume and activity valuss {n Tablse 4.5 may be adjusted by adding the volume and activities
from Table C.11 2nd C.12. This uvpdate resulis in total generabed volume change of 5.3% and a tobtal buried volume change of Z.1%.

Tabie .11 and C.12 data will be integratad into future aditions of this repors,

dFrom haginning of operations through 1592,

[zl



Table 4.5 {contimuad)

®Sum of annual additions without decay.

iDecayed from time of addition using an isotope generation/depletion code.

Yot applicable {i.e., generation is taken %o be an intensive quantity {amount/year) and is not addative;
are extensive guaniities {amounts’ and are additive],

?Information not available,

“Total buried decayad activity includes waste projected to be buried at INEL during 1962.

wheraas stored ané buried

8C1



Table 4.5. Swwwary of physical characteristics for LIW at DUE zites?

Yolume, S Activity, Ci

Physical 1883 Total 1883
Haste type characteristic? 1992¢ Cumuiatived {projecteq) 18892° gross® {projecied)
Generated on-site Biological 1490 £ 1786 2 £ 1
Contaminated eguipment 4,227 £ 4,142 479,780 £ 368,348
Decontamination debris 3,874 £ 4,760 1,371 £ 1,460
Dry solids 16,333 £ 17,323 405,302 £ 832,012
Solidified sludge 872 £ 1,154 470 £ 930
Other 11,998 z 8,292 1,180 £ 124,100
Total 37,244 £ 35,847 888,115 £ 1,226,851
Stored Biological 3z 200 237 <1 1 L
Contaminated equipment 1,543 39,400 1,709 202,110 208,000 100,980
Decontamination dabris 1,780 4,680 2,593 202 374 380
Dry solids 2,204 37,450 5,001 7,276 555,980 11,380
Solidified sludge 785 25,280 858 5 13 5
Qther 2,224 8,010 550 49 39,834 182
Total 8,570 115,040 12,082 205,634 805,282 112,890
Buried Biological 120 g 52 i 8 1
Contaminated equipment 6,600 g 48,180 250 g 183
Dacortamination debris 7,800 8 7,830 501 -4 233
Dry solids 12,430 F 12,208 380,200 2 770,182
Solidified sludge 570 g 3,980 504 3 967
Cthar 12,718 I3 1¢, 880 55,000 g 338,000
Total 40,338 5 5¢,138 da6, 558 8 1,108,576

“gased on DOE site information provided by the Waste Managewent Information System {(ref. 1). Totals zeporved im this
table may not mqual the sum of component entries becauss of round-nff and truncation of numbers.

b?hysical characteristies: (a) biological (sewage sludge, animal carcasses, esxcrebta, etc.); (b) contaminated equipment
{comptnents, maintenance wastes, etc,); (o) decontamination debris (wastes resulting from decontamination and decommissioning
offorts, construction debris, ete.); {d) dry solids inormal plant wastes, blotting paper, combustible materials, ste.};

{a} solidified sludge {any wastes solidifind from a procass sludge such as evaporator bobtioms soilidification, solidification of
precipitated salts, etc.}; and {f) other {materials which are cutside ol the above categoriesj.

SDoes mot irvcliude buried or generabted waste volumes and activity for 1992 for INEL since thesa data were not available at
vime of calculations for thias table. However, data were received from INEL {including contributions from ANL-W} at press bime
and are included in Tables C.11 and C.12 of Appendix €. The 1992 total volume and total activity wvalues in Table 4.6 may be
adjusted by adding the wvolumes and activitises from Table C.11 and C.12. This updats results in a total generated volume change
of 5.3% and a total burisd volume change of 2, 1i%.

drrom beginning of operaticns through 1862,

“Sum of annual additions without decay.

0t appiicable {i.e.,, seneration is taXen to be an intensive quantity (amount/year) and is not additive; whereas stored
and buried ars extensive guantities (amounts) and are additivel.

SInformation not avaiiabls,

6¢1



Table §.7. BArezakdown of volwwes of LLW generated ducing 1997 at
DCE sites Ly radicouclide characheristbic?

Volume, w3

Uranius/ Fission Induced

DOE siteP thorium product activity Tritium Alpha Othec® Total
AMES 74 0 0 0 0 0 74
ANL-E 0 0 0 Q 0 251 251
ANL-W d d 4 d d d d
BNL 5 33 118 20 19 0 196
FEMP e e e e e e e
FNAL 9 0 117 4 0 0 130
HANF 1,146 1,491 35 0 4] ] 2,672
INEL 4 d d d d d d
ITRI 6 4 15 9 28 <<1 61
K-25 2,353 0 0 0 0 0 2,353
XCp 0 0 0 o 0 <1 <1
LANL 1,149 64 236 85 762 40 2,336
LBL 0 0 15 3 0 21 39
LLNL 25 0 0 66 a8 8 185
MOUND 4] 0 0 250 1,800 ] 2,050
NR sitesf 145 141 1,773 0 0 27 2,086
NTS c c c c c c c
ORISE <1 <<1 0 2 0 20 22
ORHIL 75 1,220 131 9 80 o] 1,515
PAD 499 0 0 0 Q 462 961
PANT 0 o 0 0 0] 627 627
Pinellas 0 0 0 48 0 0 48
PORTS 1,651 0 0 0 0 0 1,851
PPPL d d d d d d d
RFP 75 0 0 0 693 0 768
RMI e e e e e e e
SLAC 0 0 0 0 0 0 0
SNLA 4 14 12 1 <<l 6 36
SNLL 1 0 0 12 0 <1 13
SRS 520 9,900 790 800 1,100 180 13,290
Y-12 5,869 0 0 0 0 4] 5,869

Total 13,607 12,867 3,242 1,309 4,577 1,642 37,244

fBased on DOE site information provided by the Waste Managemeni, Information System (ref. 1).
Totals reported in this table may not egual the suw of component entries because of round-off and
truncation of numbers,

bradionuclide characteristics are described in footnote b of Table .

CUnknown or mixture.

dpata for 1992 were not available for this site at time of calculations for this table.

However,

included in Table C.11 of Appendix C.

data were received from INEL (including contributions from ANL-#W) at press time and ave
This update results in a total volume change for DOE of
5.3Z., Table C.11 data will be integrated into future editions of this report.

©This site is mow included in the DOE Environmental Restoration Program. In future updates

of this report, information on waste generated from envirommental restoration activities at this
site will be provided in Chapter 6.

fNaval reactors (NR) sites include KAPL, BAPL,

and NRF.
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Table 4.8. Breakdown of activity of LIW gemerated during 1992 at
DOE sites by radionuclide characteristic®
Activity, Ci
Uranium/ Fission Induced

DOE siteP thorium product activity Tritium Alpha Other® Total
AMES <<] 0 0 0 0 0 <<l
ANL~-E [ c c [+ c c
ANL-W d d d d d d d
BNL <<l <<l 1 1 <l o] 2
FEMP e (-] e e ] e e
FNAL <<1 0 3 <<1 0 0 3
HANF 47 17,989 0 0 0 0 18,036
INEL d d d d d d d
IIRI <<] << <] <<l <<] <<l <]
K-25 c 0 4] 0 0 0 c
KCP 0 0 0 0 0 <1 <1
LAXL <«<1 70 385,900 3 467 0 386,400
LBL 0 o] <<1 <1 0 2 2
LLNL 0 0 153 <1 <1 155
MOURD 0 0 5,000 3 0 5,003
HR sitesf 0 7 422,077 0 6 <1 422,084
HTS c c c [ c c c
ORISE <<l <<] 0 <<1 <<1 <<l <<]
ORRKL 2 1,680 288 5 <1 0 1,875
PAD <<l <<l 0 0 <<1 0 <<1
PANT <<] 0 0 64 0 0 64
Pinellas 0 0 0 13,444 0 4] 13,444
PORTS <<1 o] 0 (¢} 0 0 <<l
PPPL d 4 d d 4 d d
RFP <1 0 0 0 3 0 4
RMI [} e -] -] ) e e
SLAC 1} 0 0 1} 0 0 0
SNLA 65 130 240 28 5 220 688
SNLL <<} 0 0 1,910 0 <<1 1,910
8RS 192 110 24,000 14,000 <<1 <<] 38,302
Y-12 c 0 0 0 0 0 c

Total 308 19,986 832,510 34,609 480 222 888,115

2Based on DOE site information provided by the Waste Management Information System (ref. 1).
Totals reported in this table may not equal the sum of component entries because of round-off and
truncation of numbers.

adionuclide characteristics are described in footnote b of Table 4.5.

SUnknown or mixture.

dpata for 1992 were not available for this site at time of calculations for this table.

However, data were received from INEL (including contributions from ANL-W) at press time and are

included in Table C.11 of Appendix C.

this report.

©®This site is now included in the DOE Environmental Restoration Program.

Table C.11 data will be integrated into future editions of

In fubure updates of

this report, information on waste generated from environmental restoration activities at this site
will be provided in Chapter 6.
fNaval reactors (NR) sites include KAPL, BAPL, and NRF.



132

Table 4.9, Breakdown of cuwmilatiwe volumes of LIW buried at DOE sites
by radiconuclide characteristic?

Volume, m
Uranium/ Fission Induced

DOE siteP thorium product activity Tritium Alpha Other® Total
AMES 200 0 0 0 0 Q 200
ANL-~E 0 0 0 0 0 1] 4]
ANL -9 0 0 0 0 0 0 0
BNL Q ) S 832 0 3 839
FEMP 337,548 0 0 [¢] 0 5,670 343,218
FNAL 0 [ 0 0 0 0 0
HANF® 227,734 211,469 121,546 3,788 0 0 564,537
INELY 4,136 25,500 374 1 61 114,400 145,371
ITR1 0 0 ¢} 0 0 0 (]
K-25 81,048 0 0 0 0 0 81,048
KCP 0 0 0 0 0 g 0
LANL 63,967 11,552 10,262 3,358 128,814 71 218,024
LBL 0 0 0 0 0 0 0
LLrLE 9,102 <<1 <<1 0 0 0 9,102
MOUND 0 Q ) Q 0 0 (¢]
NR sitesB 0 0 0 0 0 0 0
NTS 101,731 216,804 12,853 8,404 90,751 9,282 439,825
CRISE 0 0 0 0 0 0 0
ORMIL 19,044 123,427 34,067 3,801 13,042 15,076 208,457
PAD 7,613 0 0 0 0 0 7,613
PANT 121 0 0 13 0 0 134
Pinellas Q 0 0 0 0 1} 0
PORTS 12,110 0 Q 0 0 0 12,110
PPPL 0 0 ] 0 0 0 Q
RFP 0 0 0 0 0 0 0
RMI 0 0 0 \) 0 0 0
SLAC 0 0 0 0 [¢] 0 0
SNLA 3,178 7 33 <1 <<1 <<1 3,219
SNLL 0 0 0 ] 0 0 Q
SRS 71,016 403,381 43,579 34,262 92,193 5,504 649,935
Y-12 151,247 0 0 0 0 0 151,247

Total 1,089,794 992,140 222,718 54,459 325,761 150,006 2,834,878

AFrom 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 sum
of component entries because of round-off and truncation of numbers,

bradionuclide characteristics are described in footnote b of Table 4.5.

CUnknowm or mixture.

dpata for 1992 were not available for this site at time of calculations for this table.
Cuoulative values 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 Table C.12 of
Appendix C. This update results in a total voluwne change for INEL of 0.58Z. Table C.12 data will
be integrated into future editions of this report.

2Updated LLW burial information for Hanford was received at press time and is presented in
Tables C.9 and C.10 of Appendix C. This data will be integrated into futurs updates of this
report.

fNo wastes are buried on the LLNL site. The inventory reported is for wastes buried at the
Site 300 Area, an explosives disposal area located off, but near, LLNL.

8Naval reactors (NR) sites include XAPL, BAPL, and HRF,



Table 4#.10. Breakdown of total gross activity of LIW buried at DOE sites
by radionuclide characteristic

Total gross activity, Ci?

Uranium/ Fission Induced

DOE site® thorium product activity Tritium Alpha Other® Total
AMES <1 0 0 g 0 Q <1
ANL-E 0 0 0 g 0 o] 0
ANL-wd 0 0 0 0 0 0 0
BNL 0 0 2 3 0 1 5
FEMP 2,610 0 o 0 0 1,804 4,414
FNAL 0 0 0 0 0 0 0
HANF® 507 7,499,242 486,891 454,121 0 0 8,440,761
INELY 45 1,523 36 15 86 11,690,000 11,691,705
ITRI 0 0 0 0 0 0 0
K-25 59 0 0 0 0 0 59
KCP 0 0 0 0 0 0 0
LANL 264 17,902 418,211 1,053,710 4,527 0 1,494,614
LBL 0 0 0 0 0 0 0
LLNLE 13 <<1 <<1 0 0 0 13
MOUND 0 0 0 0 [ 0 0
NR sites® 0 0 0 0 0 0 0
NTS 2,506 90,323 7,085 9,258,999 54,765 361,327 9,775,015
ORISE 0 0 0 0 0 0 0
ORNL 1,349 384,291 853,834 12,2392 754 41 1,252,508
PAD 20,396 3 (¢} 0 0 0 20,393
PANT 8 0 <<l <1 0 <1 8
Pinellas 0 0 0 0 0 0 0
PORTS 28 0 0 0 0 0 26
PPPL 0 0 0 0 0 0 0
RFP 0 0 0 [} 0 0 0
RMI 0 0 0 0 0 0 0
SLAC 0 0 0 0 0 0 0
SNLA 12 611 5,493 2,984 3 4 9,107
SNLL 0 ¢} 0 0 0 0 0
SRS 293 719,683 4,881,952 4,689,572 5,225 243,996 10,540,731
¥-12 10,400 0 0 o] 0 0 10,400

Total 38,487 8,713,588 6,653,524 15,471,643 65,360 12,297,173 43,239,775

ASum 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 sum of component entries because of round-off and truncation of numbers.

bradionuclide characteristics are described in footnote b of Table 4.5,

SUnknown or mixture.

dpata for 1992 were not available for this site at time of calculations for this table. Cumulative
values for this site are as of December 31, 1991, However, data were received from INEL (including
contributions from ANL-W) at press time and are included in Table C.12 of Appendix C. Table C.12 data
will be integrated into future editions of this report.

®Updated LLW burial information for Hanford was received at press time and is presented in
Tables C.9 and C.10 of Appendix C. This data will be integrated into future updates of this report.

fNo wastes are buried on the LLNL site. The inventory reported is for wastes buried at the Site 300
Area, an explosives disposal area located off, but near, LLNL.

8Naval reactors (NR) sites include KAPL, BAPL, and NRF.



Tabie 4.11. 0O0OE LLY disposed by metbods other tham shallow-lamd burial?
Undecayed
Yaste radioactive
Sit.e use containers content
Site Location (year) buried? (Ci)
Atlantic Ocean
Atlantic 38°30°N 1951-1955; 14,300 74,400C
72°06°W 1959-1962
Atlantic 37°50°N 1957-1959 14,500 2,100
70°35°%
Massachusetts Bay 42°25°N 1952-1959 4,008 2,440
70°35°%
Cape Henry 36°56°N 1949-1867 B43 87
J4°23°W
Central Atlantic 36°20°N/ 1959-1960 432 480
43°49° N
45°00°W
Subtotal. 34,083 79,507
Pacific Ocean
Farallon Islands 37°38°N 1951-1953 3,500 1,100
(Subsite A) 123°08°W
Farallon Islands 37°37°N 1946-1950; 44,000 13,400
(Subsite B) 123°17°% 1954-1956
Santa Cruz Basin 33°40°N 1946-1962 3,114 108
119°40°%
Cape Scot 50°56°N 1958-1988 360 124
136°03°%W
52°25°N
140°12°W
San Diego 32°00°N 1959-1962 4,415 34
121°30°%W
Subt.otal (ocsans) 55,389 14,766
Total 89,472 94,273
Hydrofracture facility
ORNL Bedded Conasauga 1359~1965 Swall experimental
shale underlying amounts
the ORNL site 1965-19809 8.0 x 103 m? of grout 600,000
1082° 3.8 x 10% od of grout 200,000
1983® 5.5 X 103 m? of grout 500,000
Total 17.3 x 103 o3 1,300,000
2Radioactivity is given at time of burial. Data taken from Table 4.5 of ref. 3.

bEstimated number of containers.
CIncludes approximately 33,000 Ci of induced activity associated with

reactor vessel.

dRetired after 18 injections.
®New facility started up with four injections in 1982 and completed campalgn with seven

injections in 1983.

the U.S5.5., Seawolf
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Table 4.12. Status of land usage at LLW burial and disposal sites?®

Estimated
Estimated total area utilized
Site size usable areaP through 1992
Site (ha) (ha) (ha)?
DOE (burial sites)
HANF© 145,040 385 153
INEL 230,510 35.6 21.2
K-25 607 d d
LANL 11,137 37.1 17.2
NTS® 349,661 820 55
ORNL 1,174 26 7
SNLA 1,141 0.27 0.08
SNLL 167 0.013 d
SRS 84,175 78.9 78.2
Total 823,612 >1,383 >332
Commercial (disposal sites)
West Valley, NY 8.9 7.2 3.8
(Closed Mar. 11, 1975)f
Maxey Flats, KY 102 <51 10.4
(Closed Dec. 27, 1977)
Sheffield, IL 8.9 8.1 8.1
(Closed Apr. 8, 1978)
Barnwell, SC2 121 44,5 34,7
Beatty, NVR 32 18.6 15.7
Richland, WA 40 29.5 11.9
Total 313 159 84.86
Grand total 823,925 ~1,542 >417

3Note: 1 acre = 0.4047 ha, and 1 ha = 10,000 m2,

bpOE usable area and area utilized (except where noted) are generally taken from
ref. 1. Comparable commercial values (except where noted) are taken from ref. 7.

CUtilized land value is for the 200-Area only; in addition, the closed 100- and
300-Area burial grounds include a total of 16.8 ha,

Information not available, or unknown.

8This pertains to the radiocactive 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.

fWVDP LLW was buried on-site in the noncommercial NRC disposal area from 1982
until late 1986. No waste was buried at West Valley from 1987-1992 (see Table 4,16).

8Based on information provided in ref. 6, Anticipated closure date for this site
is December 31, 1995.

Bpased on ref. 8.



Table 4.3:3. Significant revisions amd changes in the curremnt walues for LLW compared o the values in ihe previous Year

DOE/RW-0306, DOE/RW-0003,
Surial/ kev., & {1992) Rav., 8§ (1893}
disposal Significant revision
site Table Ho, Table HNo. or net changse Explanation
DOE/Eanfoxd 4.1, 4.2, 4.4, &.5, 4.1, 4.2, 4.4, 4.5, Hanford buried waluses for The original values xeportsd wars
4.6, 4.8, 4.10, and 4.5, 4.8, 4.10, and fission product volume and too high due to double-counting
4,14 4.14 racioactivity for 1988-1891 of submarine reactor compartmente 7:;
nave decreased S
Commercial 4,20, 4,21, 4.22, 4,21 Reporting of commercial LLW Commarcially disposed LLW is now
4.23, 4.24, and 4.25 by fual cycle and I/I reported by catwegories consistent
categories discomitinued with the ¥ational Low-Level Wasts

Management Program




137

Yable &.1&4. Historical zod projected wvolume, radicactivity, and thermal power
characteristics of burisd DOE LIW, except SRS saltstome

Volume®:sP Radioactivity®P Thermal powss
End of (103 m3) (103 ci) (W)
calendar
year Annual Cumulative Annual Cumulative® Annual Cumulative®
1990 54.6 2,746 339 13,087 1,288 16,443
1991 48.3 2,794 366 12,588 1,555 15,958
1992 41.8 2,836 631 12,408 3,283 17,419
1993 51.3 2,887 1,298 12,642 6,031 20,114
1994 51.3 2,938 1,286 12,499 6,031 20,745
1895 51.3 2,990 1,296 12,298 5,031 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 21,240
1998 51.3 3,144 1,296 11,660 6,031 21,286
1999 51.3 3,185 1,296 11,460 6,031 21,317
2000 51.3 3,246 1,296 11,270 6,031 21,342
2001 51.3 3,298 1,296 11,092 6,031 21,363
2002 51.3 3,340 1,298 10,920 6,031 21,382
2003 51.3 3,400 1,296 10,759 6,031 21,400
2004 51.3 3,451 1,298 10,607 6,031 21,416
2005 51.3 3,503 1,298 10,463 6,031 21,431
2006 51.3 3,554 1,286 10,327 6,031 21,446
2007 51.3 3,605 1,296 10,128 6,032 21,461
2008 51.3 3,657 1,296 10,077 6,031 21,475
2009 51.3 3,708 1,296 9,962 5,031 21,488
2010 51.3 3,758 1,296 9,853 6,031 21,501
2011 51.3 3,811 1,296 9,750 6,031 21,514
2012 51.3 3,862 1,286 9,653 6,031 21,527
2013 51.3 3,913 1,286 9,562 6,031 21,540
2014 51.3 3,964 1,296 9,475 6,031 21,552
2015 51.3 4,016 1,296 9,394 6,031 21,585
2016 51.3 4,067 1,296 3,316 6,031 21,577
2017 51.3 4,118 1,296 9,243 6,031 21,589
2018 51.3 4,170 1,296 9,174 6,031 21,601
2019 51.3 4,221 1,286 92,109 6,031 21,614
2020 51.3 4,272 1,298 9,048 6,031 21,526
2021 51.3 4,324 1,296 8,990 6,031 21,638
2022 51.3 4,375 1,295 8,935 6,031 21,850
2023 51.3 4,426 1,298 8,883 6,031 21,662
2024 51.3 4,477 1,286 8,834 6,031 21,674
2025 51.3 4,529 1,295 8,788 6,031 21,688
2028 51.3 4,580 1,286 8,745 6,031 21,693
2027 51.3 4,631 1,298 8,704 6,031 21,711
2023 51.3 4,683 1,296 8,685 65,031 21,723
2029 51.3 4,734 1,296 8,628 6,031 21,735
2030 51.3 4,785 1,295 8,594 6,031 21,747

2Historical (beginning of operations through 1991) annual values of volume and radioactivity (by
waste type) for each site are from ref. 7. Similar values for 1992 are from ref. 1. See Tables 4.4, 4.5,
4.9, and 4.10 for more detail. Radioactivity (by waste type) is decayed from the year of additiomn using
the representative compositions given in Table €.3 of Appendix C.

bBegiuning in 1992, the volume and radioactivity added esach year are assumed to remain constant
through 2030 at the 1992 values projected (ref. 1) by each site. An exception to this scheme is INEL.
Since no 1992 data were available for INXL, the 1992-2030 values for volume and radiocactivity were
projected based on 1991 data. The radicactivity (by waste type) is decayed from the yeaxr of addition
using the representative compositions given in Table C.3 of Appendix C. Data were received from INEL
(including contributions from ANL-W) at press time and are included in Table C.12 of Appendix C. The
volume change and activity change values reported in Table C.12 may be used to update the 1992 values
reported in Table 4.14., This update results in an annual volume change of -0.96%. Table C.12 data will
be integrated into future editions of this report,

“Note that the projected cumulative radivactivity decreases while the projected cumulative thermal
power increases. This is caused by tha decay of relatively short-lived low-ecnergy radionuclides whosa
daughter (or daughters) have much higher thermal power per curie. This may be shown by comparing the
scurce terms in Table C.3 of Appendix C with the W/Ci values for parents and daughters given in Table B.1
of Appendiz B,



Table 4,15, Projected volume, radioactivity, and thermal power characteristics
of DOE LL¥ saltstones at SRS2

Volume Radioactivityb Thermal powser
End of (10% w3) (103 ci) )
calendar
year Annual Cumulative Annual Cumulative Annual Cumulative
1883 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 107.0 107.6 8.1 8.1 23.5 23.5
1986 43.6 151.0 66.1 74.2 75.4 8.9
1997 72.5 223.0 18.2 92.4 70.1 169.0
1998 88.3 312.0 6.0 98.4 36.1 205.0
1999 133.0 444 .0 0.0 97.86 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 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 6399.0 0.0 67.0 0.0 193.0
2006 29.0 728.0 0.0 63.8 0.0 186.0
2007 49.7 778.0 1.8 65.4 7.2 194.0
2008 29.0 807.0 0.0 65.4 1.2 195.0
2008 49 .4 857.0 .0 65.2 1.6 196.0
2010 29.0 886.0 0.0 63.3 0.0 182.0
2011 53.2 938.0 0.0 61.9 0.0 189.0
2012 24,0 963.0 0.4 §2.3 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 .0 200.0
2016 29.0 1,130.0 0.0 63.4 0.0 195.0
2017 29.0 1,160.0 0.0 61.8 0.0 180.0
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 54.86 0.0 168.0
2023 0.0 1,160.0 0.0 53.3 0.0 164.0
2024 0.0 1,160.0 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 1,160.0 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

2Taken from ref. 1 of Chapter 2.
bradionuclide compusition as a function of time is given in Table C.5 of Appendix C.



Table 4.16, Historical anpual additions and total volime of LLW at commercial disposal sites?®

Volume, m3

West Maxey Annual Cumitlative

Year Beatty Valleyb Flats® Richland Sheffieldd Barnwell total total
1962 1,861 1,881 1,861
1933 3,512 127 2,208 5,845 7,706
1964 2,836 5,940 3,872 12,648 20,354
1955 1,888 5,192 5,753 €638 13,601 33,955
1858 3,533 3,851 5,557 2,402 15,443 49,398
1967 3,206 7,475 7,820 773 2,527 21,801 71,1¢8
1958 3,576 3,490 8,178 1,359 2,713 18,316 90,515
1963 4,526 4,089 10,354 438 2,012 21,429 111,944
1970 5,152 4,306 12,521 423 2,825 25,827 137,771
1971 4,916 7,002 13,173 584 4,430 1,171 31,278 169,047
1972 4,301 9,045 15,578 654 5,856 3,757 39,291 208,338
1973 4,076 7,535 10,074 1,033 8,524 15,839 47,081 255,419
1974 4,103 8,866 8,888 1,411 12,373 18,244 53,895 309,314
1873 4,943 2,243 17,098 1,500 14,118 18,072 57,872 367,286
1976 3,864 427 13,775 2,867 13,4890 40,227 74,640 441,926
1977 4,742 351 423 2,718 17,643 45,663 71,540 513,468
1978 8,874 144 7,422 1,735 61,554 79,729 533,185
1979 §,491 138 12,185 63,861 82,675 675,870
1530 12,717 141 24,819 54,723° 92,400 768,270
1981 3,351 218 40,732 39,427° 83,7256 851,696
ig82 1,505 632 39,506 34,779 76,522 §28,518
1953 1,111 1,284 40,458 35,132 77,985 1,006,503
1984 2,087 966 38,481 34,873 76,383 1,082,896
1985 1,388 809 40,135 34,389 76,721 1,153,617
1986 2,668 2,085 18,833 29,612 53,208 1,212,825
1987 9,414 15,765 27,080 52,239 1,265,084
1538 2,845 11,430 26,391 40,466 1,305,530
1989 3,291 11,562 31,242 46,095 1,351,625
1990 1,684 8,362 22,315 32,361 1,383,988
1891 4,539 11,872 22,368 38,779 1,422,765
1992 14,575 11,271 23,518 49,364 1,472,129
Total 137,455 77,074 135,280 349,763 88,334 684,223 1,472,129

3For a summary of historical additions (1962-1984), see Table 4.6 in ref. 3. For operating sites
(Beatty, Richland, and Barnwell), the additions for 19885-1991 are from Table 4.16 in ref., 7.
Information for 1992 is taken from ref. 9.

byest. Valley includes a commercial state-licensed facility which opened Nov. 18, 1963, and closed
Mar. 11, 1975, and an NRC~licensed facility (for on-site fuel reprocessing wastes) which opened in 1968
and continued to receive only on-site-generated LLW associated with water treatment and sites cleanup
until late 1986. This license is in abeyance. Disposal operations at the West Valley Demonstration
Project {WVDP) have been suspended pending the preparation of an EIS report for the West Valley site
closure, The WVDP began in 1982, The LLW volumes 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 WVDP is stored om-site in
engineered facilities pending final disposal (ref. 7).

CClosed Dec. 27, 1977. Small perturbations in waste volumes have occurred during site cleanup
operations (ref. 11) but are not included here since they are inconsequential.

dclosed Apr., 8, 1978, No additional operations have taken place at the site.

€These values exclude almost 19,000 n® (approximately 14,506 in 1980 and approximately 4,279 in
1981) of very low-level-activity settling pond sludge that was not counted against the annual quota,
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Table 4.17. Historical amnual additions sand total wndecayed radioactivity
of LIN at commercial disposal sites?
Radiocactivity, Ci

West Maxey Annual Cumulative

Year Beatty Valleyb Flats® Richland Sheffieldd Barnwell total total

1962 e e e
1953 5,690 100 22,556 28,346 28,348
1964 6,477 10,400 147,218 164,085 192,441
1965 6,377 22,600 63,828 144 92,949 285,380
1966 11,974 35,400 52,737 1,606 101,717 387,107
1967 10,894 123,100 23,273 5,378 3,850 166,495 553,602
1968 6,808 10,600 45,577 64,432 2,381 129,798 683,400
1969 9,761 36,000 31,028 55,964 2,192 134,945 818,345
1970 12,304 91,900 46,969 52,820 5,427 209,420 1,027,765
1971 4,316 436,700 720,146 23,916 7,895 4,151 1,197,124 2,224,889
1972 5,228 131,300 217,351 31,809 4,857 13,575 404,120 2,629,009
1973 5,704 346,000 118,359 57,037 2,834 48,212 578,146 3,207,155
1974 23,904 6,600 143,656 12,773 3,229 13,557 203,719 3,410,874
1975 18,388 11,600 289,570 113,341 6,103 17,428 456,430 3,867,304
1976 4,493 1,200 211,359 104,306 7,764 90,205 419,307 4,286,611
1977 23,811 900 267,063 7,485 11,147 390,121 700,507 4,987,118
1978 5,685 700 235,548 2,547 652,061 896,541 5,883,659
1979 8,897 400 164,787 314,938 489,022 6,372,681
1980 148,312 300 41,031 143,502 333,145 6,705,826
1981 52,214 229 43,905 183,744 280,092 6,985,918
1982 80,929 293 59,007 273,962 414,191 7,400,109
1983 1,356 255 120,534 383,450 505,595 7,905,704
1984 544 25 215,286 385,079 600,934 8,506,638
1985 453 39 287,849 460,571 748,912 9,255,550
19885 672 13 115,591 116,108 232,384 9,487,934
1987 3,353 0 42,734 211,026 257,113 9,745,047
1988 8,690 0 32,067 218,901 259,658 10,004,705
1989 42,678 0 99,056 725,164 866,898 10,871,603
1980 11,323 0 92,985 444,277 548,585 11,420,188
1991 29,679 0 158,784 611,348 799,811 12,219,999
1992 90,206 0 93,923 815,974 1,000,103 13,220,102
Total 641,120 1,266,654 2,400,690 2,334,078 60,206 6,517,354 13,220,102

aFor a summary of historical additions (1962-1984), see Table 4.6 in ref. 3.
(Beatty, Richland, and Barnwell),

Information for 1992 is taken from ref. 9.

For operating sites

the additions for 1985-1991 are from Table 4.16 in ref. 7.

byest Valley includes a commercial state-licensed facility which opened Nov. 18, 1963, and closed
Mar, 11, 1975, 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.
Project (WVDP) have been suspended pending the preparation of an EIS report for the West Valley site

closure,

The WVDP began in 1982.

the WVDP only and
stored on-site in
Closed Dec.
dciosed Apx .,
CReported as

Part 40).

This license is in abeyance.

are taken from ref. 7.

Disposal. operations at the West Valley Demonstration

The LLW radiocactivity values reported for 1982 through 1986 are for
Since the beginning of 1987, LLW generated at the WVDP is

engineered facilities pending final disposal (ref. 7).
27, 1977.
8, 1978.
296 kg of source material (as defined in Title 10, Code of Federal Regulations,
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Table 4,18, Distribution of total volume and radicactivity, by state, of LIW
shipped to commercial disposal sites in 19922
Volume Radioactivity Yolume Radicactivity
State (m3) (Ci) State (n?) (Ci)
Alabama 576 53,668 Nebraska 357 101,285
Alaska 4 669 Nevada 4 18
Arizona 539 997 New Hampshire 1 1
Arkansas 184 32,562 New Jersey 1,077 47,959
California 3,199 15,730 Rew Mexico 99 58
Colarado 859 32,978 New York 1,991 90,377
Connecticut 1,503 29,392 North Carolina 1,750 57,505
Delaware 28 1 North Dakota 3 &7
District of Columbia 45 31 OChio 629 3,440
Florida 666 296 Oklahoma 795 60
Genrgia 831 40,312 Oregon 4,183 742
Hawaii 83 3 Pennsylvania 2,636 141,249
Idaho 1 2 Puerto Rico o 0
Illinois 8,072 103,273 Rhode Island 11 <1
Indiana 77 27 South Carolina 1,297 3,088
Iowa 154 42,085 South Dakota 48 <1
Kansas 232 1,319 Tennessee 2,374 1,585
Kentucky 62 28 Texas 4,612 4,057
Louisiana 701 4,683 Utah 152 108
Maine 248 8,110 Vermont 172 20,513
Maryland 506 8,421 Virgin Islands 0 0
Massachusetts 1,608 76,588 Virginia 2,827 1,154
Michigan 0 0 Washingten 2,246 10,663
Minnesota 1,139 59,979 West. Virginia 5 31
Mississippi 357 2,569 Wisconsin 195 571
Missouri 320 1,128 Wyoming <1 5
Montana 4 7 OtherP 13 5
Total 49,364¢ 1,000,102¢

3pata provided by EG&G, Idaho (ref. 9), to be published by the Low-Lavel Wasts Managsment Program.

byastes generated by U.5. Army bases located inside and outside the United States,

Cpifferences in the 1992 annual totals (i.e., the volume in Table 4.16 and the radicactivity in
Table 4.17 and the summations of shipments by state, as shown above) result from round~off and

truncation of numbers.
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Table 4.19. Historical and projected volime and activity
summary of coammercial GICC LLW2

Volume Activity
Category (m3) (Ci)

Nuclear utility wastes
® QOperations 1,330 23,300,000
® Decommissioning 523 41,700,000
Subtotal 1,853 65,000,000
Sealed sources 6 302,890
DOE-held potential GICC waste 1,076 538,275
Other generator waste 307 2,924
Total 3,242 65,844,089

2Based on the EG&G Idaho, Inc,, study of ref. 13. Data reported
represent packaged base-case scenario inventories and projections of wastes
generated during the period 1885-2035,



Table 6.20. Suvsery of projected GICC wastes for LWRs based nm packaged waste volume?®

Estimated packaged waste volume
(m®) by expected cases®

Activityd
V&ndurb/LWR Reactor couiponent Low Base High (Ci)
GE /BWR. Cartridge filters 5.80E-02 1.18E+00 2.32E+00 6.62E+00
Control rod components
Bearings 1.42F-04 1.42E-04 1.42E-04 8.93E+00
Blade 3.53E+02 4, 41E+02 8,.83E+02 1.62E+05
Imner drive strainers 2,55E-02 5.03E-01 1.02E+00 6.85E+01
Cuter drive strainers 1,12E+00 2.22E+01 4, 55E+01 6,76E+01
Core shroud 1.80E+02 2.57E4+02 3.88E+02 4, 93E+06
Dry tubss 1.31E+01 2.13E+01 4 36E+01 1.08E+05
Fuel in decontamination resins 1.138+01 5.866E+01 1.13E+02 2.02E+03
Local power range monitor 5.80E+01 9.67E+01 1.93E+02 6.65E+04
Poison curtains 6.78E-03 6.78E-03 6.78E-03 1.55E+02
Pool filters 1.68E+00 3.3B6E+01 6.72E+01 2.00E+02
BWR total 6.18E+02 9, 30E+02 1.73E+03 5.27E+08
B&W / PR Cartridge filters 1.32E+00 2.654E+01 5.29E+01 3.2BE+02
Control rod drive 3.20E-02 3.20E-02 3.20E-02 6.14E+02
Corse harrel e e 4, 59E+01 3.54E+05
Core shroud 1.44E4+01 2.08E+01 3.09E+01 1.7854+08
Crud tank filters 2.32E-01 4 B4E+QO 9. 28E+00 3.47E+01
Flux wira 4.00E-01 4.00E-01 4.00E-01 1.55E+04
Fuel in decontamination resins 1.70E+00 8.48E+00 1.70E+01 1.18E+03
In~core detectors 1.178+01 1.95E+01 3.90E+01 1.75E+04
Miscellaneous metals 3.80E-02 3.80E-02 3.80E-02 f
Primary sources 1.13E-02 1.13E-02 1.13E-02 1.21E+04
B&W total 2,88E+01 8.01E+01 1.95E+02 2.19E+06
CE/PWR Cartridge filters 2.30E+00 4. 59E+01 9.19E+01 8,33E+01
Control rod drive 7.40E-01 7.40E-01 7.40E-01 1.45E+03
Core barrel ) e 3.69E+02 7.0B8E+05
Core shroud 4 B3F+D1 6.62E+01 9.93E+01 5.54E+06
Flux wire 6.00E-02 6.00E~-02 6.00E-02 f
Fuel in decontamination resins 9.34E+00 4, B66E+D1 9,33E+01 4. 54E+03
In-core detectors 2.75E+01 4, 59E+01 9,17E+01 2,38E+04
Primary sources 7.47E~02 7.47E-02 7.47E-02 9,26E+06
Miscellansous metals 3.00E-01 3.00E-01 3.00E-01 £
Thiwble plug assemblies 4,00E-01 8,00E-01 1.20E+00 £
CE total 8,70E+01 2.07E+02 7.4BE+02 1.55E+07
Wi/ TWR Cartridee filters 8.50E+00 1.70E+02 3.34E+02 3.12E+02
Control rod drive 1.72E+01 1,72E+01 1.72E+01 &.78E+0DE
Core barrel e e 5.95E+02 3.94E+08
Corae shroud 1.25E+02 1.79E+02 2.68E+02 2. 44E407
Fuel in decontamination resins 3.24E+01 1.61E+02 3.22E+02 1.78E+04
In-core instruments 1.34E401 2.15E+01 4 47E+01 1.22E+05
Miscellansous metals 1.25E+00 1.25E+00 1.25E+00 £
Source rods 1.15E+00 1.15E+00 1.15E+00 6.73E+08
Thimble plug assamblies 3.89E+01 7.78E+0L 1.17E+02 1.56E+04
WH total 2.38E402 6.29E4+02 1.70E403 4 Z20E+Q7
PWR tobal 3.55E+02 9.16E+02 2.B64F+03 5.97E+07
LWR total 9.73F+02 1.85E+03 4,37E+03 6.50E+G7

Apased on ref. 19,
bgE = General Electric, B&W = Babcock & Wilcox, CE = Combustion Fngineering, and WH = Westinghouse,
CThese projectioms cover the time frame 1985-2035, The low case corresponds to the lowest volume
expected, the base case to the most likely volume, and the high case to the largest volume sxpected,
The same smount of astivity is associated with each volume projectiom case.
®Not included in the Low and base cases.
INot reported (information mnot reported in ref. 19).
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Table 4.Z1. RBregkdown of 1892 low-level radioactive waste
by type, wolwuee, and activity received
by commercial disposal sites?

Commercial Type of Volume Radioactivity
site waste (m3) (Ci)
Barnwell Academic 479 97

Government 3,283 40,332

Industrial 8,109 31,232

Medical 111 10

tility 11,536 744,302

23,518 815,974

Beatty Acadewnic 454 1,525
Goveinment 354 381

Industrial 10,493 50,970

Mezdical 344 370

Utility 2,530 36,960

14,575 90,206

Richland Academic 322 102
Governmeant 842 67

Industrial 7,123 17,888

Medical 288 18

Utility 2,696 75,848

11,271 93,923

4Based on ref. 9.
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Quivira Mining Company’s uranium mill in Grants, New Mexico, showing uranium ore pile, multi-stage thickeners, and mill plant.
(Courtesy of the U.S. Department of Energy, Energy Information Administration, Washington, D.C.)



5. URANIUM MILIL TAILINGS FROM COMMERCIAL OPERATIONS

5.1 INTRODUCTION

Uranium mifl tailings are the residual wastes of milled
ore that remain after the uraniom values have been
recovered. Mill tailings at licensed sites and those that will
be produced to meet future uranium requirements are
“commercial” mill tailings, the subject of this chapter.
Tailings resulting from uranium milled for defease
purposes are not included. Existing tailings at sites that are
no longer licensed are classified as “inactive” mil! tailings.
Inactive tailings are adminisiered under the repsedial action
projects discussed in Chapter 6.

Mill tailings are geperated during the process of
extracting uranium from the ore fed to the mill. Uranium
mills employ either an acid leach or an alkaline leach
process to recover uranium, depending on the ore’s
chemical characteristics. Currently, 97% of the US.
milling capacity uses the acid leach process. Mill tailings
from both processes consist of slurries of sands and clay-
like particles called slimes; the tailings slurries are pumped
to tailings impoundment ponds [or disposal.

U.S. granium production from conventional milling
has declined since 1980; as a consequence, the quantity of
mill tailings generated each year has declined (see
Table 5.1). During 1992, two miills operated and generated
tailings. The location of each of these milis is indicated in
the map of Iig. 5.1. While no conventional mills remained
operating in the United States™ at the end of 1992, six
mills with a total rated capacity of 13,300 t/d of ore were
retained on standby status. This small utilization of U.S.
capacity can be attributed in large pait to puclear power
plant cancellations and deferments. Since the late 1970s,
these have led to lower uranium demand which, in turn,
has cootributed to lower uranium prices and a stcady
decline in domestic uranium mining. In addition, cost
increases for domestic uranium mining and milling have led
to increased reliance on imports of lower cost uranium.

In recent years, U1.S. uranium concentrate production
from conventional milling of ore has declined. The total
processing of ore at conventional mills ia 1992 was 60%
less than in 1991,  Concentrate production from
conventional mills in 1992 was about 570 t U,0,, about
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630 ¢ less than 1991 production?  Nopconventional
concentrate production in 1992 abo decreased to about
2000t U0, o 17% below 1991  production’?
Nonconventional concenirate production includes by-
product processing from the mining of phosphate ore as
well as the processing of i situ leach mining solutions,
heap-leach solutions, mine water, and other soluticns from
reclamiation activities, In situ leaching (I8L) technology has
been increasingly applied in recent years i mining
operations.  Of the total $80/kg-1J urapium ieserves
estimated by the Epergy Information Administration
(¥IIA), the amount for which ISL is the proposed mining
method bas increased from 38% in 1991 10 39% in 1992
Because ISL mining generally is successful at lower costs
compared with conventional mining methods, it coald gain
cven wider use in the near future. ISL. and by-product
production methods do not generate mill tailings. Residual
wastes [rom nonconventional methods are not considered
in this chapter.

The volumes of historical and projected cumulative
mill tailings through the year 2005 are shown in Fig. 5.2.
This graph is based on the data reported in Table 5.1, The
estimates of projected domestic tailings are based on 1.8,
production of uranium found in projections from the
DOL/EIA uranium mining and milling viability assessment
report {ref. 3), as well as ref. 4.

52 INVENTORIES

The status of the licensed mills, including their
estimated commercial and governmentrelated tailings
inventories at the end of 1992, is shown in Table 5.2 (data
based on refs. 1-12). For each mill, the amount of tailings
generated depends on the amount of ore processed, the
ore-fecd grade (1,04 assay), and the percentage of 1,04
recovered.  Table 5.3 lists the anaual milling rate, ore
grade, and U,0,; recovery. The associated mill tailings
generated throngh 1992 are 189.6 x 10°t (118.6 x 10° m’).
The DOF/EIA estimates’ that 0.24 x 10° £ (1.52 x 16° m®)
of tailings were added to the tailings piles at operating mill
sites during 1992,



53 WASTE CHARACTERIZATION

Yiecause the amount of uraninm (by weight) extracted
from ihe ore during milling is relatively small, the dry
weight of the tailings produced is nearly equal to the dry
weight of the ore processed. Diy tailings typically are
composed of 70 to 80 wt % sand-sized particles and 20 to
30 wt *4 finer-sized particles, Acid leaching is preferred
for ores with low lime content (12% or less). Those with
high lime content require excessive quantities of acid for
neutralization and, for economic reasons, are best treated
by atkaline lcaching. Ta either leach process, most of the
uranium is dissclved, togethber with the other materials
present in the ore (c.g., iron, aluminum, and other
impuritics). Afier the ore is leached, the uranium-laden
leach Gquor is removed from the tailings solids by
decantation.  After thorough washing, the tailings are
pumped as a shirry to a tailings pond. The waste liquid
accompanying the tailings solids to the disposal pond is
approximately 1 to 1.5 times the weight of the processed
ore. Typical characteristics of the tailings solids and liquid
are outlined in Table 5.4 (ref. 9).

In August 1986, the EPA issued its final rules on
7’Rn emissions from tailings piles.® Mill owners have
6 years (subject io certain extensions) to phase out the use
of large existing tailings piles. New tailings piles must be
contained in smali fi.c., less than 16 ha (40 acres)]
impoundments or disposed of by continuous dewatering

5.5 REFERENCES

148

and burial with no more than 4 ha (10 acres) uncovered at
any one tinie.

5.4 PROJECTIONS

An average (ailings density of 1.6 t/m® was used to
calculate mill tailings volumes resuliing from the milling of
uraium ore mined by open-pit and underground
operations. The quaniity of material produced is based on
projections of uranium produciion as reporied in the E1A
publication, Dowestic Urarnium Mining and Milling Indusiry

1991—Vighifity Assessmeni, DOE/EIA-0477(31). These
projections were based on  urapivi  requirements

associated with the DOE/ELA 1991 Lower Reference Case
nuclear growth scenario and assumed a 2-year lead time
froui the mining/milling of uranium to its use as a rcactor
fuel.

The volumes of tailings generated from 1992 through
2005 are estimated based on revised production schedules
for cre of the two conventional mill operations expected to
be operational in this period. Most of the U.S. produciion
is projecicd to come from wonconventional extraction
operations {in situ, by-product, etc.). Imports and U.S,
inventory drawdowns are projected (o imake up over 80%
of U.S. requirements through 2005 and wilt act add o
U.S. tailings buildup.
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Table 5.1. Historical and projected volume of
uranius mill tailings®:P

Volume
(105 m3)
End of
calendar year Annual Cumulative
Prior to 1978 68.0
1978 7.9 75.8
1979 9.1 84.9
1980 9.5 94 .4
1981 8.2 102.7
1982 5.0 107.7
1983 3.4 111.1
1984 2.5 113.6
1985 1.0 114.6
1986 0.7 115.4
1987 0.8 116.2
1988 0.7 116.9
1989 0.7 117.6
1990 0.4 118.0
1991 0.4 118.4
1992 0.2 118.6
1993 .0 118.6
1994 0.0 118.6
1995 0.0 118.6
1996 <0.1 118.6
1997 <0.1 118.7
1998 <0.1 118.7
1999 <0.1 118.8
2000 <9.1 118.8
2001 <0.1 118.9
2002 0.1 118.9
2003 0.3 118.2
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 Raference Case of ref. 4.

bsources: Prior to 1984-U.S. Department of
Energy, Grand Junction Project Office data files.
1984-1992—Energy Information Administration,

Form ETA-858, "Uranium Industry Annual Survey."



