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FOREWRD
Y
NUCLEAR REGULATORY COMMISSION STAFF

The NRC staff is in the process of reappraising its regulatory position relative
to the decommissioning of nuclear facilities. The initial part of this activity
consisted of obtaining the information base to support any subsequent regulatory
changes. Highly detailed studies were completed, thro technical assistance
contracts of the technalogy, safety and costs of decommissioning various nuclear
facilities. (These studies are referenced in this document). These studies
were, in turn, utiiized along with other information, to prerare a W
nv ] nt _on issfoni w‘u“r Fgeligig!. draf , NU=

- , January . on ruary 11, ) ssion published a notice
of proposed rulemaking on decommissioning criteria for nuclear facilities
(50 FR 5600).

This H#l %gr_ogrig gnvir%nggl E?gt ﬁ%mn_t_ on De issfoning Nuclear

rﬁn es s ry P s sed on p ¢ comment on ra on
provosed rule as well as on updated information in the technical informa-

tion base. This statement is required because the regulatory changes that

might result from the reevaluation of decommissioning policy may be a major
action affecting the quality of the human environment.

The information provided in this Statement, including any comments, will be

inciuded in the record for consideration by the Commission in establishing
criteria and new standards for decommissioning.
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ABSTRACT

This final generic environmental impact statement was prepared as part of the
requirement for considering changes in regulations on decommissioning of
commercial nuciear facilities. Consideration is given to the decommissioning
of pressurized water reactors, boiling water reactors, research and test
reactors, fuel reprocessing plants (FRPs) (currently, use of FRPs in the
commercial sector is not being considered), smal) mixed oxide fuel fabrication
plants, uranium hexafluoride conversion plants, uranium fuel fabrication plants,
independent spent fuel storage installations, and non-fuel-cycle facilities for
handling byproduct, source and special nuclear materials. Excluded here from
consideration for regulation change, are decommissioning of low-leve) waste
burial facilities, high-leve)! waste repositories, and uranium mil) and mi))
tailings piles, which are covered in separate rulemaking activities, ard
decommissioning of uranium mines which are not under jurisdiction,

Decommissioning has many positive environmenta) impacts such as the return of
possibly valuable land to the public domain and the elimination of potential
problems associated with increased numbers of radicactively contaminated facil-
ities with a minima) use of resources. Major adverse impacts are shown to be
rovtine occupational radiation doses and the commitment of nominally smal)
amounts of land to radiocactive waste disposal. Other impacts, including public
radiation doses, are minor. Mitigation of potential health, safety, and envi-
ronmental impacts requires more specific and detailed regulatory guidance than
is currently available. Recommendations are made as to r latory decommis-
sfoning particulars including such aspects as decommission ng alternatives,
appropriate preliminary planning requirements at the time of commissioning,
final planning requirements prior to termination of facility operations,
assurance of funding for Jecommissioning, environmenta)l review requirements,
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OVERVIEW

At the end of a commercial nuclear facility's useful life, termination of its
license by the Nuclear Regulatory Commissfon (NRC) is a desired objective. Such
termination requires that the facility be decommissioned. Decommissioning means
the removal of a nuclear facility safely from service and reduction of residual
radioactivity to a leve) that permits release of the property for unrestricted
use and termination of the license. It is the objective of regulatory
activities in protecting public health and safety to provide to the applicant

or licensee appropriate regulations and guidance to accomplish nuclear facility
decommissioning.

Although decommissioning is not an imminent health and safety problem, the
nuclear industry is maturing. Nuclear facilities have been ooorntin1 for a
number of years, and the number and complexity of facilities that will require
decommissioning is expected to increase in the near future. Accordingly, the
NRC fs reevaluating its regulatory requirements concerning decommissioning.
This final generic environmental impact statement is part of this reevaluation.

PAST ACTIVITIES

In support of this reevaluation, a data base on the technology, safety, and

cost of decommissioning various nuclear facilities and on other matters related
to decommissioning, including financial assurance, is being completed for the
NRC by Battelle Pacific Northwest Laboratory (PNL), by Oak Ridge National
Laboratory and by other contractors. Based on this data base and on input from
other 5'ate and Federa)l government agencies and the public, NRC has modified
and amplified its policy considerations and data base requirements in a manner
vesponsive to comments received. Another area addressed is the generic appli-
cability of the data base for specific facility types. This has been addressed
through expansion of the PNL facility reports to include sensitivity analyses

for a variety of parameters potentially affecting safety and cost considurations.

A draft generic environmental ‘mpact statement was issued in January, 1981 and
comments received have been considered in the development of this fina) state-
ment. On February 11, 1985, the NRC published a notice of proposed rulemaking
on Decommissioning Criteria for Nuclear Facilities (50 FR 5600). The
proposed amendments covered a number of topics related to decommissioning that
would be applicable to 10 CFR Parts 30, 40, 50, 51, 70, and 72 app)icants end
licensees. These topics included decommissioning alternatives, planning,
assurance of funds for decommissioning, environmental review requirements, and
residual radicactivity.

SCOPE OF THE EIS

Regulatory changes are being considered for both fuel cycle and non-fuel-cycle
nuclear facilities. The fuel cycle facilities are pressurized (PWR) and
boiling water (BWR) light water reactors (LWRs) for both single and multinle
reactor sites, research and test reactors, fuel reprocessing plants (FRPs)
(currently, use of FRPs in the commercial sector is not being considered),
spal)l mixed oxide (MOX) fue)l fabrication plants, uranium fuel ‘abrication
plants (U-fab), uranium hexafluoride conversion plants (UFg), and independent
spent fuel storage installations (ISFSI). Under non-fuel-cycle facilities,
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consideration is given to major types such as radiopharmaceutical or industrial
radioisotope supplier facilities, various research radicisotope laboratories,
and rare metal ore processing plants where uranium and thorium are concentrated
in the tailings,

This EIS addresses only those issues involved in the activities carried out at
the end of a nuclear facility's useful 1ife which permit the facility to be
removed safely from service and the property to be released for unrestricted
use. It does not address the considerations involved in extending the ife of

a nuclear facility., If a licensee makes an application for extending a facility
license, an application for )license renewal or amendment or for a new license
would be subnitted and reviewed according to appropriate existing regulations.
This is not considered to be decommissioning and therefore is outside the scope
of this EIS.

High-level waste repositories, low-leve) waste burial facilities, and uranium
mills and their associated mil) tailings piles are covered in separate
rulemakings and are not included here. The first two items are covered in
Title 10 of the Code of Federal Regulations (10 CFR) Parts 60 and 61. The last
ftem 15 covered in amendments to 10 CFR Part 40.

REGULATORY OBJECTIVE

It is the responsibility of the NRC to ensure, through regulations and other
guidance, that appropriate procedures are followed in decommissioning to

protect the healih and safety of the public. Present regulatory requirements
and guidance cover the requirements and criteria for decommissioning in a
limiteu way and are not adequate tu regulate decommissioning actions effectively.
Areas needing further criteria include decommissioning alternatives, financia)
assurance planning and residual radicactivity levels as discussed below:

Decommissioni ives. It is the responsibility of the NRC, in protecting
p ¢ hea and safety, to ensure that after a nuclear facility ceases opera-
tion fts license is terminated in a timely manner. License terminition requires
decommissioning. Analysis of the technica) data base, establishes that decom-
missioning can be accomplished and the facility releaved for unrestricted use
shortly after cessation of operations or, in certain situations for certain
facilities, delayed and completed after a period of storage. These situations
would include considerations where the potential exists for occupational expo-
sure and waste volume reduction, resulting from radicactive decay, or the
fnability to dispose of waste due to lack of disposal capacity, or other site
specific factors which may affect safety. Completing decommissioning and
rel-asing the site for unrestricted use elimicates the potentia)l problems that
may result from an increasing number of sites contaminated with radioactive
material, as well as eliminating potential health, safety, latory, and
economic problems associated with maintaining the nuclear !::??1ty.

Based on the technical data base, it appears that completing decommissioning
shortly after cessation of facility operations or delaying completion of decom-
missioning for a 30 to 50 year period are reasonable options for decommission-
ing light water power reactors. Delay beyond that period may be acceptable if
there is an inability to dispose of waste due to lack of disposal capacity or
1f there are site specific factors affecting safety such as if the safety of an
adjacent reactor might be affected by dismantlement procedures.
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For research and test reacturs and for nuclear facilities licensed under 10 CFR
Parts 30, 40, 70, and 72, occupational doses would be in most cases much less
significant than power reactors. Thus, completing decommissioning chortlg'
after cessation of operations is considered the most reasonable option. -
laying completion of decommissioning to allow short lived nuclides to decay may
be justified in some cases, however, any extended delay would rarely be justi-
fiable.

Financial Assurance. Consistent with the regulatory objective of decommis~
sioning as iifzﬁtsia above, reasonable assurance is required from the nuclear
facility licensee that adequate funds are avrilable to decommission the
facility. The funding mechanisms considered ,easonable for providing the
necessary assurante include prepayment of fund. into a segregated account,
insurance, surety bonds, letters of credit, and ~ertain other guarantee
methods, and a sinking fund deposited into a segregated account.

Plsnnigg. Planning for decommissioning is a critical item for ensuring that

commissioning activities can be accomplished in a safe and timely manner.
Development of detailed plans at the application stage is not possible because
many factors (e.g., technology, regulatory requirements, economics) will change
before the license period ends. Thus, most of the planning for the actual
decommissioning will occur near final shutdown. However, a certain amount of
preliminary planning should be done at the application stage.

Information on decommissioning funding provisions must be submitted with an
application for a license for a nuclear facility. This information should
include the method of assuring funds for decommissioning (as discussed abc.e
under Financial Assurance) and an indication of the amount being set aside.
Provisions should also be made to adjust cost levels and associated funding
levels over the life of the facility,

Faci'itation of decommissioning in the desigu of a facility or during its
operation can be beneficial in reducing operationa) exposures and waste
volumes requiring disposal at the time of decommissioning. A)though many
aspects of facilitation can be covered under existing regulations, specific
requirements that records of relevant operational and design information
important to decommiisioning be maintained should be added.

A fina) detailed decommissioning plan is required for review and approval by

the NRC prior to cessation of facility operation or shortly thereafter. Besides
the description of the decommissioning alternative which will be used, the fina)
plan should include a description of the plans to ensure o.cupational and public
safety and to protect the environment during decommissioning; a description of
the final radiation survey to ensure that remaining residual radioactivity is
within levels permitted for releasing the property for unrestricted use; an
Wpdated cost estimate; and for certain facilities as appropriate a description
of gquality assurance and safeguards provisions. The plan should include an
estimate of the cost required to accomplish the decommissioning.

%Eilgggl !g;ig!§3ivi§! Levels. The selection of an acceptable leve! is outside
scope of rulemaking supported by this EIS. The Commission is participating
in an EPA organized interagency working group which is developing Federal guid-

ance on acceptable residual radicactivity for unrestricted use. Proposed
Faderal guidance is anticipated to be published by EPA. NRC is planning to
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implement this guidance through rulemaking as soon as possible, as well as by
issuing regulatory guides and standard review plan sections. Currently,
criteria for residual contamination levels do exist and research and test
reactors are bein, Yecommissioned using present guidance contained in Regula-
tory Guide 1.86 for s."face contamination plus S pr/hr above background
measured at 1 meter from the surface for direct radiation. The cost estimate
for decommissioning can be based on current criteria and guidance regarding
residual radicactivity levels for unrestricied use. The information in the
studies performed as part of the reevaluation on decommissioning have indicated
that in any reasonable range of residual radicactivity limits, the cost of
decommissioning is relatively insensitive to the radicactivity level and use of
cost data based on current criteria should provide a reasonable estimate. Even
in situations where the residual radioactivity level might have an effect on
decomnissioning cost, by use of update provisions in the rulemaking, it is
expected that the decommissioning fund available at the end of facility 'ife
will approximate closely the actual cost of decommissioning,

ENVIRONMENTAL IMPACT STATEMENT

Generally, the major environmental impact from decommissioning, espacially for
power reartors, occurs when the decision is made to operate the reactor,
Provided oocoanissionin? rules are in place and based on the conclusions of
Chapters 4 and 5 regarding impacts from reactor decommissioning alternatives,
it is not expected that any significant environmenta) impacts will result from
decommissioning. Therefore current 10 CFR Part 51 needs to be amended to
delete the manditory EIS requirement for decommissioning of power reactors. An
EIS may stil) be needed but this should be based on site specific factors.
Consequently a licensee should submit a supplemental environmental report and
safety analysis and, based on these submittals, the NRC should consider prepara-
tion and issuance of an envirorme tal assessment and a finding of no environ-
mental impact. This is expected to ve reasonahle for most situations,

It is imperative that decommissioning ryle amendments in 10 CFR Parts 30, 40,
50, 51, 70, and 72 be issued at this time because it is important to establish
finc~~1a) assurance provisions, as well as other decommissioning planning
provisions, es soon as possible so that funds will be availadle to carry out
decommissioning in a manner which protects public health and safety. Based on
this need for the decommissinning provisions currently existing as well as
those contained in the proposed rule amendments, the Commission be)lieves that
the rule can and should be issued now.

CONCLUSIONS ON DECOMMISSIONING IMPACTS

Consideration of the decommissioning data base including comments on the Draft
Generic Environmental Statement and on the proposed rule and of tne need for
regulatory activity has led to the following conclusions in the Fina) Generic
Environmental Impact Statement:

(1) The technology for decommissioning nuclear facilities is wel) in hand and,
while technical improvements in decommissioning technigues are to be ex-
pected, decommissioning at the present time can be performed safely and
at reasonable cost. Radiation dose to the public due to decommissioning
activities should be very smal) and be primarily due to transportation of
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decommissioning waste to waste burfal facilities. Radiation dose to '~
commissioning workers should be a small fraction of their exposure ex; eri-
enced over the oponnn? lifetime of the facility and be well within the
occupational exposure 1imits imposed by regulatory requirements. Decom-
missioning costs are reasonable and are, at least for the larger facilities
such as reactors, a sma)l fraction of the present worth commissioning costs
(1.e., less than 10%).

(2) Decommissioning of nuclear facilities is not an imminent heaith and safety
problem. However, planning for decommissioning as an integral activity
prior to commissioning as well as during facility life is a critical item
that can have an impact on health and safety as well as cost. Essential
to such planning activity is re>sonable assurance that funds will be avail-
able for performing required decommissioning activities at the cessation
of facility operation,

(3) Decommissioning of a nuclear facility generally has a positive environ-
mental impact. At the end of facility life, terminacion of a nuclear
license s the goal. Termination requires decontamination of the facility
$0 that the leve! of any residual radicactivity nl..inln? in the facility
or on the site is low enough to allow unrestricted use of the facility
and site. Commitment of resources, compared to operational aspects s
generally small. The major environmental impact of decommissioning is the
commitment of small amounts of land for waste burial in exchange fcr reuse
of the facility and site for other purposes. Since in many instan es,
such as at a reactor facility, the land 1s a valuabie resource, return of
this land to the commercial or public sector is highly desirable.

INCORPORATION OF E1S CONCLUSIONS IN REGULATIONS

It is recommended that specific implementation of regulatory activities be per-

formed by rulemaking as amendments to existing regulations (1.e., 10 CFR Parts 30,

40, 50, 51, 70 and 72) rather than as a separate regulation solely covering
decommissioning. Because decommissioning overlaps so many areas covored dy
present regulations, such incorporation wauld be more efficient.

AT T S

Sections 1 to 3 of the main *ext of the EIS contain materi\]l common to all the
facilities considered and shc yld be read for discussion ¢ generic issues.
Sections & to 14 ¢ .tain specific facility considerations. These separate
facility sections were kept as self-contained as possible  recegnizing that
some redundancy would be inevitable for such an organizational approach), seo
that a user interested in a particular facility type need primarily read only
that section, as well as introductory, generic, and policy sections. Section
15 contains details on how the conclusions of the €15 will affect latory
policy considerations. The last section of the EIS is a glossary mh pro-
vides the reader definitions of terms used in this report, inzluding those used
in & special sense in this report. Finally, in the Appendices, discussion and
resolution of comments on the DGEIS is presented in Appendix A along with the
original comments presented in Appendix 8.
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1 INTRODUCTION

Commercial nuclear facilities that come under the Nuclear Regulatory Commis-
sion's (NRC) regulatory authority include those dealing with fuel cycle and
non-fuel-cycle operation. The generation of electric power from steam sup-
plied by nuclear reactors requires a series of processes collectively known as
the nuclear fuel cycle. This cycle begins with the mining and milling of ura-
nium ore, includes the operation cf power reactors, and ends with the disposi-
tion of radioactive wastes. fach step in the cycle requires the handling of
radioactive materials, which are specifically designated as source materials,
byproduct materials, or spacial nuclear materials. Non-fuel-cycle facilities
can also use byprodurt, source, and special nuclear materials. Non-fuel-cycle
facilities include those involved in academic, pharmaceutical and industrial
radioisotopic use and in rare metal ore processing. The handling of these
materials and the processes involved have given rise to several issues of funda-
mental importance to the American public. These issues include the safe opera-
tion of all steps in the nuclear fuel cycle and of other nuc'ear facilities,
especially the safe operation of power reactors; the safe disposition of radio-
active wastes; and the safe decommissioning of all nuclear facilities. The
first two issues have received much attention from Congress and from federal
regulatory agencies, beginning in 1954 with the passage of the Atomic Energy
Act. The third issue, decommissioning, is now receiving an increasing amount
of attention because the nuclear field is maturing, in that nuclear facilities
have been operating for a number of years, and the number and complexity of
facilities that will require decommissioning is expected to increase in the
future. It is this third issue which is the subject of this document.

1.1 Purpose of EIS

The purpose of this environmental impact statement (EIS) is to assist the
Nuclear Regulatory Commission (NRC) in developing policies and in promulgating
amended regulations with respect to the decommissioning of licensed nuclear
facilities. 1t is prepared pursuant to the requirements of the National
Environmental Policy Act (NEPA). The decommissioning of uranium mills and mill
tailings, (this includes all facilities associated with extracting uranium from
areas, such as in situs, heap leach, and milling facilities) low-level waste
burial facilities and high-level waste repositories has been *reated in 10 CFR
Parts 40, 60 and 61. In addition, also excluded from this artion are uranium
mines which come under the jurisdiction of the states and other Federal agencies.
The generic analyses of this EIS are applicable to specific facilities based on
the decommissioning information base studies which included sensitivity analyses
of such parameters as the size of the facility, contamination level, waste
disposal costs, labor costs, etc. (See References of Section 1)

1.1.1 NEPA Requirements
Section 102(1) of the National Environmenta)l Policy Act (42 U.S.C. 4321 et
seq.) requires that "the policies, regulations, and public laws of the United

States shal) be interpreted and administered in accordance with the policies
set forth in this Act." Section 102(2)(C) requires al) agencies of the Federa)
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Government to "include in 2very recommendation or report on proposals for legis-
lation and other major Federal actions significantly affecting the quality of
the human environment, a detailed statement by the responsible official on:

(i) the environmental impact of the proposed action,

(i1) any adverse environmental effects which cannot be avoided should the
proposal be implemented,

(iii) alternatives to t..e propored action,

(iv) the relationship between local short-term uses of man's environment
and the maintenance and enhancement of long-term productivity, and

(v) any irreversible and irretrievable commitments of resources which
would be involved in the proposed action should it be implemented."

1.2 Organization of the EIS

The first three sections of this EIS contain material common to all of the
facilities discussed in the statement. Regulatory matters are discussed in
Section 1. Section 2 discusses in a generic manner the following: nuclear
facilities; decommissioning alternatives; acceptable residual radicactivity
levels for permitting release of the site for unrestricted use; financial
assurance that sufficient funds are available for decommissioning; th: manage-
ment of radioactive wastes; and safeguards. Facility sites (i.e., the affected
environment) are discussed generically in Section 3. Reactor facilities are
discussed in Sections 4 through 8. Fuel cycle facilities are discussed in Sec-
tions 9 through 13 and non-fuel-cycle facilities in Section 14, These sections
include descriptions of each facility, discussions of decommissioning alterna-
tives, and summaries of radiation exposures and decommissioning costs. Other

environmental consequences are also discussed. Regulatory policy considerations
are discussed in Section 15.

It is intended in this report to provide a document sufficient in detail to be
useful to the NRC in establishing policies and in promulgating amended regula-
tions, yet not so lengthy or detailed as to be overwhelming to the genera)
public and to others who have a valid interest in the subject. Detailed reports
have been prepared which constitute information bases on the technology, safety
and costs of decommissioning of the nuclear facilities discussed in this
report.! 19 These facilities are pressurized water reactors, boiling water
reactors, muitiple reactor power stations, research and test reactors, fuel
reprocessing plants, small mixed oxide fuel fabrication plants, uranium
hexafluoride conversion plants, uranium fue)l fabrication plants, independent
spent fuel storage installations, and non-fuelcycle materials facilities. Many
of those ‘eports have been available for critical comment for some time, have
been found *o be useful as a data base, and have been used in preparation of
decommissioning studies. The decommissioning of uranium mills and tailings
piles is discussed in a separate EIS.'! The decommissioning of low-level waste
burial facilities is also discussed in a separate £S5, 12

This EIS represents a compendium of what would otherwise have been many sepa-
rate EIS's on the nuclear facilities considered in this report. To make the
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report more useful to the user, the separate facility sections (Section 4

through 14) were kept as self-contained as possible, so that a user interested

in a particular facility type need primarily read only that section, as well as
the introduction, the section on generic issues and the section on policy.

Such an approach causes some unavoidable redundancy in presentation of informa-
tion contained in the various facility sections. In addition, an overview of
this report is presented to enable a user to gain a perspective of the objectives
and conclusions reached in this report.

1.3 Purpose of Decommissioning

The purpose of decommissioning nuclear facilities is to take the facility

safely from service and to reduce residual radioactivity to a level that per-
mits release of the property for unrestricted use and termination of license.
Alternative methods of accomplishing this purpose, and the environmental impacts
of each alternative are discussed in this EIS.

1.4 Responsibility for Decommissioning

The responsibility for decommisszioning a commercial nuclear facility belongs
to the licensee. Regulatory and policy guidance for decommissioning is the
responsibility of the NRC and is implemented either by the NRC or Agreement
State as applicable.

1.4.1 Existing Criteria and Regulations for Decommissioning

Statutory authority for the regulation of activities related to the commercia)
nuclear fuel cycle is contained in the Atomic Energy Act of 1954 (42 U.S.C. 2011
et seq.) and the Energy Reorganization Act of 1974 (42 U.S.C. 5841 et seq.) and
in subsequent amendments. Pursuant to these acts, the NRC has promulgated
regulations which 2 pear in Title 10 of the Code of Federal Regulations. The
NRC has also published Regulatory Guides for the purpose of assisting applicants
and licensees in carrying out their regulatory obligations.

Present regulations specifically pertaining to decommissioning are contained
in 10 CFR Parts 40, 61, and 72 and in Section 50.33(f), Section 50.82, and
Appendix F of 10 CFR Part 50. General guidance is contained in NRC Regulatory
Guides 1.86 and 3.5 (Rev. 1) and in NRC staff guide'ines.

1.4.2 Current Rulemaking Activities

The NRC is currently developing an explicit overall policy for decommissioning
commercial nuclear facilities and amending its regulations in 10 CFR Chapter |
to include more specific decommissioning guidance for production and utiliza-
tion facility licensees and byproduct, source, and special nuclear mater’al
licensees. '3 On February 11, 1985, the NRC published a notice of propose.
rulemaking on Decommissioning Criteria for Nuclear Facilities (50 FR 5600).
The proposed amendments covered a number of topics related to decommissioni g
that would be applicable to 10 CFR Parts 30, 40, 50, 70, and 72 applicants and
licensees. These topics included decommissioning alternatives, planning,
assurance of funds for decommissioning, environmental review requirements, and
residual radioactivity.



1.5 History, Background, and Experience With Decommissioning

Facilities identified with the portion of the nuclear fuel cycl« between mining
and reactor operation, uranium hexafluoride conversion plants and uranium fuel
fabrication plants, call for reiatively routine decommissioning procedures.

These facilities usually contain low-level radicactivity which is well confined
to the facility. Mixed oxide fuel fabrication plants involve plutonium and thus
call for special procedures. Pressurized water reactors, boiling water reactors,
fuel reprocessing plants, and spent fuel storage facilities contain high levels
of radicactivity that require special precautions and procedures. The differences
among research and test reactors that have a variety of functions and the
complexity of non-fuel-cycle facilities that handle byproduct, source, or

special nuclear materials depend on the activities carried out and the materials
handled. However, their problems in decommissioning these facilities are more
from the great number and variety, than in any technical difficulties.

S5ince 1960, five licensed power reactors, four demonstration reactors, six
licensed test reactors, one licensed ship reactor, and 52 licensed research
reactors and critical facilities have been or are being decommissioned by the
methods discussed in this EIS. Forty-two research reactors and ‘ritical facil-
ities have been dismartled. Only one power reactor, the Elk River demonstra-
tion reactor, has been completely dismantled. Three other demonstration power
reactors of small size have been entombed. The decommissioning status of the
more important reactors is listed in Table 1.5-1. Some military reactors are

included, while licensed research reactors and critical facilities have been
omitted.

Decommissioning experience with some of the specific types of facilities is
limited, but a broad base of experience with various facilities exists which
1s generally relevant to the decommissioning of any type of nuclear facility.
A sampling of non-reactor facilities which have been decommissioned is pre-
sented in Table 1.5-2.



Table 1.5-1 Summary of nuclear reactor decommissionings
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Table 1.5-2 Nonreactor nuclear facility decommissioning information

Facility

Location

Year
Decommissioned

Type of
Decommissioning

Polonium=210

Facilities (Units

IT7 & 1V)

Cave Facility
(Radium=226
and Actinium-
227 Processing
Facility)

SM Facility (Space

Programs Pluto-
nium=-238
Facility)

Plutonium Filter
Facility
(Building 12)

Laboratory for
Plutonium
Criticality
Studies (P-11)

Plutonium Physics
Study Building
No 21

Miamisburg, Ohio

Miamisburg, Ohio

Miamisburg, Ohio

Los Alamos, NM

Richland, WA

Los Alamos, NM

1950

1967

1972

1973

1974

1375

Partial disman-
tlement; decon-
taminated to un-
restricted re-
lease levels

Partial entomb-
ment, remainder
decontaminated
to unrestricted
release levels

Decontaminated
and placed in
passive safe
storage (moth-
balled) await-
ing final dis-
position by DOE

Dismantled

Dismantled

Dismantled
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2 GENERIC NUCLEAR FACILITY DECOMMISSIONING CONSIDERATIONS

In this section consideration is given to generic items required for implement-
ing a decommissioning program for the facilities considered in this EIS.

First, for an overview, a brief discussion is presented of the nuclear fue)
cycle for light-water-reactors. Research and test reactors and non-fuel-cycle
nuclear facilities are also briefly discussed. Consideration is *hen given to:
(1) decommissioning alternatives and their advantages and disadvantages,

(2) acceptable residual radioactivity levels for permitting release of a decom-
missioned nuclear facility for unrestricted access,

(3) assurance that funds to pay for decommissioning will be available,

(4) waste management for radicactive waste needing to be disposed of during
nuclear facility decommissioning, and

(5) safeguarding requirements during decommissioning.

2.1 Nuclear Facilities Operational Description

2.1.1 The Nuclear Fuel Cycle

A nuclear power plant is a facility designed to generate electricity by utiliz-
ing the heat produced by controlled nuclear fission of uranium and plutonium,
This is the desired production step in the fuel cycle. It is preceded by
several steps in the fuel cycle in which uranium ore is processed into fuel
elements, and is followed by several steps in which fuel removed from the
reactor is stored and then either reprocessed to recover usable fuel or disposed
of in some manner. The basic steps in the nuclear fue) cycle are shown in
Figure 2.1-1. Each box in the diagram represents a separate facility and each
arrow represents the transportation of the product between facilities. Spent
fuel is being stored at the reactor sites pending eventual disposal at spent
fuel storage facilities or high-leve) waste repositories.

