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FOREWORO
BY
NUCLEAR REGULATGRY COMMISSION STAFF

The NRC staff is reappraising its regulatory position relative to the
(1) a¢ a part of this activity, the NRC
has jnitiated two series of studies through technical assistance contracts.

decommissioning of nuclear facilities.

These contracts are being undertaken to develop information to support the
preparation of new standards covering decommissioning.

The basic series of studies covers the technology, safety, and costs of
decommissioning reference nuclear facilities. Light water reactors and fuel-
cycle and non-fuel-cycle facilities are included. Facilities of current design
on typical sites are selected for the studies. Separate reports are prepared
as the studies of the various facilities are completed.

The first report in this series covers a fuel reprocessing p]ant;(z) the
second addresses a pressurized water reactor;(a) and the third deals with a
small mixed oxide fuel fabrication p]ant.(a) The fourth report, an addendum

(5)

reactor size and decommissioning cost, the cost of entombment, and the sensitiv-

to the pressurized water reactor report, examines the relationship between

ity of cost to radiation levels, contractual arrangements, and disposal site
charges. The fifth report in this series deals with a Tow-level waste burial

) (7)

and the seventh examines a uranium fuel fabrication p1ant.(8) The eighth

ground;(6 the sixth covers a large boiling water reactor power station;

report covers non-fuel-cycie nuclear faci1it1es.(g) The ninth report, an

addendum to the low-level waste burial ground report,(10)

supplements the
description of environmental radiological surveillance programs used in the
parent document. The tenth report deals with a uranium hexafluoride conver-
sion p1ant.(]]) This report, eleventh in the series, addresses the decommis-

sioning of nuclear reactors at multiple-reactor power stations.

Additional decommissioning topics will be reported on the tentative
schedule as follows:

FY 1982 e Research/Test Reactors
FY 1982 e LWR Post-Accidents



FY 1982 e Independent Spent Fuel Storage Installations
FY 1983 @ Fuel Cycle Post-Accidents

The second series of studies covers supporting information on the decom-
missioning of nuclear facilities. Four reports have been issued in the second

series. The first consists of an annotated bibliography on the decommissioning
12)

(13)

of nuclear fac11ities.( The second is a review and analysis of current decom-

missioning regulations. The third covers the facilitation of the decommis-
sioning of Tight water reactors,(]a) identifying modificaticns or design changes
to facilities, equipment, and procedures that will improve safety and/or reduce
costs. The fourth covers the establishment of an information base concerning
(%) p fieeh
report on this same theme, entitled Technology and Cost of Termination Surveys

Associated with Decommissioning of Nuclear Facilities, is intended for FY 1982.

monitoring for compliance with decommissioning survey criteria.

The information provided in this report on rultiple-reactor stations,
including any comments, will be incliuded in the record for consideration by
the Commission in establishing criteria and new standards for decommissioning.
Comments on this report should be majled to:

Chief

Chemical Engineering Branch

Division of Engineering Technology
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555
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ABSTRACT

Safety and cost information is developed for the conceptual decommissioning
of Targe (1175-MWe) pressurized water reactors {PWRs) and large (1155-Mde) boiling
water reactors {BWRs) at multiple-reactor stations. Three decommissioning alterna-
tives are studied: DECON (immediate decontamination), SAFSTOR (safe storage fol-
lowed by deferred decontamination), and ENTOMB {entombment). Safety and costs
of decommissioning are estimated by determining the impact of probable features
of multiple-reactor-station operation that are considered to be unavailable at
a single-reactor station, and applying these estimated impacts to the decommis-
sioning costs and radiation doses estimated in previous PWR and BWR decommis-
sioning studies. The multiple-reactor-station features analyzed are: the use
of interim onsite nuclear waste storage with later removal to an offsite nuclear
waste disposal facility, the use of permanent onsite nuclear waste disposal, the
dedication of the site to nuclear power generation, and the provision of central-
ized services.

Five scenarios for decommissioning reactors at a multiple-reactor station
are investigated. The number of reactors on a site is assumed to be either four
or ten; nuclear waste disposal is varied between immediate offsite disposal,
interim onsite storage, and immediate onsite disposal. It is assumed that the
decommissioned reactors are not replaced in one scenario but are replaced in
the other scenarios. Centralized service facilities are provided in two scen-
arios but are not provided in the other three.

Decommissioning of a PYR or a BWR at a multiple-reactor station probably
will be less costly and result in lower radiation doses than decommissioning an
identical reactor at a single-reactor station. Regardless of whether the Tlight

water reactor being decommissioned is at a single- or multiple-reactor station:

¢ the estimated occupational radiation dose for decommissioning an LWR
is lowest for SAFSTOR and highest for DECON

® the estimated cost of decommissioning a PWR is Towest for ENTOMB and high-
est for SAFSTOR

e the estimated cost of decommissioning a BWR is Towest for DECON and high-
est for SAFSTOR.

In ali cases, SAFSTOR has the lowest occupational radiation dose and the highest
cost.
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1.0 INTRCDUCTION

Much attention is being given in the United States today to concerns about
nuclear electric power generation. Chief among these concerns are the safe design,
construction, and operation of nuclear power reactors and other nuclear fuel-cycle
facilities and the safe disposal of nuclear waste.

In its regulatory role, the Nuclear Regulatory Commission (NRC) is developing
criteria and standards for decontamination of retired facilities in connection
with plant design obje~tives, plant decommissioning, and license terminations.

To provide background information for this effort, the NRC is sponsoring a series
of studies on the decommissioning of nuclear fuel-cycle facilities.

This report, cone in the series, presents the results of a study on decom-
missioning of reactors at a multiple~reactor nuclear power station. Its object-
ive is to determine the impacts on both safety and cost of decommissioning a
nuclear power reactor at a site where other reactors are operating, being built,
or being decommissioned, compared with the safety and cost of decommissioning
a nuclear power reactor at a single-reactor power station. The sensitivities
of both safety and cost to onsite versus offsite nuclear waste disposal, number
of reactors onsite, availability of onsite central seryices, and reactor type
(PWR or BWR) are examined. Two earlier decommissioning studies in this series
provide the principal technical bases for these ana1yse5.(]’2)

Several likely scenarios for multiple-reactor nuclear power stations are
examined. Decommissioning alternatives studied within these scenarios are
DECON {immediate decontamination), SAFSTOR (safe storage followed by deferred
decontamination), and ENTOMB {entombment).

(1) R. I. Smith, G. J. Konzek, and W. E. Kennedy, Jr., Technology, Safety and
Costs of Decommissioning a Reference Pressurized Water Reactor Power Station,
NUREG/CR-0130, U.S. Nuclear Regulatory Commission Report by Pacific North-
West Laboratory, June 1978.

(2) H. D. Oak, G. M. Holter, W. E. Kennedy, Jr., and G. J. Konzek, Technology,
safety and Costs of Decommissioning a Reference Boiling Water Reactor Power
Station, NUREG/CR-0672, U.S. Nuclear Regulatory Commission Report by Pacific
Northwest lLaboratory, June 1980.
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2.0 SUMMARY

The purpose of this study is to determine the differences in the costs
and the associated radiation doses for decommissioning a reactor at a multiple-
reactor station compared with decommissioning an identical reactor at a single-
reactor station. The study results are summarized in this section. This
information is intended as background data for use in developing regulations
and regulatory guides for decommissioning nuclear reactor power plants.

2.7 DECOMMISSIONING ALTERNATIVES AND STUDY APPROACH

Three alternatives for decommissioning the reactors at a multiple-reactor
station are studied: DECON, SAFSTOR, and ENTOMB.

e DECON, called immediate dismantliement in previous studies on decommission-
(1,2)

removal from the site of all materials containing or contaminated with

ing of a PWR and a BWR at a single-reactor station, is the prompt
radionuclides at levels greater than permitted for unrestricted use of
the property.

o SAFSTOR, called safe storage followed by deferred dismantlement in the
previous LWR decommissioning studies, is the establishment and maintenance
of the LWR power plant in a condition that poses an acceptable risk to
the public 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 the unrestricted release level.

e ENTOMB, called entombment in the previous LWR decommissioning studies, is
the encasement and maintenance of the nonreleasable radicactive materials
in a monclithic structure to ensure retention of the radionuclides until
they have decayed to levels that permit unrestricted release of the site.

The sensitivity of the safety and cost to several variables is investi-
gated for each of these decommissioning alternatives. The variables examined
are nuclear waste disposal, site dedication to nuclear power generation,
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centralized services, number of reactors at the site, and types of reactors
being decommissioned. Cost and radiation doses are estimated for five possi-
ble multiple-reactor station scenarios.

2.2 REGULATORY CONSIDERATIONS FOR DECOMMISSIONING

Regulations are in place under which decommissioning of nuclear reactor
power plants can be covered. In some cases {i.e., security, safeguards, quality
assurance) the existing regulations do not speak specifically to the question
of decommissioning, but they can readily be interpreted as being applicable.

Areas where more specific guidance could be helpful are:

e C(larification of the criteria defining allowable levels of contamination
and dose rates for unrestricted release of decommissioned nuclear
facilities,

e Definition of classes of radioactive waste, to more clearly indicate
the acceptable disposition method for the highly radiocactive neutron-
activated components (i.e., disposal in shallow land burial sites or
in deep geologic storage).

e C(larification of the financial qualifications and responsibility for
decommissioning, to define the commitments of the facility owner for
achieving the final status of unrestricted use of the property.

2.3 FINANCING OF DECOMMISSIONING

The NRC is considering the following criteria for evaluation of the
effectiveness of alternative decommissioning financing methods:

1. the degree of decommissioning assurance provided
2. the cost of providing the assurance

3. the extent to which the consumers of the plant's power equitably share
the cost of decommissioning

4. the flexibility to respond to changes in inflation and interest rates,
reactor 1ife, and estimated decommissioning costs
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5. the ability to accommodate different ownership and jurisdictional arrange-

ments.

There are three principal financing alternatives for decommissioning a nuclear

power station that meet these criteria to varying degrees:

e a prepaid decommissioning reserve controlied by an outside entity
& an internal decommissioning reserve, either funded or unfunded

e a funded reserve or sinking fund controiled by an outside entity.

The problem of providing assurance that adequate funds will be available for
decommissioning a nuclear power reactor at a multiple-reactor station after
final reactor shutdown is not significantly different from providing that
assurance at a single-reactor station, The alternatives for accumulating
funds for decommissioning a reactor appear equally applicable for a reactor
at a single- or multiple-reactor station.

2.4 MULTIPLE-REACTOR STATION CONCEPTS

It is more likely that the reactors at a multiple-reactor station with a
small 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 multiple-reactor station with 10 or 20 reactors, it is probable that
there will be several reactors of each type of LWR. Standardization of design
gives the following advantages during the decommissioning of several identical
reactors at a nuclear power station:

¢ It minimizes the planning effort for decommissioning the second and later
reactors of an identical design.

e It improves the productivity of the decommissioning workers due to the
experience gained on the first reactor.

e [t improves the planning of decommissioning techniques and permits cor-
rection of mistakes.

If a site is dedicated to nuclear power generation, replacement reactors
will be constructed on a schedule to result in startup of a replacement reactor

Just as an old reactor is retired. Such site dedication fosters a stable labor
force for construction and decommissioning of the plants.
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Significant savings can be achieved over the construction of a new plant,
if structures and systems (other than the nuclear reactor equipment of an old
nuclear power plant) are refurbished and reused with a new nuclear steam supply
system. Since much of the old nuclear reactor plant would be decontaminated
in place and refurbished for use with a new nuclear reactor, decommissioning of
the old reactor plant would be simpier and less costly.

2.5 REFERENCE LIGHT WATER REACTORS

The reference 1ight water reactors are the same as those described in
References 1 and 2. The reference PWR plant is an 1175-Mde {3500-MWt) West-
inghouse pressurized water reactor, specifically the Trojan Nuclear Plant at
Rainier, Oregon, operated by the Portland General Electric Company. The refer-
ence BWR plant is an 1155-Mde {3320-MWt) General Electric boiling water reactor
being built by the Washington Public Power Supply System; it is designated as
the WPPSS Nuclear Project No. 2 and is located near Richland, Washington.

2.6 IMPACT OF MULTIPLE REACTORS ON DECOMMISSIONING COSTS

The impact of having more than one reactor at a nuclear reactor power
station on the cost of decommissioning one of the reactors is estimated by
comparison with costs previously estimated for decommissioning a reactor at a
single-reactor power station. Factors experienced in this analysis include
several different approaches to disposal of low-level nuclear waste, the dedi-
cation of the site to nuclear power generation, the availability of centralized
services, and the type and number of reactors present at the station.

Waste Disposal

The three options considered for disposal of the Tow-level nuclear waste
generated while decommissioning a reactor at a multiple-reactor station are:

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

2. interim onsite storage with transfer to an orffsite licensed low-level
waste disposal facility at a later date

3. disposal at a permanent onsite low-level nuc'ear waste disposal facility.
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Decommissioning a single reactor at a multiple-reactor station results in
the same quantity of nuclear waste for disposal and the same packaging, trans-
portation and disposal-site handling and burial costs as decommissioning an
identical reactor at a single-reactor station. Therefore, there is no impact
on the cost of offsite nuclear waste disposal.

Storing nuclear waste from decommissioning onsite for a period of 30 to
100 years before transferring it to a permanent offsite waste disposal facility
can resuit in cost savings. Interim onsite storage of nuclear waste with later
permanent disposal offsite involves the following tasks:

e packaging

e transporting to interim onsite storage

e placing in interim storage

e retrieving from interim storage

e transporting to a permanent disposal facility
e placing in a permanent disposal facility.

Three categories of radicactive material, neutron-activated, contaminated, and
radwaste, are considered in the nuclear waste disposal cost analyses. Costs of
nuclear waste disposal with interim onsite storage are estimated for interim
storage periods of 30, 50, and 100 years. Estimates of nuclear waste disposal
costs for the three decommissioning alternatives are given in Table 2.6-1. These

TABLE 2.6-1. Summary of Estimated Costs for Interim Onsite Nuclear Waste
Storage with Later Removal to Permanent Offsite Disposal

Nuciear Waste Disposal Cost ($ thousands)' fa)

Safe

Storage Inmediate Interim Onsite Waste Storage —
decommissioning Perind Offsite Disposal T Y]
 Mlternative  (years) _PWR BWR -~ 30 yr 00¢) 50 xr( T 00 yr BT 30 4 0T sy (BT o e (BC]
DECON 0 10 762 10 850 12 810 8 550 8 530 11 360 £ 970 £ 900

30 10 790 10 850 g 280 8 190 g 160 7120 £ 335 £ 28D

SAFSTOR 50 4 270 4 700 3450 3370 3340 1 %00 1 690 1 680

100 4 230 & 620 3400 3314 3 300 1 650 1490 1 460
ENTOMB o 4 580 7 140 3 390 2 BAD 2 B0 6 000 & 010 3 930

{a) Costs are given in 1978 dollars and include a 25% contingency.

{b) Duration of the interim onsite waste storage period.

{e¢] Includes cost of placement of waste in interim onsite storage plus cost of removal at a later date
to permanent affsite disposal.
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costs include a 25% contingency and are given in 1978 dollars for easy comparabil-
ity with cost estimates in the previous PNL reactor decommissioning studies.(l’z)
With the exception of 30-year interim onsite storage of the nuclear waste from
DECON, all of the nuclear waste disposal costs were reduced by using interim
onsite storage of the nuclear waste, compared with immediate offsite disposal.

Factors that contribute to lower costs for onsite waste disposal than for
offsite waste disposal are:

e lower transportation costs because of the short haul to the disposal site
® no overweight charges, since all travel is over private roads
® no relief driver charges, since only one driver is needed

e shielded cask Tiners may not be needed for some of the activated material,
since the DOT maximum surface dose rate may be exceeded during travel
over private roads.

Estimated nuclear waste disposal costs for permanent onsite disposal of the
nuclear waste from decommissioning a PWR and a BWR are given in Table 2.6-2 for
DECON, SAFSTOR, and ENTOMB. The costs of disposal at an offsite nuclear waste
disposal facility are also given for comparison. All of the costs are in 1978
dollars and include a 25% contingency. Significant cost reductions are estq-
mated in every instance. The estimated savings from using the different
nuclear waste disposal options are summarized in Table 2.6-3.

TABLE 2.6-2. Summary of Estimated Costs for Permanent Onsite Nuclear Waste

Disposal
Cost of Waste Disposal ($ thousands)(a}
SAFSTOR

PWR BWR TOM

Disposal DECON ENTOMB
Location R BRR T 30 yr'® 50 yr ™ 100 yel® 30 ye®1 50 ve (P 100 ¢ R BWR
Offsite 10 760 10 850 10 990 4 460 4 400 10 850 4 700 4 620 4 580 7 140
Onsite 7050 5240 7120 2 660 2 660 5 420 1070 940 1980 2 700
Cost Reduction 3 710 5 610 3 870 1 790 1 740 5 430 3 630 3680 2 600 4 440

{a) Costs are given in 1978 dollars and include a 25% contingency.
{b) Duration of safe storage period.
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TABLE 2.6-3. Summary of Estimated Nuclear Waste Disposal Cost Reductions at a

Multiple-Reactor Station

Cost Reductions ($ th0usands)(a)

DECON SAFSTOR'P!  EnTOMB
Waste Disposal Option PR BWR PWR  BWR PWR BWR
Interim Onsite Storage for:(c)
30 years (2050)(d) (510)(d) 2510 3730 1190 1140
50 years 2210 3880 2600 4520 1740 3130
100 years 2230 3950 2630 4570 1760 3210
Permanent Onsite Disposal 3710 5610 3870 5430 2600 4440
(a) A 25% contingency is included in all cest differences. Costs are

in 1978 dollars.

(b) For deferred decontamination after 30 years of safe storage.