Table 5.2. Status of conventional uraniu wmill sites ai the eand of 129228
Total tailings
Tailings
Rated Status storags Government
capacity® area Volume® Mass portionf
Location Operator (t/d ore) Operationsb Tailings® (ha‘)d (10° m3) {106 ¢) (108 L)
Colorado
Canon City Cotter 1,090 Shut down, 1987 Wood chip covering 81 1.3 2.1 0.3
Lravan Umetco Minerals 1,1808 Decommissioning Partiaily stapilized 44 5.9 9.5 5.2
Subtotal 1,395 125 7.2 i1.8 5.5
Yew Mexico
Cebolleta Sohio Western Mining 1,4508 Dacommissioned, 1386 h 73 1.2 1.8 0
Chuzch Rock United Nuclear 2,7208 Decommissioned, 1586 h 83 2.0 3.2 0
Grants Anaconda 5,4408 Decommissioned, 1987 Partially stabilized 183 13.%6 21.7 8.0
Grants Quivira Mining 6,350 Shut dowm, 1885 Fanced 142 18.8 36.1 9.1
Grants Komestake Mining 3,0808 Decommissioning Unstabilized 105 12.7 20.3 10.4
Marcquez Bokum Resources 1,8208 New {on standby) Vever oparatsad 0 0 0 s}
Subtotal 5,350 802 48.3 77.2 27.5
South Dakota
Edgemont Tennessee Valley 6808 Decommissioned, 1983 Partially stabilized 50 1.2 1.8 1.5 7y
Authority ~
Subtotal 0 50 1.2 1.3 i.5
Texas
Falls City Continental 0il/ 3,0808 Decommissioned, 1881 h 39 6.5 10.5 Q
Pioneer Nuclear
Hobson Rio Grande Resources 2,720 Decommissioning h 101 3.9 5.8 G
Ray Point Exxon 1,0008 Decommissioned, 1973% StabilizedJ 18 0.2 O.Ak 0
(Felder
Facility)
Subtotal 2,720 208 10.8 15.8 0
Utah
Blanding Umetco/Energy Fuels 1,810 Shut down, 1980 Partially stabilized 135 1.9 3.2 o]
Nuclear
La Sal Rio Algom 680 Decommissioned h 14 2.2 3.5 0
Moab Atlas 1,2708 Decommnissioning Unstabilized >80 5.0 9.6 5.4
Hanksville Platsau Resources 910 Naw {on standby) ¥ever operated 28 ] c 0
Subtotal 3,400 >257 15.1 16.3 5.4



Table 5.2 (continued)

Total tailings

Tailings
Rated Status storage Government
capacity? area Volume® Mass portiont
Location Operator (t/d ore) Operations? Tailings® {ha)d (105 mdy (108 t) (108 v)
Washingbton
Ford Dawn Mining 410 Shut down, 1982 Wood chip covering 43 1.8 2.8 1.1
Wellpinit Western Nuclear 1,8108 Decommissioned h 17 1.6 2.6 1]
Subtotal 410 60 3.4 5.4 1.1
Wyoming
Gas Hills American Nuclear 8608 Dacommissioned, 1988 Unstabilized 52 3.3 5.3 1.9
Gas Hills Pathfinder 2,5408 Decommissioned Unstabilized 55 6.6 10.8 2.4
Jeffrey City Western Nuclear 1,5408 Decommissioned, 1988 Interim stabilization 34 4,4 7.0 3.0
Natrona Umetco 1,2708 Decommissioned, 1987 Unstabilized 70 4.6 7.3 1.9
Powder River Exxon 2,9008 Decommissioned, 1984 Partially stabilized 81 6.4 10.3 0
Powder River Rocky Mountain Energy 1,8108 Decommissioned, 1987 {mstabilized 61 2.7 4.3 0
Shirley Basin  Pathfinder 1,630 Decommissioned h 84 4.7 7.4 0
Shirley Basin  Petrotomics 1,3608 Decommissioned, 1885 Unstabilized B85S 3.8 6.3 6.7
Red Desert Minerals Exploration/ 2,720 Shut down, May 1983 Partially stabilized 121 1.3 2.1 0
Union Energy Mining "
_ _— -_ -_ VY
Subtotal 4,350 633 37.9 60.6 9.9 bd
L ) ] L _J e ]
1980 total for all sites® 1, 18,3200 h 118.6 189,6 50,6°

8Data based on refs. 1-12. HNote: subtobtals and totals may not equal sum of components because of independent rounding. Ray Point, Texas
(Felder Facility), site was stazbilized during 1387 by Exxon Corporation. Historical data are ravised based on detailed study of milling data
from the Grand Junction Project Office and EIA files, The values showr include all tailings.

brrom refs. 1, 8, and 10. Values roundsd to nearsst 10 ¢.

S0n 4ug. 15, 19386, EPA issued its final rules on 222pn emissions from tailings piles. Mill owners have 6 years (subject to certai
extensions) to phase out the use of large existing tailings piles. New tailings piles may be contained in small impoundmants {less than 16 ha)
or disposed of continuously by dewatering and burial (i.e., no moxre than 4 ha are uncovered at any one time}. See ref. &.

dFrom ref. 7; 1 ha = 10,000 me or approximately 2.5 acres.

®Calculated from reported mass using demsity = 1.6 t/m°.

frrom ret. 6, Table 8.0. These tailings are from government contracts only and are included in ths "Total tailings" columm.

8Estimates provided are not included in the total. See column labsled "Operations" under "Status™ for rsason.

?Not available.

iFrom ref. 10.

JFrom ref. 12.

From ref, 1i.

lthese values are cumulative totals that may not equal swn of components dus to indepsndent rounding.

Terom ref. 1.

TMills reported as parmanently closed on Form EIA-858 for 1992. This is not the same as decommissioned, according to industry contactis.

STotal at the end of government-contracted deliveries in 1870 (ref. 8).

For annual totals see Table 5.3.
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Toble 5.3. Uraniwm ore processed, Uq0g recovery rate, and
tailings geuerated through 19928.P

U30g
Ore processed Tailings generated
Recovery

End of Mass® Grade from ore Productd Mass® Volumef

calendar year (106 ¢) (% U50g) {2) (103 t) (108 1) (108 m3)
Prior to 1978 g g g g 108.8 €8.0
1978 12.5 0.134 91 15.6 12.6 7.8
1979 14.6 0.113 gl 15.3 14.5 9.1
1980 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
1983 5.4 0.128 97 7.0 5.4 3.4
1984 3.9 0.112 as 4.4 4.0 2.5
1985 1.6 0.161 96 2.8 1.6 1.0
1986 1.2 0.338 g7 4.0 1.2 0.7
1287 1.3 0.284 96 3.8 1.3 0.8
1988 1.1 0.288 a5 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 0.8 0.188 92 1.2 0.8 0.4
1992 0.2 0.229 26 0.6 0.2 0.2
Totalh 189.6 118.6

8Sources: Prior to 1984~U.S5. Department of Energy, Grand Junction Area Office data
files. 1984-1992—Energy Information Administration, Form EIA-858, "Uranium Industry
Annual Survey."
PThis table has been revised based on a detailed study of milling data from the
Grand Junction Project Office and EIA files., The values shown include all tailings.
CBefore in-process inventory adjustments.
onventional U30g concentrate production.
®Includes adjustments to orve-fed amounts for annual mill circuit inventory changes
and uranium concentrate production.
fCalculated assuming that the average density of tailings is 1.6 t./m3 (metric tons
per cubic meter).
8Not available.
Totals may not squal sum of components due to independent rounding.



YTable 5.4. Typical characteristice of uranium mill tailings®
Tailings Particle size Chemical Radiocactivity
component (um) composition characteristics
Sands 75 to 500 510, with <1% complex silicates 0.004 to 0.01%Z UaOab
of Al, Fe, Mg, Ca, Na, X, Se,
Mn, Ni, Mo, Zn, U, and V; also Acid lsaching:®
metallic oxides 26 to 100 pCi 226gafg;
70 to 600 pci 230tn/g
Slimes 45 to 75 Small amounts of Si0; but mostly Uz0g and 228R4 are almost
very complex clay-like silicates twice the concentration
of Na, Ca, Mn, Mg, Al, and Fe; present. in the sands
also metallic oxides
Acid leaching:©
150 to 400 pCi 22Bgayg;
70 to 600 pci 230Thy/g
Liquids d Acid leaching: Acid leaching:

pH 1.2 to 2.0; Na®, NH,*, 50,72,
CLl™, and PO, °; dissolved solids

up to 1%

Alkaline leaching:

pH 10 to 10.5; CO3™2 and HCO3™;

dissolved solids ~10%

0.001 to 0,013 U
20 to 7,500 pCi 226Ra/L;
2,000 to 22,000 pci 230Th/L

Alkaline leaching:
200 pCi 228Rayy,
essentially no 23O‘I‘h
(insoluble)

Apdapted from information in ref. 9.
bU3OB content is higher for acid leaching than for alkaline leaching.
CSeparate analyses of sands and slimes from the alkaline leaching process are not available.

However,

total 226

combined sands and slimes,

dparticle size does not apply.

is greater in the alkaline process.

Ra and 230Th contents of up to 800 pCi/g (of each) have been reported for the

Up to 702 of the liquid may be recycled. Recycle potential
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of Energy,

ORNL PHOTO 1396-94

Decontamination of a former process building at the Weldon Spring Site Remedial Action Project. (Courtesy of the U.S. Department

Office of the Deputy Assistant Secretary for Environmental Restoration, Washington, D.C.)



6. EMVIRONMENTAL RESTORATION WASTES

6.1 INTRODUCTION

The fundamental goal of the DOE Gffice of
Enviconmental Restoration (DROELMA0, or simply
EM-40) is to ensure that the risks 10 the environment and
human health and safety posed by inactive and surplus
facitities and sites are cither eliminated or reduced to
prescribed, safe levels. These facilitics contain radioactive
and chemically hazardous contaminanis as a result of
previous activities conducted by DO and its predecessor
agencies. Although this goal encompasses all requirements
prescribed by applicable  {ederal, state, and local
environmental statutes and regulatory requirements, it is
not fimited to regulatory compliance. DO paramount
concern is maintaining and improviog human health and
safety and protecting the environment.

The DOE environmental restoration program includes
a bias for action to expedite actual cleanup wherever and
whenever possible. However, major actions are currently
being undertaken at only a limited number of sites because
most sites are in the assessment phase to determine the
nature and extent of contamination that must be
addressed. Closures and interirn remedial actions are being
undertaken at several sites to address more imoediate
concerns and bring them into compliance with federal and
state environmental laws and regulations. Full remediation
will follow assessment efforts, and, after cleaoup is
completed, these sites will continue to be monitored.

Environmental restoration efforts are proceeding in
two  major areas: remedial action (RA) and
decontamination and decommissioning (D&I3). These
activitics include cleanup of facifities and areas that
supported defense-related  activities, such as nuclear
weapon component fabrication, and nondefense, civilian
nuclear power activities, such as the development of heat
sources for the space program and the operation of smaii
test reactors.

RA activities are concerned with all aspects of the
assessment and cleanup of inactive sitea at which releases
of radicactive and chemically hazardous substances bhave
occurred. These actions are not only imited to those aceas
directly impacted by the release but also include additional
areas fo which contaminants maay have migrated (e.g., to
ground water). A number of DOE installations are on the
EPA National Priorities List. RA tasks include site

discovery, preliminary assessment, and site inspection; site
characterization, analysis of cleanup alternatives, and
selection of remedy; cleanup and site closure; and site
compliance monitoring. Although such activities may deal
with storage tanks, buildings, and structures, most are
concerned with contaminated environmental media such as
soil, sediment, and ground water.

The principal regulatory requirements for RA activities
are derived from the Resource Conservation and Recovery
Act (RCRA) and the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA).
Activities may further be subject to requirements
associated with compliance with the National
Environmental Folicy Act (NEPA) as well as to additional
regulatory requirements imposed by the states.  Other
requirements are set forth in various DOE Orders and
standards and other guidance documents.

D&D activities are primarily concerned with the
safekeeping of surplus nuclear facilities following shutdown
and for either their ensuing decontamination for reuse or
their complete dismantlement.  Such tasks include
surveillance and maintenance, assessment  and
characterizaiion, environmental review, engineering, specilic
D&D operations, and project closcout. Most D&D
activities are concerned with facilities such as reactors, hot
cells, processing plants, storage tanks, and other structures
from which, in generai, few releases to the environment
have occurred. Approximately 500 contaminated facilities
are currently included in the ¥M-40 jnventory for future
action.  The objectives of D&D activities are 1o
decontaminate these facilities and to eliminate any potential
hazards to public health and the environment.

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 RCRA
and CERCILA may apply also to those {acilities from which
there cither has been a release or there is a potential for
release to the environment. State requirements may also
apply in certain instances. Only those D&D activities at
facilitics transferred to the Office of Environmental
Restoration and Waste Management (EM-1) are addressed
in this chapter. Receatly, EM-1 was renamed the Office of
Environmental Management. This modification will be
incorporated in all sections of future updates of this report.



Pecause many RA and D&D sites are still in the
assessimicni phase, it is very difficuit to project the volumes
and types of waste that may be gencrated. Moreover,
detailed information on the specific cleanup activities that
may be applicd to various contamination probiems is not
yet available; therefore, the quaniity of resuliant waste that
might be generated cannot be reliably determined. In fact,
the plans for many sitcs arc not yet to a stage at which
even the broad category of response that wili be taken is
known. For example, the decision whether a given
contapmiinated arca, such as a waste pit, is to be excavated
or stabilized in place is not typically made unii! after
(1) the naiure of the problem has been adegisately defined,
(2) various response alternatives and related impacis have
been evaluated i considerable detail, and (3) other
agencies (such as the EFA, the impacied state; and the
local community) have had a chance to comment on ihe
preferred alternaiive. Materials regarded as waste would
be generated only if the wasie pit were excavated; no waste
would be generaied if the pit were capps 1 in place.

DOE is currently undertaking sevesal initiatives to
determine the volumes and iypes of was 2 that may be
generated  during  future  environmen* ' restoraiioi
activitics. These studics have not yet beein  smipleted (o0 a
point at which realistic waste projections can he made;
these results should be available within the next few years.
Henee, environmental restoration waste volumes arc not
provided in this report.  However, the volumes of
contarminated solid environmental media are known (o a
reasonable degree at many sites, and these volumes are
included in Sect. 6.3.

6.2 THE OFFICYH OF ENVIRONMENTAL
RESTORATION

Environmental restoration activities under the
auspices of the DO Gitice of Environmental Restoration
(EM-40) are managed by three program  offices:
Scuthwestern Area Programs (EM-45), Norihwesiern Area
Programs (EM-44), and Fastern Area Programs (EM-42).
Each office manages both RA and D&D activities.
Activities are divided inio 17 major projects to assist in the
olaniog,  oversight, and  performance-tracking  of
environmental restoration activities (see Fig. 6.1).

62.1 Southwestern Area Programs

The Scuthwestern Area Programs include all EM-40
activitics managed through the DOE Nevada and
Albuquerque operations offices, the Graad Junction
Projects Office, and the Rocky Flats Office.  Activities
managed by the Nevada Operations Office include
remediation of a pumber of locations at the Nevada Test
Site (NT5) and at off-site areas where nuclear tests have

en conducted. Environmental restoration activitics at
NTS invoive cleanup of areas of contamination from
above-ground and underground nucicar weapons testing.
Off-site locations include Amchiika Island, Alaska; the
Rio Blanco and Rulison Test sites in Coloradoe; the Gnoine
and Gasbuggy Test sites in New Mexico; the Salmon Test
Site i Mississippi; and the Shoal and Central Nevada Test
sitcs in Nevada.

The Albugueraue Operations Office activities are
managed as five separate projecis.  Epvironmental
restcrafion activities at the Albuquerque Laboratories
project include remedial actions at the South Valley
Superfund Site, Sandia National Laboratories--New Mexico
(referred to in this report as SNLA), Los Alamos National
Laboratory  (LANL), and the Inhalation Toxicology
Research Instituie (ITRI), all of which arc located in New
Mezxico;, and at Sandia National Laboraiories~California
(referred 1o in ihis report as SNLL). These laboratories
were wsed for various defepse-related R&D activities.
Environmental restoration activities at  Albuquerque
Production Facilities include remediat actions at the
Pantex, Kansas City, Pinelias, and Mound plants. These
plants, which are located in Texas, Missouri, Iorida, and
Ohio, respectively, were used in the produciion of nuclear
materials for defense activities.

The Albuguerque Operations Oifice is responsible also
for implementing the Uranium Mill Tailings Remedial
Action Project (UMTRAP), which was authorized in 1978,
and involves the siabilization and control of (a) 24 inactive
uranium-processing sites and associated vicinity properties
locatedt in 10 states and 4 Indian feservations and
() vicinity properties asscciated with the Edgemont, South
Dakota, inactive uranium mill, which is currently owned by
the Ternessee Valley Authority (see Tig. 6.2). All of the
sites are located in the western United States, except for
one in Canomsburg, PYennsylvania.  Currently, two
Albuquergue projects oversee work for  UMTRAP:
Uranium Mill Tailing Remedial Action (UMTRA) Surface
and UMTRA Ground-Water Assessinent and
Remediation. Remedial actions have been completed at
10 sites under the UMTRA Surface Project.

The fifth project managed by the Albuquerque
Cperations Office consists of two sites being remediated by
the Grand Junciion Projects Office. This projects office is
responsible  for  direciing RA  activities for tailings
remediation and for suiface and ground-water cleanup at
the Monticeiio Mill Tailings Site in Utah and the Grand
Junction Projects Office Site in Colorado.

Tne Rocky Flats Plant (RFP) in Colcrade was
forserly a nuclear weapons manufacturing facility; the
niission of this facility is currently environmental restoration
and wasic management.  Storage and disposal of
hazardous, radicactive, and mixed wastes occurred on-site
iin the past when the facility was operational. Off-site areas
that may require remediation include two reservoirs and
surrounding land areas. These areas may have received



contaminated effluent and sediments originating from the

plant.
622 Noethwestern Area Programs
The Northwestern Area Prograns include 2! EM-40

activities managed through the DOE Idaho, R
(Jakland and Cmmgo opemtmm offi

Idaho Natlonal Lngmeermgl aboratm v (IN L), W ;ir _

established in 1949 as a site where nuclar teac 1S,
support facilities, and equipment could be safely bullg,
tested, and operated to evaluate various options for ihe use
of nuclear power as a means to generate eleotricity. IMEL
is currently one of DOE’s principal centers for nuclesr
energy research and development (R&F)) These activitics
have resulted in the contamination of siructures, ground
water, and surface water within the site,

The Richland Operations Office
environmental restoration activities st the Hanford
(HANY) Site in the state of Washington. HANF has been
involved in a large number of mucleac production activities
since the early 1940s. More than 1,000 waste sites have
been identified, most of which have resulted frow the
on-site storage or soil-column disposal of low-level
radioactive, hazardous, and mixed wastes. More than 100
surplus facilities contaminated with radicactivity are
scheduled for D&D. These facilities include cine former
production reactors, as well as chemical process buildings
and ancillary structures. Remediation of HANT in
constructing a disposal facility to receive cleanup wasics
and closing underground storage tanks and other RCEA
closures.

The Oakland Ogperations Office has been responsible
for managing a number of activities agsecciated with mx
weapons rescarch and other nuclear and energy os
This office oversees a number of instaliations,

>
i

nanages

instailations with an ongoing EM-48 program
Lawrence Livermore National Laboratory  {LILNL),

Lawrence Berkeley Laboratory (I.BL), Stanford L'wm
Accelerator Center (SLAC), General Atomic (3A) 8
Laboratory for Energy-Related Health Research (LEMHR),
General Flectric Vallecitos Nuclear Center, and the DO
portion of the Santa Susana Field Laboratory (SSFL),
known as the Energy Technology Engineering Lm*m
(ETEC). All of these installations are located in Cali w ia.
Activities at these sites have resulted in the conta
of facilitics, soil, and ground water with a wi
radicactive and chemically hazardous suhstances.
The Chicago Operations Office manages two HM-40
projects: the Chmdge and Battelle C()p.ambm I_abm atorics.
The primary mission of Chicago Laboratorios is energy
rescarch, development, and demonstration. Envivonrmental
restoration activitics are being performed nader thie project
at 5 R&D laboratories: Argonne  Mational
Laboratory-East (ANL-E), Ilinois (including  Site

l oy
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APt M, which was formerly a portion of AML-E);
Argonne Naticna! Laboratory-West (ANL-W), idaho;
Broockhaven National Laboratory (BMNL), MNew York;
Princeton Plasma Physics Laboratory (PPPL), Mew Jersey;
and Ames {AMES) Laboratory, Inwa, RAs at these sites
inchade remediation of  soil  and  ground-water
contarpination, disposal sites, and underground storage
tanks. Environimental restoration activities are alsn being
conducted at the Reactive Metals, Inc. (RMI) Site in Ohio.
RA activities at this site involve the cleanup of a former
metals-extrusion plant that became contaminated as a
result of the processing of radioactive materials (principally
uranium). In addition to the activities at these six sites,
activities included in the Chicago Laboratories program
encompass the D&D of two retired nuclear reactors (at
Hallam, Mcbraska, and Pigua, Ohio) and processing
facilities at the Separations Process Rescarch Unit located
at the Knolis Atomic Power Laboratory (KAPL) in the
state of New York. Environmental restoration activitics at
Battelle Columbus Laboratories in (Ohio include the D&D
of 15 contaminated buildings and surrounding scils that
were previously used for government-sponsored vuclear
research.

623 Eastern Area Programs

The Eastern Arca Programs inclnde all EM-40
activities managed through the DOE (ak Ridge and
Savannah River operations offices and the Fernald Field
Office. The Oak Ridge Operations Office manages
environmental restoration activitics at instaliations in the
vicinity of Oak Ridge, Tennessee, including ORML, the
K-25 Site, and the Y-12 Plant. The Oak Ridge Operations
Office s also responsible for environmental restoration
activities at the Portsmouth Gaseous Diffusion Tlant
(POKTS) in Ohio and the Paducah Gaseous Diffusion
Flant (PAD) in Xentucky. These facilitics provided
enciched uranium for use in production reactors for
defense purposes. Previous activities at these sites have
resulted in contamination of soils, surface water, ground
water, and varions structures. ‘The primary contaminant at
most of these sites is uranjum.

The Oak Ridge Operations Office also manages the
Formerly Utilized Sites Remedial Action  Project
(FUSRAP), which is primarily concerned with the clcanup
of sites that were formerly used to support the activities of
the Manhattan Engineer District, established for the
Manhattan Project, and the Atomic Energy Commission
(AEQ). Frivate firms and institutions were contracted by
the federal government in the 1940s and 1950s to develop
processes and perform research on radioactive materials.
The storage and processing of uranivm and thorium ores,
conecentrates, and residues were ofien involved, Although
these sites were cleaned up Lo formerly acceptable levels,
FUSRAF was established in 1974 {0 identify; recvaluate;
and, if necessary, remediate these sites. Currently, 44 sites
bave been identified in 14 states: 12 of these sites have



already been reimediated (sce Fig. 6.3). Most FUSRAT
sites are in the castern bhalf of the country.

The Cak Ridge Operations Office also manages
environmentai restoration activitics being conducted by the
Weldon Spring Site Office. This site office is responsible
for the cleanup of a former uranium processing plant ii
Missouri. Environmental restoration activitics at this site
include the D&D of the chemical plant processing
buildings, remedial action of the raffinate pits and quarry,
restoration of contaminated vicinity properties, construction
apd operation of two walcr treatment plants and waste-
processing facilities, and disposal of all waste generated by
site cleanup activities.

The Savannab River Operations Office manages
envirommental restoration at the Savannah River Siie
(SRS) in South Carolina. The site’s nuclear production
reactors bave not operated since 1988; much of the site’s
current mission is environmental restoration and waste
management. Its historical mission of producing nuclear
materials for defensc purposes has resulted in the
generation of a significant quantity of radioactive,
hazardous, and mixed wastes, which were disposed of
on-site. Scil and ground-water contamination has resulied
from contaminants migrating from seepage and settling
basins, unlined disposal pits, waste piles, burial grounds,
and underground storage tanks. D& activities are
currently under wazy at several reactor areas; remedial
action activities ar¢ ongoing at burial grounds, tanks, pits,
basins, and arcas having ground-water contamination.

The Fernald Tield Office is responsible for
implementing the Fernald Environmental Management
Project (FEMP) in Ohio. This site was the location of the
former Feed Materials Production Center, whose mission
was to produce feed materials (principally wranium) for
nuclear reactor fuel as part of the nation’s defense
programi. The mission of this project is now cnvironmenial
restoration and wasie management. Previous activities at
this site resulted in the contamination of structures, soil,
surface water, and ground water. The major contaminants
are generally uranium and radium.

62 ENVIRONMENTAL RESTORATION WASTE
CHARACTERISTICS

The volumes and types of wastes associated with DOE
cnvironmental restoration activities are a direct result of
the remedy chosen. Waste associated with remediation of
contaminated environmental media would occur only when
such media are exbumed. For example, no waste would be
produced at a site for which an in situ remedy was
selected, such as capping an arca containing contaminated
soil. If a minimal remedial aciion were selected
(e.g., pumping and treating a smalt pocket of contaminated
ground water {ullowed by construction of lateral barriers to
minimize future migration), the site would have relatively
small waste volumes. However, if large volumes of
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contaniinated environmental media were removed, treated
to provide a moke suitable waste form for disposal, and
then disposed of in an enginecred facility, ihe site would
have very large waste volumes.

Environmental restoration wastes are different from
those associated with processing operations in that they
generally have much lower concentrations of radioactive
apd chemically bazardous substances. fuch of the
material requiring remediation is a consequence of past
activitics such as spills, waste disposal, and civironmcatal
releases such as Hquid discharges to drainage basins. In
addition, operations within structires resulted in the
contamination of equipiment, walis, and floors from routine
material-handling activitics and from off-normal incidents
such as spills and equipment failure. D& of these
facilities will result in wasies such as wipes, concreie, motal,
personal protective clothing, and decontamination selvenis
that have generally low concentrations of radioactive and
chemical contaminants.

Environmental restoraiion wastes also differ from
those resulting from processing operations in that they arc
generally highly heterogenecus both in phiysical form and
chemical constituency. For exarple, remediation of an
abandoned waste pit could require ihe exhumation of all
materials previously placed into the pit for dispasal. “his
effort could involve any possible imaginable combination of
objects ranging from small pieces of equipment and dioms
to entire vehicles such as trucks and forkiifts. Tn addition,
a full spectrum of contaminants could be associaied with
these previously disposed maierials  includiog  those
associated with ordnance operatious, processing of uraniuim
and thorium ores and concentrates, and the operation of
nuclear reactors and associated cheniical processing plands.
This potential variety is in contrast io wasie sircams
associated with processing activitics that have relatively
consistent chemical and physical propeities.

Because most DOE eavironmental restoration projects
aic in the assessment phase of tic remedy-selection
process, it is not possible to make definitive projections of
wastes that will result fromi these projects. For this reason,
such estimates are not included here. Rather, the volumes
of radioactively contaminated solid media associated with
the varicus environmental restoration sites are provided.
These volumes arc based on historical knowledge,
monitoring information, and field-characicrization results.
These volumes are given in Table 6.1 for radicactively
contaminated soil (including sediment and sludge) and in
Table 6.2 for racdiocactively coniaminaied debris such as
metal, concrete, brick, and wood.  ‘The actual waste
volumes that will resull from cleapup of soime sites may be
significantly iower than those given in these iwa tables,
especially for those sites for which minimai renedial aciions
are selected. Such minimal remedial actions will likely
occur at major DOE installations located in remiote
of the country. In addition, decontainination of i
itemas such as hot-cell liners, tanks, and processing
equipment could allow for unrestricied release of these
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1.  R.P. Whitfield, US. Deparitaent of Fnergy, idepuiy Assisiant Seoretary for Hiwironmental Restoration, Washingion,
D.C,, letter to Distribution, “Containiiiied Medin/Waste Data Call Guidaiee.” dated Oct, 8, 1993,

2. US. Departmient of Finergy, lnicgrated Data Base for 1902 U.S. Spest Fuel and Raditoaciive. Wasie [nvesion
Frojections, and Characterisiics, Hevo &, Ridge Notional 1aboratory, Oak iadge, Teanessee

(Octcber 1992).



ORNL DWG 94-6750R2

Chicago Operations Office
— Chicago Laboratories
- Battelie Coiumbus Laboratories

| Rocky Flats Office

i Idaho Operations Office l

i Richland
: Operations OGffice
————————

| Fernald Field Office

i Quk Ridge Operations Office
rch and Production
ities

— Formerly Utifized Sites
Remedial Action Project

Qakland i
Operations Office { ® i
/ | / ;
’ F ?
P |
:' '\)

§ Nevada Operations Office !
! \]
i
/

1 Grand Junction Projects Ofﬁcci
/

i Albuquergue Operations Office
f - Albuguerque Laboratories
- Albuguerque Production Facilities
— Uranieey Mill Tailings Remedial
Action (UMTRA) Surface Project
- UMTRA Ground-Water Assessment
and Remediation Project

Fig. 6.1. Locations of site offices that manage the 17 major projects of the DOE cavironmerntisl restoralion progoamt

€91



i

o

Tad D

tege JEN Ro NLW RN

10
17

13
15

State with UMTRAP Site(s)

Canonsburg, PA*

Durango, CO*

Grand Junction, CO

Gunnison, CO

New Rifie. CO

Old Riifle, CO

Naturita, CO

Maybell, CO

Slick Rock (North Conlinent Site), CO
Stick Rock (Unien Carbide Site), CO
Riverton, WY*

Converse, Co., WY*

Beliicld, ND

Bowman, ND

Fig. 6.2. Locations of UMTRAP sites.

Falls City, TX
Shiprock, NM*
Ambrosia Lake, NM
Tuba City, AZ*
Monument Valley, AZ
Salt Lake City, UT*
Green River, UT*
Mexican Hai, UT
Lowman, {D*
Lakcview, OR*
dgemont, SD*

Stie work completed

ORNL DWG 94-6751
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ORNL DWG 94-6752

VIA
o
—
12
Th
MISSOURISITES
¥*7 Laty Avenue Properties, Hazelwood
¥* St Louis Airport Site, St. Louis
St. Louis Airport Site Vicinity Properties, St. Louis
St. Louis Downtown Site, St. Louis
NEW JERSEY SITES
¥¥7 Maywood Interim Storage Site, Maywood \
¥* ¥ Wayne Interim Storage Site, Wayne/Peguannock
+ Middlesex Sampling Plant, Middlesex COMPLETED SITES
+ New Brunswick Site, New Brunswick Acid/Pueblo Canyon, Los Alamos, NM
DuPont & Company, Deepwater Albany Research Center, Albany, OR
Baye Canyon, Los Alamos, NM . P,
NEW YORK SITES Chupadera Mesa, White Sands Missile Range, NM ADDITIONAL SITES
. Niagara Falls Storage Site, Lewiston Elza Gate Site, Oak Ridge, TN Aliguippa Forge, Aliquippa, PA Madison Site, Madison, 1L
¥¥ Colonie Interim Storage Site, Colonic Kellex/Pierpont, Jersey City, NJ B&T Metals, Columbus, OH Oxford Site, Oxtord, OH
Ashland 1, Tonawanda Middlesex Municipal Landfill, Middlesex, NS Baker Bros., Toledo, OH Painseville Site, Painseville, OH
Ashland 2, Tonawanda National Guard Armory, Chicago, IL Chapman Valve, Indian Orchard, MA * Shpack Landfil, Norton, MA
Linde Center, Tonawanda Niagara Falls Storage Stie Vicinity Prop., Lewiston, NY General Motors, Adrian, Mi Springdaie Site, Springdale, PA
Scaway Industrinl Park, Tonawanda Sevmour Specialty Wire, Scymour, CT Granite City Steel, Granite City, IL. Ventron Corporation, Beverly, MA
Baker and Williams Warehouses, New York City University of Caltfornis, Berkeley, CA Luckey Site, Luckzy, OH W. R. Grace & Company, Curtis Bay, MD
Bé&L Steel, Buffalo University of Chicago, Chicago, IL Fairfield Site, Fairfield, OH
O REMEDIAL ACTION @ REMEDIALACTION  DOE-OWNED OR ¥ ASSIGNED % NPLSITE ] STATE WI'TH
ONGOING OR PLANNED COMPLETED LEASED sSITE BY CONGRESS FUSRAP SITE(S)

Fig. 63. Locations of FUSRAP sites.
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ORNL DWG 9310816

ENVIRONMENTAL RESTORATION WASTES
(RADIOACTIVELY CONTAMINATED SOILS)

WASTE CUBIC
,,,,,,,,,,, CLASS METERS
11e(2) BY-PRODUCT 36H0E+07
LOW-LEVEL 29008 147
LOWLEVEL MIXED 11e(2) BY-PRODUCT  S.300:01
41.08% MIXED LOW-LEVEL 4.3001+06
S TRANSURANIC 1.390E+06
TOTAL 7100E+07

MIXED 11¢(2) BY-PRODUCT
<0.91%

MIXED LOW-LEVEL
6.49%

T

TRANSURANIC
1.84% -

e o e

112(2) BY-PRODUCT
50.99%

Fig. 64. Estimated volumcs of radioactively contaminated soils associated with cavironmenial
resioration projects.

ORNL DWG 93-10817

ENVIRONMENTAL RESTORATION WASTES WASTE CUBIC
(RADICACTIVELY CONTAMINATED DESRIS) CLASS METERS
11e(2) BY-PRODUCT 26805 +05
LOW-LEVEL 2.608E+06
MIXED ile(2) BY-PRODUCT  1.300E+03
- MIXED LOW-LEVEL 3.400E+05
TRANSURANIC S.AHIE4(2

LOW-LEVEIL
81.20% TOTAL 3.200E+06

TRANSURANIC
--0.62%

MIXED LOW-LEVEL
10.62%

IXED 11¢(2) BY PROGDUCT
0.64%
1e(2) BY-PRUODUCT

8$.12%
NS

Fig. 6.5. Estimated volnmes of radicaciively coniaminaied debris associated with environmental
restoration projects.



Table 6.1. Estimated volumes of radioactively contaminated soils associated with eavirommental restoration pro;)ectsa'b

Waste volume, m3
1le(2) Mixed 1le(2)
Environmental restoration program LLW Mixed LLW by-product® by-product TRU wasted Total
Southwestern Area Programs
Albuguerque Laboratories
Inhalation Toxicology Research 9,000 8,000
Institute
Los Alamos National Laboratory 8,300,000 1,200,000 83,000 8,600,000
Sandia National Laboratories— 15,000 52,000 67,000
Albuquerqus
Sandia National Laboratory-— 1}
Livermore
South Valley Superfund Site 0
Albuquerque Production Facilities
Kansas City Plant 0
Mound Plant 140,000 17,000 150,000
Pantex Plant 0
Pinellas Plant 0
Grand Junction Projects Office
Grand Junction Projects Office Site 35,000 47 35,000
Monticello Remadial Action Project® 2,200,000 2,200,000
Nevada Operations Office
Nevada Test Site 14,000,000 460 14,000,000
Nevada off-site locationsf 9,500 21,000 30,000
Rocky Flats Plant 18,000 250,000 270,000
Uranium Mill Tailings Remedial 32,000,000 32,000,000
Action Project®
Southwestern Area total 22,000,000 1,500,000 34,000,000 47 93,000 58,000,000
Northwestern Area Programs
Battelle Columbus Laboratories 640 390 1,000
Chicago Laboratories
Ames Laboratory 380 240 600
Argonne National Laboratory-East 8,760 19,000 21 27,000
Argonne National Laboratory-West 1 1
Brockhaven National Laboratory 23,000 3,400 26,000
Hallam Site 0
Piqua Site 0
Princeton Plasma Physics Laboratory 0
Reactive Metals, Inc., Site 24,000 3,500 27,000
Separations Process Research Unit 14,000 14,000
Site A/Plot Mh 4,500 500 5,000
Hanford Sitel 3,100,000 760,000 3,900,000

Idaho National Engineering Laboratory 280,000 200,000 170,000 660,000
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Table §.1 (conbinusd)

ki
Wasta volume, m¥

1le(2) Mixed 1le(2)
Environmental restoration program LLW Mixed LLW by-product® by=-product TRU wasted Total
Qakland Operations Office
General Atcmic Site 0.63 3.8
General Electric Vailecitos Nuclear ¢}
Canter
Laboratory for Energy-Related Health 620 620
Rassarch
Lawrence Berkeley Laboratory 0
Lawreacs Livarmore National Laboratory 42 42
Santa Susana Field Laboratory 500 5006
Stanford Linear Accelerator Centexr 54,000 84,0090
Northwestern Arsa total 3,500,000 993,000 230,900 4,700,000
Eastern Area Prograas
Fernald Environmental Management Project 1,500,000 170,000 1,700,000
Formerly Utilized Sites Remedial
Action Project
Missouri sites 210,009 550,000 720,009
New Jersey sites 54,000 24,60¢C 280,000 460,000
New York sites 9,400 12,¢00 480,000 480,000
Other sites 91,000 7,200 25,000 130,000
Oak Ridge Laboratories and Production
Facilities
K-25 Site 3,300 1,500 4,800
QOak Ridge Mational Laboratory ) 43,300 28,000 500 71,900
Oak Ridgze Reservation {off-sita)d 109,309 100,009
Paducah Gaseous Diffusion Plant 1,800 70,000 72,000
Portsmouth Gaseous Diffusion Piant 7,700 2,200 g, 800
Y-12 Plant 960 28G,000 280,000
Savannah River Site 1,400,000 1,200,000 990, 600 %,600,000
Waldon Spring Site Remsdial Action 480,000 6.3 490,000
Project
Eastern Area total 3,400,000 1,800,000 1,950,090 5.3 896,000 8,100,000
Grand total 28,000,000 4,300,000 35,600,000 53 1,305,000 7%,000,0€0
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Table 6.1 (continued)

3Fstimated as of Septembar 30, 1983. Includes contaminated soil, sediment, and sludge. Blank entries mean there are no radiocactively
contaminated soils for the indicated waste class.

bThese volums estimates represent the quantity of in-place contaminated materials; the waste volumes resulting from remedial action
activities may be larger or smaller depending on the selected remedy and treatmsnt tachnology utilized. Waste volumes resulting from minimal
remedial actions such as capping, monitoring, and certain in situ remedies will be quite small. All values are preliminary and are bsing
updated as site characterization activities proceed. Valuss are given to two significant figures unless information was reported to only one
significant figure. Some totals may not egual sum of components due to independsnt rounding.

CBy-product material as defined in Section 1le{2) of the Atomic Energy Act of 19854 (P.L. 83-703), as amended.

dall TRU wastes are considersd to be mixed wastes, consistent with the DCE approach for complying with the Federal Facility Compliance
Act.

9Includes conteminated debris, which will be managed in the same mamner as contaminated soil.

Leonsists of Amchitka Island, Alaska; the Rio Blanco and Rulison Test sites in Colorado; the Gnome and Gasbuggy Test sites in New Mexico;
the Salmon Test Site in Mississippi; and the Shoal and Central Nevada Test sites in Nevada.

8Fstimated as of December 31, 1991.

hEstimate is very preliminary and includes conteminated debris.

ipoas not include conbaminated soil at the 200 Area of the Hanford Site, which is currently planned to be capped in place. A small
percentage of the radioactively contaminated soil at the Hanford Site may be TRU waste.

JdIncludes contaminated arsas in the vicinity of Uak Ridge, Tennessse, beyond the boundaries of the ¥-12 Plant, the K-25 Site, and Qak
Ridge Nationel Laboratory.
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Table 6.2. Esiimated volumes of radioactively contaminated debris associated with envircmmental restoration projectsa'b

Waste volume, m3
lie(2) Mixed 1le(2)
Environmental restoration program LLwW Mixed LLW py-product® by-product TRU wasted Total
Southwestern Area Programs
Albuquerque Laboratories
Innhalation Toxicology Research 44 44
Institute
Los Alamos National Laboratory 9,800 1,800 11,000
Sandia National Laboratoriess— 2,600 2,609
Albuquerque
Sandia National Laboratories— 0
Livermore
South Valley Superfund Site 0
Albuquerque Production Facilities
Kansas City Plant 0
Mound Plant 28,000 25,0900
Pantex Plant 0
Pinellas Plant o
Grand Junction Projects Office
Grand Junction Projects Office Site 2,100 38 2,200
Monticello Remedial Action Project® 0
Nevada Operaticns Cffice
Nevada Test Site 3,800 230 4,100
Nevads off-site locations® ¢}
Rocky Flats Plant 0
Uranium Mill Tailings Remedial 110,000 110,000
Action Project8
Southwestern Area total 44,000 1,800 110,000 38 160,000
Northwestern Area Programs
Battelle Columbus Laboratories 4,200 24 4,300
Chicago Laboratorises
Ames Laboratory 110 3 110
Argonne National Laboratory-East 4,000 120,000 190 130,000
Argonne National Laboratory-West 150 150
Brookhaven National Laboratory 33 360 5.9 400
Hallam Site 0
Piqua Site 0
Princeton Plasma Physics Laboratory 0
Reactive Metals, Inc., Site 5,000 89 5,100
Separations Process Ressarch Unit 1,400 1.6 38 1,500
Site A/Plot MD 0
Hanford Sitel 2,300,000 120,000 2,500,000
Idaho National Engineering Laboratory 23,000 2,700 26,000
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Table 6.2 {(contioued}

Waste volums, ws

1ie(2) Mixed 1le(2)
Environmental restoration program LLwW Mixed LLW by=-product® by-product TRY wasted Total
Dakland Operations Office
General Atomic Site 730 29 750
General Electric Vallecitos Nuclear 24 26
Center
Laboratory for Energy-Related Health 380 390
Research
Lawrence Berkeley Laboratory 4.2 §,2
Lawrence Livermore National Laboratory 35 35
Santa Susana Field Laboratory 1,000 20 ag 1,100
Stanford Linear Accelerator Center 0
Northwestern Arsa total 2,400,000 240,000 276 2,600,000
Eastern Area Programs
Fernald Envirommental Management Project 100,000 84,000 190,000
Formerly Utilized Sites Remedial
Action Project
Missouri sites 130 17,000 17,900
New Jersey sites [ 85 71
New York sites 5,100 110 11,006 16,000
Cther sites 680 690
Oak Ridge Laboratories and Production
Facilities
K-25 Site 26,000 26,000
QOak Ridge National Laboratory . 11,000 1,200 270 12,000
Osk Ridge Reservation (off-site)d [}
Paducah Gaseous Diffusion Plant 13,000 13,000
Portsmouth Gaseous Diffusion Plant 34,000 34,000
¥-12 Plant 160 530 680
Savannah River Sits 490 670 710
Weldon Spring Site Remedial Action 125,000 1,300 129,000
Project
Eastern Area total 180,000 100,000 150,000 1,300 270 430,000
Grand total 2,600,000 340,000 260,000 1,300 540 3,200,000
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Table 6.2 {continusad)

2Estimated as of September 30, 1993, Includes contaminated metal, concrete, brick, wood, and other similar materials. Blank entries
mean there are mno radicactively contaminated debris for the indicated waste class.

SThese volume estimates represent the quantity of in-place contaminated materials; the wasts volumes rasulting from remedial actlion
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 guite small. All values ars presliminary and are being
updated as site characterization activities procsed. All values are given to two significant figures unless information was reported to only
one significant figure. Some totals may not equal sum of components due to independent rounding.

CBy-product material as defined in Section 1ie(2) of the Atomic Energy Act of 1954 {P.L. B83-703), as amended.

dAll TRU wastes are considsred to be mixed wastes, consistent with the DOE approach for complying with the Federal Facility Compliance
Act.

©®Contaminated debris will be managed in the same manner as contaminated soil. The volume of debris associated with remediation of the
Monticello Uranium Mill Tailings Site and vicinity properties is included with the contaminated soil volume given in Table 6.1,

fConsists of Amchitka Island, Alaska; the Rio Blanco and Rulison Test sites in Colorado; the Gnoms and Gasbuggy Test sites in New Mexico;
the Salmon Tast Site in Mississippi; and the Shoal and Central Nevada Test sites in Nevada.

8Estimated as of December 31, 1991.

ontaminated debris wolume is included with the contaminated soil volume given in Table 6.1.
%A small percentage of the radiocactively contaminated debris at the Hanford Site may be TRU waste.

JIncludes contaminated areas in the vicinity of Oak Ridge, Tennessee, beyond the boundaries of the Y-12 Plant, the K-25 Site, and Oak
Ridge National Laboratory.
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ORNL PHOTO 6942-93

A hydraulic chisel being used in decontamination and decommissioning activities at the Saxton reactor
site. (Courtesy of GPU Nuclear Corporation, Harrisburg, Pennsylvania.)
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7. COMMERCIAL DECOMMISSIONING WASTES

7.1 INTRODUCTION

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
power LWR decommissioning activities are reported in
Table 7.2. These waste projections are in addition to those
previously reported in Chapter 4 (for LLW) and in
Chapter 6 (for environmental restoration activities). This
approach 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 decommissioning 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:

e reactors are upgraded to extend their operating
lifetimes,

s significant radioactivity decay time is allowed before
decommissioning operations begin, or

s 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 (viz.,
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 facility-operating life. (In
practice, the operating lifetime can vary significantly,
depending on the extent to which facility equipment is
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periodically upgraded or retrofitted.) Not shown in this
table are the radioactive wastes that will result from the
decommissioning of research, training, and test reactors.'>*
However, the total volumes of these wastes are not
expected to be significant because such reactors are much
smaller than commercial power reactors.

7.2 WASTE CHARACTERIZATION

The LWR decommissioning radioactive wastes can be
grouped into three major categories:*’ (1) neutron-
activated wastes, (2) contaminated wastes, and
(3) miscellaneous radioactive wastes.

Neutron-activated materials generally include the
reactor vessel and its internal components (e.g., 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 containment, fuel-handling, and auxiliary control
buildings. In addition, some of the concrete surfaces of
these buildings are expected to be radioactive and will
require removal. The miscellancous radioactive waste
category consists of a small, but significant, group of
materials that includes both “wet” and “dry” solid wastes.
Wet radioactive wastes result from the processing of
chemical decontamination solutions and contaminated
water. These wastes include spent ion-exchange resins,
cartridge filters, and evaporator and concentrator bottoms.
Dry radioactive wastes include discarded contaminated
items, such as rags and wipes, tools, and protective
clothing. Many reactor items with surface contamination
can be decontaminated,” 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 the contamination
level is acceptable. Establishing such criteria is complicated
because there are varying levels of natural radioactivity.
Minimum regulatory levels have already been defined in
Europe;'® the EPA, which has responsibility for defining
such levels in the United States, began a review of criteria
in 1984. Currently, the NRC handles requests to declare
a waste below regulatory concern on a case-by-case basis.
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Depending on the level of techinokogy and
regulatory level definition, actual des
volurmies could vary considerably froin i  estimates
repoiicd iin Table 7.3, vevir, [he  actual total
radioactivity in the &I waste from a pariicular facility is
not ¢ ted to vary signiiicanily fioin that projecied
A list of the larger commercial pirecs reactors ihat
have urdergone somc mods of decomimissioning io date is
provided in Tavle 7.4 {data fiocnn refs. 1 oand 17). (A
comprchiensive isting of all types of domestic rcactois that
have been shut downa of disnaantled is giver ini ref. 1.) As
described in ref. 18, the NRC has defined the three major
alicinaiive classifications for decommissioning of nuclear
facilitics:

the vanimum
DNUSIONING wisie

« DECON--*. .. the alteraative in which the equipiaeit,
siruciires and portions of a faciiity and site containing
radioactive  contaminanis  are  removed  or
deconiaiminaicd 10 a level that peiiaits the property to
be released for uirestricied use shorily after cessation
of operations.”

e SAFSTOR-* | the alternative in which ihe nuclear
f--mhly is mmpd and maintained in such condiiion that
the nuclear facihiy can be safely stored and
subsequeiitly deconiaminated (deferred
deconiamination) to levels that release for
unresiiicied use.”

e ENTOM] . the alternative in which radioactive
contaminants are encased in a structurally fong-lived
maieriai, such as  concreie. e entombment
structure is appropiiatecly maintained, wid continued
surveitiznee is carried out uiiit the radioactivity decays
to a level permitiing unrestricted release of the
propeitly.” (Ihis alternative wor'd tie allowable for
nuclenr  faciliies contamiinated  with  reiaiively
short-lived radionuclides such that all contaminanis
would decay to levels pormissible for unrestricted use

vithin a peiiad on the order of 100 years.)

Decommissioning opciations collect
voluime of high- :r'm(y waste
coiialn reactor corcs. ‘These high-aciivity w

L1.W plus a simall
s {rom ihe intcrnal paris of
stes are ofich

referred to as “high-aciivity activation w: -‘cs.” Uider
NRC ruies, many of these wastes would be classificd as
greater-than-Class C (GTCC) LEW. Souie G'1CC wastes
coitain  significant  concentiatinns of  long: ll\..(.
nontransiranic radioisotopcs, such as *Ni, ®Ni, and *'Nb.

These isntopes are generated by long-icrm irradiztion of
stainless stecl and some other alloys used for reactor core
structural components.  liecausc the nod of waste
disposal for these reacior internals is different from TLW
disposal, GTCC wastes are repoited separaicly. Under
cuirent NRC regulaiions, 193 (hese wastes are considersd
not gencraily arrepmhk’ for shallow-tand dis Such
wastes must be put into a federal geologic repasiioiy unless

e

IR
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the NRC appraves an alternative disposat in a licenscd site
High-zctivity  activation  w=stes  from  the immediate
decoimissioning of LWs are estimsated 1o miake up less
than 1% of the total waste volumic, bt thay contain miore
than 95% of the radioactivity *” Such reacivr wastes aic
comprised of many long-iived radionuclides. Mosi of this
radioaciivily is in a single reactor component, ihe stainless

steel core shroud thai suirounds the reactor fucl.
As reported in ref. 21, a study of reactor
decommissioning wastes is bcing made by acific

Noriliwest Iaboraton
includes =r analysis 0( wastes 1o

v (PNL) for the MRC. This siudy

ifie  Shippingport

Station  decoininissioning and an analysis of ieutroi-
activated raetal componciis (GTCC maierials) fioo ihe
internals of oiher reactors. Thus far, tho wesic

icated

characterization assessine
the {Gllowing:

ts from this study have §

o All resctor deconuriissioning materials, except the
pressure vessel internals, have the poteitial for being
disposed of as Class-A LLW;

o bission products and TRU radionuclides are absent,
and

e Most radioactivity results from  peution-aotivation

producis, of which *Co is the nrincipal contributor
3 ; H i

ks

Addiiional updsied inforrpation on the radioactive
characteristics of commercial reacior D&V wastes (in
pariicular, spent LW conirol rod assemiblics) will be
documented in futurc supplements to refl. 21

T3 INVERTORIES AND FPROJECTICONE

Of the reactors listed inn iable 7.4, only three, the ik
River s 1, ihe sedivs reacior expeiinicat at Santa
Susana, California, and the Shippingport staiion (discussesd
later), have been compicicly dismantled. A summary of
the s from decommissioning the Elk River station is
provided in Tabie 7.5 (data from refs. 22-24). “Typas and
volumes of wastes from decommissioning the sodini
reacion Sxpieninicnt are reporicd in Table 7.0 (data froni
ref. 25).