The steps in Figure 2.1-1 for the typical fuel cyzle for power plants are
described more fully below.

Milling

The uranium ores that are mined and milled in the United States are sedimen-
tary deposits in which the uranium occurs as a coating on sand grains. Small
quantities of radium and thorium are also found in the ore. The uranium con-
tent is only about 1 to 3 kg per tonne (2 to 6 1b per ton). The milling pro~
cess dissolves the uranium and separates it from the sand. This involves
crushing and grinding the ore, dissolving the uranium by acid or alkaline
leach, and precipitating a semi-refined product, called yellowcake. The tail-
ings from this process are mostly sand, but they also include the criginal
quantities of radium, thorium, and othar decay products that do not extract
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with the uranium. The tailings are carried as a slurry to impoundment areas
where the water is allowed to evaporate. The tailings are then stabilized to
reduce future potential contamination problems.

Conversion

The yellowcake is shipped to a conversion plant where it is converted to UFg

by one of two processes. One is the "dry" or hydrofluor process in which the
yellowcake ?ocs through a series of reduction, hydrofluorination, and fluorina-
tion steps in fluidized bed reactors. The other is a "wet" process in which
the yellowcake is first processed to produce a high-purity uranium dioxide

feed that undergoes reduction, hydrofluorination, and fluorination.

Enrichment

The UFg produced by the conversion process contains about 0.7% 235U, which

must be increased to 2 to 4% prior to fabrication into LWR fuel assemblies.
Enrichment is accomplished by a gaseous diffusion process in which 2350UFg mole-
cules pass more readily through a porous membrane than do ?3%UF; molecules,
thus producing a product stream that is enriched in 235UF,. This process is
repeated through many such stages until the desired degree of enrichment is
attained. The enriched UFg is then shipped to a fuel fabrication plant.

Fuel Fabrication

In the preparation of LWR fuel, the enriched UF; first undergoes chemical
treatment to convert it to U0;. The UO, is mechanically and thermally treated
to produce high-density caran%c fuel peliets that are placed in metal fue!
tubes. These tubes or rods are then clustered into fuel assemblies for
reactor cores,

Reactors

A light water reactor (LWR) as used in a power plant utilizes the heat pro-
duced by controlled nuclear fission within the fuel assemblies in the reactor
core to heat water and generate steam which drives a turbine-generator. There
are two basic LWR types: the pressurized water reactor (PWR) and the boiling
water reactor (BwR). In a PWR the water in the reactor core is kept under
pressure to allow heat build=up without boiling. This heated water is circu-
lated through a heat exchanger where water in a second circulating system is
converted to steam to drive the turbines. In a BWR the water in the reactor
core is allowed to boi), directly producing the steam to drive the turbines.

Spent Fuel Storage Facilities

The partially depleted LWR spent fuel assemblies are removed from the |
reactor and stored in spent fuel pools at the reactor for a minimum of 90 days.

This cooling perfod allows the short-lived radionuclides to decay and reduce

the radiocactivity and thermal heat smission of the fuel assemblies.

Spent fuel is currently being stored at reactor spent fue)l pools tor extended

time periods as plans for further disposition of the spent fuel are being

developed. Stora?n of spent fuel at away-from-reactor independent spent fuel |
storage installations (ISFSI) is being considered as an interim measure. One
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ISFSI design is similar to that of the reactor storage pools except that the
storage capacity is significantly greater. An alternative ISFSI design is to
store the spent fuel in a dry storage environment such as un air-cooled vault.

Fuel Reprocessing

LWR spent fuel assemblies can be chemically reprocessed to separate the remain-
ing uranium and the generated plutonium from the radioactive wastes produced
during reactor operation. The chemica)l separation is accomplished by chopping
the fuel rods into short sections, dissolving the pellets with nitric acid,
extracting uranium and plutonium nitrates from the fission products, and then
separating the uranium from the plutonium. The uranyl nitrate is converted to
UFg; and the plutonium nitrate is oxidized to plutonium dioxide. Both can then
be inserted into the fuel cycle for reuse. At the present time no commercial
spent fuel is being reprocessed in the United States.

Mixed Oxide Fuel Fabrication

A mixed oxide fuel fabrication plant produces fuel elements that contain a mix-
ture of UD; and Pul;. For exampls, UO; and Pu0, powders are mixed and the
mixture is formed into pellets by nechanical and thermal treatment. These pel-
lets are sealed in metal cladding to form fuel elements. OUnly small mixed
oxide plants « ~ currently in use commercially and are used to fabricate
experimental fue “lements.

Low-Lleve)] Waste Buric “acilities

Low-Level radicactive was. - n do not contain transuranic elements above
certain concentrations are disposed of in shallow-land burial facilities,.

These kinds of materials may be generated at reactors or at any of the facili-
ties where fuel is processed, and consist of contaminatad trash, filters, anc
equipment. Tnese wastes are placed in boxes or drums to facilitate handling

and are buried at sites that are monitored and are restricted from public access.

High-Leve)l Waste Repositories

High-level wastes are either intact fuel assemblies that are being discarded
after serving their useful 1ife in a reactor core (spent fuel) or certain fission
product and actinide wastes generated during fuel reprocessing. MHigh-level waste
burial at deep geologic repositories is currently under consideration. There

are currently no facilities of tihis type.

2.1.2 Research and Test Reactors

for operation at a thermal power level of 10 megawatts or less, and which is

not a testing facility. A testing facility (i.e., a test reactor) is defined

in 10 CFR 50.2 as a nuclear reactor licensed for operation at: (1) a therma)
power level in excess of 10 megawatts, or (2) a therma) power level in excess of
1 megawatt if the reactor is to contain: a circulating loop through the core

in which the applicant proposes to conduct fuel experiments, or a liquid fuel
loading, or an experimental facility in the core in excess of 16 square inches
in cross-section. There are 84 nonpower research and test (RAT) reactors in

the U.S. that are licensed by the NRC. Of these 76 are research reactors, and

|
I
|
A research reactor is defined in 10 CFR 17C.3(h) as a nuclear reactor licensed
!
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8 are test reactors. The level of activity of these facilities ranges from no
longer operational, to occasional use, to intermittent use, to steady and scheduled
use.

2.1.3 Non-Fuel-Cycle Nuclear Facilities

Non-fuel-cycle facilities are those facilities which handle by-product, source
and/or special nuclear materials, but which are not involved in the production

of power as outlined in Figure 2.1-1. Non-fuel-cycle facilities must be licensed
by the NRC. Precise definitions and licensing requirements for the materials
listed above are published in 10 CFR Parts 30, 40, and 70, respectively. Broadly
speaking, source materials consist of uranium and thorium, special nuclear
materials consist of plutonium or enriched vranium, and byproduct materials
consist of materials made radioactive by special nuclear material. These facil-
fties include a wide range of applications in industry, medicine and research
such as manufacture of packaged products containing smail sealed sources and or
radiochemicals, research and development institutions, and prucessors of ores

in which the tailings contain licensable quantities of radionuclides.

2.2 Facilities Considered in EIS

The facilities considered in this EIS are: (1) pressurized water reactors,

(2) boiling water reactors, (3) multiple reactor stations, (4) research and
test reactors, (5) fuel reprocessing plants, (6) smal) mixed oxide fuel
fabrication plants, (7) uranium hexafluoride conversion plants, 8) uranium fuel
fabrication plants, (9) indipendent spent fue)l storage installations, and

(10) non-fuel-cycle nuclear facilities. The facilities not coneidered include
uranium mills and mill tailings, low-level waste burial facilities and high-
level waste repositories because they are covered by separate rulemaking; and
uranium mines and the existing government owned uranium enrichment plants
because they are not under NRC jurisdiction.

2.3 Definition of Decommissiuning

Decommissioning means to remove a nuclear facility safely from service and to
reduce residual radioactivity to a lTevel that permits release of the pronerty
for unrestricted use and termination of the license. Decommissioning asctivities
do not include the removal and disposal of spent fue) which is considered to be
an operational activity or the removal and disposal of nonradicactive structures
and materials beyond that necessary to terminate the NRC license. Disposal of
nonradicactive hazardous waste not necessary for NRC license termination is not
covered in detail by this EIS but would be treated by vther agencies having
responsibility over these wastes as appropriate.

2.4 Decommissioning Alternatives

Once a nuclear facility has reached the end of its usefu) life, it must be
decommissioned according to the definition contained in Section 2.3. Severa)
alternatives are possible, although not all may be satisfactory for all nuclear
facilities, These alternatives are: no action, DECON, SAFSTOR, and ENTOMB.
The terms DECON, SAFSTOR, and ENTOMB are relatively new in use. In the past,
the nomenclature for describing these alternatives has not been consistent,
Different documents have often used different ‘erminology when referring to the
same decommissioning alternative, thus causing some ccngzsion. In the interest
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of ending the confusion, this section 1ists the following definitions of the
major decommissioning alternatives and the following pseudoacronyms to clearly
delineate each alternative:

DECON is the alternative in which the equipment, structures, and portions of
the facility and site containing radioactive contaminants are removed or decon-
taminated to a level that permits the property to be released for unrestricted
use shortly after cessation of operations.

SAFSTOR is the alternative in which the nuclear facility is placed and maintained
in a condition that allows the nuclear facility to be safely stored and subse-
quently decontaminated (deferred decontamination) to levels that permit release
for unrestricted use.

ENTOME is the alternative in which radicactive contaminants are encased in a

structurally long-lived material, such as concrete; the entombed structure is
appropriately maintained and continued surveillance is carried out until the

radicactivity decays to a level permitting release of the property for unre-

stricted use.

Table 2.4-1 presents a summary of the various activities that will be in effect
during DECON, SAFSTOR and ENTOMSB.

Conversion to a new or modified use is also considered. Conversion, however,
is not considered to be a decommissioning alternative whether the new use
involves radicactivity or not. If the intended new use involved radiocactive
material and, thus was under NRC licensing authority, an application for
license renewal or amendment or for a new license would be submitted and
reviewed actording to appropriate exicting regulations. If the intended new
use does not involve radioactive materials, i.e., unrestricted public use, then
such new use would be contingent on prior decommissioning and termination of
license. As such, it would have to use one of the decommissioning alternatives
indicated above, namely DECON, SAFSTOR, or ENTOMB., In this case, the new use
except as it affects the decommissioning alternative chosen. For these reasons,
conversion tc a new or modified facility is not considered further in this EIS.

2.4.1 No action

The objective of decommissioning is to restore a radicactive facility to a
condition such that there is no unreasonable risk from the decommissioned
facility to the public health and safety. In order to ensure that at the end
of its life the risk from a facility is within acceptable bounds, some action
is required, even 1f it is as minima)l as making a terminal radiation survey to
verify the radioactivity levels and notifying the NRC of the results of the
survey. Thus, independent of the type of facility and its level of contami~
nation, No Action, implying that a licensee would simply abandon or leave a
facility after ceasing operations, is not a viable decommissioning alternative.
Therefore, because no action is not considered viable for any facility discussed
in this EIS, this alternative is not considered further in this report,

2.4.2 DECON

DECON is the alternative in which the equioment, structures, and portions of
a4 facility and site conta’1ing radicactive contaminants are removed or
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Table 2.4-1 Summary of the elements of the decommissioning alternatives

{3 le.atsr‘}

Facility Status

Comments, Facility/Site Use

Decontamination [to
Jevels permitting
varestricted use

of the facility]

Safe Stor
Whi

(Layaaay)

Passive

Equipment - removed if radiocactive
Continuing Care Staff - none
Security - none

Environmental Monitoring - none
Radioactiviiy - removed
Surveiliance - none

Structures - removal! optional

Equipment - some operating
Continuing Care Staff - some required
Security - continuous

Environmental Monitoring - continuous
Radioactivity - confined
Surveillance - continuous

Structures - intact

Equipment - none operating

Continuing Care Staff - optional (onsite) -
routine inspections

Security - remote alarms

Environmental Monitoring - routine periodic

Radicactivity - immobilized/sometimes sealed

Surveillance - periodic

Structures - intact

Facility - Unrestricted use reaching
permissible levels

Site - Unrestricted use after
reaching permissible levels

Safe storage alone is not an
acceptable decommissioning mode;
it must be followed by decon-
tamination to unrestricted use.

Facility - Nuclear Only
Site - Nuclear Only

Facility - Nuclear Only
Site - Conditional Non-nuclear



Table 2.4-1 (Continued)

Facility Status

Comments, Facility/Site Use

Entombment

8-2

Equipment - none operating

Continuing Care Staff - none on site

Security - hardened barriers, feucing and
posting

Environmental Monitoring - infreguent

Radiocactivity - hardened sealing

Surveillance - infrequent

Structures - partial removal optional

Equipment - some removed, the rest encased in
concrete
Site - unrestricted
Continuing Care Staff - none
Security - hardened barriers
Environmental Monitoring - infrequent
Radioactivity - encased 'n concrete
Surveillance - infrequent
Structures - intact

Facility - Conditional Non-nuclear
Site - Conditional Non-nuclear

Facility - Unusable for an extended
time period
Site - Unrestricted use

3 lements are the specific activities involved in each of the decommissioning alternatives, e.g., SAFSTOR is made
up of the following elements: preparation for safe storage, safe storage and decontaminatien.



decontaminated to a level that permits the property to he released for unre-
stricted use shortly after cessation of operations. DECON is the only one of
the decommissioning alternatives presented he'e which leads to ternination of
the facility license and release of the facility and site for unrestricted use
shortly after cessation of facility operations. DECON is estimated to take
from fairly short time periods for smal)l facilities to up tc approximately 6
years for a large LWR.

Because all of the DECON work s completed within a few months or years following
shutdown, personnel radiation exposures are generally higher than for other
decommissioning alternatives which spread the decommissioning work over longer
time periods thus allowing for radioactive decay. Similarly, larger commitments
of money and waste disposal site space are also required fcr DECON in a relatively
short time frame compared to the other alternatives.

Thus, the primary advantage of DECON, which is terminating the facility license
and making the facility and site available for some other Leneficial use, is
accomplished at the expense of larger initia! commitments of money, personnel
radiation exposure, and waste disposal site space than for the other alter-
natives. Other advantages of DECON include the availability of a work force
highly knowledgeable about the facility and the elimination of the need for
Tong-term security, maintenance and surveillance of the facility which would be
required for the other decommissioning alternatives.

In DECON, nonradioactive equipment and structures need not be torn down or
removed as part of a decontamination procedure for termination of the NRC
license and reiease for unrestricted use. Once the radicactive fs ‘'ity
structures are decontaminated to radioactivity levels permitting .- stricted
use of the facility, they may either be put to some other use or demolished at
the owner's option,

2.4.3 SAFSTOR

SASTOR is the alternative in which the nuclear facility is placed (preparation
for safe storage) and maintained in a condition that allows the nuclear facility
to be safely stored (safe sty age) and subsequently decontaminated to levels
that permit release for unre.cricted use (deferred contamination). SAFSTOR
consists of a short period of nruparation for safe storage (up to 2 years after
final reactor shutdown), a variable safe storage period of continuing care
consisting of security, surveillance, and maintenance (up to 60 years after
final shutdown depending on the type of facility), and including a short period
of deferred decontamination. Severa) subcategories of SAFSTOR are vossible:

1. Custodial SAFSTOR requires a minimum cleanup and decontamination effort
initially, followed by a period of cor..nuing care with the active protec-
tion systems (principally the ventilation system) kept in service through-
out the storage period. Full-time onsite surveillance by operating and
security forces is required to carry out radiation monitoring, to maintair
the equipment, and to prevent accidental or deliberate ‘trusion inte the
facility and the subsequent exposure to radiation or the dispersal of
radicactivity beyond the confines of the facility.

2. Passive SAFSTOR requires a more comprehensive cleanup «nd decontamina-
tion affort inftially, sufficient to permit deactivation of the active
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protective (ventilation) system during the continuing care period. The
structures are strongly secured and electronic surveillance is provided to
detect accidental or deliberate intrusion. Periodic monitoring and main-
tenance of the integrity of the structures is required.

3. Hardened SAFSTOR requires compr~' :nsive cleanup and decontamination and
the construction of barriers a ..nd areas containing significant quantities
of radioactivity. These barriers are of sufficient strength to maxe acci-
dental intrusion impossible and deliberate intrusion extremely difficult.
Surveillance requirements are limited to detection of attack upon the
barriers, to maintenance of the integrity of the structures, and to
infrequent monitoring.

A1l categories of safe storage recuire some positivc action at the ~anclusion
of the period of continuing care to release the progperty for unrestricted use
and terminate the license for radioactive materials. Depending on the nacure
of the nuclear facility and its operating history, tne necessary action can
range from a radiation survey that shows that the radicactivity has decayed an”
the property is releasable, to dismantlement and remival of residusl radro-
active materials. These latter actions, whatever their scale, are generically
identified as deferred decontamination.

SAFSTOR is used as a means to satisfy the requirements for protection of the
public while minimizing the initial commitments of time, money, occupational
radiation exposure, and waste disposal space. In acdition, SAFSTOR may have

some advantage where there are other operational nuclear facilities at the same
site, and may also become necessary in other situations if there is a shortage

of radiocactive waste 1isposal space offsite. Modifications to the facilities

are limited to those which ensure the security of the buildings against intruders,
and to those required to ensure containment of radioactive or toxic material.

It is not intended that the facilities will ever be reactivated. In highly
contaminated facilities and/or facilities wit) large amounts of activation pro-
ducts, there i1s the potential for incurring larger occupationa) radiation expo-
sures if complete decontamination is performed immediately after shutdown (DECON).
However, as a result of radioactive decay of this contamination, reductions in
personnel exposure and simplifications in the complexity of operatiuns can be
aci.ieved by deferring major decontamination efforts for a number of years. Also,
because many of the contamination and activation products present in the

facility will have decayed to background levels after a lengthy storage period,
the volume of material that must be packaged for disposal will be reduced.

The reduced initial etfort (and cost) of the preparation of safe storage is
tempered somewhat by the need for continuing survei)lance and physical security
to ensure the protection of the public. Electronic surveillance devices, which
are presently available, could be in service fulltime, with offshift readouts
in a loca)l law enforcement ofice or private security agency. These devices
which monitor for intruders, increases in radiation levels, and detection of
fires will require periodic checks and maintenance.

Maintenance cf the facility's structures and an ongoing program of environmen-
tal surveillance are »'so necessary. The duration of the storage and surveil-
lance and dismantlemer. period can vary from a fev years to up to 60 years
depending on the type of facility. If SAFSTOR is used, the decision on the
length of the safe storage period will be made by the facility owner, with the
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anproval of the NRC, based on consideration of factors including desirability of
terminating the license, radiation dose and waste volume reductions, availability
of waste disposal capacity, and other site specific factors affecting safety,
such as presence of other nuclear facilities at the site. Similarly, the
decision on the extent of decontamination during the period of preparation for
safe storage, and the resultant subcategory of SAFSTOR to be used, depends upon
safety considerations and the planned length of the storage and surveillance
period. If for example, ®°Co is the controlling source of occupational exposure,
a chemical dvcontamination campaign achieving a decontamination factor (DF) of

10 (i.e., radioactivity levels reduced te 1/10 of original) will result in
approximately the same dose reduction as a decay period of 17 years.

At the end of the period of safe storage, several things will remain to be done
before the facility can be released for unrestricted use. In most cases, radio-
activity in some areas within the facility will be significantly above levels
acceptable for unrestricted release of t'i. facility, necessitating the removal,
packaging and disposal of selected materio s at a regulated disposal site. If
the safe storage period is sufficiently long, radioactive materials in the
facility may have decayed to levels low enough to permit the facility to be
released for unrestricted use without additional decontamination. This would
not apply in the case of a reactor, if the reactor had been operated long enough
to produce significant amounts of the long-lived isotopes ** Ni and "*Nb.

Deferred decontamination, even for a major facility such as a LWR, is a
relatively straight-forward disassembl: job complicated by whatever radio-
activity remains. Removal and transport of the materials containing the radio-
activity to a disposal site are the principal tasks that must be completed.
Further action following termination of the NRC license and release for unre-
stricted use, such as disassembly of the various non-radicactive systems and
use or demolition of the buildings, would be at the owner's discretion.

A disadvantage of SAFSTOR is the potential lack of personne) familiar with the
facility at the time of deferred decontamination. More time and training would
be needed. One potential solution to this problem would be the estab)ishment
of companies specializing in the decommissioning of nuclear reactor power
station and other nuclear facilities. Other disadvantages include the fact

that tio site is tied up in a non-usefu)l purpose for extended time period,

rec. la.ory uncertainties in tha future, and the continuing need for maintenance,
security and surveillance.

2.4.4 ENTOMB

ENTOME is the alternative in which radiocactive contaminants are encased in a
structurally long-lived material, such as concrete; the entombed structure is
appropriately maintained and continued surveillance is carried out until the
radioactivity decays to a level permitting release of the property for
unrestricted use. ENTOMB is intended for use where the residua) radioactivity
will decay to levels permitting unrestricted release of the facility within
reasonable time periods (i.a., within the time period of continued structura)
integrity of the entombing structure as well as confidence in the reliability
of continued radioactivity containment and access restriction, perhaps the
order of 100 years). However, a few radioactive isotopes found in fuel
reprocessing plants, nuclear reactors, fuel storage facilities, and mixed oxide
facilities have half-lives in excess of 10U years and the radioactivity will
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not decay to levels permitting release of the facilities for unrestricted use
within the foreseeable lifetime of any man-made structure. Thus, the basic
requirement of continued structural integrity of the entombment cannot be en-
sured for these facilities, and ENTOMB would not be a viable alternative in
these circumstances. On the other hand, if the entombing structure can be
expected to last many half-lives of the most objectionable long-lived isotope,
ther ENTOMB becomes a viable alternative because of the reduced occupational
and public exposure to radiation. However, even in these circumstances, one of
the difficulties with ENTOMB for any complex structure such as a reac.or is
that the radioactive materials remaining in the entombed structure would need
to be characterized well enough to be sure that they will have decayed to
acceptable levels at the end of the surveillance period. if this cannot be
done adequately, deferred decontamination would become necessary, which would
make ENTOMB more difficult and costly than DECON or SAFSTOR. Some method would
have to be provided to demonstrate that the entombed radiocactivity will decay
to levels permitting release of the property for unrestricted use within the
order of 100 years, which would be difficult, ENTOMB does, of course, contri-
bute to the problems associated with increased numbers of sites dedicated for
very long periods to the containment of radioactive materials.

2.5 Residual Radicactivity Levels for Unrestricted Use of a Facility

Decommissioning requires reduction of the radioactivity remaining in the facil-
ity to residual levels that permi. release of the facility for unrestricted use
and NRC license termination.

The Commission s participating in an EPA organized interagency working group
which is developirg Federal guidance on acceptable residual radiocactivity levels
for unrestricted use. Proposed Federal ?uidance is anticipated to be published
by EPA. NRC is planning to implement this guidance through rulemaking as soon
as possible. The selection of an acceptable level is outside the scope of
rulemaking supported by this EIS. Currently, criteria for residual contamina-
tion levels do exist and research and test reactors are being decomnissioned
using present guidance contained in Reguiatory Guide 1.86% for su-face con-
tamination plus 5 pyr/hr above background as measured at 1 meter direct radia-
tion, The NRC provided such criteria in letters to Stanford University, dated
3/17/81 and 4/21/82 providing "Radiation criteria for release of the dismantled
Stanford Research Reactor to unrestricted access.” The rost estimate for
decommissioning can be based on current criteria an. guidance regarding residual
radicactivity levels for unrestricted use. The information in the studies by
Battelle Northwest Laboratory and Oak Ridge National Laboratory on decommission~
ing have indicated that in any reasonable range of residual radicactivity limits,
the cost of decommissioning is relatively insensitive to the radiocactivity level
and‘usc of cost data based on current criteria should provide a reasonable
estimate.

For example, in ORNL studies''? for a PWR, certification surveys at realistic
dose values 10 and 25 mrem/year were considered. It was indicated that a survey
for the 10 mrem/year value was considered to be well within technical capability
and could be done for a cost of approximately $250,000 (i.e., less than about
0.6% of estimated PWR decommissioning costs); and a survey for the 25 mrem/year
;alue is estimated to cost not much less than that for 10 mrem/year (about
225,000).
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There should be no significant additional decontamination effort required as a
result of the termination survey, perhaps only cleanup of a few hot spots
indicated by the survey. This is because the extensive efforts reqiired to de-
contaminate the highly contaminated facility to low radicactivity level will
result in residua) radioactivity levels well below the limits which permit unre-
stricted release of the facility, It is also the case because spot surveys will
be carried out periodically during the decommissioning period so that at the
time of the termination survey the licensee is confident that decontamination
efforts have achieved the acceptable residual radioactivity levels in most
instances. Thus, because there should not be significant additional decontami-
nation necessary after completion of the termination survey, the major cost and
effort expected for verifying the required residual radicactivity levels for
unrestricted facility use should come from the ceirtification survey. As indi-
cated above for the PWR example, these survey costs are expected to be a smal)
fraction of the total decommissioning cost, and thus the effort to certify that
the facility is available for unrestricted use should not add significantly to
the overal)l decommissioning cost.

In addition, cost-benefit considerations are involved in the evaluation of the
extent of facility decontamination necessary to reduce radioactive contamina-
tion to levels considered acceptable for releasing the facility for unrestricted
use. As is discussed by PNL in NUREG/CR-0130,% and in NUREG/CR-0278.4 and as

is also inherent in the reports prepared by PNL for the other nuclear facilities
discussed in this EIS, the cost of decontamination of a facility and thus its
decommissioning cost, is essentially independent of the level to which it must
be decontaminated as long as that level is in the range of 10 to 25 mrem/yr to
an exposed individual. This is because, as indicated above, it is expected

that the extensive efforts required to decontaminate the highly contaminated
facility to low radicactivity levels will result in residual radicactivity level
w2l] below the limits to nermit release of the facility for unrestricted use.

An additional cost-oenefit consideration relates to decontamination of rooms
which are mildly ci taminated with radicactivity. Most rooms should not be
mildly contaminated with radicactivity in excess of levels which are acceptable
for unrestricted facility use since it is assumed that good housekeeping and
ALARA practices will be used during facility operations to control the spread

of contamination. In areas where there is mild contamination, techniques such
as having previously painted surfaces should make decontamination easier and
less costly. A source of data for the evaluation of cost for decontamination

of mildly contaminated rooms is in NUREG/CR-1754% which evaluates decontamina-
tion of a number of specific components. As an example, for a hot cell contami~
nated with Cs-137, the manpower needed for decontamination would be approximately
5 man-days and the associzted co-ts would be approximately $5,000. Costs for
decontamination of other specific components would be about the same order.
These costs for decontamination of specific mildly contaminated components are
smal! in comparison to the overall decommissioning costs. Therefore, based on
the above discussions, while cost-benefit is a consideration, it is not expected
to have a major impact on the GEIS results concerning reactor or most nonreactor
decommissionings.

Even in situations where the residua)l radioactivity level might have an effect
on decommissioning cost, by use of update provision in the rulemaking it is
expected that the decommissioning fund available at the end of facility life
will approximate closely the actua)l cost of decommissioning.
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It is imperative that these decommissioning rule amendments in 10 CFR Parts 30,
40, 50, 70, and 72 be issued at this time because it is important to esta;lish
financial assurance provisions, as well as other decommissioning planniny pro-
visions, as soon as possible so that funds will be available to carry rut
decommissioning in a manner which protects public health and safety. Based on
this need for the decommissioning rule and provisions currently existing and
those contained in the rule amendments, the Commission believes that the rule
can and should be issued now.