(c) Interim storage costs include costs of placement in interim onsite

storage and removal to offsite disposal.
(d) Parentheses indicate a cost increase,

Site Dedication

Dedicaticn of a site to nuclear power generation resuits in replacement

reactors being constructed on a schedule to achieve startup of a replacement

reactor as an old reactor is shut down. At such dedicated sites, either rela-

tively long periods of construction activity will occur periocdicaily or there

will be continuous construction activity at the site if the startup of the

reactors is spaced to occur over a 30-year period.

Dedication of a multiple-reactor site to nuclear power generation:

fosters stable operating and construction Tabor forces

e favors the establishment of interim onsite low-level waste storage or

permanent onsite low-level waste disposal

e results in improved efficiency of construction and decommissioning as

management and the labor force accumulate onsite experience

e encourages the provision of centralized services.
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It is expected that the efficiency of decommissioning the reactors at a muitiple-

reactor station will improve after the first reactor is decommissioned due to the

learning process. Cost and dose reduction factors are estimated using the follow-

ing assumptions:

1.

The reduction factor for planning and preparation for the second and
each succeeding reactor of a particular type (PWR or BWR) is 0.50.

The reduction factor for decommissioning operations for the second reactor
of a particular type is 0.95.

The reduction factor for decommissioning operations for the third and each
succeeding reactor of a particular type is 0.90.

Centralized Services

A number of centralized services that may be available at a multiple-

reactor station are:

health physics services

security forces

solid waste processing

equipment decontamination services
maintenance shops and services
taundry services

transportation services

central stores,

Centralized health physics services and a station-wide central security

force could significantly reduce the cost of providing these services. The

cost

BWR' 2

reductions derive largely from:
the reduced staff overhead for each of these services

the reduced peak-load staffing requirements per reactor, by providing
a pool of personnel for each service.

In the decommissioning studies of the reference PHR(]) and the reference
) at single-reactor stations, it was assumed that the dry solid radio-

active waste was mechanically compacted to achieve a five-fold volume reduction.
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A central waste incinerator at a multiple-reactor station can further reduce
the volume of combustible radicactive waste by at least a factor of 5, giving
an overall volume reduction factor of 25. Such an incinerator can yield signi-
ficant reductions in waste disposal costs for both the operating and decommis-
ioning phases of reactor life. The savings from using the incinerator, with
capital and operating costs considered, compared to merely compacting the com-
bustibie radiocactive waste, are 65 to 70% of the compacted waste disposal cost
for the PWR and 55 to 70% for the BWR.

Equipment decontamination services can be more fully utilized at a multiple-
reactor station than at a single-reactor station. The several types of equip-
ment decontamination services considered are:

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

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

e central electropolishing and chemical decentamination faciiities for
improved decontamination of piping sections and components.

Development work on decontamination of metals by electropolishing indicates
that much of the contaminated metal in piping and vessels at a nuclear power
plant can be salvaged and sold for scrap. Electropolishing is an effective
process for decontaminating piping, valves, and other equipment for refurbish-
ment and reuse. Salvage of releasable decontaminated stainless steel, assuming
80% recovery, represents the largest component of the savings from the use of
central decontamination services when decommissioning a PWR. For decommission-
ing a BWR, the decontamination and refurbishment of special tools and equipment
for reuse generates most of the savings from the use of central decontamination
services.

Central laundry services, central transportation services, and central
stores provide a convenience for the operating and decommissioning phases of
reactor 1ife at a multiple-reactor station, but they do not generate signifi-
cant savings during reactor decommissioning.

The savings from use of central services are summarized in Table 2.6-4.
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TABLE 2.6-4. Summary of Cost Reductions Resulting from Centralized Services at
a2 Multiple-Reactor Station

Cost Reductions ($ thousands)(a)
pecon  sAFsToR(P)  enToMs

Central Service PWR  BWR PWR BWR PWR  BWR
Radiation Monitoring 580 770 900 132D 580 820
Security 570 650 1010 1330 570 760
Solid Waste Processing 170 280 180 320 170 280

Equipment Decontamination 1420 1750 1430 1800 1420 1750

{a) A 25% contingency is included in all cost differences.
Costs are in 1978 dollars.
{b} For deferred decontamination after 30 years of safe storage.

Type of Reactor

The differences in the estimated decommissioning costs for PWRs and BWRs
given in studies for single-reactor stations(1’2) are also experienced in decom-
missioning reactors at a multiple-reactor station. Decommissioning costs for
PWRs are impacted to about the same extent as for BWRsS when costs at a myltiple-
reactor station are compared to costs at a single-reactor station.

Number of Reactors

The number of reactors at a multiple-reactor station influences how the
nuciear waste is disposed of, whether there is a continuing stable construction
labor force, and whether, or which, centralized services are provided. With a
small number of reactors at the station, it is not likely that nuclear waste
could be disposed of onsite. It is also improbable that centralized services
would be provided; however, special decommissioning tools and equipment pro-
bably would be shared. Improvement and economies in planning the decommission-
ing of successive reactors would be realized for a few as well as many reactors
at a multiple-reactor station. If only a few reactors are located at the sta-
tion, the continuing stability of the labor force would not be assured. There-
fore, there would not be a continuing availability of experienced decommissioning
workers.



2.7 IMPACT QF MULTIPLE REACTORS ON RADIATION DOSE

The same factors examined in the cost analysis are considered in estimating
the impact on the occupational and public radiation doses from decommissioning
a reactor at a multiple-reactor station. OQOccupational radiation dose impacts
consider the doses received by the decommissioning workers at the reactor
plant, the transportation workers, and the burial ground workers. The impacts
on the occupational doses of waste disposal options, site dedication, and
centralized services are given in Table 2.7-1. The impacts on the public
radiation doses of these same factors are given in Table 2.7-2.

TABLE 2.7-1. Summary of Estimated Occupational Radiation Dose Reductions from
Decommissioning One Reactor at a Multiple- vs. a Single-Reactor

Station
Occupational Radiation Dose Reductions {man-rem)
DECON SAFSTOR'2) ENTOMS
Factor PWR BWR PWR  BWR PWR BWR
Waste Disposal
Interim Onsite Storage for:
30 years 2y ™ g e (6)(B) (33y(b)
50 years 72 55 77 87 12 26
100 years 75 60 78 88 13 29
Permanent Onsite Disposal 90 101 a0 107 23 67
Site Dedication!C) 75 129 21 29 65 118
Centralized Services 4 5 2 3 4 5

(a) For preparations for safe storage and deferred decontamination after
30 years of safe s:orage.

(b) Parentheses indicate a dose increase.

{c} For a multiple-reactor station with five reactors of one type.



TABLE 2.7-2. Summary of the Estimated Public Radiation Dose Reductions from
Decommissioning One Reactor at a Multiple- vs. a Single-Reactor

Station
Public Radiation Dose Reductions
{man-rem)
DECON sarsTor'®) EnToms
Factor PWR BWR PWR BWR PWR BWR
Waste Disposal
Interim Onsite Storage for:
30 years 3 5 18 17 1 <]
50 years 18 19 18 20 3 7
100 years 18 19 1B 20 3 7
Centralized Services 1 1 <] <] 1 1

(a) For preparations for safe storage and deferred decontamination
after 30 years of safe storage.

2.8 MULTIPLE-REACTOR STATION DECOMMISSIONING SCENARIQS

Five scenarios for multiple-reactor stations are investigated to determine
the impact of the variables discussed in Subsection 2.6 on decommissioning costs
and safety. These variables, the number of reactors at the station, the type
of reactors, the nuclear waste disposal option, the dedication of the site to
nuclear power generation, and the provision of central services are varied for
the different scenarios. Details of the five scenarios are indicated in
Figure 2.8-1.

Scenarios 1 and 2 are for 4-reactor stations and scernarios 3, 4, and 5
are for 10-reactor stations. Scenario 2 does not have a site dedicated to
nuclear power generation, while the other four scenarios are at dedicated sites.
Scenarios 4 and 5 are at dedicated sites with certral facilities and have either
interim onsite nuclear waste storage or permanent onsite nuclear waste disposal.

Summaries of the decommissioning costs for the five scenarios and the decom-
missioning cost reductions compared to single-reactor station decommissioning



SCENARID NUMBER TYPE OF RETIRED AFTER 40 YR OLD REACTOR WASTE DISPOSAL CENTRAL
NUMBER ofF REACTOR 1 REACTOR | 1 REACTOR REPLACED IMMEDIATE | ONSITE ONSITE FACMLITIES
REACTORS PWR | BWR | EVERY 2 YR | EVERY 4 YR YES | NO OFFSITE | INTERIM | PERMANENT | YES | NO
' STORAGE | DISPOSAL
1 4 X X X X X
2 4 X X X X X
3 10 X X X X X X
4 10 X X X X X X
5 10 X X X X X X

FIGURE 2.8-1. Multiple-Reactor Station Scenarios

costs are given in Table 2.8-1. Except for Scenaric 1 (interim onsite nuclear
waste storage for 30 years), the estimated decommissioning costs at a multiple-
reactor station are reduced, compared to single-reactor stations.

Table 2.8-2 gives a summary of the estimated occupational radiation doses
for decommissioning one reactor at the multiple-reactor stations of the five
scenarios. The dose reductions compared to the occupational doses for decom-
missioning a reactor at a single-reactor station are also given.

2.9 FACILITATION OF DECOMMISSIONING

The several alternatives or techniques for facilitating the decommissioning
of nuclear power plants that are discussed are: improved documentation, improved
access, substitution and purification of materials, design of the biological
shield for easy removal, improved protection of concrete, improved removal of
concrete, special shielded maintenance shop, improved shielding for maintenance
and decommissioning, remote maintenance and decommissioning, and special tools
and techniques. A1l of these alternatives and techniques are equally applicabie
to reactors at single- or multiple-reactor stations.

Features of multiple-reactor station operation such as site dedication,
onsite waste storage or disposal, and provision of centralized services are

decommissioning facilitation options in and of themselves.
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TABLE 2.8-1. Summary of the Estimated Costs for Multiple-Reactor Station Decommissioning Scenarics

Interim Decomi_ssign_im_tgt_imﬁ_’" _ ool . Becommissioning Cost Reductions [§ thousands)'?)
safe Waste Single Scenarip  Scenarie Scenario Scenario Scendrig Scenario  Scenaric Scenario Scenario Scenario
Oecommissfoning  Storage  Storage Reactor Station  Na. 1 Ho. 2 No. 3. . No. 4 _ Moo B _ Moo No., 2 No. 3 No, 4 No. &
_Alternative = Period Period PR~ EWH~ T FWR BWR___PWR_ BWR FWk _ BWR  PWR BWR_ _PWR T T BWR T TPwR EWR PWR_  BWR PR EWR
¢ 31026 43 50 - 4] 848 30 096 41 828 -- -~ 21645 37 568 - 703 830 1923 -- -- 7 381 10 983
30 - - 3z 281 . - -- 29405 38 636  -- .- (1 zssyb) - o1 el 4 8E4 .. .
DECON 50 -- - 2 019 -- - - 75141 34299 - - 3 008 - - w58t a 251 . -
100 -- -- 28 006 -- -- -~ 5 E30 34 224 .- - 3020 -- -- -~ 5 B9E 9 32 -- .-
0 40 750 5B 8%0 -- 54 BE3 30 214 54 468 - -- 31 H26 44 341 -- 4 078 1536 4423 -- -~ §928 14611
30 -- -- 36 943 -- -- -- 33143 45 976 -- -- 3 BOB -- -- - 7458 12 914 .- -
30 50 -- -- 36 Ba9 -- -- - 31099 45193 - - 3 901 - - 7851 11698 - ~
100 - -- 3% BI8 - - - 33068 45136 - - 3933 -- - -- 7 EH3 131 754 .. -
o 35750 51 125 .- A7 861 34 13 47 211 - -- VR GG 18 886 -- 3 764 VAl 4113 o - B 19 17 283
0 -- -- 13 624 .- -- -~ 29919 3y GRS - -- 2126 -- -- - B8N I G -- -
SAFSTOR 50 :
50 -- .- 33 549 -- - -~ 29 M4 39 481 - - 2 20 - - - 5806 11 Bad - .
100 -- -- EERAN -- - -- 29 BOE& 39 419 -- -- 22319 -- -- -- B 944 17 BHA -- -
0 39 750 55 04D -- 51 2% 38 2014 50 928 -~ -~ 33030 425k -- 1 764 1536 4113 -- - B0 12 463
0 - -- 37 6l - - - 33335 43RG - .. ¥ 139 - - - L EIS 11 791 . -
106 50 - — 275 - -- —- 33860 83135 - - z2ia - e s a0y oo L
100 -- -- ¥ EN - -- -- 33 835 43 100 -- -- 2 234 -- -- -- 5 915 11 540 - .
0 29 73 45 581 - 4% RS9 78 846 43 619 - - 231810 35 584 -- 1723 HRE 1 963 -- -~ 6223 4 9o
30 -- .- PR -- -- -- FC X -- .- | 940. -- -- -4 - -
{c] B10 & €39
ENTOME .
50 .- -- 27 235 -- -- -- 24 3k 36 890 - -- 2 238 -- -- -~ 5 368 8 a9 -- -
100 -- - 27 21y -- -- -- 24 W9 3 Rl6 - - 2 514 .- - —- 584 A 785 - .

ad Costs given in 1974 dallars and include a 753 contingency.
g9

[bY Parenthese indicate & cost increase.
{c} These estimates include no casts that may be as<ociated with final actioms necessary for terminaticn of the Yicense.
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TABLE 2.8-2.

Summary of the Estimated Occupational Radiation Doses for

Multiple-Reactor Station Decommissioning Scenarios

Decomnmissioning Occupational Radiation Oose Reduction

Interim Decommissioning Occupational Radiation Dose (man-rem) B i {man-rem) L

Safe Waste Single Scenarin Scenaric  Scenario Scenario Scenmario  Scemario  Scenaric  Scenarig  Scenario  Scenario
Decommissioning Storage Storage Reactor Station Mo, 1 HNe, 2 No. 3 ~ No. 4 _HNo. 5 Mo, 1 No. 2 Na. 3 No. 4 MNo. 5
_Alternative  Peripd Period PWR BWR__  PHR _BWR ~ PWR_ BWR PWR_ GBWR PWR_ BWR__PWR _BWR _ PWR BWR PWR BWR PWR BHWR
0 1324 1954 -- 1843 1238 1825 -- -- 1145 1719 -~ 171 85 129 -- ~- 179 35

30 -- -- 1320 - —x-- 1304 IBET - - 4 -- VR A

DECON 50 - - 1179 - —- = 1163 1765 - - 145 .- N [ N T R —
T00 .- - 176 -- - = 1160 1760 -- - 148 -- o e 164 184 .- -

1] 354 527 -- 503 523 494 - -- 431 39% -~ 24 31 At -- - 123 132

30 - - 453 - S V.5 S -5 100 - [ Y U1 T

30 50 -- - 351 - - - 444 409 .- -- 103 - R A1 T DI T —

100 -- - 450 - - - 443 a08 - - 104 - S 1 T - T —

0 456 429 - 407 427 403 -- -- 403 362 -- 2z 23 26 - - 53 &7

30 - -- 476 -- - - 820 374 - .- 30 -- T - T

SAFSTOR 50 50 - - 423 .- - a7 368 - - 33 - I -
100 . - 422 - - .= M7 3B ee - 14 -- - Y 1 F

0 455 27 - 405 426 40 -- -- 403 359 -~ 22 29 26 -- -- 52 Bl

30 - - 424 - - = 4l3 382 - - E) -- L T —

100 50 - .- 422 . S L7 2 R 3 - I D

100 - -- 421 .- 1 [ S T S — 3 - - N1 H

1] 352 1754 - 1655 Bel0 1635 -- -- 833 1566 -~ 1ol 62 118 - - #9 130

exron () 30 .- - 873 -- ~- == 867 16866 .- -- 49 .- - .- B0 8D .- -
; 50 -- - 855 - .o -- BAS GD7 .- -- &7 -- & T
100 - -- f54 - ~eo— B43 MED3 - - 68 - - =79 183 o= a-

{a} These estimates do not include any doses that may be associated with actions
of the Ticense.

necessdry for the termination



One of the alternatives for reactor retirement is conversion to a new
nuclear- or fossil-fueled steam supply system. Reuse of those facilities at a
nuclear power station that can be refurbished makes good economic sense. Based
on capital cost studies for PNR5(3) and Bsz,(4) the structures and equipment
other than the nuclear steam supply system account for about 70% of the initial
direct construction cost. Analyses of removing the old reactor vessel and
replacing it with a new vessel indicate that such action is feasible, but
difficult, in the reference PWR and BWR nuclear power plants. Removal of a
reactor vessel intact for disposal is also feasible but is generally more
costly in terms of money and radiation dose than segmentation and disposal of
the vessel.

Design features that should be incorporated to facilitate the removal or
replacement of the reactor pressure vessel and other large equipment pieces
are:

e an equipment hatch in the reactor containment building large enough
to accommodate the intact reactor pressure vessel

e an equipment hatch located so that there is sufficient Tay-down area
in front of it, both in the containment building and in the adjacent
building, so that the reactor vessel can be Tined up with the hatch

e adequate supports in the containment building to handle the special
cranes needed for very heavy loads such as the reactor pressure
vessel and steam generators

e a readily removable roof section in the fuel building of a PWR and in
the reactor building of a BWR that is large enough to accommodate
the reactor pressure vessel

e an inner shield of modular design that can be removed and/or replaced.

2.10 CONCLUSIONS

Decommissioning of a PWR or BWR at a multiple-reactor station probably wiil
be less costly and result in Tower radiation doses than decommissioning of an



identical reactor at a single-reactor station. Regardless of whether the light
water reactor being decommissioned is at a single- or multiple-reactor station:

® the estimated occupational radiation dose for decommissioning an LWR is
lowest for SAFSTOR and highest for DECON

(a)

o the estimated cost of decommissioning a PWR is lowest for ENTOMB and

highest for SAFSTOR

® the estimated cost of decommissioning a BWR is lowest for DECON and highest
for SAFSTOR,

Decommissioning costs and occupational radiation doses for the two types
of reactors are impacted in about the same way by the factors studied at multiple-
reactor stations. In determining if there is a cost advantage for decommission-
ing nuclear reactors at a multiple-reactor station versus a single-reactor
station, the type of reactor, PWR or BWR, has Tittle influence on the result.