1or ihe proje
for demuu‘u.ass: ing :
planning and
decommissioiii
final 4 years.
decommissior
to allow

a G-ycar ek
2 years for
for actuat

wiiies 15 assuincd:

raiiaii

The opticit does exist, huwever, 10 delay
; {or 10 o 60 years after reactor shutdows:
significant radioaciive dvmy tw oceur.”®  tor
crampde, tadioactivity levels o PWR piping have teen
estimated to decrcase, in 10 years, to 87% and, in
39 years, to 0.63% of the radioactivity feve!s at the time of
reactor shutdown. At PWR shutdowii aid for about
4 years thereafter, ¥fc and *Co control the radiation
levels; from 4 to ahout 100 years, (o and **Ni conirot
radiation levels; and beyond 100 years, **Ni and *'Nb
contiot radiation levels.” “The chates Betwoen immcdiate or

5

et



delayed decommissioning involves cost trade-offs between
the costs of storage with delayed decommissioning versus
the higher costs resuliing from the higher radiation levels
associaged with rapid decommissioning.? Therefore, the
start of actual decommissioning may be much later than
the shutdown date to allow plant radiation levels to decay
t0 lower levels. Another consideration is that the last core
of discharged spent fuel may need to remain at the reactor
site for at least § years prior to shipment. Table 7.7 shows
the cffects of various decommissioning alternatives on the
volumes and radioactivities of D&D wastes from a
reference BWR® and a reference PWR.S?  For cases
involving deferred D&ID activities, it is evident that both
the volures amd activities of wastes significantly decline
after a safe storage period of 50 years.

PHI. is updating its ecarlier analysis of LWR
decommissioning costs and waste projections (documented
in refs. 3-8). This updated analysis is being performed for
the NRC and will be completed early next year.
Information garnered from the updated LWR D&D study
will e used to develop new decommissioning wasie source
terms and to revise Tables 7.2 and 7.7 in future editions of
this report.

{nventories and projections of wastes from three
major DOE decommissioning programs are summarized in
Tables 7.8, 7.9, and 7.10 (data from refs. 27-29).
Table 7.8 lists wastc inventory and projection data for
completed decommissioning activities at the Shippingport
Station Decommissioning Project, site of the first domestic
commercial power reactor. The facility was shut down in
1982, and physical dismantling began in September 1985.
Puring April 1989, the decommissioned reactor pressure
vessel from the Shippingport Station was received for
disposal at the Haoford Siie after an 8000-mile water
journey. The pressure vessel was the last major reactor
conmponent to be shipped from the facility. Shippingport
decommissioning activitics were completed in 1990.7

Table 7.9 (data from ref. 28) presents a summary of
the West Valley Tlemonstration Project (WVDP), formerly
a commercial fuel reprocessing facility. Since startup of the
project in 1982, macre than 70% of the cell surface areas of
the original process building have been decontaminated
and refeased for project reuse.

Inventories and  projections  of wastes  from
decontamination activities at the damaged Three Mile
Tsland-tnit 2 (TMI~2) rcactor are sumroarized in
Table 7.10. Removal of core debris from the damaged
reactor was begun in January 1986 and was completed in
Agril 1990, This resulted in the shipment of 1559 ¢ of
core debris to INEL for R&D testing and storage. TMI-2
is currently scheduled to have Post Defucling Monitored
Storage (PIIMS) preparation activities completed by the
end of 1993, Toplementation of PDMS activities will
require NRC approval of a submitted licensing change
request.”

Decommissioning  waste  projections are  being
compiled on several other reactors and a fuel fabrication
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plant. The reactors include Dresden~Unit 1, La Crosse,
Saxton, Humboldt Bay-Unit 3, Rancho Seco, Fort St.
Vrain, Pathfinder, Shorsham, Indian Point-Unit 1,
Yankee Rowe, and San Onofre~Unit 1.

The Commonwealth Edison Company has issued a
decommissioning plan and environmental report™ for the
Presden~Unit 1 nuclear power station. Commonweaith
Edison plans to decommission this reactor by first placing
the facility in a SAFSTOR condition until Dresden~Units
2 and 3 are ready for decommissioning. If an extended-life
program for Units 2 and 3 is not initiated, all three
Dresden units will be decommissioned by dismantling,
beginning in 2017. A summary of projected radioactive
materials from the SAFSTOR decommissioning of the
Dresden-Ugit 1 station is given in Table 7.11 (data from
refs. 30 and 31).

The La Crosse BWR was shut down in 1987 and
placed in SAFSTOR in 1988. Current plans are to
dismantle the reactor after a SAFSTOR period of 25 years.
Projected volumes and associated activities of annual waste
shipments from this reactor during this period are given in
Table 7.12 (data from ref. 32).

The Saxton Nuclear Experimental Reactor is a
3-MW(e) PWR that was placed in SAFSTOR following its
shutdown in 1972. Work on dismantling the reactor site
(DECON) started in 1986. To date, decontamination of
the control room and rcadwaste building has been
completed. The reactor containment building is not
scheduled for dismantling until the mid-1990s. A summary
of projected waste characteristics from dismantling the
Saxton site is provided in Table 7.13 (data from ref. 33).

Projections of wastes from decommissioning the
65-MW(e) Humboldt Bay-Unit 3 BWR arc reported in
Table 7.14 (data from ref. 34). Projections for' the
Humboldt Bay BWR include wastes from completely
dismantling the reactor following a SAFSTOR period of 30
years (i.e., SAFSTOR with delayed DECON).

The Rancho Seco reactor is 2 918-MW(e) PWR that
was shut down in 1989. Table 7.15 (data from ref. 35) lists
projected volumes of wastes from the dismantlement of
this reactor following a SAFSTOR period of about 20
years.

In August 1989, the 330-MW(e) Fort St. Vrain
HTGR 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 permanently ccase reactor
operations. The DECCON option was selected as the mode
of decommissioning. During 1991 and 1992, carly
dismantling of certain systems and components and
defueling of the reactor were performed pending issuance
of the decomumissioning order. In August 1992, a team
headed by Westinghouse was selected to  perform
decommissioning and assume early dismantiement
responsibilities. Later that year, the NRC issued the Fort
St. Vrain Decommissioning Order, which became effective
on December 7, 1992. Projections of wastes from



DECON of the Fort St. Vrain reactor are reported in
Table 7.16 (data from refs. 36 and 37). Actual inventories
of wasies disposed from D&D activities through 1992 are
reported in Table 7.17 (data from ref. 38).

The 40-MW(¢) Peach Botiom-~Uszit 1 HTGR was
shut down in 1974 and piaced in SAFSTOR. To put the
reactor in this mode of decommissicning, 490 containers of
solid radioactive waste were packaged and shipped. This
solid wastc represented a total volume of nearly 400 m®
and an activity level of 380 Ci. In addition, about 1.14 m®
(300 gal) of liquid waste, consisting of contaminated oil,
were processed or solidified.*®

The 66-MW(e) Pathfinder BWR was placed in the
SAFSTOR mode following its shutdown in 1967. Work on
dismantling the reactor (DECON) began in July 1990.
The scope of this phase of decommissioning includes the
reactor building, the fuel-handling building, the fuel
transfer {ubc and vault, and the surrounding areas. By
May 1991, most of the piping, pumps, tanks, wiring,
ventilation, and miscellaneous systems were removed and
disposed of. The reactor vessel was lifted out of
containment in May 1991.  later that year, the
decommissioning team shipped the vessel via rail to a
commercial LLW disposal site near Richland, Washington.
Upon completion of this phase of decommissioning, only
trace amounts of residual contamination will remain in the
operating, converied fossil plant. Waste inventorics and
projections from D&D activities at the Pathfinder reactor
site are given in Table 7.18 (data from ref. 40).

The 820-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
decommissioning plan (ref. 41) for the Shoreham plant was
reviewed and approved by the NRC (ref. 42). Prompt
decontarnination and dismaniling (DECON) of the
Shoreham plant began in 1992, and they are proceceding.
Projeciions of wastes from decommissioning the Shoreham
BWIR are reported in Table 7.19 (information based on
ref. 43).

Table 7.20 (data from ref. 44) reports projeciions of
wastes from decommissioning the Indian Point-Unit 1
reacior. This 265-MW(¢) PWR was shut down in 1974
and later placed in SAFSTOR. The projections of
Table 7.20 pertain to a case of complete dismantlement
(DECON) of the Unit 1 station upon completion of its
SAFSTOR phase, which will occur when the Unit 2
(PWR) station is finally shut down,
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The 167-MW(e) Yankee Rowe PWR was shut down
in 1992, apd projections of from its
decommissioning are reporied in Table 7.21 (datz £om
ref. 45). These projections are repaited for two major
phases of project decomimissioning: component reinoval
(1993-1994), which includes ihe reactor cors components
and steam generator; and balance of decomvmissioning
(1999--2002), which includes the remainder of the reacion’s
components and general ptant inveniorios.®

FProjections of wastes from deconumissioning the
recently shut down San Guooire-Unit 1 PWR are repoited
in Table 7.22 (data froni ref. 46). These projections are
reporicd for a case involving SAFSTOR.

Inveniorics and projections of  wasies
decommissicning activities at the Cimarcon (Oklahioima)
Yuel Fabrication Facility are piovided in Tabic 7.23 (data
from ref. 47). During 1992, 46 shipments of low-specific-
activity (LSA) waste were inade {rom the Cimarron Facility
to Barrewell, South Carclina. 'These shipmenis totaled
about 488 m*® in volumie and 023 Ci of activiiy.
Decontamination work at this fabrication plant is schcduled
to be completed during 1993.

Currently, the total impact of wasies from D&D
activities at commercial reactor and fuel cyele sites has
been small. However, the impact will hecome more
significant afier the year 2000, when more of the older
reactors complete their camipaign of operation.

 In addition to wastes from ihe decommissioning of
commerciat reactor and fuel cycle faciivios, some oiher
wastes will result from U.S. Depariment of Uetensc
(DOD) power plant decommissioning operations. During
a period spanning 20 to 30 years, about 100
nuclear-powered submarines of the US. Navy may be
removed from service and coasigned to permancat Gisposal
after removal of spent fuel. Curient plans are to disposc
of the submarine reactor comparimciis by land burial af
the Hanford Site. Each reactor compactment contains
about 1000 t of metal, and it is estimated that 100 reactor
compartments can be buricd on 4 ha (10 acres) of land.™
As of the end of 1992, 56 subinarines had teen taken out
of active service. In 28 of these submarines, the reactor
compartment was first defueled, then later removea, and
disposed of at Hanford. (LLW disposcd from iliesc
activities is included in the DOFE site inventories reported
in Chapier 4.} The remaining 28 submaines with reactor
compartments were Geing held in protective storage.!
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Table 7.1. Schedule of actual and projected finzl sbutdosm dates for
commercial light.-water reactorsa'b

BWR PWR Total LWR
Calendar year of e e
shutdown Ko. Mi(e) No. Mi(e) No. Mi(e)
1963 1 5 1 5
1967 1 66 1 17 2 83
1968 2 39 2 39
1972 1 3 1 3
1974 1 265 1 265
1976 1 65 1 65
1978 1 200 1 200
1979 1 926° 1 926
1982 1 72 1 72
1987 1 48 1 48
1989 1 820 1 918 2 1,738
1991 1 167 1 167
1892 2 1,566 2 1,566
Actual totals 8 1,243 g 3,934 17 5,177
through 1982
2000 1 67 1 67
2004 1 610 1 610
2005 1 605 1 605
2007 3 1,892 3 1,892
2008 2 2,086 2 1,346 4 3,432
2009 1 470 1 470
2010 3 1,956 2 1,178 5 3,134
2011 1 755 1 755
2012 2 1,159 1 781 3 1,840
2013 4 3,376 9 7,596 13 10,972
2014 5 3,856 8 6,377 13 10,233
2015 1 800 2 1,843 3 2,643
20186 2 1,832 5 4,400 7 6,232
2017 2 1,872 2 1,872
2018 1 762 2 1,769 3 2,531
2020 3 3,137 3 3,137
2021 3 3,075 3 3,075
2022 2 2,183 2 2,183
2023 1 1,100 2 1,968 3 3,068
2024 4 4,195 3 3,470 7 7,665
2025 2 1,996 6 6,860 8 8,856
2026 4 4,210 4 3,909 8 8,119
2027 4 4,745 4 4,745
2028 3 3,430 3 3,430
2029 1 1,055 1 1,103 2 2,158
2030 4 4,620 4 4,620
Projected totals 37 31,848 71 66,596 108 98, 444

(1993-2030)

3pata from refs, 1 and 2. Historical data (prior to 1983) are based om ref. 1.
Projected shutdown dates are based on utility-projected dates for reactor retirement
reported in Table 4 of ref. 2.

bycars in which no reactor shutdown is expected are eliminated.

CShutdown of Three Mile Island-Unit 2 nuclear power plant due to an accident. Upon
completion of the present cleanup campaign, the plant will be placed in a monitored storage
mode and will be decommissioned when TMI-Unit 1 is dismantled.
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Table 7.2. Projections of cumulative volume, radiocactivity, and thermal
povear of wastes from decommissioning commercial light-watexr
reactors shut down during 1993-20308.b,¢

Waste type V?;gTe Ac?é:?ty Thermﬁé)power
Boiling-water reactors
Class~-A LIW 510,450 42,970 327
Class-B LLW 10,282 133,525 1,024
Class-C LLW 1,480 443,816 1,634
Subtotals 522,192 620,311 2,885
Greatar-than-Class-C LLWY 273 4,468,342 27,350
Totals for D&D of BWRs 522,465 5,086,653 ;;T;;;
Pressurized-water reactors
Class-A LLW 1,017,984 221,865 1,145
Class-B LLW 12,128 299,606 2,583
Class-C LILW 964 252,429 1,887
Subtotals 1,031,076 773,900 5,625
Greater-than-Class-C LLW® 258 45,587,422 267,112
Totals for D&D of PWRs 1,031,334 46,361,322 272,737
Total light-water reactors
Total LIW 1,553,268 1,394,211 8,610
Greater-than~Class-C LLW 531 50,053,764 294,462
Totals for D&D of LWRs 1,553,798 51,447,975 303,072

8The projections of this tabls are based on a decommissioning scenario
which assumes that upon reactor shutdown, there will be a 2-year planning
period followed by a 4-year decontamination campaign, with wastes being
collected equally over each of the 4 years. In terms of numerical
significance, the number of digits used to report these projections are greater
than justified. However, this procedure is used for bookkeeping purposes to
ensure consistency in the numerical totals reported. Since these projections
are based on the reactor shutdown dates reported in 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.

bThis table refers only to reactors yet to be decommissioned. Historical
reactor D&D wastes are included in the institutional/industrial (I/I) waste
inventories reported in Chapter 4.

CThe projections reported for volume, activity, and thermal power are the
cumulative levels of wastes from reactor D&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.

dContribution from the core shroud (see ref. 9).



Table 7.3.

Projections of radioactive wastes from decormaissioning refersnce commercial
power reactors and fuel cycle facilities®

Operation

- K}
Waste volume, mY

Lifetime Decommissioning
Fuel cycle facility Capacity Period (years) alternative LLWP GTCCC

Boiling-water reactor 1,155 MW{e) 40¢ DECON 18,938 1p€
Pressurized-water reactor 1,175 MW{e) 40d DECON 18,192 5€
Uranium conversion plant 10,000 MTIHM/vear 40 DECON 1,280 0
(solvent extraction process)
Uranium enrichment plants
(gaseous diffusion plants)

e K-25 site 7,700,000 kg SWU/year 1845-1985 40 DECON 910,112 0

» Paducah site 13,300,000 kg SWlU/year 1954-2005 51 DECON 662,414 0

¢ Portsmouth site 8,300,000 kg SWU/year 1956-2005 49 DECON £30, 003 il
Fuel fabrication plant 1,000 MTIEM/yeax 40 DECON 1,080 9

3Based on information reported in refs. 3-12.
bClass-A, Class~B, and Class~-C LLW,.

CGreater-than-Class~C LLW.

dReactor operations assume a 75%-capacity factor,
®Assumes contributions only from the corz shroud.

Estimated from information provided in the report DOE/LLW-114 (ref. 9).

121!



Table 7.4. List of U.S. civilian reactors shut down or dismantled as of Dacember 31, 18922
[Reactors of 10-MW(th) cepacity or greater]
Capacity rating Decommissioning Present status of
—_—— Year of alternative decommissioning
Reactor facility Location Reactor type MW{e) MW (th) shutdown selacted alternative
Boiling Nuclear Superheater Punte Higuera, PR Boiling-water 17 50 1968 ENTOMB ERTOMB
Power Station (BONUS)
Carolinas-Virginia Tube Parx, SC Pressure-tube, 17 84 1987 SAFSTOR SAFSTOR
Reactor (CVIR) heavy-water
Dresden Nuclear Power Station= Morris, IL Boiling-water 200 700 1978 SAFSTOR SAFSTOR preparationh
Unit 1
Elk River Power Station Elk River, MN Boiling-water 22 58 1968 DECON DECON completed®
Enrico Fermi-Unit 1 Lagoona Beach, MI Sodium-cooled, fast 61 200 1872 SAFSTOR SAFSTOR
ESADA/GE Vallecitos Pleasanton, CA Light-water, ned 17 1867 SAFSTCR SAFSTOR
Experimental Superheat moderated
Reactor (Empire States
Atomic Development _
Associates and General &
Electric Company)
Fort St. Vrain Reactor Platteville, CO High-temperature, 330 842 1889 DECON DECON in progess®
gas~cooled
General Electric Testing Pleasanton, CA Tank NE 50 1877 SAFSTOR SAFSTOR
Reactor
Hallam Nuclear Powar Facility Ballam, NE Sodium-cooled, 75 240 1964 ENTOMB ERTOMB
graphite-moderated
Humboldt Bay Power Plant-— Bureka, CA Boiling-water 65 242 1975 SAFSTOR saFSTORE
Unit 3
Indian Point Station-Unit 1 Buchanan, NY Pressurized-watsr 265 815 1974 SAFSTORE SAFSTOR
La Crosse Nuclear Generxating Genoa, WI Boiling-water 43 185 1887 SAFSTOR SAFSTORb
Station
Pathfinder Atomic Plant Sioux Falls, SD Boiling-water 5686 192 1987 DECON DECON:
Peach Bottom Power Station— Peach Bottom, PA High-temperature, 40 115 1874 SAFSTOR SAFSTOR

Unit 1

gas-cooled



Table 7.4 {continusd)

Capacity rating Decommissioning Present status of
_— Year of alternative decommissioning
Reactor facility Location Reactor typa MW{e) MA(th) shutdown salected alternative
Piqua Nuclear Power Facility Piqua, OR Organic-cooled and il 46 1865 ENTOMB ENTOMB
moderated

Plum Brook Reactor Sandusky, CH Tank KE 60 1974 SAFSTOR SAFSTOR
Rancho Seco Clay Station, CA Pressurized-water 918 2,815 1989 SAFSTOR SAFSTCR praparationj
San Onofre-lnit 1 San Clemente, CA Pressurized-water 436 1,347 1892 SAFSTOR SAFSTOR praparationk
Saxton Muclear Experimental Saxton, PA Pressurized-water 3 24 1872 SAFSTOR DECON in progressl

Reactor Project
Shippingport Power Station Shippingport, PA Pressurized-water 72 235 1882 DECOM DECON completed®
Shoreham Reactor Brookhaven, NY Boiling-water 820 2,438 1989 DECON DECON in progressD
Sodium Reactor Zxperimernt Santa Susana, CA Sodium~cooled, 10 30 1964 DICoy DECON completed®

graphite-moderated

Southwest Experimental Fast Strickler, AR Sodium-cooled, fast NE 20 1972 SAFSTOR SAFSTOR

Oxide Reactor (SEFOR)
Three Mile Island-Unit 2 Londonderry Pressurized-water 926 2,770 1979 P P

Reactor Township, PA
Trojan-Unit 1 Prescoti, OR Pressurized-water 1,13¢ 3,413 1992 TBD TBD
Vailecitos Boiling-Water Pleasanton, CA Boiling-water ] 33 1963 SAFSTCR SAFSTOR

Reactor {VBWR)
Westinghouse Taesting Reactor Waltz Mill, PA Tank NE 60 1962 SAFSTOR SAFSTOR

{WTR)
Yankee Rowe-Unit 1 Rowe, MA Pressurized-water 167 8090 1991 SAFSTOR SAFSTOR preparation

2Based on refs. i and 17,

bEstimates of decommissioning wastes are reported in Table 7.11.

CDecormissioning wastes are reported in Table 7.5,

4NE = no electricity generated by reactor before it was shut down.

®Estimates of decommissioning wastes are raported in Tabls 7.3i6. Actual inventories are reported in Table 7.17.
fEstimates of decommissioning wastes are reported in Table 7.14.
ESstimates of dacommissioning wastes are reported in Table 7.20.
Istimates of decommissioning wastes are reported in Table 7.12.

981



Table 7.4 {continued)

%Estimat.es of decommissioning wastes are rsported in Table 7.18.

JDecommissioning wastes are reported in Table 7.15,

kpacommissioning wastes are reported in Table 7,22,

1-DECON of the Saxton facility started in 19856. Estimates of decommissioning wastes are given in Tabla 7.13.

MPecommissioning wastes are reported in Table 7.8.

DDECON of the Shorsham plant started in 1392. Estimates of decommissioning wastes are reported in Table 7.10,

ODpcommissioning wastes are reported in Table 7.6.

PrMI-Unit 2 has completed defueling and decontamination in selected areas,
will be decommissioned when TMI-Unit 1 is dismantled. Inventories of decontamination wastes ars reported in Table 7.10.

The plant will be placed in a long-term monitored storage mode and

L81
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Table 7.5. TYypes and quemtities nf wastes from decommdssioning
the Elk River reactor site2,b

Reactor componsnt or Volume Mass Radioactivityd
waste type® (m3) (t) (Ci)
Reactor pressure vessel 4.6 36.0 1,110

Reactor intexnals

Upper shroud e e 770
Lowsr shroud e e 35
Core and shroud plate e e 2,370
Core support stand e e 100
Inner thermal shield e e 3,090
Shadow shields e e 2,330
Feedwater distribution ring e e 75
Subtotals (internals) 1.1 8.1 8,770
Externals 5.3 54.0 440t
Biological shield 5.9 39.0 5.8
Miscellaneous radioactive 1,350 1,080 e
contaminated wmaterials
(excluding concrete)
Contaminated concrate 2,010 2,680 e
Totals 3,377 3,907 >10,325

8Based on information reported in C00-651-93 (ref. 22), BNL-NUREG-29244R
(ref. 23), and ref. 24,

bThe Elk River BWR operated from 1963 to 1968 and generated 58.29
Md(e)-years of (gross) electrical energy. The plant was decommissioned from 1971
to 1974. During this time, the reactor was completely dismantled.

CALlL decommissioning wastes were shipped to Sheffield, Illinois.

dEstimated at the start of decommissioning.

®Information not available,

fIncludes 75 Ci estimated for the outer thermal shield of the reactor.
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Tabhle 7.6. Types and volumes of wastes from decommissioning the
Semta Sussna Sodium Reactor Experiment site? P

Shipping container volume, m3

Type of waste® King-Pacd Boxes® Casks Drums Unboxed Totals
Activated vessel components 301 20 18 339
Contaminated components 1,458 49 29 17 1,553
Contaminated soil and concrete 1,752 42 1,794
Absorbed alcohol and other 141 141

solidified liquids

Disposed liquid 36 36

Totals 1,752 1,758 69 248 35 3,863

3Based on information reported in ESG-DOE-13403 (ref. 25). Activity data were not available.

This sodium-cooled, graphite-moderated reactor operated from 1857 to 1964 and generated
4,244 MA(e)-years of (gross) electrical energy. The plant was decommissioned from 1974 to 1983,
During this time, the reactor was completely dismantled.

CInitially, these wastes were shipped to Beatty, Nevada. Later in the decommissioning
program, shipments were made to Hanford, Washington.

This 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),

®Wooden boxes used for packaging low-specific-activity wood or steel.



Table 7.7. Estimated volumes amd activities of wastes frow decoxexissioning alternatives considered for reference L¥msd.b,c

Totals Class-A LLW Class-B LLW Class~C LLW
Decommnissioning Valyme Activity Vo lume Activity Volume Activity Volgma Activity
alternative {m¥) 1199 ci) () (10% ci) (m) (103 ci) (m®) (103 c1)

Raference boiling—water reactor {1,155 MW({e)]

Irmmediate decontamination 18,838 295.8 1€,512 13.9 373 42.8 53 239.1
following shutdown

Deferred decontamination
after a safe storage

period of:
30 ysars® 18,938 8.0 18,852 1.4 233 1.1 53 5.5
50 years? 1,738 s.9 3,450 0.2 247 1.0 339 4.7
106 vears® 1,623 4.0 1,349 0.1 247 0.8 39 3.3
Entombment® 8,021 288.8 7,605 4.7 373 42.8 53 239.1
Reference pressurized-water reactor {1,175 M#(e)]
Immediate decontamination
foliowing shutdown 18,182 124.7 17,981 37.3 214 - 53.1 17 34.3
Deferred decontamination
after a safe storage
period of:
30 yaarsd 18,185 3.6 18,055 1.5 123 0.6 17 1.5
50 ysarsd 1,700 1 1,568 0.3 115 0.2 i7 1.1
104 yearsd 1,850 1.0 1,533 0.2 100 <0.1 17 0.8
Enzombment® 3,387 128.5 3,136 39.1 214 53.1 17 34.3

3From refs. 3-8&. Activities were calculated from data reported in refs, 3-8, Data for each reactor are based on 40 years
of operation and a capacity factor of 0.75.

Based on the limiting concentrations of long- and short-lived radionuclides given in Tables 1 and 2 of 10 CFR 61.55.

CEstimates for GTCC wastes from LWR decommissioning (DECON) were recen:ily developed by EG&G Idaho, Inc. and are reported
in ref. 9. A summary of all GTCC wastes estimated in ref. 9 for LWR operations and decommissioning activities is presented in
Chapter 4.

SIncludes radioactive wastes from both preparations for safe storage and ceferred decontamination.

®Involves the ramoval of reactor spent fuel (shippad to repository) followed by the encasement of the raest of the
radioactive portion of the reactor facility.

061



Table 7.8. Characteristics of wastes from decoommissioning activities at the
Shippingport Stabion Decommissioning Prnjecta'b

191

Total waste removed from the
Shippingport reactor facility

Volume Mass Activity

Type of waste (m3) (kg) (Ci)
TLigquid 2,187 c 0.64

Soligd

Eaactor pressurs wvessel package 283 815, 560 16,467
Spent resins 101 56,429 40.82
Asbastos 1,072 138,205 2.49
Compacted trash 24 12,412 0.04
Metallic waste 1,801 1,117,113 41.59
Larze, one-plece components 326 455,230 24,27
Concrete 52 52,470 0.08
Lzad 57 62,302 0.17
Soil 53 31,493 1.44
Soiidified sludge 154 198,066 4,30
Gther solids 2,123 833,976 26.54
Total solid waste 6,056 3,773,256 16,608.75

*Based on ref. 27.

DThe Shippingport reactor operated from 1957 to 1982, generating 841,8 MW(e)-

years of (gross) electrical energy.

During its history, the reactor operated with
thires diffevent cores. Two of these were light-water cooled, seed-blanket, PWR-

type cores. The third and last core in the reactor was a seed-blanket LWBR-type.
Fhysical dismantling began in September 1985 and was completed in July 1989,

“Information not available.

d501id waste volume and mass include total volume and total wass as packaged.
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Table 7.9, Inventories and prulections of weashes from warious activitiss
at. the West VYalley Demonsiration ?x@j@@ta'h

Projected total wastes

Total wastes as of upon completion of
Waste description December 31, 1992 the project®
Spent fuel ramainingd
Mass, MTIHM 27 27
Number of fuel assemblies 125 125
High-level waste generated frcm
reprocessing operations (1966-1972)¢
Volume, w (waste form} 1,231 210
(liquid, sludge, (glass)
and zeolite)
Activity, cif 27,250,000 23,590,0008
Transuranic waste generated from
presolidification activities and
HLY vitrification®
Volume, mo 43 300
Activity, cif 54 350
Low-level waste generated from
rresolidification activities and
HLYW witrificatiom
Buried waste (1982-86) volume, m> 5,786 15,000
Buried waste (1982-86) activity, cif 625 58,600
Stored waste volume, m 13,290
Stored waste activity, cif i
Low-level waste incoxporated in cement
by radwaste treatment systemd
Stored waste volums, e 3,417 5,560
Stored waste activity, cif 336 547
Low-level waste from postsolidification
D&D after HLW wvitrificatiom
Volume, > 0 4,300
Activity, cif 0 1,400
Total low-level summary
(buried and stored wastes)
Volume, m> 22,493
Activity, cif >961

8Based on data reported in ref. 28.

bat the West Valley Demonstration Project (WVDP) site, Nuclear Fuel Services, Inc.,
operated a reprocessing plant with a rated capacity of 300 MTIMM/year. During its operation
from 1966 to 1972, 640 t of spent fuel were reprocessed.

CWastes generated after 1987 are regarded as stored, not buried or disposed.

At the end of 1992, 125 fuel assemblies (representing 27 t of spent fuel) still remained
in storage at the WVDP. These assemblies are owned by DOE. The return shipment of all
commercially ownad spent fuel (625 fuel assemblies) to the owner utilities was completed by the
end of 12986,

®Currently, about 2,031 md of HLW is stored at the WVDE site in two undarground steel
tanks. Eventually, this waste will be vitrified and about 300 canisters of glass will be
produced. This assumes each canister contains 0,70 nd of glass.

fPrincipal nuclides include 241Am, 2“1Pu, 137Cs, gch, 908:, and 63Ni.

8Decayed activity for 1997,

PEycludes remote-handled TRU waste.

iInforwation currently unavailable, This information will be updated in future updates of
this report to include estimated total activity for containerized wzstes after they become
characterized.

JComprised of Class A and Class C LLW. See Table C.10 of Appendix C.



Table 7.10. Chearacterlistics of washes from decombemiveliom aptivitiazs at the
Thres Mile Tsiand-Unlt 2 reacter site? D

Total waste shipped frowm TMI
(August 1979 thyough December 1992)

Mags 0 e Bttt
shipped ackaged wolume Shipnent activity®
Iypa nf waste (%) (m3) (Ci)
Spent fusl/core Aebris? 155.2 123. ¢ 6,811,313
Low-level and other wastas®
Dry sctivated wasts (DAM)T 6,804.7 718.7
Wet and solidified washted 312.8 7,454.2
Submerged demineralizer system (sps)b 58.2 673,877.7
EPICOR T3 systam linersi
First generation 125.7 77,750
Second gensratien . 847.3 5,0686.9
Defueling water cleanup system (DWCS)? 8.45 5,6886.3
Off-site deconable scrap 138.9 4
Totals 155.8 8,609.75 7,58%2,280.8

Brhree Mile Island (TMI)-Unit 2 is a FWR reactor with the follewing characterlistics: rated
capacity~9226 MW(s); mass of fuel in cors before accident-82 MIIMM; aud murber of fual assamblies
before accident~177. ‘The reactor began operation in 1278 and ganarated 231.6 MW (=) years of
(gxo5s) electrical emergy bafore being permanently shut down by an accident inm March 1878,

Based on informatiou regorted in reof. 28.

®lhese activities represent the cumulative sum of curies reported at the time of waste
shipment., The values reported are not corrsctad feor decay aftsr the time of shipwent.

dDefueling of the reactor started in Japuaery 1986, Fusel-debris shipments wers completed in
April 1990,

e0thes wastes include thoss regarded as "abmormal" because thair classificabion is pr
uncertain,

fDry activated wastes ava dry wastes packaged in dyrves, boxes, and high-integrity
containsrs.

Elncludes solidified miscellaneous liguids snd miscellaneows ressin liners and filters from
THMI-nit 2 systems.

BResin liners and filters from the SD5 (for water treatment).

1Resin liners and filters frowm the EPICOR II system that use orgenlc ion-asxchangs resins and
inorganic zeolite media. These include processing high-intsgrity containers (HIUs). The
EPICOR IT systsm is a apaclal type of filtering system used ab the TMI-Unit Z sits in the final
stages of decontaminating large volumes of covntaminated wsater,

JResin liners and filters from the DWCS that use inoyganie zeclite madia. These 2ve
primarily processing HICs.

ntly
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Tstle 7.11. Projected charecteristics of radioactive wastes
from Dresden-Unit 1 decommissioning activitiesd.P,C

Volume
Waste category Reactor component(s) (a3
Radioactive materials Reactor vessel and internals:®
Reactor vessel 11
Bioshield sand and concrete 239
Therwmal shield 2
Instrumentation support tubes 1
Bottom core support structure 1
Other® 5
Subtotal 259
Solidified decontamination solvents 655
Reactor station components and 6,214
materials
Total 7,128
Radioactive hazardous Asbestos insulation on contaminated 409
materials piping and components

Grand total 7,537

3Based on refs. 30 and 31.

bThe 200-M1(e) Dresden BWR hegan operation in 18960 and generated
about 1,800 MA{e)-years of (gross) electrical energy before it was shut
down in 1978, The projections of this table pertain to wastes from the
dismantlemant of the reactor follcwing a SAFSTOR period of about 30 years,

CThese projections do not include 32 m3 of LLW from SAFSTOR
preparation activities (e.g., materials from cleaning spent fuel pool
surfaces, miscellanecus sumps, and other contaminated areas; filters from
chemical cleaning system; and miscellaneous dry active trash).

d7ne greatest source of radicactivity in the Dresden containment
building is in the reactor vessel and internals. This activity results
from neutron activation products in the vessel and shield materials.
Reference 28 reports an estimated activity of 4,029,000 Ci for the vessel
and internals when the reactor was shut down in 1978. By the year 2017,
when diswantling of the reactor is Lo begin, this activity is projected to
drop to a level of about 16,000 Ci.

®Other reactor internal components include steam deflector support,
top grid assewbly, bottom support grid, control rod guide tubes, and
reactor vessel cladding.

fReactor station compoonents and materials include piping, valves,
punps, heat exchangers, building concrete, and structural steel.
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Table 7.12. Invemtories and projectious of low-level radiocactive wastses
from La Crosse BWR decommlssicning activitiss? P

Average annual quanbily
of waste shipped to
burial site®:¢

Decommissioning Yolume Activity
Calendar year(s) mode (m3iyaar) (Cijfyear)
1938 SAFSTOR 4,862 76.3
1989¢ SAF3TOR 6.74 372.12
1990° SAFSTOR 4,59 0.74
1991° SAFSTOR 5.48 0.32
19922 SAFSTOR 3.72 0.44
Totals (through 1992) SAFSTOR 25.13 103, 2%
1993 SAFSTOR 5.0 0.4
1394 SAFSTOR 5.0 0.4
1995-1998 SAFSTOR 8.0 0.0
1999--2003 SAFSTOR 5.5 13
2004~20038 SAFSTOR 4.9 7
2009-2013 SAFSTCR 3.6 5
2014-2018 DECON 103.0 >280
Projected totals (1993-2018) SAFSTOR/DECON 600.0 >1,525.8%
Historical and projected SAFSTOR/DECON 825.1 1,52?«‘7f

totals (1988-2018)

Apased on the inforuwation reported in ref, 32.

Bhe 48-Mi(e) La Crosse BWR began operation in 1968 and generated 482 Md(e)-
years of (gross) electrical epnergy until it was shub down in April 1287. The
reactoxr was placed in SAFSTOR in 18838, The data in this table are hased ocu a
SAFSTOR period of 25 veaars.

“Ppuring the SAFSTOR period, the principal types of radioactive solid wastea
which will be processed and shipped to a suitable disposal facility will be low-
level radicactive wastes principally with radioactivity content less than {lass C
(10 CFR 61) wastes. These wastes will includs (1) dry active wastes (DAW), normally
Class A, unstable; (2) dewatered spent demineralizer resins and filtration media,
normally Class A or B, stable; and (3) contaminated or irradiated plant system
component.s, normally Class B or C, stable.

deontributions from activated core comprnents and structural materials are not
included. Volume estimates of these materials ars currently not available; however,
a preliminary activity estimate of 12,620 Ci has besn made for these activated
materials for year 2014, when the reactor will be ready for dismantlement.

®*Volume of waste for this year reflects significant reductions due to
treatment. Waste shipments for this year contained DAW and contaminated metal,
which were either decontaminated, supercowpacted, or both by two Oak Ridge waste
treatment companies (Quadrex Recycle Center and SEG).

fUndecayed activity.
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Table 7.13. Projected volumes of wastes from Sarxton
PR decommissioning sctivities®'P:C

Volume
Reactor component(s)/waste (m)

Reactor vessel, head, and internals 39.64
Pressurizer 3.12
Primary coolant pump 2.83
St.eam generator 24,07
Demineralizers 4,25
Shutdown cooling pumps 0.85
Relief valve discharge tank 4.25
Purification system surge tank 9.91
Safety injection pumps 1.42
Cooling heat exchanger 16.99
Containment vessel sump pumps 0.85
Discharge tank drain pumps 0.85
Containment ventilation equipment 16.99
Primary piping 5.68
Auxiliary system piping and valves 28.32
Contaminated and activated concrete of containment vessel 229.37
General valves, controllers, and instrumentation 42.48
Low-level waste from disposal operations 33.98
Westinghouse supercritical test loop 42.48
Total volume 508.31

8Based on the information reported in ref. 33,
bThe 3-Md(e) 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 10.4 MW(e)-years of (gross)
electrical energy.

CActivity data are unknown at this time, Saxton reactor
decommissioning waste characteristics are still being reviewed, and
additional information will be provided in this table in future reports.
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Table 7.14. Projected burial volumes of radioactive wastes

from SAFSTOR (mothballing/delayed dismantling)
of Humboldt Bay-Unit 32.b,¢

Volume
D&D activity/reactor component (m3)
Spent fuel racks 63
Nuclear steam supply system removal
Reactor vessel 714
Reactor vessel internals 24°©
Other components 17
Removal of major equipment
Main turbine/generatoxr 353
Main condenser 164
Disposal of contaminated plant systems
Turbine system 425
Electrical system 153
High-pressure steam and feedwater systems 190
Condensate system 155
Radwaste collection and treatment systems 200
Other systems 248
Decontamination of site buildings
Refueling 434
Yard piping and soil 160
Other 30
Disposal of contaminated solid waste 152
Process liquid wastef 63
Disposal of modified plant and off-gas 100
systems as a result of 1986-1991
capital improvements
Total 3,002

3Based on the information reported in ref. 34.

brhe 65-MW(e) Humboldt Bay-Unit 3 BWR operated from 1963 until

1976, generating 545 MW(e)-years of (net) electrical energy.
The projections in

plant was placed in a SAFSTOR mode in 1988,

The

this table and in ref. 34 assume delayed dismantling (DECON) of the
reactor begins in 2015, At this time, the SAFSTOR period will end
and the current inventory of spent fuel at the site will have been

shipped to a federal repository when the latter is available.

CExcept where noted, the volumes reported represent estimates

for packaged Class A LLW.
4Includes 53 m® of Class C LIW.

®Includes 22 m3 of Class C LLW and 2 m3 of GICC waste.

fclass B LLW.
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Table 7.15. Projected wolumes of wastes from Rancho Seco
PR decommissioning activlhiasa'b-c

Volume
Reactor componsnt(s)/waste (ma)

Spent. fuel racks 359
Reactor vessel 212
Reactor vessel internals 156
Primary system components and piping 1,336
Total for reactor vessel and components 2,083
Secondary and radwaste systems 2,625
Contaminated structures 468
Processed liquid waste 98
Dry active waste 397
Grand total 5,651

3Based on ref, 35 (extracted from a 1991 decommissioning
cost study prepared by TLG Enginesring, Inc.).

PThe 918-Md(e) Rancho Seco~tmit 1 PWR was shut down in
1989. The reactor operated from 1974 until 1989, generating
5,277.3 M¥(e)-years of (gross) electrical energy.

€The projections in this table pertain to wastes from
dismantlement of the reactor following a SAFSTOR period of
about 20 years.
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Table 7.16. Projected characteristics of wastes from DECON
(dismantling) of the Fort St. Vrain BIGR?.D

Burial volume Activity Projected
Reactor componsnt(s)/waste (m3) (Ci) LLW class

Prestressed cancrete reactor vessel (PCRV) system

PCRV concrete 1,174.94 c A
Control rod drives (CRDs) 97.81 c A
CRD absorber strings 18.81 c c
CRD metal clad reflector 4.04 c c
Boronated stainless steel rods 845.27 c B
Top cover plates 1.59 c A
Top head kaowoold and liner 13.32 c A
Core barrel 21.97 c A
Core support blocks 41.09 c A
Core support floor kaowool, plates, and liner 6.84 c A
Metal clad reflector blocks (non-CRD) 28.67 c C
Dummy fuel blocks 168,28 c A
Graphite reflector blocks 237.65 c A, B
Silica insulation blocks 14.27 c A
Large permeable reflectors 708.32 c B
Reflector keys 0.57 c A
Metal shell for large side reflector 0.58 c A
Radial cover plate, kaowool, and PCRV liner 55.57 c A
Region constraint devices 1.42 c o
Helium purification and regeneration system 30.87 c A
Helium circulators 4.01 c A
Steam generators 268,02 c A, B
PCRV system total 3,746.01 1.3CE+6

Material handliing, treatment, and storage (MAYS) systems

Fuel handling machine 63.33 [¢] A
Fuel storage wells 28.48 [ A
Equipment. storage wells 2.98 c A
Auxiliary transfer cask 19.52 c A
Hot service facility 10.98 c A
MHTS systems total 125.29 3.88E~2
Decontamination and waste (DW) systems
Decontamination system 9.57 c A
Radioactive liquid waste 9.15 c A
Radioactive gas waste 32.93 c A
Dry activated and other wastes 153.34 c A
DW systems total 204.99 1.33E-4
Fort St. Vrain HTGR total 4,076.29 1.30E+8

2Based on refs. 36 and 37. The case considered involves complete dismantlement of all
radioactive systems at the reactor site after defueling of the reactor has been completed.
brhe 330-MW(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.
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Tzble 7.17. Actual radiractive waste disposal from the decosmissioning
of the Fort St. Vrain reastor?:P

Irradiated hardware Dry active wastas
No. of Voluma® Activity Na. of Volume® Activity
Yeax shipments (m3) {Ci) shipmants (m3y (Ci)
1991 6 29.1 8,083.80 20 13.3 1.81
19924 64 365.8 32,678.49 6 13.4 7.88
Total ;; 394.9 40,762.29 ;; ;;T; ;T;g

8Based on ref. 38, Includes shipments made by Public Service Company of Colorado and
decommissioning contractor and wasts processors subseguent to volume reduction.

bTracking of volume by individual ccmponents andfor system is mot performed due to
mixing of compoments from various waste streams, woid spaces, etc.

CActual disposal volume which therefore includes void space, filler volume, package
volume, stc.

dPrior to December 8, 1992, preliminary dismantlement activities were performed.
Decommissioning order for Fort St. Vrain became effective on December 7, 1992,

Table 7.18. Characteristics of radicactive wastes asscciated with
decommissioning tha Pathfinder reactoxr?:P

Volume® Mass Activity
Reactor component(s)/waste (n3) (t) (Ci)
Reactor vessel® 113 280.5 560,92
Bioshield 78 179 0.26
Regirculation pumps and motors (3) 71 56 0.018
Contaminated concrete 50 40 0.065
Dry active waste® 567 635.5 0.557
Liquids 0 0 0
Asbestos 97f 17 0.0001
Total ;;; Ij;;;”“ 561.82

8Based on ref. 40. All material is low-specific-activity LLW,

Plhe 66-Md(e) Pathfinder BWR began operation in 1964 and had gensrated about
140,000 Md(e)-hours of electrical omergy when it was shut down in 1857.

These numbers represent the voluwe of radioactive waste shipped to processors; the
final disposal volumes have not yet been determined.

dIncludes reactor prassure vessel, internal components, control rod drive blades,
gravel, grout, and routine shipping (Type A) packaging components.

®Includes piping, valves, conduit, cable, sand, wire, steel, shield blocks,
grating, lights, filters, plastic, paper, and wood.

fThis is the volume of asbestos removed during D&D. Later this material was
reduced in volume to 20 m>.
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Table 7.19. Projected characteristics of wastes from Shorsham
BWR decommissioning activities® P

(Unless othexrwise indicated, all wastes are projected to be LLW Class A)

Burial Aobivit
Acti
Reactor component(s)/waste V?;;Te (CZ; Y

Reactor pressure vessel (REV) c c

Reactor internals? 50.1 403
Reactor recirculation system c c
Control rod blades 27.8 462
Control rod drive system® c c
Residual heat removal system c c
Core spray system c c
Reactor water cleanup system c c
Fuel pool cleanup system c c
Condensate and demineralizer system c c
Process sampling system [-] c
Spent fuel rack and accessories c c
Process and dry activated wastes c c
Demineralizer system and resins/filters c c
Liquid radwaste system c c
Mirror insulation c c
Totals 93.1 885

8Based on ref. 43,

bThe B20-Md{e) Shoreham BWR underwent low-powser tests until 1989,

when the Long Island Lighting Company agreed to sell the plant to the

state of New York for decommissioning. A total of 865 MW(e)-hours of

(gross) electrical energy were generated during the low power tests.
CAll items noted have been sent to volume reduction facilities

(VRFs) for processing prior to burial. As of June 1993, about 2600 m3

have been sent to VRFs. Of this pre-processed volume, 15.2 m?
(representing less than 0.3 Ci of activity) will be buried as waste.

9Includes about 0.4 m® (198 Ci) of incore instruments (local power

range monitor tubes), which are projected to be Class B LIW,
€Excludes control blades and control rod drives. '

Table 7.20. Projected volumes of wastes from Indian Point-{lait 1
PR decommissioning activities? P

Container (type and number)

Reactor component(s)

LSA boxes Cask liners Total
Contaminated piping, valves, 1,269 0 1,269
equipment., and concrete
Spent. fuel racks 9 0 9
Reactor internals 7 13 20
Reactor vessel 52 0 52
Total containers 1,337 13 1,350
External volume (m3) of each 4,694 3.341
container (box or liner)
Total container volume (ma) 6,275 43 6,318

2Based on ref. 44.
BPThe 265-MH(e) Indien Point-Unit 1 PHR began operation in 1962 and

generated about 1,440 MW(e)-years of (gross) electrical energy before it was
shut down in 1974, The projections in this table pertain to wastes from the

dismantlement of the reactor following a SAFSTOR period of about 35 years,
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Table 7.21. Projected characteristics of wastes from
Yankee Rowe PWR decommissioning activitiesd:P

Volume Activity
Reactor component (m3) ci)

Component. Removal Project (1983-19864)

Reactor vessel internals 59.7 280,000
Reactor core baffle® 1.4 1,020,000
Steam generator 200.1 1,760
Pressurizer 19.3 5
Dry activated waste 137.6 <50
Filters 17.0 120
Drums 15.7 <80
Demineralizer resin 3.4 60

Total (1993-1994) 454 .2 1,312,075

Balance of decommissioning (1999-2002)

Reactor vessel 156.5 6,940
Main coolant pumps 26.6 20
General plant inventory 1,499.6 <500
Building inventory 178.8 <60
Spent fuel racks 240.1 <30
Drums 178.1 <50

Total (1999-2002) 2,279.7 7,600

Total (1993-2002) 2,733.9 1,319,675

3Based on ref. 45. The values reported in this table are
preliminary and will be finalized in the decommissioning plan
that will be submitted to the NRC.

brhe 167-MW{e) Yankee Rowe-Unit 1 FWR began operation in
1960 and generated about 4,030 MW(e)-years of (gross) electrical
energy before it was shut down in 1992,

©The reactor core baffle, the component directly adjacent
to the reactor core, exceeds the Class C limits in accordance
with 10 CFR 61.55 and will be handled as HLW.
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Table 7.22. Projected volumes of wastes from San Onofre-Unit 1 PWR decommissioning activities?:D

Waste volume, ma

Activity/reactor facility component
or type of waste Class A Class B Class C GTCC Total

Armnual SAFSTOR maintenance
Dry activated waste® 121.12 121.

Spent. fuel racks 14.39 14,

Nuclear steam supply system (NSSS) removal

12

39

Reactor coolant piping 86,04 86.04
Pressurizer guench tank 12.94 12.94
Reactor coolant system pumps and motors 49.28 49.28
Pressurizer 36.64 56.64
Steam generators 387,54 367.54
Control rod drive mechanism and incore 48.20 48.20
instrumentation
Vessel internals 22.28 13.086 30.81 20.25 86.38
Reactor vessel 147.15 51,94 189.09
NSSS total 790.05 65.00 30.81 20.25 806.11
Plant systems

Auxiliary feedwater 92.12 82.12
Contajnment ventilation 42.45 42.45
Contaminated electrical eguipment 79.27 78.27
Feedwater sampling 90,28 90.28
Feedwater 338.48 338.48
Gaseous radwaste 54,46 54.46
Letdown demineralizer 3.82 3.82
Letdown and residual heat removal 42.48 42 .48
Ligquid radwaste 37.72 37.72
Post-accident sampling 5.35 5.35
Pressurizer and ralief tank 0.20 0.20
Radwaste drain system 5.21 5.21
Reactor coolant pump seal water system 13.71 13.71
Reactor cool system 3.12 3.12
Reactor cocl system sampling system 13.06 13.08
Safety injection 85.70 85,70
Spent fuel cooling 11.98 11.98
Chemical volume and control system 23.83 23.93
Plant systems total 943,34 943 .34

Site buildings
Reactor sphere and enclosure 249,27 249,27
Auxiliary additions 2.04 2.04
Contaminated soil 724 .96 724.96
Fuel storage 21.69 21.69
Miscellaneous contaminated buildings 18.49 18.49
Radwaste 13.45 13.45
Reactor auxiliary 5,89 5.89
Storage building 1.42 1.42
Site buildings total 1,037.21 1,037.22
Final waste liquid processing 40.24 40.24
Mixed waste 16.88 16.68
Totals 2,922.79 105.24 30.81 20.25 3,079.,09

3Based on ref. 486.