2.6 Financial Assurance

The primary objective of the NRC with respect to decommissioning is t) protect
the health and safety of the public. An important aspect of this objective is
to have reasonable assurance that, at the time of termination of facility oper-
ations, adequate funds are available to decommission the facility in a safe and
timely manner resulting in its release for unrestricted use, and that lack of
funds does not result in uelays in decommissioning that may cause potential
health and safety problems for the public. The need to provide this assurance
arises from the fact that there are uncertainties concornin? the availability
of funds at the time of decommissioning. The nuclear facility licensee has the
responsibility for completing decommissioning in a manner which protects public
health and safety. Satisfaction of this objective requires that the licensee
provide reasonable assurance that adequate funds for performing decommissioning
will be available at the cessation of facility operation.

2.6.1 Present Regulatory Guidance

Present regulatory requirements concerning the degree of financial assurance
required of a licensee are not specific enough. 10 CFR 50.33(f) requires that,
except for an electric utility applicant for a license to operate a utilization
facility, an applicant for & production or utilization facility operating
license demonstrate financial capability both to operate the facility and to
shu* it down and maintain it safely. 10 CFR 50, Appendix F, requires the
applicant for a fuel reprocessing plant operating license to demonstrate his
financial qualifications "to provide for removal and disposal of radisactive
wastes durin? operation and upon decommissioning.” 10 CFR 72 requires an appli-
cant for a license for an independent spent fue storage instailation to provide
information on funding for decommissioning. These regulations do not contain

sufficient criteria for assuring funds for decommissioning the facilities covered
by this EIS.

2.6.2 Implementation of Financial Assurance Requirements

In providing reasonable assurance that funds will be available for decommis-
sioning, there are several possible financing mechanisms, outlined below, which
are available to applicants and licensees. The many different types of nuclear
facilities present a wide diversity in the cost of decommissioning, in the risk
that decommissioning funds might be unavailable, and in the licensees' finan-
cial situations. This diversity necessitates that the NRC allow latitude in
the implementation of these financing mechanisms. For example, the situation
for a large power reactor can be significantly different from that for a small
research or testing facility or for a materials license., Generally, for a power
reactor, state utility commissions regulate retail rates and the Federal Energy
Regulatory Commission regulates wholesale rates, permitting utilities to
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recover the cost of providing electricity from their customers. The decommis-
sfoning costs are higher than for smal] facilities, and the licensees are
required by 50 CFR 10.54(w) to carry substantia! levels of insurance for post-
accident decontamination and cleanup. This is significantly different than the
situation for a small non-fuel-cycle facility which is not rate regulated and
has low decommissioning costs.

In amlyzin? funding methods, the NRC nas developed the following major
classification of funding alternatives.

(1) Prepayment - The deposit prior to the start of operation into an account
segregated from licensee assets and outside the licensee's administrative
control of cash or liquid assets such that the amount of funds would be
sufficie t to pay decommissioning costs, Prepayment could be in the form
of a trutt, escrow account, government fund, certificate of deposit, or
deposit o' government securities.

(2) Surety bonds, letters of credit, lines of credit, insurance, or other
guarantee methods - These mechanisms guarantee that the decommissioning
costs will be raid should the licensee default. The licensee stil] must
provide funding for decommissioning through some other method. It appears
Questionabla that surety methods of the size necessary and for the time
involved with power reactors will be available. However, they appear to
be available for facilities that involve smaller costs and periods. The
contractual arrangement guaranteeing the surety methods, insurance, or
guarantee must include provisions for insuring that these methods will in
fact result in funds being available for decommissioning. It should be
kept in mind that sureties would only be called if at the time of cessa-
tion of facility operation or impending discontinuance of surety by the
guarantor, licensee decommissioning funds were inadequate or unavailable.

(3) External sinking funds = A fund established and maintained by setting funds
aside periodically in an account segregated from licensee assets and out-
side the licensee's administrative control in which the total amount of
funds would be sufficient to pay decommissioning costs at the time termina-
tion of operation is expected. An externa) sinking fund could be in the
form of a trust, escrow account, government fund, certificate of deposit,
or deposit of government securities. The weakness of the sinking fund
approach is that in the event of premature closure of a facility the
decommissioning fund would te insufficient. Therefore, the sinking fund
would have to be supplemented by insurance or surety bonds, or letters or
lines of credit or other guarantee methods of item (2).

(4) Internal reserve or unsegregated sinking fund - A fund established and
maintained by the periodic deposit or crediting of a prescribed amount into
an account or reserve which is not segregated from licensee assets and is
within the licensee's administrative control in which the total amount of
the periodic deposits or funds reserved plus accumulated earnings would be
sufficient to pay for decommissioning at the time termination of operation
is expected. In this mechanism, the funds are not segregated from the
utility's assets, rather they may be invested in utility assets and, at
the end of facility life, internal funds are used to pay for decommission-
ing by, for example, issuance of bonds against licensee assets and the funds
raised are used to pay for decommissioning. An internal reserve may also
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be in the form of an interna) sinking fund which is similar to an external
sinking fund except that the fund is held and invested by the Ticensee.
Such a mechanism is generally considered to be less expensive in terms of
net present value than the options )isted above, although, as discussed
velow, whichever funding mechanism is used should not have a significant
impact on the revenue requirements. The problem with the internal or
unsegregated funding method is the lesser level of assurance that funds
will be available to pay for decommissioning than the other mechanisms
because this method depends on financing internal to the licensee, and
thonforci. is vulnerable to events that undermine the financial solvency
of a utility.

The NRC has considered the use of all of these methods, and in particular
internal reserve, in several docusents. These include NUREG-0584, Revs. 1-3,
“Assuring the Availability of Funds for Decommissioning Nuclear Facilities,"
NUREG/CR-1481, "Financin? Strategies for Nuclear Power Plant Decommissioning "*
and NUREG/CR-3899, "Utility Financial Stability and the Availability of Func.
for Decommissioning"®. In addition, the Commission held a meeting soliciti
public and industry views of decommissioning on September 13, 1 and the NRC
staff has reviewed comments in the area of financial assurance submitted on
NUREG-0586, "Draft Generic Environmental Impact Statement on Decommissioning
Nuclear Facilities" and submitted in response to the proposed ru.e on decom-
missioning (50 FR 5600)'°

These reports and meetings and public comments considered several factors
regarding availability of funds for public utilities in the United States. One
factor is that utilities are large, very heavily capitalizen enterprises whose
rates are comprehensively regulated by the State Public Utility Commissions
(PUC) and the Federal Energy Regulatory Commission (FERC). This factor permits
the utilities to charge reasonable rates subject to reasonable regulation and
rules. In addition, the Commission has taken action recently in the promulga-
tion of 10 CFR 50.54(w) to set requirements to establish onsite property damage
insurance for use after an accident. Although these insurance proceeds would
not be used directly for decommissioning, they would reduce the risk of a
utility being hit by a large demand for funds after an accident. Most utilities
are now carrying insurance well in excess of $1 billion. Other factors con-
sidered are the long time period before decommissioning takes place during
which time reasonable assurance of funds for decommissioning must be maintained,
as well as concerns regarding utility solvency and potential problems regarding
availability of funds which may occur as a result of bankruptcy.

Before piblication of the proposec rule, the NRC evaluated the adequacy of
various funding methods in light of financial problems encountered by some
utilities which, faced with lower growth in electricity demand than they pro-
jected and rapidly increasing costs of construction, had been forced to cancel
nuclear plants in advanced stages of construction and the ramifications these
conditions, as well as issues related to bankruptcy, could have on a utility's
ultimate ability to pay for decommissioning. Details of this evaluation are
contained in NUREG/CR-3899, (Ref. 9) prepared by an NRC consultar ', Dr. J. Siege)
of the Wharton School, University of Pennsylvania.

Based on the results of NUREG/CR-3899 in which it is indicated that intarnal

reserve can be a valid funding mevhod and on the considerations discussed in
the Supplementary Information to the Proposed Rule, the proposed decommissioning
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rule permitted a range of options, including internal reserve, for providing
assurance that sufficient funds are available for decommissioning. However,
the Supplementary Information to the proposed rule noted that the regulatory
approach for as'uring funds for deccamissioning had been particularly difficult
to resolve and specifically requested additional information and comments in
this area. In particular, the Supplementary Information stated that:

"More specifically, Commissioners Asselstine and Bernthal continue
to ve concerned about the vulnerdbility of the internal funding
rechanism for decommissioning funds, particularly where the funds
are used to purchase assets or reduce existing debt."

Based on this concern, Commissioners Asselstine and Bernthal requested “"public
comments on the need to consider the possibility of insolvency and its impact
on the cortinued availability of decommissioning funds. "

Although commenters did not generally refer specifically to the separate request
for comment by Commissioners Asselstine and Bernthal, a number of comments,
note. above, were received in this area. Those who disagreed with the inclu-
sion of internal reserve in the rule cited problems with liquidity of the
internal reserve and with the future financial viability of utilities with
resultant problems in providing decommissioning funds, and stated that the

level of assurance is inadequate. In contrast, other commenters agreed with

the use of internal reserve citin? the fact that the likelihood of instability
and insolvency is remote, that utilities have investments, cash flow, and annual
earnings which are large in comparison to decommissioning cost, and that the
internal reserve does provide reasonable assurance.

As part of the review of the comments, NRC has had NUREG/CR-3899 updated to
consider the current situation n the utility industry. This analysis is con-
tained in NUREG/CR-3899, Supplement 1, (Ref. 9) which reviewed six utilities
which have been subject to severe financial distress. Based on the analysis,
NUREG/CR-3899, Supp. 1 indicates that, since NUREG/CR-3899 was published in
1984, the financial health of the nuclear utilities has improved, with the
exception of Public Service of New Hampshire (PSNM), and that from a financial
standpoint, use of internal reserve currently provides sufficient assurance of
funds for decommissioning. The basis for this conclusion is the fact that the
likelihood of future crises developing, although not impossible, is extremely
remote; that the total market value of the securities of each of the six utili=-
ties studied substantially exceeds its decommissioning costs; that it is not
necessarily true that bankruptcy ot a utility is tantamount to default on
decommissioning obligations; and the potential that the costs of decommission-
ing would be recognized a; a grinr obligation with regard to creditors.

Despite these conclusions, Supplement 1 notes that PSNM has said that, unless
it undergoes financial restructuring and gets the rate increase it is seeking,
it probably would become the first major utility to seek protection under the
Bankruptcy Act in nearly 50 years. ™ In addition, Supplement 1 notes that if
PSNH's Seabrook plant becomes operational, the prospects for PSNH greatly
improve although bankruptcy still cannot be precluded as a possibility due to

*Subsequent to the preparation of the analysis of NUREG/CR-3899, Supplement 1,

PSNH filed a petition in bankruptcy under Chapter 11 of the U.S. Bankruptcy code.
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the potential for large rate hikes and resultant defections from its electric
system. Hence Supplement 1 concludes that internal reserve should not be
allowed for Seabrook until the financial prospects of the utility are clarified
and the viability of the corporation insured.

In addition, Supplement 1 noted that it is imperative that, in the case of the
sale or other dispesition of utility assets, no monies are distributed to any
security holders until a fund is established to assure payment for decommission-
ing. Supplement 1 also recommende. ~hanges in Federal and State bankruptcy

laws relating to utilities and the inclusion in the prospectus of newly issued
securities of an explicit statement of the utility's financial obligations to
provide adequate funds for doconnissionin?. Further, Supp. 1, noted that
because of changing economic and financial conditions, the NRC should conduct
periodic reviews of the overall financial health of utilities with ongoing and
prospective nuclear facilities. If such a review indicates the financial con-
dition of utilities taken as a whole or individually is such that internal
reserve does not provide reasonable assurance of funds for decommissioning,

then additional rulemaking or other steps should be taken to insure availability
of these funds.

The Commission has considered the conclusions in NUREG/CR-3899, Supplement 1,
as well as the public comments received on the issue. The Commission's review
in this area is confined to its statutory mandate to protect the radiolo?ical
health and safety of the public and promote the common defense and security
which stems principally from the Atomic Energy Act of 1354, as amended, and the
Energy Reorganization Act of 1974, as amended. In carrying out its licensi
and related regulatory responsibilities under these acts, the NRC has determined
that there is a significant radiation hazard associated with nondecommissioned
nuclear reactors. The NRC has also determined that the public health and safety
can best be protected if its regulations require licensees to use methods which
provide reasonable assurance that, at the time of termination of operations,
adequate funds are available so tha: decommissioning can be carried out in a
safe and timely manner and that lack of funds does not result in delays that
may cause potential health and safety problems. Although the Atomic Znorgy Act
and the Energy leor?onization Act do not permit the NRC to regulate rates or to
supersede the decisions of State or Federal agencies respecting the economics
of nuclear power, they do authorize the NRC to take whatever regulatory actions
may be necessary to protect the public health and safety, including the promul-
?ction of rules prescribing allowable funding methods for meeting decommission-

ng costs. (See Pacific Gas & Electric v. State Ene Resources Conservation &
g5%§lgggint Commission, 461 U,5. 190, 212-17, . , see also

ear Corporation v. Cannon, 553 F. Supp. 1220, 1230-32 (0.R.T. 1982) and

cases ¢ rein.)

For the foregoing reasons, the Commission continues to be concerned with the
use of an internal reserve. The Commission notes the concerns expressed in
NUREG/CR-3899, Supp. 1 regarding bankruptcy at PSNH as well as the changing
economic and financial conditions discussed in NUREG/CR-3899, Supp. 1. The
Commission also notes that many utilities are engaging in diversified financial
activities which involve more financial risk and believes therefore it is
increasingly important to provide that decommissioning funds be provided on a
more assured basis.

In addition, to the extent that a utility is having severe financial difficul~
ties at the time of decomaissioning, it may have difficulty in funding an
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internal reserve when needed for doconlissionin?. The Cu. /ission recognizes
that the market value of the stock of those utilities studied in NUREG/CR-3899
has exceeded decommissioning cost. However, although the law in this area is
not fully developed, in the event of bankruptcy there is not reasonable assur-
ance that either unsegregated or segregated internal reserves can be effec-
tively protected from claims of creditors and therefore internal reserves
cannot be made legally secure. In addition, because of the nature of the
internal reserve, the funds collected are not isolated for use for decommis=-
sioning. Instead the utility may use the funds for other unrelated purposes.

For the above reasons, the Commission concludes that the internal reserve does
not provide reasonable assurance that funds will be available when needed to
pay the costs of decommissioning and hence does not provide reasonable assur-
ance that decommissioning will be carried out in a manner which protects public
health and safety. Accordingly, the proposed rule has been modified to elimi-
nate the internal reserve as a possible method of providing funds for
decommissioning.

In reaching its conclusion not to permit use of internal reserve for decommis-
sioning, the Commission believes it impcrtant not to impose inordinate financial
burdens on licensees. The modification to *the proposed rule is not expected to
impose such a burden for several reasons. First, licensees have 2 years from
the affective date of the final rule before they have to submit information
regarding financial assurance. Second, the external reserve is a sinking fund
accumulated over a period of time. Third, a number of states (accounting for
almost 50% of power reactors) already require external funding methods. Fourth,
recent changes in the tax laws ~1lowing current deductions for external reserves
may reduce the cost differential between internal reserve and external reserve.

In summary, NRC has considered the 2nalysis of NUREG/CR-3899, Supp. 1, as well
as the documents discussed above. NRC has also considered pertinent factors
affecting funding of decommissioning by electric utilities such as the fact
that they are regulated entities providing a basic necessity of modern life,
their long history of stability, and the situation which may occur in an actual
bankruptcy, and the requirements that utilities maintain over one billion
dollars of property insurance which reduces one of the major threats to utility
solvency. Based on these considerations, it is the Comm'ssion's conclusion
that the internal reserve method currently allowed 0y the proposed rule does
not provide a reasonable level of assurance of the availability of funds and
that even in the unlikely event of utility bankruptcy, there is not reasonable
assurance that a reactor will not become a risk to public health and safety.

Whatever funding mechanism is used, its use requires establishing the cost
required for decommissioning a facility. This cost should be included as part
of financial provisions submitted by an applicant prior to facility commission-
ing. To minimize administrative effort while still maintaining reasonable
assurance of funding, for certain facilities the financiai provisions may be
based on setting aside an amount which is at least equal to amounts prescribed
in the NRC regulations. These amounts vary for the different facilities covered
by the regulations.

As information on decommissioning costs become more definitive in time, due to
technology improvements, enhanced decommissioning experience, and inflation/

deflation cost factors, a licensee's fundi provisions should be updated. In
this way, it is expected that the docon-is:?oning fund available at the time of
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facility shutdown will not differ significantly from actual gosts of
decommissioning.

It is difficult to accurately estimate what the projected costs for the various
funding mechanisms will be at the time of decommissioning. Based on Battelle
cost analyses®''! presented in this EIS, for the generic PWR and BWR 1175 Mwe
reactors, decommissioning costs have been estimated at approximately $105 and
$135 million respectively. These estimates do not include the costs of demoli-
tion of nonradioactive systems or structures beyond that necessary to terminate
the NRC license or the cost of site restoration. This results in a cost of a
few tenths of a mil)l (0.1 cent) per kilowatt-hour when averaged over the eéxpected
30-year reactor operating life. The $105 million cost, while not insignificant,
is only a small amount compared to PWR operating capital, perhaps comparabl: to
the cost of a full core reload. Furthermore, whichever funding mechanism used
should not have a significant impact on the cost to consumers. One study® has
estimated that the difference in cost between the various funding mechanisms
would result in less than a 1% difference in the tots) bill of a representative
utility customer.

In summary, the NRC objective of protecting the public health and safety
requires that there be reasonable assurance of funds for decommissioning.

There should not be any significant financial burden on the applicant in pro-
viding a funding mechanism for decomnmissioning costs either through prepayment,
surety bonds, a sinking fund, insurance, or some combination thereof.

2.7 Management of Radiocactive Wastes and Interim Storage

During the decommissioning of a nuclear facility radicactive waste which was
generated curing the facility operating lifetime must be disposed of at waste
disposal sites. These wastes include equipment and structures made radicactive
both by neutron activation and by radioactive contaminants, include radiocactive
wastes resulting from chemica)l decontamination of the facility, and include
miscellaneous cleaning equipment,

Disposal of these wastes is covered by existing NRC and other applied Federal
and State regulations and is beyvond the scope of the rulemaking action supported
by the EIS. Disposal of spent fuel will be via geologic repository pursuant to
requirements set forth in NRC's regulation 10 CFR Part 60. Disposal of low-
level wastes is covered under NRC's regulation 10 CFR Part 61. Because low-
leve] wastes cover a wide range in radionuclide types and activities, 17 CFR
Part 61 includes a waste classification system that establishes three C. 1sses
of waste generally suitable for near-surface disposal: Class A, Class b, and
Class C. This classification system provides for successively stricter
disposal requirements so that the potential risks from disposal of each class
of waste are essentially equivalent to one another. In particular, the classi-
fication system limits to safe levels the concentrations of both short- and
long-1ived radionuclides of concern to low-level waste disposal. The radio-
nuclides considered in the waste classification system of 10 CFR Part 61
include long-)lived activation products such as Ni-59 or Nb-94, as well as
“intense emitters"” such as Co-60.

Wastes exceeding Class C limits are considered to be not generally suitable for

near-surface disposal, and those smal)l quantities currently being generatad are
being safely stored pending development of disposal capacity. The recently
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enacted Low-Level Radiocactive Waste Policy Amendments Act of 1985 (Pub. L.
99-240, approved January 15, 1986, 99 Stat. 1842) provides that disposal of
wastes exceeding Class C concentrations is the responsibility of the Federa)
government. The Act alfo requires a report by DOE to Congress with recom-
mendations for safe disposal of these wastes., DOE published this report,
"Recommendations for Management of Greater than Class C Low-Level Radiocactive
Waste," DOE/NE-0077, in February 1987.

As far as decommissioning wastes are concerned, technical studies coupled with
practical experience from decommissioning of small reactor units indicate that
wastes from future decommissionings of large power reactors will have very
similar physical and radiological characteristics to those currently being
generated from reactor operations. Two of the studies performed by NRC include
NUREG/CR-0130, Addendum 3,% and NUREG/CR-0672, Addendum 2,'! which specifically
address classification of wastes from decommissioning large pressurized water
reactor (PWR) and large boiling water reactor (BWR) nuclear power stations.

These studies indicate that the classification of low-level decommissioning
wastes from power reactors will be roughly as shown in Table 2.7-1.

Table 2.7-1 C(Classification of low-level decommissioning wastes
from power reactors

waste Clas- PWR (Vo'. %) BWR (Vol. %)
A 98.0 97.5
B 3.3 2.0
C 0.1 0.3
Above C 0.7 0.2

As shown, the great majority of the waste volume from decommissioning will be
E}assizi:? :s Class A waste. Only a small fraction of the wastes ui?l exceed
ass mits,

Transpo-tation of decommissioning wastes will involve no additional technical
considerations beyond those for transportation of existing radicactive material.
Existing regulations covering transportation of radioactive material are covered
under NRC regulations in 10 CFR Parts 20, 71, and 73, and Department of Trans-
portation regulations in 49 CFR Parts 170-189,

An operating 1000 MwWe reactor will generate approximately 25.4 MTHM (metric
tons of heavy metal) (9.4 m*) of spent fuel each year and 1300 m® of low-)eve)
waste each year. When multiplied over the 40-year operating lifetime of the
plant, these values can be compared to the 11 m® of activated material
(greater than Class C) and 17,900 m® of low-level waste resulting from DECON of
a PWR of similar size (see Section 4.4), and it can be seen that decommissioning
will generate an appreciable fraction of the low-level waste generated by a PwR
over its lifetime. However, in any given year, the quantity of waste from al)
operating reactors will considerably exceed that generated from those facilities
being decommissionod. The low-level wastes generated in 1980 from commercia)
nuclear fue)l cycle activities totaled 81,000 m* and low-level wastes from
commercial non-fuel-cycle activities totaled 28,000 m®., Hence, any problems in
waste disposal capacity will be the result primarily of operating nuclear
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facility waste inputs rather than decommissioning waste inputs. The following
is a discussion of the current situation in this area.

Disposal capacity for Class A, Class B, and Class C wastes currently exists.
Development of new disposal capacity under the State compacting process is
covered under the Low-Level Radioactive Waste Policy Amendments Act referenced
above. This Act provides for incentives for development of such capacity, as
well as penalties for failure to develop such capacity. For wastes exceeding
Class C concentrations, DOE has offered to accept such waste for storage

pending development of disposal criteria and capacity. For spent fuel which as
notodn?n Section 2.4 could impact the decommissioning schedule, a detailed
schedule for development of monitored retrievable storage and geologic disposa)
capacity is provided in the Nuclear Waste Policy Act of 1982.

Hence, based on the atove discussion, before decommissioning of a nuclear
facility occurs, licensees should assess current waste disposal conditions and
their potential impact on decommissioning. Although the DECON decommissioning
alternative assumes availability of capacity to dispose of waste, alternative
methods of decommissioning are available (o.?.. SAFSTOR) including delay in
completion of decommissioning during which time there can be temporary storage
of wastes. Delay in decommissioning can result in a reduction of occupational
dose and waste volume due to radioactive decay,

2.8 Safeguards

Just prior to decommissioning, the same safeguards measures may be required
that are required while the facility is operating. During the actual decom=
missioning, levels of special nuclear material in the facility should be
decreased as a result of cleanout of the facility. In the case of DECON,
decreased levels of safeguards measures should be continued until the yrantity
of special nuclear material is reduced below safeguards levels, at which time
safeguards measyr2s can be discontinued. Regulation: defini g required pro-
cedures and safeguard levels are found in 10 CFR Part 70 Special lear
Materials and 10 CFR Part 73 Physica)l Protection of Plant a .
case of SAFSTOR, depending on quantity of special nuclear material as
compared to the safeguards levels, continuous manned security may be required
or may be replaced by continuous remote monitoring of intrusion, fire, and
radiation alarms during the continuing care period. Immediate response is, of
course, required in case any alarm is activated. Engineered barriers, such as
fences and high-security locks, are maintained and inspected regularly.
Deferred decontamination requires similar safeguards provisions as are required
during DECON depending on the quantity of special nuclear material remaining at
that time. The long-term care period of ENTOMB requires remote monitoring of
intrusion, fire, and radiation alarms and engineered barriers if special nuclear
material quantities are above safeguard levels.
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3 AFFECTED ENVIRONMENT - GENERIC SITE DESCRIPTION

This section describes the characteristics of the sites used as bases for the
decommissioning studies of the nuclear facilities discussed in this document.
Each facility, with the exception of non-fuel-cycle nuclear facilities, is con-
sidered to be located on a reference site. The site described is considered to
be representative of the site of a large nuclear installation. Based on the
analyses done in Sections 4 through 14 of this EIS, it was found that, while
some details may vary from installation to installation, these differences are
not expected to have any major impact on the results of the study. The generic
fuel cycle facility site is described in Section 3.1,

3.1 Fuel Cycle Facility Site

A reference environment was developed to aid in assessing the public safety and
potential environmenta) effects of decommissioning nuclear Tacilities by various
alternative methods. The meteorology parameters and population distributions
were taken from the ALAP Study' for a river site in the year 2000. The ecologi-
cal information was derived from the environment of one operating nuclear re-
actor.? The remainder of the information was obtained from a variety of sources
or developed specifically for these studies, and is felt to be representative

of potential sites for fuel cycle facilities.

Individual features of any specific nuclear fuel cycle facility will vary
slightly from those of a generic site. Mowever, it is believed that use of a
generic site will result in a more meaningful overall analysis of potential
impacts associated with decommissioning nuclear fuel cycle facilities. Site-
specific assessments will be required for the safety analysis and the environ-
mental report submitted with the application for license modification prior to
decommissioning a specific facility.

The generic fuel cycle facility site occupies 470 hectares (1160 acres) in a
rectangular shape of 2 km (1.24 miles) by 2.35 km (1.46 miles). A moderate sized
river runs thirough one corner of the site. The site is located in a rura) area
that has relatively low population density. Hi?hor population densities are
located at distances of 16 to 64 km (10 to 40 miles), and gradually reducing
population densities are encountered out to 177 km (110 miles). The closest
moderately large city, population 40,000, is about 32 km (20 miles) distant.

The closest large city, population 1,800,000 is about 48 km (30 miles) away.

The total populatior in a radius of 80 km (50 miles) is 3.52 million.

The plant facilities are located inside a 1l2-hectare (30-acre) fenced portion
of the site. The minimum distance frca the point of plant airborne releases to
the outer site boundary is 1 km. Of the area surrounding the site, about 80%
of the land is used for farming.

The relatively clean river flowing through the site has an average flow rate of

1,420 %/sec (50,000 ft3%/sec). The river is used for irrigation, fishing, boat-
ing and other aquatic recreational activities, and is a source of drinking water
for the larger communities. Large suoplies of flowing ground water exist at
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modest depths around the site. This water is widely used for drinking and
irrigation.

The reference site occupies a relatively flat terrace that has a low bluff form-
ing one bank of the river. Young soils cover the old basement rocks in the area.
This site is in a relatively passive seismic area and !s located at an elevation
above the estimated maximum probable flood level.

The climate at the site is typical for internal continental areas. It has wide
temperature varfations and moderate precipitation. Meteorology used in this
study is an average taken from 16 nuclear reactor sites,

Less than 20% of the land around the site is covered with pristine vegetation.
The original vegetation was primarily a climax deciduous forest. A number of
species of migratory birds are present in the area, as well as some annual birds.
A number of mammals occupy the general area.