The number of reactors at a multiple-reactor station may influence the
availability of interim onsite nuclear waste storage, permanent onsite nuclear
waste storage, or centralized services. Four or more reactors of a single type,
along with dedication of the site to nuclear power generation, can lead to a
relatively stable construction labor force and, with successive decommissioning
of the reactors, lead to improvements in the efficiency of planning and execu-
tion of the decommissioning activities.

Interim onsite nuclear waste storage with later relocation to permanent
offsite disposal or permanent onsite nuclear waste disposal can contribute to
reduced decommissioning costs and occupational doses.

Providing centralized services, particularly health physics services,
security ferce, central waste incineration, central equipment decontamination
facilities, and special maintenance services can reduce decommissioning costs.
0f the central services studied, only waste volume reduction by incineration
ylelds a significant reduction of the occupational radiation dose.

(a) ENTOMB cost estimates do not include the costs that may be associated with
actions required for termination of the license,
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3.0 DECOMMISSIONING: ALTERNATIVES, CONSIDERATIONS, AND STUDY APPROACH

Once a nuclear reactor reaches the end of its useful life, it must be
placed in a condition that assures that the impact of the facility upon public
health and safety will be within acceptable bounds; achieving this condition
is termed "decommissioning.” Conditions that satisfy the requirements of decom-
missioning range from 1} minimal cleanup and subsequent physical security under
licensing restrictions to 2) complete cleanup and removal of all radioactivity
and release of the plant from all licensing restrictions. Aiternatives for
decommissioning are discussed in Section 3.1; considerations for decommission-
ing are discussed in Section 3.2; and the approach taken for this study is dis-
cussed in Section 3.3.

3.1 DECOMMISSIONING ALTERNATIVES

Three alternatives available for decommissioning a nuclear power station
are: DECON, immediate decontamination; SAFSTOR, safe storage followed by def-
erred decontamination; and ENTOMB, entombment.(a) Each of these alternatives
is defined and discussed in the following subsections.

Before starting decommissioning by any of the three alternatives, the
faciiity operating license may be amended to authorize possession but not
operation of the faci]ity.(3)

3.1.1 DECON

DECON is the prompt removal from the site of all materials containing
or contaminated with radionuclides at levels greater than permitted for
unrestricted use of the property. Under present regulatory requirements, DECON
is the only decommissioning alternative that allows termination of the facility
license in a short time period. Demolition and removal of the decontaminated
and uncontaminated structures, following DECON, is at the option of the owner
and local government agencies.

{a) The terms "immediate decontamination" and "deferred decontamination' used in
this study are the current terms for "immediate dismantlement" and "deferred

dismantlement" used in the previous decommissioning studies of a PWR and a
BWR at a single-reactor station.(1,2
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DECON meets the requirements for termination of the faciiity operating
license and renders the LWR facility and site available for unrestricted use
within a short pericd of time following final reactor shutdown. In this decom-
missioning alternative, large commitments of money {in a relatively short time
frame}, personnel radiation exposure, and disposal site space are made in
exchange for prompt availability of the facility and site for other purposes.
Additional considerations include the elimination of continuing security, main-
tenance, and surveillance requirements (i.e., for SAFSTOR or ENTOMB), and the
availability of the facility operations staff to form a decommissioning work
force that is highly knowledgeable about the facility. Early termination of
the Ticense also satisfies the desirable objective of minimizing the number of
sites dedicated to radioactive material storage.

3.1.2 SAFSTOR

SAFSTOR is the establishment and maintenance of the reference LWR power
station in a condition that poses an acceptable risk to the public and safely
stores the property to allow decay of some of the radicactivity, followed by
decontamination of the facility to an unrestricted level. Since materials
having radioactivity levels above unrestricted release levels are still onsite,

the amended nuclear license remains in force throughout the safe storage period.
Two categories(a) of safe storage are possible:

e (ustodial safe storage - minimum cleanup and decontamination is made and

preventive maintenance of life-support and protection systems is performed
to prepare the facility. The storage period requires fuiltime, onsite
surveillance crews to maintain the structure, the operating equipment,

and the security of the property.

e Passive safe storage - comprehensive cleanup and decontamination sufficient

to allow shutdown of all plant systems and installation of strong security
barriers and remotely monitored electronic surveillance systems constitute
the facility preparations. The storage period requirements include mainten-
ance of structural integrity and prevention of intrusion into the facility.

(a} In this study, we consider anly passive SAFSTOR, which is referred to only
as "SAFSTOR."
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SAFSTOR satisfies the requirements for protection of the public while
minimizing, to various degrees, the initial commitments of time, money, occupa-
tional radiation exposure, and waste disposal space. This advantage is offset
by the need to maintain the amended nuclear Ticense, by the associated restric-
tions placed on the use of the property, and by the increase in the number of
sites dedicated to storage of radiocactive materials. This approach requires
continuing physical security, surveillance, and maintenance of structural integ-
rity sufficient to ensure publiic protection. The Tlevel of security necessary
will depend on the type and quantity of nuclear materials Teft and the safe-
guards needs of adjacent units with common "vital areas."

A storage period of 50 years makes possible a large reduction in personnel
exposure and a decrease in the need for remote or shielded operations while
removing the remaining radioactive material to make the property available for
unrestricted use. However, the neutron activation products 59N1 and 94Nb in
the reactor internals will not have decayed to acceptable levels even after a
storage period of 100 years. Therefore, eventual dismantiement of at Teast
the activated reactor components wiil be necessary to achieve a level of radio-
activity that can meet the criteria for unrestricted use of the facility and
termination of the possession-only license.

Deferred decontamination includes whatever actions are required at the
end of a period of continuing care to terminate the licensee's amended nuclear
Ticense and to release the property for unrestricted use. Some disassembly and
disposal of activated components are still regquired, but the personnel radia-
tion exposure and the disposat-site space requirements are potentially dimin-
ished. Deferred decontamination cannot, however, rely on the facility operations
staff for personnel familiar with the facility.

3.1.3 ENTOMB

ENTOMB is the encasement and maintenance of nonreleasable radiocactive
materials in a monolithic structure of concrete or other structural material.
The structure should be sufficiently strong and long-lived to ensure retention
of the radionuclides until they have decayed to levels that permit unrestricted
release of the site. Depending on the approach taken, the entombment period
can range from about 100 years to many thousands of years.
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ENTOMB is similar in nature to SAFSTOR in that it alsoc consists of a period
of facility and site preparation followed by a period of continuing care that
includes security, surveillance, and maintenance activities. The level of
security necessary will depend on the type and quantity of nuclear materials
left and the safeguards needs of adjacent units with common "vital areas."
ENTOMB also requires the amended nuclear license to remain in force. The
facility and site preparations include comprehensive cleanup and decontamina-
tion of equipment and structures outside of the entombment structure and con-
finement of nonreleasable materials within the monolithic structure. Continuing
care activities are minimal.

Two approaches to ENTOMB are possible: 1) the reactor vessel internals,
which have extremely long-lived radicactivity, are removed and shipped to a
nuctear waste depository and 2) the reactor vessel internals are left in place.
In each case, as much of the contaminated equipment from outside the entombment
structure as can be stored in the entombment structure is moved there. 1In the
first case, because of the relatively short half-lives of the entombed radio-
activity, it may 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 110 years. (However, present regu-
lations and regulatory guidance do not allow such action without a comprehensive
survey to establish that radioactive contamination is within acceptable release
Timits.}) In the second case, existing requlations require the amended nuclear
license to remain in faorce 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 in the first
entombment approach and is required in the second approach. This represents
a task that is much more difficult than dismantling the unentombed facility,
since the entombment structure is built to endure for a long period of time.
Therefore, the second approach to ENTOMB, and perhaps the first approach also,
must be viewed as an almost irreversible commitment to Tong-term maintenance
of the amended nuclear license. However, dismantiement of the entombment

structure is not impossible, only very difficult.



3.2 CONSIDERATIONS FOR DECOMMISSIONING

Many considerations must be taken into account in choosing the appropriate
decommissioning alternative for a specific situation. This section deals with
many of the considerations in qualitative terms according to the following
broad categories: economic, licensing, societal, safety, and schedule. It must
be recognized that these cateogories are highly interrelated, but the inter-
relationships are only alluded to here.

3.2.1 Economic

While safety during decommissioning is the principal concern of the NRC,
economic matters are probably the foremost consideration to stockholders (if
a private utility), customers, utility managements, and utility rate commis-
sions. The following factors that control the economics of decommissioning

are discussed:

e property utilization potential
e staffing

radioactive material disposition
waste disposal capabilities

planning and preparation requirements
taxation

license and insurance fees

funding availability.

3.2.1.1 Property Utilization Potential

The potential use of the deactivated plant is a principal economic concern.
The site is certified for industrial purposes, and the structures and systems
are licensed for nuclear power production. As such, they represent a significan
investment in time and money. Although retrofitting of some auxiliary systems
may be necessary to meet the extant licensing requirements, refurbishing of the
primary systems to meet code requirements could facilitate the reactivation
of the facility for power production,

However, if reactivation is not desirable or is not possible, use of the
property for other purposes should be studied. The results could dictate the
decommissioning alternative selected.
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3.2.1.2 Staffing

The availability of a sufficient number of properly trained and skijled
personnel is a significant cost factor in decommissioning. For decommissioning
activities that commence immediately following final reactor shutdown, it is
desirable to draw the personnel from the ranks of the plant operating staff.
These personnel are very familiar with the structures, systems, radiation work
procedures, and specific areas of radiation exposure potential. Specifically,
supervisory personnel, health physics personnel, maintenance craft personnel,
and personnel trained in conventional decontamination methods and in the opera-
tion of the systems required during decommissioning should be recruited prior
to plant shutdown. The supervisory personnel are largely responsible for for-
mulating the plans and making the preparations for decommissioning and, there-
fore, should be available to begin these duties approximately 2 years before
plant shutdown. The other personnel should be available as necessary to
augment the planning and preparation effort, to become trained in the operation
of any special decommissioning equipment, and, then, to implement the plans.

Personnel transferred from elsewhere within the company or hired from out-
side labor pools will probably require training in radiation work procedures,
as well as in special equipment operation, and this will constitute an added
expense,

For decommissioning activities performed a significant length of time after
final reactor shutdown, personnel must be selected from elsewhere within the
company or from the outside labor pool; however, at a multiple-reactor station
there may be personnel available who are familiar with the reactor plant. Again,
training becomes a cost factor. Alternatively, the job could be contracted with
a firm that specializes in decommissioning work.

3.2.1.3 Radioactive Material Disposition

Two factors pertaining to radioactive material disposition heip deter-
mine the cost of decommissioning. They are: 1} the amounts and kinds of
radioactive materials on the property when decommissioning activities pro-

ceed and 2) the existing regulatory requirements concerning personnel radiation

exposure, unrestricted release levels, and radioactive material handling and
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disposal. These factors directly affect the following aspects: decontamination
and decommissioning procedures, packaging and transportation procedures, and
time requirements for implementation. These aspects, in turn, help determine
the kind, number, utilization, and efficiency of staff personnel.

3.2.1.4 Nuclear Waste Disposal Capabilities

A current major concern of nuclear facility owners is the availability of
nuclear waste disposal sites.(4] It is still unclear whether components con-
taining long-Tived radioactivity in high concentrations, removed from, in, and
around the reactor vessel, will require deep geologic disposal or only shallow-
land burial.

Another area of concern in this respect is the location and accessibility
of operable nuclear waste disposal sites. The cost of shipping decommissioning
wastes to disposal sites is determined in part by the distance traveled and in
part by requirements imposed by states through which the radipactive materials

must travel,.

Although federal agencies dominate the regulatory process in the shipment
of radioactive materials, state highway departments regulate gross vehicle
weights and dimensions, as well as some other aspects of radiocactive shipments.
Currently, about half of the states have adopted the DOT Hazardous Materials
Regulations to cover intrastate radiocactive materials shipments. In addition,
several states have adopted or proposed additional regulations for other aspects

(5,6)

of radioactive materials shipments. These aspects inciude:

e special routing

e advance notification for shipments of large gquantities
e state inspections of some types

e prohibition of certain types

e prior approval

® requirements of exclusive-use vehicles

e yuse of pilot vehicles

¢ speed restrictions

¢ specific hours of movement

e accompaniment of all shipments by radiation monitoring personnel.
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The variation of regulations between adjacent states often requires special
considerations for interstate shipments.

There is a potential conflict between some of the proposed state Tlaws
and the provisions of the National Transportation Act of 1974 (Public Law
93-633, signed in 1975). This Taw prohibits states from adopting laws or
regulations more stringent than federal regulations unless state regulations
improve transportation safety. Even in this case, such rules can be adopted
only if they do not unreasonably burden commerce.

3.2.1.5 Planning and Preparation Requirements

The cost of preparing the detailed decommissioning plans, the technical
specifications, the safety analyses, and the documentation may be different
for each of the decommissioning alternatives and should be considered. For
example, a comprehensive decommissioning plan is required for DECON and ENTOMB,
but for the first phase of SAFSTOR (preparations for safe storage), a somewhat
less comprehensive initial plan maybe acceptable. A complete decommissioning
plan is required prior to deferred decontamination {(the final phase of SAFSTOR).

3.2.1.6 Taxation

A factor that could have considerable influence on the choice of alterna-
tive and time frame for decommissioning is the way that the facility is viewed
by the Tocal taxing authorities for property tax purposes. For example, it is
possible that the piant in SAFSTOR or ENTOMB could be taxed at one of the
following values: 1) an operating plant, 2) unimproved land, or 3) the Tand
and structures minus the expected additional decommissioning costs {since
the retired plant is a negative asset). The first alternative (which is unlikely)
would force DECON of the plant, since the accumulated tax costs would, in a few
years, exceed the cost of DECON. The third approach wou'd reduce the taxes to a
very nominal amount, since the additional decommissioning costs could exceed the
value of the land and structures., In practice, the tax rate will be negotiated
between the local tax assessor and the plant owner. It will likely be based on
a combination of the second and third sijtuations given above, with land outside
the exclusion area assessed at a value comparable with adjacent similar property

and property within the exclusion area assessed at essentially zero value. Since
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the outer area of the site may be released for unrestricted use when the reactor
has been placed in safe storage or entombment, it may be put to productive use
to pay its property taxes.

3.2.1.7 License and Insurance Fees

Other economic factors that could have a role in determining the decommis-
sioning alternative are the costs of licensing and the costs of nuclear liabil-
ity insurance. Both, as presently applied, require a significant initial outlay
and then diminish as the amount of residual radiocactivity is reduced.

Licensing fees are required for amending the facility operating Ticense
to allow possession but not operation of the facility. Thereafter, inspection
fees are levied based on the NRC inspection requirements. Presently, while any
spent fuel remains on the site, safequards inspections must continue as during
operation. In addition, annual health, safety, and environmental inspections
must continue until the amended nuclear Ticense is terminated.

The cost of nuclear 1iability insurance depends on the level of coverage
required by the NRC as preoof of financial protection during decommissioning.
If the Tevel must remain the same regardless of the plant condition, timely
termination of the possession-only Jicense is desirable.

3.2.1.8 Funding Availability

As with all projects, there are certain fixed costs during decommission-
ing (i.e., salaries, services, utilities, and maintenance) that continue once
the project begins, regardless of the progress made towards project completion.
If insufficient funding delays decommissioning activities, these fixed costs,
plus the effect of inflation over the delay period, increase the overall decom-
missioning cost. Therefore, it is important that sufficient funds are avail-
able to complete the planned decommissioning activities as scheduled.

3.2.2 Licensing

Licensing in the nuclear industry is basically a question of responsibility
for the protection of the workers and the public from undue exposure to regula-
ted radioactive materials. In this respect, an organization is licensable only
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as it can demonstrate a continued ability and willingness to abide by the 1license
requirements imposed by the NRC. Once the license is granted, the licensee agrees
to accept the associated responsibilities until such time as the license is
terminated (or transferved to another licensed organization, as allowed by
requlation).

Termination of an amended nuclear license is conditional on the removal and
proper dispcsal of nonreleasable radioactive materials. While the higher occu-
pational exposure from DECON is undesirable, the requirements and responsibifities
of maintaining the license may overshadow the exposure aspect and make this
atternative desirable. The dynamic nature of government regulation may also
make termination of the Ticense desirable.

Another aspect of Ticensing that must be considered is the license duration
and the license renewal process and cost. Licenses are presently subject to a
40-year time 1imit, at which time they must be renewed. The renewal review
requirements comprise financial, safety, and environmental considerations similar
1o those for a license amendment situation. The costs of documenting these con-
siderations and the NRC review costs for each required license renewal must be
taken into account when choosing the decommissioning alternative.

3.2.3 Societal

Another consideration is that of public acceptance of the long-term presence
of a retired facility. There is a reasonable probability that once the plant is
no longer providing tax revenue and payroll to the community, the public may
view the single-reactor station structures as an eyesore, a perceived hazard,
or, at the least, an unproductive use of an otherwise useful site. Thus, pres-
sures may mount for the removal of the retired structures. At a multiple-reactor
station such public pressure could be less, or nonexistent, since the shutdown
facility is located with other operating nuclear power reactors. While it is
beyond the scope of this study to evaluate the likelihood of this concern, the
plant owner should sample Tocal public opinion on this question well in advance
of setting his plans for decommissioning,

In the same vein, the NRC presently desires to minimize the number of sites

permanently committed to the containment of radinactive materials. Removal and



disposal of the reactor vessel internals is the only method whereby this desire
can be fulfilied for the reference LWRs, even in the long run. Existing
regulations allow the various decommissioning alternatives that are detailed 1in
Section 3.1. But regqulations are dynamic in nature and are subject to societal
pressures; and, even though new regulations or changes to present regulations
may never forbid the use of a particular decommissioning alternative, they could
discourage or make impractical its use.