Prhe 436-Mv(e) San Onofre-linit 1 PWR began operation in 1967 and generated about 6,045 MA(e)-
years of (gross) electrical energy before it was shut down in 1892,

CIncludes 83.94 m® of dry activated waste (including protective worker clothing) generated
during the latter phase of decommissioning.



Table 7.23. Characteristics of wastes from decommisgioning activities
at the Cimarron Fuel Fabricatiom Facility?
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Total waste resmoved
from Cimarron through

December 1992P Projected
waste volume
Volume Activity remaining®
Project area Type of waste (ma) (Ci) (m3)
Burial ground LLW (LSA)d 1,833.10 5.37 0
Mixed-oxide fuel plant TRU 255.89 10.87 0
LLW (LSA) 463.88 3.25 0
Uranium fuel plant areas
a, Uranium fuel plant LLW (LSA) 2,198.76 3.65 12-24
b. North Field LLW (LSA) 630.19 0.33 0
Liquid process waste evaporation ponds
a. Mixed-oxide plant pond LLW (LSA) 104.30 0.000009 0
b, Uranium plant pond LLW (LBA) 183.73 0.23 0
Sanitary lagoon piping and manholes LLW (LSA) 1,565.63 2.93 0
Project totals TRU 255.89 10.87 0
LLW (L3A) 6,979.59 15.76 12-24
Total waste 7,235.48 26.63 12-24

8Based on the information provided in ref. 47.
bThe LLW inventories are imcluded in the comnercial disposal site inventories of Chapter 4.
CDecontamination work is scheduled to be completed during 1993,
decontamination requirement has been completed.

drsa = low-specific-activity waste.

More than 951 of the estimated
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ORNL PHOTO 6945-93

Mixed low-level waste in storage at the Hanford Site Central Waste Complex. (Courtesy of the Westinghouse Hanford Company,
Richland, Washington, and the Hazardous Waste Remedial Actions Program, Oliver Springs, Tennessee.)



8 MIXED LOW-LEVEL WASTE

81 INTRODUCTION

This chapter reporis estimated isventories and
generaiion rates of mixed LLW from DOE-site and
coramercial operations. Mixed LLW includes mixtures of
low-level radioactive materials and (chemically andfor
physically) hazardous wastes. Typically, mixed LLW at
DOE sites includes a varicty of contarninated materials,
including air filters, cleaning materials, engine oils and
grease, paint residues, photographic materials, soils,
building materials, and plant equipment being
decommissioned. Mixed high-level and TRU wastes are not
included in this chapter, but they are included in the HLW
and TRIJ waste inventories and projections of Chapters 2
and 3, respectively.

The radioactive components of mixed wastes are
subject to the Atomic Energy Act (AEA), as amended,’
which, for government sources, is administered by DOE,
and, for commercial sources, by NRC (unless a state has
obtained agreement-state status).  In general, the
hazardous components of most mixed wastes are subject to
cither of two federal statutes that are administered by the
U.S. Environmental Protection Agency (EPA) (unless a
state has obtained an authorization status): (1) the
Resource Conservation and Recovery Act (RCRA), as
amended,? and (2) the Toxic Substances Control Act
(TSCA)? Some mixed wastes, particularly spent engine
oils, are regulated by state laws. The treatment, handling,
and disposal of RCHA- and TSCA-regulated mixed wastes
are subject 10 the regutations of the EPA*® and NRC (or
the authorized and agreement states), or DOE. Table 8.1
(data from ref. 6) lists those states and territories
designated by EPA as having mixed waste authorization.

In this report, mixed LLW is considered separately
from the purely radioactive LLW, which is discussed in
Chapter 4. 'This section reports mixed LLW inventories
and projections for two major groups of mixed LLW. The
first comprises wastes whose hazardous components are
RCRA andfor state regulated. The summary infortmation
reported for thése RCR Afstate-regulated wastes are based
on the 1993 DOE Interit Mixed Waste Inventory Report
(IMWIR),” which is required by the Federal Facility
Compiiance Act (FFCA)® DO is carrently refining and
updating the site information and data in the IMWIR.
Wastes whose hazardous components are regulated by
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TSCA comprise the second group of mixed LLW,
inventories and projections of this group are reported in
this chapter. Information for the TSCA-regulated wastes
was provided by the Waste Management Information
Systemn (WMIS),® a data base of treatment, storage, and
disposal (T/8/D) facility capabilities and DOE site waste
stream characteristics.  The WMIS was established to
support the DOE Office of Environmental Restoration and
Waste Management and is maintained by the Hazardous
Waste Remedial Actions Program (HAZWRAP).

Unless otherwise noted, the inventories and projections
reported for mixed LLW are separate from those reported
for strictly radioactive LILW in Chapter 4. Inventories of
mixed LLW currently stored at DOE sites are being
thoroughly characterized. As a resull, the waste at some
sites could require reclassification, thereby causing
significant changes in the inventories that reflect current
data,

82 WASTE CHARACTERIZATION

Currently, generic characterization of mixed wastes is
difficult for several reasons: (1) such wastes have different
blends of hazardous (chemical and/or physical) and
radivactive components that dictate precautionary
measures; (2) several processes may be involved in
generating these wastes; (3) various methods are used to
prepare these wastes for storage; and (4) in recent years,
FEPA has adopted new toxicity-characteristic leaching
procedures (TCLPs). Representative data on the chemical
and radionuclide compositions of mixed wastes will be
reported as more detailed site information is available.

1n this chapter, inventories and annual generation rates
of mixed TLLW are expressed in terms of physical and
hazardous categories. Physical properties are classified in
four categories: solid, liquid, gas, and sludge. Hazardous
properties are classificd according to wasie categorics
ideatified in the IMWIR and TSCA.

83 SUMMARY OF DOY MIXED LILW

Cumnlative mass inventories and generation rates are
reported in this chapter for most of the DOE sites listed in



Table 1.3, Appendix D). Tac rales arc based
(a) RCRRA-fsiate-regulated waste inforimation reporis
the IMWIR' 2604 (5) information on TSCA-regulated
wastes from V ’VM{S." Soiiie generation raies oaay vary
from cuirent inveniory additions becanse the geaeration

on

levels rcpor icd do not refleci ircatment ihst may take
place beiore the wasic s placed in inferim siorage. DOBR

siie inveatories and generation rates are given in both mass
[kilograms (kg)) cnd volurme |cubic meters (m*)] units.
Until recently, many [} sites tracked and reported their
mixed waste streants in mass units. However, f()r Gis sl
consideiations, DOE is requiring il
mixed waste oventories

disposat volumic.

hese sites 1o repoit thet
and generaiinn raies in uniis of
In cases wherc ihe site reported waste
volnmes but niot masses (Or vice veisd), a reasonable st of

naterial densities was used 1o cstimate waste masses {or

volumm\ These es are indicaied i either the
footnoies of the tables repiting this information or ia ihe
discussion of specific site information given under Seci. 8.4,

A breakdown of the mixed 1.1.W volumc inventory by
site is graphically described in Fig. 8.1, and a breakdows of
the volume-gencration level by siic is shown in [ig. 8.2
The current total voluime inventory of mixsa TLW at DO
sites is about 183,400 . About 60,000 i51® of additional

T

mixed T.LW are estimatcd to te gencrated during the
period 1993-1997.
Summary 1997 cumulative inveiitories and mrojected

5-yeer (1993-1997) curnulative geseration for mixed TLW
from 2OF site operations are repoiicd in Tables 8.2-8.5.
For each site, inforiaation is reporied t‘nr RCRA-/state-
regulated wastes bhased on the IM“’I. and for TSCA-
regulated wastcs bazed on DO site laformation subiniiied
to WMIS.? Cumnalative 1992 inventories of maixed 1.1, W in
intecim siorage are reported oi a mass and voluine basis
in Tables 8.2 and 8.3, respectively. The additional mass
generation and volume  generstion of  these 3
OF site operations over the nexi

projected to result iroi i)
5 years are given io Tables 4 and 8.5, respectively.
Detailed characieristics of RCRA-fstate-regulated

wasles oim site operations are described in {ables 8.6-8.8
(adapied from ref. 7). The IMWIH documicnis inveiisiies
and generation levels for & wide range of categories of
RCRA-fstate reginated wastes. ‘These categorics are based
on various phystcal and cheinical groupings and  are
described in detail in ‘{ablc 8.6. Cumulative 1992 mass
and voluime inventories for the nysical/chetical gioups
are given in Fable 8.7. Projc u\}d cuimulative generation
levels for cach categoiy over the nexi 5 yesrs (1093-1997)
are given in ‘lable 8.8.

Detailed characieristics of ISCA-regulated mixed
LLW from DOI! site operations arc 1eporicd by physical
category (solid, iguid, gas, and shndpe) ui {abics 8.9-8.12
and by ITSCA hazard caiegory [}J«)""‘L")rl--a-C(i bipreiyls
(PCBs), asbesios, aind other specified inaterials] in
Tables 8.13-8.16.
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Cuimualative 1992 imiass inventories and  volume
inventories arc given in the physical category tables [or the
TSCA-regulated wastes (Tables 8.9 and 8,10, respectively).
Aroua! mass gencration and volume generation of these
wastes for 1992 are repoited in Tables 8.11 and 8.12,
respectively.

The hazardous category tables for TSCA-regnlated
wasics include information on PCB wasies and asbesics.
Other mixed LLW regulated by TSCA af each site are also
indicated. P(Clis are a group of synthetic organic chemicals
once widely used in elecirical equipment, special iydraulic
systems, heat-transfer systeiss, and other industrial
products.  They are currently considered a possible
carcinogen.  Asbestos is a group of magnesium siticate
compounds that are mixed with varying amounis of
calcium and iron  silicates. They are fibrous,
noncombustible minerals that have been previously used in
the manufacture of wmany fireprocfing and insulating
materials. Iowever, such compounds have been found o
produce long-term carcinogenic effects; conscguently, their
use is being phased out.

Cumulative 1992 mass and volume inveniorics are
reported in the hazardous category tables for TSCA-
regulated wastes (Tables 8.13 and 8.14, respectively).
Annual mass generation and volume gencration of these
wastes for 1992 are reporied in Tables 8.15 and 8.16,
respectively.

Historical and annual projections of (3{3H-site mixed
LLW are repoited in Tables 8.17-8.19. Historical and
projected annual volume generation repoirted in ihe
IMWIR for RCRA-fsizie-regulated mixed LLW from
DOE-site cavironmental restoration activities arc givea in
Table 8.17. Corresponding information on generated
1SCA-regulated mixed LLW from DO sitc operations,
tased on ref. 9, are reporied i Tables 8.18 (annual mass
data) and 8.19 (annual voluime data).

S Te

8.4 SPECIIEL X

B STTHE MDOED TLW

This section highlighis the maior ground rules and
assumiptions associaied with the DOE site TSCA mixed
LILW information repoited in Tables 82-85 and
Takies 8.7-8.19. Most of the information repocied in the
subsections that follow describes the TSCA mixed LLW
inverioiy, gencration, and projection ground rules and
assuruptions documenied in the specific DOE  site
submittals of ref. 9. Corresponding information associated
with the R(,fRA»/st(.ate-regulated wastes reporied in the
IMWIR are generally given in ref. 7.

At Ames, ifie only waste that is both LLW and TSCA-
reguiaicd is asbestos-containing material. Small quaatitics



of such waste are projected for AMES in Tables 84, 8.3,
8.18, and 8.19 to reflect the completion of D&D activities
at the site. Waste estimates for the period 19952030 are
unknown.

842 Asgonpe National Laboratory-East (ANL-E)

Projections reported in Tables 8.4, 8.5, 8.18, and 8.19
for ANL~-E are rough estimates based on preliminary
forecasts of remediation  projects. Full  waste
characterization for these site remediation projects must
still be performed. No current inventories of TSCA-
regulated wastes are reported. ANIL~E handles and
reports radicactively contaminated asbestos as LLW
because this material is shipped to ITANF, where it is
accepted as LLW. The quantities of reported projected
wastes are based on an assumed density for solids of
3,000 kg/m>.

843 Brookbaves National Laboratory (BNL)

Mixed TSCA LLW inventories reported for BNL in
Tables 8.2, 83, 89, 8.10, 8.13, and 8.14 represent
cumulative levels from 1986. Projected annual generation
rates reported in Tables 8.18 and 8.19 for BNL assume
that TSCA-contaminated materials are removed and
substituted where possible. This assumption results in a
projected generation rate that is constant for a while but
eventually declines over the long term.

844 Fermi National Accelerator Laboratory (FNAL)

FNAL mixed TSCA LLW inventories reported in
Tables 8.2, 83, 89, 810, 8.13, and 8.14 represent
cumulative levels from 1989. Tables 8.18 and 8.19 show
that annual TSCA waste generation is projected to remain
constant over the next 5 years but that it will sharply
decline over the three decades that follow.

8435 Hanford Site (HANF)

Reported quantitics of RCRA/state mixed LLW for
HANF in Tables 8.2-8.5 include only contributions from
newly generated solid wastes, which include sludges, metal
debris, lab packs, soils, and a variety of other materials.
HANF RCRA/state mixed LLW inventories and
projections  reported in the IMWIR also include
contributions from double-shell tank waste, which consists
of agueous fiquids and organic liquids. These liguids,
although comprising mixed LLW, are managed as HLW.
For this reason, contributions from the double-shell tank
waste are not included in this chapter, but in the HLW
inventories and projections of Chapter 2.

Mixed TSCA LLW inventories reported for HANF in
Tapkes 82, 83, 89, 810, 813, and 8.14 represent
cumulative levels from 1987, Inventories and generation
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levels reported for 1992 are based on an assumed average
density of 1,000 kg/m® for liquids and debris and
1,500 kg/m® for soils. Generation projections are based on
an average annual generation between mid-1987 and 1992
(5.5 years).

84.6 ILos Alamos National Laboratory (1.ANL)

Inventories of TSCA-regulated mixed LLW at LANL
reported in Tables 8.2, 8.3, 89, 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 PCB wastes in the early operating years.

84.7 Lawrence Berkeley Laboratory (LBL)

For the most part, only TSCA LLW volume
information was reported by LBL in ref. 9. TSCA LLW
mass estimates for LBL are based on the densities cited in
the footnotes of Tables 8.2, 8.4, 8.9, 8.11, and 8.13. The
mass generation projections of Tables 8.18 were estimated
from the volume generation projections of Table 8.19 using
a density of 1,000 kg/m?®, Inventories of LBL TSCA LLW
reported in Tables 8.2, 83, 89, 8.10, £.13, and 8.14
represent cumulative levels from 1988. In addition to
asbestos and PCBs, inventories of TSCA LLW at 1L.BL
include pump oils contaminated with tritium. The
projections reported for LBL 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.

8.4.8 Iawrence Livermore National Laboratory (1LNL)

Inventories of TSCA-regulated LILW at LINL are
reported in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14. No
TSCA wastes were generated in 1992 nor are any
projected for the future partly because the site no longer
purchases equipment which uses PCBs. In recent years,
the only generation of TSCA wastes at LINL occurred
when capacitors containing PCBs were removed from
service, and when asbestos was removed from building
demolition or renovation.

849 Mound Piant (MOUND)

Mound Plant TSCA LLWs are PCB wastes.
Inventories for 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 Reactors (NR) Program Sites

Generation levels reporied for NR Program sites in
Tables 8.4, 8.5, 8.18, and 8.19 represent contributions from



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.

8.4.11 Oak Ridge Mational Laboratory (ORNL)

Inventories of TSCA 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
Tables 8.18 and 8.19 pertain to radioactivity-contaminated
asbestos.  Some ORNL wastes containing PCBs are
included in the RCRA waste inventories reported in ref. 7.

84.12 Paducah Gascous Diffusion Plant (PAD)

The PAD site TSCA LLW inventories reported in
Tables 8.2, 8.3, 89, 8.10, 8.13, and 8.14 are cumulative
levels from 1980. Projections reporied for generated
TSCA wastes in Tables 8.18 and 8.19 are based on the
following assumptions:

e a routine waste gencration of 608 m*fyear;

o the mass of a 55-gal (0.21 m®) drum is 159 kg;

¢ generation levels resulting from routine site activitics,
environmental restoration activities, and engineering
project activities;

¢ reported quantities for only waste solids and liquids,
no sludges; and

o all future PCB wastes to be regarded as hazardous.

8.4.13 Portstoouth Gascous Diffusion Plant (PORTS)

At PORTS, 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 TSCA wastes from PORTS
site activities are currently not available.

84.14 Remedial Action Program (RAP) Sites

Mixed LLW inventories, generation, and projections
reported in this chapter for remedial action program
(RAP) sites include contributions from the Battelle
Columbus Laboratory Decommissioning Project (BCLDP)
and the Santa Susapa Field Laboratory (SSFL) of the
Encrgy Technology Engineering Center (ETEC).

Projcctions for BCLDP waste generation pertain only
from 1993 to the year 2000, at which time the project is
scheduled to be completed. The generation level reported
for 1998-2030 is an annual average based on total
contributions from 1998-2000. Mass quantities were
estimated from reported volume projections using an
assumed waste density of 1,000 kg/m®.

TSCA  waste inventories for SSFL  include
contribuiions from the years 1991 and 1992. SSKFI. TSCA
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waste is primarily asbestos-containing floor tiles removed
during D& operations.

8.4.15 Rocky Fiats Plant (RFP)

Projections reported in Tables 8.18 and 8.19 for TSCA
LLW generated at REF periain to both asbestos and PUB
wastes. Assumpiions associated with srojected asbcatos
generation include:

o funding support to continue for asbestos reroval
projects,

e rcgulations not to be modificd to require the removal
of all damaged asbestos, and

e no removal of asbestcs required by site transiiion

activities (i.e., changes in the uses of site {acilities).

Assumptions associated with projecied PCB generatioi
rates at RFP include:

¢ funding support o continue for PCH remediaiion,

o PCB materials removed {0 contain some acounis of
LLW contamination, and

¢ a transformer containing PCBs to be removed from
scrvice in 1994,

8.4.16 Sandia National Laboratory—Alhuguergque (SNLA)

Inventories of TSCA LI W (asbestos) reporicd for
SNLA in Tables 8.2, 8.3, 8.9, 8.10, 8.13, and 8.14 represent
cumnulative levels from 1689, when disposal of LW in
SNLA landfills ceased. Estimates for future TSCA LLWs
are currenily unknown. [future generation is expested (o
be mostly radioactively contaminated asbestos fraim 13&D
activities. Some older buildings on the site have been
desigpated for D&ID and are known to contain
radioactively contaminated asbestcs. However, no funding
is yet available for cleanup of ihese facilities and no
sampling and analysis has occurred.

8.4.17 Swvannah River Site (SRS)

SRS mixed TSCA LLW inventorics rcporfed in
Tables 8.2, 83, 89, 810, 813, and 8.14 repicsent
cumulative levels from 1986. Most of the SRS TSCA
wastes arc asbestos materials whose mass was estimmated
from site-reported voluine data using an assumcd densiiy
of 200 kg/m>. This density was also used to estimatc the
projected TSCA LLW mass generaiion raies reporied in
Tables 8.4, 8.11, 8.15, and 8.18.

84.18 West Valley Demonstration Projoet {(WYDF)

At the WVDP site, TSCA-regulaied mixed LLW is
comprised of both asbestos and PCH wastes. The waste
projections reported for WVDP in Tabhle 8.18 and 8.19 are
based on the following assumpticns:



e wastes estimated for 1993 include both asbestos and
PCB wastes, the latter of which is associated with two
capacitors and two light ballasts scheduled for
removal;

e the average generation level reported for 1998-2030
excludes 1,024 kg (1.15 m®) of PCB waste to be
removed from this work scheduled to begin in the
year 2000; and

e asbestos removal aiready begun is to be completed by
the year 2030,

8.4.19 Y-12 Plant (Y-12)

Y-12 Plant TSCA mixed LLW inventories reported in
Tables 8.2, 83, 89, 810, 8.13, and 8.14 represent
cumulative levels from 1982. These wastes are PCBs.
Contributions from asbestos are not reported because it is
considered to be a sanitary waste at the Y-12 Plant. Waste
volumes reported were estimated from site-reported waste
mass information using an assumed density of 1,500 kg/nm’®
for solids and 1,000 kg/m® for liquids. In Tables 8.5-8.12,
the quantity of generated sludge cannot be broken out and
therefore is included in the solid or liquid data given in
these tables. In Table 89, a large portion of the
cumulative inventory (5,341,225 kg) consists of disposal
arca remedial action soils from the Oil Land Farm Soil
Storage Facility.

Projected TSCA mixed LLW generation ratcs for the
Y-12 Plant are unavailable due to three factors: (1) the
changing Y-12 Plant mission; (2) the unknown amount of
environmental restoralion work to be done; and (3) the
unknown amount of D&D work to be done.

85 COMMERCIAL MIXED LOW-LEVEL WASTES

Recently, the NRC and EPA co-sponsored a survey
study to compile 2 national profile of the volumes,
characteristics, and treatability of commercially generated
mixed LLW. Such a profile was designed to provide the
following:

+ states and compacts with information to assist in
planning and developing adequate disposal capacity
for low-level radioactive waste, including mixed waste,
as mandated by the Low-Level Radicactive Waste
Policy Amendments Act;

e privatc 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

e a reliable national dala base on the wvolumes,
characteristics, and treatability of commercial mixed
wasle.

In addition, the data were collected to provide a basis for
possible federal actions that would effectively manage and
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regulate the treatment and disposal of mixed waste.
Results from this investigation are documented in ref. 10
and summarized in this report.

The study identified the types and volumes of mixed
LLW geoerated from five groups of facilities: nuclear
utifities, medical facilitics, academic institutions, industrial
facitities, and NRC-licensed government facilities. The
study selected a random sample of 1,323 facilitics out of a
total target population of 2,936 facilitics. Data from the
1,016 completed mixed waste survey questionnaires (77%
response rate) reccived and the use of appropriate
weighting factors indicate that approximately 3,950 m® of
low-level radioactive mixed waste—of which 72% was liquid
scintiflation fluids—were generated in the United States in
1990.

The study divided the low-level radioactive mixed waste
into several hazardous stream categories, including the
following:

o Liquid scintillation fluids from laboratory counting
activities.

o Waste oil from various pumps, equipment, and
maintenance activities.

e Chiorinated or {luorinated organics and chlorinated
fluorocarbons, including sludges and contaminated
filters from dry cleaning, refrigeration, degreasing, and
decontamination operations.  Chloroform and a
number of pesticides are also included.

» Other organics, including miscellancous sclvents,
reagents, expired products, and other organic
compounds (or materials like rags, wipses, ¢tc,
contaminated  with  such) from research  and
manufacturing activities, experimental procedures, and
laboratory and process equipment cleaning.

+ Lead wastes, including lead shielding and lead solutions
for research and industrial facifities.

o Mercury wastes, including equipment and debris
contaminated with mercury.

» Chromate wastes, including chromium-contaminated
solutions for research, maintenance, and waste
treatment (ion exchange) operations.

+ Cadmium wastes from decontamination activities.

e Aqueous corrosive wastes, including inorganic acids, or,
in some instances, bases from cleanup and
decontamination activities.

o (ther hazardous materials, including materials cither
not readily assignable to any one of the previous
categorics or containing a number of different
hazardous materials.

Summaries of estimated generation rates, amounts in
storage, and amounts treated for each of the five facility
categories and each of the bazardous waste stream
categories are shown in Tables 8.20 and 8.21, respectively
(data from ref. 10). Upper and lower bounds were also sef
on the volume of mixed waste that is untreatable under
current technologies by making the simplifying assumption
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that liquid scintillation fluids, oil, nonhalogenated organics, 13% of the estimated 1990 national generation rate of
and corrosive wastes are treatable. Deducting their total 3,950 m®. However, it was noted that the capacity to treat
contribution from the estimated total mixed waste all of the so-called treatable mixed waste may not be
generation rate leaves residues of about 524 m®. This available.

upper bound for untreatable mixed waste is approximately
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a. (AMES) Kay M. Hannasch, Ames Laboratory, Ai.'s, Jowa, letter to Lise J. Wachter, Martin Marietta Energy
Systems, Inc., HAZWRAP, Oliver Springs, Tennessce, submitting Ames Laboratory TSCA mixed LLW
information, dated Aug. 11, 1993.

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

¢. (ANL-W) No submittal.

d. (BNL) Carson L. Nealy, U.S. Department of Energy, Brookhaven Area Office, Upton, New York, memorandum
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “Brookhaven
National Laboratory—1993 Waste Management Information Systern (WMIS) Update,” dated Aug. 12, 1993

€. (FNAL) I Donald Cossairt, Fermi National Accelerator Laboratory, Batavia, Illinois, letter to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., TAZWRAP, Oliver Springs, Tennessee, “Request for Office of Waste
Management, Waste Data Information Update,” dated Aug. 9, 1993.
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(HANF) R. D. Wojtasck, 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,” 93056888 R1, dated Aug. 30, 1993.

(INEL) Virginia C. Randall, EG&G Idaho Inc., Idaho National Engineering Laboratory, Idaho Falls, Idaho, letter
to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, “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, Missouri,
memorandum to Lise J. Wachter, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee,
detailing TSCA mixed LLW information for the Inhalation Toxicology 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., HAZWRAP, Oliver Springs, Tennessee, “WMIS Data
Call,” EM-DO: 93-941, dated Aug. 17, 1993,

(LBL) Hannibal Joma, U.S. Department of Energy, San Francisco Operations Office, letter to Lise J. Wachter,
Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessee, submitting Lawrence Berkeley
Laboratory TSCA mixed LLW waste information, 93W-332/5484.1.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., HAZWRAP, Oliver Springs, Tennessee, providing LLNL LL W information,
dated Nov. 18, 1993.

(MOUND) Mary E. Sizemore, EG&G Mound Applied Technologies, Miamisburg, Ohio, memorandum to
Lise J. Wachter, Martin Marictta Energy Systems, Inc.,, HAZWRAP, 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 Office (NE-60), Crystal City,
Virginia, memorandum to J. Coleman, DOE/EM Office of Technical Support (DOE/EM-35), Washington, D.C,,
“Update of Radioactive Waste Data on Waste Streams and Treatment, Storage, and Disposal Units for NE-60
Cognizant Facilities,” dated Aug. 9, 1993.

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

(ORISE) Lynda H. McLaren, U.S. Department of Energy, Oak Ridge Operations Office, Oak Ridge, Tennessee,
letter to Lise J. Wachter, Martin Marietta Energy Systems, Inc.,, HAZWRAP, Oliver Springs, Tennessee, “Waste
Management Information System: Integrated Data Base—QOak Ridge Institute for Science and Education (ORISE)
Submission,” dated Sept. 21, 1993,

(ORNL) Site data received, but no letter of transmittal.

(PAD) Jimmy C. Massey, Martin Marietta Energy Systems, Inc., Paducah, Kentucky, letter to Donald C. Booher,
DOE Paducah Site Office, Paducah, Kentucky, “Update of Department of Energy Low-Level Radioactive and
Low-Level Mixed Waste Data for the 1993 Integrated Data Base Annual Report,” dated Aug. 20, 1993.

(PANT) R.M. Loghry, Mason & Hanger—Silas Mason Company, Inc., Amarillo, Texas, letter to Lise J. Wachter,
Martin Marietta Energy Systems Inc., HAZWRAP, Oliver Springs, Tennessee, “Request for Office of Waste
Management—Waste Data Information Update,” dated Aug. 20, 1993.
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(PINELLAS) Gary C. Schimidtke, DOE Finellas Area Office, Largo, Florida, memorandum to Lise J. Wachter,
Martin Marictta Energy Systems, Inc., HAZWRAFY, Oliver Springs, Tennessee, detailing Picellas Plant TSCA
mixed LILW ioforeation, dated July 30, 1993.

(PORTS) Eugene W. Gillespie, DOE Portsmouth Site Oifice, Piketon, Ohio, letter to Lise J. Wachter, Martin
Marietta Energy Systems, Inc, HAZWRAP, Oliver Springs, Tennessee, “Request for Office of Wasie
Management, Waste Daia Information Update,” £0-23-5379, dated Aug. 10, 1993,

(PPPL) No submittal.

(RFP) W.'T. Prymak, DOE Rocky Flats Office, Golden, Colorado, memorandum to Lise J. Wachter, Martin
Marietta Energy Systems, Inc.,, HAZWRAP, Gliver Springs, Tennessee, “Submission of Waste (*ata Information
to Support the Integrated Data Base,” dated Aug. 27, 1993,

(SLAC) Maithew A. Allen, Stanford Linear Accelerator Center, Palo Alto, California, letter to Lise J. Wachter,
Martin Marictta Energy Systems, Inc,, HAZWRAP, Oliver Springs, Tennessee, “Waste Data Information Update,”
dated Aug. 16, 1993.

(SNLA) Steve Ward, Sandia National Laboratories, Albuquerque, New Mexico, letter 1o George K. Laskar, DOE
Albugquerque Operations, “Transmittal of Waste Management Information System (WMIS) Update Information,”
dated Aug. 5, 1993,

(SNLL) X. K. Shepodd, Sandia National Laboratories, Livermore, California, memorandum to S. E. Umshler,
30T Kansas City Arca Olffice, Kansas City, Missouri, “Updated Data for the Waste Management Information
Systein,” dated Aug. 9, 1993,

(SRS) Michael G. O’Rear, U.S. Department of Energy, Savannah River Operations Office, memoranduro to the
DOE/EM Director of the Office of Technical Support (DOE/EM-35), Washington, D.C., “Department of Energy
Waste Inventory Data Sysiems,” dated Nov. 3, 1993.

(Y-12) Site data received, bui no letter of transmittal.

(WIPP) No submittal.

(WVDP) 1. P. Jackson, West Valley Nuclear Services Company, Inc., West Valley, New Yark, letter to

Lise J. Wachter, Martin Marietta Enpergy Systems, Inc.,, HAZWRAP, Oliver Springs, Tennessee, “Waste
Information Update for Calendar Year 1992, dated Aug. 20, 1993,

Y. A Klein, et al., National Profile on Commercially Generated Low-Level Radioactive Mixed Waste, prepared by Oak
Ridge National Laboratory, Oak Ridge, Tennessee, for U.S. Nuclear Regulatory Commission and U.S. Environmental
Protection Agency, NUREG/CR-5938, ORNL-6731 (December 1992).
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Table 8.1. Thirty-four states and territoriess with EPA mixed waste authorization®

State/territory Effective date State/territory Effective date
Arizona 01/22/93 Missouri 03/12/93
Arkansas 05/29/90 Nebraska 12/03/88
California 08/01/92 Nevada 06/29/92
Colorado 11/07/86 New Mexico 07/25/90
Connecticut 12/31/90 New York 05/07/90
Florida 02/12/91 North Carolina 11/21/89
Georgia 09/26/88 North Dakota 08/24/90
Guam 10/10/89 Ohio 06/30/89
Idaho 04/09/90 Ok lLahoma 11/27/90
Illinois 04/30/90 Oregon 05/29/90
Indiana 09/30/91 South Carolina 09/13/87
Kansas 06/25/90 South Dakota 06/17/91
Kentucky 12/19/88 Tennesses 08/11/87
Louisiana 10/26/91 Texas 03/15/90
Michigan 12/26/89 Utah 03/07/89
Minnesota 06/23/89 Washington 11/723/87
Mississippi 05/28/91 Wisconsin 04/24/92

@Based on ref. 6. Infommation as of April 30, 1983.
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Table 8.2, Cuwaulative mass (kg) inventories of DOE site
operations mixed LIW through 18923,b

Site RCRA/state® Tscad Total
AMES 692 2,400 3,092
ANL-E 156,496 0 156, 496
ANL-W 19,223 e 19,223
BNL 78,305 262 78,567
FEMP 3,524,491 e 3,524,491
FNAL e 98 98
HANFE 2,946,8638 0 101,815 3,048,678
INEL 11,958,814 i 11,958,814
ITRI 960 e 360
K-25 38,661,1928 2 38,661,192
KCP 4,260 0 4,260
LANL 938,787 379,858 1,318,645
LBL 13,439 4,130 17,629
LLNL 204,189 252 204,441
MOUND 20,370 3,489 23,850
NR sitesd 17,161 0 17,161
NTS 0 e e
ORISE 8 e e
ORNL 2,894,5628 199,289 3,093,851
PAD 186,1058 2,529,125 2,715,230
'PANT 126,011 e 126,011
PINELLAS 29 a 29
PORTS 5,530,643 1,431,630 6,562,273
PPPL 0 e e
RAP sites! 1,349,212 300 1,350,112
RFP 61,240,145 25,120 81,265,265
RMI 9,008 e 9,008
SLAG e 0 0
SNLA 98,285 68 98,353
SNLL 3,577 0 3,577
SRS 2,373,3428 18,656 2,381,998
WVDP 16,790 12,251 23,041
Y-12 16,503,5738 5,872,800 22,376,473
Others™ 44,129,016 e 44,129,016

Total 193,005,630 10,582,303 203,587,933

8Mat.erials may be in interim storage awaiting treatment.
Specific site information is provided in Sect., 8.4,

brn general, densities of 500 kg/m? for 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.

CBased on the IMWIR, ref. 7.

dBased on the DOE site data submittals of ref. 9.

©Information not available or unknown.

fIncludes contributions from PNL.

8Reported inventory as of the end of 1991,

Consists of contributions from newly generated solid waste.
iContributions are included in the RCRA/state category.
JIncludes contributions (if any) from Bettis (BAPL), Knolls

(KAPL), and NRF (INEL).

Reported inventory as of the end of February 1993,

lIncludes contributions from Santa Susana (ETEC/SSFL), Colonie
(CISS), Grand Junction (GJPO), and Weldon Spring (WSSRAP).

®Includes contributions from the Middlesex Sampling Plant in
New Jersey (44,043,936 kg), the Laboratory for Energy-Related Health
Research in California, and 4 naval shipyards (Mare Island,
Californja; Pearl Harbor, Hawaii; Portsmouth, Maine; and Puget
Sound, Washington),
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Teble 8.3. Cusulative volume (@°) invenLtories of DOE site
operations mixed LIM through 19922

Site RCRA/stateP TSCAS Total
AMES 0.2 2.4 2.6
ANL-E 95.9 0 95.9
ANL-W 9.5 d 9.5
BNL 84.5 0.7 85.2
FEMP 3,108.1 d 3,108.1
FNAL d 0.1 0.1
HANE® 2,930.7%:8 87.4 3,018.1
INEL 23,215.4 h 23,215.4
ITRI 1.3 d 1.3
X-25 29,100.4% d 29,100.4
KCP 5.4 0 5.4
LANL 680.5 1,859.6 2,540.1
LBL 22.2 3.3 25.5
LLNL 212.0 0.2 212.2
MOUND 50.7 3.4 54.1
NR sitesi 30.9 0 30.9
NTS 0.0 d d
ORISE d d d
ORNL 2,665.2% 1,357.0 4,022.2
PAD 185.8f 3,293.3 3,479.1
PANT 87.9 d 87.9
PINELLAS 0.0 0 0
PORTS 5,527,793 6,403.0 11,930.7
PPPL 0.0 d d
RAP sitesk 715.6 5.7 721.3
RFP 56,026.0 52.0 56,078.0
RMI 15.9 d 15.9
SLAC d 0 0
SNLA 65.5 0.4 65.9
SNLL 9.5 0 9.8
SRS 4,648.0F 92.1 4,740.1
WVDP 12.2 32.6 448
Y-12 11,112.1f 4,014 .0 15,126.1
Othersl 24,545.2 . d 24,545,2

Total 165,164 .4 17,207.2 182,371.6

3Materials may be in
Specific site information
bpased on the IMWIR,

interim storage awalting treatment.

is provided in Sect. 8.4.
ref. 7.

CBased on the DOE site data submittals of ref. 9.
dInformation not available or unkmownm.

€Includes contributions from PNL.

fReported inventory as of the end of 1991.

BConsists of contributions from newly generated solid

waste.

?Contributions are included in the RCRA/state category.

1includes contributions (if any) from Bettis (BAPL),
¥Xnolls (KAPL), and NRF (INEL).

JReperted inventory as of the end of February 1993,

kIncludes contributions from Santa Susana (ETEC/SSFL),
Colonie (CISS), Grand Junction (GJPO), and Weldon Spring

(W3SRAP) .

lincludes contributions from the Middlesex Sampling Plant
in New Jersey (24,468 m3), the Laboratory for Energy-Related
Health Research in California, and 4 naval shipyards (Mare
Island, California; Pearl Harbor, Hawaii; Portsmouth, Maine;
and Pugst Sound, Washington).
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Table 8.4, PFrojected S-year {1993-1997) cusulative wass (kg)
generation of DOE site operations mixed LIWY,

Site RCRA/state® Tscad Total
AMES 0 100 100
ANL-E 61,973 251,486 313,459
ANL-% 4,550 e 4,550
BHL 27,243 214 27,457
FEMP 66,796 e 66,796
FHAL e 150 110
Hanpf 11,750,8328 92,500 11,843,332
INEL 2,569,971 0 2,569,971
ITRI 16,290 2 16,290
K-25 6,637,1850 e 6,637,185
KCP 0 0 0
LANL 545,950 164,000 709, 850
LBL 17,874 70,000 87,874
LLNL 404,417 0 404,417
MOUND 1,559 0 1,558
MR sitesl 35,820 49,466 85,286
NS 0 e 2
ORISE e e )
ORNL 652,192 64,935 717,127
FAD 380, 5980 2,305,225 2,685,823
PANT 278,400 e 276,400
PINELLAS 0 0 0
FORTS 4,456,147 e 4,456,147
FPPL aos e 395
RAP sitesd 9,216 84,250 93,466
REP 3,908,995 128,480 4,037,475
RMI 440 e 440
SLAC ° 0 0
SNLA 1,564 e 1,564
SNLL 4,175 o 4,175
SRS 18,538, 1500 28,600 18,564,750
WVDP 8,000 23,217 31,226
Y-12 13,101, 7162 e 13,101,716
Othersk 42,940 o 42,940

Total 3,521,397 3,260,623 66,782,020

ASpecific site information is provided in Sect. 8.4,
brn general, densities of 500 kg/m3 for compressed gases,
1,000 kg/m3 for liquids, and 1,500 keg/m® for solids and sludges were
assumed to estimate masses when site did mot report mass data,
CBased on the IMWIR, xsf., 7.
dBased on the DOE site data submittals of ref. 9.
®Information not available or unknown.
Includes contributions from PHNL.
BCumulative generation for the period 1892-~1897. Consists of
contributions from newly generated solid waste.
Cumulative gensration for the period 1992-1998,
iIncludes contributions (if any) from Bettis (BAPL), Knolls
(KAPL), and NRF (INEL).
JIncludes contributions from Battelle (BCLDP) and Santa Susana
(ETEC/SSFL).
Kincludes contributions from 8 naval shipyards (Charleston,
South Carolina; Mare Island, California; Norfolk, Virginia; Pearl
Harbhor, Hawail; Portsmouth, Maine; and Pugeb Sound, Washingtom).
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Table 8.5. Projected S-year (1993-1997) cumulative
volume (m”) geumeration of DOE site
operations mixed LLW®

Site RCRA/stateP TSCAS Total
AMES 0.0 <0.1 <0.1
ANL-E 29.8 628.1 657.9
ANL-W 3.9 d 3.9
BNL 27.4 1.6 29.0
FEMP 151.1 d 151.1
FNAL d 0.2 0.2
HANF® 11,603 .2% 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
XCP 0.0 0.0 0.0
LANL 524.7 265.0 789.7
LBL 31.1 7.0 3s.1
LLNL 430.5 0.0 430.5
MOUND 1.5 0.0 1.5
NR sitesh 38.9 93.2 132.1
NTS 0.0 d d
ORISE d d d
ORNL 599.48 262.8 862.2
PAD 380,18 3,041.4 2,421.5
PANT 195.7 d 195.7
PINELLAS 0.0 0.0 0.0
PORTS 4,610.9 d 4,610.9
PPEL 0.5 d 0.5
RAP sitesl 20.4 88.3 108.7
RFP 2,640.5 123.1 2,763.6
RMI 0.9 d 0.9
SLAC d 0.0 0.0
SNLA 0.8 d 0.8
SNLL 15.8 0.0 15.8
SRS 14,537.78 133.0 14,670.7
WVDP 7.3 86.0 103.3
Y-12 10,233.08 d 10,233.0
Othersd 79.9 d 79.9

Total 55,189.8 4,819.3 60,009,1

a8gpecific site information is provided in Sect. 8.4.

bgased on the IMWIR, ref, 7.

CBased on the DOE site data submittals of ref. 9.

dInformation not available or unknown.

®Includes contributions from PNL.

foumulative generation for the period 1992-1997,
Consists of contributions from newly generated solid waste.

ZCumulative generation for the period 1992-1996.

hincludes contributions (if any) from Bettis (BAPL),
Knolls (KAPL), and NRF (INEL).

iIncludes contributions from Battelle (BCLDP) and Santa

" Susana (SSFL/ETEC).

JIncludes contributions from 6 naval shipyards
(Charleston, South Carolina; Mare Island, California; Norfolk,
Virginia; Pearl Harbor, Hawaii; Portsmouth, Maine; and Puget
Sound, Washington).
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Physical/chemical groups amd categories used to characterivze RCRA- and
state-regulated mixed LIW from DOE site operations®

Wast.e group/category

Description

Liguids

Acueous

Organic

Sludges and solids

Inorganic

Organic

Cemented solids

Solids

Debris

Inorganic

Organilc

Heterngeneous

Labpacks

Consist of solutions and slurries

Consist mainly of water, have <1 (by mass) total organic carbon
{TOC) content, and <35-40Z% (by wass) settled or suspended solids.
Some are commonly referrsd to as wastewaters. Exclude lab packs

Comprised mainly of hydrocarbons such as petroleum distillates and
halogenated solvents. Include any pumpable fluids, liguids, and
slurries with a TOC of at least 1% and <35-40% (by mass) of
suspended oy settled solids., Exclude lab packs

Solid or semisolid materials other than soil or debris. Include
highly viscous, nonpumpable materials

Comprised of solid or semisolid inorganic or mineralogical
materials other than soil or debris. These wastes are generally
hemogeneous and include sludges from chemical wastewater treatment
plants and dusts from air pollution control devices. (ontain less
than 50Z heterogeneous debris (by volume)

Comprised of solid or semisolid organic materials other than
debris. Semiscolids include highly viscous liquids and sludges.
These wastes are generally homogeneous and include sludges from
biological wastewateyr treatment plants, activated carbon, and
organic resins., Contain less than 50Z heterogeneous dabris

(by volume)

Liquids, sludges, or wiscellaneous solids that have been
solidified/stabilized with portland cement or other solidifying
agents but do not meet land disposal restriction (LDR) treatment
standards., These are a separate subcategory of homogeneous
inorganic solids that require special handling and treatment

Contaminated soils are geologic materials less than 60 mm in
diameter that have radioactive and hazardous contaminants. Such
snils are stored in waste containers for special handling and
treatment, Exclude in-situ soils. Include mixtures eof soils and
debris containing less than 507 debris (by volume)

Solid material, which is either discarded or intended to be
discarded, exceeding 60 mm particle size that is either (1) a
manufactured object, (2) plant or animal matter, or (3) natural or
geological waterial (e.g., boulders and cobblestones). Excludes
lead acid batteries and process residuals (e.g., smelter slag and
residual ash) for which special treatment standards have been
established. Mixtures of debris and other materials are
considered debris if the mixture is comprised of >50% debris by
volume

Include discarded metallic and ceramic construction materials,
equipment.,, and structures. Scme of these contain metal piping,
metal turnings, glass, concrete, yocks, and asphalt

Include animal ecarcasses, discarded paper, plastic products, wood,
rubber, and fabrics such as clothing, gloves, and rags

Composed of both inorganic and organic debris or debris with soils
or process solids that occupy up to 30% of the total waste volume

Wastes with one or more small containers of free liquids or solids
surrounded by a solid absorbent material in a large container.
Include used scintillation vials and relatively small amounts of
discarded laboratory equipment and laboratory chemicals
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Table 8.6 (comitinuved)

Waste group/category

Description

Labpacks (continued)
With wetals

Withont metals

Reactive/dangerous wastes

Compressed gases

Explosives

Reactive metals

Inherently hazarvdous wastes

Batteries

Beryllium dust

Elemental lead

Ligquid wmercury

Multiple wastes

Other wastes

Contain one or more RCRA toxic characteristic (TC) metals
Not contaminated with TC metals

Wastes that are chemically reactive and dangerous thereby posing
an acute physical hazard. %astes with reactive contaminants
(e.g., cyanides) are not considered in this group unless the
overall waste watrix material itself is reactive

Include discarded aerosol cans and pressurized gas cylinders

Waste materials that may explode during normal or extrems
handling. Includes discarded high-explosive materials and
nitrated celluloses

Bulk reactive metals that, when wmixed with water, generate toxic
or flammable gases. Include sodium, alkaline metal alloys,
aluininwn fines, and other pyrophoric materials

Wastes whose primary components are toxic or hazardous
Primarily lead acid and cadmiws batteries
Waste containing bulk guantities of beryllium dust

Includes both surface-contaminated and activated lead., Surface-
contaminated lead includes bricks, counterweights, shipping casks,
and other shielding containers. Activated lead includes material
activated by nsutron or accelerated particle abscrption

Any waste containiug bulk guantities of liquid mercury

Wastes comprisaed of mixtures of some of the waste forms described
above and, therefore, may require sorting or separating prior to
treatment

Wastes that do not fit into any of the above categories or are not
yet characterized well enocugh to determine their physical and
chemical properties. Includes mixtures of wastes not previocusly
defined

ABased on the IMWIR, ref. 7.



Table 5.7. Cwoulatlve mass and volume inventories through 1982, by
physical/chemical matrix category, of RCRA~ and state-regulated

mized LIW from DOE site operatioms®

b Mass Voluma
Category (kg) (ma)

Liguids

Aqueous 49,648,415 49,073.3

Organic 2,081,754 2,148.3
Sludges and solids

Inoxrganic 56,608,672 42,381.7

Organic 2,888,740 2,881.7
Czmented solids 242,054 169,11
Soils 12,916,684 9,930.0
Debris

Inorganic 46,090,689 26,495.7

Organic 1,097,946 3,472.0

Hetarogeneous 3,589,414 9,742.5
Labpacks

With metals 131,174 167.7

Without metals 99,685 99.3
Reactive/dangerous wastes

Compressed gases 2,558 4.2

Explosives 830 0.8

Reactive metals 47,021 66.0
Inharently hazardous wastes

Batteries 16,505 16.8

Berylliwn dust 2,205 1.5

Elemental lead 4,290,984 8,249.5

Ligquid mercury 270,954 31.8
fultiple wastes 10,628,584 7,309.86
Other wastes 2,350,762 2,922.9

Grand total (DOE complex) 193,005,630 165,164.4

3pased on the IMWIR, ref. 7. Detailed site data for these

categorises axe also reported in this reference.

bas described in Table 8.6 and ref. 7.
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Table 8.8, Projected S5~-year (1993-1997) cumulative wmass and valuvme
generatiom, by pbysical/chemical matrix category, of RURA- apd

state-regulataed mixed LIW from DOE sites operstions?

b Mass Volume
Category (kg) (m3)
Liquids
Aruenus 8,342,923 8,324.0
Organic 8,621,826 g9,074.1
Sludges and solids
Inorganic 7,712,018 5,451.9
Organic 2,014,960 2,054,1
Cemented solids 7,820,412 4,906.9
Soils 654,418 502.8
Debris
Inorganic 1,322,258 993.1
Organic 2,193,790 2,266.1
Heaterogeneous 5,201,567 5,800.8
Labpacks
With metals 2,826,764 2,742.2
Without metals 3,421,754 3,429.8
Reactive/dangerous wastes
Compressed gases 11,503 14.5
Explosives 3,100 3.1
Reactive metals 13,936 10.3
Inhereatly hazardous wastes
Batteries 131,704 130.2
Beryllium dust 1,050 0.7
Elemental lead 777,622 311.2
Ligquid mercury 96,671 91.3
Multiple wastes 11,889,962 8,429.1
Other wastes 463,161 653.6
Grand total (DOE complex) 63,521,397 55,189.8

@Based on the IMWIR, ref, 7. Detailed site data for these

categnries are also reported in this reference,

bas described in Table 8.6 and ref. 7.
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Table 8.9. Cwoulative mass (kg) imventories throagh 1992, by physical cabegory,

of TSCA-regulated mixed LIW from DOE site 0paratiﬂnsa'b

Site Solid Liguid Gas Sludge Total
AMES 2,400 0 0 0 2,400
ANL-E 0 0 0 0 0
ANL-#

BNL 262 0 0 0 262
FEMP
FHAL 98 0 0 0 as
ganyd 94,255 7,560 ) 0 101,815
INEL e e 0 e e
ITRI
K-25
KCP ) 0 0 0 0
LANL 376,220 3,638 0 0 379,858
LBL 2,790 1,400 0 0 4,100
LLNL 247 5 0 0 252
MOIUND 2,490 399 0 0 3,489
¥R sitesf 0 0 o 0 o
HIS
ORISE
ORNL 189,289 0 0 0 192, 289
PAD 2,379,587 149,538 0 0 2,528,125
PANT
PINELLAS ) 0 0 0 @
PORTS 1,245,900 95,204 0 90,436 1,431,630
PPEL
RAP sites® 900 0 0 b 900
RFP 21,100 4,020 0 0 25,120
EMI
SLAC o 0 0 0 0
SNLA 68 0 0 0 68
SNLL 0 0 () 0 0
SRS 18,656 0 0 0 18,655
WVDP 12,251 ) 0 0 12,251
y-12 5,578,000 294,900 0 h 5,872,900
Total 9,934,513 557,354 o 90,436 10,532,303

2Based on the DUE site data submittals of ref. 9.
storage awalting Lreatment.