The site is slightly contaminated with radiocactive material as a result of depo-
sitfon from the release of normal operating effluents over the operating lifetime
of the facility, It is expected that any accidental releases of radiocactive
material will be cleaned up immediately following the event. The individual

site contamination estimates are based on the predicted normal overating releases
of gaszous effluents from the specific type of facility.
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4 PRESSURIZED WATER REACTOR

A pressurized water reactor (PWR) is a facility for converting the thermal
energy of a nuclear reaction into steam to drive a turbine-generator and pro-
duce electricity. The conversion is accomplished by heating water to a hi
temperature and pressure in the reactor pressure vessel, using the pressurized
hot water to produce steam in the steam generator, and driving the turbine-
generator with the steam.

The generic site for the reference 1175-MWe PWR is cescribed in Section 3.1,
The specific site for a reactor is chosen on the basis of operational and regu-
latory criteria, some of which are appropriate to decommissioning as wel! as to
reactor construction and operation. For example, trinsportation access, wuter
supply, and a skilled labor supply are required for construction and operatien,
and are also necessary for decommissioning. Usually, however, the most suit-
able decommissioning alternative will not depend upon the generic site descrip-
tion or upon specific siting considerations, Rather it will depend on such
factors as desirability of terminating the license, land use considerations at
the time of decommissioning, occupational radiation exposures, and costs. The
choice of decommissioning alternative may also depend upon whether or not the
facility must be decommissioned before normal retirement age because of pre-
mature closure. In any event, the particular alternative chosen will depend
almost entirely upon circumstances at the time of decommissioning, rather than
upon earlier siting considerations.

Much of what follows is based on the NRC-sponsored Pacific Northwest L boratory
(PNL) studies on the technology, safety and cost of decommissioning a PWR. (1'%)
In the parent study,' PNL selected the Portland General Electric Company's
1175-Mwe Trojan Nuclear Plant at Rainier, Oregon, as the reference PWR and
assumed it to be located on a generic site typical of reactor locations. PNL
then developed and reported information on the available technolougy, safety
considerations, ard probable costs for decommissioning the reference facility
at the end of its operating life. Also, as part of an addendum® to this study,
PNL did a sensitivity analysis to determine the effect that varying certain
parameter: might have on the conclusions in the original study regarding duses
and costs of decommissioning. The parameters that were varied in the addendum
included reactor size, degree of radiocactive contamination, decommissioning
alternatives, etc. The incremental costs of utilizing an external contractor
for decommissioning and of additiona)l staff needed to assure that the decom-
missioning staff do not excend radiation dose limits have been evaluated in a
related follow-on analysis. ® In another related folliow-on study,* the
estimated decommissioning cost and dose impacts of post-TMI backfit require-
ments on the reference PWR have been examined and assessed. The results of al)
of these recent studies are included in the estimated decommissioning cost and
dose estimates presented in this chapter for the reference PwR.

4.1 PWR Description

The major components of a PWR are a reactor core and pressure vessel, steam
generators, steam turbines, an electric generator, and a steam condenser system
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(Figure 4.1-1). Water is heated to a high temperature under.pressure inside

the reactor and is then pumped in the primary circulation loop to the steam
nerator. Within the steam generator, water in the secondary circulation loop
s converted to steam that drives the turbines. The turbines turn the generator

to produce electricity. The steam leaving the turbines is condensed by water

in the tertiary loop and returned to the steam generator. The tertiary loop

water then flows to cooling towers where it is, in turn, cooled by evaporation,

The tertiary loop is open to the atmosphere, but the primary and secondary cool-

ing loops are not.

Buildings or structures associated with the reference PWR include (1) the heavily
reinforced concrete containment building, which houses the pressure vessel, the
steam generators, and the pressurizer system, (2) the turbine building, which
contains the turbines and the generator, (3) the cooHn? towers, (4) the fuel
building, which contains fresh and spent fue) MMIM? acilities, the spent

fuel storage pool and its cooling system, and the solid radioactive waste system,
(5) the auxiliary building, which contains the 'iquid radicactive waste treatment
systems, the filter and fon uchan?or vaults, the gaseous radicactive waste
treatment system, and the ventilation systems for the containment, fuel, and
auxiliary buildings, (6) the contro)l building, which houses the reactor contro)
room and personne! facilities, (7) water intake structures, (8) the administra-
tion building, and (9) perhaps other structures such as warehouses and nonradio-
active shops,

In a PWR, the reactor core and its pressure vessel are highly radioactive. So
are the steam generators and the piping between the reactor and steam generators.
Because the turbines are not directly connecled to the primary loop, they are
usually not radioactive unless there has been tube leakage in the steam
generators. The cooling towers and associated piping are normally not radio-
active. Much equipment in the auxiliary building is radicactive, as is the
spent fuel storage pool and its associated equipment.

The major radiation problems in decommissioning are associated with the reactor
itself, the primary loop, the steam generators, the radicactive waste handling
systems, and the concrete biological shield that surrounds the pressure vessel.

4.2 Reactor Decommi-sioning Experience

At the present time, the Elk River, Minnesota, demonstration reactor is the

only power reactor that has been completely dismantled. This was a 58 2-Mwt

BWR that was dismantied between 1971 and 1974, Though this reactor was quite
small compared to present day commercial power reactors, one lesson stands out:
reactors ca) be decontaminated with reasonable occupational radiation exposure
and with virtually no public radiation exposure. At Elk River the containment
building wis kept intact unti) the pressure vessel and the biological shield
were removad. Only after all of the radioactive meta) components and concrete
areas wer/ removed, was the concrete containment building demolished. Of par-
ticular interest was the development of a remotely vperated plasma arc torch that
was used for cutting ly-inch-thick stainless stee! under water and 3y inch-thick
carbon steel in air.® For large reactors, 1,000-MWe, the cutting of 2%/,~inch-
thick stainless stee! under water and 9-inch-thick carbon stee! in air u?” be
required. ® Based on current technology, this should easily be accomplished, 7'%®
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Other power reactors, all of them relatively small, have been placed in safe
storage or entombed (see Table 1.5-1). These methods of decommissioning re-
quire some sort of surveiliance as mentioned in Section 2.3, and also require
retention of a possession-only license. In the case of the Elk River reactor,
its licenses were terminated,

4.3 Decommissioning Alternatives

The decommissioning alternatives considered in this section are DECON, SAFSTOR,
and ENTOMB.

4.3.1 DECON

DECON is defined as the immediate remova)l and disposal of all radiocactivity in
excess of levels which would permit release of the facility for unrestricted
use. Nonradioactive equipment and structures need not be torn down or removed
as part of a DECON procedure. The end result is the release of the site and
any remaining structures for unrestricted use as early as the 6 years estimated
for decommissioning after the end of reactor operation.

DELON is advartageous because it allows termination of the NRC license shortly
after cessation of facility operations and eliminates a radicactive site. DECON
fs atvantageous if the site is required for other purposes, if the site is
extredely valuable, or, if for some reason the site must be immediately released
for unresiricted use, It is also advantageous in that the reactor oporatin?
staff is available to assist with decommissioning and that continued surveillance
and maintenance is not required. A disadvantage is the higher occupational
radiation dose which occurs during DECON compared to the other alternatives.

The basic estimates in the original PNL studies have been adjusted by PNL
analysts to reflect January 1989 costs. The revised estimate for the reference
PWR shows that DECON would require 6 years to complete, including 2 years of
planning prior to reactor shutdown, and would cost $88.7 million in 1986 dollars
(Table 4.3-1). In addition to the values escalated from the PNL reports
(NUREG/CR-0130 and NUREG/CR-0130, Addendum 1), the table also includes Lhe cost
additions=-for pre-decommissioning engineering, additional staff to assure meet-
ing the 5 rem/year dose limit for personnel, extra supplies for the additional
staff, and the additional costs associated with the option of utilizing an
external contractor to conduct the decommissioning effort--which were developed
in the PNL cost update done for the Electric Power Research Institute.’ The
estimated decommissioning cost impacts of post-TMI-2 requirements on the refer-
ence PWRY are included in the table as well. It can be seen from the table

that the total cost of DECON is about $103.5 million under the utility-plus-
contractor option. For comparison purposes, the time required to plan and build
ala power reactor is presently about 12 years and the cost is well over

two billion dollars,

Ihree important radiation exposure pathways need to be considered in the evalu-
ation of the radiation safety of normal reactor decommissioning operations:
inhalation, ingestion, and external exposure to radicactive materials. For
decommissioning workers, externa) exposure to radioactive materi 1s is the domi-
nant exposure pathway during decommissioning since inhalation and ingestion can
be minimized or eliminated as pathways by protective technigues, clothing and
breathing «pparatus. Inhalation is considered to be the dominant pathway of
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Table & 31 Sussary of estimated costs for decommssioning the reference PR in § Milliens (a.b)
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Tatle 4 31 (Continued)

_ovom' "

Decomm: s 1001 0g Prep fTor WS'.“, Internals Iternals 100 years of
| om—ent ptcow'€)  safe u.n.r“’ 0 Vears W Vears J00 Vears Included (g) Removed Surveillance (h)
Externsl lc“mﬂar ~0.9 negligibie ~0.3 ~0.3

Subtotal (<5 rem/yr)

Ui ity (Internsl) Staffing a7 21 .8 8.7 100 5 80.3 4.9 57.2 74

or

Contractor (external) Staffing 103 5 21.% 0.7 1.5 1.4
TOTAL Estimated Cost: a8 7 9.7 100.5 0 3 4.6

Uil ity Staffing 038 7.9

or
Lontractor Staffing

(8)atues include & 758 contingency and are in constast 1986 dellars

D)y tes enclude cost of disposal of last core, exclude cost of demolition of nonradicactive structures, and exclude cost of deep geologic
disposal of drsmantied, highly activated components.

() pgaptod from Reterence 1, Table 10 1-1 and Table W.5-2, wiless otherwise indicated.

() pgupted from Neference 1. Table 2.9-3 and Table H.5-2, wnless otherwise indicated

1) tne values shown for SAFSTOR include the costs of the preparations for safe storage, continuing care, and deferred decontemination.

(T) pgapted Trom Reference 2, §.5-1, unless otherwise indicated.

(9)pgse not include the eventual costs associated with the removal, packaging, and disposal of the entosbed radicactive msterials, the desolition
of the entombment structure, or demolition of the Reactor Building

(M) jpe sanual cost of surveillance and ssiotensnce for the ertombed structure is estimated to be asbout $0.064 millien.

(Va-not apptscadie.

() pgapted trom Reterence 3, Tadte 1 1, wnless otherwise indicated.

() 1e values shown include the estinsted costs of MEC licessing activities as well as the cost. asseciated with inspections asticipated to be
required by other Federal and state agencies.

(1) pgaptod Trom Reference 4, Table 2 5-4.

(%) daptod from Reference 4, Table 2.5-4 and from Heference 2, Scction 6.3

(Mgl igible means less than $0.025 @iilion.



public radiation exposure, since exposure 't ve surfaces and ingestion
can be minimized or eliminated as radiati. o % Lo the public during decom-
missioning. DOuring the transport of radioe . - ..stes, inhalation and inges-
tion can be minimized or eliminated as radiacion pathways to workers and to the
public by techniques similar to those used during decommissioning. Therefore,
exposure to radicactive materials is considered to be the dominant mode of
radiation exposure to the public and to workevs during waste transport. PNL
calculated radiation doses for only the dominant pathways, and assumed the
radiation doses from other pathways to be essentially zero. A summary of these
doses is presented in Table 4. 3-2,

The aggregate occupational radiation dose from external exposure to surface
contamination and activated material, not including transportation of radio-
active waste, is estimated to be about 1115 man-rem over 4 years (Table 4,3-2)
or an average of about 279 man-rem per year. The aggregate occupationa) radia-
tion dose from the transportation of radioactive wastes is estimated to be about
100.2 man-rem to truck transportation workers from DECON waste shipments. For
comparison purposes, the average aggro?atc annual occupational radiation dose
from operation, maintenance, and refueling of PWRs from 1974 th 1978 was
550 man-rem per reactor.® In 1979 it was 924 man-rems,'® and in 1 it was
1,101 man=rems.

This increase is considered to be due to build-up of radicactive contaminsants
with 1ncroasin? reactor age'' and to increasing reactor size'? and special
man-rem intensive maintenance tasks.

The inhalation radiation dose to the public from airburne :adionuclide releases
during DECON is estimated to be negligible. The radiation dose to the public
is calculated to be about 20.6 man-rem from the truck transport of radicactive
wastes from DECON.

4.3.2 SAFSTOR

Generally, the purpose of SAFSTOR is to permit *°Co to decay to levels that
will reduce occupational radiation exposure during decontamination. As irdi-
cated in Table 4.3-2, most of the occupational dose reduction due to decay
occurs during the first 30 years after shutdown with considerably less dose
reduction thereafter. The public dose, which will always be small, will alse
experience most of its reduction during the first 30 years. Nonradisactive
equipment and structures need not be removed, but eventually all radiocactivity
in excess of that allowed for unrestricted use of the facility must be removed.
Hence, in contrast to DECON, to take advantage of the dose reduction, SAFSTOR
Couid be as long as 60 years including final decontamination. The end result
s ‘he same: release of the site and any remaining structures for unrestricted
use.

SAFSTOR is advantagaous in that it resuits in reduced occupational radiation
exposure in situations where urgent land use considerations do not exist,
Disadvantages are that the licensee s required to maintain a pcssession-only
license under 10 CFR Part 50 and to meet its req’ “ements at a)) times, thus
contributing to the number of sites dedicated to radicactive confinement for an
extended time period. Other disadvantages are that surveillance is required,
the dollar costs are higher than for DECON, and the ex;erienced operating staff
may not be available at the end of the safe storuge period to assist in the
decontamination.
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Table 4.3-2 Susmary of radiation
(values are in man-rem

don ”nlms for decommissioring the reference PWR
) .

| ENTOME
SATSTOR Internals Internals
DECON 10 Years 30 Years 100 Years Included Removed
Occupational Exposure
Safe Storage Preparation’®) nald’ 2824 282 4% 22 4V HA
Continuing Care'? NA 10 14 14 neg. neg.
Decontamination(® ') L1est™ 3 s® 0 N "
Entombment (9 NA NA NE NA 990 1,000
Safe Stor. Prep. Truck Shipments'™ WA 10.2 10.2 10.2 A NA
Oecontasination Truck Shipments'™ 002" 242 1.7 neg. NA NA
Entombment Truck Shipments'9) NA NA NA N 16 2
Total 121500 PO (3 SN (0 IR O 916 1,021
Public Exposure
Saf» Storage m'ln(" NA neg. aeg. . NA NA
Continuing Ccn“) L1 neg. neg. neq. neg. neq.
mintiu“ ) npr neg. neq. neg. N& .
Entosbaant (9 A NA A " neg. neg.
Safe Stor. Prep. Truck Shipments™ A 2.1 2.1 2.3 NA nA
Decontamination Truck Shipments'™ 20.6%) 5(%) 0.4 neg. w NA
Entosbment Truck Shipments'S’ “w - A A 4 4
Total 2™ Pl 3 2 g s




Table 4.3-2 (Continued)

(8)411 references are from Reference 1, unless otherwise indiceted.
(')Vcluoo exclude radiation dose from disposal of the last core.
(©rable 11.3-2.

(Drabre 11.3-4.

(®rapre 11.3-1.

(Drabie H.6-1.

(1abres 3.5-1 and 4.6-1 from Reference 2, with no allowances for radioactive
decay (see text for discussion).

"’%m. 11.4-2, with allowances for radicactive decay.
(Drapre 11.2.2.
{Dna-not appricadle.

(K)vatues affected by the estimated additional radiation doses due to post-TMI-2
impacts on decommissioning operations. For a detailed explanation of the
minor contributions from post-TMI-2 impacts to the total estimates given,
consult Table 2.4-1 of Reference 4.
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The PNL study shows that the costs of SAFSTOR for a 30-year period are greater
than those of DECON and vary with the number of years of safe storage. For
example, the total cost of 30-year SAFSTOR is estimated to be $100.5 million in
1986 dollars compared with the tota) cost of $88.7 million for DECON. However,
the total cost of 100-year SAFSTOR is estimated to $80.3 million in 1986 do)lars.
The lower cost for 100-year SAFSTOR compared to 30-year SAFSTOR is the result

of lower costs for deferred decontamination due to the radioactivity having
decayed. PNL's cost estimates for the decommissioning alternatives are pre-
sented in Table 4.3-1.

SAFSTOR results in lower radiation doses to both the work force and to the
public than UECON. The PNL study (Table 4.3-2) shows the regate occupa-
tional radiation dose to be approximately 321 man-rem for a 30-year SAFSTOR
(282.4 man~rem from safe storage preparation, 14 man-rem for continuing care
and surveillance, and 24 .6 man-rem from deferred decontamination) ot inglud-
ing transportation., The occupational radiation dose from the truck transport
of radioactive wastes is calculated to be about 12 man-rem. 100-year SAFSTOR
results in little additional reduction in the aggregate occupational radiation
dose compared to 30-year SAFSTOR.

-

Radiation doses to the public from airborne radionuc)lide *»’e. - - . 9g prepa
ration for safe storage are estimated to be neglig.ble. The radiation . e to
the public from the truck transport of radioactive wastes during preparation
for safe storage is estimated to be about 2.1 man-rem, and that from the truck
transport of radicactive wastes during deferred decontamination after 30 years
of safe storage is estimated to be about 0.4 man-rem.

4.3.3 ENTOMB

ENTOMB means the complete isolation of radicactivity from the environment by
means of massive concrete and meta) barriers until the radiocactivity has decayed
to levels which permit unrestricted release of the facility. These barriers
must prevent the escape of radioactivity and prevent deliberate or inadvertent
intrusion, The length of time the integrity of the entombing structure must be
maintained depends on the inventory of radioactive nuclides present. A PWR
that has been operated only a short time will contain “°Co as the largest cin-
tributor to radiation dose and smaller amounts of dominant fission products
such as '37Cs with about 30-year half-1ife. In this case, the integrity of

the entombing structure need only be maintained for a few hundred years, as the
disappearance of radicactivity is initially controlled by the 5. 27-year half-
life of “%Co and later by 30-year half-life fission products. If, on the other
hand, the reactor has been operated for 30 or 40 years, substantial amounts of
SONi and "Snb (80,000-year and 20,000-year half-)ives, respectively,) will have
been accumulated as activation products in the reactor vessel internals. The
dose rate from the "UNb present in the reactor vesse) internals has been esti-
mated to be approximately 2 rem/hour while the dose from the **Ni in the inter-
nals is 0.1 rem/hour. These dose levels are substantially abeve uc:ogtablc
residual radicactivity levels and, because of the long half-1ifes of “Nb and
"UNi, would not decrease by an appreciable amount, due to radicactive decay,
for thousands of years. In addition, there are an estimated 1,300 curies of
S9Ni in the reactor vessel internals which could result in potential interna)
exposures in the event of a breach of the entombed structure and subsequent
introduction of the **Ni in an exposure pathway during the long half-life of
SUNi.  Thus, the lorg-lived isotopes will have to be removed or the integrity
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of the entombing structure will have to be maintained for many thousands of
years.

ENTOMB of a PWR is )imited to the containment building because its unique
structure lends itself to entombment and because it contains most of the radio-
activity in the facility. The other radicactive buildings associated with a
reactor must he decommissioned by another method such as DECON. It is possible,
however, to m & some radioactive components from the fuel building or auxiliary
building to ti.. containment building and entomb them there, rather than ship
them offsite.

ENTOMB is advantageous because of reduced occupational and public exposure to
radiation compared to DECON, because little surveillance is required, and because
liltle land s reouirad. It is disadvantageous because the integrity of the
entombing structure must be assured in some cases for hundreds of thousands of
years, because a possession-only license under 10 CFR Part 50 would be required,
and because entombing contributes to the number of sites permanently dedicated

to radicactive materials containment.

PNL considered two approaches to entombment in an addendum® to its earlier

PWR study.' In both approaches, as much solid radicactive materia) from the
entire facility as can be accommodated is sealed in the containment building
beneath the operating floor by means of a continuous concrete slab. All openings
to *he exterior baneath the operating floor are sealed. Above the operating
floor, radioactive ~aterials are removed to sufficiently permit release of that
portior of the facility for unrestricted use.

In the first approach, the pressure vesse! internals and their long-lived **Ni
and "'Nb isotopes are entombed, along with other radicactive materia). This
results in less cost and radiation exposure because the pressure vesse! and its
internals will not have to be removed, dismantled, and transported to a deep
geologic waste repository. It will also, however, result in the requirement
for a possession-only license and surveillance ir perpetuity because of the
presence of the long-lived isotopes. Because of .he many variables involved,
PNL made no firm estimate of the costs for possible deferred dismantlement of
the entombment structure. However, these costs are anticipated to be at least
of the same order of magnitude as those for deferred dismant)ement of the
reference PWR after a period of safe storage (see Table 4.3-1).

In the second approach, the pressure vessel internals and their | lived *SNi
and *'Nb isotopes are removed, dismantled, and transported to a radiocactive
waste repository (a careful inventory of radicactivity would need to be made
to ensure that only relatively short-lived isotopes remained). This approach
results in more cost and radiation dose, but offers the possibility that sur-
veillance and the possession-only license could be terminated at some time
uﬁt?in several hundred years, thereby releasing the entire facility for unre-
stricted use.

Radicactive materials not entombed would have to be pocto?.ﬁ and transported to
4 disposal site. Costs and radiation doses for this portion of the entowbment
procedure would be the same as for DECON. Cost savings and radiation dose re-
ductions result from a lesser volume of radicactive equipment and material having

to be dismantled, packaged, and transported. In al) cases, spent fue) would be
removed.
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#:JMB Yor the reference PWR, including the pressure vessel and its internals,
is estima‘ed to cost $47.9 million, with an annuai maintenance cost of $64,000.
It results in an aggregate radiation dose of 900 man-rem to decommissioning
worke.s, 16 man-rem to transportation workers, and 4 man-rem to the general
public. ENTOMB for the reference PWR, with the pressure vessel internals
removed, i> estimated to cost $57.2 million with an annual maintenance cost of
$64 000, and to result in an aggregate radiation dose of 1000 man-rem to de-
comnissioning workers, 21 man-rem to transportation workers, and 4 man-rem to
the genera’ public. These estimates are listed in Tables 4.7-1 and 4.3-2.

Although task-wise schedules were developed for DECON,! no comparable schedules
were developed for the ENTOMB analysis.? As a result, the estimated occupa-
tional exposures shown in Table 4.3-2 are not decay-corrected; thus, they
represent conservative, upper-bound estimates.

4,.3.4 Sensitivity Analyses

An addendum to the initial PNL study was Jeveloped? to analyze a variety oy
realistic decommissioning situations that might significantly impact on the
original conclusions regarding doses and costs for the various decommissioning
alternatives. While there were some d ferences in results, the conclusion of
the sensitivity analysis is that these differences do not substantially affect
the original r-st and dose conclusions. Of the various situations analyzed by
PNL in the aac2indum, the most important with regard to their potential effect
an dose and cost estimates are reactor size and degree of contamination.

Based on an analysis'! similar to that for the reference PWR (NUREG/CR-0130
Addendum 1) and incorporating selected cost addnrs (described in References 3
and 4 and escalated to constant 1986 dollars as shown in Table 4.3<1), upper-
bound estimates were made of the costs for immediate dismantlement of reactor
plants smaller than the reference plant. The analysis was limited to plants
with therma) power ratings greater than 1200 MWt and was based on the assump-
tion that all costs (staff lalur, equipment, supplies, etc.) except radioactive
¥a;:e 2i;posal are independent of plant size. The results z-e shown in

able 4. 3-3,

Table 4.3-3 Estimated immediate dismantlement costs for plants
smaller than the reference PHR.‘based on previously-
derived overall scaling factors®™'" (millions of

dollars)
Waste Scaling Remaining Escalated Tota{
Reactor Mwt. Disposal Factor Ce ts Adders Cnsts(c)
;;ojan 3500 40.223 1.000 34.174 14,385 88.782
Turkey Pt. 2550 40.223 0.789 34.174 14,385 80.295
R. E. Ginna 1300 40.223 0.518 34,174 14,385 69.395

(‘)A\l costs are in constant 1986 dollars and include a 25% contingency.

(b)Dorivation of previously-derived overall scaling factors can be found
in Reference 2.

(C)Total costs s.own above are for the utility-only cost option.
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Using the results from Table 4,3-3, a linear equation can be derived for the
scaling of the immediate dismantlement costs for plants in the 1200 to 3500
MWt range:

Cost = 57,911 + (8.808 x 10-3)(Mwt)

Revised ovarall scaling factors for the Turkey Point and Ginna plants were
obtained by dividing the results of the linear equation by the cost of the
reference .nt. Based on this formula, a list of variations in dose and cost
for thes* .Rs is presented in Table 4. 3-4.

The addendum? also analyzed the sensitivity of decommissioning costs and radiation
doses related to a postulated tripling of radiation dose rates from radionuclides
deposited in PWR coolant system piping during reactor operation over a period

of 30 to 40 years. This tripling of dose rate is postulated as an upper limit

on the basis of recent trends for operating reactors. If no corrective action

is taken to reduce the radiation dose rates, the accumulated radiation d?i’ to
decommissioning workers for DECON would be increased about 1,250 man-rem'™’,

and the total decommissioning costs could be increased by about $5.2 million

for DECON. For ENTOMB the radiation dose would be nearly doubled and the total
cost could be increased about $3.6 million. For preparations for safe storage,
the radiation dose would be increased about 130 man-rem, and there would be no
signifizant change in the cost. If corrective action is taken, such as an ex-
tended chemical decontamination cycle, the total additional cost could be about
$170,000.

In order to handle these postulated higher initial radiation levels, it appears
that additional chemical decontamination during decommissioning woula be the
most cost-effeclive approach. For example, it is estimated that increasing the
circulation time of the chemical solution about 50% would reduce the postulated
increased radiation levels by a factor of 3, thus reducing these levels to
approximately the same dose rate conditions assumed in the reference case
analysis, This approach would also be more consistent with the principles of
ALARA, since the nccupational radiation dose associated with a chemical decon-
tamination cycle is relatively small, compared with the radiation dose
associated with installing temporary shielding, or with attempting to perform
the dismantlement without additional shielding. In addition, it appears likely
that the large buildups of radionuclides prevalent today on piping systems will
be prevented as periodic decontamination during normal operation of the reactor
coolant system and v lated fluid-handliny systems become standard procedures
when the present technology development for decontamination solutions has been
completed,

One of the circumstances that has changed since the original PWR decommissioning
reports!'? were prepared which could influence the develc.mert of the cost and
dose estimates presented in this GEIS is an assessment of post-TMI-2 r.quire-
ments on the decommissioning of the reference PWR. Actior . udged necessary by
the NRC to correct or improve the regulation and operaticr ¢ nuclear power
plants based on the experience from the accident at TMI-2 resulted in a number
of recommendations that were subsequently issued to the utilities as
requirements. Some uof those requiremente resulted in equipment ai. ' hardware
chenges and/or additions to the refsrence PWR that could eventually expand ‘he

(‘)This number excludes remova)l of last core and allows for radioactive decay.
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Table 4.3-4 Estimated costs and occupational radiation(goc,s for
decommissioning different-sized PWR plants*™’
~Station
R.E. Ginna  Turkey Point 1Trojan
Power Rating (thermal
Overall Scaling megawatts) 1.300 2.550 3.500
Factor (OSF[Mwt]) 0.781 0.905 1.000
DECON ($ millions) 69.3 80.3 88.7
(man-rem) 1097. 1.271 1.404
entoms’d (@
w/internals ($ millions) 37.4 43.3 47.9
(man=-rem) 703 815 900
w/0 internals ($ millions) 44.7 51.8 57.2
(man-rem) 781 905 1.000
SAFSTOR
Preparati-ns for
Safe Storage ($ millions) 17.0 19.7 21.8
(man-rem) 333 386 426
Safe Storage
for 30 years ($ millions) 3.7 3.7 .7
(man=rem) 14 14 14
for 50 years ($ millions) 6.2 6.2 6.2
(man=rem) 14 14 14
for 100 years ($ millions) 12.6 12.6 12.6
(man=rem) 14 14 14
Deferred Dismant)ement:
after 30 years ($ million) 54.2 62.8 69.4
(man-rem) 23.4 27.2 30
after 50 years ($ million) 31.6 36.7 40.5
(man-rem) 1.9 23 2.4
after 100 years ($ million) 31.6 36.6 40.4
(man=rem) 0.9 | 1.2

(')Values include a 25% contingency and are in 1986 dollars,
(b)Costs do not include spent-fuel disposal or demolition of nonradicactive

structures,

(C)Doses are taken from Ref. 2 and do not include transportation doses and

do not take credit for radioactive decay during decommissioning.