3.2.4 Safety

Radiological, industrial, and environmental safety play an important role
in decommissioning. Each is regulated by the federal government or the state
government, or both, to provide the amount of protection from hazards that is
deemed necessary. The selected decommissioning approach should provide the
required safety for the workers and for the public, and should have minimal
adverse impact on the environment.

3.2.4.1 Radiclogical Safety

In decommissioning an LWR, 60Co is the prime contributor to the total accu-
mulated occupational radiation dose. It appears as activated corrosion product
contamination in and on equipment and structural surfaces and as an activation
product in structural materials in and around the reactor vessel. Each decom-
missicning alternative results in a different accumulated occupational dose
because of different exposure requirements.

Dose rates throughout the plant, largely determined by the amount and
decay of 60Co, decay to approximately 10% of the original shutdown values after
about 17.5 years and 1% after about 35 years, assuming no decontamination.
Therefore, deferring the major decommissioning activity by even 17.5 years
decreases the accumulated occupational dose. The reduction depends on the
required decommissioning activities prior to that point in time and those
necessary to complete the license-termination process. Relatively Tittle
reduction in total accumulated cccupational dose is assumed to result from
deferring decontamination beyond 30 years after placing a PWR in safe storage
{Reference 1, p. 11-21). This is also assumed to be the case for a BWR
(Reference 2, p. 11-15).



3.2.4.2 Industrial Safety

Hazardous situations having the potential for occupational injuries and
fatalities will arise during normal activities of each decommissioning alterna-
tive. The quantity and severity of occurrences associated with a given decom-
missioning alternative depend on the kinds of activities performed and the man-
power and time requirements for that alternative. As with every industrial
operation, proper industrial safety practices during decommissioning will
minimize accidents.

3.2.4.3 Environmental Safety

Many of the environmental effects of plant operation will also be evident
during decommissioning, but in most cases at greatly diminished levels, The
environmental effects that pertain to decommissioning are radiation exposure,
liquid and airborne radioactive release, and solid radwaste disposal. No thermal
discharge is required during decommissioning except, perhaps, that associated
with operation of an auxiliary boiler,

At final shutdown of a reference LWR, large volumes of water requiring
disposal are present throughout the plant. Some of these volumes are in pre-
sumably noncontaminated systems and, after sampling, can be released directly
to the environs via the blowdown line. Others, notably those contained in the
spent fuel pool, the reactor vessel, etc., are contaminated in varying degrees
and may require processing through the Tiquid radwaste system prior to discharge.

Airborne radiocactive releases that result from normal decommissioning

() 0f the various

activities are small in comparison to normal plant cperation,
decommissioning alternatives, SAFSTOR releases the least amount of airborne
radioactivity, since much radioactivity has decayed by the start of deferred

decontamination,

DECON generates the largest amount of sclid radivcactive wastes that must
be placed in a licensed disposal facility. ENTOMB produces less, although
the entombed structure becomes a waste disposal site, and SAFSTOR (including
deferred decontamination), the least. The major environmental impact of
solid radiocactive waste disposal is the land area that must be committed to



this activity. In addition, shipping these wastes to the disposal site produces
the normal transportation noises, exhaust noises, exhaust fumes, and radiation
doses.

3.2.5 Schedule

A large percentage of the facility decommissioning cost is a fixed leve]
of expenditure that is associated with the time span of the work rather than
with the specific tasks. Therefore, the optimum schedule for any decommission-
ing alternative is one where the total time involved is the time required to
efficiently complete the longest sequence of tasks., This dictates the neces-
sary length of time (the critical path) to complete the entire job, and all
cther work should be completed within this time span. An optimum-sized, well-
trained staff is essential: too many or too few people, as well as undertrained
people, hamper the efficient completion of the work, thus increasing both the
total cost and the total accumulated occupational radiation exposure. AsS pre-
viously discussed, insufficient funding to complete the work within the critical-
path time span also drives these totals upward.

3.3 STUDY APPROACH

The study identifies and quantifies the different technolegies and the
impacts on safety and costs of decommissioning a nuclear power reactor at a
multiple-reactor site as compared to a singie-reactor site. For each of the
three decommissicning alternatives, DECON, SAFSTOR, and ENTOMB, the sensitivity
of the safety and cost to several variables is explored. Five scenarios for
multiple-reactor stations are investigated. Detailed decommissioning analyses
for a PWR and a BWR are presented in NUREG/CR—0130(1) and NUREG/CR—OG?Z,(z)
respectively, and provide the bases for the senpsitivity analyses. These detailed
analyses are not repeated in this study.

3.3.1 Variables

At a multiple-reactor site some facilities may be shared and some services
may be centralized for more economical reactor cperation. These and other
variables are discussed in the following subsections.
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3.3.1.17 Nuclear Waste Disposal

Nuclear waste disposal is the major contributor to the public radiation
dose from decommissioning a nuclear reactor and is a significant item in the
decommissioning cost. In the studies of decommissioning LWRs at single-reactor
stations, disposal of nuclear waste was considered only at an offsite, licensed
nuclear waste disposal facility. Variations considered in this study include
temporary onsite storage of nuclear waste, with eventual removal to a licensed
disposal site, and permanent onsite disposal of low-Tevel nuclear waste.

3.3.1.2 Site Dedication

Whether or not the site is dedicated to nuclear electric energy production
can have an impact on the safety and cost of decommissioning of reactors. If
the site is dedicated to nuclear generation of electricity, construction of the
replacement reactor will be completed before final shutdown of the old reactor.
The effect of the presence of the construction forces on the available skiljed
labor pool for the decommissioning crew is explored. Rotation of construction
craftsmen between new reactor construction and decommissioning could help keep
individual radiation exposures within requlatory limits, with minimal financial
impact.

3.3.1.3 Centralized Services

Onsite, centralized services available during decommissioning of a reactor
could facilitate the decommissioning program. Centralized services that may be
available onsite are safety, security, fire protection, radiation monitoring,
laundry, facilities and personnel for decontamination, central shops, and trans-
portation.

3.3.1.4 Number of Reactors Onsite

The number of reactors onsite will probably have a direct bearing on the
extent of centralized services provided. In this study, sites with four and ten
reactors are considered. Several nuclear reactor stations with three reactors
are in operation at this time and other stations are planned for four reactors.
Several studies of nuclear energy centers have cencluded that centers containing

10 to 20 or more nuclear reactors are technically feasib1e.(7_9)



3.3.1.5 Type of Reactor Being Decommissioned

The impact of whether the reactor being decommissioned is a PWR or a BWR is

2) show

investigated. The PNL decommissioning studies of a PNR(]) and of a BNR(
that there are differences in occupational exposure and cost for the two reactor
types; in this study, however, the only effect of reactor type explored is that
of the differences between decommissioning a reactor at a single-reactor site

and at a multiple-reactor site.

3.3.2 Multiple-Reactor Station Scenarios

The five scenarios investigated for multiple-reactor stations are described
beTow:

Scenario No. 1

e 4 reactors onsite
e only pressurized water reactors are located onsite

o after 40 years of operation of the oldest reactor, one reactor is shut down
every 2 years

® a replacement reactor is started up as each old reactor is shut down

e nuclear waste is temporarily stored onsite and moved later to an offsite,
licensed disposal facility

e central facilities are not provided onsite.

Scenario No, 2

o 4 reactors onsite
e only boiling water reactors are located onsite

e after 40 years of operation of the oldest reactor, one reactor is shut down
every 4 years

¢ the shutdown reactor is not replaced
e nuclear waste is sent to an offsite, licensed disposal facility

® central facilities are not provided onsite.



Scenario No. 3

10 reactors onsite
both PWR and BWR reactors are located onsite

after 40 years of operation of the oldest reactor, one reactor is shut
down every 4 years

a replacement reactor is started up as each old reactor is shut down
nuclear waste is sent to an offsite, lTicensed disposal facility
central facilities are not provided onsite.

Scenario No. 4

10 reactors gnsite
both PWR and BWR reactors are located onsite

after 40 years of operation of the oldest reactor, one reactor is shut down
every 4 years

a replacement reactor is started up as each old reactor is shut down

nuclear waste is temporarily stored onsite and moved later
to an offsite, licensed disposal facility

central facilities are provided onsite.

Scenario No. 5

10 reactors onsite
both PWR and BWR reactors are located onsite

after 40 years of operation of the oldest reactor, one reactor is shut
down every 2 years

a replacement reactor is started up as each old reactor is shut down
low-Tevel nuclear waste 1s disposed of onsite

central facilities are provided onsite.
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4.0 REGULATORY CONSIDERATIONS FOR DECOMMISSIONING

Decommissioning of a nuclear reactor power plant must be accomplished
in compliance with the applicable regulations, guides, and standards. In this
section, current regulations, guides, and standards that apply to decommission-
ing a nuclear power reactor are cited. In addition, currently developing
Nuclear Regulatory Commission (NRC) decommissioning policy is discussed.

Regulations and guidelines for nuclear facility decommissioning are dynamic.
National policy relating to decommissioning of LWRs is changing, and new regula-
tions are forthcoming. The NRC is developing a more explicit overall policy for

(1)

deconmissioning nuclear facilities.

A comprehensive review and analysis of current regulations related to decom-
missioning of licensed nuclear facilities was completed by Schilling, et aI.,(Z)
and detailed discussions of the regulations and guides that apply to decommission-
ing PWRs and BWRs are given in References 3 and 4.

4.1 CURRENT FEDERAL REGULATIDNS AND GUIDES

Several references to decommissioning are contained in Titie 10 Code of
Federal Regulations {10 CFR). These references are:

e 10 CFR 50.33(f)(a) - relates to the financial qualifications of the appli-
cant for a license to construct, operate, and shut down and maintain the
facility in a safe condition.

e 10 CFR 50.82 - outlines information and procedures necessary for the termi-
nation of any type of facility license.

e 10 CFR 51 - pertains to licensing and requlatory policy and procedures for
environmental protection. Section 51.5(b){7} provides guidance for deter-
mining whether an environmental impact statement is needed for decommission-
ing a nuclear facility.

Reguiatory Guide 1.86, Termination of Operating Licenses for Nuclear Reactors,

amplifies 10 CFR 50.82 and describes the acceptable decommissioning alternatives
as well as the methods for satisfying 10 CFR 50.82.

(a) Abbreviation for Section 50.33(f) of Title 10, Code of Federal Regulations,
Part 50 (typical).
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A number of other federal requlations contain requirements that must be

complied with during the decommissioning of a nuclear power plant. The fol-

lowing regulations contain requirements that are applicable to decommission-

ing a nuclear reactor:

10 CFR Part 19.

10

10

10

10

10

10

10

10

10

10

40

49

CFR

CFR

CFR
CFR

CFR

CFR

CFR

CFR

CFR

CFR

CFR

CFR
159

Part

Part

Part

Part

Part

Part

Part

Part

Part

Part

Part

Parts 170~

20.

30.

40.
51.

70.
71.

73.

140.

150.

170.

190.

Notices, Instructions, and Reports to Workers;

Inspections
Standards for Protection Against Radiation

Rules of General Applicability to Domestic Licensing
of Byproduct Material

Domestic Licensing of Source Material

Licensing and Regulatory Policy and Procedures for
Environmental Protectior.

Domestic Licensing of Special Nuclear Material

Packaging of Radioactive Material for Transport and
Transportation of Radioactive Material Under Certain
Conditions

Physical Protection of Plants and Materials

Financial Protection Requirements and Indemnity
Agreements

Exemption and Continued Requlatory Authority in
Agreement States Under Section 274

Fees for Facilities and Material Licenses and Other
Regulatory Services Under the Atomic Energy Act of
1954, As Amended

Environmental Protection Agency. Environmental
Radiation Protection Standards for Nuclear Power
Operation

Department of Transportation. Hazardous Material
Regulations
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The following NRC Regulatory Guides are perceived to provide generic

guidance for activities undertaken in decommissioning a nuclear reactor power

plant:

1.

1

16
A7
.143

.10

Personnel Qualification and Training
Reporting of Operating Information
Protection of Nuclear Power Plants Against Industrial Sabotage

Design Guidance for Radioactive Waste Management Systems, Struct-
tures, and Components Installed in Light-Water-Cooled Nuclear Power
Plants

Preparation of Environmental Reports for Nuclear Power Stations
Guide for Administrative Practices in Radiation Monitoring

Fi1m Badge Performance Criteria

Direct-Reading and Indirect-Reading Pocket Dosimeters

Standard Test Procedures for Geiger-Miiler Counters

Information Relevent to Ensuring that Occupational Radiation
Exposures at Nuclear Power Stations will be as Low As Reasonably
Achievable

Acceptable Concepts, Models, Equations, and Assumptions for a
Bioassay Program

Operating Philosophy for Maintaining Occupational Radiation
Exposure As Low As Reasonably Achievable

Several American National Standards Institute standards that are perceived

applicable are:

ANST N13.12 Control of Radicactive Surface Contamination of Material,

Equipment, and Facilities to be Released for Uncontrolled
Use
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ANSI N18.7-1972 Standards for Administrative Control of Nuclear
Power Plants

ANST 788.2-1969 Procedures for Respiratory Protection

4.2 MAJOR REGULATORY CONSIDERATIONS

At the end of the useful life of a nuclear power reactor, prompt termina-
tion of the NRC license is a desired objective. Removal of the radiocactivity
to Tevels permitting unrestricted use of the facility and site is mandatory
for full license termination. Present policy and requlatory guidance that
addresses nuclear facility decommissioning is not specific enough to adequately
effect this objective in a manner consistent with protection of the public
health and safety.(s)

sioning of nuclear facilities,

The NRC 1s currently reevaluating its policy on decommis-
(1,6,7) and its draft generic environmental impact
statement on decommissioning, issued in January 1981, concludes that the major
adverse environmental impact of decommissioning is the commitment of small amounts
of land for waste burial in exchange for reuse of the facility for other nuclear

or nonnuclear purposes.(s)
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5.0 FINANCING OF DECOMMISSIONING

Alternatives for providing funds for decommissioning a nuclear power sta-
tion are discussed in this section. This discussion is offered to highlight
current regulatory approaches to funding decommissioning and NRC thinking on

the subject.

Both federal and state governments have a responsibility to protect the
health and safety of their citizens. In connection with this responsibility,
a state in which a nuclear power plant is located is concerned that the opera-
ting utility has sufficient funds to decommission the plant after shutdown
and that funds are available for unexpected contingencies during both plant
operation and plant decommissioning. If the utility defaults or goes bankrupt,
the state may have to assume financial responsibility for decommissioning.

Before the Three Mile Island accident two factors were presumed to provide
a reasonably high degree of certainty that a utility will be financially capable
of decommissioning a nuclear power plant. First, utilities generally have signi-
ficant assets and, because of their regulated monopoly status, are allowed to
recover their expenses and earn a reasonable return on their capital investment.
Second, public-interest considerations relating to utilities' essential services
to society suggest that a utility would not be allowed to become insolvent except
in very rare instances. The very heavy financial strain on the Metropolitan
Edison Company following the accident at TMI-Z is cause for further considera-
tion of this presumption. For certain non-investor-owned utilities able to set
their own rates (e.g., certain municipal utilities), the argument against insolv-
ency is especially convincing. Nevertheless, some form of financial assurance
for decommissioning ma be desirable. First, since most nuclear power plants
are expected to operate 30 to 40 years and ultimate decommissioning may be
delayed 50 to 100 years following final shutdown, predicting the financial
stability of the utility involved is uncertain at best. Second, the utility
may postpone decommissioning because it has no direct economic incentive to

decommission a shutdown plant. Finally, a severe accident such as occurred



at TMI-2 may financially cripple even a large, well-insured utility. For these
reasons, steps need to be taken to ensure that funds are available for decom-
missioning.

5.1 ALTERNATIVES FOR PROVIDING DECOMMISSIONING FUNDS

The eventual cost of decommissioning should be considered as much a part
of nuclear power generation costs as is the construction cost or cost of fuel,
and decommissioning cost should be borne equitably by the consumers of the
power produced during plant operation.

The NRC is considering five criteria to evaluate the relative effective-

(1)

ness of alternative decommissioning financing methods. These criteria are:

1. the degree of assurance provided that funds will be available
2. the cost of providing the assurance

3. the extent to which the consumers of the plant's power equitably share the
costs of decommissioning

4, the flexibility to respond to changes in inflation and interest rates,
reactor life, and estimated decommissioning costs

5. the ability to accommodate different ownership and jurisdictional
arrangements.

Criterion 1 is considered most important; criteria 2 and 3 are next in impor-
tance; and criteria 4 and 5 must be met for a financing alternative to receive

(1)

further consideration.

There are three principal financing alternatives for decommissioning a
nuclear power station that satisfy the above criteria to varying degrees:

e a prepaid decommissioning reserve controlled by an outside entity
e an internal decommissioning reserve, either funded or unfunded
e a funded reserve or sinking fund controlled by an outside entity.

Combinations of these alternatives can also be used. These alternatives are

discussed in the following subsections. A fourth alternative, payment of
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decommissioning costs from utility revenues when the funds are required, is
considered in less detail because it fails to meet criteria 1 and 3. Other
alternatives, such as bonding or insurance pools, are considered briefly,
principally in regard to decommissioning after a premature shutdown.

5.1.1 Prepaid Decommissioning Reserve

This alternative involves payment of the total expected decommissioning
cost (in year-of-startup dollars) to an outside entity prior to the start of
operations at the nuclear power plant. The funds remain completely outside the
control of the utility during the operating Tifetime of the plant. The outside
entity invests and manages the funds unti] needed for decommissioning. No states
are known to now use this financing approach.

Ideally, the outside entity would be an agency of the state. This arrange-
ment not only provides stability in the care and management of the funds but
could also provide a significant tax advantage. The Internal Revenue Service
does not(;?x income accruing to the government of any political subdivision of
the U.S.