Material may be in interim
Specific site information is provided in Sect. 8.4,

In general, densities of 500 kg/m3 for compressed gases, 1,000 kg/m3 for
ligquids, and 1,500 kg/m3 for solids and sludges were assumad to calcoculate masses
when the site did not report mass data.

CStored in cylinders.

r'iI!.'zcludes contributions from ENL.

®For INEL, ref, 9(g) reports the following 1992 physical category cumulative
solid, 8,600,000 kg; ligquid, 179,000 kg; mo gas; and sludge,
3,080,000 kg. These inventories are mot included in the totals reported in this
table because they are included in the INEL RCRA/shata waste inventoriss of the

mass inventories:

IMATR (xef. 7).

fincludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and HRF

(INEL).

&Includes contributions from Battells (BCLDP) and Santa Susana (3SFL/RTEC).

Unknown.
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.

ative woluwme (=} ioventories throvgh 1992,

MES 2.4 0 0 0 2.4
ANL-E 0 0 0 0 0
ANL-W
BH. 0.7 0 0 0 0.7
FEMP
FNAL 0.1 0 0 0 0.1
HANF¢ 79.8 7.6 0 0 87.4
INEIL e e 0 e
TIRIL
K-25
KCP 0 0 0 0 0
1.ANI 1,855.1 4.5 0 0 1,859.6
1BLL 1.9 1.4 0 0 3.3
LLNL 0.2 <<.1 0 0 0.2
MOUND 2.5 0.9 0 0 3.4
NE sites 0 0 0 0 0
ORISE
ORNL 1,357.0 0 0 0 1,357.0
PAD 3,128.0 165.3 0 0 3,293.3
PANT
PINELLAS 0 0 0 0 0
PORTS 6,186.0 65.0 0 152.0 6,403.0
PPPL
RAF sitesB 5.7 0 0 0 5.7
RFF 45.5 5.5 0 0 52.0
RMI
SLAC 0 0 0 0 0
SKL.A 0.4 0 0 0 0.4
SNLL 0 0 0 0 0
SRS 92.1 0 0 0 92.1
WVDE 32.6 0 0 0 32.6
Y-12 3,719.0 295.0 0 h 4,014.0

Total 16,510.0 545.2 0 152.0 17,207.2

2Pased on the DOE site data submwittals of ref. 9. Material may be in
interim storage awaiting treatment. Specific site info
Sect. 8.4.

In general, densities of 500 kg/m3 for compressed gases, 1,000 kg/m3 Ffor
ligquids, and 1,500 kg/m3 for solids and sludges were assumad to calculate
masses wien the site did not report msss data.

CStored in cylinders.

dipcludes contributions from PNL.

®For INFL, ref. 9(g) reports the follcowing 1992 physical category
cumilative volume inventories: solid, 19,000 ma; liquid, 178 m3; no gas; and
sludge, 3,100 =3 These inventories are not reperted in this table because
they are included iii the INEL RCRA/state waste inventories of the IMWIR
(ref. 7).

fincludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and
NEF (INEL). .

BIncludes contributions from Battelle (BCLDP) and Santa Susana
(SSFL/ETEC) .

Troto
UKL

rmation is provided in
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Table 8.11. 1992 mass (kg) generaktion, by physical category, of
TSCA-regulated mixed LLW from DOE site operatiunsa'b

Site Solid Liquid Gas® Sludge Total
AMES 200 0 g 0 200
ANL-E 0 0 0 0 0
ANL~-W
BNL 34 0 0 0 34
FEMP
FNAL 29 0 0 0 29
HANFY 56,245 0 0 0 58,245
INEL ) 0 0 0 e
ITRI
K-25
KCP 0 0 0 0 0
LANL 73,822 431 0 0 74,253
LBLY 1,560 26 0 0 1,586
LLNL 0 0 0 0 0
MOUND 0 0 0 0 0
MR sites® 9,611 o o 0 9,611
NTS
ORISE
ORNL 35,229 0 0 0 35,229
PAD 102,867 69,753 ) 0 172,620
PANT
PINELLAS 0 0 i 0 0
PORTS 297,470 71,850 0 4,380 373,780
PPPL
RAP sites8 800 i ¢ 0 200
RFP 18,884 0 0 0 18,884
RMI
SLAC 0 0 0 0 0
SNLA 0 0 0 0 0
SNLL 0 0 0 0 0
SRS 6,740 0 0 0 6,740
WVDP 2,808 0 0 0 2,308
¥-12 50,420 2,134,000 0 h 2,184,420

Total 656,819 2,276,160 0 4,360 2,937,339

@Based on the DOE site data submittals of ref, 9. Material may be in interim

sborage awaiting treatment. Specific site information is provided in Sect. 8.4.
In general, densities of 500 kg/m3 for compressed gases, 1,000 kg/m3 for

liquids, and 1,500 kglm3 for solids and sludges were assumed to calculate masses
when the site did not report mass data.

CStored in cylinders.

dIncludes contributions from PNL.

®For INEL, ref. 9(g) reports 760,000 kg of TSCA mixed LLW (solids) generated
during 1992, These wastes are not reported in this table, however, because thsy
are part of the INEL RCRA/state waste inventories of the IMWIR (ref. 7).

fIncludes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF
(INEL).

&8Includes contributions from Battelle (BCLDF) and Santa Susana (SSFL/ETEC).

Bymknown.
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Table 8.12. 1992 volmme (=) generstion, by physical category, of
TSCA-regulated mixed LIW from DOE site operatioms®.P

Site Solid Liguid Gas® Sludge Total
AMES 1.0 o 0 0 1.0
ANL-E 0 0 0 0 0
ANL-W
BNL 0.2 o 0 ()} 0.2
FEMP
FRAL <0.1 () 0 0 <0.1
HanFd 41.8 0 0 0 41.8
INEL 8 o o 0 e
ITRI
K-25
KCP 0 0 0 0 0
LANL 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
MR sitesf 18.9 0 0 0 18.9
NTS
ORISE
ORNL 106.0 0 0 0 106.0
PAD 250.3 72.0 0 0 322.3
PANT
PINELLAS 0 0 0 0 0
PORTS 828.0 20.0 0 30.0 878.0
PPPL
RAP sites8 5.7 0 () 0 5.7
RFP 32.3 0 0 0 32.3
RMI
SLAC 0 ) 0 () 0
SNLA 0 0 0 0 0
SNLL 0 0 0 0 0
SRS 33.7 0 0 0 33,7
WVDP 6.8 0 0 0 6.8
Y-12 34.0 2,134.0 o h 2,168.0

Total 1,442.5 2,226.8 (] 30.0 3,699.3

2Based 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.

bpensities of 500 kg/m® for compressed gases, 1,000 kg/m® for liquids,
and 1,500 kg/m” for solids and sludges were assumed to calculate masses when
the site did mot report mass data,

CStored in cylinders.

Includes contributions from FHNL.

®For INEL, ref. 9(g) reports 1,260 m3 of TSCA mixed LLW (solids)
generated during 1992, These wastes are not reported in this table,
howaver, hecause they are included in the INEL RCRA/state waste inventories
of the TMWIR (ref. 7).

fIncludes contributions (if any) from Bettis (BAPL), Xnolls (KAPL), and
NRF (INEL).

&Includes contributions from Battelle (BCLDP) and Santa Susana
(SSFL/ETEC).

hUnknown.
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Table 8.13. Cumalative mass (kg) inventories through 1982,
by hazard category, of TSCA-regulated mized
LIW from DOE site operations?

Site PCB Asbestos Other Total
AMES 0 2,400 0 2,400
ANL-E 0 0 0 0
ANL-W
BNL 228 34 0 262
FEMP
FNAL 98 0 0 98
HANFP 101,815 c 0 101, 815
INEL d 0 d d
ITRI
X-25
KCP 0 0 0 0
LANL 19,837 360,021 0 379,858
LBL 410 2,175 1,605° 4,190
LLNL 5 247 0 252
MOUND 3,489 0 0 3,489
NR sitesf 0 0 0 0
NTS
ORISE
ORNL 0 199,289 0 199,289
PAD 2,485,418 43,707 0 2,528,125
PANT
PINELLAS 0 0 0 0
PORTS 1,033,900 397,730 0 1,431,630
FPPL
RAP sites® 0 900 ] 900
RFF 9,860 15,260 o 25,120
RMI
SLAC 0 0 0 0
SNLA 0 68 0 68
SNLL 0 0 0 0
SRS 636 18,020h 0 18,656
WVDP 4,196 8,055 0 12,251
Y-12 5,872,900 0 0 5,872,900

Total 8,532,792 1,047,906 1,605 10,582,303

2Based 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,

Includes contributions from PNL.

CUnknown.

dyor INEL, ref. 9(g) reports no asbaestos 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 IMWIR (ref. 7).

®pump oil contaminated with tritium.

Tincludes contributions (if any) from Bettis (BAPL), Knolls (KAPL),
and NRF (INEL).

&€Includes contributions from Battelle (BCLDP) and Santa Susana
(SSFL/ETEC).

Dgstimated from volume data assuming a density of 200 kg/ms.
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Teble 8.14. Cumulative volume (m9) inventories through 1992,

by hazard category, of ISCA-regulated mixed

LI¥ from DOE site cperaticns?

Site FCB Ashestos Other Total
AMES 0 2.4 0 2.4
ANL-E 0 0 0 0
ANL-W
BNL 0.5 0.2 [1} 0.7
FEMP
FNAL 0.1 0 0 0.1
HANFD 87.4 c 0 87.4
INEL d 0 d d
ITRI
K-25
KCP 0 0 0 0
LANL 56.8 1,802.8 [ 1,858.6
LBL 0.4 1.5 1.4° 3.3
LILNI << 1 0.2 0 0.2
MOUND 3.4 o 0 3.4
MR sitesf 0 0 0 0
NTS
ORISE
ORNL 0 1,357.0 ¢ 1,357.0
PAD 3,121.5 171.8 o 3,293.3
PANT
PINELLAS 0 0 0 0
PORTS 2,901.0 3,502.0 0 6,403.0
PPPL
RAP sites® 0 5.7 0 5.7
RFP 26.8 25,2 1] 52.0
RMI
SLAC 0 0 0 [¢]
SHLA 0 0.4 0 0.4
SHLL 0 1} 0 0
SRS 2.0 90.1 0 92.1
WVDP 5.1 27.5 0 32.6
Y-12 4,014.0 0 0 4,014.0

Total 10,219.0 6,986.8 1.4 17,207.2

4Based on the DOE site data submittals of ref. 9. Material
may be in interim storage awaiting treatment. Specific site
information i1s provided in Sect. 8.4,

PIncludes contributions from FHL,

CUnknowm.

dgor INEL, ref. 9(g) reports mo asbestos and 0.2 m” of PCB

wastes, These are part of a 1992 cumulative TSCA-regulated waste
These invenitories are not included in this

inventory of 22,278 m>.

table, however, because they are part of the INEL RCRA/state waste

inventories of the IMAIR (ref. 7).

®Pump oil contaminated with tritium.

fIncludes contributions (if any) from Bettis (BAFL), Knalls

(KAFPL), and NRF (INEL).

8Includes contributions from Battelle (BCLDP) and Santa Susana

(3SFL/ETEC).
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Table 8.15. 1992 mass (kg) generation, by hazard category,
of TSCA-regulated mixed LLW from DOE site operatioms?®

Site ECB Asbestos Other Total
AMES 0 200 0 200
ANL-E 0 0 0 0
ANL~-W
BNL 0 34 0 34
FEMP
FNAL 29 0 0 29
HANF® 56,245 c 0 56,245
INEL d d 0 d
ITRI
K-25
XCP 0 0 0 0
LANL 68,948 5,305 0 74,253
LBL 40 1,500 46° 1,586
LLNL 0 0 0 0
MOUND 0 0 0 0
MR sitesf 0 9,611 0 8,611
NTS
ORISE
ORNL 0 35,229 0 35,229
PAD 151,369 21,251 0 172,620
PANT
PINELLAS 0 0 0 0
PORTS 184,600 189,180 0 373,780
PPPL
RAP sitesB 0 800 0 900
RFP 284 18,600 0 18,884
RMI
SLAC 0 0 0 0
SNLA 0 0 0 0
SNLL 0 0 0 0
SRS 0 6,740b 0 6,740
WVDP 0 2,808 0 2,808
¥Y-12 2,184,420 0 0 2,184,420

Total 2,645,935 291,358 46 2,937,339

8Based 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.

Slnknown.

For INEL, ref, 9(g) reports a 1992 genseration of 760,000 kg,
comprised of 680,000 kg of PCBs and 80,000 kg of asbestos. These
contributions are not included in this table, however, because these
wastes are part of the INEL RCRA/state waste inventories of the IMWIR
(ref. 7).

€Pump oil contaminated with tritium.

fIncludes contributions (if any) from Bettis (BAPL), Knolls
(KAPL), and NRF (INEL).

&Includes contributions from Battelle (BCLDP) and Santa Susana
(SSFL/ETEC).

Estimated from volume data assuming a density of 200 kg/m3.
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Table 8.18. 1892 volimme (ms) generation, by hazard category,
of TSCA-regulated aized LI¥ from DOE site opesrations?

Site PCB Asbestos Other Total
AMES 0 1.0 0 1.0
ANL-E 0 0 0 0
ANL-W
BNL. 0 0.2 0 0.2
FEME
FNAL <0.1 0 o <0.1
HANFD 41.8 c 0 41.8
INEL d d o d
ITRI
K-25
KCP 0 0 0 0
LANL 46,0 37.1 0 83.1
LBL <<{,1 1.0 0.4¢® 1.4
LLNL 0 0 0 0
MOUND 0 4] 0 0
NR sitesf 0 18.9 0 18.9
NTS
ORISE
ORNIL 0 106.0 0 106.0
PAD 230.0 92.3 0 322.3
PANT
PINELLAS 0 0 0 0
PCRTS 411.0 467.0 0 878.0
PPPL
RAP sites® 0 5.7 0 5.7
RFP 1.5 30.8 0 32.3
RMI
SLAC 0 0 0 0
SNLLA 0 0 0 0
SNLL 0 0 0 0
SRS 0 33.7 0 33.7
Wvop 1} 6.8 0 5.8
¥-1i2 2,168.0 0 0 2,168.0

Total 2,898.4 800.5 0.4 3,699.3

8Based on the DOE site data submittals of ref. 9. Material
may bhe in interim storage awaiting treatment. Specific site
information is provided in Sect. 8.4,

bIncludes contributions from FHL.

Clnknowm,

dFor INEL, ref. 9(g) reports a 1992 generation of 1,260 m3,
comprised of 580 m3 of PCBs and 680 m> of asbestos. These
contributions are not included in this table, howaver, because
these wastes are part of the INEL RCRA/state waszte inentories of
the IMWIR (ref. 7).

®Pump 0il contaminated with tritium.

fIncludes contributions (if any) from Rettis (BAPL), Knolls
(KAPL), and NRF (INEL).

8Includes contributions from Battelle (BCLDP) and Santa Susana

(SSFL/ETEC).
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Table 8.17., Historical and projected annual volume (ma) generatlon rates for RCRA- and
state-regulated mixed LIW from DOE site envirommemtal restoration activitlies®

1992 and Projected
Site prior? 1993 1994 1995 1996 1997 total®
AMES 0 1,000 1,000
ANL-E 0 9.9 10 9.5 9.5 9.4 48.3
ANL-W 0
BNL 0 8.6 es 83.6
FEMP 2,500 230 34,000 34,000 34,000 63,000 165,230
FNAL 0
HANFd 6.9 14 59 130 350 500 1,053
INEL 11 180 45 5,300 8,500 48 14,074
ITRI 0
X-25 1° 70 220 65 24 220 599
XKCP 0
LANL 0
LBL 0
LLNL 0 8,100 8,100
MOUND 1.8 28 57 57 57 199
NR sitesf 0
NTS 0 10 120,000 83,000 203,010
ORISE 0
ORNL 0 1 5 6 6 8 26
PAD 7@ 1,400 4,500 6,200 3,500 9,000 24,800
PANT 0 720 120 840
PINELLAS 0
PORTS 188 550 360 1,100 1,100 620 3,730
PPPL 0
RAP sites® 110.6 101 1,601 1,601 101 101 3,505
RFP 43 77 11,000 41,000 41,000 55,000 148,077
RMI 15.9 3.2 3.2 3.2 3.2 3.2 16.0
SLAC h
SNLA 0 70 110 140 8,800 9,400 18,520
SNLL 0
SRS 0 7.8 7.8 7.8 7.8 7.8 39.0
WVDP 0
¥-12 29 140 59 34 160 33 426
Othersh 24,476.1 8.5 20 28.5

Total 27,220.3 3,582.4 53,157.5 89,663,5 217,618.5 229,192.4 593,214.4

8Based on the IMWIR, ref. 7.
bactual data.
©Totals for the period 1983-1897.
Includes contributions from PNL.
®Does not include contributions from years prior to 1992,
fIncludes contributions (if any) from Bettis (BAPL), Knolls (KAFPL), and NRF (INEL),
&Includes contributions (if any) from Battelle (BCLDP), Colonie (CISS), Grand Junction
(GJPO), Santa Susana (SSFL/ETEC), and Weldon Spring (WSSRAP),
Includes contributions (if any) from General Atomic (California), Laboratory for Energy~
Related Health Research (California), Middlesex Sampling Plant (New Jersey), and Palo Forest
Reserve (Illinocis).
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Table 8.18. Historical and projected sonwal mass (kg) generation rates for
ISCA-regulated mizxed LIW from DOE site operations?

Site 1992P 1993 1994 1995 1996 1997 1998-2030°¢
AMES 200 50 50 d d d d
ANL-E 0 0 188,528 31,4867 31,467 24 24
ANI-Y
BNI. 34 40 42 44 44 44 40
FEMP
FNAL 29 30 30 30 30 30 10
HANF® 56,245 18,500 18,500 18,500 18,500 18,500 18,500
INEL £ ] 0 0 0 0 0
ITRI
K-25
KCP 0 0 1} [4} 0 0 0
LANL 74,253 28,000 31,000 37,000 37,000 31,000 28,000
LBL 1,586 1,400 1,400 1,400 1,400 1,400 1,400
LLNL 0 0 0 ] 0 0 0
MOUND 0 0 0 0 0 0 0
NR sites® 9,611 9,918 10,318 10,190 9,605 9,435 9,275
NTS
ORISE
ORNL 35,229 4,827 15,027 15,027 15,027 15,027 15,027
PAD 172,620 461,605 461,190 460,810 460,810 460,810 460,810
PANT
PINELLAS 0 0 0 0 [} 0 0
PORTS 373,780 d d d d d d
PPPL
RAP sitesP 200 16,950 17,800 16, 500 16,500 16,500 1,500
RFP 18,884 84,000 3,180 19,400 2,500 19,400 18,800
RMI
SLAC 0 0 3} 0 0 [¢] 4}
SNLA 0 d d d d d d
SNLL 0 0 0 0 0 0 0
SRS 6,740 5,320 5,320 5,320 5,320 5,320 5,320
WYDP 2,808 4,689 4,632 4,632 4,632 4,632 4,663
¥-12 2,184,420 d d d d d d

Total 2,937,339 635,329 757,017 620,320 602,835 582,122 563,369

8Based on the DOE site data submittals of ref. 9.

in Sect. 8.4.

bactual data.
CAverage annual generation rate anticipated for this period.
dInformation not available.

Includes contributions from FNL.

Specific site informatiom is provided

fror INEL, ref. 9(g) reports a 1992 generation of 760,000 kg of TSCA-regulated wastes,
which are included in the site’s RCRA/state wasie inventories reported in the IMWIR (ref. 7).
8Includes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF (INEL).

hincludes contributions from Battelle (BCLDP) and Santa Susana (SSFL/ETEC).
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Table 8.18. Historical and projected ambual volume (m3) generation rates for
TSCA-regulated mixed LIW from DOE site operations®

Site 1902P 1893 1994 1985 1986 1897 1998-2030°¢
AMES 1.0 <0.1 <0.1 d d d d
ANL-E 0 0 470.8 78.6 78.6 <0.1 <0.1
ANL-W
BNL 0.2 0.3 0.3 0.3 0.3 0.3 0.3
FEMP
FNAL <9.1 <0.1 <0.1 <0.1 <0.1 <0.1 <<g.1
HANF® 41.8 15.9 15.9 15.9 15.9 15.9 15.9
INEL f 0 0 0 0 0 0
ITRI
K-25
KCP 0 0 0 0 0 0 0
LANL 83.1 45.0 50.0 60.0 60.0 50.0 45.0
LBL 1.4 1.4 1.4 1.4 1.4 1.4 1.4
LLAL 0 0 ¢} 0 0 0 0
MOUND 0 0 0 0 0 0 0
MR sites® 18.¢ 20.5 20.5 20.2 17.2 16.8 16.5
NTS
ORISE
ORNL 106.0 36.4 56.6 56.6 56.6 56.86 56.8
PAD 322.3 609.0 €08.5 608.0 608.0 608.0 608.0
PANT
PINELLAS 0 0 0 0 0 0 0
PORTS 878.0 d d d d d d
PPPL
RAP sitesh 5.7 18.0 20.8 16.5 16.5 16.5 1.5
RFP 32.3 6.3 21.8 37.0 21.0 37.0 32.0
RMI
SLAC 0 0 0 0 0 0 0
SNLA g d d d d d d
SNLL 0 0 0 0 0 0 0
SRS 33.7 25.6 26.6 26.6 26.6 26.6 26.6
WVDE 6.8 19.2 19.2 19.2 19.2 19.2 18.2
Y-12 2,168.0 d d d d d d

Total 3,698.3 798.7 1,312.5 940.4 921.4 848.4 823.1

2Based on the DOE site data submlttals of ref, 9. Specific site information
is provided in Sect. 8.4.

bactual data.

CAverage annual generation rate anticipated for this period.

d1nformation not available.

Includes contributions from PNL.

fFor INEL, ref. 9(g) reports a 1992 generation of 1,260 w3 of TSCA-regulated
watses, which are included in the site’s RCRA/state waste inventories reported in
the IMWIR (ref. 7).

&€Includes contributions (if any) from Bettis (BAPL), Knolls (KAPL), and NRF
(INEL).

Brpcludes contributions from Battelle (BCLDP) and Santa Susana (SSFL/ETEC).
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Tablie 8.20. Hational commerclally gsmerated mixed LIW profilse
volume smmmaxry, by facility category®

Waste volume, m
Generated Stored as of Treated
Facility category in 1990 Dec. 31, 1990P in 1990¢
Academic 820.7 154.2 1,581.9
Government 750.4 78.9 612.5
Industrial 1,428.0 1,197.3 1,115.1
Medical 563.6 63.1 466.3
Nuclear power plants 385.8 622.5 216.9
Totald 3,948.5 2,116.0 3,992.6

8Based on ref. 10.

Prhis is not the amount of mixed waste requiring disposal. Some of this waste was being

accumulated for treatment.
CTreated wastes may include mixed wastes generated in years prior to 1990,

Total reported in this table may not equal the sum of component. entries becauss of round-

off and truncation of numbers.

Table 8.21. Natiopal commercially gemerated mixed LLW profile volume
summary, by hazardous waste stream®

Waste volume, w3

Hazardous stream Generated St.ored as of Treated
in 1990 Dec. 31, 1990P in 1990°¢
Organics
Liquid scintillation fluids 2,837.2 363.4 3,371.8
Waste oil 148.9 178.1 138.4
Chlorinated organics 70.9 27.0 23.2
Fluorinated organics 0 3.5 0
Chlorinated fluorocarbons (CFCs) 113.2 254.7 3.7
Other organics 274.6 117.9 258.9
Total organicsd 3,444.8 944.6 3,797.0
Metals
Lead 81.6 138.7 6.1
Mercury 12.5 81.1 1.5
Chromium 28.4 53.3 3.9
Cadmium 0.3 745.2 0.1
Total metalsd 122.8 1,018.3 11.6
Aqueous corrosives 80.4 12.2 2.6
Other hazardous materials 300.5 141.0 181.4
Grand totalsd 3,948 .5 2,116.0 3,982.6

2Based on ref. 10.

This is not the amount of mixed waste requiring disposal. Some of this waste was being

accumulated for treatment.
CTreated wastes may include mixed wastes generated in years prior to 1990.

dTotals reported in this table may not equal the sum of component entries because of round-off

and truncation of numbers.
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AFPPENDIX A, MISCELLANEQUS RADIOACTIVE MATERIALS

Al INTRODUCTION

This appendix lists year-end 1992 inventories of miscellaneous radicactive materials (MRM) at seven major DOE sites
and one commercial site, the Babceock & Wilcox (B&W) Nuclear Environmental Services T ynchburg Technology Center
site at Lynchburg, Virginia. Information on inventories at the end of calendar-yoar 1992 was collected by direct contact with
these sites.

The types of maierials coverad in this appendin represent principally wastes that will probably require repository disposal
but that are not covered specifically in the preceding chapters of this report.  Iowever, there may be some overlap with
materials covered elsewhere in this report (particntarly io Chapter 1) because much of the miscelianeous material reported
by the sites consists of whole or sectioned fuel rods or assembiics that originated in commercial reactors and were used in
various DOE-related experimental prograrms.

Darnaged fuel assemblies and core debris from the TMI-Unit 2 reactor are included in this appendix as part of the
foventory at INEL.

This appendix does not include spent fucls from saval reactors and delense production teactors, which are discussed
oriefly in Chapter 1. Also, it does not include greater-than-Class-C low-level waste (GTCC LLW), which Is covered in
Chapter 4.

The map of Fig. A1 shows the current locations of MM, and Iig. A2 compares the masses of MBM now stored at
the varjous sites.

A2 INVENTORIES AND FPROJECTIONMS

Table A1 summarizes the current inventories of MRM at the eight major sites. Tables A2 through A9 deseribe the
separate yaterials at each site in more detell. The data presented in Tablkes A Utinough A9 (derived from refs, 1-9) will
be useful in planning for {inal disposal of these materials in a repository.  As previously noted, some quantities of the
commercially generated spent fucls reported in Tables A.2-A.9 may already be covered in Chapter 1 of this report. The
spent-fuel inventorics reporied in Tables A2-A2 will be reviewed o ideniily clearly any possible overlaps hebween the
inventorics in these tables and those reported in Chapter 1. Aay spent-luet inventory overlaps identificd from this
investigation will be clarified in subsequent editions of this report.

Last year’s IDB report listed miscellaneous materials inventoried af the Hanford 200-Area burial grounds. As nnted
in Table AS, these materials have been reclassificd as TRU waste and, therefore, are no longer classified in the MM
caiegory.

Tnventories of special radicactive materials stored at INEL arc giv
the Xdaho Chemical Processing Viant (ICPP) and the Maval Reactors Tacility (NREF). The spent foels that are inchuded in
these inventories are scheduled ta be stored indefinitely.'™1! If required, future special camipaigns could repiocess many
of these spent fuels.

The spent fuels now inventoried at the SRS (Table A9} are not currently regarded as reprocessible because of the Jack
of defined reprocessing schemes or required facilities. Therefore, this fuel is considered by SRS to be in indefiniic storage.

Recently, DOE made the decision to phase out the reprocessing of spent [uel from defense production reactors. INEL
and the SRS are preparing phase-cut plans. A summary of DO spent {uel no Innger scheduled for veprocessing is given
in Scct. 1.4 of this report.

A recent submittal from INELY contains dea that supersedes ar
the recent subniittal was received too late to be incorporated in ti
incorporated in next year’s IDB.

augments some of the informat
year's IDB. Afler upda

innin ref. §; however,
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KILOGRAMS OF HEAY METAL

“inclydea contributlon from both PNL and 200 Area burlal grounds.
“*Ingludes contributions from ANL-W, ICPP, NRF, and other facli!tles.

Fig. A.1. Locations and total masses of misccllancous radioactivc materials through 1992,
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%, OTHERS
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a
Includes 82.6 metric tons
from TM! - Unit 2

Fig. A2. Mass and locations of misccllaneous radioactive materials as of Deccmber 31, 1992.



‘fable 4.1. Inventory of wmiscellaneous radioactive wmaterials as of December 32, 1992, £hat may require geologic disposal

Total Total Total
zandidate Uranium content, kg plutonium thorium
materials content content

Storage site and location (kg} Total 235y 233ya {kg) {kg)

Reported potentiai misceilaneous waterials inveatory

Argonne National Laboratory-west, Idaho Fails, ID 341,21 332.20 41,443 9.012
HBabcock & Wilcox, Lynchburg Technology Center, 102.33 101.5¢ 1.317 <0,833

Lyncaburz, VA

Battelle Pacific Korthwest Laboratory, Richlanc, WA 2,309.9 2,273.% 29.9 29.7 5.9

Eanford 200-Area burial grounds, Richiand, WA 0.0 0.0 0.0 2.0

Idaho National Engineering Laboratory, Idaho Falls, 1P 217,380.1 164,028.0 6,837.6 962.53 470.1 52,854

Los Alamos National Laboratory, Los Alamocs, NM 19.44 18.13 14.67 0.058 1.31

Oak Ridge National Laboratory, Oak Ridge, TN 1,253.29 1,252.49 798.7 280.29 0.801

Savannah River Site, Aiken, SC 21,783.74 13,092.33 762.48 31.16 43.21 8,548.2
Total reported 243,190.0 181,085.95 8,477.08 1,274.04 554 .96 61,539.1

a30me of the 2330 waste may be certifiabie as TRU waste and would therefore be reported in Chapter 3 in the future.
bMany of the fuels at ICPP have a lower uranium enrichment than that of fuels normally processed. These fuels could be reprocessed in
a spacial campaign, if reguired.

we



Table A.2. Miscellaneous radioactive materials inventory at Argomme Rational
Laboratory-West, as of December 31, 18822

U content, kg Total Pu

content
Source of material Composition Descriptionb Total 235y (kg)

Radioactive Waste and Scrap Facility®

Basic research-ANL Scrap In canisterd 182.00 12.980 5.052
EBR-2 blanket subassembly Scrap In canister® 134,35 21.62 0.242
LMFBR test fuel Scrap In canister® 13.33 5.253 3.0256
Postirradiation test on NUMEC® LMFBR Scrap In canisterd 0.72 0.345 0.123
Sodium Loop Safety Facility Scrap In canister 1.80 1.242 0.568
Total 332.20 41,44 9.012

83ee ref. 1.

brnformation regarding the burnup of this scrap may be available.

CRadicactive Scrap and Waste Facility is located approximately 0.5 miles north of ANL-W site.
anisters are restrievable and constructed of stainless steel with minimum dimensions of 8-in. 0D and 5-ft lemgth.
The canister lid is gasketed and tightly screwed on, welded closed, or screwed into a canister fitted with pipe threads.

SNuclsar Uranium Materials Equipment Corporation.

1344



Table A.3. Miscellaneous radioactive materials inventory at B&W Buclear Environmental Services, Inc.,
Lynchburg Technology Center, as of December 31, 1869822

U content, kg Total Pu
Source of Estimated burnup = content
material Composition? Description (MWd /MTIHM) Total 235y {kg)
Arkansas I UQZ, Zr-clad Three full-length rods; 47,000 11.762 0.045 0.133
three sectioned rods in four
4,25-in.-diam X 33-in. Al
canisters
B&W Test Reactor U0y, Zr-clad In fourteen 4.25-in.-diam X Unknown® 0.015 0.005 <0.0005
33-in., Al canisters
Consolidated Edison U0,, Zr-clad Four sectioned rods in 28,523 10.848 0.080 0.088
4,25-in.-diam X 33-in. Al
canisters
Hot-cell solid waste Miscellaneousd In forty-four 80-gal drums, e ) <0.082f
thirty-six 55-gal drums, and
ninety-two 30-gal drums
Oconee I U0,, Zr-clad Twenty-three sectioned rods in 16,686 0.531 0.004 0,002
twenty-six &4.25~in.~diam X 24,080 2.159 0.028 9.017
33-in. Al canisters 28,480 6.482 0.033 0.056
31,180 4.275 0.041 0.037
39,180 11.000 0.057 0.101
50,000 8.517 0.030 0.094
U0z, Zr-clad One full-length rod 50,000 2.062 0.007
{archive fuel rod No. 15181)
UOZ, Zr-clad Five full-length rods; three 59,300 14,563 Q.047
sectioned rods
U0,~Gdy0g3, In four 4.25-in.-diam X 15,000 7.911 0.103 0.048
Zr-clad 33-in. Al canisters
Oconee II UOZ, Zr-clad Eight sectioned rods in 27,500 10.711 0.105 0.095
seven 4.25-in.-diam X 31,000 6.432 0.057 0.058
33-in. Al canisters 36,000 1.89¢ 0.015 0.020
TMI-LUnit 2 U0, debris In one 4,25-in.-diam X 33-in. Unknown® 0.4047 0.0307 <0.0005

Al canistesr

e



Table A.3 (continued)

U content, kg Total Pu
Source of Estimated burnup content
material Composition? Description (MW /MTIEM) Total 235y (kg)
Various fuel scrap U0y, Zr-clad In one 4#.25-in.-diam X 33~in. Unknown® 2,202 0.702 <{0.0005
samples Al canister
Total 101.497 1.371 <0,833

3See ref. 2.

bzr-clad = Zixcaloy~-clad.

CCurrently in underground storage tubes,

dMiscellaneous materials from periodic hot-cell cleanup.

©Negligible,

fCalculated assuming a contamination level of <0.5 g of plutonium per drum.

S 74



Table A.4. Miscellaneous radivactive materials inventory a® Battelle Pacific Northwes:t Laboratory, as of December 31, 15§22

U content, kg Total Pu Total Th
Source of Estimated burnup content content
material Composition® Description (MW /MTIEM) Total 235y {(kg) (k)
Calvert Cliffs UOZ, Zr-clad Fuel rods 0.440-in. diam X 147 in.
{full-length rocés)
175 intact rods, 1 cut rod® 30,0600 370. 2.8 5.3
154 intact rods, 1 cut rod® 45,000 293. 1.7 7.7
Cooper U0y, Zr-clad 98 rods® 28,000 365, 2.5 3.1
H. B. Robinson U0y, 2r-clad 19 cut fuel rod sections® 28,000 35. 0.3 0.3
Miscellaneous Cut pieces, In hot cells Unknown 31. 3.4 2.8 0.2
scrap and fuel scrap
PNL Lot Numbers:
ATM-5 Glass mix 0. a d
ATM-6 Glass mix 0. d d
Point Beach-1 UQ,, Zr-clad 3 intact fuel assemblies, miscellaneous 33,000 1,164 10.3 10.6 6.7
cut samples
Shippingport 24,000 3. d d
VEBWR® U0y, Zx-clad 6 rodiets and 1560-in. fuel rod segments 7,500-33,00¢ 8. 0.1 0.1
Total 2,273. 20.9 29.7 6.9

83pe ref. 3.
bzr-clad = Zircaloy-clad,
CRods are in a hot cell.
dNegligibls.

®Vallecitos boiling-water reactor.
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Table A.5. Miscellaneous radicactive materials inventory at the Hanford 200-Area burial grounds, as of December 31, 1992

U content, kg

Source of material Composition Description Total 235y

Total Pu
content
(kg)

This material is no longer in the miscellaneous radioactive materials category?

aIn accordance with ref, 4, this material has been reclassified as remote~handled TRU waste., Its characteristics are
reported in Table C.13 of Appendix C,
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Table A.6.

Miscellansous radioactive materials inventory at the Idaho Hational Engineering Laboratory, as of December 31, 18522

Estimated burnup

(MAd/MTIBM or i content, Xy Total Pu  Total Th
2 of initial - content content
Source of material Compcsitionb Description loading) Total 235y 233y (kg (kg)
OCE/Defense plus other govermment agency mabterials inventory at Idaho Chemical Processing Plunt {(ICPP)
Advanced test reactor UAl, fusl, Al-clad B80B assemblies 5.4 X 417 (avg.) 668.7 543.4 1.82
(ATR) 49.5 in,
Gas-~cooled reactor U0,-MgQ, some in Two cans, one SS and NA 0.984 $.918
experiment {(GCRE) peilets ané some one AL
Hastelloy-clad
Miscellaneous Al-clad UAl, fuel, Al-clad 15 plates 3.1 X NA 55,80 53,42
fuel (ARMF, HFBR, ORR) 0,065 X 25.2 in.;
240 elements 2.8 X
3.2 X 24.5 in.;
17 elements 3 X 3 X
25.6 in.
Miscellaneous SS-clad U0, and U metal APPR — one SS can NA 89.459 6.18
fuel (APPR, BMI, GEIR, with SS in the 5 X 38 in.;
SPSS, and SPEC) fuel, all SS-clad BMI — three Al or
88 cans 6 X 12 in.;
GETR — ten S8 cans
5.5 X 3.84 in.;
SPEC — one Al can
& X 24 in,
Shippingport light-water UOy ceramic fuel 48 elements 10 X 103 NA 656.64 10.56 523.68 0.177 41,833
breeder reactor (LWBR) pellets with Th, in. in 24 S8 cans
Zr, and Ca oxides, 25.5 X 158 in.
Zr-clad; Th blanket
Shippingport LWBR UG, ceramic fusl 40 elements, Zr-clad, None 323.5 302.4 4.4
(unirradiated) pellets with Th, contained in SS cans
Zr, and Ca oxides,
Zr-clad
Stationary media (SM-1A}) U0, in S8 powder 83 assemblias 2.8 X 5,124 {avg.) 65.759 56.648
fuel, SS-clad 2.9 X 33.6 in. in 93
SS cans 4.8 X 38 in,
TORY-IIA U0y-Be0 with Ca 146 Al cans 4.5 X 0.97 48,845 45,325

cermet

22 in.
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Table A.6 (comtinued)

Estimated burnup

(MWd/MITHM or U content, kg Total Pu Total Th
Z of initial content content
Source of material Compositionb Description loading) Total 235y 233y (kg) (kg)
DOE/Defense plus other govermment agency materials inventory at ICPP (continued)
TORY-IIC U0,-¥504-Zr05-BeD 655 Al tubes 2.75 X 1.52 58,95 55,86
ceramic pellets 54 in, in 23
crushed to 0,25 X canisters
0.06 in.
Subtotal 1,897.5 777.3 826.08 1,897 41,947
DOE/Civilian Development Programs materials inventory at ICFP
Boiling reactor experiment UO, with SS and 36 assemblies 3.6 X NA 20.8 18.4
No. 5 (BORAX-V) 2.5% Si, SS-~clad 3.8 X 36 in.
Experimental brseder Fuel is U metal 41,951 elements 25,000-30,000 1,967.5 1,224,97 5.2
reactor—2 (EBR-2) with 5% fissium,© 0.174 X 23.8 in.
metallic sodium in 3,688 SS cans
bonding, SS~clad 2 X 25.5 in.
Fermi reactor core=l & 2 U~-Mo alloy fuel, 214 assemblies canned 22 3,911.086 997.45 2.0
metallic sodium in 214 Al cans 3.1 %
bonding, Zr-clad, 43 in,
some declad
Fermi reactor core=1i U-Mo alloy fuel, 510 assemblies canned <1i% 34,165 120 6.83
blanket metallic sodium in 14 SS cans 25.5 X
bonding, SS-clad 158.5 in.
Fort St. Vrain Reactor U=-Th carbide and 744 assemblies 14 X 5,000-26,000 308.33 167.648 90,139 0.752 8,316.6
{FSVR) Th carbids, 16 X 31 in.
pyrolytic carbon-
coated particles
in graphite matrix
Miscellaneous Al-clad UAly in an Al 28 bundies 2.9 X 0,467 4,056 3.80
(University of matrix 2.4 X 27 in.
Hashington)
Miscellaneous unirradiated U-57 fissium,® 56 S35 cans None 55.7 21.84

SS-clad (ANL-W, EBR-II
scrap)

S85-clad

6vC



Table A.6 {continued)

Estimated burnup

{(MAA/MTIHM ox U corntent, kg Total Pu  Total Th
% of initial - content content
Source of material Compositionb Description loading) Total 235y 233y (kg) (xg)
DOE/Civilian Development Programs materials invemtory at ICPP (continued)
Miscellaneous unirradiated U-metal foils and 13 drums Kone 38.171 34,435
(ANL foils, VYCOR glass) U-metal mixed with
glass
Missouri University UAL, with SS 56 assemblies &4 X 20~247 38.02 33.21
Research Reactor (MURR) rollers and Al 4.5 X 32.5 in.
in the matrix,
Al-clad
Pathfinder UOy-B,C and SS in 417 rods 0.9 X NA 53.406 49.242
the matrix. Some 79.5 in.
thermocouples,
88-clad
Peach Bottom U-Th carbide, 1,603 graphite <17 332.42 233,54 46,32 0.97 2,820
pyrolytic carbon- elements 3.5 X 144
coated particlies in. in €0 Al cans
in graphite matrix 4.5 X 153 in,
with Rh and B
Pulstar (State University U0, pellets with 504 fuel pins 8,000-12,000 251.431 12,1 §.793
of New York at Buffalo} Be, Zr-clad 0.474 X 26,125 in.
in 24 SS cans
Shippingport PWR-Core 1 UO5-Zr0, fuel with 4 subassemblies 42.5% 2.02 1.83
boron, Zr-clad 5.8 X 5.6 X 84.5 in,
Shippingport PWR-Core 2 U0p-Zr0; fuel with 18 clusters 7.4 X 472 519,88 394 .34 1,85
boron and some 7.4 X 104.5 in.
with Ca0O, Zr-clad
SNAP (AI, SBDR, SSER, U-Zr-hydride fuel, 19 Al cans 3.8 X XA 28.8 26.8
S2DR, STF, SER) clad removed 36 in.; 12 AL cans
2.5 X 43 in.
TRIGA (Training Reactor, U-Zr-hydride fuel, 21 elements 3 X 3 X Varies 60,82 14.18 .03

Isotopes, General
Atomic) stainless
steel-clad

some containing
graphite, erbium,
88-clad

37 in. in Al and SS
cans; 7 rods 1,4 X
30 in., in Al cans;
263 elements 1.5 X
29 in., not canned

052



Table A 8 {continued)

Estimated burnup

(MW /MTIHM ox U content, kg Total Pu Total Th
Z of initial content content
Source of material Compositionb Description loading) Total 235y 233y {kg) {kg)
DOE/Civilian Development Programs materials inventory at ICPP (comtinued)
TRIGA aluminum-clad U-Zr-hydride fuel 570 rods 1.4 X 29 Varies 103.17 20.24
with Mo and in., not canned
graphite, Al-clad
Unirradiated graphite U-carbide fuel 2,168 rods 3/4 X 52 None 403.26 371.97
{Parka, LANL) with 2rC, in. and also 380
contained in cans
graphite blocks
Unirradiated metal U metal or U metal 9 drums None 17.34 15.85
with Al
Vallecitos Boiling-Water UOZ or U0y-Ti0, 142 rods in four 8% 12.38 2.61
Reactor (VBWK) (Geneva) fuel with S8, 2r, 6 X 36 in. Al cans
and Ti0, in the
; N
matrix, S58- or b4
Al-clad =
Subtotal 42,293 3,765.2 136.45 18,33 10,937
DUE materials inventory at the Naval Reactors Facility (RRF)
Shippingport PWR-Core 1 U0p pellets, Miscellaneous test 11,100 568 <3.5 3.4
2r-clad specimens from
blanket fuel
agsemblies
Shippingport PWR-Cors 2 U0y wafers, Thres modules and 14,273 1,028 2 8.9
Zr-clad module sections
from blanket fuel
assemblies
Shippingport PWR-Core 2 U0y wafers, Cne seed module
sead Zr-clad
11.09 7.45
Subtotal 1,607.09 9.45 12.3



Table A.8 {continued)

Estimated burnup

{MWd/MTIHM or U content, kg Total Pu  Total Th
I of initial contend content
Source of material Compositionb Description loading) Total 235y 233y (kz) (kg)
DOE/Civilian Development Progrsms materials lnventory at Power Burst Facility {PBF)
FBF irradiated driver core UOy-Zr0,-Cal 2,425 rods 0.735 X 1,848 561.63 102.82
ternary fuel 47.5 in. in 72
pelliets, SS-clad canisters
PBF unirradiated driver UO5-Zr0,-Cal 595 rods 0.75 X None 40,3 25.34
core ternary fuel 47.5 in,
pellets, SS-clad
Subtotal 701.83 128.18
DOE/Civilian Development Program materials inventory at Test Area Noxth (TAN)
Connecticut Yankee {BCD) UD,, SS8-clad One 15 X 15 FWK 32,151 378,485 5.204 3.775
assembly with 4 rods
replzced with 85 rods
contained in one
canister
Dresden U0g-Dy03 fuel, One complete 6 X § NA 165.0 d 1.064
Zr-clad BWR assembly 5.5 X
5.5 X 134.25 in. of
36 rods and 1 partial
assembly of 1@ rods
Dry-rod consolidation uo, fuel, Zr-clad 24 canisters 8.3 X 28,124 (avg.) 21,002.7 147 .36 183.29
technology® (DRCT) 7.9 X 155 in,
(408 fuel rods per
canister)
Engine maintenance assembly Uos5, Zr-clad Five 15 X 15 PWR 27,525 2,303.32 17.09 19.18
and disassemblyf (EMAD) assemblies that were
not consolidated in
the LRCT program
H.B. Robinson U0z fuel, Zr-clad 113 rods 20,000 257.43 1.84 2.09
Loose fuel-rod shipping Variety of many 106 SS yods filled NA 308.354 1.758 2,827

basket (LFRSE) (LEU)

different types
of fuel rods

with cut-up pieces of
fuel, some not canned
and some clad

(4Y4



Table A.6 {conbinued)

Estimated burnup

{(MWA/MTIEM or J content, kg Total Pu Total Th
Z of initial content content
Source of material Cnmposit.ionb Description loading) Total 235y 233y (kg) (kg)
DOE/Civilimn Developwent Program materials inventory at TAN (continued)
Loss-of~fluid test (LOFT) U05-2x0, fusel, 14 assemblies and 5 500-8, 400 2,201,.69 89.371 2.028
Zr-clad one-quart SS cans of
fines
Peach Bottom U0, fuel, Zr-clad. 2 partial assemblies, NA 354.84 2.39 1.87
Cne assembly is 1 with 47 rods and
depleted U 1 with 46. Assem-
blies are 5.4 X 5.4 X
176 im.
TMI-Unit 2 U0y fuel, Zr-clad 342 SS canisters 3,178 82,399 1,820 151
fuel assemblies
reduced to large
pieces of core
debris, partial
assemblies, and
rubble
Turkey Point=3 (BCD) U0,, 2r-clad One 15 X 15 PWR 25,665 408.57 3.52 3.24
assembly with 11 rods
replaced with SS rods
contained in one
canister
Virginia Electric Power UOZ fuel, Zr-clad 12 assemblies, 30,521 7,551.28 52.36 66.59
Company (VEPCO) (Surry) typical 15 X 15 PWR
Subtotal 117,332 2,140.89 436.765
DOE/Civilian Development Program materials inventory at Test Reactors Area (TRA)
Canadian Deuterium Uranium UOp; pellets, 8 pins 5,000 2.66 0.281
Reactor (CANDU) Zr~clad
Gap conductance (GAP CON) U0, pellets, 20 pins 41-115 12.838 1.285
Zr-clad
General Electric® (GE) UO; pellets, 5 rods NA 18.644 0.384 0.071

Zr-clad

W



Table A.§ {continued}

Estimated burnup

{MWd /MTIEM or U content, kg

Total Pu Total Th

. Z of initial content content
Source of material Composition® Description Loading) Total 235y {kg) (kg)
DOE/Civilian Development Program materials inventory at TRA (continuad)
flalden assemblies UGy peilets, 5 pins 4,000 2,313 .233 0.005
Zr-clad
Halden Pu-U mixed oxide 005-Pu0y pellets, 13 rods of various 41,060 4,55 0.324
fuel assemblies Zr-clad sizes in 4 Al
canisters
Irradiation effscts (IE) U0, peliets, Pins 27-17,5800 7.833 677 5.012
Zr-clad
LOFT lead rod (LLR) U0, pellets, 7 pins 36~510 3.51 .327
Zr-clad
Loss of coolant (LOC) U0, pellets, 60 pins 16-150 7.777 .816 0.01
Zr-clad
N
X
Mitsubishi Atomic Powex U0y pellsts, 49 rods 0.4 X 39 in., 5,140 22.300 67860
Industries (MAPI) Lr-clad 38 enriched and 13
depleted, in 12
canisters
Operational Transient U0y pellets, Pins 0-15,000 19.669 472 0.09
{OPTRAN) 2r-clad
Power coolant mismatch U0, peliets, 30 pins <70 18.828 .557
(PCM) Zr-clad
Reactivity initiated U0y pellets, 23 pins 0-6,090 8.989 .504 0.013
accident (RIA) Zr-clad
Saxton U0, pellets, 21 pins 10,400-18,253 7.607 .56 0.025
Zr-clad
Severe fusl damagas (SFD) U0, pellets, 143 pins KA 50,857 L7111 0.15

Zr-clad



Table A.6 (continued)

Estimated burnup

{MAd/MTIRM ox U content, kg Total Pu  Total Th
%2 of initial - sontent cenbent
Source of meterial Compositicnb Dasgriphion loading) Total 235y 233y {kg) {kg}

O0B/Civilian Development Program materials insventory at TRA (vonbinuwed)

Thermocouple (IC) U0, pellets, Pins 0-<20 6.188 0.683
Zr-clad
Subtotal 194.57 16.58 9.7
Total at INEL 164,026 6,837.5 962.53 470.1 52,884

8Information is based on the INEL Spent Fuel Data Base. See refs. 5 and 6.

bruel composition and cladding material where appliceble. Zr = Zircaloy; S8 = stainless steel.