(d)Entoanent costs do not include continuing care cost ($0.064 M/yr.).
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Table 4.4-1 Estimated burial volume of
low=level radioactive waste
and rubble for the reference
PWR

Decommissioning Alternative Volume (m?)

DECON 18,340
SAFSTOR
Deferred Dccontaa€nltion(b)
following Safe Storage (a)
for: 10 Years 18.340(a )
30 Years 18,340 ™
50 Years 1,830
100 Years 1,780
entomg(?) s

(‘)Includos about 440 m® of radioact.ve
waste attributable to removal of back-
fitted material adapted from Table 5.1-9
Reference 4),

(b)Radioactive wastes from preparation for
safe storage and during safe storage
are small in comparison to those of
deferred decontamination.

(C)Although. in actuality, there is a
gradual decrease in waste volume over
time, it is not indicated here for
clarity of presentation.

(d)Does not include the volume of the
entombing structure or of the wastes
within.

If shallow-land burial of radioactive wastes in standard trenches is assumed,
then a burial volume of 18,340 m® of radicactive waste can be accommodated in
less the~ 2 acres. Yhe two acres is small in comparison with the 1,160 acres
used « .ne site of the reference PWR.

Certain highiy activated components of the reactor and its internals may require
disposal in a ceep geologic uisposal f cility rather than in a shallow-land
burial ground because of the large initial level of radioactivity and the very
long half-1lives of 5®Ni and ®Nb. Unly about 11 m® of material would be in-
volved and would required approximately 88 m® of waste disposal space. The

cost for disposing of these materials in deep geologic disposal was estimated
by PNL to be about $2.8 million (in 1978 dollars).! Based on recent estimates
of deep geologic disposal costs,'® it is currently estimated by PNL that decp
geologic disposal of the highly activated materials would cost about $6 million
(in 1986 dollars). This latter estimate is based on recent estimates of deep
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geologic disposal costs conducted by Pacific Northwest Laboratory for the
Department of Energy.!'? This cost has not been included in the costs of decom-
missioning shown in Table 4.3-1.

PNL considered accidental releases of radioactivity both during decommissioning
and during transport of wastes. Radiation doses to the maximum-exposed indi-
vidual from accidental airborne radioactivity releases during decommissioning
operations were calculated to be quite lcw (Table 4.4-2). Radiation doses to

the maximally-exposed individual from accidental radiocactivity releases resulting
from truck accidents were calculated to be moderate for the most severe accident
(Table 4.4-3).

Other environmental consequences of decommissioning are minor compared to the
environmental consequences of building and operating a PWR. Water use and
evaporation at the rate of as much as 27 x 10° m®/yr ceased when the reactor
ceased operation., The total water use for decommissioning is estimated to be
about 18 x 10® m®. The number of workers on site at any time wiil be no
greater than when the PWR was in operation and will be much less than when the
PWR was under construction. The transportation network is already in place,
but will require some maintenance if the SAFSTOR alternative is selected.

Disturbance of the ground cover need not take place to any appreciable extent
except for filling holes and leveling the ground following removal of underground
structures, unless extended operation of the plant has resulted in contamination
of the ground around the plant. Plowing of the ground would generally result

in lowering average soil contamination levels to those acceptable for releasing
the site for unrestricted use, except for a few more highly contaminated areas
where material would have to be removed. In this case, soil to a depth of
several centimeters and some paving may have to be removed, packaged, and shipped
to a disposal facility before the site can be released for unrestricted use.

The biggest socioeconomic impact will have occurred before decommissioning
started, at the time the plant ceased operation and the tax income created by
the plant was reduced. No additional public services will be required because
the decommissioning staff will be somewhat smaller than the operating staff. In
the case of deferred decontamination, the decontamination staff will be larger
than the surveillance staff.

4.5 Comgarison of Decommissioring Alternatives

From careful examination of Tables 4.3-1 and 4.3-2 it appears that DECON or
30-year SAFSTOR are reasonable options for decommissioning a PWR, 100-year
SAFSTOR is not considered a reasonable option since it results in the continued
presence of a site dedicated to radioactivity containment for an extended time
period with 1ittle benefit in aggregate dose reduction compared to 30-year
SAFSTOR. DECON costs less than SAFSTOR and its larger annual occupational
radiation dose, which is similar to the routine annual dose from plant operations
is considered of marginal significance to "ealth and safety.

Either ENTOMB option requires indefinite dedication of the site as a radioactive
waste burial ground, 1 the ENTOMB option with the reactor internals and its
long=1lived activation products entomb  , the security of the site could not be
assured for thousands of years necessa y for radioactive decay, so this option
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Table 4 &-2

Summary of radiation doses to the maximally-exposed individual from accidental
airborne radionuc lide releases during decommissioning operations

DECON Preparations for Safe Storage
Airborne First-Year Dose Fifty-Year Dose Airborne First-Year Dose Fifty-Year Dose
' Release (mrem) Commitment {mrem) Release (wrem) Commitment (mrem)
lacidont WY roeal Body(a)  Lung Total Body  Lung (nCi) Tota! Body(a) Lung Total Body  Lung
Explesion af LPG Leased from
a Front End Loader 3.6 x10* 36 x 02 4.7 x 107 4.4 x 10-% 54 x 10-% -=={c)
Explosion of Ouyacetylene
Ouring Segmenting of the
Reactor Vesse! Sheil 3.6 x W 4.3 x 10-% 6.1 x 10-% 6.9 x 10-* 6.9 x 10-2 .
Explosion and/or Fire in the
lon Exchange Resin 3.8 x10" 318 x 10-* S0 x 10-* 4.6 x10-* 5.7 x 10 i
Gross Leak during i> Site
Decontamination 2.1 x 0 2.1 x 10-¢ 2.8 x 10-* 25 x 10-* 3.2x10-* 2.1 x10" 2.1 x 10-* 2.8 x 10-* 2.5 x 10-*
Segmentation of R(S Piping
With Unremoved Contamination 1.1 x 10' 4.6 x 10-% 7.3 x 10-* 4.8 x 10-* 7.9 x 10-* g
toss of Contamination Control
Envelope During Oxyacetylene
Lutting of the Reactor
Vessel Shell 2.3 x W o - g 4.4 x 10-4 =i
Vacuum Bag Rupture s 1.0 x 10° 1.1 x 10-® 1.3 x 10-* 1.2 x 10-%
Accidental Cutting of
Contaminated Piping e 1.8 x 10~ —— 1.2 x 10-% a—
Accidental Spraying of
Concentrated Contamination
With the High Pressure
e 1.2 x 10-* - 1.6 x 10-* 1.5 x 10-¢

Spray

("Y. average annual total body dose to an individual in the U.S. from natural sources ranges from 80 to ..~ wrem. United Nations Scientific Committee .n

the Effects of Atomic Radiation, lonizing Radiation: levels and Effects.

“)ﬁn.nq of occurrence: high >1.0 x 10-%; medium 1.0 x 10-? to 1.0 x 10-%; low <1.0 x 10-° per year.
“’A dash indicates a dose less than 1.0 x 10-% mrem or that this action does not apply to the decommissioning mod. shown.

Volume 1, United Nations, pp. -

1, 1972






is not considered viable. In the ENTOMB option with the reactor internals
removed, it may be possible to release the site for unrestricted use at some
time within the order of « hundred years if calculations demonstrate that the
radioactive inventory has decayed to acceptables residual levels. However, even
this ENTOMB alternative appears to be less desirable than either DECON or
SAFSTOR based on consideration of the fact that ENTOMB results in higher radiation
exposure and higher initial costs than 30-year SAFSTOR, that the overall cost

of ENTOMB over the entombment period is approximately the same as DECON, and the
fact that regulatory changes occurring during the long entombment period might
result in additional costly decommissioning activity in order to release the
facility for unrestricted use.

Consideration was given to the situation where, at the end of the reactor
operational life, it is not possible to dispose of waste offsite for a limited
period of time, but not exceeding 100 years (see Section 2.7). Such a constraint
needs to be accounted for in the decommissioning alternatives. Based on an
analysis by PNL of the technoiogy, safety and cost considerations on selection
of decommissioning alternatives,'? it was concluded that SAFSTOR is an acceptably
viable alternative. While DECON and conversion of the spent fuel pool to an
independent spent fuel storage pool is certainly a possibility for the case
where all other radioactive wastes can be removed offsite, there does not appear
to be any significant safety difference between this alternative >nd SAFSTOR and
the choice should be a licensee decision, The activn phase of maintaining the
spent fuel in the pool is not considered to be part of the regulatory require-
ments for decommissioning, but would be consideres under the usual operating
licensing aspects regarding health and safety with consideration given to facil-
itation for decommissioning. Aside from the expenses incurred from storing
spent fuel, other costs for keeping radiocactive wastes onsite for the reactor

in a safe storage mode were estimated to have minimal effect on the SAFSTOR
alternative compared to this alternative for radiocactive wastes being sent
offsite. Site security or storage of spent fual (which is considered as an
operational rather than a decommissionin? Sonsideration) was estimated at about
$0.94 million per year (in 1986 dollars) 87 In a multireactor site, such
security could result in less cost because of a sharing of required overheads.

(')Adapted from Reference 14,
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The steam leaving the turbines is condensed by water in the secondary loop and
flows back to the reactir. The water in the secondary loop flows to the cooling
towers where it is in turn cooled by evaporation. The secondary cooling loop

is open to the atmospher:, but the primary loop is not.

Buildings or structures associated with the reference BWR include 1) the reactor
building which houses the reactor pressure vessel, the containment structure,
the biological shield, new and spent fuel pools, and fuel handling equipment;

2) the turbine generator building which houses the turbines and electric gen-
erator; 3) the radwast. and control building which houses the solid, liquid, and
gaseous radioactive waste treatment systems, and the main control room; 4) the
cooling towers, 5) the diesel generator building which houses 2uxiliary diesel
generators; 6) water intake structures and pump houses; 7) the service building
which hou:es the makeup water treatment system, machine shops, and (fices; and
8) other minor structures.

In reference BWR, the reactor building, the turbine generator building, and

the radwaste building are the only buildings contai.iing radioactive materials.
The reactor core and its pressure vessel are highly radioactive, as is the
piping to the turbines. The turbines are also radioactive, but the cooling
towers and associated piping are not, since the design of the system is such
that any leakage would be from the nonradioactive secondary loop to the primary
loop. Much equipment in the radwaste building is radioactively contaminated,
as is the spent fuel pool in the reactor building.

The major sources of radiation in decommissioning a BWR are associated with the
reactor itself, the containment structure, the concrete biological shield, the
primary loop, the turbines, and the radwaste handling systems.

5.2 BWR Decommissioning Experience

At the present time, the Elk River, Minnesota, demonstration re-ctor is the
only power reactor that has been completely dismantled.* Th' 4s a 58.2-Mwt
BWR that was dismantled between 1971 and 1974. While this reacior was quite
small compared to present-day power reactors, its decommissioning served to
demonstrate that reactors can be decontaminated safely with little occupational
or public risk. At Elk River, the containment building was kept intact unti)
the pressure vessel and biological shield were removed. Only after all of the
radioactive metal components and concrete areas were removed was the concrete
containment structure demolished.

Other reactors, all of them relatively small, have been placed in safe storage
or entombed (Table 1.5-1). Safe storage and entombment require surveillunce
and retention of a possession-only license. At Elk River, the license was
terminated.

5.3 Decommissioning Alternatives

The decommissioning alternatives considered in this section are DECON, SAFSTOR,
and ENTOMB.
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5.3.1 DECON

~cCON means the prompt removal - . - .« 3 s .. of
levels which would permit releas « . iy fu — use * -
radioactive equipment and struct.res nzeu r . ¢ ™", ;3 . d art

of a DECON procedu~e. The end result i~ the 2’ L '3 any rem -
ing structures fo restricted use ¢z Jy - & =~ 8. + @ cxd A rest o
operation.

DECON is advantageous br-aus2 it allow: : ¢ icense her
after cessation of fac .ty operations ar- v Aactive site.

DECON is advantageous if the site is "eqp . ses. iy the sit

has become extrewéiy valuable, or if the sit. r.it be i.nme
diately relezsed for unrestricted use. It is :e _s in that the
reactor operating staff i: available to assist < wissioning and that
continued surveillance and maintenance is not 1 ' A disadvantage is the
higher occupational radiation dose which occu - 1 DECO", compared to tie

other alterr tives.

The basic estimates i the original PNL studies have been adjusted by PNL
analysts tu reflect January 1986 costs. The revised estimate for the reference
BWR shows that DECON would require 6 years to complete, including 2 years of
planning prior to reactor shutdown, and would cost $108.9 million in 1986
dollars (Table 5.3-1). In addition to the values escalate’ from the PNL raport
(NUREG/CR-0672),' the table also includes the cost additions-=for pre=-
decommissioning engineering, additional staff to ussi"e meeting the 5 rem/year
dose limit for personnel, extra supplies for the additional staff, and the addi-
tional costs associated with the option of utilizing an external contractor to
conduct the decommissioning effort--which were developed in the PNL cost update
done for the Electric Power Research Institute.? The estimated decommissioning
cost impacts of post-TMI-2 requirements on the reference BWR® are included in
the table as well. It can be seen from the table that the total cost of DECOW
is about $131.8 million under the utility-plus-contractor option. For com=
parison purposes, the time required to plan and build a large power reactor is
presently about 12 years and the cost is w21l over two billion dollars.

Three important radiation exposure pathways need to be considered in the evalu-
ation of the radiation safety of normal reactor decommissioning operations:
inhalation, ingestion, and external exposure to radicactive materials. For
reasons similar to that discussed for PWRs in Section 4.3,1, during decommis-
sioning the dominant exuvosure pathway to workers is ex ernal exposure while

for the public the dominant exposure pathway is inhalation. Ouring the trans-
port of radioactive waste, the dominant xposure pathway is external exposure
for both transportation workers and the public. A summary of the radiation
doses resulting from these pathways is presented in Table 5.3-2.

The aggregate occupational radiation dose from external exposure to surface
contamination and activated material, not including transportation of radio-
active waste, is estimated to be about 1764 man-rem over 4 years, or an average
of 440 man-rem per year. (Table 5.3-2). The occupational radiation dose to
truck transportation workers from DECON waste shipments is estimated to be
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Table 5. 3-1 (Continued)

enroms' "
Gecommissioning (c Prep. for (d) SAFSIOI“) Internais Internals 100 years of
Element GECON'“)  Safe Storage 10 Years 30 Years 100 Years Included (g) Removed Surveillance (h)
External (m)(’) <0.1 negligible 0.1 0.1
Subtotal (<5 rem/yr):
Utility (Internal) 108.9 41.0 128.3 130.4 106.1 7.3 89.6 7.4
or
Contractor (external) Staffing 131.8 9.2 112.8 7.4
TOTAL Estimated Cost:
Utility Staffing 108.9 128.3 131.4 106.1 84.7 97.0
or
Contractor Staffing 131 8 104.3 120.2




(a)
(b)

(c)
(d)
(e)

(f)
(g9)

(h)

(1)
(j)
(k)
(M)
(m)

(n)
(o)
(p)

TABLE 5.3-1 Footnotes

Values include a 25% contingency and are in constant 1986 dollars.
Values exciude cost of disposal of last core, exclude cost of demolition
of nonradioactive structures, and exclude cost of deep geologic disposal
of dismantled, highly activated components.

Adapted from Reference 1, Table 10.1-1, unless otherwise indicated.
Adapted from Reference 1, Table 10.2-1, unless otherwise indicated.

The values shown for SAFSTOR include the costs of the preparations for
safe storage, continuing care, and deferred decontamination.

Adapted from Reference 1, Table 10.3-1 and Appendix K.

Does not include the eventual costs associated with the removal,
packaging, and disposal of the entombed radioactive materials, the
demolition of the entombment structure, or demolition of the Reactor
Building.

The annual cost of surveillance and maintenance for the entombed
structure is estimated to be about $0.064 million.

NA-not applicable.

Adapted frnm Reference 1, Table 2.10-4.

Adapted from Reference 1, Table J.7-2.

Adapted from Reference 2, Table 1.1, unless otherwise indicated.

The values shown include the estimated costs of NRC licensing activities
as well as the costs associated with inspections anticipated to be
required by other Federal and state agencies,.

Adapted from Reference 3, Table 2 5-7.

Adapted from Reference 3, Table 2.5-7 and from Reference 1, Appendix 0.

Negligible means less than $0.025 million.
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Table 5.3-2 Summary of radiation dose analyses for decommissioning the reference BWR
(values are in -an-re-)(a)

ENTOMB with
SAFSTOR After Internals Internals
DECON 10 Years 30 Years 100 Years Included Removed

Occupational Exposure

Safe Storage Preparation M(b) 294 294 294 NA NA
Continuing Care NA 1 7 10 neg neg
Decontamination 1764 495 36 neg NA NA
Entombment NA NA NA NA 1492 1603
Safe Stor. Prep. Truck Shipments NA 22 22 22 NA NA
Decontamination Truck Shipments 110 22 2 neg NA NA
Entombment Truck Shipments NA NA NA NA 51 69
Total 1874 834 361 326 1543 1672
Public Exposure

Safe Storage Preparation NA neq neg neg NA NA
Continuing Care NA neg neg neg neg neg
Decontamination neg negq neg neg NA NA
Entombment NA NA NA NA neg neg
Safe Stor. Prep. Truck Shipments NA - - 2 2 NA NA
Decontamination Truck Shipments 10 2 neg neg NA NA
Entombment Truck Shipments NA NA NA NA 5 7
Total 10 4 2 2 5 7

(‘)AH entries are from Reference 1. Values exclude radiation doce from disposal of last core.
‘”M means not applicable and neg means negligible.



about 110 nan-ren.(a) In comparison, the average annua)l occupational radiation
dose from operation, maintenance, and refueling of BWRs from 1974 through 1979
was approximately 670 man-rem per reastor® and 1,136 man-rem in 1980.

The inkilation radiation dose to the public from airborne radionuclide releases
during DECON is estimated to be negligible. The radiation dose to the public
from the truck transportation of radioactive wastes from DECON is estimated to
be about 10 man-rem.

A major reason for the difference in cost and radiation dose between DECON of
a BWR and a PWR is the requirement to dismantle, remove, and dispose of the
radioactive turbine, condenser, and main steam piping of a BWR. A PWR turbine
is not significantly contaminated with vadioactivity since the major portion
of the radioactivity is confined to the primary coolant systems.

5.3.2 SAFSTOR

Generally, the purpose of SAFSTOR is to permit residual radiocactivity to decay
to levels that wil) reduce occupational radiation exposure during subsequent,
final decontamination. As indicated in Table 5.3-2, most of the occupational
dose reduction due to decay occurs during the first 30 years after shutdown
with considerably less dose reduction thereafter. The public dose will always
be small and will also experiences most of its reduction during decommissioning
within the first 30 years. Nonradiocactive equipm.nt and structures need not be
removed, but eventually all radicactivity in excess of that ailowed for un-
restricted use of the facility must be removed. Hence, in contrast to DECON,
to take advantage of the dose reduction, the safe storage period could be as
iong as 60 years including final decontamination. The end result is the

same: release of the site and any remaining structures for unrestricted use.

SAFSTOR is advantageous in that it can result in reduced occupational radiation
exposure in situations where urgent land use con<iderations do not exist. Dis-
advantages are that the owner is required to maintain a possessinn-only license
under 10 CFR Part 50 during the safe storage phase and to meet its requirements
at all times, thus contributing to the number of sites dedicated to radicactive
materials storage for an extended time period. Other disadvantages are that
surveillance and monitoring are required, the cumulative dollar costs are higher
than for DECON, and the original operating staff will not be available at the
end of the safe storage period to assist in the decontamination.

The PNL study shows that the costs of SAFSTOR for a 30-year period are greater
than those of DECON and vary with the number of years of safe storage. Ffor
example, the total cost of 30-year SAFSTOR is estimated to be $131.4 million
in 1986 dollars compared with the total cost of $108.9 million for DECON.

However, the total cost of 100-year SAFSTOR is estimated to $106.1 million in
1986 dollars. The lower cost of 100-year SAFSTOR compared to 30-year SAFSTOR
is the result of lower costs for deferred decontamination uue to the radio-

(')For a detailed explanation of the minor contributions (e.g., less than
0.08 man-rem for DECON) from post-TMI-2 impacts to the tota)l estimates shown
in Table 5.3-2, consult lTable 2.4-2 of Reference 3.
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activity having decayed. PNL's cost estimates for the decommissioning alter-
natives are presented in Table 5.3-1.

SAFSTOR results in lower radiation doses to both the work force and the public
than DECON or ENTOMB. The aggregate occupationa) radiation dose is estimated
to be approximately 337 man-rem for 30-year SAFSTOR (294 man-rem from safe
storage preparation, 7 man-rem from continuing care, and 36 man-rem from
deferred decontamination), not including transportation (Table 5.3-2). The
occupational radiation dose from the truck transport of radiocactive wastes

is estimated to be about 24 man-rem. For 100-year SAFSTOR the estimated
occupational radiation dose is estimated to be approximately 326 man-rem (294
man-rem from safe storage preparation, 10 man-rem from continuing care, and a
negligible dose from deferred decontamination). The occupational radiation
dose from the truck transport of radioactive wastes is estimated to be about
22 man-rem. Thus, 100-year SAFSTUR results in little additional reduction in
the aggregate occupational radiation dose compared to 30-year SAFSTOR,

Radiation doses to the public from airborne radionuc)ide releases resulting
from SAFSTOR are es.imated to be negligible. The radiation dose to the public
from the truck tran.port of radioactive wastes during the preparation for safe
storage is estimat:d to be about 2 man-rem, and that from the truck transport
of radioactive wastes during deferred decontamination after 30 and 100 years
of safe storage is estimated to be negligible.

5.3.3 ENTOMB

ENTOMB means the complete isolation of radioactivity from the environment by
means of massive concrete and metal barriers until the radioactivity has decayed
to levels which permit unrestricted release of the facility. These barriers
must prevent the escape of radioactivity and prevent deliberate or inadvertent
intrusion. The length of time the integrity of the entombing structure must

be maintained depends on the inventory of radicactive nuc)ides present. A BWR
will contain ®°Co as the largest contributor to radiation dose. If it has been
operated only a short time the integrity of the entombing structure need only
be maintained for a few hundred years, as the disappearance of radiocactivity

is controlled by the 5.27-§oar half-1ife of ®“Co and the 30 year half-life
fission products such as '37Cs. 1If, on the other hand, the reactor has been
operated for 30 or 40 years, substantial amounts of *®Ni and **Nb (80,000-year
and 20,000-year half-lives, respectively) will have been accumulated as acti~
vation products in the reactor vesse)l internals. The dose rate from the “*Nb
present in the reactor vessel internals has been estimated to be approximately
0.7 rem/hour while the dose from the **Ni in the internals is 0.07 rem/hour.
These dose levels are substantially above uccogtlblo residual radioactivity
levels and, because of the long half- ,ves of “4Nb and *°Ni, would not decrease
by an appreciable amount, due to radioactive docn{ for thonsands of years., In
addition, there are an estimated 1,000 curies of ‘N! in the reactor vessel
internals which could result in potential interna) exposures in the event of a
breach of the entombed structure and subsequent introduction of the *°Ni in an
exposure pathway during the long half-life of 5%Ni. Thus, the long=1ived
isotopes will have to be removed or the integrity of the entombing structure
will have to be maintained for many thousands of years.
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workers, and 7 man-rem to the general public. These estimates are listed in
Tables 5.3-1 and 5.3-2.

5.3.4 3Sensitivity Analyses

In addition to the referencs BWR, PNL also analyzed a variety of realistic
decommissioning situations.! These variations were studied to determine if

they might have significant impact on the conclusions reached for the rcfcronco\
BWR regarding doses and costs for the decommissioning alternatives. While

there were some differences in results, the conclusion of the sensitivity
analysis is that these differences do not substantially affect the original

cost and radiation dose conclusions. Of the various situations analyzed by

PNL, the most important with regard to their potential effect on dose and cost
estimates are reactor size, degree of contamination and type of containment
struciire,

Based on an analysis® similar to that for the reference BWR (NUREG/CR-0672)
and incorporating selected cost adders (described in References 2 and 3 and
escalated to constant 1986 dollars as shown in Table 5.3-1), upper-bound
estimates were made of the costs for immediate dismantlement of reactor plants
smaller than the reference plant. The analysis was limited to plants with
thermal power ratings greater than 1200 MWt and was based on the assumption
that all costs (staff labor, equipment, supplies, etc.) except radicactive

waste disposal are independent of plant size. The results are shown in
Table 5.3-3.

Table 5.3-3 Estimated immediate dismantlement costs (in millions) for plants
smaller than the refereesebgwk. based on previously-derived
overall scaling factors ™'

Waste Scaling Remaining Escalated Total
Reactor MWt Disposal Factor Costs Adders Costs(C)
WNP -2 3320 44,201 1.000 54.464 10.230 108. 894
Cooper 2381 44,201 0.809 54464 10.230 100.453
Vermont 1593 44,201 0.648 54. 265 10.230 93.336

Yankze

p
Yan costs are in constant 1986 dollars and include a 25% contingercy.

(b)Dorivation of previously-derived overall scaling factors can be found in
Reference 1.

(C)Total costs shown above are for the utility-only cost option.
Using the results from Table 5. 3-3, a linear equation can be derived for the
scaling of the immediate dismantlement costs of plants in the 1200 to 3500 MWt
range:

Cost = 78,993 + (9.008 x 10-%) (Mwt)

Revised overall scaling factors for the Cooper and Vermont Yankee plants were
obtained by dividing the results of the )inear equation by the cost of the
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Table 5. 3-4 Estimated costs and occupational radiation doses for decommissioning

different-si e BwR plants (a, b, c)

Station
Vermont Yankee Cooper WNP-2
Power Rating (thermal megawatts) 1,593 2,381 3,320
Overall Scaling Factor (OSF) 0.857 0.922 1.000
DECON ($miliions) 93.3 100.4 108.9
(man-rem) 1,581 1,701 1,845(c)
entomg(?)
5 2 5w (c)
w/internals ($ millions) 66.2 71.3 77.3
(man-rem) 1,348 1,450 1,573
w/0 intern.ls ($ miilions) 76.8 82 6 89.6
(wman-rem) 1,443 1,553 1,684
SAFSTOR
Preparations for
Safe Storage ($ millions) 35.1 37.8 41.0
{(man-rem) 321 346 375
Safe Storage:
for 30 years ($ millions) 33 3.3 3.3
(man-rem) 6.5 6.5 6.5
for 50 years $ millions) 5.6 5.6 5.5
(man-rem) 10 10 10
for 100 years ($ millions) 11.7 11.7 11.7
(man-~em) 10 10 10
Deferred Cismantlement:
after 30 years ($ millions) 70.4 75.8 82.2
(man-rem) 31 33 36
after 50 years ($ millions) 4]1.4 425 48.3
(man-rem) 2.6 2.8 3
after 100 years ($ millions) 41.1 43 3 43
(man-rem) >7 >1 >1
Facility Demolition ($ millions) 16.4 18.0 19.9

(‘)Valm include a 25% contingency and are in 1986 dollars.