The prepayment financing alternative meets the five-selection criteria
reasonably well. Of the three discussed financing alternatives, this alternative
provides the greatest assurance that decommissioning funds will be available.
If the fund is not subject to federal taxes, the return realized could exceed
the utility's after-tax cost of capital, suggesting that the consumer may
benefit more by having the funds in an outside escrow account than by having
the funds reinvested in the utility's capital structure. This approach is
equitable to electricity consumers because the revenues to recover the prepaid
expense are collected over the entire operating life of the plant. The prepaid
financing approach seems to satisfy criterion 5 and can satisfy criterion 4 as
long as the responsible regulatory agency has the power to direct the utility
to make future payments to the fund if estimated decommissioning costs escalate
faster than the fund's return on investment.

5.1.2 Internal Unfunded Decommissioning Reserve

An internal unfunded decommissioning reserve is the approach more prevalent
in states with nuclear power plants. The most common procedure is to add the
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estimated cost of decommissioning as a negative salvage value to the original
cost of the plant. Each year, the utility credits an unfunded reserve for
decommissioning from operating revenues. At the end of the plant's operating
Tife, the total accumulated negative salvage value depreciation is to equal the
estimated cost of decommissioning {(in year-of-startup dollars}.

For investor-owned utilities, the recovery of future decommissioning
expenses is complicated by federal tax regqulations. Revenues coliected for

(3)

expense of decommissioning is presentiy not deductible until it is incurred

the decommissioning reserve are considered as taxable income, However, the
(i.e., after plant shutdown).(q) Conceptually, the revenue requirements for
this financing approach can be set so the sum of the after-tax revenues each
year, compounded at the utility's after-tax cost of capital, provide the
required after-tax decommissioning funds.

The chief disadvantage of the internal decommissioning reserve is the
relative Tack of decommissioning assurance as compared to the other two financ-
ing options, particularly with respect to premature decommissioning. From a
cost and equity standpoint, it is difficult to generalize conclusions since
the analysis is quite dependent both on taxing and accounting practices and on
financial assumptions. A principal advantage of this approach is that it fits
easily into existing rate-making practices and deces not require a new entity
to oversee or manage the decommissioning funds.

5.1.3 Sinking Fund Payment to an Qutside Escrow Account

Under this financing option, the utility makes periodic payments to an
outside escrow account, where the funds are invested in securities until they
are needed for decommissioning. At least one state, Pennsylvania, has adopted
this financing method.

If the escrow account is managed by a state agency, there is a good possi-
bility that the income generated by the escrow account will not be subject to
federal income taxes. It may also be possible to structure the account so an
investor-owned utility's payments can be made from untaxed revenue.(]) If the
escrow payment is not taxed, the utility's annual revenue requirement is simply

equal to the annual payment,
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This approach seems to satisfy all five evaluation criteria reasonably
well. It provides the flexibility needed to meet criteria 4 and 5. It pro-
vides reasonable assurance of the availability of decommissioning funds, with
the principal risk being that a plant may be shut down prematurely before ade-
quate funds are collected. This approach is reasonably equitable, and payments
to the fund can fluctuate with inflation so consumers are paying for decommis-
sioning in dollars of constant purchasing power. The relative cost of this
alternative is subject to assumptions on tax, accounting, and financiai

practices.

5.1.4 Payment from Revenue when Needed

Under this option, the utility takes no action until the funds are needed
for decommissioning. At that time, the decommissioning costs are paid out of
current revenues and decommissioning costs are treated as an allowable expense.

This option has the same disadvantage as the internal reserve option, a
relative lack of assurance that the funds will be available. It has the addi-
tional disadvantage that the costs will be borne by people who do not benefit
from the plant's operation.

5.2 FINANCIAL PROVISIONS FOR PREMATURE PLANT SHUTDOWN

Only the first alternative provides assurance that there will be adequate
funds to pay for decommissioning if the nuclear power piant is shut down prema-
turely. Several options are available to reduce this risk of unavailability of
funds in the event of premature shutdown. These include one or more of the

options discussed below.

5.2.1 Large Initial Payment

The principal advantage of a large initial payment to a sinking fund prior
to plant startup is the increased assurance it provides for meeting decommission-
ing costs. The principal disadvantage is the possibility of financial hardship
on the utility, as under the prepayment funding alternative. A Jesser disad-
vantage is the potential for inequitable distribution of decommissioning costs
among the power consumers.
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5.2.2 Higher Initial Sinking Fund Payments

The advantages and disadvantages of higher per-unit payments {in constant-
value dollars) to a sinking fund during the early years of plant operation are
comparable to those of the large-initial-payment option. This option's main
advantage is the added assurance that adequate funds are available for decom-
missioning in the event of premature shutdown. A disadvantage is that power
consumers during the early years will pay a disproportionate share of the decom-
missioning expenses.

5.2.3 Surety Bond

A surety bond posted by the utility has two advantages. First, it is
potentially manageable (less burdensome) for a small company that is unable
to make a large initial cash payment. Second, it distributes decommissioning
costs to the power consumers more equitably than a large initial cash payment.

5.2.4 Decommissioning Insurance Pool

This option for ensuring adequate premature decommissioning funding
requires utilities {and operators of other nuclear fuel-cycle facilities) to
make payments into a decommissioning insurance pool. The pool is obligated
to pay for the decommissioning of a facility if the operator defaults. Cne
problem with this option is the setting of appropriate premiums. To establish
premiums, the pool administrator is required to estimate the likelihood of non-
performance or partial performance and the magnitude of the fund required to
offset anticipated funding shortfalls. Another problem is the possibility
that a decommissioning insurance pool might have to be established by the
federal government, requiring congressional action.

5.3 DECOMMISSIONING FUNDING AT A MULTIPLE-REACTOR STATION

The problem of providing assurance that adequate funds will be available
for decommissioning a nuclear power reactor after final shutdown is not sig-
nificantiy different for a reactor at a multiple-reactor station than it is
for a reactor at a single-reactor station. The alternatives for accumulating
funds for decommissioning, discussed above in Subsection 5.1, are equally
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applicable for a reactor at a single- or multiple-reactor station. This is
particularly true for reactors that operate for the full design lifetime of
about 40 years.

Assuring that adequate funds are available for decommissioning a reactor
that is prematurely shut down has received increased attention in the last few
years. Several options available for reducing the risk that there will be
insufficient funds are discussed above in Subsection 5.2, If several, or all,
of the reactors at a muitiple-reactor station are owned by one utility, the
funds accumulated for decommissioning the individual reactors can be pooled to
provide a larger reserve to handle the premature decommissioning of one of the
reactors. The pooling of decommissioning funds for a utility's reactors is not
limited to reactors at a multiple-reactor station, though, since a utility oper-
ating several reactors at dispersed sites in one state could also elect to pool
the funds accumuiated for decommissioning the reactors.

The experience at Three Mile Island vividly illustrates the effect an acci-
dent at a reactor can have on an adjacent reactor. At a multiple-reactor station,
where reactors probably would be located in groups of three or four reactors, a
serious accident at one of the reactors could result in the extended shutdown of
the other reactors in the group. However, even if the reactor at which the acci-
dent occurred were to be decommissioned prematurely, the probability is Tow that
there would be technical justification for the premature decommissioning of the
other reactors in the group. Startup of a reactor after an extended shutdown
can be quite expensive. If the reactor that is forced to shut down during the
recovery from an accident at an adjacent nuclear reactor is within a few years
of ptanned shutdown, the utility may decide that it is more economical to decom-
mission the reactor than to restart it.

If the 1ikelihood of premature closure of a nuclear power station is
increased by collocation, the degree of assurance of the availability of funds
for decommissioning is somewhat decreased. This possibility suggests that more
serious attention should be given to funding of decommissioning prior to plant
startup and/or to the possibility of accruing funds for decommissioning at a
faster rate than otherwise would be selected for an external sinking fund or
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internal decommissioning reserve. Alternatively, the reactor owner could be
required to participate in an insurance pool to provide protection against pre-
mature plant closure. This concept is under review by the NRC and the nuclear

(1)

1iability insurance pools.
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6.0 MULTIPLE-REACTOR STATION CONCEPTS

Multiple-reactor stations and studies of nuclear energy centers are
described in this section. The management alternatives for a multiple-reactor
station, including reactor types and standardization, site dedication, timing
of construction, and reuse of structures and systems, are also discussed.

6.1 MULTIPLE-REACTOR STATIONS ANO RELATED STUOIES

Most of the operating or planned nuclear power reactors in the United
States are Tocated at stations with two or more reactors. Thirteen 2-reactor
stations are in operation and an additional thirty-five 2-reactor stations are
being constructed or planned. Three 3-reactor stations are in operation and
seven more are planned. Two 4-reactor stations are planned.

No nuciear energy centers containing more than four reactors are currently

planned; however, several studies on the feasibility of operating nuclear energy

centers with more than four reactors have been reported.(l'3)

(1)

to 40 reactors and related fuel-cycle and waste management facilities. A

An Atomic Energy

Commission study published in 1974 examined nuclear energy centers with 10

Nuclear Regulatory Commission study,(z) Nuclear Energy Center Site Survey - 1975,

considered three basic types of nuclear energy centers:

1. Power plant centers, consisting of 10 to 40 nuclear electric-generating
units of 1200 MWe capacity each.

2. Fuel-cycle centers, consisting of fuel reprocessing plants, mixed oxide
fuel fabrication facilities, and radicactive waste management facilities.

3. Combined centers, containing both power plants and fuel-cycle facilities.

(3)

plants would be located at the center, together with an interim spent fuel

The Hanford Nuclear Energy Center study assumed that 20 to 40 nuclear power

storage facility and waste management facilities.

The conclusions drawn in these studies are in reasonably good agreement.
In general, these conclusions state that:
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e Nuclear energy centers of up to 20 reactors are technically feasible.

® Nuclear energy centers would not unacceptably degrade the environment,
decrease the reliabitity of the electrical power supply, or compromise
safety.

¢ Nuclear energy centers of 10 to 20 reactors could show some economic
advantages - up to 12% savings 1in construction costs compared to single-
or dual-reactor sites.

e Extra transmission costs could reduce or eliminate the construction net
savings.,

e Nuclear energy centers could result in stable construction labor pools.

e There is no apparent change in public safety from nuclear energy centers
compared to dispersed siting of the same number of reactors.

¢ C[mergency response capabilities would be enhanced at nuclear energy centers.

e Nuclear energy centers should reduce concerns related to safeguarding
fissionable material.

e Nuclear energy centers will probably evolve through normal utility growth
by the year 2000.

e Nuclear energy centers could be more vulnerable to acts of war.

(3)

facility siting policy that encourages locating new nuclear power reactors at

An article by Burwell, Chanian, and Weinberg argues for a nuclear

Sites of existing reactors. Such a policy, the article concludes, would Tead
to the development of nuclear energy centers as the demand for electricity
increases., A recent GAO study(S) found that locating future nuclear power-
plants at existing sites offers important advantages which warrant considera-
tion by the NRC. The GAO study cited advantages for decommissioning of nuclear
reactors at a multiple-reactor station as follows:

“In view of the need to mothball or entomb a retired nuclear
powerplant for 100 years or more, and the present regulatory
uncertainty in the area of decommissioning and final power-
plant disposition, placing future powerplants at existing
nuclear sites would help the utilities to safely perform
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the necessary surveillance of retired facilities. The
cobalt-60 induced radioactivity would have time to decay
allowing utilities to reduce the occupational hazards
associated with dismantiement. The contaminated retired
facilities would be located within the perimeter of the
controiled nuclear sites, and the site operating staffs
could routinely perform the necessary maintenance, radio-
active monitoring, environmental monitoring, and inspections
during the long protective storage periods. Also, continued
use of sites for nuclear operations could reduce or eliminate
public and political pressures on utilities to dismantle
retired nuclear powerplants at a time when the lTevels of
induced radicactivity in the plants are stiil high."

6.2 MANAGEMENT ALTERNATIVES FOR A MULTIPLE-REACTOR STATION

In the nuclear energy center studies discussed in Section 6.1, it is
assumed that the reactors will be located in groups of three (triads) or four
(quads}, with the groups separated from each other by sufficient distance to
avoid interactions that could adversely affect the environment. This same
arrangement of the reactors at a muitiple-reactor station is assumed in this
decommissioning study.

In the foliowing subsections, the various alternatives available to the
organization(s) operating the reactors at a multiple-reactor station are dis-
cussed. These alternatives may influence the safety and cost of decommissioning
the reactors.

6.2.1 Reactor Types and Standardization

At a multiple-reactor station with a small number of reactors, say four
reactors {a quad), it is more likely that the reactors will be of the same
type and design, either PWR or BWR, than it is for a station having a larger
number of reactors. However, even at a muitiple-reactor station with 10 to 20
reactors, it is expected that there will be several reactors of each type.
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Standardization of the reactor type and design at a multiple-reactor

station results in many advantages during construction, operation, and decom-

missioning, Standardization:

Provides a major savings in engineering design, since it is carried out
just once,

Provides construction personnel with drawings for remaining units early,
which gives flexibility to planning and manpower leveling, as well as
improves productivity on the remaining units because of what was learned
from the construction of the first unit; a similar improvement in produc-
tivity for decommissioning is anticipated after the first reactor is decom-
missioned.

Simplifies operator training, since a group of identical reactors will
have the same arrangement for controls, valves, and equipment.

Minimizes the design input and safety review process for Ticensing the
reactors.

Provides fuel management flexibility during operation by fuel sharing
between identical reactors.

Reduces maintenance on identical units by correcting problems on subse-
quent units before the problems cause failure.

Some of these advantages may alsc be realized by a utility having reactors of

a standardized design located at several single-reactor stations. The princi-

pal advantages of standardization during decommissioning of several identical

reactors at a nuclear power station are:

the minimization of the planning effort for decommissioning the second

and later reactors of an identical design

the improvement in productivity of the deconmissioning workers due to
the experience they gained on the first reactor

the improvement of decommissioning techniques and the correction of
mistakes.
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TABLE 8.1-5. Estimated Cost of Disposal of Nuclear Waste from SAFSTOR of a BWR Using
Interim Onsite Nuclear Waste Storage

Preparations for Safe Storage

Dnsite

Interim Unsite Seferred Decontamination I

Waste Interim Dffsite Safe - Optien
Storage Storage Disposal Storage Onsite Interim Storage Cost (§ thousands)] _Offsite Disposal Cost ($ thousands) Total
Period Cost Cost Period MNeutron-  Contami- Weutron~  Contami- Cost

{years) (% thousands) (§ thousands) Subtotal {years) Activated nated Radwaste _Subtotal Activated nated Radwaste Subtotal (3 thousands)

30 0 0 0 0 23004%)  qopelt) 25500} 7464 8660

ple) 0 1216807 1216 50 0 0 0 0 23000 ¢! aztel s0alc) 2547 3763
100 0 0 0 f 23001 ¢) a3te) 1agte) 2483 3699

30 394 3337 a4 3a15 £8% 320 221 1229 5696

0 361 291 652 50 368 1 67 466 195 26 179 400 1518
100 284 3 46 361 162 19 124 305 1318

30 354 3337 84 3815 195 316 210 721 5069

50 361 172 533 5) 368 31 67 466 162 22 170 354 1353
100 284 3 16 361 167 18 121 301 1195

a0 194 2337 a4 1815 193 309 154 £96 5074

100 361 152 513 ’ 50 368 31 67 66 162 18 160 340 1319
100 784 31 46 36) 162 15 N6 293 167

Ea} Base case. Cost of immediate offsite disposal of nuclear waste.
b) From Tables H.5-10 and J.5-3 of Reference Z.
{c} From Table J1.7-2 of Reference 2.



TABLE 8.1-6. Estimated Total Cost Differences - Interim Onsite Nuclear Waste
Storage vs. Immediate Offsite Nuclear Waste Disposal for SAFSTOR

Cost Differences ($ thousands)(a’b)
Deferred Decontamjnation After

Interim Onsite () 30 Year(d) 50 Yeartd) 100 Yeartd)
Storage Period {yr) PWR BWR PWR BWR PWR BWR
30 -2005  -2984  -660  -2244  -670  -2381

50 -2080  -3611 -720  -2408  -730  -2504

100 -2105  -3656  -750  -2443  -750  -2532

(a} The cost differences are based on the cost of placing the nuclear waste
from both preparations for safe storage and deferred decontamination in
interim onsite storage plus the cost of later removal and disposal in an
offsite licensed waste disposal facility.

{b) A - sign indicates a decrease in cost under the cost of immediate off-
site waste disposal.

(c) Time after waste is placed in onsite interim storage.

(d} Time after reactor shutdown.

for safe storage from interim storage to permanent disposal after interim stor-
age periods of 30, 50, or 100 years. For the three deferred decontamination
cases, the cost is given for removal of the nuclear wastes to offsite disposal
at times of 30, 50, or 100 years after the waste was placed in onsite interim
storage. This means that if deferred decontamination took place 30 years after
reactor shutdown, removal to offsite disposal would be at 60, 8D, or 130 years
after reactor shutdown; with deferred decontamination 50 years after reactor
shutdown, offsite disposal would be at 80, 100, or 150 years after shutdown;
and with deferred decontamination 100 years after reactor shutdown, offsite
disposal would be at 130, 150, or 200 years after shutdown.

Differences in the estimated cost of immediate offsite nuclear waste dis-
posal and the estimated cost of onsite storage of nuclear waste followed by
removal to an offsite disposal facility are given in Table 8.1-6 for interim
storage periods of 30, 50, and 100 years. The lowest waste disposal costs for
SAFSTOR with interim onsite waste storage are given by the case with 100 years
of safe storage and 100 years of onsite interim waste storage, $2.6 million for



the reference PWR and $1.7 million for the reference BWR. However, the great-
est reductions in the total waste disposal costs for both the PWR and the BWR
are achieved by 100 years of interim onsite storage of the waste from deferred
decontamination that takes place after 30 years of safe storage.