CRissium i& a mixbture of nonradicactive isotopes of typical fission product elements that is added to the ZBR fuel prior to irradiation.
dDepleted.

eMixture of EMAD and surry fuel.

fEMAD is a project that used Turkey Point fuel. There is also some EMAD fuel under DRCT.

8Most likely five Peach Bottom rods from fuels stored at TAN.

Din enriched rods only.
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Table A.7. Miscellaneous radioactive waterials iuventory at the Los Alamos Kational Laboratory, as of December 31, 19922
U content, kg Total Pu Total Th
Source of material Composition Container description content content
Total 235y 233y (x8) (%g)
Enriched uranium Noncombustibls material Same as for 233U items 3.082 1.81
(hot-cell waste)b
Omega Wesi Reactor Reactor fuel rods; 0.3 in. diam X 13.5 in. 7.772 6.84
SS-clad lengih
Plutonium-235 . Yoncombustible material; Same as for 233U items 1.31
(hot-cell waste)? 48 items are cemented
items
Reactor U405 in fuel rods; ~0.3 in, diam X ~13.5 in. 7.174 5.988
SS-clad length. Stored in a lead-
lined cask that weighs
~17,000 kg
Thorium (hot-cell waste)b Koncombustible material Same as for 23% items &
UMTREX rods U30g fuel pins Lead-shielded container G.032 0.03 N
~10 in, diam X 2.5 ft [=))
in height
Uranium enriched in 233y Noncombustible material Material stored in a three- 0.086 0.058
{hot-ceil waste)b layered configuration; the
innarmost container is a
metal container ~8 in. in
diam and 12 in. high. This
container is within a plastic
container with a plastic lid.
The Zinal layer of containment
is steel with a weldsd 1lid.
This container is ~8,5 in.
in diam X 11 in. high
Total 18.13¢C 14.568 0.058 1.31 0

83e¢e ref. 7.

b199 g of 239y, 92 g (45 g
canisters with a diameter of ~26

iso) enriched uranium, and 8 g of 233] are burisd as TRE waste in six canisters,
in., and 10 ft in length.

Canisters range in weight from 2600 to 3640 ib.

Containers are shielded



Table A.8. Miscellaneous radioactive materials inventory at the

Oak Ridge National Lahoratory, as of December 31, 19922

U conbtent, kg Total Pu
Estimated burnup - content
Source of material Composit.ionb Description (MHd/MTTHM) Total 235y 233y {kg)
Belgium Reactor—-3 (BR-3) U0y, Zz-clad 3/8-in.-diam X 6-in. 42,000 0.837 0.020 0.006
fusl rod lengths
Consolidated Edison U40g-CdO solid cake In 401 3.5-in,-CD X c 1,044.38 787.70 101.32
Uranium (CEU} 24-in, S8 cans
Dresden—1 UGy, Zr-clad Sheared fuel pins in two ~24,0060 5.00 0.024 0.020
1-gt paint cans
g/16~in.-diam X 8-in. 20,000 0.930 4.005 0.006
fuel rod sections pius
short lengths
General Electric Test U0y, Zr-clad 9/16-in.-diam X 8-in. 1,000-2,000 0.398 0,022
Reactor (GEIR) fuel test capsules
H. B. Robinson UG,, Zr-clad 1/2-in.-diam X 1lZ2-in, 34,000 1.60 0,005 5.004
fuel rod sections plus
short lengths )
3
Molten Salt Reactor LiF-BeFo-ZrF,-UFy Sae ref. 13 ~5 X 10% Ci total 36.95 3.940 31.01 0.743
Experimentd (MSRE) (see ref., 13)
Monticello U0y, 2Zr-clad 1/2-in.~diam X B-in, 40,000 1.60 0.0%4 £.008
fuel rod sections plus
short lengths
Oconee—1 10y, Zr-clad 1/2-in.-diam X 8-in. 38,000 1.00 0.005 4.005
fusl rod sections plus
short lengths
CRNL Inventory Item Nos.
AUA-57/AUA-70 from LANL 1 metal chunks In two 3.75-in.-00 X d 5,02 5.8¢
18-in, S8 cans
CZA-81 from ANL U0, powdex In one 3.5-in.-CD X [ 0.881 4,858
13-in. S8 can
HUA-2A Zfrom HEDL 0, powder In five %.75-in.-0D X c 0.317 0.307
7-in. S8 cans
LAE-03 from Atomics fatal In one 3-in.-0D X c 0.61 0.01

International {AI)

10-in. 338 can



Table A.B {contiauwacd)

U content, kg Total Pu
Estimated burnup content
Source ol material Composizionb Description (MW MTTHM) Total 235y 233y {xg;
ORNL Inventory I[tem Nos.
(contd. )
RTP-02 from SR Oy powder In thirty-two 3.5-in.- c 11,14 0.72
00 X 24-in. S5 cans
RCP-03 from SRS Ud, powder In 140 3.88-in.-0D X c 57.41 61.51
i0-in. 88 cans
RCP-04 from SRS UF,~LiF powder In Zour 3.5-in.-0D X ] 3.19 2.92
converted from 24-in., 8% cans
U0,
RC?Y-06 U30g-Cc0 solid cake In twenty-sevsn c 85.55 50.50
3.5-in.-0D X 24-in,
SS cans
RCP-20/JZBL from LANL U metal chunks In six 3.5-in.- c 5.1i5 5.05
0D X 24-in. SS cans
N
Peach Bottomn—2 U0,, Zr-clad g/if~in,-diam X §-in, 10,000 0.324 0.001 0.901 53
fuel rod sections plus
short lengths
Quad Cizny-1 U0y, Zr-clad i/2-in.-diam X B-in. 40,000 1.40 0.0C4 0.908
fuel rod sections plus
short lengthsa
Total 1,252,488 798.7 250,29 0.801

2See ref. 8.

bZ:—clad = Zircaloy-clad.

C¥p information regarding the burnup of this fuel is available.

d7he Molten $ait Reactor Experiment was concluded in 1888, and tnz fuel has never been removed from the facility.
monitoriag program has been in force since shutdown.

earliexr in Chaptesr 5.

A surveillance and

Decommissioning of the MSRE facility is an environmental restoration activity discussed



Table A.8. Miscellansous radioactive materials inventory at the Savamnah River Site, as of December 31, 1992%
U content, kg Total Pu Total Th
Estimated burnup contant contant
Source of material Composit.ionb Description (MWd /MTTHM) Total 233y 233y (kg) (kg)
DOE/Civilian Development Programs materials inventory at SRS
Canadian Deuterium Uranium UOp, Zr-clad Rods in three 5.0-in.- 6,500 50.07 0.231
Reactor (CANDU} diam X 14~ft cans;
pieces in three 3,5~
in.~diam X 1-ft cans
Carolinas-Virginia Tubse U0g-2r or SS-clad One bundle of 34 rods Unknown §7.27 0.640 6.200
Reactor in a 5,0-in.-~diam X
14-ft can
Dresden 00,-ThO,, 8S-clad Intact assemblies in 4,000-10,000 684.00 37.545 15.301 1.878 1,857.0
4.4=in, X &4,4~in. X
135-in. cans
Elk River Reactor (EER) U0,-ThOp, SS-clad Assemblies 3.5 in. X Max. 50,000 224.29 186.158 14,722 4,B18.6
3.5 in. X 81.62 in.
H. B. Robinson U03-Pu0y, Zr-clad, Four 8- to 8-in.-long 6,800-30,000 0.51 0.004 0.003
SS casing fragments in 4.5-in,.-
diam X 32-in.-long can
Light-water reactor (LWR) UOp=-Pulp, S5- and Fuel rod pieces in Unknown 12.831 0.192 0.108
samples Zr~clad five 3.75-in,-diam X
32.5-in.-long cans
Nerside {a French UAL-8i,, Al-clad Materials Test Reactor 800 35.42 7.015
experiment using plate-type fuel assembly
DOE fuel) 34.37 in, X 2.98 in, X
3.14 inm,
Saxton UOZ-?uOQ, Zzr- or 567 rods in eight 1,000 280.21 1.411 15.408
SS8-clad 5.0-in.~diam X 1l4~ft
cans and €4 rods in one
3.75-in.~diam X 50~in.
can
U0,, Zrz-~cliad Multiple pins in four 1,600 69.19 6.856 0.233

5.0-in.~diam X 1l4-ft
cans and one bundle

in one 12-in.,-dfiam X
14-ft can

3Y4



Table A.9 {continued)

U content, kg Total Pu Total Th
Estimated burnup - content content
Source of material Compositionb Dascription (MHd/MTIEM) Total 235y 233y (kg? {kg}
DUE/Civilian Development Programs mnterials invenbory at SRS {comtinued)
Vallecizos beoiling-water U0y, Zr-clad In four 3.5-in.-diam X 1,500 11.93 1.243 §.003
reactor (VBWR) 12~in. cans
Subtotal 1,455.521  241.308  30.113 17.835 6,675.8
DOE plus other govermmeni agencies materials izcventory at SRS
B&W serap UO0-Puly, ES-clad In 3.5-in.-diam X 5-54 0.025 0.013 0.048
32-in. cans B
Experimental boiling- U0y, SS-clad Assemblies 3.75 in, X 1,800 1.73 1.612
water reactor {EBWR) 3.75 in., X 62.5 in.
U0y, Zr-clad Assemblies 3.75 in. X 1,600 1,600.32 85.455
3.75 in. X 62.5 in,
UQp-Zx, Zr-clad Assemblies 3.75 in, X 1,800 7,482.73 73.967 9.082
3.75 in. X 82.5 in.
UOZ—ZrOZ-CaO, Assemblies 3.75 in. X 1,600 28.93 26.651
Zr-clad 3.75 in. X 62,5 in.
UQp-Puly, Zr-clad Assemblies 3,75 in. X 1,600 917.72 2.087 13.940
3.75 in. X B2.5 in.
Experimental breeder U0y-PuOy, SS-clad Eight rods in a 120 kW total in 0.44 0.376 0.114
reactor—2 (EBR-2) (from ANL) 3.5-in.-diam X 30-in. 1975
can
U05-Puly, SS-clad Rod segments in 10,000-34,000 2.04 1.624 0.680
(from HEDL) 0.5-in.-diam X 42-in,
cans
Experimental power Puby, SS-clad Pieces in 4.5-in.- Unknown 0.022
reactor-l (EPR-1) diam X 32-in. cans
Gas-cooled reactor U0y or UD,-Bel, Four 2-in.-diam X 32- 61.290 56,559
axperiment {GCRE) Bastelloy-clad in. Al cans of scrap

pieces; two 1,5-in.-
diam Al cans of plates;
86 pin-type assemblies



Table A.8 (continued)

U content, kg Total Pu Total Th
Estimated burnup content content
Source of material Compositionb Description (MWd /MTIHM) Total 235y 233y (kg) (kg)
DOE plus other govermment agencies materials inventory at SRS (continued)
Heavy-~water components U and U0y, Zr-clad Intact assemblies 3 in. 6,200 1,051.376 9,470 0.585
test reactor (HWCTIR) diam X 132 in. Pieces
of assemblies in
3.5-in,-diam X 12-in,
cans
U-2r, Zr-clad 37.165 31.580
High-temperature reactor UO,-BeO, Nichrome- Segments and pieces of 4,039 3.423
experiment (HTRE) clad fuel assemblies and
test pieces in thirteen
4~in.~diam X 36-in. Al
cans
Mobile Low Power Plant U0, and PuO,-BeO, Sixty-eight 19-pin 58,575 54.478
No. 1 (ML-1) 88-clad assemblies
Oak Ridge National U, Zr-clad Rods in three 4.5-in.- Unknown but low 0.184 0.171
Laboratory (ORNL) diam X 9.25-in, Al cans
SIW-1 rods
Oak Ridge Reactor-low UzSigy, Al-clad In fourteen 3,5-in. X 15,800 95.006 14.960 9.537
enriched uranium 3.5-in, X 168-in.
(ORR-LEU) Al cans
ORNL mixed oxide UQy-Pu0,, Zr- or One 3.5-in.~diam X Unknown but low 0.376 0.030 0.094
88-clad 15.12-in. can
Savannah River Site (SRS) U0,-Pu0,, Zr-clad In one 12,0~in,-diam X Unknown 69.87 0.304 0.161
14-ft can
Shippingport U0y, Zrx-clad One 10.5-in.-diam X 18,0600 16.000 0.023 0.108
15-in. container
Sodium Reactor Experiment U, Th rods, 3.5-in.-diam X 10,000 154,934 143.410 1.045 1,972.86
(SRE) SS8-clad 110.25-in. cans
UC, SS-clad 44 324 4,344 0.016
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Table A.9 {continued)

U content, kg Total Pu Totai Th
Estimated burnup content content
Source of matarial CompositionP Description (MW /MTIEM) Total 235y 233y (kg) (kg

DOE plus other povernwent agencies materials invgntory at IRS (continued)

Special Power Excursion UOZ, Zr-clad Three 4.0-in.-diam X Unknown 9.739 0.603
Reactor Test (SPERT-3) 12-ft cans
Subtotal

11,636.813 521.151 1.G45 25.377 1,972.8

Total 13,092,334 752.457  31.158 43.212 8,548.2

3S@e refs. 9 and 12. The spent fuels listed in this tabie are mot reprocessible in existing facilities.
PZr-clad = Zircaloy-clad.
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APPENDIX B. CHARACTERISTICS OF IMPORTANT RADIONUCLIDES

B.1 DISCUSSION

The following Table B.1 lists radionuclides whose characteristics are most often referenced in the variety of studies and

evaluations discussed in Chapters 1-7. It includes isotopes for HLW, TRU waste, LLW, and uranium mill tailings as defined
by EPA,' NRC,?® and DOE.*® The data in Table B.1 were obtained from refs. 6-9.

B2 REFERENCES

1.

U.S. Environmental Protection Agency, “Environmental Radiation Protection Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radicactive Wastes,” Code of Federal Regulations,
40 CFR Part 191 (1992).

U.S. Nuclear Regulatory Commission, “Licensing Requirements for Land Disposal of Radioactive Waste,” Code of
Federal Regulations, 10 CFR Part 61 (1992).

U.S. Nuclear Regulatory Commission, “Biomedical Waste Disposal,” Fed. Regist. 46(47), 16230-16234 (Mar. 11, 1981).
U.S. Department of Energy, DOE Order 5820.2A, Radioactive Waste Management, Washington, D.C., Sept. 26, 1988.

U.S. Department of Energy, Encrgy Information Adwministration, Domestic Uranium Mining and Milling Indusiry
1990—Viability Assessment, DOE/EIA-0477(90), Washington, D.C. (December 1991).

D. C. Kocher, Radioactive Decay Data Tables, DOE/TIC-11026, Washington, D.C. (1981).

D. C. Kocher, A Radionuclide Decay Data Base—Index and Summary Table, NUREG/CR-1413, ORNL/NUREG-70,
Oak Ridge National Laboratory, Oak Ridge, Tennessee (May 1980).

E. Browne and R. B. Firestone, Table of Radioactive Isotopes, John Wiley and Sons, Inc., ed. V. 8. Shirley, New York
(1986).

A. G. Croff, ORIGEN2-—4 Revised and Updated Version of the Oak Ridge Isotope Generation and Depletion Code,
ORNI.-5621, Oak Ridge National Laboratory, Oak Ridge, Tennessee (July 1980).
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Teble B,1. Characteristics of important radionuclides?®
Major radiation energiesd
Principal (MeV/dis) Q" value® Specific
Atomic mode{s) of activity

Nuclide number Half-l:i.feh decay® o € 1(X) {MeV/dis) (W/Ci) (Ci/g) Daughter(s)
33 i 1.233E401y B 0.00568 5.58E-03 3.37E~05 9.650E+03 3He
l4g 6 5.730E4+03 y B 0.0495 4,95E-02 2.93E-04 4.457 lhy
28451 13 7.2E405 y EC 0.4451  2.6758  3.079 1.825E-02 1.91E-02 26y,
32g; 14 650 y g 0.0647 2.10E-01 1.245E-03 1.719E+01 32p
32p 15 14.282 d 8 0.56947 6.95E-01 4.12E-03 2.853E+05 32g
355 15 87.51 d g 0.0486 4_88E-02 2.88E-04 4.263E4+04 35¢c1
36c1 17 3.01E+05 y B (98.1%); 0.2460 2.460E-01  1.458E-03 3.209E-02 38ar;

EC (1.9%) 36g
40g 19 1.277E409 ¥ B (89.33%): 0.4545  0.1559  6.104E-01  3.62E-03 6.983E-06 40cy

EC (10.67%2) . 40pr
45ca 20 162.8 d 8 0.0770 7.70E-02 4.58E-04 1,780E+04 455¢
b46ge 21 83.82 d g 0.1120  2.0095 2.122 1.257E-02 3.381E+04 48py
Sler 24 27.704 d EC 0.0031  0.0325  3.56E-02 2.11E-04 9.240E+04 Sly
S4mn 25 312.20 d EC 0.0034  0.8360  B8.394E-01 4. 975E-03 7.738E+03 Shey
55pe 26 2.73 y EC 0.0038  0.0016  5.4E-03 3.2E-05 2.500E+03 S5mn
597, 26 44496 4 8 0.1174 1.1882 1.3056 7.741E-03 4. 91B8E+04 58¢o
57¢o 27 271.77 d EC 0.0176  0.1252  1.42BE-01  8.4B4E-01 8. 456E+03 57re
S8cq 27 76.92 d EC 0.0336  0.9758  1.0094 5.99E-03 3.181E+04 58pq
80cq 27 5.271 y 8 0.0958  2.5058  2.6016 1.541E-02 1. 131E+03 80y
80mg,, 27 10.47 min IT (99.75%); 0.0536  0.0066  6.02E-02 3.57E-04 2.993E+08 600,

B (0.25%) B0y3
59y1 28 7.5E4+04 ¥ EC 0.0043  0.0026  6.72E-03 3.98E-05 8.079E-02 59co
83N1 28 1.001E+02 y B8 0.0171 1.71E-02 1.01E-04 6.16BE+01 83cy
85zn 30 244.1 d EC 0.0066  0.5838  5.890E-01 3.51E-03 8.237E+03 85¢cu
87Ga 31 3.261 d EC 0.0333  0.1549  1.882E-01  1.115E-03 5,97SE+05 §77n
755 34 119,77 d £C 0.0134  0.3924  4.06E-01 2.41E-03 1.453E+04 7558
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Table B.1 (comtinued)

Major radiation energiesd
Principal (MaV/dis) "Q" value? Specific
Atomic moda{s) of activity
Ruclide number Half-life? dacay® @ ¢ 1{X) {MeV/dis) {W/CLi) (Ci/g) Daughter(s)
789g, 34 <§.SE+04 ¥ 0.0529 5.29E~02 3.13E-04 5.966E-02 798y
85ky as 1.072E4+01y 8 0.2505  0.0022  2.53E-01 1.50E-03 3.923E+02 85gy
86gy, 37 18.65 d 8 0.6670 0.0945 7.62E~01 4.52E~03 8.138E+04 86gr
83gy 3B 50.55 d 8 0.5829 0.0001 5.83E-01 3.46E-03 2. 905E+04 89y
805, 38 2.85E+01 v : 0,1958 1.96E~-01 1.16E-03 1.364E+02 S0y
90y 3g 2.671 d g 0.9332 $.33E-01 5.54E-03 5. 441E+0S 802y
91y 39 58.51 d 8 0.6039  0.0036 6.07E-01 3.60E-03 2.452E+04 Slzr
EEF ) 40 1,53E4+06 v 8 0.0471  0.0018  4.89E-02 2.80E-04 2.513E-03 93yp
95z 40 64.02 d 8 0.1200  0.7337 8.54E-01 5.06E-03 2.14BE+04 EETY
93myp 41 1.36E+01 v T 0.0281  0.0018  2.99E-02 1.77E-04 2.826E+02 B
94np 41 2.03E+04 ¥ 8 0.1454 1.5715 1.7169 1.018E-02 1.873E-01 Sémg
951y 41 34.97 d 8 0.0435  0.7843 8.07BE-01  4.788E-03 3.910E+04 Spo
83Ma 42 3500 v EC 0.0051  §.0107 1,58E~02 9.37E-05 1.190 By
990 42 2.748 d 8 0.4076  0.2723 §.799E-01 4,028E-03 &, 796E+05 997,
99q4 43 2.13E405 v B D.0845 8.46E-02 5.01E-04 1.695E-02 9%y
89y 43 6.006 h IT D.0142  D,1240 1,382E-01  8.1B8BE-04 5.271E+08 999
103g, 46 39.254 d 8 0.1105  0.4851  5,96E-01 3.53E-03 3.227E+04 103gn
106g, 44 1.020 y B 0.1006 1.004E-01  5.951E-04 3.346E+03 106gy
103mgy, 45 56.12 min IT 0.0375  0.0017 3,92E-02 2.32E-04 3.253E+07 103gpn
106y 45 2.17 h 8 0.3144  2.8826 3,197 1.894E-02 3.560E+0g 108py
107p4 46 6.5E+06 v 8 0.0093 8, 3E-03 5.5E-05 5.143E-04 1074,
1104, 47 24.8 s B (98.70%); 1.1842  0.0316  1.216 7.208E-03 &.169E+09 110¢yq;
EC (0.30%) 110pg
110my, 47 249.76 & B (98.54%); 0.0755  2.7382  2.815 1.869E-02 &.750E+03 110¢y;
IT (1.362) 110pg
113¢4 48 9.3E+15 v ] 0.0933 9.138-02 5.412E-04 3.402E-13 1131y
113mcy 48 1.378+01 ¥ B (98.9%); 0.1834  1.83E-01 1.08E-03 2.168E+02 3yy;
) IT (0.1%) 118cq
1i5moq 43 44.6 d 8 6.6628  0.0229 6§.368-01 3.76E-03 2.548E+04 1351,
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Table B.1 (continued)

Major radiation energiesd
Principal (MeV/dis} "Q" value® Specific
Atomiz . mode{s) of activity

Nuclide number Balf-life® decay® € ¥{X) {(MeV/dis) {W/Ci) {Ci/g) Daughter(s)
111y, 49 2.807 d EC 0.0340 0.4053 4,393E-01 2.504E-03 4,157E+05 111cq
113myy 49 1.658 h 17 0.1340 0.2555  3.89E-01 2,31E-03 1.873E+07 1137,
1ldmyy 49 49.51 d IT (95.72); 0.1431 0.0943 2.37E-01 1.40E-03 2.313E+04 1141y,

EC (4.32) 1lbpg
113g, 50 115.09 d EC 0.1394  0.2808  4.20E-01 2.48E-03 1,004E+04 1137,
117mgy 50 13.61 d iT 0.16% 0.1580  3.19E-01 1.89E-03 7.969E+04 1175y
118mg, 50 293.0 d T 0.0783 0.0114 8.97E-02 5.32E-04 4. 478E+03 1195y
121mgy 50 5.5E+01 y IT (77.62); 0.0352 0.0050 4,02E-02 2.43E-04 5.912E+01 121gy,,

2 (22.40) 121g,
123gy 50 129.2 d 8 0.5222 0.0069 5.29E-01 3.14E-03 8.219E+03 123gy
125gy 50 9.84 d 8 0.8110 0.3126 1.123 6.656E-03 1.084E+05 125gy,
126gp 50 ~1E+05 y 8 0.1249 0.0573 1.82E-01 1.08E-03 2.837E-02 126gy,
1244, 51 66.20 d 8 0.3897 1.8523 2.242 1.3298-02 1.749E+04 1245
125gy, 51 2.73 y 8 9.1257 0.4434  5.692-01 3.37E-03 1.032E+03 1257
128gy 51 12.4 d 8 0.3527 2.7496 3.102 1.839E-02 8.350E+04 12674
128mgy, 51 19.0 min B (86%); 0.6323 1.5484 2.181 1.292E-02 7.854E+07 1267,

IT (147) 128gp
123mr, 52 119.7 4 IT 0.1020 0.1482 2.502E-01 1.482E-03 8.870E+03 1237,
125m7 52 58 d T 0.1196 0.0361 1.467E-01 8.690E-04 1.801E+04 125¢,4
12714 52 Q.35 h B8 0.2248 9,90648 2.30E-01 1.36E-03 2.539E+05 1277
127m7, 52 108 d IT (87.6%); 0.0821 0.0111 §.32E-02 5.528-Gé 9.432E+03 12774,

B {2.47) 127y
128¢, 52 1.160 h [ 0.5422  0.0624  6.05E-01 3.58E-03 2.094E+07 128¢
129m7, 52 33.6 d IT (841); 0.2663 §.0370 3.03E-01 1.80E-03 3,013E+04 1291,

B (36%) 1291
1237 53 13.2 h EC 0.0275 0.1729  2.005E-01 1.188E-03 1.940E+06 12374
125z 53 50.14 d oo 0.0179 0.0423 6.02E-02 3.57E-04 1.737E+04 1257,
129, 53 1.57E+07 y 8 0.0556  0.0245  8.04E-02 4. 77E-04 1.765E-04 128¢4
131y 53 8.040 4 8 0.1012 0.3826  5.74E-01 3.40E-03 1,240E+05 131y,
133y, 54 5.245 4 g 0.1363 0.0459 1.82E-01 1.08E-03 1.872E+05 133¢cq
134cy 55 2.062 y 8 0.1639 1.5555 1.719 1.019E-02 1.294E+03 134g,
135¢g 55 3.0E+05 y 8 4.0563 5.63E-02 3.32E-04 1,151E-03 135p,
i37¢g 55 3.017E+01 y B {84.37); 0.3708 1.71E-01 1.01E-03 8.598E+01 137mp 4,

B {5.4%3 13734
133g, 56 1.054E+01 y  EC 9.0547  0.4045  4,592E-01  2.722E-03 2.500E+02 133¢,
i37mpq 56 2.552 min T 0.0652 0.5991 §.64E-02 3.94E-03 5.379E+08 137g,
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Table B.1 (continued)

Major radiation energiesd
Principal (MeV/dis) "Q" value® Specific
Atomic mode(s} of activity
Nuclide number Half-lifeP decay® [ € (X) (MeV/dis) (W/CL) (Ci/g) Daughter(s)
lilg, 58 32.50 d g 0.1707  0.0770  2.48E-01 1.47E-03 2.848E+04 l4lp,
1h4c, 58 284.9 d 8 0.0918  0.0192  1.11E-01 6.58E-04 3.190E+03 lb4py
143py 59 13.58 d 8 0.3156 3.16E-01 1.87E-03 §.731E+04 143yq
l44pp 59 17.28 min 8 1.2091 0.0289 1,238 7.338E-03 7.555E407 labyg
labmpy 59 7.2 min IT (99.96%); 0.0464  0.0121  5.85E-02 3.43E-04 1.814E+08 lbbpp,
8 (0.042) litygy
148py 61 5.53 y EC (66.1%); 0.0928  0.7542  B.47E-01 5.02E-03 4, 428E4+02 146yq;
8 (33.97) 146gy
147py 1 2.6234 v B D.6196 6.20E-02 3,67E-04 9.270E+02 1475y
148py 61 5.370 4 B 0.7235  0.5747  1.298 7.691E~03 1.643E+05 1485y
148mpy 61 41.29 d B (95.42); 0.1695 1,9861 2,156 1.278E-02 2.13BE+04 148gy,
IT (4.62) 148py,
151gy 62 8.0E+01 v 8 0.1251 1.25E-01 7.41E-04 2.631E+01 151gy,
152p, 53 1.333E4+01 y  EC (72.08%); 0.1275  1.1628  1.290 7.646E~03 1.729E+02 152gy,
B (27.822) 152g4
1545, 63 8.8y 8 0.2794  1.2531  1.532 9.081E-03 2.699E+02 154c4
155g, 83 4,96 v B 0.0650 0.0633 1.28E-01 7.59E-04 4. 651E+02 155g4
153g4 64 261.6 d EC 0.0399 0.1015  1.414E-01 8.381E-04 3.526E+03 133gy
1571y 65 150 y EC 0.0031  0.0050  8.10E-03 4.802E-05 1.519E+01 15764
1581y, 85 150 y EC (820) 9.02E-01 5.347E-03 1.508E+01 13854
8 (182) 158py
1607y, 65 72.3 d 8 0.2535 1.1271  1.381 8.186E~03 1.120E404 180y
169yy 70 32.02 d EC 0.1117 0.3121  4.238E-01  2.512E-03 2.414E+04 1687y
175q4¢ 72 70.0 d EC D.0438  0.3646  4.085E-01  2.422E-03 1.066E+04 17514
18lgs 72 42,308 d 8 0.1943 0.5441  7.54E-01 4,47E-03 1.702E+04 1Blrq
18214 73 115.0 d 8 0.2073 1.3011  1.508 8.940E-03 6,253E+03 182y
187z, 75 4.6E+10 ¥ 8 0.0007 2.53 1.5358-02 3.823E-08 18795
1921, 77 73.831 d B (95.4%); 0.2162 p.8137  1.030 §.105E-03 9.211E+03 182py .
EC (4.8%) 1825,
201y 81 3.046 d EC 0.0481  0.0824  1.40E-01 8.30E-04 2,132E+05 201g,
20771 81 4.77 min B 0.4931  0.0022  4.95E-01 2.93E-03 1,804E+08 207pp
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Table B.1 {continued)

Major radiation energies®

Principal {MeV/cis) "Q" valua® Specific
Atonic modae{sy of activity
Kuclide number Eali-1ife? decay® @ € 7(X) (MeV/dis) (W/Cs) {Ci/z) Daughtar(s)
20873 81 3.053 min 8 0.5979 3.3742 3.972 2.354E-02 2.945E+08 208py,
209p 82 3.253 h B 0.1980 1.98E-01 1.17E-03 4.544E+08 209g;
23z 52 6.1 min £ 5.4523  0.0578  5.20E-01 3.083E-03 2.468E+07 2ilpy
232py 82 10.64 h g 0.1752 0.1453 3.20E-51 1.80E-03 1.389E+05 23i2p;
213 83 2.14 min @ (99.7274);  6.5505  ©.00%9  0.0467  6.807 3.516E-02 4. 1B4E+08 2077y,
2 (0.273%) 21ipg
212g4 83 1.0092 h o (35.941); 2.1740 0.5025 0.1061 2.783 1.649E-02 1. 465E+07 20877,
g (64.085) 212p,
213g; 83 45.59 min x (2.161); C.1268  0.4563  0.0825  6.BSE-01 3,95E-03 1.934E+07 208¢
£ (97.84%) 213pg
209p, 84 w02y a (89.747) 4.9845 2.943E-01 1,68E+01 205py,
EC (0.26%) 209g;
212p, 84 2.98E-07 s a 8.7844 §.784 5.207E-02 1.774E+17 208py,
21394 84 4.2E-06 s « 8.3757 8.375 4, 864E-02 1.261E+18 209py,
215p, 84 1.7B0E-03 s « 7.3864 7.386 4.378E-02 2.94BE+13 211py
218p, 84 1.50E-02 s « 6.7785 6.779 4.01BE-02 3.482E+11 212py,
21744 85 3.23E-02 3 @ 7.0557 0.0002 7.066 4, 189E-02 1.610E+12 213py
21%3n 86 3.96 s @ 6.8122 0.006¢ 0.0589 6.875 4.076E-02 1.301E+10 215p,
220%, 86 55.6 s @ 6.25878 0.0005 6.288 3.727E-02 9.223E+08 2165,
2223, 86 3,825 d « 5.4892 0.0004 5.430 5.255E-02 1.538E+05 218p,
221p, 87 4.9 min @ 6.3571 0.0084 0.0277 6.393 3.78GE-02 1.772E+08 217a¢,
2237, 87 21.8 min 8 0.3805 0.05642 4.35E-01 2.85E-03 3.BBEE+07 223,
223p, 88 11.43 & a 5.8672 0.0731 9.1348 5.805 3.500E-02 5.121E+04 218p,
224p, 88 3,66 d P 5.6751 0.0622 0.0103 5.688 3,372E-02 1.533E+05 220gn
225k, &8 4.2 d 8 6.1057  0.0137  1.19E-01 7.08E-04 3.920E+04 22540
228g, 38 1.600E+03 y o 4.7741 £.0035 92,0087 4,784 2.835E-02 9.887E-01 222pn
228, 38 5.75 y 8 0.0116 1.16E-02 5.88E-05 2.340E+02 228y,
2254¢ 89 10.0 d @ 5.7501  0.0257  0.0176  5.793 3.434E-02 5.803E+04 221p,
227 p¢ 89 2.177E+01 y B (9%.622); 0.0873 0.0125 0.0002 8.00E-02 4. 74E-04 7.233E+01 227y,
@ (1.38%) §Z3Fr
228y, 89 6.13 h g 0.4292  0.9269 1.358 8.038E-03 2.242E+06 2281y
2271y 3y 18,718 d « 5.9022 0.0543 0.1113 5.058 3.587E-02 3.073E+04 22334
228y 80 1.813 v a 5.3932 0.0201 0.0934 5.423 3.214E-02 3.1965+02 224p,
229y g0 7.340E+03 y  « 4.8620 0.0343 4,896 2.902E-02 2.127E-01 225ga
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Table B.1 (continued})

Major radiation energiesd
Principal {(MeV/dis) "Q" vaiuae® Specific
Atomic mode{s} of activiby

¥uclide numbar Hali-lifab daecay® @ € ~+{X) {MeV/dis) {W/Ci) {Ci/g) Daughter{s}
2307y, 80 7.54E+04 ¥ « 4.6651 0.0004 4.665 2.765E-02 2.108E-02 226g,
233ty 50 1.0633 d 8 0.1732 £.0285  2.03E-01 1.21E-03 5.316E+05 231p,
2327y, 90 1.4058+10 v« 4.0058 9.0002  4.006 2.3758-02 1.097E-07 228R4
234y 90 26,10 d 8 0.0158  0.0094  2.52E-02 1.495-04 2.336E+04 234p,
231p, a1 3.278E+04 ¥« 4.8230  0.0483  0.0399  5.01% 2.370E-02 4.723E-02 227 p¢
233py g1 27.0 @ 8 0.1941 6.2042 3.98E-01 2.36E-03 2. 0755404 233y
234mpy a1 1.17 min £ (96.87%); 0.8227 6.0121  B8.35E-0% 4.95E-03 6.652E+08 234y,

IT (0.13%7) 234p,
232y 92 6, 89E+01 v p” 5.3085 9.0002 5.307 3,1468-02 2.140E+01 228,y
233y 32 1.5928405 v« 4,861 4.0055 0.0013 4,821 2,8578-02 9,580E-03 2287y
2434y 92 2.454E405 y  w 4.7732 5.9091 6,773 2.829E-02 6.2485-03 28%7h
233y 2 7.0378408 v o 4.3785  0.0426  0.1581  4.577 2.713E-02 2.161E-06 231py
238y 82 2.342E+07 ¥ p 4.4753 0.0108 0.0015 4,492 2.5528-02 §.469E-05 2327y
238y 8z 6. 4B8EY00 v @ 4.1345  0.0085  0.0013  4.205 2.492E-02 3.3625-07 234y
236y, 93 1.550E+05 y  EC (91%); 0.1967 0.1411  3.388-02 2.008-03 1.317E-02 238y ~

5 (8.82); 236p,;, =

a (0.23%) 232p,
237x4 83 2.1408406 v @ 4,7604  0.0840  0,0327  4.857 2.8795-02 7.048E-04 233py
239, 93 2.355 d & 5.2521 0.1745  4.288-0% 2.538-03 2.320E+05 238p,
238py 94 2.851 y a 5.7521 9.0128 0.0020 5,767 3.4188-62 5,313E+0Z 232y
25Bpy 94 87745401 vy @ 5.4871 0.0099  £.0018  5.498 3.25938-02  1.732E+01 234y
239p, G4 2.411E404 v a 5.1011 0.0001 5.101 3.024E-02 §.216E-02 235y
260py 34 §.583E+02 v  a 5.1548 5,155 3.0568-02 2.279E-01 4385y
243y 94 1045401 ¥ 8 0.0001 0.0052  5.3E-03 3.2E-05 1.930E+02 2410
24Zpy 94 3.783E+05 y o 4.8901  0.0081  6.00%4  §.890 2.804E-02 3.618E-03 288y
246p, 94 5.26E407 v o (99.8751); 4.575L 0.0007  £.0031  4.57B 2.712E-02 1.774E-05 240y

SPF (D.1257) {fission

producis?

2404y 95 5,327E402 v @ 5.6801 0.0304 ¢.02387 5.539 3,283E-02 3.432 2374y
242 as 15.01 h 8 (82.7%); 0.1781 5.0180 1.86E-0% 1.16E-03 8.084E+05 B4Zoy.

EC ¢17.3%) 242py
242mpe, 85 1.43E4+02 v 1T (98.552); $.0232 0.0403 D.0049  6.84E-02 4, 058-04 8,718 2424,

2 {9.45%) 238y,
2434 95 73805403 y  a 5.25585 5.0431  5.3137 3.1498E-02  1.993E-01 2385y
2620 95 182.94 4 P 6.0434 0.0090 9.9018  5.0%542 3.5886E-02  3.308E+03 238p,
2630y ] 2.8584+00% v @ (59.751); 5.8380 ©.31326  0.1315  6.083 3.605E-02 5.1B62E+01 23%py;

EC (0.24%) 2534y,



Tabie 8.1 {continued}

Maior radiation energiesd
Principal (MaV/dis) "3 vaine® Specific
Atomic . mocdae(s) of activiiy
fucliide number Eals-iife® dacay® a € 1{X} (MeV/dis) Wycin {Ci/z? Naughter(s)
244cn 96 1.ELIEHIL Y« 5.7965 0.0018  5.798 3.437E-02 8.090E+01 240py
245¢y, 96 8.5E+03 y « 5.3531 0.1342 5.1178 5.615 3.3298-02 1.717E-01 24lpy
248cq 96 4.73E+03 ¥y « 5.3764  ©.0072  0.9014 5,385 %.192E-02 3.072E-01 2425,
247cy 96 L.5BEH0T ¥ o 4.9475 9.3152 5.233 3.119E-02 9.278E-05 243py
248¢q 95 3.40E+05 ¥ o (91.74%); 4.5524 4.6524 2.75773-02 4.251E-03 2443y,
SPF (3.253) {fission
products)
252¢s 98 2.645 o {95.9981); 5,9308 0.0051 0.0061% 5.9370 3.5191E-02 5.378E+02 248cp,
SPF {3.092%) (fission
products)
8Based on refs. 5-9.
vy = years; & - days; h — hours; min — minutes; and s ~ seconds,.
Cu — alphs decay; 8 — negative beta decay; EZ — electron capture; IT — isomeric transition {radicactive transition from one

nuciear isomer Lo anothar of lower senergy;; and SPF — spontaneous fissiom.

Gy — alpha decay; € — total electiron emissions; and 7(X) — gamma and X-ray photons.

®The sum of the average snergies for different radiation types in MeV/disintsgration or W/Ci (includes alpha and beta particles,
discrete aleacirons, and photons). The "Q" value indicates the amouni of energy (heat) that could be deposited in a radioactive
material feom =ach decay svent if none of the radiation escapad from the material., Neutrinos are not inciuded.
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APPENDIX C. WASTE FLOWSHEETS, SOURCE TERMS,
AND CHARACTERISTICS

C.1 DISCUSSION

In this report, a number of enginecring estimates, assumptions, and ground rules are used to determine radicactive
waste and spent fuel projections through the year 2030. Many of these involve parameters that characterize certain types
of waste (e.g., see Table C.1). In other instances, estimates were made of the waste votume generated per unit of product
throughput for each step in the fuel cycle. This appendix is a compilation of generic flowsheets and source terms used foe
making waste projections. Source terms are used to describe quantitative and qualitative characteristics of radiactive wastes.
In general, the source term for a particular waste is comprised of two components unique to that waste: (1) the number
of curies of radioactivity expressed either per unit of facility production or per unit of waste volume or mass and (2) a listing
of the relative radioactivity contributions of component radioisotopes.

The source terms used in the analysis of this report are based on reported historical data, engineering cstimates,
calculations, and/or experimental data. Documentation of the source terms and key waste-modeling parameters is provided
in the following sets of figures and tables (based primarily on refs. 1 through 10). Detailed information on how these source
terms and modeling parameters were derived is available, mainly in ref. 1 and ifs update (ref. 2). Figures C.1 and C.2 were
adapted from refs. 1 and 2. Figure C.3 was adapted from information presented in ref. 3. The mass, radipactivity, and
thermal power of the nuclides contained in all stored domestic commercial LWR spent fuel as of December 31, 1992, are
listed in Table C.2.

Representative DOE LLW radionuclide compositions are described in Table C.3 (based on ref. 1). Average
concentrations for representative radionuclides in LLW disposed of at commercial sites are given in Table C.4. Table C.5,
which gives the radionuclide composition of saltstone at SRS, summarizes information obtained from ref. 3. TLWR energy
generation values are reported in Table C.6; the values are based on refs. 4~7. Table C.7 gives a summary of major sources
and estimated characteristics of commercial greater-than-Class-C LLW (data from refs. 8 and 9). Information on the TLW
to be incorporated in cement as a result of future operations by the West Valley Demonstration Project Radwaste
Treatment System is presented in Table C.8, which is taken from ref. 10.

Additional HANF and INEL waste information and data recently provided for this report at press time arc given in
Tables C.9-C.13. The information and data in these tables will be integrated into futare editions of this report. Historical
HANF buried LLW volume and radioactivity inventories and characteristics are reported in Tables C.9 and CA§,
respectively. Table C.11 reports and compares recently reported INEL generated LLW volurne and activity for 1992 with
the estimates used in this report. The same type of comparison is made with estimated and recently reported actual 1992
INEL buried LLW characteristics in Table C.12. Table C.13 summarizes various remote-handied TRU wastes at HANF
that are not included in the inventorics shown in Chapter 3. ‘These wastes are stored at the HANF 200-Area burial grounds
and were previously identified as miscellaneous radioactive materials. They represent an additional TR waste inventory
that will be integrated into the TRU waste chapter in futurc updates of this report.
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ORNL DWG 93-10829

LOW-LEVEL WASTE
PACKAGED WASTE VOLUME = 1.B4E+1 m 3 /MW(e)
TOTAL ACTIVITY = 2.83E+2 CI/MW/{e)
WASTE CLASS
A B c
Volume, m3/MW(e) 1.80E+1 3.23E-1 4,6QE-2
Activity, CI/MW(e) 1.28E +1 3.88E+1 2.12E+2
Speclflic Activity, Ci/m3
590 3.87E-8 1.08E-8 1.88E-1
94NI 1.40E-58 8.31E-8 1.00E+0
gng 2.16E-8 1.44E-6 2.39E-3
aoTC 9.34E-8 3.16E-7 5.02E-6
aaC° 2.70E-1 4.20E+1 5.37E+2
goN' 1.07E-3 8.78E-1 1.87E+2
gOSr 6.48E-4 6.07E-2 0.00E+0
187 6.48E-4 5.07E-2 0.00E+0
137 2.54E-2 3.44E+0 0.00E+0
m
Ba 2.40E-2 3.25E+0 0.00E+0
Half-Lite <6 yr 4.47E-1 8.90E +1 3.83E+3
DECOMMISSIONING __j Total 7.89E-1 1.20E+2 4.81E+3
OF 1-MW(s8) CAPACITY
OF BOILING-

WATER REACTOR
(IMMEDIATE DECOMMISSIONING) ™

GREATER THAN CLASS C LOW-LEVEL VASTE
PACKAGED WASTE VOLUME = 8.65E-3 m% /MW(e)

TOTAL ACTIVITY = 1.11E+3 CI/MW/(e)
GREATER THAN GLASS C

Volume, m3 /MW{e) 8.66E-3
Actlvity, CI/MW(se) 1.11E+3
Speclfic Activity, Cl/m?3

L. 14
c 1.20E+1
54
Mn 1.77E+8
66¢q 7.04E+4
80
5650 4.83E+4
N1 .41
oo 8.41E+1
Nt 8.91E+3
94
Nb 1.80E-1
Total 1.20E+5

Fig. C.1. Boiling-waier reactor decommissioning wastes per 1-MW(e) capacity.



DECOMMISSIONING

OF 1-MW({ea} CAPACITY

OF PRESSURIZED

WATER REACTOR

(IMMEDIATE DECOMMISSIONING)

Fig. C2. Pressurized-water reactor decommissioning wastes per
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ORNL DWG ¢3-10880

LOW-LEVEL WASTE
PACKAGED WASTE VOLUME = 1.66E+1 ma/MW(e)
TOTAL ACTIVITY = 1.08E+2 CI/MW(e)

WASTE CLASS

A B c
Volume, m3/MW(e) 1.58E+1 1.82E-1 1.46E-2
Actlvity, CI/MW(e) 3.28E+1 4.40E+1 2.01E+1
Specitlc Actlivity, CI/m3
14 ~
o} 0.00E+0  0.00E+0 0.00E+0
521 4.76E-5 7.28E-8 5.61E-1
84 b 2. 41E-8 6.22E-5 4.08E-8
9 1o 0.00E+0  0.00E+0 0.00E+0
804, 3.67E-1 7.88E+1 7.80E+2
834 5.86E-3 1.16E+0 8.90F +1
80, 4.88E-B 1.78E-83 0.00E+0
132\( 4.88E-6 1.79E-3 0.00E+0
5.89E-2 2.06E+0 0.00E+0
1837m . . -
Bs 5.10E-2 1.86E+0 0.00E+0
Half-LIfe <6 yr 1.68E+0 1.68E+2 1.18E+3
Total 2.16E+0 2.42E+2 2,01E+3

)

GREATER THAN CLASS C LOW-LEVEL WASTE
PACKAGED WASTE VOLUME = 3.87E-8 P /MW (o)

TOTAL ACTIVITY =~ 5.06E+3 ClI/MW(e)
GREATER THAN CLASS G

Volume, ma/MW(e)
Actlvity, Ci/MW(e)
Speclflc Actlvity, Ci/m3

3.87E-3
5.06E+3

;jo 1.83E+2

Mn 7.78E+4
66 g 7.668E+6
60c,o 3.80E+5
SQNI 4,31E+2
83 41 B.28E+4
%4Nb 2.24E+0

Total 1.31E+8

1-MW(e) capacity.



ORNL DWG 8BA—1155R

EFFLUENT

B TREATMENT

FACILITY

SEPARATIONS
CANYONS
EVAPORATORS
CONTAMINATED
SLubeE LiQuIDs
CONCENTRATED DEFENSE WASTE
WASTE PROCESSING FACILITY
(owPF)
-
! 3
[ SALT B> SALTSTONE 3
TANKS | PLANT *
DECONTAMINATED
. FILTRATE N\,
Sal SALTSTONE
GLASS PLANT
!
i B
SLUDGE PROCESSING SALT PROCESSING
PRECIPITATE
PROCESSED SLUDGE

Fig. C3. Waste flow diagram for the SRS Defense Waste Processing Facility.
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Table C.1. Estimated repressntabive wmit activity apd
thermal power characteristics of warious types
of radicactive materials and wastes

Unit thermal

Radicactive material/ Imit activity power
waste type (Ci/m3) (W/m3)
Spent fuel?
BWR 1,000,000~10,000,000 3,500~40,000
PWR 2,000,000-20,000,000 7,500~65,000
High-level waste 1,500-15,000 5~-50

Transuranic waste

Remote handled, stored 1,000 1-2
Contact handled, stored 25-50 0.5-1.5
Buried 0.25-0.50 0.005-0.010
Low-level wasteP
DOE sites 9-27 0.012-0.054
Commercial sites® 4.6-6.4 0.30-1.60
Class A 0.5-0.7 0.03-0.10
Class B 55-60 14-15
Class C 0.1->7,000d 0.003-1159
GTCC® >0.1-No limit >0.003-Ho limit
Uranium mill tailings 0.010 0.00020

3Lower-bound levels are based on cumulative spent fuel discharged;
upper-bound levals are based on annual discharges.

bpased on 1986-1988 Solid Waste Infarmation Management System (SWIMS3)
and the national Low-Level Waste Management Program (LLWMP) data access
system, both of which were maintained by EG&G, Idaho, Inc., Idaho Falls,
Idabho.

“Yaste classification is defined by the NRC in 10 CFR 61.55 on the
basis of concentration of certain long~ and short-lived radionuclides.
The classification system is designed to minimize potential exposures in
both the short and long term. The gross Ci/m3 shown above are
representative of typical LIW shipped to commercial disposal sites.
Huclear power plant wastes account for most of the vadiocactivity (~96%)
and include Class A, B, and C. Essentially all medical wastes are
Class A. Industrial wastes are largely Class A, but they contain soms
Class B and C.