(.)Costs do not incluce spent-fuel disposal or demolition of nonradioactive structures.

%:;Dosos are taken from Reference 1 and do not include those due to transportation of wastes.
ENTOMB costs do not include continuing care costs (0.064 M/yr).



constant 1986 dollars), due to a slightly expanded scope of decommissicning
activities associated with changes in the reference plant's characteristics.
The radiation dose would be increased by about 3 man-rem, due entirely to
decommissioning operations associated with the removal and packaging of a small
additional quantity of contaminated materials.

Other methods of facilitating decommissioning, in addition to additional
chemical decontamination, are discussed in NUREG/CR-0569.7 These include
improved documentation, reduction of radwaste volume by incineration, electro-
polishing of piping and components as a decontamination technique, remote main-
tenance and decommissioning equipment (robots), improved access to piping and
components, and improved concrete protection.

5.4 Environmental Consequences

Radiation doses and costs associated with possible decommissioning alternatives
are discussed in Section 5.3. It is to be emphasized for perspective that for
any viable decommissioning alternative, the environmental effects of greatest
concern, i.e., radiation dose and radiocactivity released to the environment,
are substantially less than the same effects resulting from reactor operation
and maintenance. It should also be noted that while the dollar costs of ENTOMB
are less than those of DECON, the environmental impacts could be quite high
should large amounts of radicactivity escape from a breached structure during
the entombment period.

Other envirormenrtal consequences are rather different from the environmental
consequences usually discussed in enviionmental impact statements. This is
because, usually, an environmental impact statement is addressed to the conse-
quences of building a facility that will require land, labor, capital investment,
materials, continuing use of air, water and fuel, a socioeconomic infra-
structure, etc. Decommissioning, on the other hand, is an attempt to restore
things to their original condition, which requires a much smaller commitment of
resour.es than did building and operating the facility,

A major environmental consequence of decommiss’ ning, other than radiation dose
and dollar cost, is the commitment of land ar- to the disposa)l of radioactive
waste. Estimates are shown in Table 5.4-1 o ..eé low-level waste disposal
volume required to accommodate radioactive waste »3d rubble ~emoved from the
facility and transported to a licensed site for d.sposal. The volume for ENTOMB
does not include the volume of the entombing structure or of the wastes entombed
within it, only the wastes shipped off-site. The entombing ttructure is, in
effect, a new radioactive waste burial ground, separate and distinct from the
ones in which the wastes in Table 5.4-1 are buried, and may necessitate licens~
ing E:nsidoration such as those for a low-leve) waste burial ground under

(1 R 61).

[f shallow-land buria) of radicactive wastes in standard trenches is assumed,
then a burial volume of about 18,975 m® of radiocactive waste can be accom o=
dated in less .han 2 acres. The two acres is small in comparison with the
1,160 acres used as the site of the reference BWR.

Certain highly activated components of the reactor and its internals may require

disposal in a deep geologic disposal facility rather than in a shallow=land
burial ground because of the large initial level of radicactivity and the very
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Tabie 5.4-1 Estimated burial volume of low-
level radioactive waste and
rubble for the reference BWR

Decommissioning Alternative Volume (m*)

DECON 18,975(2)

SAF5TOR

Qeferred Dccontanination(b)

following Safe Storage

for: 10 Years 10.975(. )
30 Years 18,975
50 Years 1,783
100 Years 1,673
entoms @)
Internals Included 8,042
Internals Removed 8,420

(')lncludcs about 36m* of radicactive waste
att:ibutable to removal of backfitted
material (adapted from Table 5.2-8,
Reference 3).

(b)Radioactivc wastes from preparations
for safe storage are smu«ll in compari-
son to thos from deferred
decontaminat . n.

(C)Althou b, in actuality, there is a
gradual decrease in waste volume
over time, it is not indicated here
for clarity of presentation,

(d)Voluao of entomling structure and the
wastes within are not included.
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long half-lives of ®9Ni and “*Nb. Only about 11.5 m® of material would be
involved and would require appro-imately 89 m® of waste disposal space.

The cost for disposing of these materials in deep geclogic disposals was esti-
mated by PNL to be about $2.9 million (in 1978 dollars).! Based on recent
estimates of deep geologic disposal costs,® it is currently estimated by PNL
that deep geologic disposal of the highly activated materials would cost about
16.2 million (in 1986 dollars). This cost has not been included in the costs o
decommiscioning shown in Table 5.3-1.

PNL considered accidental releases of radioactivity both during decommissior
during transport of wastes and the results are presented in Table 5.4-2, /. dia-
tion doses to the maximally-exposed individual from accidental airborne ravio-
activity releases during decommissioning operations were calculated to be guite
low. Radiation doses to the maximally-exposed individual from accidentai
radioactivity releases resulting from transportation accidents were calciilated
to be low for the mos’ severe accident,

Other environmental consequences of decommissioning are minor comparecd to the
environmental consequences of building and operating i1 BWR. Water use and
evaporation at the rate of as much as 27 x 10° m®/yr ceased when the reactor
ceased operation. The total water use for decommissioning is estimated tn te
about 18 x 10° m®. The number of workers on site at any time will be nu greatar
than when the BWR was in operation and will be much less than when the BWR was
under construction. The transportation network is already in place, but will
require some maintenance if the SAFSTOR mode is selected.

Disturbance of the ground cover need not take place to any appreciable extant
except for filling holes and leveling the ground following removal of under-
ground structures, unless operation of the plant has resulted in contamination
of the ground around the plant. Plowing of the ground would generally result
in lowering average soil contamination levels to those acreptable for releasing
the site for unrestricted use, except for a few more highly contaminated areas
where materials would have to be removed. In th.s case, soi) to depth of
several centimeters and some paving may nave to be removed, packaged, and
shipped to a disposa)l facility before the site can be released for unrestricted
use.

The biggest socioeconomic impact will have occurred before decommissioning
started, at the time the plint ceased operation and the tax income created by
the plant was reduced. No additiona)l public services will be required because
the decommissioning staft will be somewhat smaller than the operating staff.
In tha case of coferred decontamination, the decontamination staff wil)

be larger than the surveillance staff.

55 Comparison of Decommissioning Alternatives

From careful examination of Tables 5.3-1 and 5.3-2 it appears that DECON or
30-year SAFSTOR are reasonable options for decommissioning a BWR., 100-year
SAFSTOR is not considered a reasonable option siace it results in the continued
presence of a site dedicated to radioactivity containment for an extended time
period with 1ittle benefit in aggregate dose reduction compared to 30-year
SAFSTOR. DECON costs less thanquFSTOR and 1ts larger on an annua) basis
occupational radiation dose, which is consistent with routine annual operationa)
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Table S 4-2 Summary of radiation Geses Lo the maxima!ly-exposed individual fror accideatal airborne

radionuc | ide reieases during BWR decommissioning and Lransportati~= &7 wasles

Total Atmospheric Radratron te in rem) from:
felease DECON 4

Incident ~{Ci/hr)(b) First-Year Fifty-Vear First-Year Fifty-Year "nf—'é Fifty-Vear Occurrence(a)
Severe Transportation

Act > 2.0 » 10-7 90 x10-2 20x10" ¥ Ox10-? 20x20' 90x10? 2.0 x 10~ Low
Explosion of PG Leaked

from a Front-end |oader 8.6 x 10-° 7.9 x 10-% 1.5 x 10-% W/ NA NA NA Low
Vacuum Filter-Bag Rupture 85 = 10-* E3x10-% 1.8x10-* 83:10° 18x10*% 83x 16-* 1.8 x 10~ Medium
Minor lransportation

Acc 1dent 5.0 = 10-* 22x10-% 45x10-% 22x10-% A5x10* 2.2x 10-3 4.5 x 10-*  Low
Contamination Contrel

Envelo,e Rupture 1.4 = 10-* 1.0 x 10-% 1.2 x 10-%* WA N/A N/A NA High
Oxyacetylene Explosion 12x10° 3.7 % 10-7 1.6 x 10-% WA N/A N/A N/A Mo ) um
Contaminated Sweeping

Compound Fire 1.1 x 10-% 1L1x10-7 23x107 11x10-7 23x10-7 L1x10-7 23uxl0-7 Medim
Gross Leak During Loop

Chemical Decontamiaation 1.0 x 17 98 x10-* 21x107 98x10-" 21x130-7 9.8«x10* 2.1 x 10-7  Low
filter Damage from Blast-

ing Surges 1.3 = W07 1.2 x 10-% WA NA NA A NA Med i um

R
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Table 5 4-7 (Continued)

Total Atmospheric Radiation Dose to in rem) from:
Re lease DECON g!ﬁ
Inc ident 3 Liihr)(b) rst-Year Ly~ Year rst- rst- Occurrence(a)

Combustible Waste fire 6.0 x 10-* 59 x 10-'% 1.2x10-° 59x10-"° 1.2x10-" S5 9x10-® 12x10-* High
Detonation of Unused
txplosives 4.8 x 10-° 4.8 x 10" B 6 x 10~ WA N/A NA NA Medium

(‘)tn frequency of occerrence considers not only the probzbility of the accident, but also the probability of an atmospheric release of the
calculated magnitude. The frequency of occurrence is listed as "high” if the occurrence of a release of sin lar or grester magnitude per
year is >10-2, as “medium” if Detween 10-7 and 10-°, and as "low" if <10-%

‘”All ateaspheric releases are assumed 1o occur during a 1-hr period, for Comparison purposes.
(g/n = mot applicadte.
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dose for plant operations is considered of marginal significapce to health and
safety.

Either ENTOMB option requires indefinite dedication of the site as a radioactive
waste burial ground. In the ENTOMB option with the reactor internals and its
Inng-lived activation products entombed, the security of the site could not be
assured for thousands of years necessary for radfoactive decay, so this option
is not considered viable. In the ENTOMB option with the reactor internals
removed, it may be possible to release the site for unrestricted use at some
time within the order of a hundred years if calculations demonstrate that the
radioactive inventcry has decayed to acceptable residual levels. However, even
this ENTOMB alternative appears to be less desirable than either DECON or
SAFSTOR based on consideration of the fact that ENTOMB results in higher
radiation exposure and higher initial costs than 30-year SAFSTOR, that the
overall cost of ENTOMB over the entombment period is approximately the same as
DECON, and the far. that regulatory changes occurring during the long entomb-
ment period might result in additional costly decommissioning activity ir order
to release the facility for unrestricted use.

Consideration was given to the situation where, at the end of the reactor opera-
tional life, it is not possible to dispose of waste offsite for a limited period
of time, but not exceeding 100 years (see Section 2.7). Such a constraint

needs to be accounted fur in selecting the decommissioning alternative. Baged
on an analysis by PNL of the technology, safety and cost considerations on
selection of decommissioning alternatives,? it was concluded that SAFSTOR

is an acceptably viable alternative. Unlike the PWR case, DECON and conversion
of the spent fuel pool to an independent spent fuel storage pool for a BWR is

an unlike'y pussibility for the case where all other radicactive wastes can be |
removed offsite, The active phase of maintaining the spent fuel in the pool is
not considered to be part of the regulatory requirements for decommissioning,
but would he considered under the usual operating licensing aspects regarding
nealth and safety with consideration given to facilitation for decommissioning.
Aside from the expenses incurred from storing spent fuel, other costs for
reeping radioactive wastes onsite for the reactor in a safe storage mode were
estimated to have minimal effect on the SAFSTOR alternative compared to this
alternative for radioactive wastes being sent offsite. Site security for stor-
age of spent fuel (which is considered as an operational rather than a decom-
missioning coeigdoration) was estimated at about $0.94 million per year (in
1986 dollars) For a multi-reactor site, such security could result in a
lesser cost because of a sharir~ of required overheads,

(‘)Adapted from Reference 9.
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6 MULTIPLE REACTOR STATION

Most of the operating or planned nuclear power reactors in the United States

are lncated at sites with two or more reactors. Twenty-six 2-reactor sites are
in operation and an additional nine 2-reactor sites are being constructed.

Five 3-reactor sites are in operation. The possibility of locating multiple
facilities at a single site is discussed in References 1 through 4. Possibili-
ties range from a small site containing two or three reactors to a very large
site with up to 40 reactors and other fuel cycle facilities as well. The 1974
AEC study' contemplated up to 40,000 Mwe of generating capacity at a single site,
together with roproccssin? plants, fuel enrichment plants, and waste handling
ano storage facilities. The 1975 NRC study? contemplated power plant centers,
fuel cycle centers, and combined centers. The power plant centers would con-
sist of 10 to 40 1200 MwWe-capacity nuclear reactors; the fuel cycle centers
would include fue! reprocessing olants, mixed oxide fuel fabrication plants,

and radioac’ 've waste management facilities; and the combined centers would
contain both nuclear power reactors and other fuel cycle facilities. The Hanford
Nuclear Energy Center study® assumed that 20 to 40 nuclear power plants would

be waste ma. .gement facilities. A Science magazine article' examines some of
tiese alternatives and argues for a small number of large sites each containing
several reactors, as opposed to a large number of small sites with only one or
two reactors at each site.

It is the purpose of this section to investigate whether significant differences
in the costs, safety, and otner environmental consequences of decommissioning
might exist between a reactor at a single-reactor site and one at a multiple-
reactor station and whether these differences could have an effect on regulatory
considerations. Most of this section is based on a PNL study of the technology,

safety and costs of decommissioning nuclear reactors at multiple-reactor stations.®

In the PNL study, consideration was given to interim storage of waste, permanent
onsite disposal of low-level waste, the dedication o!(i9| site to nuclear power
generation, the availability of centralized services, and the type and number
of reactors present at the station. In addition, major facilitation aspects
such as modular construction concepts which would allow for intact removal of
the reactor pressure vessel during decommissioning were examined.

6.1 Multiple-Reactor Station Description

Although must of the operating or planned nuclear power reactors in the United
States are located at stations with two or three reactors, no commercial site
presently exists with more than three reactors, and no multiple-reactor sites
have been decommissioned. Therefore, it is necessary to develop a model that
permits the identification of factors which could affect the cost and safety of
decommissioning a nuclear reactor at a site where other reactors are operating,
being built, or being decommissioned.

(')Contra1 services include nealth physics services, security forces, solid
waste processing, and equipment decontamination services.
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6.1.1 Multiplie-Reactor Station Concepts

The PNL study® identified several variables that could result in differences
between the costs and radiation doses anticipated for decommissioning a reactor
at a multiple-reactor station and decommissioning an identical reactor at a
single-reactor station. These variables include the number of reactors at the
multiple-reactor station, the type of reactor, the nuclear waste disposal option,
dedication of the site to nuclear power generation, and the provision of central
services.

In the PNL study, sites with 4 and 10 reactors were considered. It is more
likely that the reactors at a multiple-reactor station with a smal) number of
reactors (i.e., four reactors) will be of the same type and design than it is
for a station with a larger number of reactors. However, even at a station with
a large number of reactors including both PWRs and BWRs it is probable that
there will be several reactors of a given type and design. Standardization of
design resul.s in several advantages which can reduce costs and improve safety

during the decommissioning of identical reactors at a multiple-reactor station.
These advantages include:

. minimizing the planning effort for decommissioning the second and later
reactors of an identica) or similar de.ign

. improving the productivity of decommissioning workers due to experience
gained on the first reactor

. improving the planning of decommissioning techniques and effectively im-
plementing the lessons of past experience.

Nuclear waste disposal is the major contributor to the public radiation dose

from decommissioning a nuclear rcactor and is a significant item in the decom-
missioning cost. Decommissioning a reactor at a multiple-reactor station results
in the same quantity of nuclear waste for disposal as decommissioning an identi-
cal reactor at a single-reactor station. However, options for the management

of this waste which may be available at the multiple-reactor station can result
in significant cost and radiation dose reductions. To permit release of a site
for unrestricted use, the radicactive waste from decommissioning an LWR at a
single-reactor station would require disposal at an offsite, licensed nuclear
waste disposal facility. However, at a dedicated nuclear site (which remains

;ostrictod during dedication), options for the disposal of decommissioning wastes
nclude:

1. disposal at an offsite licensed low-level waste disposa) facility

2. interim onsite storage with transfer to an offsite license low-leve)
waste disposal facility at a later date

3. disposal at a permanent onsite low-level nuclear waste disposal facility
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Options 2 and 3 generally result in lower costs and suall‘, occupational and
public radiation doses for waste disposal than option 1.

Other cost and safety benefits may result from the location of multiple electric
generating facilities at nuclear energy centers. Dedication of a site to nuclear
power ?cnorction results in replacement reactors being constructed on a schedule
to achieve startup of a replacement reactor as an old reactor is shut down and
decommissioned. At such dedicated sites, improvements in efficiency as the

labor force gains experience and reduction in the planning effort required for
decommissioning the second and subsequent reactors of the same or similar types
could result in lower decommissioning manpower costs in reduced occupationa
radiation doses.

A number of onsite, centralized services may be available durin? decommissioning
of a reactor at a multiple-reactor station. The major impact of having cen-
tralized services available would be reduction in the cost of decommissioning
each reactor.

6.1.2 Multiple-Reactor in Scenarios

Three multiple-reactor .+ scenarios are chosen for illustration of the
estimated effects of the ‘es described in Section 6.1.1. Details of the
three scenarios are show 6.1-1. Summaries of estimated cost and
occupational and public + v.". lose cductions for de.ommissioning a reactor

at a multiple-reactor static rele .ve to decommissioning a reactor at a single-
reactor station are given . sovtion 6.3,

the site is dedicated to nuclear power generatinn (i.e., a replacement
reactor is started up as each old reactor is s-Jt down)

central facilities are provided onsite
Scenario 111

the station is large (e.g., ten reactors onsite)

the four reactors being decommissioned are of the same type
. low=level nuclear waste is permanently disposed of onsite

. the site is dedicated to nuclear power generation (i.e., a replacement
reactor is started up as each old reactor is shut down)

central facilities are provided onsite.

(‘)Hounver. option 3 would necessitate licensing as a low-level waste burial
ground under 10 CFR 61 in addition to a possession-only license under
10 CFR S0 for the retired reactor(s)






6.1.3 Reference Light Water Reactors

The reference reactors for this analysis of reactor decommissioning at multiple-
reactor stations are the same as those described in PNL studies®'7'® of the
decommissioning of light water reactors at single-reactor power stations. The
reference PWR plant is an 1175-Mwe (3500-Mwt) Vostin?houso pressurized water
reactor, specifically the Trojan Muclear Plant at Rainier, Oregon, operated by
the Portland General Electric Company. The reference BWR plant is an 1155-Mwe
(3220-MWt) Genera) Electric boiling water reactor operated by the Washington
Public Power Supply System; it is designated as the WPPSS Nuclear Project No. 2

| and is located near Richland, Washington. These reactors are also used as bases

| for the decommissioning cost and safety information presented in Chapters 4 and
5 of this GEIS. A brief description of the reference PWR is givcn in Section 4.1,
a brief description of the reference BWR is given in Section 5.1.

6.2 Multiple-Reactor Station Decommissioning Experiznce

No multiple-reactor stations containing more than three reactors have been built
in the United States, and no multiple-reactor stations have been decommissioned.
Therefore, there is no decommissioning history to report. Brief histories of
decommissioning individual commercial nuclear power reactors are given in
Sections 4.2 and 5.2 of this EIS.

g 6.3 Multiple-Reactor Station Decommissioning Scenarios

! In this section, the costs and radiation doses for decommissioning a reactor

' at a multiple-reactor station are compared with those for decommissioning an

. identical reactor at a sin?lo-roactor station. The decommissioning alternatives
considered are DECON, SAFSTOR, and ENTOMB. Decommissioning costs are summarized
in Table 6.3-1 for the reference PWR and in Table 6.3-2 for the reference BwR.
Costs are in 1986 dollars and include a 25% contingency. Occupational dose
information is summarized in Table 6.3-3 for the reference PWR and in

1 Table 6.3-4 for the reference BW" Public dose information is summarized in

| Table 6.3-5 for the reference PWR and in Table 6.3-6 for the reference BwR.

The data in these tables wre derived from the PNL study® on the technology,

| safety and costs of decomm ssioning nuclear reactors at multiple-reactor sta-

" tions and include, where applicable, the costs and doses attributable to nuclear
wastes associated with post-TMI-2 backfit requirements (safety upgrades).® The
bases and assumptions used to estimate decommissioning costs and safety are
given ir the PNL reports.

! Vaste disposal options evaluated include: (1) interim onsite storage of waste

| with later permanent disposal offsite, and (2) permanent onsite disposal. In-

1 terim onsite storage would be designed to remotely place the containers of waste
i ir storage cells and roaotol{ remove the containers at the end of the storage

, period. Onsite storage involves the following tasks:

. packaging
| ‘ transportin? to interim onsite storage
| ' placing in interim storage
5 . rotricvin? from interim storage

: transporting to a permanent disposal facility
piacing in a permanent disposal facility

‘
|
|



Table 6 3-1 Susmary of estimeted cost reduclions when decommissioning each reference PWR at a multiple-reactor station®

DECON SAFSTOR ENTOME
Cost € Cost Reduction Cost,© Cost Reduction Cost,© t Reduction
Cost factor $ millions $ wilTions percent $ millions ¥ @iTTions percent $ millions ons :
Waste Mwl‘
Immediate Offsite Disposal 40.112 e — 40 827 - we 12 609 - -
Onsite ln'rio Storage for 1 P’
30 Years .70 (19.658) (49.0) 37.042 3.785 9.3 13.43% {o.&n (6.6)
Onsite Intgrim Storage for
S0 Years 37.33 2. 6.9 36742 4,085 0.0 10.514 2.085 16.6
Onsite I-u‘h Storage for
100 Years 37.259 2.853 7.1 36.567 4 260 0.8 10.431 2.1m8 12.3
Immediate Onsite Disposal 32.13%% 7.917 19.7 32.185 8642 21.2 6 611 5.998 4.6
Decomm:ssioning Staff Labor?
fo. of Reactors of Same Type:
1 29.183 - - 3.4 - - 24 802 s e
2 26. 750 2*'n 813 28.024 3. 449 11.0 22.478 2.324 9.4
4 25 009 4 )74 23 25.798 5.67% 8.0 .89 3191 15.8
Centra) s.rvim‘
Without Central Services 9. 384 -~ e 11.489 - o 9 384 - e
With Central Services 4 998 4 385 4% 7 5. 866 5.623 48 9 4 998 < 386 4%.7
Totals for ’w-hﬂ.iq
Scenarios
Single-Reacte~ Station 88 7 -~ - 9%.8 e - $1.2 iem o
Scenario 1
Interim for 30 Years 1059 (17.2) (19) 89 6 1.2 7.4 $5.7 1.5 3
Interim Storage for 50 Years 8315 5.2 6 893 1.5 7.8 52.8 44 8
Ints _a Storage for 100 Years 831 4 5.3 6 891 ¥ 8.0 s2.7 45 8




*Summarized from Chapter 8, Appendix A, and Appendix B of Reference 5
“yor 30 years safe storage. Values are the sum of the cost of preparaticns for safe storage plus deferred deccntamination
“Costs are in 1986 dollars and include a 25X contingency.

.u'un exclude the costs of disposal of the last fuel core, exclude cust of demolition of nonradicactive structures and exclude costs of deep
geologic disposal of activated components.

®lncludes the cost of placement in interim storage plus the cost of removal at a later date to permanent offsite disposal.

"parentheses indicate a cost increase.

Uvalues include labor costs for both planning and preparation and decommissioning operations. Security force labor costs are not incluged.
igl:um-ol services include health physics services, security services, solid waste processing, and equipment decontamiration services.
‘multiple-reactor station scemarios ace described in detail in Section 6.1.2

=9
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Table 6.3-2 Susmary of esy'mated cost reductions when decommissioning each reference BWR at a “witiple-reactor station®

DCON SAFSTOR' ) ENTome
Cost,© st Reduction Cost,© Cost Reduction Cost,* Cost Recuction
Cost factor $ millions !;“ﬁm percent $ millions $ wiTlions percent S millions Y@ Tlions percent
Waste Disposal®
Immediate Offs ite Disposal 48 159 - - 40.159 > - 25.814 - -~
Onsite lnfb Storage for ¢ ¢
30 Years 57.703 (13.544) (30.7) 34778 9 381 n? 27.630 (1.818) (7.0)
Onsite Interim Storage for
50 Years 33,697 10. 462 23.7 32.748 11. 411 38 17.370 #4482 2.7
Onsite lou‘ﬁ Storage for
100 Years 33.3% 10 824 24.5 32.3¢ 11 800 %.7 17.030 8 784 H0
Immediate Onsite >torage 29.633 14.526 2.9 29 500 14 659 33.2 16 083 1178 5.5
Decommissioning Staff Labor®
No. of Reactors of Same Type.
1 40195 *e - % 443 - S 38 844 = -
2 37.216 2.91% 7.4 51 940 4.501 8.0 35. 906 2.93 7.6
4 34974 5.221 13.0 48.64] 7.800 13.8 1S 5129 13.2
Central iorvtcu‘
Without Central Services 14.512 - ol 20.020 e .. 14.97% A
With Central Services £8.986 5.526 3.1 12.403 7.617 k1 9.213 5.763 3.5

Totals for ssioning
i“’u:-t
Single-Reactor Station 108.9 - - 128.1 - i 8.6 s il

P R——



Table 5 3-2 (Continued)

DECON sarsToR'9) FNTOME
Cost, ') Cost_Reduction Cost, ') Cost Reduction Cost,'€) Cost Reduct ion
Cost factor $ millions $ @iTTions percent $wiilions ¥ wiiTions percent $ »:llions ons
Scenario |
Interim Storage for 30 Years 1195 (10.6; (10) 114.2 11.9 1 885 1.1 1
Interim Storage for 50 Years %5 3.4 12 112.2 15.9 12 .2 11.4 13
Interim Storage for 100 Years w51 13.8 13 111.8 6.3 13 7.9 1.7 13
Scenarie 11
interim Storage for 30 Years 111.7 (28) 3) 163.3 48 19 80.5 91 10
interim Storage for 50 Years 8.7 21.2 19 011 2.8 21 0.3 193 22
Interim Storage for 100 Years 87.3 21.6 20 100.9 27.2 21 69 9 197 22
Scenario 111 81 6 25.3 23 9.0 3.1 28 &7.0 22 6 25

(a) Sumsarized from Chagtor B8, Appendix A, wnd Appendix B of Reference 5.
(b) For 30 years safe ztorage. Valuss are the sum of the cost of preparations for safe storage plus deferred decontamination.
(c) Costs are in 1986 dollars and include a 25% contingency.
(d) values exclude the costs of dispesal cf the

deep geological dissesal of activated components.
(¢) Inciudes the cosl of placement in interim storage plus the cost of removal at a later date to permanent offsite disposal.
(f) Parentheses indicate a cost increase.
(g) Values inciude labor Costs for both planning and
(h) Central services include health physics services, ity force<, soiid waste processing, and eqwipmsent decontamination services.
(1) Multiple-reactor station scemario= are described in det-i) in Section 6.1.2

last fuel core, exclude cost of demolition of nonradicactive structures and exclude cost of

preparation and decommissioring operations. Security force laber costs are not included.