8.1.2.3 Cost of Interim Onsite Storage of Nuclear Waste from ENTOMB

The estimated costs of disposal of nuclear waste from ENTOMB with interim
onsite storage of the waste before removal offsite to permanent disposal are
given in Table 8.1-7 for the reference PWR and in Table 8.1-8 for the refer-
ence BWR. Disposal costs are shown for each of the three categories of nuclear
waste: neutron-activated material, contaminated material, and radwaste. The
differences between the cost of waste disposal with interim onsite storage for
30, 50, and 100 years and the cost of immediate offsite waste disposal are
presented in Table 8.1-9. The greatest cost reductions are estimated to be
achieved by interim onsite storage for 100 years, $1.4 million for the PWR and
$2.6 million for the BWR. However, the incremental savings achieved by extend-

ing the storage period from 50 years to 100 years are estimated to be quite
small.,

TABLE 8.1-7. Estimated Cost of Disposal of Nuclear Waste from ENTOMB of
a PWR Using Interim Onsite Nuclear Waste Storage

Cost of Waste Disposal (3 thousands)

Years Type of Waste
Storage After Neutron- Option
Locaticn Shutdown Activated Contaminated Radwaste Total
Onsite, Interim 0 945 401 240 1586
Offsite, Permanent 0 249g(2) 472(2) 693(8) 3663
30 331 538 259 2714(0)
50 316 185 181 2265(b)
100 314 185 171 22560)

{a) From Table 4.5-1 of Reference 3.
(b} Inciudes cost of placement of waste in interim onsite storage
external to the entombment structure.



TABLE 8.1-8. Estimated Cost of Disposal of Nuclear Waste from ENTOMB of
a BWR Using Interim Onsite Nuclear Waste Storage

Cost of Waste Disposal ($ thousands)

Years Type of Waste
Storage After Neutron- Option
Location Shutdown Activated Contaminated Radwaste Total
Onsite, Interim 0 484 1230 447 2161
Offsite, Permanent O 2394¢3)  1g46(P) 1269(¢) 5709
30 781 1327 572 48019
50 614 104 328 320709
100 574 104 308 3147(%)

(a) From Table K.3-3 of Reference 2.
{b) From Table K.3-4 of Reference 2.
) From Tables H.5-10 and 1.3-5 of Reference 2. See Section K.3.1.3 of
Appendix K of Reference 2.
{d) Includes cost of placement of waste in interim onsite storage
external to the entombment structure.

TABLE 8.71-9. Estimated Total Cost Differences - Interim Onsite Nuclear Waste
Storage vs. Immediate Offsite Nuclear Waste Disposal for ENTOMB

Temporary Onsite  Cost Differences (§ thousands)(a’b)
Storage Period {yr) PWR BWR
30 -949 -908
50 -1395 -2502
100 -1407 -2567

(a) The cost differences are based on the cost of plac-
ing the nuclear waste in interim onsite storage plus
the cost of later removal and disposal in an offsite
licensed waste disposal facility.

(b} A - sign indicates a decrease in cost compared with
cost of immediate offsite waste disposal.

8.1.3 Onsite Nucliear Waste Disposal

Sites where large numbers of nuclear power reactors are located conceivably

will be large enough to include a permanent onsite low-level nuclear waste



disposal facility. Permanent onsite low-level nuclear waste disposal facilities
will be operated only at these multiple-reactor stations where the hydrolegy of
the site will not cause flooding of the disposal facility. Any nuclear waste
that must be disposed of in a deep geologic disposal facility will be sent off-
site to a government-operated facility. Several factors that contribute

to lower costs for onsite nuclear waste disposal are:
¢ lower transportation costs because of the short haul to the disposal site
e no overweight charges, since all travel is over private roads
¢ no relief driver charges, since only cone driver is needed

e shielded cask Tiners may not be used for some of the activated materials,
since travel is over private roads and the DOT maximum surface dose rate
may be exceeded.

The following assumptions are made in estimating the effect of onsite

nuclear waste disposal on decommissioning costs:

1. The quantity of nuclear waste sent to onsite waste disposal is the same
as would be sent to an offsite waste disposal facility.

2. Since transport to the onsite waste disposal facility is over private
roads in a privately owned and controlled area, it is not necessary to
limit the container or cask surface dose rate to 0.2 R/hr as required by
0OT for transport on public highways. Shielding is provided for the truck
cab to 1imit the dose rate to 2 mR/hr. The radiation dose to workers is
controlled procedurally to assure that it does not exceed the 10 CFR 20
limits.

3. There are no curie or liner surcharges for onsite waste disposal.
4. When heavy loads such as casks are involved, the handling charge is equal

to the handling charge for such a load at an offsite licensed waste dispo-
sal facility.

5. The disposal charge is the same as that at an offsite licensed waste dis-
posal facility ($93.5?/m3) and covers the costs of construction, operation,
and decommissioning of the facility.



6. The onsite disposal facility is located 24 km from the reactor.
7. One-day cask rental is charged for each shipment.

8.1.3.1 Cost of Onsite Disposal of Nuclear Waste from DECON

The estimated costs of onsite disposal of the nuclear waste from DECON of
the reference PWR and reference BWR are presented in Table 8.1-1D. The costs
of offsite disposal of the waste are also given for comparison. The savings
achieved by onsite waste disposal are about $3 million for the PWR and about
$4.5 million for the BWR.

TABLE 8.1-10. Estimated Cost of Onsite Oisposal of
Nuclear Waste from DECON

Cost of Waste Qisposal ($ thousands)
Type of Waste

Disposal  Neutron-
Location Activated Contaminated Radwaste Total

Reference PWR

offsite  2733%  s51g3(b) 693(¢) 8609
Onsite 1933 3467 240 5640
Saving 2969

Reference BWR

offsite 2300(d) 4909¢®) 1469(T) 8678
Onsite 409 3337 447 4193
Saving 4485

From Table G.4-3 of Reference 1.
From Tables G-4-4 and G.4-5 of Reference 1.
From Table G.4-6 of Reference 1.
From Table 1.3-3 of Reference 2.
From Table 1.3-4 of Reference 2.
From Tables H.5-10 and 1.3-5 of Reference 2.

s sy e
=MD A0 oW
et e et S e



8.1.3.2 Cost of Onsite Disposal of Nuclear Waste from SAFSTOR

The estimated costs of onsite disposal of the nuclear waste from SAFSTOR
of the reference PWR and reference BWR are given in Table 8.1-11. These costs
are for disposal of the waste from preparations for safe storage plus the waste
from deferred decontamination after 30, 50, or 100 years of safe storage. The
costs of offsite disposal of the nuclear waste from SAFSTOR, developed in the

PWR and BWR decommissioning studies,l]’z)

are given for comparison. Costs for
onsite disposal of nuclear waste are shown to be lower than for offsite dispo-
sal. The estimated savings for both the PHR and the BWR are greatest if defer-
red decontamination is started 30 years after reactor shutdown, $3.1 million

for the PWR and $4.3 million for the BWR.

TABLE &.1-11. Estimated Cost of Onsite Disposal of Nuclear Waste from SAFSTOR

Cost of Waste Disposal (% thousands)(a)

Years of Storage Type of Waste
Before Deferred Neutron- Totals
Decontamination Activated Contaminated Radwaste Onsite Disposal Offsite Disposal  Savings
Reference PWR
10 1910 3467 N7 5694 8792(®) 3098
50 1858 21 255 2134 3566(b) 1432
100 1858 21 246 2125 3520(0) 1395
Reference BWR
30 394 3337 608 4339 SGBU(C} 4341
50 368 31 453 852 3763t 2911
100 284 N 433 748 3699 ¢! 2951

{a) Costs include cost of waste disposal from preparations for safe storage and from deferred
decontamination.

{b) Based on Tables H.3-2 and H.5-2 of Reference 1. Numbers reduced to remove 25% contingency.

{c} Based on Tables H.5-10, J.5-3, and J.7-2 of Reference Z.

8.1.3.3 C{ost of Onsite Disposal of Nuclear Waste from ENTOMB

In Table 8.1-12, the estimated costs of disposal of the nuclear waste
from ENTOMB are given for onsite and offsite disposal. Onsite disposal of the
nuclear waste from ENTOMB is estimated to save $2.1 million for the PWR and

$3.5 million for the BWR.



TABLE 8.1-12. Estimated Cost of Onsite Disposal of Nuclear Waste from ENTOMB

Cost of Waste Disposal ($ thousands)
Type of Haste

Disposal Neutron-
Location Activated Contaminated Radwaste Total

Reference PWR

Offsite 24982 472(2) 693(2) 3663
Onsite 945 201 240 1586
Saving 2077

Reference BWR

Offsite 2394(b) 1846(C) 1469(d) 5709
Onsite 484 1230 447 2161
Saving 3548

(a) From Table 4.5-1 of Reference 3.
(b) From Table I.3-3 of Reference 2.
(c} From Table 1.3-4 of Reference 2.
(d) From Tables H.5-10 and 1.3-5 of Reference 2.

8.2 SITE DEDICATION

Dedication of a site to nuclear power generation results in replacement
reactors being constructed on a schedule to achieve startup of a replacement
reactor as an old reactor is shut down. At such dedicated sites, either
relatively long periods of construction activity will occur periodically or
there will be continuous construction activity at the site if the startup
of the reactors is spaced to occur over a 30-year period.

Dedication of a multiple-reactor site to nuclear power generation:
o fosters stable operating and construction labor forces

e favors the establishment of onsite interim nuclear waste storage or onsite
nuclear waste disposal

e results in improved efficiency of construction and decommissioning as

management and the labor force accumulate onsite experience

® encourages the provision of centralized services.
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It is expected that the efficiency of decommissioning the reactors at a
muitiple-reactor station will improve after the first reactor is decommissioned
due to the learning process. Reductions in manpower requirements for decommis-
sioning subsequent reactors of the same type at a multiple-reactor station
result from the following factors:

® the minimization of the planning effort for decommissioning the second or
later reactors of the same type

e the standardization and improvement of decommissioning techniques

® the stabilization of the work force, resulting in less time spent in

learning or rehearsing decommissioning procedures

o the improvement of the productivity of decommissioning workers as a
result of the learning experience on the first reactor.

The reduction in decommissioning manpower costs at multiple-reactor sta-
tions results principally from a reduction in the time required to perform a
given operation, rather than from a reduction in the number of workers. There-
fore, the total time to decommission a plant is reduced, and the c¢ost reduction
factors are applied to support staff labor as well as to decommissioning worker
labor.

Assumptions used to estimate the cost reduction factors are:

1. The cost reduction factor for planning and preparation for the second
and each succeeding reactor of a particular type {PWR or BWR) is 0.50.

2. The cost reduction factor for decommissioning operations for the second
reactor of a particular type is 0.95.

3. The cost reduction factor for decommissioning operations for the third
and each succeeding reactor of a particular type is 0.90.

Cost reduction factors for decommissioning several reactors of the same type
at a multipie-reactor station are shown in Table 8.2-1. These factors are
also applicable for estimation of occupational radiation dose reduction.



TABLE 8.2-1. Cost and Dose Reduction Factors

Number of
Reactors  Average Cost Reduction Factor
of Planning & Decommissioning

One Type Preparation Operations

1.0 1.0

4 0.6242) 0.94(2)
0.60 0.93

10 0.55 0.92

20 0.53 0.9

(a) 1.0+ .5+ .5+ .5 =0.62;
)

1.0+ .95+ ,9+ .9 =10.94
4

The factors given in Table 8.2-1 are used to estimate the decommissioning
staff jabor costs at multiple-reactor stations having four or five reactors of
the same type. Table 8.2-2 gives the estimated staff labor costs for decommis-
sioning several PWRs and BWRs by DECON, SAFSTOR, and ENTOMB; estimated staff
labor costs for decommissioning a single reactor are given for comparison.
These costs are used to estimate the savings in staff labor for the five scen-
arios studied in Section 10,

8.3 AVAILABILITY OF CENTRALIZED SERVICES

A number of centralized site services may be avaiiable at a multiple-

reactor station. The centralized services considered in this study are:

® health physics services

® security forces

e s50lid waste processing

e equipment decontamination services
o maintenance shops and services

¢ Jaundry services

¢ transportation services

¢ central stores,
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TABLE 8.2-2. Decommissioning Staff Labor Costs

Staff Labor Costs/Reactor (3 thousands)(a)

No. of Reactors SAFSTORLD)
Decommissigned DECON 30 Yr h) Yr 100 Yr ENTOMB
L PWRs
1 7 981%¢) 17 77688 47 q79{d) 1y q79ld) 5 gople)
4 7 345 10 138 10 138 10 138 7 001
7 237 9 950 9 950 g 950 6 898
BUWRs
1 15 066'T) 24 272090 27 937(9) 271 937(9) 15 4pa(N)
4 13 704 21 050 18 926 18 926 14 046
5 13 528 20 734 18 647 18 647 13 854

{a) Security force labor costs deleted.

{b) Includes cost of preparations for safe storage and cost of deferred
decontamination. No improvement in labor efficiency is anticipated
for continuing care,

(c¢) Based on Tabje 10.1-2 of Reference 1.

(d) Based on Tables 10.1-2 and 10.2-2 of Reference 1.
(e} Based on Table 4.5-1 of Reference 3.

(f) Based on Table I.3-6 of Reference 2.

(g} Based on Tables J.5-4 and J.7-2 of Reference 2.
(h) Based on Table K.3-5 of Reference 2.

The impact of providing each of these centralized services on the cost of
reactor decommissioning is discussed in the following subsections. Central-
ized services are considered in this study for 10-reactor stations.

8.3.1 Health Physics Services

Centralized health physics services at a multiple-reactor station could
significantly reduce the costs of health physics activities at each reactor,
during both the reactor operating 1ife and the decommissioning period follow-
ing operation. The two major factors postulated to contribute to this cost
reduction are:
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e the reduced health physics staff overhead at each reactor, resulting from
the sharing of certain staff members between several reactors at the site

e the reduced peak-load staffing requirements per reactor, because the
large pool of health physics technicians at the site can be shared between

reactors as needed.

The health physics staff organizaticns considered for decommissiening in
this analysis are shown in Figure 8.3-1. The staff organization without cen-
tralized services (Figure 8.3-1a) is essentially the same as that postulated
for the PWR and BWR decommissioning studies(]’z) of single-reactor stations.
In Figure 8.3-1b, the postulated organization with centralized health physics
services is shown as a three-tiered organizaticn to reduce overhead manpower.
At the multiple-reactor station level the health and safety supervisor is
responsible for all health physics activities at the station. He is aided by
a clerk and the industrial safety specialist on the station level and by
health physics supervisors at the group {or gquad) level. (For administrative
purposes the reactors are assumed to be located on the station in groups of
four, or quads). At each reactor a health physicist, who reports to the group
health physics supervisor, is in charge of the health physics activities.

In addition to the modified staff organization with centralized health
physics services, a more efficient use of the health physics technicians is
assumed. Manpower reguirements and costs for these staff members are assumed
to be reduced 10% from those required without centralized health physics ser-

yices.

To calculate the decommissioning cost savings resulting from centralized
health physics services, the costs for radiation monitoring with and without
centralized health physics services in the PWR and the BWR decommissioning
(1,2)

same whether a single reactor is alone on a site or operates independently

studies are used here as the base costs, because the costs would be the
{without centralized services} on a multiple-reactor site. The detailed calcu-
lations of the costs for the centralized health physics services are presented
in Section B.1 of Appendix B of this study and the results are Summarized here.
To develop the costs for the centralized services, it is assumed that:

8-22



£¢-8

WITHOUT CENTRAL | ZED HEALTH PHYS |Cs @)
8.3-la
HEALTH AND SAFETY
SUPERVISOR
' SITE
LEVEL
HEALTH INDUSTRIAL SAFETY |
PHYSICIST SPECIALIST )
SENIOR GROUP
HEALTH PHYSICS LEVEL
TECHNIC [ANS
HEALTH PRYSICS
UNIT
TECHNIC IANS o

/

f
\

WITH CENTRALIZED HEALTH PHYS 1050 ¢!

5.3-1b
HEALTH AND SAFETY
SUPERVISOR
b
CLERK INDUSTRLAL SAFETY
SPECIALIST
. : '
HEALTH PHYSICS
SUPERVISOR
3 } K.
HEALTH
PHYSICIST
SENIOR
HEALTH PHYSICS
TECHNICIANS

+
HEALTH PHYSICS
TECHNICIANS

(at BASED ON FIGURES 9.1-3 AND 9,2-6 OF REFERENCE 1 AND ON FIGURE H.1-1 OF REFERENCE 2.
ib} PROTECTIVE EQUIPMENT ATTENDANTS UNAFFECTED BY ORGANIZATION CHANGE AND, THEREFOQRE, NOT {NCLUDED HERE .
{c) ASSUMES SITE DIVIDED INTO THREE GROUPS OF REACTORS WITH THREE OR FOUR UNITS IN EACH GROUP.

FIGURE 8.3-1,

Health Physics Staff Organization for Decommissioning



e a site-wide overhead structure exists, reducing the overhead burden on

each individual reactor

e labor requirements for senior health physics technicians and heatth
physics technicians are reduced by 10% because sharing of technicians
between reactors reduces the need to hire extra personnel for high
dose-rate activities.

Health physics staff labor costs for decommissioning an LWR at a muitiple-
reactor station, both with and without centralized health physics services,
are summarized in Table 8.3-1 for the three decommissioning alternatives.
Estimated net savings achieved by using centralized health physics services
are aiso presented. These net savings are in the range of 30 to 40% of the
base cost (without centralized services) for the PWR and in the range of 25
to 30% for the BWR. Overall savings are greater for the BWR than for the PWR
because of the greater regquirement for health physics personnel at the BWR, as
estimated in References 1 through 3.