AMaximun for O3Ni in activated wmetal or 905r. There is no limit on
concentration of SH, 60Co, or nuclides with half-lives <5 years. The
maximum thermal power shown is based on the highest reported gross Ci/m3
analysis for irradiated core components (1986-1988) and assumes all the
activity is due to 60Co, which would yield the greatest heat output. If
the activity is due to activation products, such as 54Mn, 58Co, etc., the
Ci/m3 could be much higher for individual shipments, and the total W/m3
could exceed the value shown.

®In temporary storage. The concentration of actinides and 129
determine the lower activity boundary. There is no limit on
concentrations of 38, 6OCo, or nuclides with half-lives <5 years.



Table C.2. Mass, radioactivity, and thermal power of nuclides in domestic commercial
LWR spent fuel at the end of calendar year 19922

Mass, g Radioactivity, Ci Thermal power, W
Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative
1 Hydrogen Stableb 1.06E+04 1.24E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Hydrogen 3 1.96E+02 1.35E+03 1.89E+06 1.30E+Q07 6,37E+01 4, 38E+02

2 Helium Steble 6. 43E+03 5.96E+04 0.00E+00 0.00E+00 0.00E+00 0,00E+00
3 Lithium Stable 2.54E+03 2.84E+04 0,00E+00 0.00E+00 0.00E+00 0.00E+30
4 Beryllium Stable 2.47E+00 2.32E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00
5 Boron Stable 2.34E4+03 2.58E+04 0.00E+00 0.00E+00 0.0CE+30 0.00E+00
[ Carbon Stable 4 15E+05 4 ,65E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Carbon 14 1.05E+03 9.85E+03 4,70E+03 4, 39E+04 1.3BE+00 1,28E+01

7 Nitrogen Stable 2.84E+05 3.20E+08 0.00E+00 0.C0E+00 0.Q0E+00 0.00E+00
8 Oxygen Stable 3. 14E+08 3,49E+09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
g Fluorine Stable 2.48E+04 2.77E+05 0,C0E+00 0.00E+00 0.00E+00 0,00E+00
10 Neon Stable 1.G2E+00 9,77E+00 0.C0E+00 0.00E+G0 0.00E+00 0.00E+00
11 Sodium Stable 3.48E+04 3.88E+05 0.00E+00 0.00E+00 0.00E+00 0. 00E+00
Sodium 24 2.06E-04% 2,06E-04 1.80E+03 1.80E+03 4,98E+01 4,88E+01

12 Magnesium Stable 4. 75E+03 5,27E+04 ©.00E+00 0.00E+00 0.00E+0D 0.080E+00
13 Aluminum Stable 1.86E+05 2.11E+08 0.00E+00 0.00E+00 0.00E+00 G.00E+00
14 Silicon Stable 1.11E+06 1,24E+07 0.00E+00 0.00E+00 0.00E+00 0. 00E+00
i3 Phosphorus Stable 5.56E+05 5,.81E+08 ¢.00E+D0 0.00E+00 0.00E+00 4.G0E+00
Phosphorus 32 3.81E-01 3.81E-01 1.08E+05 1.08E+05 1.10E+03 1.10E+03

186 Sulfur Stable 6.08E+04% 6.84E+05 0 .00E+00 3.00E+00 0.00E+00 0, 00E+00
17 Chlorine Stable 1.15E+04 1.29E+05 §.060E+00 0.00E+00 0. 00E+00 3, 00E+00
18 Axrgon Stable 9, 74E+02 9,38E+03 %.00E+00 0.00E+0D 0.0CE+00 0.00E+30
18 Potassium Stabls 4,21E+00 4, D3E+H0L &, 00E+00 0.00E+0G0 0.00E+00 0, 00E+00
20 Calcium Stable 4.865E+03 5, 18E4+04 0.00E+00 3.00E+00 0. 00E+00 0.00E+00
21 Scandium Stable 2.75E-01 2.83E+00 0.00E+00 8. 00E+00 0.00E+00 0., 00E+00
22 Tivanium Stable 2.02E+05 2.13E+086 0.00E+30D 0.00E+00 0, 00E+D0 0.00E+0D
23 Vanadium Stable 4, 228104 4 ,36E+05 0.00E+00 0.00E+00 0. 00E+00 0.i0E+00
Vanadium 50 1.35E+402 1.33E+03 2.,42E-11 2.42E-10 2.678-13 2,87E-12

24 Chromium Stable 2.55E407 2.83E+08 2, 00E+00 0.00EH0Q 0., 00E+00 0, 0Q0E+00
Chromium 53 9. 44E+0T Q,44E+02 3.72E+08 8.72E+06 1.87E+03 1.87E+03

25 Manganese Stable 2, 11E+06 2.37E+07 0.00E+00 ¢.00E+00 0.00E+00 0, 00E+00
Manganesa 54 2.08E+02 3.43E+02 1.61E+06 2.85E+06 8.02E+03 1.32E+04

26 Iron Stable 7.70E+07 8,63E+08 0.00E+C0 0. 00E+0Q 0. 00E+00 2. 00E+00
Iron 55 5.88E+03 1.83E+04 1.42E+07 4, 58E+07 4. 8QE+02 1.55E+03

Iron 59 3.54E+00 3.53E+00 1.74E4+05 1.75E+05 1.35E+03 3.35E+03

27 Cobalt Stable 1.85E+05 2.05E+06 U.00E+00 0.00E+00 0.00E+00 0. 00E+00
Cobalt 58 1.09E+02 1.11E+02 3,46E+06 3.54E+06 2.07E+04 2.12E+04

Cobals 80 1.53E+34 7.73E+04 1.84E+07 8.75E+07 2, 84E+05 1.35E+08

28 Nickel Stable 2.43E+07 2,82E4+08 0.00E+CO @.00E+0D G.BOE+00 0. 00E+00
Nicksl 59 1. 5ZE+05 1.38E+06 1.15E+04 1.03E+03 4,57E-01 4, 10E+00

Nickel 53 2.BSE+D4 2.23E+05 1.64E+08 1.38E+07 1,.65E+02 1.39E+03

29 Copper Stable 4, LEE+04 4, 57E+05 0.00E+00 0.00E+00 0.00E+00 0. 00E+00
30 Zinc Stable 9.38E+04 1.04E+08 0, 00E+00 0.00E+00 0. 00E+00 0.00E+00
Zine 65 2, 468E+01 3.58E+01 2.03E+05 2.98E+05 7.11E+02 1.04E+03

182



Table £.2 {continusd)

Mass, g Radioactivity, Ci Thermal power, W
tomic Mass number
number Element of nuclide Annual Cumulative Arnual Cumulative Annual Cumulative
31 Galliuwm Stable 8.08E+01 7.73E+02 0.00E+0C 0.00E+00 0.00E+00 0.00E+00
32 Germanium Stable 1.58E+03 1.38E+04 0.00E+00 0.00E+00 0.00E+00 0.00E+C0
33 Arsenic Stable 4.70E+02 4, 33E+G3 0.050E+09 0.03E+00 0. 00E+00 0.G0E+C0
34 Selenium Stable 1.17E+05 1.06E+06 9.008+00 0.00E+0D 0.90E+0C 0., 00E+G0
Selenium 79 1.40E+04 1.27E+G5 3.78E+02 8.8YE+03 2.43E-01 2.21E+50
35 Bromine Stable 5.09E+04 &, 55E+C5 0.G0E+00 0.00E+0C 0.C0E+00 0.00E+G0
36 Xrypton Stable 8.02E+05 7.262+05 .COE+0D 0.00E+0C G.0OE+D0 0.00E+C0
Xrypton 81 5.60E-02 4, BYE-01 1.18E-03 1.03E-02 1.45E-07 1.27E-08
Xrypton 85 5.50E+04 3. 48E+DS 2.18E+07 1.37E+08 3.23E+04 2.05E+05
37 Rubidium Stable 2.34E+05 2.11E+08 0.00E+00 G.00E+00 0.00E+00 0.00E+00
Rubidium 86 3.84E+00 3.94E+00 3.21E+05 3.Z1E405 1.4584+03 1. 45E+D3
Rubidium 87 5.81E+05 5.25E+06 5.08E-92 4,60E-01 4.258-05 3.B4E-04
38 Strontium Stable 8.32E+05 7.52E+06 0.00E+00 0.00E+00 0.00E+02 0.00E+00
Scrontium 89 1.39E+04 1.20E+04 3.46E+08 3.48E+08 1.20E+08 1.20E+06
Stron%ium 90 1.26E+08 9, 85E+08 1.71E408 1.34E+09 1.99E+05 1,5B8E+08
39 Yotrium Stable 1.03E+08 9.14E+06 0.00E+00 C.COE+00 0.00E+0T 0.00E+00
Yttrium 90 3.13E+02 2.47E+03 1.73E+08 1.35E+09 9.61E+05 7.46E+08
Yetrium 91 2.16E+04 2. 18E+0b 5.30E+08 5.38E+08 1.90E+08 1.92E+06
49 Zirconium Stable 7.76E+08 9.0DBE+0S 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zirconium 93 1.97E+08 1.BOE+07 4. 94E+G3 4, 52E+04 5.74E~01 5.25E+00
Zirconium 95 4, 0BE+04 4, 312E+04 8.72E+08 5.85E+08 4, 42E+08 4. 48E+06
41 Niobium Stable 1.25E+0% 1.32E+07 0.00E+5D 5. 00E+00 0.00E+00 0.00E+D0
Niobium 93m 1.61E+G0 4 ,S2E+01 4. 54E+02 1.398+04 8.05E-C2 2, 47E+00
Niobium 94 1. 58E+CH 1., 40E+05 2.97E+03 2.63E+04 3.03E+C1 2.88E+02
Niobiun 85 3.435E+04 3,53E+04 1,35E408 1.38E+09 6.48E+05 5.62E+06
Niobium 85m 1.78E+{1 1.79E+03% 6.71E+08 6.81E4+06 9.32E+G3 9. 4SE+03
42 Molybdenun Stable 8.56E+06 7.84E+07 0.00E+00 0. 00E+00 0.00E+00 0.00E+00
43 Technetium ele] 1.8B4E+086 1.69E+07 3,13E+04 2.87E+05 1.57E+3% 1.44E+02
44 Ruthenium Stable 3.21E+08 4 ,71E+D7 0.00E+00 0.00E+00 0.00E+40 0.COE+UC
Rutheniua 103 1.62E+04 1.62E+04 5.23E+08 5,23E+08 1.75E+086 1.75E+06
Ruthenivm 106 2.86E8+35 5, 13E+05 S, 49E+48 1.72E+09 5.B4E+04 i.02E+05
45 Rhodium Stable 9.93E+0S 9.38E+06 0.0GE+00 0.00E+C0 0.0GE+00 0.00E+00
Rhodium 103m 1,458+01 1,45E+01 4, 71E+D8 4. 728+C8 1.D8E+05 1,09E+05
Rhodium 106 2,67E-01 4, 82E-01 9. 49E+03 1.72E+08 9. 10E+06 3.65E+07
45 Palladium Stable 2.4BE+06 2.17E+07 0.00E+00 0.00E+00 C.00E+00 0.00E+00
Palladium 107 5,34E+05 4, 8BE+0S 2.75E+02 2.51E+03 1.63E-02 1.49E-01
47 Silver table 1.8B3E+05 1.71E+06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Silver 108 2.49E-09 1.87E-08 1.83E+00 1.38E+01 6.81E-03 5.12E-02
Silver 1G8m 7.88E-01 5.938+00 2.05E+01 1.55E+02 1,99E-01 1, 50E+06
Silver 130 2.13E-05 3.05E-C5 8.78E+04 1.27E+05 6.31E+02 9.14E+02
Siiver 1i0m 1.39E+03 2,01E+G3 §.60E+06 9. 56E+06 1.10E+05 1.50E+05
Silver 111 3.07E+01 3.07E+01 4, 85E+06 4 85E+06 1,09E+04% 1.09E+04
48 Cadmium Stable 3.20E+05 2.98E+05 4.0QE+00 0, 00E+00 G.00E+00 C.00E+0Q
Cadmium 109 8,.61E-01 1.62E+00 2.22E+03 4. 70E+03 Z.58E-01 5,46E~01
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Tabla C.2 {continued)

Mass, g Radioactivity, Ci Thermal power, W
Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative
Cadmium 113m 6,09E+02 4, 20E+03 1.32E+05 9. 11E+05 2.22E+02 1.83E+03

Cadmium 115m 2. 75E+01 2.78E+01 7.00E+05 7.02E+05 2.B81E+03 2.62E+03

49 Indium Stable 2.78E+03 2.74E+04 0.00E+00 0.00E+00 0,00E400 0.90E+00
Indiwm 114 8.45E-85 8.48E-05 1.1BE+05 1.17E+85 5.54E+02 5.57E+02

Indium 1i4m 5.25E+00 5, 28E+00 1.22E+05 1.22E+05 1.71E+02 1.72E+02

Indium 113 5.40E+03 5.B2E+04 3.36E-08 3.82E-907 &, 82E-11 5.20E-10

Indium 115m 5.45E-02 5.45E-02 3,45E405 3.45E405 6.88E+02 6, 89E+02

50 Tin Stable 1. 27E+07 31, 49E+0D8 0. 00E+D0 3. 00E+00 0.00E+00 0.00E+00
Tin 11?m 1,78E+01 1.76E+01 1.40E+08 1.40E+08B 2.60E+03 2.60E+03

Tin 115m 3.57E+03 5.18E+03 1.60E+07 2.32E+07 8.26E+03 1,20E4+04

Tin 121im 5.47E+01 4, 77E+02 3.24E+03 2.82E+04% 6.48E+00 5.658+01

Tin 123 4 ,86E+02 5.64E+02 4, Q8E+06 4,83E+06 1.27E+04 1.45E+04

Tin 125 1.30E+01 1.30E+01 1.41E+08 1.41E+06 9, 32E+03 9.32E+03

Tin 126 6.50E+04 6.00E+05 1.85E+03 1.70E+04 2.36E+00 2.12E+01

51 Antimony Stable 4, STE+Q4 4 ,66E+05 0.Q0E+00 0.G0E+00 0.06E+00 0.00E+0Q
Antimony 124 4. 25E+01 4,31E+01 7.458+05 7.53E+05 g.89E+03 1.00E+04

Antimony 125 3.52E+04 1.20E405 3.B64E+07 1.24E+08 1.14E405 3.87E+05

Antimony 128 1.61E+00 1.61E+00 1.35E+05 1.35E+05 2.49E+03 2. 49E+03

Antimony 127 1.35E+01 1.35E+01 3.61E+086 3.81E+08 2.14E+04 2.14E404

52 Tellurium Stable 1.12E+06 1.02E+07 0.00E+00 0.Q0E+00 0.0CE+00 0.50E+00
Tellurium 123 2.80E+01 2.42E+02 8,14E-09 7.04E-08 8.25E-13 7.13E~12
Tellurium 123m 2.72E+00 3.00E+00 2.41E+04 2.66E+04 3.51E+01 3.88E+01
Tellurium 125m 4, 7BE+02 1.B6E+03 8, 5BE+06 2.98E+07 7,21E+403 2.51E+04
Tellurium 127 6.09E+00 5.51E+00 1.61E+07 1.72E+07 2.17E+04 2.32E+04
Tellurium 127 1.36E+03 1.49E+03 1.29E+07 1.40E+907 6.83E+03 7.54E403
Tellurium 129 4.38E-01 4,37E-01 8. 14E+06 9. 15E+06 3.27E+04 3.27E+0a
Tellurium 12%m 4 49E+02 4, 48E+02 1.35E+07 1.35E+07 2.37E404 2.37E+04
Tellurium 132 1.22E+402 1,22E+02 3.71E+07 3.71E+07 7.35E+04 7.35E+04

53 Iodine Stable 1.28E+05 1.18E+06 0.00E+00 0.00E+0D ¢.00E+00 0.00E+00
Iodine 129 4, 28E+05 3.95E+06 7.56E+01 8,97E+02 3.50E-02 3,22E-01

Iodine 131 5.40E+02 5. 40E+02 6.69E+07 6.69E+07 2.Z7E405 Z.27E+05

54 Xenon Stable 1.24E+07 1.13E+08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Xenon 128m 4 01E-03 4,01E-03 5.07E+02 5,07E+02 7.09E-01 7.08E-01

Xenon 131m 2,.17E+01 2.17E+01 1.B2E+08 1.82E+08 1.75E+03 1,75E+03

Xenon 133 5.34E+02 5.34E+02 1.00E+08 1.00E+08 1.07E405 1.07E+05

55 Cesium Stable 2.65E+06 2.45E+07 0.00E+G0 0. 90E+00 0.00E+00 0.00E+00
Cesium 134 2.47E+05 &.62E+05 3.18E+08 8.57E+08 3.25E+06 8.72B+06

Cesium 135 7.85E+05 8.B4E+0B 8, 04E+02 7.88E+03 3.02E-01 2.83E+00

Cesium 136 7.85E+01 7.BSE+01 5.75E+06 5.75E+086 7.84E+04 7.84E+04

Ceasium 137 2.83E+06 2.24E+07 2.47E+08 1.95E+09 2.73E+05 2,.16E+06

58 Bariwn Stable 3.28E+08 2.94E+07 0. 00E+00 0.00E+00 0.00E+00 0.00E+Q0
Barium 136m 3.52E-06 3.528-06 9. 48E+35 8. 48E+05 1.15E+04 1.15E+04

Barium 137m 4 ,33E-01 3.43E+00 2,33E+08 1.B4E+09 9.18E+05 7 .24E+08

Barium 149 2.40E+03 2.40E+03 1.75E408 1.75E+38 4, BQE+05 4, BIE+DS
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Table C.2 (continued)

Mass, g Radioactivity, Ci Thermal power, W
Atomic Mass numbex

number Element of muclide Annual Cumulative Ammual Cumulative Annuval Cumulative
57 Lanthanum Stablse 2.91E+06 2.64E+07 G.Q0E+QD 0.00E+00 0. 00E+0G0 0.00E+00
Lanthanum 138 1.32E+01 1.24E402 2,53E-07 2.37E-08 1.88E-09 L.74E-08

Lanthanum 149 3.B65E+02 3,.65E+02 2.03E+08 2.03E+08 3.40E+08 3.40E+08

58 Cerium Stadble 2.90E+086 2.62E+07 0.00E+GO 0.90E+00 0.00E+90 0.00E+00
Cerium 141 1.50E+04 1.50E+04 4. 28E+08 4, 2BE+08 6.27E+35 5.27E+05

Cerium 142 2.70E+08 2.45E+07 5.48E-02 5.87E-01 0.00E+30 0.00E+00

Carium 144 5,58E+05 §.77E+05 1.78E+CY 2,B0E+09 1.18E+48 1,88E+06

53 Praseodymium Stable 2.5BE+06 2.33E+07 0.00E+00 0.00E+00 0.00E+00 0.00E+00C
Praseodymium 143 2.61E+03 2.51E+03 1.76E+08 1.76E+08 3.28E+05 3.28E+05
Praseodymium 144 2.36E+01 3.70E+01 1.78E+09 2.B0E+09Y 1.31E+07 2.06E+07
Praseodymium 1l44m 1.18E-01 1.85E-01 2. 148407 3.36E+07 7.31E+03 1.15E+04

80 Naodymium Stable 8.37E+086 5.83E+07 0.00E+00 0,00E+00 ©.00E+00 0.00E+00
Nsodymium 144 2.85E+68 2. 75E+C7 3.13E-08 3.25E-05 G.00E+00 0.008+030

Neodymiun 147 7.208+02 7.20E+02 5.78E+07 5,78E+07 1.40E+05 1.402+C5

61 Promethium 147 2.91E+05 Q. B4E+DS 2,70E+08 9.13E+08 9.69E+04 3.27E+C5
Promethium 148 7.73E+01 7.73E+G1 1.27E+07 1,27E+07 9.78E+04 9.78E+G4
Promethium 148m 4, BBE+02 4, B6E+Q02 1,04E+07 1.04E+07 1.32E+05 1.32E+05

62 Samarium Stable 1,.02E+06 9. 48E+0B 0.00E+0C 0,00E+00 0.C0E+00 0.00E+0D
Samarium 147 1.83E+05 3,68E+06 4, 16E-03 8.38E-02 5,70E-05 1.15E-03

Samarium 148 4, 17E+05 3.52E+08 1.26E8-07 1.08E-03 1.50E-09 1.27E-08

Samarium 149 5.55E+03 7.13E+04 1.57E-09 1.71E-08 0.00E+C0 0.00E+G0

Samarium 151 3.00E+04 2.90E+05 7.91E+05 7.33E+08 9,27E+C1 B.95E+02

63 Europium Stable 2.58E+05 Z,33E+08 0.00E+C0 0.30E+00 0.008+00 0.00E+00
Europium 152 7.72E+01 5.43E+02 1,24E+C4 9.39E+04 1.01E+02 7.10E+02

Europium 154 8. 29E+04 5.20E+05 2.51E+07 1.40E+08 2.24E+05 1.25E+08

Europium 155 3.23E+04 1.45E+05 1.50E+07 6.74E+07 1,.09E+04 4. 90E+04

Europium 156 5.33E+02 5.33E+02 2. 94E+07 2.84E+07 3.03E+05 3.03E+D5

64 Gadolinium Stable 1.34E+086 1.66E+07 0.00E+00 0.00E+00 0.00E+00 G.00E+00
Gadolinium 152 7.54E+01 2.3BE+03 1.64E-09 5.18E-08 2.14E-11 6.76E-10
Gadolinium 153 1.33E+02 2. 95E+02 6.80E+05 1,04E+08 6. 15E+02 9. 41E+02

85 Terbium Stable 2.38E+04 2. 44E+05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Terbium 180 1,88E+02 2.03E+02 2,24E+06 2.29E+08B 1.82E+04 1.87E+04

Terbium 181 1.57E+00 1.57E+00 1.B4E+QS 1.84E+05 3.70E+02 3.70E+02

81 Thallium Stable 2.42E-08 2.03E-08 0.00E+00C C.00E+0C 0.00E+00 0.00E+00
Thallium 206 6.07E-22 6.07E-22 1.32E-13 1.32E-13 1.20E-15 1.20E-15

Thallium 207 6.69E-12 3.41E-10 1.28E-03 6.50E-02 3.74E-06 1.91E-04

Thallium 208 1.00E-08 4. Q5E-07 2, 96E+00 1.19E+02 6.96E-02 2, B0E+00

Thalliun 209 1.81E-14 1.18E-13 7.80E-086 4 ,83E-05 1.30E-07 8.03E-07

62 Lead Stable 2.30E+03 2. 58E+04 0.G0E+00 0.90E+00 0.00E+00 0.00E+{0
Lead 204 3,20E+01 3.56E+02 4, 01E-13 4 4BE-12 6.1BE-15 5,.B88E-14

Lead 205 7.B3E-02 7.55E-01 4, 59E-05 4, 39E-05 1.338-10 1.28E-09

Lead 209 2.27E-10 6.39E-10 1.G3E-03 2.31E-03 1.19E-086 3.34E-05

Lead 210 §.86E-08 1,19E-05 7.60E-086 9.12E-04 1.76E-08 2.11E-07

Lead 211 5.18E-11 2.64E-09 1.28E-03 6.52E-02 3.83E-08 1.85E-04

1274



Table C.2 (continued)

Mass, g Radioactivity, Ci Thermal power, W
Atomic Mass number

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative
Lead 212 5.92E-06 2.39E~D4 8.23E+00 3.32E+02 1.57E-02 6.32E-01

Lead 214 1.71E-12 1.88E~10 5.62E-05 6.50E-03 1.78E-07 2.07E-05

83 Bismuth Stable 9.32E+02 1.04E+04 0.00E+00 0.00E400 0.00E+00 0.00E+00
Bismuth 208 1.28E-02 1.21E-01 5.86E-05 5.68E-04 9.38E-07 8.81E-06

Bismuth 210 1.82E-05 1.62E~05 2,01E+00 2.01E+00 4. 64E-03 4.64E-03

Bismuth 210m 7.48E-02 7.1BE~01 4, 25E-05 4, 0BE-04 1.34E-06 1.28E-05

Bismuth 211 3.06E-12 1.56E-10 1.28E-03 6.52E-02 5.10E-05 2.60E-03

Bismuth 212 5.61E-07 2.28E~05 8.23E+00 3.32E402 1.40E-01 5.64E+00

Bismuth 213 1.87E-11 1.16E-10 3.61E-04 2.24E-03 1.52E-06 9.40E-06

Bismuth 214 1.27E-12 1.47B-10 5.62E-05 6.50E-03 7.20E-07 8.33E-05

84 Polonium 210 1.02E-02 1.19E-02 4 . 60E+01 5.33E+01 1.48E+00 1.71E+00
Polonium 211 3.75E-17 1.81E-15 3.58E-06 1.83E-04 1.81E-07 8.22E-06

Polonium 212 2.97E-17 1.20E~15 5,27E4+00 2.13E+02 2.78E-01 1.13E+01

Polonium 213 2.80E-20 1.73E-19 3.53E-04 2.19E-03 1,78E-05 1.11E-04

Polonium 214 2.28E-18 2,03E-17 7.38E-05 6.52E-03 3.42E-06 3.03E-04

Polonium 215 4.34E-17 2,21E-15 1.28E-03 5.52E-02 5.71E-05 2.91E-03

Polonium 216 2,36E-11 g.52E-10 8.22E+00 3.32E+02 3.36E-01 3.36E+01

Polonium 218 1.99E-13 2.30E-11 5.82E-05 6.50E-03 2.04E-08 2.36E-C4

85 Astatine 217 2.24E-18 1.38E-15 3.B1E-04 2,24E-03 1.54E-05 9,55E-05
86 Radon 218 1.18E-17 1.18E-17 1.748-05 1.74E-05 7.48E-07 7.48E-07
Radon 219 9.83E-14 5.01E-12 1.28E~03 6,52E-02 5,31E-05 2,71E-03

Radon 220 8.91E-09 3.59E-07 8.22E+00 3.32E+02 3.12E-01 1.26E+01

Radon 222 3.65E-10 4,23E-08 5.82E-05 6.50E-03 1,86E~06 2.15E-04

87 Francium 221 2.04E-12 1.26E-11 3.61E-04 2,24E-03 1,38E-05 8,B63E-05
Francium 223 4 .95E-13 Z.36E~-11 1.91E-05 9.14E-04 4. 97E-08 2.37E-086

88 Radium 222 1.30E-14 1.30E-14 1.74E-05 1.74E-05 6.90E-07 6.90E~07
Radium 223 2.50E-08 1.27E-06 1.28E-03 6.52E-02 4 ,55E-05 2.32E-03

Radium 224 5.16E-05 2.0BE-03 8.22E+00 3.32E+402 2.82E-01 1.14E401

Radium 225 8.41E-08 5.63E-08 3.30E-04 2.21E-03 2.31E-07 1.55E-06

Radium 228 5.73E-05 6.59E-03 5.67E-05 6.52E~03 1.64E-06 1.88E-04

Radium 228 3.25E-11 3.B7E-09 7.61E-09 9.07E-07 5.87E-13 8.89E-11

58 Actinium 225 6.22E-09 3.85E-08 3.61E-04 2.24E-03 1,26E-05 7.81E-05
Actinium 227 1.92E-05 9. 15E-04 1.39E-03 6.62E-02 6.72E-07 3.21E-05

Actinium 228 5.63E-12 6.03E-12 1,26E-05 1.35E-05 1.08E-07 1.17E-07

90 Thorium 226 6.49E-13 6.49E-13 1.74E-05 1.74E-05 8,BEE-07 6,66E-07
Thorium 227 4,23E-08 2.10E-06 1.30E-03 6.47E-02 4,75E-05 Z.38E-D3

Thorium 228 9.B89E-03 4 02E-01 8.11E+00 3.30E+02 2.85E-01 1.08E+01

Thorium 229 1.34E-03 1.02E-02 2.84F-04 2.16E-03 8,70E-06 5.62E-05

Thorium 230 3.55E+00 1,19E+02 7.17E-02 2,38E+00 2.03E-03 6.77E-02

Thorium 231 8.53E-05 8.82E-D4 b, 54E+01 4,75E+02 2.55E-02 2.58E-01

Thorium 232 5.88E-01 2.08E+01 6.4BE~08 2.29E-08 1. 56E-09 5,55E-08

Thorium 233 1.14E-11 1.14E-11 4,16E-04 4. 16E-04 1.05E-06 1.05E~-05

Thorium 234 3.19E-02 3.58E-01 7.39E+02 8,28E+03 3.00E-01 3.38E+00

91 Protactinium 231 7.05E-01 7.34E+00 3.33E-02 3.47E-01 1,00E-03 1.05E-02
Protactinium 232 1.30E-05 1.30E-05 5.57E+00 5,57E+00 3.64E-02 3.64E-02



Tablae .2 {contiauad)

Mass, g Racdioactivity, Ci Thermal powsr, W
Atomic Mass nuwnber

number Element of nuclide Annual Curulative Annual Cumuliative Annual Cumulazive
Protactinium 233 3,B83E-02 3.12E-02 7.54E+02 5. 49E+03 1.71E+00 L.47E+DL
Protactinium 234 4 88E-07 5.38E-486 §.73E-01 1.08E+01 1.460E-02 1.55E-02
Protactinium 234m 1.0BE-06 1.21E-05 7.39E+02 §.29E+03 3.B85E+00 4,1GE+03
Protactinium 235 5.76E-17 5.76E-17 1.81E-09 1.31E-09 5.34E-12 5.34E-12

92 Jranium 23D $.37E-10 5.37E-10 1,74E-05 1.74E-05 6.28E-07 3.18E-07
Cranium 233 5,98E-09 5.98E-0g 8.45E-04 §.05%-C4 €6.552-07 3.65E-07

Cranium 232 1.34E+00 2. 08E+01 2.8BE+01 L. 428+02 9.242-01 1.42E+01

Uranium 233 3.178+CO 4 73E+D1 3,.078-02 4.58E-31 §.928-04 1.338-02

Uranium 234 4, 12E+C5 4, 41E+06 <. 58E+03 2,768+54 7. 428401 7.86E+02

Uranium 235 1.78E+0Q7 2. 18E+08 3. 84E+01 4. B8E+G2 1. 018+00 1.22E+01

Uranium 238 9.33E+08 8, 50E+07 §.04E+02 5, 5CE+03 1.868+01 1.49E+02

Jranium 237 8.15E+02 §.162+02 5.03E+07 5.03E+07 9. 531E+04 9.52E+04

Uranium 238 2.20E+08 2.48E+10 7.39E+02 8.29E+03 1.878+01 2.3L0E+02

Uranium 239 1.89E-02 1.998-02 B.B4E+05 8.84E+05 1.79E+43 L.78E+03

Jranium 240 2.78E-04 2.7BE-04 2.58E+02 2.3BE+02 2.128-01 2.12E-01

83 N¥eptunium 235 7.54E-03 1.38E-G2 1.0EE+01 1.93E+01 6.15E-04 1.12E-03
Neptunium 238 S, 48E-01 7.742+00 1.25E-902 1.02E-01 2.52E-95 2.08E-04
Naptunium 236m 1.312E-04 1.12E-04 €.62E+51 6.62E+01 5.23E-02 5.23E-02
Heptunium 237 1.07E+05 9.20E+06 7.55E+02 5.49E+03 2.31E+01 L1.98E+02
Neptunium 238 2.54E+01 2.54E+01 E.59E+06 5,59E+06 3., 18E+04 3. 18E+04
Neptuniwn 239 1.79E+03 1.79E+03 4, 18E+08 4, 16E+08 1.0lE+08 1.C1E+08
Neptunium 249 4.641E-0¢ &, 41E-04 5.32E+03 5.328+03 5.64E+01 5.B4E+01
Neptunium 240m 2.488-05 2.48E-06 2.838+02 2.33E+062 1.52E+0% 1.52E+00

Neptunium 24% 1.70E-13 1.70E-13 8.28E-06 8.298-05 2.325-08 2.32E-08

94 Plutonium 238 2. 48E+C0 7 .85E+00 1.328+02 4 17E+03 4.5984+01 1.45E+02
Plutonium 237 2.153-Cc2 2.18E-02 2.50E+02 2.81E+02 9.508-02 9.83E-02

Plutonium 238 3.4B8E+05 2.73E+06 5.96E+00 4 .88E+07 1.97E+05 1.55E+06

Plutonium 23% 1.16E+07 1.25E+08 7.,22E+05 7.78E+406 2.22E4+04 2.40E+05
Plutonium 240 5.35E+C6 5.19E+07 1.22E408 1.18E+07 3.80E+04 3.B8E+05

Plutonium 241 2.87E+06 2,11E+07 2.95E+08 2.18E+08 9.1BE+03 B.74E+04

Plutonium 242 1.15E+06 1.01E+07 4, 39E+03 3.85E+04 1.30E+02 1.148+03

Plutonium 243 2.33E-01 2,338-01 6.08E+05 6.08E+05 §,99E+02 6. 99E+02

Plutoniunm 244 B.72E+01 5.29E+02 1.i8E-03 S.39E-03 3.46E-05 2. 72E-04

Plutoniwn 245 2.59E-06 2.55E-08 3.13E+06¢ 2., 13E+00 7.42E-03 7.42E-03

Plutonium 245 5.73E-07 5.738-07 2.80E-D2 Z.83E-02 2.38E-05 2.36E-05

95 Americium 239 4 ,23E-09 4, 23E-09 4 ,66E-03 4 .6BE-03 1.13E-05 1.13E-05
Americium 249 1.83E-05 1,83E-C5 4, 72E+00 4, 72E+D0 3.09E-02 3.09E-02
Americium 241 1.48E+405 8.4B8E+08 5.07E405 2.90E+07 1.59E+04 9.64E+05
Americium 242 §.178-01 7.79E-01 4. 98E+05 §,23E+05 5.57E+02 7.07E+02
Americium 242m 1.70E8+03 1,45E+04 1.85E+04 1.418+05 5.52E+00 5,.58E+01
Americium 243 2,34E+05 1.81E+06 4, 67E+C4 3.81E+405 1.50E+03 1.23E+04
Americium 244 1.88E-02 1.E8E-02 2. 14E+C4 2,14Z404 1.128+02 1.12E+02
Americium 244m, 1.558-04 1.65E-04 4,91E+03 4, 91E+03 1.48E+01 1,4BE+01
Americium 245 8.10E-07 &.i0E-07 3.77E+C0 3.77E+00 5.982-03 §.89E-03
Americium 246 8.18E-10 9.18E-10 2.81E-02 2.81E-02 2,27E-04 2,27E-04
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Table C.2 (continued)

Mass, g Radicactivity, Ci Thermal power, W
Atomic Mass numbex

number Element of nuclide Annual Cumulative Annual Cumulative Annual Cumulative
96 Curium 242 1.58E+0% 1.93E+04 5.27E+07 6.38E+07 1.84E+06 2.3BE+0G86
Curium 243 8. 11E+02 . 6.258+03 4, 70E+04 3.23E+85 1.73E+03 1.18E+04

Curium 244 7.13E+04 4 4GE+05 5,77E+06 3.56E+87 2,02E+05 1,25E+06

Curium 245 2.788+03 2.63E+04 4, 78E+02 3.4BE+03 1.59E+D2 1.15E402

Curium 246 3.8BE+02 - 2.BIE+03 1.20E+02 &.03E+02 3.92E+0¢0 2.63E+01

Curium 247 4, 0BE4+DD 2.55E401 3.79E-84 .2,37E-03 1.21E-05 7.56E-85

Curiust 248 2.42E-61 1, 39E+00 1.03E-03 5.82E-03 1.28E-04 7.37E-04

Totals 3.56E+09 4, 01E+10 1.34E+10 2.64E+10 5.56E+07 1.00E+08

2Includes contributioms from nuclides in the fuel, cledding, and fuel assembly structural material.
PThe term "stable” represents a group of nonradicactive nuclides of a particular element.

L8T



Yable C.3. Representative DOE LLW radionuclide compositiom by percant activity?

Uranium/thorium Fission product Induced activity Alpha, <10C nCi/g *Other"
Nuclide Composition Nuclide Composition Nuclide Composition Nuclide Composition Buclide Composition

2087y 0.0017 80co 0.08 Sicr 4.95 238py 2.62 3y 1.22
212py 0.0045 90gy 7.77 Sén 38.10 239py 0.20 ibc 0.06
21254 0.0045 S0y 7.77 58¢q 55.40 240py 6.7¢ Shyg 6.78
212p, 0.0029 85zr 1.27 59Fe 9.49 241py 96.4 58¢c¢ 6.24
216p, 6.0045 85w 2.83 8Cco 0.587 2415, 0.004 60¢c, 18.03
22434 0.0045 897, 0.02 852n .19 2420y 0.056 80gy 8.48
228g, 0.0258 125gy 2.93 24b0n 0,020 90y 8.48
228y 0.0269 125mpq 0.73 100.00 —_— 997, 6.12
228t 0.0045 106gy 6.39 100.000 184y 13.98
231 0.0259 108gy 5.39 137¢y 18.45
2321 0.273 134¢s 0.38 137mg, 17.45
234m 33.197 137¢y 17.31 238y 0.73

234mpy 33.187 137mg, 15.38
234p, 0.0034 labeo, 14,867 160.00

235y 0.0258 ladpy 14.67

238y 33,197 147py 0.05

151gy 0.11

100.0000 132g, 0.09

1545, 0.09

1558y 0.05

100.00

2Based on ref, 1.
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Table C.&. Average concentrations for represeutative radioouclides in
LL¥ at commercial disposal sites®

Radionuclide Half-1ife® C°“§227;§§i°“
3y 1.22BE+01 y 1.083E+00
l4g 5,.730E+03 y 5.0738~03
281 7.300E+05 ¥ 2.980E-10
3253 1.000E+02 ¥ 3.7258-11
32p 1.423£401 d 9.292E-04
35g 8.751E+01 d 2.208E-03
I8¢y 3.010E+05 y 6.143E-086
40g 1.280E+09 y 1.768E-07
Slgr 2.770E+01 d 7.137E-02
Shyn 3.122E+02 d 3.895E-01
35Fe 2.730E+400 ¥ 3.112E+00
5%e 4.445E401 d 5.081E-03
58¢o 7.092E401 d 2.047E-0L
80¢co 5.271E4+00 y 2.242E+00
593 7.500E404 v 1.364E-03
633 1.001E402 ¥ 2.692E~01
€57n 2.441E+02 d 1.1748-01
85y 1.072E401 y 8.147E-04
895y 5.055E401 d 6.032E-03
905y 2.850B+01 y 6.987E-02
90y 2.671E+01 d 6.987E-02
91y 5.851FE+01 d 8.859F-03
95z¢ 6.402E+01 d 1.036E-02
Eador 2.030E+04 ¥ 1.859E-05
85%b 3.497E401 d 1.916E-02
93Ma 3,500E+03 y 9.273E-12
981 2.130E405 y 1. 949804
103y 3.925E+01 d 5.900E-04
108my o 1.300E402 v 5.534E-06
110my, 2.498E+02 d 3.600E-02
113¢q 9.000E+15 ¥ 4.223E-12
124g, 6.020E+00 & 2.621F-03
125gy, 2.730E+00 v 1.901%-02
1231, 1.300E+13 ¥ 5.710E-07
1251 §.014E400 d 4.570E-04
1291 1.570E407 y 2.101E-05
131y 8.040E+00 d 5.299E-03
134cg 2.062E+00 y 2.651E-02
135¢4 3.000E+06 v 1.105E-05
137¢4 3.017E+01 ¥ Z.431E-01
137mp, 2.552E+00 min 2.300E-01
141, 3.250E+01 d 1.649E-03
labe, 2.840E+02 d 1.463E-02
lbbpp 1.728E401 min 1.463E-02
labyy 2.100E+15 y 1.6898-10
147 pry 2.623E400 y 1.317E-02
15715 1.100E402 v 1.012E~10
1587y 1.800E+02 v 3.768E-10
1754¢ 7.000E+D1 d 1.427E-03
181y¢ 4, 240E+01 d 3.235E-03
187ge 4. 100E+10 y 1.772E-11
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Table C.4 (continued)

Radionuclide Half-1ifeb Con?g?7;g§ion
209p, 3.253E+00 h 1.284E-10
2285, 1.600E+03 y 2.852E-04
2291y 7.340E+03 ¥ 1.310E-10
2307y 7.540E+04 ¥ 1.721E-08
232pp 1.405E+10 y 8.482E-03
231p, 3.276E+04 ¥ 1,016E-10
233y 1.592E+05 y 2.308E-07
234y 2.454E405 ¥ 5.368E-05
235y 7.037E+08 ¥ 3.179E-05
238y 2.432E+07 ¥ 7.886E-07
238y 4. 4BBE+09 y 9.970E-03
237yp 2.140E+06 y 2.210E-07
23%p, 2.413E+04 ¥ 1.021E-05€
240py 6.563E+03 y 2.504E~06C
242py 3.763E405 y 6.148E-07°
28104 4.322E4+02 y 4.053E-05
243pm 7.380E+03 ¥ 1.398E-08
2480y, 3.400E+05 y 6.220E-07

Total 8.380E+00

4Taken from the report by G. W. Roles, Characteristics of Low-Level
Radiocactive Waste Disposed During 1987 Through 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
witlh other wastes).




Table C.5. Projectad composition of LLW saltstone at srs®, b

End of Radioactivity fraction of radionuclide®
calendar
vear 33 895, 9031‘ QOY 91Y QSZr 95Nb 987, 105Ru IOSRh 1255b 137¢cs 137mBa llﬁkce 14591. 147Pm Totald
1895 0.12 0.00 0.34 0.34 0.00 0.00 0.00 0.01 0.00 0.00 0.00 6.05 06.05 0.00 8.00 0.08 1.00
1986 0.02 0.00 0.11 0.11 0.00 0.00 0.00 0.01 0.01 4.01 0.08 .02 .02 G.00 8.00 0.565 1.00
1997 0.02 0.00 0.20 0.20 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.03 0.03 0.00 0.00 0.47 1.00
1998 0.03 0.00 0.24 0.24 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.04 0.03 0.00 0.00 0.38 1.00
19983 0.04 0.00 0.27 0.27 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.04 0.04 . G.00 6.00 0.30 1.00
2080 0.05 0.00 0.29 0.29 0.00 0.00 0.00 .02 0.00 0.00 0.02 0.05 0.04 .00 0.00 0.24 1.00
2001 0.06 0,00 0.31 0.31 0.00 0.00 0.00 0.02 .00 0.680 g.01 0.65 0.05 0.00 0.00 0.20 1.00
2002 06,06 0.00 0.32 0.32 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.05 0.05 0.00 0.00 0.16 1.00
2003 0.07 0.00 0.33 0.33 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.05 0.05 0.00 0.00 0.13 1.00
2004 0.07 0.00 0.34 0.34 0,00 0.00 0.00 0.02 0.00 0.00 0.01 0.08 0.05 0.00 0.00 0.11 1.00
2005 0.08 0.00 0.35 0.35 0.00 g.00 0.00 0.02 0.00 0.08 0.01 0.06 0.05 0.00 0.00 0.09 1.00
29086 0.09 0.00 06.35 0.35 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.06 0.05 0.00 0.00 0.07 1.00
2007 0.08 0.00 0.36 0.35 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.06 0.05 0.00 0.00 0.086 1.00
2008 0.08 0.00 0.26 0.36 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.086 0.05 0.00 0.00 0.05 1.00
2008 G.09 0.00 0.386 0.386 .00 0.00 0.00 0.02 0.00 0.00 0.00 0.06 0.05 0.00 0.00 0.04 1,00
2010 0.10 0.00 ¢.37 0.36 0.00 0.00 G.00 0.03 0.00 g.00 0.00 0.08 0.06 0.00¢ ¢.00 0.03 1.00
2011 8,11 0.00 0.36 0.36 ¢.00 0.00 0.00 0.03 0.00 0.0¢ 0.00 0.06 0.086 0.00 0.00 .02 1.00
2012 0.11 0.00 0.37 0.36 0.00 0.00 0.00 0.03 0.00 0.00 06.00 0.08 0,06 0.00 0.00 0.02 1.00
2013 0.11 8.00 0.37 0.38 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.02 1.00
2014 0.11 0.00 0.37 0.386 0.00 0.00 4.060 0.03 .00 .00 4.00 0.086 0.06 0.00 0.00 0.01 1.00
2015 0.11 0.00 0.37 0.36 0.00 0.00 0.00 0.03 0.00 0.00 8.00 0.06 0.08 0.00 0.00 0.01 1.00
20186 0.12 0.00 0.37 0.36 .00 0.00 8.00 0.03 0.00 0.08 0.00 0.08 0.056 0.00 0.00 0.01 1.00
2017 0.12 C.00 0.37 0.36 8.00 0.00 0.00 0.03 0.00 0.00 0.00 .06 3,08 $.00 0.00 8.01 1.00
2018 0.12 0.00 0,37 0.36 0.00 0.00 0.00 §.03 .00 g.¢0 0.00 .06 0.06 .00 5.00 0.80 1.00
2018 .12 §.00 0.37 0.36 0.00 0.00 0.00 0.03 .00 0.00 6.00 0.08 Q.08 .00 .00 0,90 1.00
2020 0.12 0.00 0.37 G.36 0.00 0.00 0.00 0.03 0.00Q 0.00 3.60 0.08 0.06 9.00 0,00 0.00 1.00
2021 .12 0.00 0.37 0.38 0.00 0.00 0.00 0.04 0.00 0.08 0.00 0.08 0.08 0.00 0.00 0.00 1.00
2022 0.12 0.00 0.38 0.36 0.00 0.00 0.00 0.04 9.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 1.00
2023 0.12 0.00 0.36 0.36 ¢.00 0.00 0.00 0.04 0,00 0.00 0.00 3,086 .08 3.00 .00 9.00 1.00
2024 0.12 0.00 0.36 0.386 0.00 0.00 0.00 0.04 0.00 0.00 0,00 0.08 0.06 0.30 0.00 0.00 1.00
2025 0.12 0.00 0.36 0.36 0.00 0.00 0.00 0.04 G.00 0.00 0.00 $.08 0.08 9.50 0.9590 0.00C 1.00
2026 0.12 0.00 0.386 0.35 0.00 0.00 0.00 0.04 0,00 0.00 0.00 0,08 0.06 0.00 0.00 0.00C 1.80
2027 0.12 0.00 0.36 0.35 0.00 6.00 .00 8.04 0.60 g.0q 0.400 0.06 ¢.06 0.00 0.0 0.06 1.00
2028 0.12 0.00 0.36 0.35 0.00 6.00 $.00 .04 §.00 0.00 0.00 0.06 0.08 0.0G 0.0¢C 0.00 1.00
2029 0.12 0.00 0.36 0.35 0.00 .00 0.00 0.04 0.00 06.00 0.00 0.08 .06 0.50 0.00C G.08 1.00
2030 0.12 0.00 0.36 0.35 0.00 0.00 .00 0.04 0.00 0.00 .00 3,05 0.086 0.00 4.00 §.30 1.00

8Taken from ref. 3,

DChemical composition (wt 2): £ly ash, 46.0; water, 30.2; cement, 11.5; NaNOj, 6.0; WaOH, 1.¢; ¥aN0Op, 1.5; NaAl(OH),, 1.3;
Hap50,, 0.7; end other, 0.3,

“The radionuclide composition abt the end of a year is exprassed in terms of the fraction of each significant nuclide making up
an average unit of radioactivity in all saltstone collscted from the beginning of the operation of the saltstone plant to the end
of the year indicated.

dror some years the total may not equal the sum of components because of independent rounding.
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Table C.6.
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Historical and projected DOE/EIA Fo New Ordexrs Case

comsercial LWR net anmual electricsl 5:merationa-b

Historical generation

No New Orders Case
projected generation®

Fnd of [MW(e)-years] End of [MW(e)-years]
calendar calendar

year BWR PHR Total year BWR PWR Total
1960 29 4 33 1993 20,632 48,339 €8,970
1961 60 97 157 1994 20,632 48,914 69,546
1862 137 g6 233 1995 20,632 49,032 69,664
1953 136 208 344 1995 20,632 50,150 70,782
1964 164 198 362 1997 20,632 50,401 71,033
1965 164 212 376 1998 20,632 50,555 71,186
1966 221 334 556 1999 20,632 50,795 71,426
1967 184 419 603 2000 20,606 50,795 71,400
1968 205 781 986 2001 20,587 51,521 72,109
1969 238 1,049 1,287 2002 20,587 51,494 72,081
1970 1,011 1,192 2,203 2003 20,587 51,703 72,290
1971 1,969 2,103 4,075 2004 20,4389 51,703 72,142
1972 3,188 2,450 5,641 2005 20,185 51,703 71,888
1973 4,446 4,620 9,073 2006 19,769 51,703 71,472
1974 5,298 6,650 11,955 2007 19,769 50,953 70,721
1975 6,309 12,088 17,395 2008 18,444 49,447 68,891
1976 8,044 13,113 21,343 2009 18,277 47,576 65,853
1977 9,636 17,737 27,388 2010 17,380 46,249 63,629
1978 11,353 19,596 31,142 2011 17,028 45,354 62,383
1979 11,390 17,332 28,662 2012 16,489 45,036 61,525
1980 10,416 17,848 28,343 2013 15,247 42,134 57,380
1981 10,187 20,310 30,517 2014 13,523 36,663 50,186
1982 10,201 20,7186 30,938 2015 11,849 34,365 46,214
1983 9,363 22,494 31,883 20186 11,649 32,547 44,197
1984 9,766 26,427 35,072 2017 11,010 30,031 41,040
1985 12,151 30,413 41,382 2018 10,707 28,438 38,146
1986 12,737 33,726 46,495 2019 10,438 27,550 37,989
1987 14,810 36,465 51,275 2020 10,438 26,609 37,048
1988 16,722 41,639 58,361 2021 10,438 24,134 34,572
1989 16,845 43,489 60,334 2022 9,969 22,880 32,849
1990 20,417 45,407 65,808 2023 6,866 21,321 28,187
1991 20,573 49,310 69,883 2024 5,816 17,905 23,720
1992 19,761 50,833 70,594 2025 4,592 14,625 19,217

2026 2,584 10,508 13,092

2027 854 7,844 8,698

2028 854 5,305 6,159

2029 500 4,437 4,937

2030 0 3,715 3,715

2Historical data for 1960-1989 are based on refs. 5 and 6.