019

Table 6. 3-31 Summary of estimated dose reductions when decommissioning each reference PWR at a2 multiple-reactor station”

DECON SAF STOR® ENTOMB
Occupational Occupational Occupational Occupat onal Occupational Occupational
Dose, Dose Reduction Dose, Dose Reduction Dose Dose Reduction
Dose tactor man- ree man- rem percent man- rem man- rem percent man-rem man-rem percent
Waste lh.uol‘
lemediate Dffsite Disposal 222.8 - = 113.9 - - 6.9 - —-—
Onsite lnfﬂo Storage for 4 4
30 Years 292.0 (6.2} (31.1) 400 729 69 7.0 (6.1) (9.4)
Onsite Iterim Storage for
50 Years 150.2 2.6 2.6 3.5 774 680 533 11.6 17.9
Onsite ln‘[b Storage for
100 Years 7.1 7.7 M0 3.0 77.9 LU $2.1 12.8 19.7
Immediate Onsite Disposal 132.7 9.1 40 4 21.3 86 .6 7%.0 @2 19.7 3.4
Decosmissioning Staff Laber
No. of Reactors of Same Type:
1 17 -- . 07 - - 9ls -~ -
2 1089 28 A 299 2.6 a9l 23 2.5
4 1050 67 6.0 289 18 59 859 55 6.0
Solid Waste Processing
Without Solid Waste Processing LR - - 1.9 - - 44 -~ -
With Solid Waste Processing 0.6 18 86 4 04 LS 80.0 0.6 is 8 4



-9

Table 6. 3-3 (Continued)

DECON SAFSTOR® FnTOMe
Occupat ional Occupat ional Occupat iona) Occupat ional Occupat ional Occupational
Dose, Dose Reduction Dose, Dose Reduction Dose, Dose Reduction
Dose factor san-rem man-rem  percent man- rem man- rem percent man- res man-rem percent
Totals for Decosmissioning
Scenaries
Single-Reactor Statiom 1477 - oo 558 e ad 979 e =
Scenario |
Interim Storage for
30 Years 1518 (41) (3) 47 a2 15 %2 17 2
Interim Stovage for
50 Years 137 101 7 472 L) 15 “as s N
interim Storage Tor
100 Years 13713 104 7 42 L) 15 %43 W E
Scenarieo 11
Interim Storage for
30 Years 1475 2 <1 465 9 17 930 L3 5
interim Storage for
50 Years 1334 143 10 LI 97 17 €09 0 7
Interim Storage for
100 Years 1330 147 10 a0 98 18 %07 2 7
Scenario 111 1316 161 11 "2 106 19 00 . 8
(a) Summarized from Chapter 9 and Appendix [ of Roference S

(b) For 30 years safe storage. Values are the sum of doses for preparations for safe storage plus deferred decontamination.
(c) Includes the sum of doses from placement in interim storage, retrieval from inrterim storage, and placement in permanent offsite



219

Table 6. 3-4 Susmary of estimated dose r&tim when decommissioning each reference BWR at

a sultiple-reactor station

DECON SarsToR” £ NTOME
Occupational Dccupat Tonal Bicupational  Dccuvpat tonal Bccupational “Uccupat Tonal
Dose, Dose Reduction Dose , Dose Reduction Dose Cose Reduction
Dose factor man-rem man- res percent man- rem man- rem percent man-rem man-res percent
Waste Dh.-ul‘
Immediate 0ffsite Disposal 2743 .- - 128.8 e - 207.1 - .-
Onsite lﬂ!ﬂ. Storage for 4 d o P
30 Years 297.1 (22.8) (6.3) 60.8 o8 0 52.8 216.1 (9.0) (3.8)
Onsite Interim Storage for
50 Years 195.2 1 2.8 Q2.3 8.5 67.2 156.9 50.2 242
Onsite l-u[b Storage for
100 Years 190.5 iR 30.6 41.0 8.8 68 2 153.6 $3.% 5.8
Jemediate Onsite Disposal 173.7 1006 3.7 3% 3 2.5 71.8 139.7 6.4 s
Decommissioning Staff Labor
No. of Reactors of Same Type:
1 ire7 wre e m - - 1606 - -
2 1723 a4 2.5 ¥4 ) 8 2.4 1566 &0 2.5
K 1661 106 6.0 n 20 6.0 1510 B 60
Solid Waste Processing
Without Solid Maste Processing 6.3 - - 33 -~ -~ 6.3 s -
With Solid Waste Processing i.3 5.0 .4 0.8 2.5 75.8 1.3 5.0 794
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Table 6.3-4 (Continued)

DECON SAFSTORY ENTOME
Occupational Occupational Occupat ional Occupational Occupat iona) Uccupat iona)
Dose, Dose Reduction Dose, Dose Reduction Dose, Dose Reduction
Dose factor man-rem man- res percent man- rem man- rem percent man- rem man- rem percent
Totals for Decomsissioning Scemarios
Single-Reactor Station 2122 - o 549 - 1894 -- -
Scenario |
Interis Storage for
30 Years 21 21 <l 473 % 14 1863 n 2
Interim Storage for
50 Years 1999 123 3 a5 9% 18 1804 % 5
Interim Storage for
100 Years 1994 128 453 9% 17 1800 e 5
Scenario 11
Irterim Storage for
30 Years 2034 A 1 458 91 17 1802 92 5
Inter‘= Storage for
50 Years 1932 190 9 447 109 20 1743 i51 L)
Interim Storage for
10¢ Years 1927 19% 9 439 11e 20 1739 155 ]
Scenario I1i 1910 212 10 434 115 21 1726 188 9
(a) Summarized from Chapter 9 and Appendix C of Reference 5.
(b) For 30 years safe storage. Values are the sum of doses for preparations for safe storage plus deferred decontamination.

(c) Includes the sum of doses from placement in interim storage, retrieval from interim slorage, and placement in permanent of fsite

disposal, including transportation
(d) Parentheses indicate a dose increase.
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Tanle 6 3-5 Summary of estimated ”M‘ dose reductions when decommissioning each reference PR at

# sultiple-reactor station

DECOw SAFsTOR® ENTOme
Public Public Public Pub) ic Public Public
Dose, Dose Reduction Dose, Dose Reduction fose, Dose Reduction
Dose factor man- rem man- rem percent man-rem man- Tem percent san-rem man- rem percent
Waste Transportation
Transport to lemediate
Offsite Disposal 20.6 - - 19.9 - - 4.5 - e
Transport Lo 0ffsite Disposal After
Interim Storage for:
30 Years 7.9 2.7 13.1 2.4 1.5 87.9 3s i1 24 4
50 Years 30 17.6 85 4 1.8 8.1 1.9 LS 390 6.7
100 Years 30 17.6 85.4 1.8 18.1 %1.0 1.4 31 8.9
Transport to lemediate Onsite
Disposal 0.0 20.6 100.0 0.0 19.9 100.0 0.0 45 100.0
Total !‘l& Dose for Decommissioning
Scenarios
Single-Reactor Station 0% s~ > 199 - - - - -
Scenario 1
Interim Storage for 30 Years 179 2.7 13.1 2.4 17.5 87.9 3a 1.1 43
Interim Storage for 50 Years 30 17.6 g5 4 1.8 18.1 910 LS 30 5.7
Iinterim Storage for 100 Years 3.0 17.6 a5 a 1.8 8.1 .0 1.4 31 68.9
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Table 6 3-5 (Continued)

DECON SAFSTOR N
Public Public Public Public Public Pablic
Dose, Dose Reduction Dose . Uose Reduction Dose, ion
Dose factor man-res man-rem percent man-row man-res percent man- res man- rem
Scenario 11
interie Storage for 30 Years 17.9 2.7 13.1 2.4 17.% 87.9 34 1.1 244
Interim Storage for S0 Years 30 1.6 85 s 1.8 8.1 910 1.5 30 8 7
Interim Storage for 100 Years 3.0 17.6 a5 4 1.8 18.1 1.0 1.4 31 68 9
Scenario 111 090 20. 1090 0.0 199 100.0 0.0 45 1000

(b) For 30 years of safe storage. umﬁmu—dmmmm'wmsm.mmwm.
e ons are estimated to be less than 0 001 man-rem for all decommissioning alternatives.
to the public is estimated 1o result almost entirely from the transportation of nuclear waste to offsite disposal.
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Table 6 36 Summary of estimated n‘n dose reductions eien decommissioning sach reference BWR at a2
sylitiple-reactor station

DECON SaF STORY Nt
Public Public Public Pub)ic Public Public
Dose, __Dose Reduction Dose, Dos Reduction Dose, Dose Redwc:ion
Dose factor man-rem ®an-rem  percenl  man-rem man-ree  perceni mar- rem man-rem percent
Waste Transportation
Transport to lemediate
Offsite Disposal 224 e - 20.8 - o 96 - -
Transport to 0ff;ite Disposal After
interin Storage for:
30 Years 17.0 54 24.1 41 6.7 80.3 9.2 0.4 42
S0 Years 35 18.9 848 1.2 196 9.2 2.9 6.7 9.8
100 Years ia 190 888 1.0 19.8 %.2 28 6.8 7.8
Transport to [mmediate Onsite
Disposal 00 2.4 100.0 00 20.8 100.0 00 9.6 100.0
Total Ml&,ﬁn for Decommissioning
Scenarios
Single-Reactor Station 24 .- - 20.8 - -~ 96 - -
Scenario |
Interim Storage for 30 Years 170 54 24 41 6.7 B0 82 04 4
Interin Storage for 50 Years 15 189 =4 52 96 .4 29 6.7 bo
Interim Storage for 100 Years 3.4 190 L) 1.0 198 * 2.8 6.8 n



Table 6 3-6 (Continued)

SAFSTOR®

Dose
mar rew

man- rem percent mar-rem

Dose factor

Scenario 11

b e
cee

new
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enw
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9 of Reference

Scenario 111

ations sve estimated to be less than 0. 05 man-vem Tor all decommissioning alternatives.
410 result almost entirely from the transpurtation of nuclear wasle to offsite disposal.

ioning oper
lic is estimated

3

Valses are (e sum of doses for preparations for safe storage plus deferred decontamination.






equipment decontamination services
maintenance chops and services
laundry services

transportation services

central stores.

The availability of the first four of these services is estimated to result in
significant cost savings for decommissioning. Solid waste processing is also
estimated to result in a reduced occupational radiation dose.

Centralized health yhysics services at a multipie-reactor station could greatly
reduce the costs of health physics activities at each reactor, during both the
reactor operating 1ife and the decommissioning period following operation. The
two major factors postulated to contribute to this cost reduction are:

. the reduced health physics staff overhead at each reactor, resulting from
the sharing of certain staff members between several roactors at the site

' the reduced peak-load staffing requirements per reactor, because the large
poc] of health physics techniques at the site can be shared between
reactors as needed

Two factors that account for a reduction in security force costs during
decommissioning at a multiple-reactor station are:

. the overhead structure for each reactor can be reduced by sharing certain
staff members between reactors

. the off-shift coverago at a reactor being decommist ioned can be reduced
or eliminated after the spent fuel has been shipped (no special nuclear
material at the reactor) if provision is made for routine spot-checks by
roving sucurity patrolmen reducing the overall personnel requirement,

At a multiple-reactor station, a central waste incinerator to serve the whole
station can reduce the volume of combustible radicactive waste by about a factor
of 25. Therefcre, a central waste incinerator can prov.de significant savings
in waste disposal costs and in occupational exposure to transportation workers
for both the operating and decommissioning phases of reactor life,

Equipment decontamination services can be more fully utilized at a multiple-
reactor station than at a single-reactor station, tioroby increasing the economy

of these servicas and the economic incentive to provide improved services and
facilities at a multiple-reactor station. Several types of equipment decontami-
?at:sniservicos are considered to be available at a multiple-reactor station,
ncluding:

. decontamination of special tools and equipment used for decommissioning,
allowing maintenance and reuse of these items

mobile decontamination systems for in situ chemical decontamination of
piping and components

' central electropolishing and chemical decontamination facilities for
improved decontamination of pipe sections and components

6-19
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Scenario | with interim onsite storage for 30 years to a reduction of about
$25.3 million fov Scenario I11.

The same factors examined in the cost analysis are considered in estimating
changes in occupational radiation dose from DECON for a reactor at a multiple-
reactor station. With the exception of 3C-year interim onsite storage of the
nuclear waste from DECON, all of the factors considered result in & reducticn

in occupationa)l cose. The greatest dose reduction results from immediate onsite
disposal of the nuclear wasie because of the lorgo reduction in dose to trans-
portation workers. The largest percentage reduction in occupational dose results
from solid waste processing. However, the absolute value of this dose reduction
is small because the total dose from the packaging of contaminated combustible
wastes for shipment is small. For each of the dose factors, the percentage
;::uctions in occupationa) exposure are about the same for both the PWR and the

The changes in total occupational dose shown in Tables 6.3-3 and 6.3-4 are the
sums of the dose reductions (or dose increases) for the individua) dose factors
shewn in the tables. With the exception o) multiple-reactor station scenarios
that involve interim onsite storage of nuclear waste for 30 years, the total
occupational dose from DECON at a reactor 2t a multiple-reactor station is
estimated to be smaller than that from DECON at a linglo-rcactor station. For
the reference PWR, changes in the total occupational dose from DECON for a
reactor at a multiple-reactor station range from an increase of about 41 man-rem
for Scenario I with interim onsite storage for 30 years to a reduction of about
161 man-rem for Scenario 1I1. For the reference BWR, changes in the total
occupationa)l dose from DECON at a multiple-reactor station range from a decrease
of about 21 man-rem for Scenario | with interim onsite storage for 30 years to

a reduction of about 212 man-rem for Scenario III.

As shown in the reference PNL studies®'7'® on the decommissioning of nuclear
reactors at single-reactor stations, the public dose from norma) decommissioning
activities is small and comes principally from the transportation of nuclear
wastes to a licensed offsite disposal facility. Interim onsite storage of the
nuclear waste from decommissioning can significantly reduce this already small

public radiation dose, especially if the onsite storage period is 50 to 100 years.

Permanent onsite disposal of the nuclear waste from decommissioning reduces the
dose to the public from waste transportation activities to zero.

6.3.2 LAFSTOR

SAFSTOR is defined as those activities required to place a reactor in a condi-~
tion that poses an acceptable risk to the public (preparations for safe storage)
and safely stores the property for as long as desired to allow decay of some of
the radioactivity, followed by decontamination of the facility to levels which
permit release of the facility for unrestricted use (deferred decontamination).
As shown previously in Chapter 4 and Chapter 5, SAFSTNR results in greatly re-
duced occupational radiation doses because decommissioning activities that must
be performed immediately after reactor shutdown when radiation exposure levels
are high are kept to a minimum, and the major decommissioning activities (de-
ferred decontamination activities) take place after *°Co has decayed to levels
that result in significantly reduced radiation dose rates. SAFSTOR may be used
to advantage at a multiple-reactor station where there is less incentive to
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decontaminate a reactor to unrvestricted use levels immediately faollowicg
shutdown.

One ¢f the principal disadvantages of SAFSTOR, namely that personnel familiar
with the construction and operation of the plant may not be available at the
end of the safe storage period to assist in deferred decontamination, may be

less of a problem at a multiple-reactor station than at a single-reactor station.

Personne! would normally be available onsite at a multiple-reactor station who
have similar construction and operating experience, even though they might not
be intimately familiar with the nlant currently being decommissioned.

The information in Tables 6.3-1 through 6.3-6 on cost and dose reductions for
the SAFSTOR alternative assumes a safe stora?o period (the period following
reactor shutdown unti) deferred decontamination takes place) of 30 years.
Information on cost and dose reductions for SAFSTOR at multiple-reactor ttctﬂens
with 50- and 100-year safe storage periods is presented in the PNL Jtudy® on
which this chapter is based. In general, the cost and radiation dose reductions
for interim onsite storage or onsite disposal of nuclear waste are not as great
following safe storage periods of 50 or 100 years as they are following « safe
storage period of 30 years, This is because the radicactive decay associated
with the 50- and 100-year safe stora’o periods results in waste management
requirements which are already significantly reduced from what would be required
for offsite disposal of the waste fumediately following reactor shutdown,

The cost and occupational dose values for 30-year SAFSTOR presented in

Tables 6.3+1 through €. .3-4 are the sum of values for preparations for safe
storage plus deferred decontamination. In ?nnora\. the estimated percentage
decreases in decommissioning costs for multiple-reactor station deco-lissionin?
are approximately the same for 30-year SAFSTOR as they are for DECON. The esti-
mated percentage decreases in occupational dose for multiple-reactor station
decommissioning are approximately twice as large for 30-year SAFSTOR as they
are for DECON. An exception is the case of or.'te interim storage of nuclear
waste for 30 years which is estimated to resul. in cost and dose increases for
DECON but in cost an¢ dose decreases for 30-year SAFSTOR. The decreases for
SAFSTOR result from the fact that a aa{or portion of the decommissioning waste
from this alternative is generated dur ng deferred decontamination, and the
30-year safe storage period followed by 30 years of onsite stor results in
significant radioactive decay and in reduced disposal requirements.

As in the case for DECON, radiation dose to the public from SAFSTOR results
dlmost entirely from the tran<portation of nuclear waste to on offsite licensed
disposal facility. Interim onsite storage of the nuclear waste from SAFSTOR
results in a significantly reduced public dose from waste transportation

activities, and permanent onsite disposal of the waste reduces this dose to
zero,

6.3.3 ENTOMB

ENTOMB is the encasement and maintenance of the nonreleasable radioactive
materials in a mono)ithic structure to ensure complete isolation of the radio
nuclides from the environment until the radicactivity hes uvecayed to levels
which permit release of the facility for unrestricted use.
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Two approaches to ENTOMB are possible: 1) the reactor vessel internals, which
have extremely long-lived radicactivity, are removed and shipped to a nuclear
waste repository and 2) the reactor vessel internals are left in place. In
each case, as wuch of the contaminated equipment from outside the entombment
structure as can be stored in the entombment structure is moved there. In the
first case, because of the relatively short half-lives of the entombed radio-
activity, it be possible, without dismantling the structure, to terminate
the amended nuclear license and release the entombment structure for unrestricted
use after a continuing care period of about 100 years. (Mowever, present
regulatory guidance does not allow such action without a comprehensive survey to
establish that radicactive contamination is within acceptable release limits.)
In the second case, »xisting regulations require the amended nuclear license to
remain in force for an indefinite period of continuing care, unless the reactor
vessel internals are removed at a later date.

When it becomes desirable to terminate the amended nuclear license for ENTOMB,
dismantling of the entombment structure may be required for the second approach.
This represents a task that is much more diffirult than dismant)ing the unan-
tombed facility, since the entombment structura is built to endure for a long
period of time. Therefore, the second approach to ENTOMB, and perhaps the first
approach also, must be viewsd as an almost irrever<ible commitment to long-term
maintenance of tha ruclear license. (However, dismantlement of the entombment
structure is not impossible, «nly very difficult.) Based on the above consider-
ations, the second approach to ENTOMB, and perhaps the first approach also,

must be viewed as relatively unattractive decommissioning alternatives for a
multiple-reactor station,

The cost and dose information presented in Tables 6.3-1 thr 6.3-6 are based

on the first approach to ENT (=emoval of the reactor vessel internals prior

to entombment). On a percentage basis, cost and dose reductions from ENTOMB for

& reactor at a multipie-reactor station are estimated to be comparable to cost

and dose reductions frow DECON. The radiation dose to the public is significantly
reduced for interim onsite storage of radicactive wastes followed by later dis*
posai at a licensed offsite facility, and is reduced to near zero for confinement
of wastes to the site (multiple-reactor starion Scenmario 111).

6.4 Environmenta) Consequences

As shown in Sections 4.3 and 5.3, the greatest radiological impact to the public
‘ from decommissioning of a nuclear power reactor is the possible radiation dose
| from truck shipment of the nuclear waste to a shallow-land disposal site. At
a multiple~reactor site, interim stor of the waste to permit radiocactive
decay or permanent onsite disposal would reduce or eliminate the alre small
dose to the public from transportation of the decommissioning wastes. Releases
of radicactivity to water durirg decommissioning will be negligible, as in the
case of facilities on single-station sites. Impacts to the public from releases
of radicactivits to the air will be less than in the case of single-reactor
sites. This is because the public will be, on the average, farther away from |
each reactor because of the large arec occupied by a multiple~reactor statiun. |

Radiological impacts to transportation workers wil) be less then they would be
'f the wastes were immediately transported to an offsite disposal location, |
However, for interim onsite storage of the wastes, the *otal radiation dose to
workers who must handle the wastes during emplacement and retrieva) operations
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would increase. The possibility is excellent that the radiation dose to decom-
| missioning workers can be raduced hecause of the experience gained from the
f repetition or the decommissioning process.

approximately 1 km? of land to be used for a shallow-land burial ground.

Approximately 10% of the burial ground area is estinated to be required for ,
- the storage or disposal of doco-l1ssion1n? wastes. Appropriate control of
‘ in'ontory and site will allow for unrestricted release in several hundred years
following shaliow=land burial. '®'! Ragiesctive wastes that would require
longer time periods to achieve unrestricted release are assumed to be placed in
appropriate intermediate-depth burial grounds as per 10 CFR Part 61 either
onsite or in a deer geologic repository offsite. }

' Waste disposal at a site dedicated for nuclear power generatior would require

A major socioeconomic impact w«il) occur at the time construction of the last
eactor is completed at a Gedicated multiple-reactor station, If decommissioning
_ has proceeded as older reactors are retired from service, decommissioning crews

| will already be on site and construction crews will be discharged when construc:
tion is completed. Docommissioning of the final reactors re.ired from service
will be performed by personnel who have operated these reactors. Fo\\auin’
decommissioning of the last reactor, only a minimal crew will be required for
surveillance of reactors that are being maintained in safe storage and to provide
surveiilance activities for the radicactive waste buried onsite,

: 6.5 C risons of Reactor Decommissioning at Multiple-Reactor Stations and
ag Ef@g1g-ii

actor Stations

S ——

Based on the information presented in Section 6.3 and in Tables 6.3-1 through
6.3°6, the following conclusions may be drawn with regard to the cost and safety
of decommissioning a nuclear power reactor at a multiple-reactor station,

1. Necommissioning of » light-water reactor at a multiple-reactor station
i ubably will be less costly and result in lower occupational radiation
dos#s than decommissioning of an fuentical reactor at a single-reactor
scatien.  The option of onsite storage or disposal of the nuclear waste
at & myltiple-re. ctor station has the potential of reducing the public
vadiation dose from reactor decommissioning to near 2ero.
I

2. Although the magnitude:z of *he decommissioning costs and occupational
radiation doses are less, the relative standing of the costs and doses for
the three decommissioning alternativys is mot changed at the multiple-
reactor station compared to a single-reactor station. SAFSTOR results in

: the lowest occupational radiation dose but cvnorollg.has the highest costs

| (in constant dollars). ENTOMB, if the reactor can released for unre-

' stricved use after 100 vears or surveillance, is estimated to have the

lowest cost. DECON is 2stimated to have the highest radiation dose and an
| intermediate decommissioning cost.

3. Decommissioning costs and nccupational radiation doses for the two types
of reactors (PWR and BWR) are affected in about the same way by the factor:
studied at multiple-reactor stations. In determining if there is a cost
or dose adventage for decommissioning nuclear reactors at a multiple-reactor
station versus a single-reactor station, the type of reactor (PWR or BwWR)
has little influence on the result.
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7 RESEARCH AND TEST REACTORS

A research reactor is defined in 10 CFR 170.3(h)! as a nuclear reactor licensed
for operation at a thermal power level of 10 megawatts or less, and which is

not a testing facility. A testing facility (i.e., a test reactor) is defined

in 10 CFR 50.2 as o iwuclear reactor licensed for operation at: 1) a thermal
power level in excess of 10 megawatts, or 2) a thermal power level in excess of
1 megawatt if the reactor is to contain: a circulating loop through the core

in which the applicant proposes to conduct fuel experiments, or a liquid fuel
loading, or an experimental facility in the core in excess of 16 square inches
in cross-section. There are 84 nonpower rescarch and test (R&T) reac’ors in the
U.S. that are licensed by the NRC. Of these 76 are research reactors, and 8 are
test reactors. The level of activity of these facilities ranges from no longer

operational, to occasional use, to intermittent use, to steady and scheduled use.

Because of the diversity in types and sizes of R&T reactor facilities and in
the operational schedules and lifetimes associated with them, the level of ef-
fort required to decommission them varies ?reatly. Necessary actions can range
from simple, relatively inexpensive decomm ssionin? activities and administra-
tive procedures to extensive decontamination and disposal activities costing
millions of dollars. This section presents an assessment of the environmenta)
effects that may be expected from the decommissioning of R&T reactors and is
based primarily on information from a study? of the conceptual decommissioning
of a reference research reactor and of a reference test reactor. The study
focused on one research facility and on one test facility, each representin? a
significant decommissioning t«ck. Because it was not practical to include in
one study examples of the decommissioning of all cla of R&T reactors, by
examining selected facilities and some components an. erations common to many
facilities, the study provided data that would be usef. in estimating the re-
quirements and costs of decommissioning other facilities not specifically con-
sidered.

The reference test reactor is assumed to be located at the generic site
described in Cection 3.1. The reference site used for the study of the
reference research reactor is the campus of a large university and is described
in Section 3.2, As part of the study, PNL developed information on the avail-
able technology, safety considerations, and probable costs for decommissioning
the reference RAT reactors at the end of their useful operational lives. In
addition as part of an addendum® to the study,? PNL analyzed selectea cases

to consid?r the sensitivity of decommissioning costs and radiation doses to
reactor size.

7.1 Description of R&T Reactors

7.1.1 Reference Research Reactor

The reference r search reactor is the Oregon State University TRIGA Reactor at
Corvallis, Oregon. This reactor is a 1 Mwt, above-ground, open=pool nuclear
training and research facility. The reference research reactor is made up of a
reactor tank and J core structure and a TRIGA type contro) system. Majior
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structures comprising the reference research reactor include a reactor building
(housing the TRIGA reactor and support area), a cooling tower, an annex ghous-
ing a hot laboratory area and hot cell), a heat exchanger building (housing a
water purification system, water pumping systems, and air - wpressor systems), a
pump house (housing a liquid waste retention tank), and a radiation cencer
building (housing a waste processing and storage roc ).

7.1.2 Reference Test Reactor

The reference test reactor is the Plum Brook Reactor at Sandusky, Ohio operated
by the National Aeronautics and Space Administration. The Plum Brook reactor
is a 60 MWt materials test reactor, light water moderated and cooled, used in
testing materials for certain applications. Although Plum Brook has been actu-
ally shut down since 1973 it is analyzed in the study? as if it had recently
been shut down. The testing syst.m of the Plum Brook reactor is made up prin-
cipally of the test reactor vessel (containing the nuclear core and experimen-
tal beam tubes) and the reactor water recirculation system. Major structures
comprising the reference test reactor include a reactor building (housing the
test reactor), a hot laboratory building with seven hot cells, a primary pump
house, an office and laboratory building (housing radiochemistry laboratories),
a fan house (housing ventil:tion systems and waste ion exchangers and filters),
a hot retention area (holding waste tanks), a cold retention area, an emergency
retention basin, and a waste handling building.

7.2 Research and Test Reactor Decomuissioning E; perience

Due to the relatively large number of research ani test reactors in the U.S.
and the diversit; of thei~ use, a number of resea‘ch and test reactors have
either been decommission. : by the use of DECON or are being decommissioned by
placing them into safe storage. A list of experience with decommissioning of
research and test reactors is given in Table 7.2-1. These experiences indicate
that the basic technologies for decontamination and dismantlement of these
types of R&T reactors have been carried out successfully and can te modified as
necessary to suit site-specific conditions.

7.3 Decommissioning Alternatives

Once a research or test reactor has reached the need of its useful operating
life it must be decommissioned. As discussed in Section 2.3, this means safely
removing the facility from service and disposing of all radicactive materials in
excess of levels which would permit unrestricted use of the property. Several
alternatives are considered here as to their potential for satisfying this gen-
eral requirement for decommissioning. The decommissioning alternatives consid-
ered and discussed here are DECON, SAFSTOR, and ENTOMB. The alternative used
depends on such considerations as cost, dose, physica) design of the facility,

types of residual radioactivity present. proposed use of the site, and desir-
ability of terminating the license.