8.3.2 Security Forces

A station-wide central security force at a multiple-reactor station could
provide security services more efficiently for each reactor than such services
could be provided at a single-reactor station. Two factors that account for

this cost reduction are:

e the overhead structure for each reactor can be reduced by sharing certain

staff members between reactors

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

The organization structures for the security force considered in this
study are shown in Figure 8.3-2. The security organization without centralized
services, Figure 8.3-Za, is the same as that shown in Reference 2 for decommis-
sjoning the reference BWR. The organization of the security force with cen-
tralized services, shown in Figure 8.3-2b, assumes a three-level approach as
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TABLE B.3-1. Summary of Health Physics Staff Labor C?sts for Decommissioning
of an LWR at a Multiple-Reactor Station a)

Jotal Health Physics Staff Net Savings
Labor Costs ($ thousands) w/Centralized

w/0 Centralized w/Centralized Health Physics
Decommissioning Alternative Health Physics Health Physics (§ thousands)

PWR
pecon' D) 1424 962 462
sarsToR: (©)
Preparat1?3§ for Safe 668 412 256
Starage
Deferred Decontamination'®) 1424 962 462
Totals 2092 1374 718
EnToMB e 1424 962 462
BWR
pecon() 2349 1731 618
SAFSTOR: {C)
Preparati?n? for Safe 1530 1094 436
Storageld
Deferred Decontamination(e) 2346 1731 618
Totals 3879 2825 1054
enoms ) 2406 1752 654

(a) Assumed to be a 10-reactor station.

(b) From Table B.1-1.

(c) Centralized health physics services are assumed to have no significant
impact on costs for continuing care.

(d) From Table B.1-2.

{e) Assumed to be the same as for DECON.

{f) From Table B.7-3.

(9)

(h)

From Table B.1-4.
Reactor vessel internals removed; from Tabie B.1-5,

described in Subsection 8.3.1 for centralized health physics services. At the
station level the security supervisor and assistant security supervisor have
overall responsibility for station security matters. Each of the reactor groups
(quads) has a security shift supervisor assisted by security patrolmen at both
the group and reactor levels.
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Estimated costs of providing security forces for decommissioning the
reference PWR and the reference BWR at a multiple-reactor station, both with
and without centralized security forces, are summarized in Tabie 8.3-2. The
net savings possible by using a centralized security force are also presented.
For the different alternatives, overall net savings with a central security
force during the decommissioning of a reactor range from 21 to 32% of the
cost of providing security with a separate security force at the reactor. The
net savings percentages are not significantly influenced by the reactor type.

8.3.3 Solid Waste Processing

In the decommissioning studies of the reference PHR(]) and the reference
BNR(Z) at single-reactor stations, it was assumed that the dry solid radioactive
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TABLE 8.3-2. Summary of Security Force Lab?r Costs for LWR Decommissioning
at a Multiple-Reactor Station a)

Total Security Force Labor Costs Net Savings
($ thousands) w/Centralized
w/0 Centralized w/Centralized Security Forces
Decommissioning Alternative Security Forces Security Forces ({3 thousands)

PHR
(b)
DECON 2129 1670 459
SAFSTOR: (€)

Preparati ng for Safe 1155 1005 150
Storageld (e)
Deferred Decontamination 1350 732 658
Totals 2545 1737 808
entoma () 2129 1670 459
BWR
pecont9) 2495 1973 522

SAFSTOR: (€)

Preparations for Safe 2032 1729 303
Storage(h) (1)
Deferred Decontamination 162 859 763
Totals 3654 2588 1066
entoms(d) 2671 2066 605

Assumed to be a 10-reactor station.
From Table B.2-1.

Centralized security forces are assumed to have no significant impact on
costs for continuing care.

From Table B.2-2.

From Table B.2-3.

Assumed to be the same as for DECON.
From Table B.2-4,

From Table B.2-5.

From Table B.2-06.

From Table B.2-7.
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waste was compacted to achieve a five-fold reduction in volume. At a multiple-
reactor station, a central waste incinerator to serve the whole station can
further reduce the volume of combustible radioactive waste by at least a factor
of five, giving an overall volume reductiocn factor of 25. A central waste
incinerator can provide significant savings in waste disposal costs for both the
operating and decommissioning phases of reactor life.

It is assumed in this study that a central waste incinerator is provided
at the multiple-reactor station to process the combustible solid waste from
the 10 operating reactors in five, two-shift days per week. In Section B.3
of Appendix B, the capital cost of the central waste incinerator is estimated
to be $3.9 million, or $390,000 per reactor at the site. It is assumed that
the annual cperating and maintenance cost is 5% of the capital cost of the
incinerator. Since this yields an annual savings when compared to disposal of
compacted combustible waste of $36,000 per operating reactor (see Table B.3-1
of Appendix B) and the decommissioning of a reactor generates only about 10%
of the combustible radioactive waste over the reactor 40-year lifetime, it is
assumed that the capital cost of the incinerator is borne by reactor operation.

The cost of using the incinerator for reducing the volume of the combus-
tible radinactive waste from decommissioning a reactor is only the additional
incremental cost of operating and maintaining the facility during incineration
of the waste. The net cost savings resulting from incineration of combustibie
radioactive waste during decommissicning a reactor at a multiple-reactor sta-
tion are presented in Table 8.3-3. Savings for both types of reactors for
each of the three decommissioning alternatives are given. The savings are
small compared to the total cost of radioactive waste disposal for decommis-
sioning a reactor but represent a significant fraction of the disposal costs
of compacted radiocactive waste without incineration, 65 to 70% for the PWR and
55 to 70% for the BWR,

8.3.4 Equipment Decontamination Services

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

of these services and the eccnomic incentive to provide improved services and
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TABLE 8.3-3. Summary of Net Savings from Incineration of Combustible
Radioactive Waste from Reactor Decommissioning

Total Disposal Costs(a)

($ thousands) Net Savings
Compacted Com- Incinerated with Incineration
Decommissioning Alternative bustible Wastes Wastes ($ thousands)
PHR
DECON/ENTOMB 207 74 133
SAFSTOR:
Preparations for Safe Storage 59 19 a0
Deferred Decontamination After 30 yr 148 44 104
Deferred Decontamination After 50 yr 96 28 68
Deferred Deccntamination after 100 yr b5 20 45
Totals, w/30-yr Deferred Decontami- 207 63 144
nation
Totals, w/50-yr Deferred Decontami- 155 47 108
nation
Totals, w/100-yr Deferred Decontami- 124 39 85
nation
BUR
DECON/ENTOMB 396 175 221
SAFSTOR:
Preparations for Safe Storage 143 b3 80
Deferred Decontamination after 30 yr 255 82 173
Deferred Decontamination after 50 yr 204 65 138
Deferred Decontamination after 100 yr 140 46 94
Totals, w/30-yr Deferred Decontami- 398 145 253
nation
Totals, w/50-yr Deferred Decontami- 347 128 219
nation
Totals, w/100-yr Deferred Decontami- 283 109 174
nation

{a) From Table B.3-7 of Appendix B.
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facilities at a multiple-reactor station. Several types of equipment decon-
tamination services are considered here for inclusion in the centralized

services:

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

¢ mobite decontamination systems for in-situ chemical decontamination of

piping and components

e central electropolishing and chemical decontamination facilities for
improved decontamination of pipe sectijons and components.

These services would provide significant benefits during both operation and
decommissioning of a reactor. The resulting benefits during decommissioning
are analyzed here,

8.3.4.1 Decontamination of Special Tools and Equipment

The special tools and equipment required to decommission an LWR represent

(1-3) these items are not

a sizable cost investment. In the reference studies,
assumed to be salvaged after decommissioning and, thus, their full cost is
assumed to be borne by a single decommissioning. However, most of these items
could be reused if proper decontamination and maintenance were performed on

them, reducing the net cost of decommissioning a reactor.

For the following analysis, it is assumed that the special decommission-
ing tools and equipment are decontaminated, maintained, or refurbished in the
central maintenance shops, and reused where possible. An estimated useful
lifetime (in terms of the number of decommissioning cycles) is assigned to
each item, and the capital costs for the item are assumed to be shared equally
by that number of cycles. The annual decontamination and maintenance costs
are assumed to be 10% of the total capital cost of the item. However, each
item is assumed to be used for only half of the total decommissioning period
and, thus, the effective cost of decontamination and maintenance is assumed to
be 5% per year over the total Tength of only one decommissioning schedule.
Items with a useful lifetime of only one decommissioning cycle are not assumed
to require any substantial decontamination or maintenance. The total costs
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with reuse (the costs for capital and for decontamination and maintenance} are
compared to those costs without reuse to calculate the net savings resulting

from decontamination, maintenance, and reuse of the special tools and equipment.

Details of the estimated costs of providing special tools and equipment
for the decommissioning of PWRs with the tools and equipment being decontami-
nated and reconditioned for reuse where possible are given in Tables B.4-1 and
B.4-2 of Appendix B. Similar estimated cost details for the decommissioning
of BWRs are given in Tables B.4-3 and B.4-4.

Costs of special tools and equipment for decommissioning a reactor at a
multiple-reactor station and the savings achievable with reuse of these tools
and equipment are summarized in Table 8.3-4. The costs are shown both with
and without decontamination and reuse of the items, and net savings for each
reactor decommissioning with reuse of the items are also presented. Costs and
savings with reuse of the tools and equipment are based on the assumption that
no significant capital investment js required to provide space for decontamina-
tion and interim storage of these items, because there is judged to be adequate
available space onsite.

Net savings per reactor decommissioned by decontamination and recondition-
ing of special tools and equipment for reuse are estimated to be between 40
and 60% of the total capital cost of the items, ~$300 thousand for a PWR and
~$1.2 million for a BWR. The potential overall savings are higher for the BWR
than for the PWR because of the estimated greater need for special tools and
equipment in the BWR study(z) than in the PWR study.(l)

8.3.4.2 Mobile Chemical Decontamination Equipment

Mobile chemical decontamination equipment is assumed in the BWR study(z)
to be used for in-situ decontamination of piping and compeonents during decom-
missioning by any of the three alternatives. However, such equipment is not
discussed in the PWR study.(1) The costs of using such equipment for PWR
decommissioning are estimated here 1} to provide a common basis between PWR
and BWR decontamination activities and 2) because such equipment is judged to
provide additional benefits in terms of ease of decontamination, better control
of the process, and more consistent conditions and, consequently, more consis-
tent results.
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TABLE 8.3-4. Summary of Special Tools and Equipment Costs Eog LWR
Decommissioning at a Multiple-Reactor Stationid

Net Savings/

Total Costs/Decommissioning for Decommissioning
Special Tools and Equipment {$ thousands) with Reuse
Decommissioning Alternative Without Reuse HWith Reuse (% thousands}
PWR
pecon(®) 822 495 327
SAFSTOR:
Preparations for Safe Storagefc) 28(d) ]3(e) ]S(e)
Deferred Decontamination 762 457 305
Totals 790 470 320
enome{ T 822 495 327
BWR
pecon(9) 2016 851 1165
SAFSTOR:
Preparations for Safe Storage!™ 314y 193, 4 198,
Deferred Decontamination 1728 726 1002
Totals 2079 879 1200
entome ) 2016 851 1165

{a) Assumed to be a 10-reactor station.

(b} From Table B.4-1.

{c) From Table B.4-2.

{d)} Calculated from Table H.5-2 of Reference 1.

{e} Calculated from value for DECON by multiplying by the ratio of the costs (without reuse)
for deferred decontamination and DECON.

) Assumed to be the same as for DECON.

) From Table B.4-3.

) From Table B.4-4.

} From Table J.7-2 of Reference 2.

} Reactor vessel internals removed; assumed to be the same as for DECON.

In the BWR study, five mobile chemical decontamination units, estimated
to cost $20,000 each, and four mobile chemical mixing and heating units, cost-
ing $2,500 each, are assumed to be used {see Tables 1.3-9 and J.5-6 of Refer-
ence 2). Assuming proper maintenance and decontamination of the units, the
cost of the units would not be charged to the decommissioning of a single reac-
tor. In Tables B.4-3 and B.4-4 of Appendix B the estimated useful lifetime of
such units is five reactor decommissionings. The savings for each reactor
decommissioning achieved by using this portable chemical decontamination equip-
ment for decommissioning five instead of one BWR is $68,700 for OECON and ENTOMB
and $74,200 for SAFSTOR.
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It is assumed in this study that the same number of portable units are
required in the decommissioning of the PWR as were assumed to be needed for
the BWR. The estimated costs of these units for decommissioning a PWR are pre-
sented in Table 8.3-5, using the same rationale and assumptions as were used
for the BWR. The savings per reactor shown for using the portable chemical
decontamination equipment during the decommissioning of five PWRs are given as
$72,000 for DECON or ENTOMB and $81,000 for SAFSTOR. The savings are greater
for the PWR because equipment maintenance is costed as a function of the time
schedule, 3 years for the PWR and 3-1/2 years for the BWR for DECON.

TABLE 8.3-5. Estimated Costs for Mobile Chemical Decontamination Equipment
for PWR Decommissioning

Estimated Estimated Useful Cost/Decommissioning with Reuse Savings/

Decommissioning Total Capital (a) Lifetime {No. 0{ {$ thousands){c) Decommissioning
Alternative  Cost ($ thousands) Decommissionings){b) Tapital Wainienanceld)] Tota {$ thousands)

DECON/ENTOMB 110 5 22 17 39 Al

SAFSTOR{E) 110 5 22 7 29 a1

} From Table 1.3-9 and Table J.5-6 of Reference 2.
(b} Assumes adequate maintenance.

) Rounded to the nearest $1000,

) Based on assumed average rate of 5% of capital cost per year; assumes a 3-year decammissioning schedule for
DECON or entombment and a 16-month schedule for preparations for safe storage,
{e} Chemical decontamination equipment used only during preparations for safe storage.

8.3.4.3 Central Electropolishing and Chemical Decontamination Facility

A central electropolishing and chemical decontamination facility could be
used to reclaim piping, valves, and other plant components for reuse or salvage,
reducing both the net cost of decommissioning and the volume of waste requiring
disposal. Electropolishing could also be used during construction to polish
component surfaces before installation to reduce the subsequent rate of contami-
nation buildup, thus reducing occupational radiation doses and costs for both
operations and decommissioning.

An electropolishing facility sized to provide adequate capacity to handle
construction, operation, and decommissioning of a single-unit reactor station
is described in Section 11 of Reference 5. The information in the reference
is used as a basis for the analysis presented in this study; major differences
are:
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® The facility size is increased somewhat in this analysis to allow for
occasional increased demands for the facility services from the 10 reac-
tors onsite, and allow the processing of larger equipment items, with a

lower overall cost per reactor than with individual units at each reactor.

¢ (Chemical decontamination facilities are included here to provide more
complete capability.

® Portable electropolishing equipment is also postulated to be included
here for in-situ decontamination of plant components.

The estimated cost of a central electropolishing and chemical decontamina-
tion facility that can serve a multiple-reactor station with 10 operating reac-
tors is $1.88 million. In Appendix B the total of the capital and operating
costs charged to the decommissicning of a reactor is $235,000.

Significant savings are achievable by cleaning contaminated stainless
steel components to unrestricted release levels for either salvage as scrap or
refurbishment and reuse of components. Savings resulting from electropolishing
and salvage of stainless steel are two-fold. The material does not require
disposal as radicactive waste and the metal can be sold as scrap.

The estimated costs and potential savings resulting from use of a central
electropolishing facility during decommissioning a reactor are summarized in
Table 8.3-6. The estimates do not include savings that would result from
decontamination and refurbishment of components for eventual reuse. However,
such reuse is desirable where possible and, with the appropriate capabilities
onsite, is judged to occur in some cases. As an example, recovery of even a
small fraction of the stainless steel valives in the reactor plant being decom-
missioned would yield considerable additional savings, even assuming that
refurbishment of these valves would cost an average of 50% of their replace-
ment costs. (Valve reconditioning typically costs less than 50% of new-vaive

\(6)

cost.

8.3.4.4 Equipment Decontamination Services Sunmary

The net savings associated with the central decontamination services con-

sidered in this study are summarized in Table 8.3-7. The total net savings for
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TABLE 8.3-6. Estimated Costs and Potential Cost Savings Associated with Use
of a €Central Electropclishing Facility During Decommissioning

Facility Costs/Decommissioning Net Recovery Net Cost

($ thousands)(a) Value of Savings/
(b) Operation and Stainless Steel Deconmissioni?g
Type of Reactor Capital Haintenanceﬂfl Total (§ thousands){a,d) {§ thousands){a)
PHR 47 188 235 g7s{€) 740
BUR 47 188 235 g72¢f) 237

(a) Rounded to the nearest $3000.
(') Based on a facility cost of $1,880,000, 25% of which is assumed to be charged to
deconmissioning, with 10 reactors at the site,
{c) Assumed to be 10% of total capital cost/year; electropolishing associated with
decommissioning estimated to be completed in 1 year.
(d) Based on $0.60/kg salvage value and $0.74/kg disposal cost, for a net recovery
value of $1.34/%g {see p. 10-3 of Reference 1).
) Based on 80% recovery of 910,000 kg potentially recoverable.
} Based on 80% recovery of 179,000 kg potentially recoverable stainless steel and
435,600 kg of potentially recoverable carbon steel.

TABLE 8.3-7. Summary of Net Cost Savings Associated with Central Decontami-
nation Services During LWR Decommissioning

Net Cost Savings Associated with Decontamination Options {$ thousands}(a)
Reuse of SpeciaI{b) Mobile Decontam(c) Central E]ectropo]ishing
Decommissioning Alternative Tools and Equipment ination Equipment Facility with 55 Recovery( } Total

PHR
DECON 327 71 740 1138
saFsTOR'®) 320 81 740 1141
ENTOMB 327 71 740 1138
BWR
DECON 1165 () 237 1402
sAFsTOR'®! 1200 - 237 1437
entong' ) 1165 -- 237 1402

{a) Rounded to the nearest $1000.

(b) From Table B.4-5.

{c) From Table B.4-6.

{d) From Table B.4-B.

{e} For deferred decontamination after 30 years of safe storage.

(f} Implicitly included in Reference 3; net savings associated with decontamination and reuse included in
reuse of special tools and equipment.

{g) Reactor vessel internals removed.

decommissioning a BWR are about 40% greater than the savings for decommission-
ing a PWR. This is attributable to the significantly greater estimated cost

(2)

of special tools and equipment given in the BWR decommissioning study.
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8.3.5 Maintenance Shops and Services

Central maintenance shops at a multiple-reactor station could have sub-
stantially greater capability than the maintenance shaop at a single-reactor
station. During the reactor operation phase, the more normal and routine main-
tenance tasks would be accomplished in the maintenance shop at the reactors.
The more difficult, special, and overload tasks would be performed at the cen-
tral shops. Central maintenance shops would be of much greater value to reac-
tor operation than to decommissioning.