Pyistorical data

DOE/EIA and are based on ref, 7.

®The projections

for 1990-1992 and projected data for 1993-2030 were obtained from

contained in this table show minor differences from those found

in the publication World Nuclear Capacity and Fuel Cycle Requirements 1893 (ref. 7).
The differences are attributable to the use of a later version of input data to compute
the projections found here.
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Table C.7. Estimated sources and characteristics of commercial Greater-Than-Class-C LILW®

Waste source

Physical form

Primary isotopes of concern
for disposal

Utilities
Operations

Decommissioning

Fuel testing labs
Burnup lab operation

Burnup lab decommissioning

Sealed sources
Manufacturer operations

Manufacturer decommissioning

Sources designated as waste

Other
14¢ users

Test and research reactors

Other

Activated metals, instruments,
filters, ion-exchange resins,
sludges

Activated metals

Solidified liquids, metal
cuttings, glassware, equipment,
ion-exchange resins

Solidified liquids, metals,
glassware, equipment

Trash, metal, foils

Trash, metal, foils

Sealed sources

Solidified process liquids

Activated metals

Soil, trash

5%y, 63Ni, 94Nb, and TRU isotopes

591, 63Ni, and %4Np

905y and TRU isotopes

905r and TRU isotopes

lag 905, 137¢g, 24lay
Pu isotopes

and

lig, 905, 137¢g, 24lan, ang
Pu isotopes

137Cs, ZaBPu, 2399“, and 2414

lag

59Ni, 94Nb, and TRU isotopes

241,

8Gleaned from information given in refs. 8 and Q.
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Table C.8. FProjected nmber zmd wvolume of drums and classes of
LI¥ incorpoxated in cement to be gemerated in the W¥DP
Low-Level Radwaste Treatment System® P,C,d

End of Number of drums Total volume
calendar of drums
year Class A® Class B Class cf (m3)
1987 726 g - 126
1988 - g 2,009 542
1988 - 3 4,523 1,221
19g0h - g 3,862 1,043
1991 - P 0 0
1992 1,237 g 300 415
1993 3,197 g 1,987 1,400

Total number 5,160 3 12,681
Total volume, m> 1,393 g 3,424 4,817

2The so-called square drums used ares parallelepipeds of square cross section
(~0.6 m X 0.6 m X 0.8 m) with a volume of 71 gal (0.27 ma).

The classes are in accordance with the Classes (A, B, or C) as set by
requirements of the NRC in 10 CFR 61.55,

CTaken from ref. 10.

dalkaline HLW liquid is processed (see Chapter 2) to yield a loaded ion-
exchange material (zeclite), which is HLW, and an effluent, which is LLW. This
effluent is solidified with cement,

®Generated in 1987 during equipment testing campaigns.

fstored in a shielded drum cell.

&No Class B waste is expected to be generated with the effluent mentioned in
footnote d.

hProcessing of alkaline HLW liquid was completed in November 1890, leaving a
l,OQO-m3 heel of ligquid in the alkaline HBLW waste (liquid plus sludge) storage
tank,
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Table C.8. Volume (m3) of LIW annually buried at Hanford,
by radionuclide characteristic?
Calendar Uranium Fission Induced

year thorium products activity Tritium Total

1845¢ 1,339.39 1,339.39
1946 1,339.39 1,339.39
1947 2,613,66 2,613,66
1948 2,613.66 2,613.66
1949 2,613.66 2.55 2,616.21
1950 3,123,36 3,123.36
1951 2,981.78 2,981.78
1952 3,015.76 223.70 3,239.46
1953 3,550.95 120.34 3,671.29
1954 3,137.52 1,958.12 10.19 5,105.83
1955 5,351.91 1,557.44 6,909.35
1956 4,556.20 45.31 4,601.51
1957 2,775.07 1,529.12 4,304.19
19858 3,229.55 3,229.55
1859 3,256.46 3,256,486
1960 2,997.36 1,159.58 2,463.58 6,620,52
1961 2,350.31 2,350.31
1962 2,347 .48 254 .85 2,602,33
1963 2,321.99 421.92 2,743.92
1964 3,175.75 240.69 3,416, 44
1965 5,431.20 17,567.87 22.,999.07
1966 3,421.83 3,421.83
1967 4,416.04 11,336.99 15,753.03
1968 835,32 39.64 874,96
1969 137,903.79 21,614.28 5,097.086 164,615.13
19870 180.73 2,528 .42 3,864 .41 6,674.56
1971 175.98 2,888.90 7.52 3,072.40
1972 262.22 2,900.28 41,626,34 3.04 44,791.88
1973 3,178.51 3,289.03 2,335.57 6.086 8,809.17
1974 209,23 4,087.95 1,469.38 5,766.586
1975 100.65 4,604,838 1,856.39 6,561,91
1978 77.20 3,073.75 819.33 2.93 4,073.21
1977 180.73 9,266,22 1,274 .39 10,721.33
1978 541.07 8,296.62 872.26 9,808,96
1979 322.99 14,717.53 2,428.78 17,469.30
1980 216,10 9,1983.70 970.80 14.40 10,395.90
1981 299.77 10,359.16 2,166.93 0.64 12,826.49
1982 453.41 9,640.80 1,415.73 145.14 11,655.07
1983 1,257.20 14,579.31 1,994.25 117.53 17,948.28
1984 727.52 13,926.02 4,089.01 35.23 18,777.77
1985 1,002.81 11,128.62 4,869.46 45,79 17,046.68
1986 1,463.71 15,666.42 3,861.12 21,091.26
1987 3,131.01 13,682.00 3,489.83 9.56 20,312.40
1988 1,335.95 13,658.71 1,678.25 105.59 16,778.30
1989 663.94 12,041.49 748,48 246.55 13,700.45
1990 261.10 11,399.72 475.31 1,237.53 13,374 .56
1991 517.61 8,518.30 120.03 1,420.32 10,576.26
1992 1,377.07 9,187.34 35.12 329.79 10,929.32
Total 227,802.38 236,437.68 121,545.73 3,720.08 589,505.87

3Revised data received at press time.

Note from Mike Coony, Westinghouse
Hanford, to Laverne Cash, HAZWRAP, dated Jan. 1%, 1994.
brhe uranium/thorium category includes 904.45 m? of waste that is actually a
mixture of uranium/thorium and tritium nuclides.
CFirst year of recorded burial operations.
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Table £.10. Activity (Ci) of UM aomuslly buried at Hanford,
by radicnuclide characteristic?

Calendar Uraniuam/ Fission Induced

year thorium products activity Tritium Total
1945P 0.04 1,020.00 0.00 0.00 1,020.04
1946 0.03 2,025.00 0.00 0.00 2,025.03
1947 0.07 4,150.00 Q.00 0.00 4,150.07
1948 0.06 6,200.00 0.00 0.00 6,200.06
1949 0.07 8,225.00 1.00 0.00 8,226.07
1950 0.05 9,250.00 0.00 0.00 9,250.06
1951 0.07 10,250.00 0.00 0.00 10,250.07
1952 0.21 14,280.00 40.00 0.00 14,320.21
1853 0.21 19,210.00 40.00 0.00 18,250.21
1954 0.16 49,530.10 5.00 0.00 49,535.26
1955 0.16 45,000.00 0.00 0.00 45,000.16
1956 0.30 31,640.00 25.00 0.00 31,665.30
1957 0.19 21,060.00 5§50.00 0.00 21,710.19
1958 0.19 19,015.00 0.00 0.00 19,015.19
1959 0.19 18,965.00 0.00 0.00 18,965.19
1960 0.26 13,300.10 1,220.00 0.00 14,520.36
1951 0.26 7,060.00 0.00 0.00 7,060.26
1952 0.13 4,220.00 0.00 0.00 4,220.13
1963 0.13 2,285.00 0.00 0.00 2,285.13
1954 0.20 10,355.00 4,500.00 0.00 14,855.20
1955 0.20 28,990,00 4,705.00 0.00 33,695.20
1956 0.20 9,485.00 0.00 0.00 9,485,.20
1957 0.11 13,700.00 2,065.00 0.00 15,765.11
1958 0.00 71,202.00 20.00 0.00 71,222,00
1859 36.76 75,549.00 1,800.00 0.00 77,385.76
1970 13.81 38,281.18 1,880.00 0.00 40,174.98
1971 4.79 6,161.65 300.00 964,00 7,430.44
1972 11.87 54,070.41 20,485.00 131,800.00 206,367 .28
1973 7.76 14,527 .43 1,151.90 273,300.00 288,987.09
1974 7.37 5,233.,59 1,001.22 0.00 6,242.18
1975 15.50 237,679.51 1,134.08 0.00 238,829,09
1976 5.58 417,228.,23 557.88 482.00 418,273.70
1977 B.40 901,947 .86 3,301.33 0.00 905,257.59
1978 18.55 1,029,517.58 5,952.11 g0.00 1,035,488.24
1979 3.74 864,908.96 14,380.07 0.00 879,292.77
1980 13.50 136,036.98 1,418.06 1,542.12 139,010.66
1981 17.58 792,903.21 4,238.20 43.99 797,202.98
1982 28.02 708,044,511 656.88 1,622.00 710,351.41
1983 58.11 858,805.07 2,621.23 148.73 861,633.14
1984 11,42 259,081.90 959.38 2.83 260,055,53
1985 11.86 268,347.36 2,235.27 5.08 270,599.57
1988 52.40 203,136.89 183.51 0.00 203,372.80
1987 19.58 67,104 .67 258.18 946.10 68,328.54
1988 55.12 141,680.56 1,506.90 14.23 143,256.82
1989 33.87 158,711.16 16.76 0.09 158,761.88
1990 8.75 251,353.57 489.19 42,985,37 294,836,88
1991 8.53 495,315.70 1,993.27 263.81 497,581.31
1992 46,63 507,976.92 0.00 0.42 508,023.96
Total® 503.01 8,914,021.12 81,791.44 454,120.77 9,450,436.33
2Ravised data received at press time. Note from Mike Coony, Westinghouse Hanford, to

Lavarne Cash, HAZWRAP, dated January 19, 1994.
brirst year of recorded site burial operations.
CTotal sum without decay.



297

Table C.11. INEL-gemerated LLW breakdown by radionuclide characteristic®
Volume, wd Activity, Ci
Volume Activity
Radionuclide Estimated change Estimated change
characteristic 1992 1992 (ma) 1992 1992 (Ci)
Uranium/thorium 2.052E+02 8.844E+01 -1,168E+02 2.710E-01 6.833E-03 -2.642E-01
Fission product 0 0 0 0 0 0
Induced activity 0 0 0 0 0 0
Tritium 0 0 0 0 0 0
Alpha 0 0 0 0 0 0
Other® 2.721E+03 1.885E+03 -8.260E+02 1.052E+05 1.438E+05 3.870E+04
Total 2.926E+03 1.983E+03 -9.430E+02 1,052E+05 1.4389E+D5 3.870E+D4

4Virginia C. Randall, Idaho National Engineering Laboratory, Idaho Falls, Idaho, letter to Lise J.
Wacht.er, Martin Marietta Energy Systems, Inc., HAZWRAP, Oliver Springs, Tennessse, "Integrated Data Base
Estimated 1992 values based on 1991 reported values.
byolume change = 1992 volume -~ estimated 1992 volume; activity change = 1992 activity -~ estimated 1992

Data for 1993-VCR-11-94," dated February 14, 1994,

activity.

“Unknown or mixture.



Table C_12.

INEL buried LLW breakdown by radionuclide characteristic®

Volume, m

3

Activivy, Ci

Volume Cumulative Activit Total gross
Radionuclide Estimated changeb volume Estimated change activitycrd
characteristic 1992 1992 (m3) (m¥) 1892 1892 {Ci) (Ci)
Uranium/thorium 2.831E4+01 8.B44EHDL 5.012E+01 4 224E+33 2.474E-01 §,833E-03 -2.406E-01 4,503E+01
Fission product 0 0 0 2.550E+04 5.821E+C3 0 -5.921E+03 1.523E+03
Induced activity 0 0 0 3.741E+02 1.809E+05 0 -1.808E+05 3.623E+01
Tritium 0 0 0 8.230E-01 0 0 0 1.531E+01
Alpha 0 0 g 9.805E+02 0 0 0 8.550E+01
Othez® 1.244E403 7.556E+02 -4 .884E+02 1.152E+05 0 1.439E+C5 1.439E+05 1.183E+07
Total 1.272E+403 B.441E+02 -4 279E+02 1.463E+05 1.869E+05 1.438E+05 -4 . 292E+04 1.183E+407

8Virginia C. Randall, Idaho National Engineering Laboratory, Idaho Falls, Idaho, letter to Lise J. Wachter, Martin Marietta Energy
Estimated 1992

Systems, Inc., HAZWRAP, Oliver Springs, Tennessee,
values based on 1991 reported values,

Chapter 4,

"Integrated Data Base Data for 1993-VCR-11-84," dated February 14, 1984,
The estimated 1992 values were used in the decay calculations as indicated in the tables of

olume change = 1982 volume -~ estimated 1982 volume; activity change = 1882 activity —~ estimated 1992 activity.
CReginning of operations through 1992,
dSum annual additions without decay.
©Unknown or mixture.

86T
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Table C.13. Summary characteristics of additiomal
remote-handled TRU wastes at the Hanford Site?

Characteristic and unit of measure Amount.
Volume, m® 140.13
Uranium content, kg 279.49
Plutonium content, kg 47 .24
Fission product radioactlvity,b Ci 520,405

BThese wastes are stored at the Hanford 200-Area burial
grounds and were previously identified as miscellaneous
radioactive materials. They are not included in the
inventories of TRU waste reported in Chapter 3. They
represent an additional TRU waste inventory that will be
integrated into the TRU waste chapter in future updates of
this report.

Undecayed,
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APPENDIX D. REFERENCE SITES AND FACILITIES

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 commercial 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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Table D.1. DOE operations and special siie offioss

General mailing address

Radioactive waste sites for which DOE

DOE office Symbol/labei (Phone auraber)? office has responsibility
Albuquerque Operations DOE/AL P.O. Box 5400 Grand Juaction Projects Office sites
etice? Albuquerque, NM 87115-5400 Inhalation Toxicology Research Institute
(565/845-4154; Kansas City Plan:
Los Alamos Nationai Laboraiory
Mound Piant
Pantex Plant
Pinellas Piant
Sandia National Laboratories—Albuquerque
Sandia National Laboratories—Livermore
Uranium: Mill Tailings Remedial Action Program sites
Waste Isolation Pilot Plant
Chicago Operations Office® DOECH Building 201 Amzs Laboratory
9800 South Cass Avenue Argonne National Laboratory—East
Argonne, 1L 60439 Argonne National Laboratory—West
(708/252-2001) Bautelle Coiumbus Laboratories
Brookhaven National Laboratory
Ferm:i National Accelerator Laboratory
Princeton Piasma Physics Laboratory
Fernatd Field Office DOE/FN P.0. Box 398705 Fernaid Environmental Management Project
7460 Wiley Road Reaciive Meials, Inc. Extrusion Plant
Cincinnati, OH 45239-8705
(513/738-6319;
Idaho Operations Office DOE/ID 785 DOE Place Argorne National Laboratory—West
Idaho Falls, 1D 83402 Idaho NMational Engineering Laboralory
{208/526-0111} West Valley Demonstration Project
Nevada Operations Otfice DOE/NV P.C. Box 98518 Nevada Test Site
Las Vegas, Nevada 89193-8518
(702/295-1212)
Oak Ridge Operations DOE/OR P.0. Box 2001 Formerly Utilized Sites Remedial Action Program (FUSRAP} sites

Office®

Oak Ridge, TN 37831
(615/576-5454)

Oak Ridge institute for Science and Education
Oak Ridge K-25 Site

0Oak Ridge National Laboratory

QOak Ridge Y-12 Plant

Paducah Gaseous Diffusion Plant

Portsmouth Gaseous Diffusion Plant

Weidon Spring Site Remedial Action Project

Y0t



Table D.1 (oontinwed)

R . General mailing address Radioactive waste sites for which DOE
DOE office Symbulfiabel {Phone number)? office has responsibility
Richland Operations Office DOE/RL P.O. Box 5§50 Hanford Site
825 Jadwin Avenue Pacific Northwest Laboratory
Richtand, WA 99352
£509/376-7411}
Rocky Flats Office DOE/RF P.G. Box 928 Rocky Flats Plant
Golden, CO 80401-0928
{303/966-T000)
San Francisco Operations DOESAN 1333 Broadway Energy-Related Health Research Laboratory
Office Oakland, CA 94612 Lawrence Berkeley Laboratory
{510/273-6383) Lawrence Livermore National Laboratory

Santa Susana Field Laboratory
Stanford Linear Accelerator Center

Savannah River Operations DOE/SR P.O.Box A Savannah River Site
Office Aiken, SC 29802
{803/725-6211)

3Access to main organizations.

5The Albuquergue Operations Office also has the following area offices (monitoring activities of the sites indicated) under its purview: Amarillo (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),

©The Chicago Operations Office has the following area offices (monitoring activities of the sites indicated) under its purview: Argonne (Argonne National
Laboratory—East), Batavia (Fermi National Accelerator Laboratory), Upton (Brookhaven National Laboratory), and Princeton (Princeton Plasma Physics Laboratory).

dThe Oak Ridge Operations Office has a separate site office located at the following: Gak Ridge K-25 Site, Oak Ridge Nationat Laboratory, Oak Ridgs Y-12
Plant, Paducah, Portsmouth, and Weldon Spring.
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Table D2. DOE Naval Reactors Program offices and sifes

General mailing address

Radioactive waste sites for which DOE

DOE office Symbol/label {Phone number)? office kas responsibility

DOE/HQ, Office of Naval Reactors DOE/HQ/NE-60 Route Symbol NE-60 (Oversees Pittsburgh and Schenectady area offices
2521 Jefferson Davis Highway and iheir sites)
Arlington, VA 22202
(703/603-7321)

Pittsburgh Naval Reactors Offices DOE/PNRO P.C. Box 109 Bettis Atomic Power Laboratory
West Mifflin, PA 15122-0109 Naval Reactors Facility {Idaho Falls, ID)
(412/476-5000)

Schenectady Naval Reactors Office DOE/SNRO P.0. Box 1069 Knolis Atomic Power Laboratory
Scheneciady, NY 12301-1069
(518/395-4000)

3Access to main organizations.

90t



Table D3. Major DOE sites and facilities referred to in this report

Principal contractor(s) for site

DOE operations office

Site/facili Symboi/label operations and mailing address )
iy Y > (Phone numbef)a (Phone number)®

Ames Laboratory AMES Towa State University Chicago
Spedding Hatll (708/252-2001)
Pammet Drive
Ames, 1A 50011-3020
(515/294-2680)

Argonne National Laboratory—East ANL-E University of Chicago Chicago
9700 South Cass Avenue Argonne Area Office
Argonne, IL 60439 (708/252-2001)
{708/252-2000)

Argonne National L::\h\w;)ratory—Wv:,stb ANL-W University of Chicago Idaho
Idaho Site {208/526-0111)
P.O. Box 2528
Idaho Falls, 1D 83403-2528
(208/533-7000)

Battelle Columbus Laboratories BCLDP Battelle Memorial Institute Chicago

Decommissioning Project 565 King Avenue (708/252-2001)

Cotumbus, OH 43201-2693
(614/424-3989)

Brookhaven National Laboratory BNL Associated Universities, Inc. Chicago
16 South Raifroad Street Brookhaven Area Office
Upton, NY 11973-231¢ (516/282-3427)
(516/282-2123)

Colonie Interim Storage Site CIss Bechtel National, Ine, Oak Ridge
P.O. Box 516% (615/576-5454)
Albany, NY 12205
(518/482-0237)

Fermi Nationat Accelerator Laboratory FNAL University Rescarch Association Chicago
P.0. Box 500 Batavia Area Office
Batavia, IL 60510 (708/840-3281)

(708/840-3000)
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Table B.3 (continued)

ncipal 3 .
Principal contractor(s) for site DOE operations office

Site/facility Symbol/iabel operations and mailing address a
{Phone number)® (Phone number)
Fernald Environmental Management Project FEMP Fluor Daniels Fernald
Fernald Environmental Restoration (513/738-6319)

Management Corporation
P.O. Box 398704
7400 Wiley Road
Cincinnati, OH 45239-8704
(513/738-6200)

Grand Junction Projects Office GIPO Chem-Nuclear Geotech, Inc. Albuquerque
P.O. Box 14000 (505/845-4154)
Grand Junction, CO 81502-5504
{303/248-6200)

Hanford Site HANF Westinghouse Hanford Company, Inc. Richland
P.C. Box 1970 (509/376-7411)
Richiand, WA 99352
{509/376-7511)

Idaho National Engineering Laboratory INEL EG&G Idaho, Inc. idaho
P.O. Box 1625 (208/526-0111)
{daho Falls, ID 83415-4201
(208/526-0111)

Inhalation Toxicology Research Institute ITRI Loveiace Biomedical and Environmenial Albuquerque
Research Institute, Inc. (505/845-4154)
P.O. Box 5890
Albuquerque, NM 87185
{505/845-1037)

Kamnsas City Plant KCP Allied-Signal Aerospace Company Albuquerque
Kansas City Division Kansas City Area Office
Bannister Federal Complex {(816/997-3348)

Kansas City, MO 64141
(816/997-2000)
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Table D3 (continued)

Principal contractor(s) for site

DOE operations office

Site/facility Symbol/label operations and mailing address {Phone number)?
{Phone number)?
Lawrence Berkeley Laboratory LBL University of California San Francisco
One Cyclotron Road Lawrence Berkeley Laboratory
Berkeley, CA 94720 Site Office
(510/486-4000) (510/486-4363)
Lawrence Livermore National Laboratory LLNL University of California San Francisco
7000 East Avenue (510/273-6383)
P.O. Box 808, L-1
Livermore, CA 94550
(510/422-1100)
Los Alamos National Laboratory LANL University of California Albuquerque
P.O. Box 1663 Los Alamos Area Office
Los Alamos, NM 87545 (505/667-5061)
(505/667-5061)
Mound Plant MOUND EG&G Mound Applied Technologies Albuquerque
P.O. Box 3000 Dayton Area Office
Miamisburg, OH 45343-0987 (513/865-3271)
(513/865-4020)
Naval Reactors Program Facilities
Bettis Atomic Power Laboratory BAPL Westinghouse Electric Corporation DOE/HQ Office of Naval
P.O. Box 79 Reactors (NE-60)
West Mifflin, PA 15122-0079 Pittsburgh Naval Reactors Office
(412/476-5000) (412/476-5000)
Knolls Atomic Power Laboratory KAPL General Electric Company DOE/HQ Office of Naval
P.O. Box 1072 Reactors (NE-60)
Schenectady, NY 12301-1072 Schenectady Naval Reactors Office
(518/395-4000) (518/395-4000)
Naval Reactors Facility (INEL) NRF Westinghouse Electric Corporation DOE/HQ Office of Naval

P.O. Box 2068
Idaho Falls, ID 83403-2068
(208/526-5526)

Reactors (NE-60)
Pittsburgh Naval Reactors Office
(412/476-5000)
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Table D.3 {continued)

Principal contractor(s) for site

DOE operations office

Site/facility SymbolAabel operaiions and mailing address .

/ ’ ool * (Phone numbef)a (Phone number)®

Nevada Test Site NTS Reynolds Blectrical & Engineering Nevada

Company, Inc. (702{295-1212)

P.O. Box 98521
Mail Stop 738
Las Vegas, NV 89193-8521
{702/295-9060)

Oak Ridge Institute for Science and Education ORISE Oak Ridge Associated Universities Oazk Ridge
246 Laboratory Road (615/576-5454)
P.0O. Box 117
Oak Ridge, TN 37831-0117
{615/576-3000)

QDak Ridge X-25 Site K-25 Martin Marietta Energy Systems, Inc. Oak Ridge
P.0O. Box 2003 (615/576-5454)
Oak Ridge, TN 37831-7358
{615/576-5454)

Oak Ridge National Laboraiory ORNL Martin Marietta Energy Systems, Inc. Oak Ridge
P.0O. Box 2008 {615/576-5454)
Oak Ridge, TN 37831-6235
(615/576-5454)

Oak Ridge Y-12 Plant Y-12 Martin Marietta Energy Systems, Iac. Osak Ridge
P.0. Box 2008 {615/576-5454}
Oak Ridge, TN 37831-8010
{(615/576-5454)

Pacific Northwes: Laboratory® PNL Ba'teile Memorial Institute Richiand
Battelle Boulevard (509/376-7411)

P.G. Box 999
Richland, WA 99352
{509/375-2121)
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Table D3 (continued)

Principal contractor(s) for site

DOE operations office

Siteffacility Symbol/iabel operations and mailing address a
(Phone number)? (Phone nuraber)

Paducah Gaseous Diffusion Plant PAD Martin Marietta Energy Systems, Inc. Oak Ridge
P.O. Box 1410 Paducah Site Office
Paducah, KY 42001 (502/441-6800)
(502/441-6000)

Pantex Plant PANT Mason & Hanger—Silas Mason Albuquerque

Company, Inc. Amaritio Area Office

P.O. Box 30020 (806/477-3000)
Amarillo, TX 79177
(806/477-3000)

Pinellas Plant PINELLAS Martin Marictta Specialty Components, Inc. Albuquerque
P.O. Box 2908 Pineilas Area Office
Largo, FL 34649-2908 (813/541-8196)
(813/541-8001)

Portsmouth Gaseous Diffusion Plamt PORTS Martin Marietta Energy Systems, Inc. Oak Ridge
P.O. Box 628 Portsmouth Site Office
Piketon, OH 45661 (614/897-2331)
(614/897-2331)

Princeton Plasma Physics Laboratory PPPL Princeton University Chicago
P.O. Box 451 Princeton Area Office
Princeton, NJ 08543 (609/243-3700)
(609/243-2000)

Reactive Metals, Inc. Extrusion Plant RMI RMI Titaniur Company Fernald
P.0O. Box 579 Ashtabula Area Office
Ashtabula, OH 44004 (216/992-7442)
(216/992-7442)

Rocky Flats Plant RFP EG&G Rocky Flats, Inc. Rocky Flats Office

P.O. Box 464
Golden, CO 80401-0464
(303/966-7000)

(303/966-7000)
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Table D3 {continsed)

Principal contractor{s) for site

DOE operations office

Site/facilit Symboi/label operations and mailing address p
facility ymboi/ pe (Phone n umbef)a {Phone number)?
Sandia Nztionai Laboratories
Albuguerque SNLA Martin Marietia Sandia Corporation Albuguerque
P.0. Box 5800 (505/845-4154)
Albuquerque, NM 87185-5805
{505/844-5678)
Livermors SNLL Martin Marietta Sandia Corporation Albuquerque
2.0. Box 969 {505/845-4154)
Livermore, CA 94551-0969
(510/294-300¢)
Santa Susana Field Laboratory SSFL Rockwell International San Francisco
(Energy Technology Engineering Center) (ETEC) Rocketdyne Division (519/273-6383)
6633 Canoga Avenue
P.O. Box 1449
Canoga Park, CA 91304
{B18/586-5326}
Savannah River Site SRS Westinghouse Savannah River Company Savannah River
P.O. Box 616 (803/725-6211)
Aiken, 5C 29802
(803/725-6211)
Stanford Linear Accelerator Center SLAC Stanford University San Francisco
P.O. Box 4349 Stanford Site Office
Palo Alto, CA 94309 {415/926-3208)
(415/926-3300%
Three Mile Island—Unit 2 Reactor TMI-Unit 2 General Public Utilities Idaho
P.0. Box 480 Three Mile Island Site Office
Middletown, PA 17057 (717/944-7621)

(717/944-7621)
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Table D3 (continued)

Principal contractor(s) for site

DOE operations office

Site/facili Symbol/label operations and mailing address
Aacility ymbol/ pe (Phone numbef)a {Phone number)?

Waste Isolation Pilot Plant WIPP Westinghouse Electric Corporation Albuquerque
WIPP Project Office WIPP Project Office
P.O. Box 2078 (505/887-8115)
Carlsbad, NM 88221
(505/885-7500})

Weldon Spring Site Remedial Action Project WSSRAP Jacobs Engineering Group, Inc. Oak Ridge
MK-Ferguson Company Weldon Spring Site Office
7295 Highway 94 South (314/441-8978)
St. Charles, MO 63304
(314/441-8978)

West Valley Demonstration Project wWVvDP Westinghouse Electric Corporation 1daho
West Valley Nuclear Services Company, Inc. West Valley Project Office
106300 Rock Springs Road (716/942-4313)
P.0. Box 191
West Valley, NY 14171-0191
{716/942-3235)

Apyone number for access to main organization.
bpart of the Idato National Engineering Laboratory.
CPart of the Hanford Site.
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Tabic D.4. Major commaroial radinactive waste disposal sites induded in this report®

Site

Symbol/label

Principal coniracior(s) for site operations
and mailing address
(Phone number)b

Barnwell

Beatty

Maxey Tlats

Richland

Sheffield

West Vallcy

BARN

BETY

MFKY

RICH

SHEF

WVNY

Chem-Nuclear Systems, Inc.
140 Stoneridge Drive
Columbia, SC 29210
(803/256-0450)

U.S. Ecology, Nuclear
P.O. Box 578

Beatty, NV 82003
(702/553-2203)

Commonwealih of Kentucky®

Depariment of Environmenial Protection/Superfund Branch
Maxey [Mats Project

14 Reilly Road

Frankfort, KY 40601-1190

(502/564-6716)

Site address:

Maxey Flais Project
Route 2

P.O. Box 238A
Hillsboro, KY 41049
(606/784-6612)

U.S. Ecology, Nuclear
P.O. Box 638
Richland, WA 99352
(509/377-2411)

U.S. Ecology, Nuclear
P.O. Box 158
Sheffield, 1L 61361
(815/454-2342)

Westinghouse Electric Corporation

West Valley Nuclear Services Company, Inc.
10300 Rock Springs Road

P.O. Box 191

West Valley, NY 14171-0191

(716/942-3235)

New York State Energy Research and Development Authority
2 Rockefeller Plaza

Albany, NY 12223

(518/465-6251)

3Dees not include uranium mill tailings sites. See Table 5.2.

Pphone number for access to main organizations.

®The Commonwealth of Kentucky assumed operating contractor responsibilities for the Maxey Flats site in 1992.
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APPENDIX E. INTEGRATED DATA BASE READER COMMENT FORM

To maintain an updated distribution list for this report, the Integrated Data Base (IDB) is asking its readership to
supply the information requested on the Reader Comment Form provided at the end of this report. When filling out this
form, please respond to the questions in Items 1~11 (note that some require two answers). Item 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. Also, please notify the IDB
Program of any corrections or future changes in your mailing address. Your cooperation and assistance are greatly
appreciated.

Integrated Data Base Program
Oak Ridge National Laboratory
105 Mitchell Road
Mail Stop 6495
P.O. Box 2008
Oak Ridge, TN 37831-6495
Phone(s): 615/574-6823
615/576-7575
Fax: 615/576-0327
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GLOSSARY OF TERMS

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.

Actinides: Elements with atomic numbers from 90 to 103
inclusive. (Note that actinium is not part of this group.)

Activation product: 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 radiocactive
waste under such an agreement. This term is used in the
Low-Level Radioactive Waste Policy Act (Public Law
99-240).

Alpha decay: Radioactive decay in which an alpha particle
(“He nucleus) is emitted.

Beta decay: Radioactive decay in which a beta particle
(negative electron) is emitted.

Borosilicate glass: 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 ratio: In branching radioactive decay, the
fraction of nuclei that disintegrates in a specific way. (It is
usually expressed as a percentage.)

Burnup, specificc. 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,
MWJ/MTIHM.

By-product material: (1) Any radioactive material (except
special nuclear materiat) 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 of 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 ore
processed primarily for its source material content. Qre
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 chemically stable granular powder.

Canister: A metal container used for the storage or
disposal of heat-producing solid high-level radioactive
waste.

Capacity factor, plant: The ratio of the clectrical energy
actually supplied by a power plant in a given time interval
to the electrical energy that could have been produced at
continuous full-power operation during the same time
period.

*U.S. Department of Energy, Office of Environmental Restoration and Waste Management, Glossary of Terms,

working draft, July 1993.



Capsules:  Encapsulated strontium and cesium high-level
wasies produced from defense reactor fuel reprocessing at
the Haniord site.

Cladding A corrosion-resistant tube, commonly made of
zirconium alloy or stainless steel, surrounding the reactor
fuel pellets which provides pwotection from a chemically
reactive environment and containment of fission producis.

Code of Feders!l Repulations: A documentation of the
general rules by the executive departments of the federal
government.  The code is divided into 50 titles that
represent broad areas subjeci to federal regulation. Each
title is divided into chapters that usually bear the name of
the issning agency. Each chapter is further subdivided into
parts covering specific regulatory areas.

Controd rod: A movable part of the reactor core that is
adjusted to regulate the degree of fuel fissioning in the
core.

Conversion, fuclt Chemical treatment of yellowcake
(U30g) to uranium hexafluoride (UFy) in preparation for
enrichment.

Core, puciear reacton. That part of the reactor which
contains the nuclear fuel and in which most or all of the
nuclear fissions occur.

Daughter peoduct(s) The nuclide(s) formed by the
racicactive decay of the parcnt radionuclide.

Deeay, radicactive: The transition of a nucleus from one
encrgy state to a lower one, usually involving the emission
of a photon, electron, neutron, or alpha particle.

Decay chain, radioaciive: A series of nuclides in which
each member decays to the next member of the chain
through radioactive decay until a stable nuclide has been
formed.

Decommissioning:  Activities taken to reduce the potential
health and safety impacts of commercial and DGE-
contaminated facilities, including removing a unit from
operation and/or decontamination, entombiment,
dismantlement, or conversion of the site to another use.

Decomemissioning wasies: Wastes (generally low-level)
coliected or resulting from facility decommissioning
activities.

Decontamination:  Activities taken to remove unwanted
(typically radioactive) material from facilities, soils, or
equipment by washing, chemical action, mechanical
cleaning, or other (treatmenti) techniques.
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Deep e plast. A boiling-water reactor facility using a
demineralizer vessel for water purification which coniains
an ion-exchange resin that is 3 or more ft deen.

Disintegration eacigy (Q-valuey 'The amount of encrgy
released in a particular nuclear disintegration. This is
usually expressed in MeV/disintegration.

DOE waste: Radioactive waste produced from activities
supporicd by the Depariment of Energy and/for U.S.
goverament defense programs.

Double-shell tank wasies: High-level wastes, generaied
from defense reactor fuel reprocessing at Hanford, which
are stored in double-shelled tanks. These wastes consist of
3 mixture of liquid and suspended solids referred (o as
slurry. See also “single-sheil tank wastes.”

Elecicon capiure: Radicactive decay in which an orbital
electran is captured by the nucleus of the radionuclide.

Eorichent, fock A nuclear fuel cycle process which
increases the concentration of fissjonable uranium
(ie., ®*U) in uranium ore above its natural level of 0.71%.
(The method currently utilized in tbe United States is
gaseous diffusion.)

Hoviropmental fmpact Staicmeat: A report that
documenis the information required to cvaluate the
environmental impact of a project. Such a report informs
decision-makers and thc public of the reasonable
alternatives which would avoid or minimize adverse impacts
or ¢nhance the quality of the environmeiit.

Eovirontoenial restoratdon: Cleanup and restoration of
sites contaminated with radioactive and/or hazardous
substances during past production, accidental releases, or
disposal activities.

Eouilibrino oycle:  An assumed nuclear fuel cycle in which
the feed and waste materials of a facility bave consiant
compositions. In a reactor this condition typically resulis
after the third or fourth fucl-loading schedule.

Fabrication, fuel Conversion of enciched UF into pellets
of ceramic uranium dioxide (UO,). These pelicts are then
scaled into corrosicn-resistant tubes of zirconium alloy or
stainless steel. The loaded tubes, called fuel elements or
rods, are then mounted into special assemblics for oading
into the reactor core.

Fertile nuclide: A nuclide capable of being transformed
into a fissile nuclide by neutron capiure.



Filter/demineralizer plant: A facility that combines
filtration and ion-exchange processing using nonregenerable
poweresd resins,

Fissile suclide: A nuclide capable of undergoing nuclear
fission with neutrons.

¥ission, nuckar. The division of a heavy atomic nucleus
intc two or more isotopes, usually accompanied by the
emission of neutrons and gamma radiation.

Fission products:  Nuclides produced either by fission or by
the subsequent decay of the nuclides thus formed.

Fission, spontancous.  Nuclear fission that occurs without
the addition of particles or energy to the nucleus.

Formerly utilized site: A site  contaminated with
radivactive wastes which was previonsly used for supporting
nuclear activities of the DOT’s predecessor agencies, the
Manhattan Engineer District (Manhattan Project) and the
Atomic Energy Commission.

Fuel assembly: A grouping of nuciear fuel rods that
remains integral during the charging and discharging of a
reactor core.

Fuel cydle, nucdear:  The complete series of steps involved
in supplying fuel for nuclear reactors. It includes mining,
refining, UF, conversion, enrichment, fabrication of fuel
elements, use in a reactor, and management of radioactive
waste. It may also involve chemica!l processing to recover
the fissionable material remaining in the spent fuel,
reenrichment of the fuel material, refabrication of new fuel
elements,

Generation {electricity).  The process of producing electric
energy from other forms of energy; also, the amount of
electric eonergy produced, commonly expressed in
kilowatt-hours (kWh) or megawatt-years [MW(e)-years].

Creperation {grass): The total amount of electric energy
produced by the generating units in a gencrating station or
stations, measured at the generator terminals.

Generation (net):  Gross generation less the electric energy
consumed at the generating station for station use.

Geperation (waste): The origination of new wastes from
various facility operations (including production, rework,
decontamination and decommissioning, and environmental
restoration), including the recovery of pre-1970
transuranic-procduced wastes, should their recovery be
determined necessary.

Gisss frit: A fusible ceramic mixture used to make glass
for use in the immobilization and disposal of high-level
wastes.

Greater-than-Class-C Jow-level waste: Waste from
commercial sources containing radionuclide concentrations
that exceed U.S. Nuclear Regulatory Commission limits for
Cilass C low-level radioactive waste as defined in 10 CFR
Part 61.55.

Grout: A mortar or cement mixture used to immobilize
radioactive wastes.

Half-fife, radicactive: For a single radioactive decay
process, the time required for the activity to decrease o
one-half of its initial value by that process.

Hazardous wasle: Nooradioactive  waste  containing
concentrations of either toxic, corrosive, flammable, or
reactive chemicals above maximum permissible levels as
defined by the U.S. Environmental Protection Agency
(FPA) in 40 CFR Part 261 or polychlorinated bipbenyis
(PCBs) above maximum permissibie levels as defined by
the EPA in 40 CFR Parts 702~799.

High-level waste: As defined by the Muclear Waste Policy
Act, high-level waste is (1) the highly radioactive material
resuiting from the reprocessing of spent nuclear fuel,
including the liquid waste produced directly in reprocessing
and any solid material derived from such liguid waste that
contains fission producis in sufficient concentrations and
(2) other highly radicactive material that the U.S. Nuclear
Regulatory Commission, consistent with existing law,
determines by rule to reguire permanent isolation.

Hydrofracture: A process formerly used for permanent
disposal of low-level (approximately 0.25 Ci/L) liquid waste
at the Oak Ridge National Laboratory. The process
involved mixing the waste with a blend of cement and
other additives with the resulting grout being injected into
shale at a depth of 200 to 300 m. The injected grout
hardened into thin, horizontal sheets several hundred
meters wide.

Industrial waste: Commercial low-level waste resulting
from nonnuclear fuel cycle sources. These include the
commercial  producers  of radiochemicals and
radiopharmaceunticals, laminous dial manufacturers, and
instruments that incorporate sealed source compounents
(c.g., smoke detectors).

Tnstitutional waste: Commercial low-level waste resulting
from bioresearch, medical, and certain nonbicresearch
sources. Wioresearch wastes include wastes from animal



studics at universities. Medical wastes include those
gencrated from diagnostic and therapeutic procedures on
humans at hospitals. Nonbioresearch wastes include
rescarch reactor wastes; small-volume, sealed radiation
sources; and acceclerator targets.

Leaching: The process of removal or separation of soluble
components from a solid by percolating water or other
liquids through the solid.

Lowdevel wasie: As  specifiecd in  the Low-Level
Radioactive Waste Policy Amendments Act of 1985 (Public
Law 99-240), radioactive waste not classified as high-level
waste, spent nuclear fuel, or by-product material specified
as uranium or thorium failings and waste.

Ml tailings, wranivm: Earthen residucs that remain after
the extraction of uranium from ores. Tailings may also
contain other minerals or metals not extracted in the
process.

Mixed bow-deve] waste: Waste that satisfies the definition
of low-evel radioactive waste (LLW) in the Low-Level
Radioactive Wasie Policy Amendments Act of 1985 and
that contains hazardous wastc that has at least one of the
following characieristics: (1) is listed as a hazardous waste
in Subpart D of 40 CFR Fart 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 regulaiion under the Toxic Substances Control
Act and 40 CFR Parts 702-799.

Mied wasic:  Waste that includes concentrations of both
radionuclides and hazardous chemicals.

Maoderator: A material used to reduce neutron energy (for
fissioning if in a reactor) by elastic scattering.

MRS facility: 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 retricval for further processing or disposal.

Naturally occurring and accelerator-produced radicactive
meaterial.  Any radioactive material that can be considered
naturally occurting and is not source, special nuclear, or by-
product material or that is produced in a charged particle
accelerator.

Meutron activation: 'The process of irradiating a material
with neutrons so that the material itself is transformed into
a radioactive nuclide.

Nonfucl cosnponents Nuclear reactor core parts and
hardware, excluding the wnuclear fuel iiself.  Such
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components include shrouds, control rods, fuel channels,
in-core chambers, support tubes, and dummy fuel rods.

Parent: A radionuclide that upon decay yields a specified
nuclide (the daughter) either directly or as a later member
of a radicactive decay series.

Pressure vessel, reactor:  Astrong-walled container housing
the core of most types of power reactors. It usually also
contains other core components such as the moderator and
control rods.

PUREX™ process: A solvent extraction process that may
be employed in the reprocessing of uranium/pilutonium-
based nuclear fuels.

Radicactivity: The number of spontancous 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.

Reactor, boiling-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.

Reactor, breeder: A reactor that produces more
fissionable fuel than it consumes. The new fissionable
material is created by a process (breeding) in which fission
neutrons are captured in fertile materials.

Reactor, fast fux: A reactor in which fission is induced
predominantly by fast neutrons.

Reactor, high-temperature, gas-cooled: A nuclear reactor
that uses an inert gas (helium) as the primary coolant and
graphite as the moderator.

Reactor, light-water: A puclear reactor that uses light
water (H,0) as the primary coolant and moderator, with
slightly enriched uranium as the fuel. There are two types
of commercial light-water reactors: boiling-water and
pressurized-water.

Reactor, naval propulsionn A reactor used to power a
vessel or submarine of the U.S. Navy.

Reactor, pressurized-water: 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 system without
boiling the water. Steam is generated in a secondary
circuit,



Reactor, production: A reactor whose primary purpose is
to produce fissile or other materials or to perform
irradiations on an industrial scale. Unless otherwise
specified, the term usually refers to either a tritium- or
plutonium-production facility used to produce materials for
nuclear weapons.

Reactor, researds: A reactor whose nuclear radiations are
used primarily as a tool for basic or applied research.
Typically, it has a thermal power of 18 MW(t) or Jess and
may include facilities for testing reactor materials,

Reactor, test: A rcactor associated  with  an
engineering-scale test program conducted to develop basic
design information or demonsteate safety characteristics of
nuclear reactor systems.

Reinserted fuet Irradiated reactor fuel that is discharged
in one cycle and inserted into the same reactor during 2
subsequent refucling. In a few cases, fuel discharged from
one reactor has been used to fuel a different reactor.

Repository, geologicc A facility that has an excavated
subsurface system for the permanent disposal of spent fuel

and high-level waste.

Reprocessing, fuet  The chemical/mechanical processing of
irradiated nuclear reactor fuel to remove fission products
and recover fissile and fertile material.

Salt cake: A salt form of high-level waste stored in tanks,
which is produced from neutralizing acidic liquid waste
from defense reactor fuel reprocessing with an alkaline
agent (caustic soda).

Saitstone: A low-level waste by-product from the
solidification of high-level waste at the Savannah River Site.
Saltstone is retained in trenches at the Savannah River
Site.

Sea-bed disposal Placement of waste packages in deep
ocean sediments.

Sea dumping (Gsposal) The practice of periodically
dumping shiploads of drummed, solidified waste into the
ocean at specified locations. {No longer performed.)

Scparative work usit: The 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 expressed as 1 kg SWU.

Single-shell tank wastes:  High-level wastes, generated from
defense reactor fuel reprocessing at Hanford, which are
stored in singleshelied tanks. ‘These tanks contain
inventories of liquid, sludge, and salt cake. See also
“double-shell tank wastes.”
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Shurry, hWighfove! waste: A watery mixture of highly
radioactive, ingoluble matter.

Sobvent extractiosr  The separation of materials of different
chemical fypes and solubilities by sclective solvent action;
used to recover and separate uraninm and plutoniom in
reprocessing spont avclear fuel,
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Specisl nuckear material  Plutoninm, or sraniom enviched
to a higher-than-natural assay.

Spemt fuel Nuclear fuc) that has been permanently
discharged from 2 reactor afier it has been irradiated.
Typically, spent fue! is measured in teans of cither the
aumber of discharged fuel asscimblies or the quantity of
discharged fuel mass. The latter is measured cither in
metric tons of heavy metal (ie., only the heavy-metal
content of the spent fuel is considered) or in metric tons of
initial heavy metal (essentially, the initial heavy-metal mass
of the fusl beloce irradiation). The difference between
these two guantities is the weight of the fission products
produced during irradiation.

Thermal power: A measure of the rate of heat-cnergy
emission that results from the radicactive decay of 2
material. A uvnit of thermal power commonly used is the
watt (W).

THOREX process:  Asolventextraction processdeveloped
for the reprocessing of thorium-based nuclear fuels.

‘Transusanic waste: As defined and used by the US.
Department of Energy (DO Order 5820.2A), radioactive
waste that, at the time of assay, contains more than
100 nCi/g of alpha-emitting isotopes with atomic numbers
greater than 92 and half-lives greater than 20 years.

Transuramic waste acceplapce criferia; A set of conditions
established for permitting transuranic wastes to be disposed
at the Waste Tsolation Pilot Plast.

‘Transuranis was
that a suspect s

certification: The process for verifying
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Transuranic wasic, confact-landled: Transuranic wasie
with a surface dose raiec of less than 200 mrem/h and
minimal heat generation to permit handling by contact
methods.

Traosuranic waste nondestructive assay/nondestructive
cxamination:  Nondestructive test procedures performed
on suspect transuranic wastes to determine their
transuranic isotope concentration. From these tests such
wastes can be properly classified (certified) as transuranic
or low-level.

Trassuranic waste, remotc-hasdied: Transuranic waste
with a surface dose rate of greater than 200 mrem/h and/or
heat generation to require remote handling and/or
shielding.
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Vitrification: The conversion of high-level waste materials
into a glassy or noncrystalline solid for subscquent disposal.

Waste Isolation Pilt Plant: A facility, located near
Carlsbad, New Mexico, to be used for demonstrating the
safe disposal of transuranic wastes from DORE activities.

Yellowcake: A uranium oxide concentrate that resuits
from milling (concentrating) uranium ore. It typically
contains 80 to 90% U,0;.
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217-24, 233
Richland {Washington) comipercial wasts site, 314
LLW at, 120, 122, 135, 13940
Rocky Flats Plant (REP), 311
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Sapdia National Laboratory, Albuguergee (SNLA), 312
LLW at, 121, 130-33
mixed LLW at, 210, 217-20, 225-35
SF at, 38
TRU waste at, 89~93, 98~102, 107-08, 110
Sandia National Laboratory, Livermore (SNiLL), 312
LLW at, 130-33
mixed LLW at, 210, 217-20, 225~35
San Diego SDG) LLW, 121, 134
Samta Cruz Basin (SCB) LLW, 121, 134
Santa Susana Ficld Laboratory (SSFL) [see Lnergy
Technology Engincering Center (BTEC)]
Savanpab River Site (SRS), 312
Defense Waste Processing Facility (DWFT), 6, 11, 45,
279
environmental restoration wastes at, 160, 163, 168,
171



HIW at, 11-13, 4345, 47-49, 5760, 62, 64, 66-68
canisters, 57
chemical composition of, 67
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inventory, significant revisions of, 66
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