Discussion of the decommissioning alternatives follows:

7.3.1 DECON

DECON is defined as the immediate removal and disposal ~f al) radiocactivity in
excess of levels which would permit release of the fac . lity for unrestricted use.
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Table 7.2-1 Experience with research and test reactor deconnissionings(a)

Thermal End of Decommissioning

Power Operation Method
11linois Inst of Tech. 100 kW 1967 DECON
USN Research Lab 1 Mw 1970 DECON
NC State 100 W 1963 DECON
Industrial Reactor Labs 5 MW 1975 DECON
US Navy Post Graduate School 0.1W 1971 DECON
North American Aviation 5W 1958 DECON
Oklahoma State Univ. 0.1 W 1974 DECON
Navy Hospital 5W 1962 DECON
University of Akron 0.1 W 1967 DECON
Univ. of Calif, 0.1W 1966 DECON
Univ. of Delaware 0.1W 1977 DECON
Gulf United Nuclear 100 W 1971 DECON
Oregon State Univ, 0.1 W 1974 DECON
Rice Univ. 15 W 1965 DECON
Univ. of Wyoming 10 W 1974 DECON
Polytechnic Inst. of NY 0.1W 1973 ECON
Walter Reed Medical Ctr. 50 kW 1971 DECON
Lockheed 3 MW 1970 DECON
Univ. of Nevada 10 W 1974 DECON
General Dynamics 500 W 1965 DECON
General Atomic Co 1.5 MW 1973 DECON
Gulf General Atomic 500 W 1967 DECON
Gulf 011 500 W 1973 DECON
NUMEC 1 MW 1966 DECON
Battelle Memorial Inst. 2 MW 1974 SAFSTOR
Watertown Arsenal 5 MW 1970 SAFSTOR
Rockwell Inter. Lor 10 W 1974 SAFSTOR
Oregon State Univ. 0.1 W 1978 SAF5TOR
NC State Univ. 10 kw 1973 SAFSTOR
West Virginia Univ. 75 W 1972 SAFSTOR
Stanford Univ 10 kW 1974 SAFSTOR
NASA Mock=-up 100 kw 1973 SAFSTOR
Calif. Polytech. Univ, 0.1 W 1978 SAFSTOR
Diamond Ordnance Facility 250 kW . DECON
Ames Laboratory 5 MW . DECON
Lynchburg Poo)l Reactor 1 MW - DECON
wWestinghouse Test Reactor 60 Mw 1962 SAFSTOR
Plum Brook Test Reactor 60 Mw 1974 SAFSTOR
Saxton Test Reactor 28 MW 1972 SAFSTOR
GE EVESR Test Reactor 17 MW 1967 SAFSTOR
BAW BAWTR Test Reactor 6 MW 1971 DECON
SEFOR Sodium Test Reactor 20 MW 1972 SAFSTOR

(a) Adapted from References 2 and 3.
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Nonradioactive equipment and structures need not be torn down or removed as part
of a DECON procedure. To accomplish DECON, all potentially contaminated systems
must be disassembled and removed and all contaminated material must be removed
from the facility and be transported to a ragulated disposal site. The end
result is the release of the site and any remaininx structures for unrestricted
use shortly after the end of facility operation. Also DECON assumes the availa-
bility of capacity to handle wastes requiring disposal.

DECON is advantageous because it allows for termination of the NRC license
short)y after cessation of facility operations and removes a radioactive site.
DECON is advantageovs if the site is required for other purposes or if the site
is extremely valuable. It is also advantageous in that the facility operating
staff is available to assist with deconnissionin? and that continued surveil-
lance is not required. A disadvantage of DECON is the higher occupational dose
than for other alternatives for research reactors and than for SAFSTOR for test
reac tors, although s discusses below the difference in dose for the reference
research reactor is sery smali and for the reference test reactor it is not
substantial.

The PNL studv shows that, for the reference research reactor, DECON would re-
vuire about 1.7 years to complete, incluaing 1 y2ar for planning and prepara-
tion. 7+ 'ur to final reactor shutdown, and, for the reference test reactor,
DECON would require about 4.1 years to complete, including 2 years for planning
and preparation. The costs (updated to 1986 dcllars) for D€fZi for the refer-
ence R&T reactors are given in Tables 7.3-1 and 7.3-2, respectively.

Three important radiation exposure patiways need to be considered in the evalu-
ation of the radiation safety of normal reactor decommissioning operations:
inhalation, ingestion, and external exposure to radioactive materials. For
reasons similar to that discussed for PWRs in Section 4.3.1, during decommis-
sioning the dominant exposure pathway to workers is external exposure while for
the public the dominant exposure pathway is inhalation. ODuring the transport

of radiocactive waste, the dominant exposure pathway is external exposure for
both transportation workers and the public. A summary of the occupational doses
resulting from these pathways for the reference research and test reactors

is presented in Tables 7.3-3 and 7.3-4, respectively. The dose to the public
from radionuclide releases during DECON activities and from truck transportation
of radioactive waste from DECON at the reference research reactor is estimated
to be negligible (less than 0.1 man-rem). The dose to the public from routine
releases during DECON activities at the reference test reactor are estimated to
be negligible and the dose to the public from truck transport of wastes from the
reference test reactor is estimated to be 2.2 man-rem.

7.3.2 SAFSTOR

SAFSTOR is defined as those activities required to place (preparation for safe
storage) and maintain (safe storage) a research or test reactor ir such condi-
tion that the risk to safety is within acceptable bounds, and that the facility
can be safely stored and subsequently decontaminated to levels which permit
release of the facility for unrestricted use (deferred decontamination).

An advantage of SAFSTOR is that there is reduction in occupational and public

dose although as can be seen from Tables 7.3-3 and 7.3-4 the occupational doses
from the reference resea ch reactor do not decay by a large amount and the dose
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Table 7.3-1 Summary of estimated costs for
research reactor in $ millions

egsg’-issioning the reference

Decommission SAFSTOR

) DECON  T0 Vears 30 Vears 100 YVears entom( <)
DECON 1.22 Nl A NA NA
Entombment NA NA NA NA 0.74
Safe Stora?e

Preparation NA 0.67 0.67 0.67 NA
Continuing Care NA 0.41 P 4.3 0.008/yr
Deferred

Decontamination NA 1.21 1.08 0.95 NA
Total 1,22 2.29 3.05 5.92 0.74 + $8K/yr

(‘)Va1ues include a 25% contingency and are in constant 1986 dollars.

(D)Values exclude cost of disposal of last core and cost of demolition of
nonradiocactive structures.

(C)Adapted from Reference 2.

(d)NA-not applicable.

Table 7.3-2 Summary of estimated costs
test reactor in $ millions

(grbqeconmi,sioning the reference

Decommissioning SAFSTOR

£ rement (€ DECON 10 Years 30 Years 100 Years enTom (<)
DECON 24.2 O NA NA
Entombment NA NA NA NA 21.3
Safe Storage

Preparation NA 10.9 10.9 10.9 NA
Continuing Care NA 1.5 4.6 15.5 0.052/yr
Deferred

Decontamination  NA 14.4 14.4 11.2 NA
Total 24.2 26.8 29.9 37.6 21.3 + $52K/yr

(a)Valucs include a 25% contingency and are in constant 1986 dollars.

(D)Valucs exclude cost of disposal of last core and cost of demolition of
nonradioactive structures,

(C)Adlptod from Reference 2.

(d)NA-not applicable.



Table 7.3-3 Summary of radiation safety analyses for decounisslgging the
reference research reactor (values are in man-rem)

SAFSTOR
DECON 10 Years 30 Years 100 Years ENTOMB
Occupational Exposure
Safe Storage Preparation NA 13.1 13.1 13.1 NA
Continuing Care NA 0.5 0.8 0.8 neg.
Decontamination 18.3 1.9 0.1 0.1 NA
Entombment NA NA NA NA 16.6
Safe Stor. Prep. Truck
Shipments NA 0.1 0.1 0.1 NA
Decontamination Truck
Shipments 0.3 n:g n:g ne NA
Entombment Trueck Shipments NA N 0.1
Total 18.6 15.2 14,1 14.1 16.7

(a)All entries are from Reference 2. NA means not applicable and neg means

negligible.

Table 7.3-4 Summary of radiation safety analyses for decourx’sioning the
reference test reactor (values are in man-rem)

SAFSTOR

Occupational Exposure

Safe Storage Preparation

Continuing Care

Decontamination

Entombment

Safe Stor. Prep. Truck
Shipments

Decontamination Truck
Shipments

Entombment Truck Shipments
Total

DECON 10 Vears 30 Years 100 Years ENTOMB
NA 112 112 112 NA
NA neg nag ne neg

322 86 6 1 NA
NA NA NA NA 425
NA 12 12 12 NA
22 2 neg neg NA
NA NA NA NA 19

344 212 130 125 444

(‘)Al1 entries are from Reference 2.

negligible.

NA means not applicable and neg means
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reduction from the reference test reactor is marginally significant. In addi-
tion as noted in Section 7.3.1 the public dose from the reference research re-
actor is negligible and from the reference test reactor is very small. Other
reasons for use of SAFSTOR include shortage of radioactive waste disposal space
offsite or presence of other nuclear facilities onsite. A disadvantage of
SAFSTOR is that the licensee is required to maintain a possession only license
and to meet its requirements at al) times during safe storage thus contributing
to the number of sites dedicated to radioactive confinement for an extended
time period. Other disadvantages are that surveillance is required, the dollar
costs are higher than for DECON, and the experienced operating staff may not be
available at the end of the safe storage period to assist in the deferred
decontamination.

The PNL study shows that the costs of SAFSTOR are greater than those of DECON
and vary with the number of years of safe storagg. Tables 7.3-1 and 7.3-2 pre-
sent a summary of estimated costs (updated to 1986 dollars) for decommissioning
the reference research and test reactors, respectively.

The estimated radiation doses due to SAFSTOR at the reference research and

test reactors are estimated in the PNL study? and a summary of the occupational
doses for these facilities are contained in Tables 7.3-3 and 7.3-4. The dose

to the public during SAFSTOR activities and truck transport of radioactive wastes
from SAFSTOR at the reference research reactor are estimated to be negligible
(less than 0.1 man-rem). For the reference test reactor, the dose to the public
from routine releases during SAFSTOR activities are estimated to be negligible
and the dose to the public from truck transport of wastes is estimated to be 0.35,
0.14 and 0.11 manrem for storage periods of 10, 30, and 100 years respectively.

7.3.3 ENTOMB

ENTOMB of a research or test reactor requires its encasement in concrete

to protect the public from radiation exposure until its radioactivity has de-
cayed to levels permitting release of the facility for unrestricted use. The
amount and the half-life of the residual radioactive material in the facility

to be entombed determines the time period that the integrity of the structure
must be assured. ENTOMB includes the entire process of first entombing and then
continuing some surveillance to assure the integrity of the structure until the
encased material is confirmed to have decayed enough to allow unretricted release.
ENTOMB also requires a nuclear license to remain in force. The facility and site
preparations include comprehensive cleanup and decontamination cutside of and
confinement of nonreleasable materials within the encasement structure. Contin-
uing care activities are minimal.

For much the same reasons as is discussed in Sections 4.3.3 and 5.3.3 ENTOMB
with the internals in place would probably not be viable due to the long=-lived
nuclides contained in the internals. The information presented in Tables 7.3-1
through 7.3-4 are based on entombing the reactor with the reactor internals
removed. The postulated entombment structure for the reference research
reactor is the entire concrete structure housing the TRIGA reactor, and for the
reference test reactor the entombment structure encompasses the below g ade
portion of the reactor containment vessel. Radinactive materials not entombed
would have to be packaged and transported to a burial site. ENTOMB has some
advantage because of reduced occupational exposure at the reference research
reactor however the amount of reduction is very small (less than 2 manrem). For
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the reference test reactor ENTOMB resultc in increased occupational exposure
partly due to the exposure received in constructing the entombment structure.

As was noted for SAFSTOR in Section 7.3.2 the effect of use of ENTOMB =n public
dose is small since public doses are already very small even for DECON. Another
advantage of ENTOMB occurs if there is a shortage of disposal capacity although
waste volumes for research reactors are small. Disadvantages of ENTOMB include
the fact that the integrity of the entombing structure must be assured and sur-
veillance and monitoring would be required for an extended time, and that entomb-
ing contributes to the number of sites dedicated to radioactive containment for
very long time periods., A difficulty with ENTOMB is that the radiocactive mate-
rials remaining in the entombed structure would need to be characterized vell
enough to be sure that they decay to acceptable levels at the end of the surveil-
lance period, otherwise deferred decontamination would become necessary which
would make ENTOMB more costly and difficult. Also, ENTOMB would seem an unlikely
choice for a university research reactor where space is at a premium,

The costs (updated to 1986 dollars) of ENTOMB for the reference research and test
reactors are summarized in Tables 7.3-1 and 7.3-2 respectively. As can be seen,
the cost of ENTOMB is higher than the cost of DECON when the costs of surveil-
lance for an extended time are added in.

The estimated radiation doses due to ENTOMB are summarized in Tables 7.3-3

and 7.3-4. For the reference research reactor the dose to the public during
ENTOMB activities and truck transport are estimated to be negligible (less than
0.1 man-rem). For the reference test reactor, the dose to the public during
ENTOMB activities is estimated to be negligible and the dose during truck
transport of wastes is estimated to be 1.3 manrem (Table N. 5-2 Vol. 2 of
reference 2)

7.3.4 Sensitivity Analysis

In an addendum® to the original PNL study? PNL analyzed five selected cases to
consider the sensitivity of decommissioning costs and radiation doses to plant
size. The five cases are listed in Table 7.3-5. The analysis took the form

of obtaining data on the radiation doses and costs from these cases and putting
the costs on a common year basis of 1981 dollars. The costs (updated to 1986
dollars) and doses are also summarized in Table 7.3-5. The PNL study noted that
quantitative data sufficient to correlate radiation dose to reactor size or

type in a meaningful way do not exist. Costs of decommissioning do appear to
have some relationship to power rating although no scaling factor or correlation
was developed. The benefit of this analysis is that it provides information on
the type of ranges of dose and costs of decommissioning that may be encountered
for various types of research and test reactors. An important item noted in the
addendum is that the sensitivity results presented are subject to a large num-
ber of variables, each with wide ranges of values, that can possibly impact on
costs and radiation exposure estimates for other nuclear R&T facilities. Due

to the many variables involved, including facility size, number and type of
ancillary facilities, facility design and construction, type of labor utilized,
use of subcontractors, and operating practices during the facility lifetime,

the relationship noted is not necessarily a fixed relationship. Hence interpo-
lation of the data for different type facilities can be misleading and in par-
ticular extrapolation of the data to larger power facilities is not practical.



Table 7.3-5 Comparison of data from selected cases of research
reactor decommissioning

Occupational Adjusted
Dose Cost, Millions
Reacter Thermal Power (man-rem) (1986 dollars)
Diamond Ordnance 250 kW <2 0.497'®)
Facility
Ames Laboratory 5 MW 69 5.931(')
Lynchburg Poo) 200 kW (natural <0.1 0.102(®)
Reactor convection)
1 MW (forced
convection)
NC State University 10 kW ¢ 20 0.230(b)
Oregon State University 0.1W Nvg(c) 0.014(3)

(8)pdapted from Reference 3.
(b)easod on Reference 4.
(SINeg means negligible.

7.4 Environmental Consequences

An environmental consequence of decommissioning, other than radiation dose

which is discussed above in Section 7.3, is the commitment of land area to the
disposal of radioactive waste. The volume of low-level radicactive waste to be
disposed of during DECON is estimated? to be 160 m® and 4930 m® for the refer-
ence research reactor and reference test reactor respectively. daste volumes
will fecrease during SAFSTOR due to reduced quantities of radionuclides and
corresponding waste quantities as a result of radioactive decay and for the
reference research reactor are estimated? to be 100, 29, and 29 m® for 30, 50,
and 100 years ot storage, respect1vel§. and for the reference test reactor are
estimate to be 4930, 2960, and 2940 m® for 3C, 50, and 100 y2ars of storage,
respectively. For ENTOMB, the waste volumes are estimated to be 21 m® and

2930 m® for the reference research reactor and test reactor, respectively. The
volumes indicated are those required to accommodate radioactive waste and rubble
removed from the facility and be transported to a licensed site for disposal.
The volume for ENTOMB does not include the volume of the entombing structure or
of the wastes entombed within it. The waste volumes requiring burial would
represent a use of less than 0.1 acre of land for disposal for the re‘erence
research reactor and about one-half acre for the reference test reactor. This
amount is not large in comparison with the size of the reference research reactor
site (approximately 40 acres) and the reference test reactor site (approximately
1200 acres) which could now be released for unrestricted use.
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PNL considered cccidental releases of radioactivity both during decommissioning
during transport of wastes and the results are presented in Tables 7.4-1 and
7.4-2. Radiation doses to the maximum-exposed individual from accidental air-
borne radioactivity releases during decommissioning operations were calculated
to be quite low. Radiation doses to the maximum-exposed individual from acci-
dental radioactivity releases resulting from transportation accidents were cal-
culated to be low for the most severe accident.

The socioeconomic impacts are mainly from the shutdown (not decommissioning) of
the research or test reactor which would result in the loss of certain jobs and
income to the community. The overall impact from the reference research reactor
is likely to be small since the facility is not a revenue producing farility.

7.5 Comparison of Decommissioning Alternatives

From examination of Tabies 7.3-3 and 7.3-4, occupational and public doses

are much less significant and much easier to manage than for the power reactors
discussed earlier in the final GEIS. Hence, DECON is probably the most reason-
able option. In addition, costs of DECON are less than those for SAFSTOR.
30-year or S0-year SAFSTOR may be justified in some cases where other factors
exist such as waste disposal problems or presence of other nuclear facilities
on-site, combined with the potential for reduced occupational dose. 100-year
SAFSTOR is not considered a reasonable option since it results in the continued
presence of a site dedicated to radioactivity containment for an extended time
period with 1ittle benefit in dose or waste volume reduction compared to
30-year or 50-year SAFSTOR. ENTOMB is unlikely to be a reasonable option for
research and test reactors since it results in the presence of a radioactive
site for an extended pericd of time, and due to the lack of significant benefil
in dose or waste volume reduction compared to the other alteinatives, and the
lack of significant cost reduction compared to the other alternatives. In ad-
dition, uncertainties regarding characterizaton of residual radiocactivity over
the entombment period might result in additional costly decommissioning activ-
ity in order to release the facility for unrestricted use.
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Table 7.4-1 Summary of radiation doses to the maximum-exposed individual from accidental )
radionuclide releases during decommissioning at the reference researzh react,or(a

“Radiation Dose to Lung (rem) from

Total
_ Ataosphtﬂc Freguency pg) First-Year 50-Year Committed
Accident Release (Ci/Hr) Occurrence' Dose Dose Equivalent

Oxyacetylene

Explosion 5.2 x 10-2 Medium 1.2 x 10-3 1.6 x 10-2
HEPA Filte(d) 2.6 x 10-* Low 7.3 x 10-7 7.8 x 10-7

Failure 1.0 x 10-% 2.4 x 10-7 3.1 x 10-7
Severe Tranwogation

Accident * 5.2 x 10~ Low 4.1 x 10-4 8.3 x 10-*
LPG Explosion () 1.4 x 10-5 Low 3.9 x 10-% 4.2 x 10-%
Vacuum Filter-Bag

Rupture 1.8 x 10-¢ Medium 4.3 x 10-% 5.6 x 10-®
Minor Transmsution

Accident 1.3 x 10-% Low 1.0 x 10-% 2.1 x 10-%
Accidental Cutting of (d)

Activated Al in Air 2.9 x 10-7 High 6.9 x 10-* 9.1 x 10-%
Contaminated i”

Compound Fire “™° L9z I® Med ium 5.3 Mt 5.7 wJp-28
Co-bust.mls)ﬂaste

Fire ‘'™ 9.0 x 10-'° High 1.5 x 10-10 3.2 x 10-20

(3) Adapted frem Reference 2.
() For comparison, all accidental releases are assumed to occur in a l-hr period.

() The frequency of occurrence considers not only the probability of the accident, but also the prcbability of
an atmospheric release of the calculated magnitude. The frequency of occurrence is listed as "high" if the
occurrence of a gelease of similar magnituce is > 10-% per year, as “medium" if between 10-? and 10-°, and
as "low" if <10-°.

(9)  the accident shown applies to both DECON and SAFSTOR.
(e) The accident shown applies to both DECON and ENTOMB.
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Table 7.4-2 Summary of radiation doses to the maximum-exposed individual from accidentel)
radionuclide releases during decommissioning at the reference test reactor

At-l:;:lric Radiation Dose to Lung(rem) from:
Releafs) Frequency ?E) First-Year 50-Year Committed
Accident (Ci/hr) Occurrence Dose Dose Equivalent

Oxyacetylene 5.6 x 10-2 Medium 1.6 x 10-4 1.7 x 10-4

Explosion
LPG Explosiont® 6.5 x 10-3 Low 1.8 x 10-5 2.0 x 10-5
Severe [ransportation

Accident 1.0 x 10-2 Low 7.8 x 10-3 1.6 x 10-2
HEPA Filttﬁ) 5.2 x 10-% 1.5 x 10-% 1.2 x 10-®

Failure 3.8 x 1¢-® Low 9.1 x 10-% 1.2 x 10-7
Accidental Cutting of

Activata’ Stainless

Steel 8.8 x 10-° High 2.5 x 10-4 2.6 « 10-7
Vacuum Fi Bag

Rupturelafss 2.9 x 10-° Medium 8.1 x 10-% 8.7 x 10-%
Minor Transpertation

Accident 2.5 x 10-5 Low 3.8 x 10-% 8.0 x 10-5
Contaminated Surap'

Compound Fire 439 3.6 x 10-% Medium 1.0 x 10-1¢ 1.1 x a-3®
Co-bustabl’ Waste

Fire' ™’ 1.8 x 10-% High 5.0 x 10-11 5.4 x 10-1!
(a)

Adapted from Reference 2.
(b) For comparison, all accidental releases are assumed to occur in a 1-hr period.

(c) The frequency of occurrence considers not only the probability of the accident, but also the probability of
an atmospheric releasc oi the calculated magnitude. The frequency of occurrence is listed as "high" if the
occur-rence of a release of similar magnitude is >10-2 per year, as “medium” if between 10-? and 10-°, and
as "low" if <10-5.

(@) 1he accident shown applies to both DECON and SAFSTOR.
(e) The accident shown applies to both DECON and ENTOMB.
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8 DECOMMISSIONING OF REACTORS THAT HAVE BEEN INVOLVED IN ACCIDENTS

The facilities discussed in the preceding sections are representative of
facilities which would undergo routine decommissioning at the end of their
normal lifetimes. An additional significant area of consideration is the
decommissioning that occurs as a result of the premature closure of a reactor
due to an accident. A post-operations activities flow sheet showing both a
normal decommissioning and the situation for a reactor involved in an accident
is shown in Figure 8.0-1.

As can be seen from the figure, the activities following shutdown of a facility
involved in an accident are somewhat different from the normal situation. These
activities include a stabilization period. The stabilization period is the
period during which time the accident is brought under control and the facility
is brought to a stabilized condition. Once the situation is stabilized, acci-
dent cleanup can begin. Accident cleanup is considered to be those activities
leading to defueling the reactor and to cleanup of contamination and processing
and disposal of wastes generated by the accident. As shown in Figure 8.0-1,

the accident cleanup period could either be followed by recovery of the facility
for a restart, or by decommissioning. If, as is analyzed in the GEIS, it is
decided that the facility is to be retired from service, decommissioning activi-
ties are consideied to begin following completion of the accident cleanup.

Much of what follows is based on the NRC-sponsored Pacific Northwest Laboratory
(PNL) Study on the technolo?y. safety and costs of decommissioning reference
light water reactors follow n? postulated in accidents.! For illustration
purposes, only the more detailed PWR results are presented. The study did not
analyze the stabilization period or the recovery of a facility for restart.

The study did present an analysis of the accident cleanup period, including a
consideration of the sensitivity of the costs of accident cleanup to several
factors, including delays in the cleanup, alternative processing systems,
additional structures, alternative disposal requirements, and storage of waste
onsite. The accident cleanup period is postulated to include the following
tasks: (1) processing the contaminated water generated by the accident (and by
decontamination operations); (2) initial decontamination of building surfaces;
(3) removal of spent fuel (undamaged and damaged) from the reactor; (4) cleanup
of the reactor coolant system; and (5) solidification and packaging of wastes
from accident cleanup operations.

As discussed in the PNL study,' these accident cleanup tasks are necessary and
would be approximately the same whether the reactor is ultimately refurbished
or decommissioned, and if decommissioned, the same regardless of which decom-
missioning alternative is chosen. The rationale for this is that decontami-
nation during the accident cleanup period (whether for eventual restart or
decommissioning) cannot be too corrosive since this could compromise the in-
tegrity of systems which must remain intact during cleanup and decommissioning,
especiallg if a delayed decommissioning alternative, such as SAFSTOR, is
chosen.''2 In addition, major equipment items such as the reactor vessel,
reactor coolant pumps, and steam generators could not be dismantled until after
accident cleanup is completed since they form part of the primury systems.
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Thus, even if it were decided to permanently shut down a facility following an
accident, the sequence of activities would be accident cleanup followed by
decommissioning. Because, as discussed in Section 2.6.2, the period of acci-
dent cleanup is covered by regulations which require insurance (10 CFR

Part 50.54(w)),? this GEIS does not present further details on the accident
cleanup period. This GEIS does include the effects that the accident and the
activities during the accident cleanup period would have on the decommissioning
of the facility.

This GEIS section presents a summary of the detailed analysis done by PNL on
the decommissioning of a reactor following an accident.! Followin? the
completion of the accident cleanup activities, decommissioning activities

begin. As a result of the efforts during accident cleanup, the decommissioning
activities are considered to be not greatly affected by the condition of the
plant immediately following the accident. In addition, many of the uncertain
conditions have been removed during the accident cleanup, specifically the
damaged core has been removed from the reactor, the large volumes of uncontained
highly radioactive water have been processed, the large areas of contaminated
building surfaces have been treated, and construction of necessary systems and
structures has been completed. Hence, decommissioning can be carried out in a
more stable environment than the accident cleanup. Nevertheless, there would

be certain impacts on the decommissioning from the accident and the accident
cleanup activities including increased levels and spread of contamination
compared to normal decommissioning still remaining after the cleanup activities,
the need to decommission systems and structures built and used durin? accident
cleanup, and the potential need to store wastes generated by the accident, and
during the accident cleanup period, onsite on an interim basis for an extended
time period.

8.1 Reference Facility Description and Reference Accident Scenarios

The reactors used as the reference facilities for the post-accident decommis-
sioning analysis are the same as those used as the reference PWR and BWR in
Chapiars 4 and 5, respectively. The choice of these facilities as the reference
reactors is made to facilitate comparisons between the requirements and costs

of post-accident decommissioning given in this section and the requirements and
costs of normal ¢hutdown decommissioning given in the earlier chapters, and is
not intended to imply anything about the reliability and/or safety of these
reference reactors relative to other PWRs or BWRs in operation or under
construction. The reference site used in this section is the same as that
indicated in Section 3.

Three reference accident scenarios are analyzed to illustrate a range of tech-
nological requirements, public and occupational doses, and costs that are

reater than those estimatec for decommissioning following normal shutdown.

or the purposes of this GEIS, the consequences of an acc?dent (i.e., the
radiological and physical condition of the plant following an accident) are
much more important than the sequence of events that occur during the accident.
Therefore, detailed descriptions of accident sequences were not analyzed. The
reference accident scenarios provide information about r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>