During reactor decommissioning the central maintenance shops could:

® provide maintenance and refurbishment of the special tools and equipment
that can be used for decommissioning several reactors

e provide refurbishment of reactor process equipment, such as valves, for
reuse in other reactors.

These two services would be provided in conjunction with the central equipment
decontamination services. The impact of central maintenance shops and services
on decommissioning costs is included in the analyses presented in Subsection
8.3.4.1.

8.3.6 Laundry Services

An onsite laundry is judged to have a minimal impact on decommissioning

(a)

costs. A representative of a vendor of protective clothing expressed doubt

that an onsite laundry would reduce costs because:

® payscales at a commercial Taundry probably would be lower than at an onsite
laundry.

e after making the capital investment in the equipment it is not easy for
the reactor operator/s to install new improved equipment that would reduce
COsts.

(a) John Murray, Safety and Supply Company, Seattle, Washington.
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The principal advantage of an onsite laundry would be that the service would
be under the direct control of the utility, and would be less susceptible to
transportation delays, strikes, and other scheduling problems.

8.3.7 Transportation Services

Onsite transportation services at a multiple-reactor station could provide:

e a variety of vehicles that match the needs more precisely, such as special
heavy-equipment cask trailers, etc.

¢ potentially better availability and greater ease of scheduling.

The onsite capability would probably have to be augmented with other transpor-
tation services on occasion. Unit transportation costs would likely be about

the same with or without onsite transportation services. However, scheduling

should be easier with onsite transportation services, and offsite disruptions

would be less 1ikely to detrimentally affect the decommissioning effort.

8.3.8 Central Stores

A central stores installation at a multiple-reactor might achieve the
cost advantage of quantity purchases of miscellaneous supplies. Reduced prices
probably would not be available for special decommissioning tools and equipment
because of the relatively small volume of these items required. MNo signifi-
cant impact on decommissioning costs is perceived. The principai advantage of
central stores would be more readily available stocks of miscellaneous supplies.

8.3.9 Summary of Centralized Services

Significant savings in decommissioning costs are achievable by providing
some centralized services. Health physics services, security forces, solid
waste processing, and decontamination services give the significant savings
summarized in Table 8.3-8. Savings achievable for the different decommission-
ing alternatives range from about $2 million for the PWR to about $4 million
for the BWR.

8.4 TYPE OF REACTOR

At multiple-reactor stations the two types of light water reactors being
constructed are PWRs and BWRs. The estimated decommissioning costs for both
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TABLE 8.3-8. Summary of Net Savings by Providing Centralized Services(a)

Net Savings {$ thousands)

Decommissioning Health Physics Security Solid Waste Decontamination

Alternative Services!b) Forces{¢) Processing(d) Services(e) Total
PHR
BECON 462 459 133 1138 2193
SAFSTOR 718 808 144(f) 1141 2812
ENTOMB 462 459 133 1138 2193
BUR
BECON 618 522 221 1402 2763
SAFSTOR 1054 1066 253(f) 14357 3810
ENTOMB 654 605 221 1402 2882
(a) Assumed to be a 10-reactor station.
{b) From Table 8.3-1.
(c) From Tabie 8.3-2.
(d) From Table 8.3-3.
(e} From Table 8.3-7.
{f) For deferred decontamination after 30 years of safe storage.

types are shown in Table 8.4-1 for DECON, SAFSTOR, and ENTOMB., These differ-
ences in decommissioning costs for the two types of LWRs are also experienced
in decommissioning reactors at a multiple-reactor station. However, decommis-
sioning costs for PWRs and BWRs are impacted to about the same extent at a
multiple-reactor station as compared to a single-reactor station. Estimated
cost impacts for both PWRs and BWRs are developed in Subsections 8.1, 8.2, and
8.3.

8.5 NUMBER OF REACTORS AT STATION

The number of reactors at the multiple-reactor station influences how the
radioactive waste is disposed of, whether there is a continuing stable con-
struction labor force, and whether or which centralized services are provided.
With a small number of reactors at the station, say a quad, it is not likely
that radioactive waste could be disposed of onsite. It is improbable that

centralized services would be provided; however, special decommissioning tools
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TABLE 8.4-1. Estimated Decommissioning Costs for
Light Water Reactors at Single-
Reactor Stations

Decommissioning Cost ($ mi]lions)(a)

Alternative PWR(D) BWR(C)
DECON 31.0 43.6
sarsTor'd) 39.7 55.0
enTomsle) 28.7 44.5

(a) Costs are estimated in 1978 dollars
and include a 25% contingency.

(b} From Reference 3.

{c) From Reference 2.

(d) Accumulated cost with deferred
decontamination at 100 vears.

(e) For entombment with reactor
internals removed.

and equipment probably would be shared. Improvement and economies in planning
the decommissioning of successive reactors would be realized for a few as well
as many reactors at a multiple-reactor station. If only a few reactors are
located at the station, the continuing stability of the labor force would not
be assured. Therefore, there would not be a continuing availability of expe-
rienced decommissioning workers.

Detailed discussions of the multiple-reactor station scenarios in
Section 10 illustrate the effect on decommissioning costs of the number of
reactors at the station.
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9.0 IMPACT OF MULTIPLE REACTORS ON RADIATION DOSE FROM DECOMMISSIOQNING

The impact of decommissioning one of the reactors at a multiple-reactor
power station on the radiation dose from decommissicning activities is estimated
in this section by comparison with the radiation dose estimated for decommission-
ing a reactor at a single-reactor power station. The same factors examined in
the cost analysis, Section 8, are considered in this analysis, including:

1) several different approaches to disposal of radioactive waste, 2) the dedi-
cation of the site in perpetuity to nuclear power generation, 3) the availability
of centralized services, and 4) the type and number of reactors at the station.
The changes in the estimated occupational radiation doses from decommissioning

the reference reactors by DECON, SAFSTOR, and ENTOMB, relative to the base-case
single-reactor studies for the factors given above, are summarized in Table 9.0-1.

TABLE 9.0-1. Occupational Radiation Dose for Decommissioning One
Reactor - Summary of Differences

Radiation Dose Differences (man-rem)

DECON SAFSTORYE/ ENTOMB
Factor PWR BWR PWR BWR PWR BWR
Waste Disposal
Onsite Interim Storage For:
30 Years +71.6 +46.7 -74.0 -68.0 +6.1 +33.3
50 Years -72.0 -55.1 -77.4  -86.7 -11.6 -25.9
100 Years -75.0 -59.7 -78.0 -87.9 -12.8 -29.3
Onsite Disposal -89.8 -100.6 -90.1 -100.7 -22.8 -67.7
Site Dedication(b) -75.0 -12%.0 -21.0 -29.0 -62.0 -118.0
Central Services
Solid Waste Processing -3.8 -5.0 -1.6 -2.5 -3.8 -5.0

(a) For deferred decontamination after 30 years of safe storage.
(b) For a multiple-reactor station with five reactors of one type.
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9.1 DISPOSAL OF NUCLEAR WASTE

Options for disposal of the nuclear waste generated by decommissioning a
reactor at a multiple-reactor station are:

e burial offsite at a licensed disposal facility

e onsite interim storage with tater transfer offsite to a licensed waste
disposal facility

e burial onsite at a permanent nuclear waste disposal facility.

The impact of each of these options on the radiation dose from disposal of
nuclear waste from reactor decommissioning is discussed in the following
subsections.

9.1.1 Offsite Nuclear Waste Disposal

Decommissioning a reactor at a multiple-reactor station will generate the
same quantity of nuclear waste as will decommissioning an identical reactor
at a single-reactor station. The number of waste packages and shipments to the
waste disposal site will be the same whether the reactor is at a single- or
multiple-reactor station. Therefore, the occupational and public radiation
doses are the same whether the reactor is alone on the site or is one of a
number of reactors at a multiple-reactor station.

9.1.2 Onsite Interim Nuclear Waste Storage

The occupational radiation dose from disposal of the nuclear decommissioning
waste is accumulated during shipment of the waste to the disposal site and during
placement of the waste in the disposal facility. With onsite interim waste stor-
age, each of the following tasks results in an occupational dose:

onsite transportation to the interim storage facility
placement of the waste in the interim storage facility
retrieval of the waste from the interim storage facility
transportation to the offsite disposal facility

[ B S A

placement of the waste in the offsite disposal facility.

Tasks 4 and 5 are the same as those for immediate disposal of the waste at an
offsite nuclear waste disposal facility; however, the dose rates should be



lower and there should be less waste for dispesal after a number of years of
onsite interim storage. The radiation doses to the workers are estimated for
each of the five tasks. Exposure of the public occurs only during transporta-
tion of the waste to the offsite waste disposal facility.

The offsite transportation doses are estimated using the same dose rate
assumptions as were used in Reference 1, p. 11-26, which gives an occupational
dose rate of 0.073 man-rem per shipment and a public dose rate of 0.015 man-rem
per shipment. For onsite transportation to the interim storage facility, it is
assumed:

e The truck driver spends 2 hr in the cab while hauling the shipment and the
dose rate is 2 mR/hr.

¢ The driver spends 20 min outside of the cab at a distance of 2 m from the
cargo and the dose rate is 10 mR/hr.

® Since all movement is over private roads, there is no dose to the public.

The occupational onsite transport dose is [2 hr x 2 mR/hr + 1/3 hr x 10 mR/hr]
x 1 driver x 0.001 = 0.0073 man-rem per shipment.

Details of the estimation of the occupational doses for the other tasks
involved in onsite interim storage of the nuclear waste are given in Appendix C.
In the studies of decommissioning the reference PNR(]’Z) and the reference
BNR,(3) the radiation doses to the transport workers and the public were esti-
mated, but the occupational doses to the workers at the waste disposal facility
were not. In this study, however, estimates of the occupational doses to work-
ers at the onsite nuclear waste disposal facility are included.

9.1.2.1 Radiation Doses from Onsite Interim Storage of Nuclear Waste from
DECON

The estimated occupational radiation doses for dispesal of the nuclear
waste from decommissioning the reference PWR by DECON are given in Table 9.1-1;
for the reference BWR, these estimates are given in Table 9.1-2. Also given
in the tables are the differences between the occupational radiation doses for
immediate offsite disposal and onsite interim storage followed by offsite
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TABLE 9.1-1. Estimated Occupational Radiation Doses from Disposal of the Nuclear Waste from
DECON of the Reference PWR

_ Eslimated Occupational Dose (man-rem)
Immediate Offsite Disposal

Onsite Interim Storage

Neutron- Contaminated Neutron- ~ Contaminated Difference from
Activated Material & Activated Material & Iniediate
Waste Disposal Task Material =~ Radwaste _ Total Material = Radwaste  Total Cffsite Disposal

Onsite Transport .- - - 1.6 8.1 1.0 10.0
Placemant in Interim Storage -- -- -- 95.0 27.0 122.0 122.0
Retrieval from Interim Storage -- - --

After 30 years -- -- -- 3.0 6.0 36.0 36.0

After 50 years -- -- -- 1.0 0.5 1.5 1.5

After 100 years - -- -- 0.02 0.03 C.05 0.05
Offsite Transport 15.8 83.7 99.5

After 30 years -- -- -- 13.0 73.4 B6.4 (13.1)(6)

After 50 years -- - -- 12.8 1.7 14.5 {85.0)

After 100 years -- -- -- 12.8 1.5 14.3 (85.2)
Placement in Offsite Disposal 95.0 27.0 122.0

After 30 years -- -- -- 30.0 6.0 36.0 (86.0)

After 50 years -- -- -- 1.0 0.5 .5 (120.5)

After 100 years -- -- -~ 0.02 0.03 0.05 (121.9)
Total Difference

After 30 years 71.6

After 50 years (72.0)

After 100 years (75.0)

{a) ( ) indicates a reduction in dose.
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TABLE 9.1-2.

Estimated Cccupational Radiation Doses from Disposal of the Nuclear Waste from
DECON of the Reference BWR

Waste Disposai Task

___Immediate Offsite Disposal

Onsite Transport

Placement in Interim Storage

Retrieval from Interim Storage

After 30 years
After 50 years
After 100 years

Offsite Transport
After 30 years
After 50 years
After 100 years

Placement in Offsite
After 30 years
After 50 years
After 100 years

Total Difference
After 30 years
After 50 years
After 100 years

Dispasal

Neutron- Contaminated
Activated Material &

Material =~ Radwaste  Total
18.0 67.? 85.7
130.0 35.0 165.0

(a) { ) indicates a reduction in dose.

Neutron-
Activated
Material _

1.8

130.0

13.0
1.5
0.02

17.3
15.6
15.6

13.0
1.5
0.02

Cstimated Occupational Dose {man-rem)

Onsite, Interin Storage.

Contaminated
Material &
_ Radwaste

6.8

36.0

7.2

0.05

Total Offsite Disposa
g.
165.

20.

82
17

16.

20

Difference from
Inmediate

6 8.6
0 165.0
2 20.2
.22 2.2
07 0.07
.9 (2.3)“‘)
1 (68.1)
7 (68.5)
2 (114.8)

2.2 (162.8)
.07 {164.9)

a6.7
(55.1)
(59.7)



disposal after 30, 50, or 100 years of interim storage. With only 30 years of
interim storage, the occupational radiation doses for disposal of radiocactive
waste from decommissioning for both the PWR and the BWR are greater than the
occupaticonal doses for immediate offsite waste disposal. With onsite interim
storage for 50 or 100 years, there is a reduction of the cccupational radiation
dose for waste disposal when compared with immediate offsite disposal.

The estimated radiation doses received by the public from transportation
of the radioactive waste from DECON to an offsite radioactive waste disposal
facility are given in Table 9.1-3 for immediate disposal and for disposal after
30, 50, or 100 years of onsite interim storage. The public radiation dose from
shipment of the radicactive decommissioning waste to an offsite waste disposal
facility is lower with onsite interim storage of the waste than it is for imme-
diate offsite disposal of the waste.

TABLE 9.1-3. Estimated Radiation Doses to the Public from Transportation of
the Nuciear Waste from Decommissioning a Reactor by DECON

Public Radiation Dose (man-rem)

Reactor/Storage Immediate Offsite Onsite Interim

Type / Period (yr) Disposal Storage Difference
PWR/0 21.0 --
PWR/ 30 .- 18.0 (3.0)(2)
PWR/50 -~ 3.0 (18.0)ta)
PWR/100 - 3.0 (18.0) (@)
BWR/ O 22.4 --
BWR/30 - 17.0 (5.4)a)
BWR/50 -- 3.5 (18.9)(@)
BWR/100 -- 3.4 (19.0)%a)

{(a) { ) indicates a reduction of the dose.

9.1.2.2 Radiation Doses from Onsite Interim Storage of Nuclear Waste from
SAFSTOR

The estimated occupational radiation doses from the disposal of the nuclear
waste generated by decommissioning the reference PWR by SAFSTOR are given and
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compared with the doses from immediate offsite disposal in Table 9.1-4; for the
reference BWR, these estimates are given and compared in Table 9.,1-5. Differences
between the occupational radiation doses from immediate offsite disposal of the
waste from SAFSTOR and the doses from interim storage of the waste before off-
site disposal are given in Table 9.1-6 for the PWR and in Table 9.1-7 for the

BWR. For all combinations of safe storage periods and interim waste storage
periods, the occupational radiation dose for waste disposal is reduced with

onsite interim storage of the waste before it is finally sent to offsite storage.

The estimated radiation doses to the public from transportation of the
nuclear waste fram SAFSTOR to an offsite waste disposal facility are given in
Table 9.1-8 for immediate offsite dispaesal and for disposal after 30, 50, or
100 years of onsite interim storage. The public doses shown include the doses
from preparations for safe storage as well as those from deferred decontamination
after 30, 506, or 100 years. For all combinations of deferred decontamination
and onsite interim storage periods, the radiation dose received by the public
from transportation of the deconmissioning waste from SAFSTOR is Tower if the
waste is placed in interim storage before it is shipped to an offsite waste
disposal facility.

9.1.2.3 Radiation Doses from Onsite Interim Storage of Nuclear Waste from
ENTOMB

Estimated occupational radiation doses for dispasal of the nuclear waste
from decommissioning the reference PWR by ENTOMB are given in Table 9.1-9; for
the reference BWR, these estimates are given in Table 9.1-10. The tables also
show the differences between the occupational radiation doses for immediate off-
site disposal after 30, 50, or 100 years of interim storage. When the nuclear
waste is removed from onsite interim storage after 30 years, the total occupa-
tional radiation dose for waste disposal is greater than the occupational dose
for immediate offsite disposal. With onsite interim storage of 50 or 100 years,
the occupational radiation dose for waste disposal is reduced, compared with the
dose for immediate offsite disposal.

The estimated radiation doses received by the public from transportation
of the nuclear waste from ENTOMB to an offsite waste disposal facility are given
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TABLE 9.1-4, Estimated Occupational Radiation Doses from Disposal of the Nuclear Waste
from SAFSTOR of the Reference PHR

Estimated Occupational Dose (man-rem}

~ Immediate Gffsite Disposal _ Onsite Interim Storage
Neutron- Contaminated Neutron- Contaminated Difference from
Activated Material & Activated Material & Immediate
Waste Disposal Task Material Radwaste Total Material Radwaste  Total Offsite Disposal
Preparations for Safe Storage
Onsite Transport -- -- -- - 0.9 0.9 0.4
Placement in Interim Storage -- -~ -- -= 2.0 2.0 2.0

Retrieval from Interim Storage -- -- -

After 30 years -- -- -- -- Q.44 0.44 0.44

After 50 years -- -- -- -- 0.04 0.04 0.03

After 100 years -- -- -~ -- 0.002 0.002 0.002
Offsite Transport -- 10.4 10.4

After 30 years -- .- -- -- 2.1 2.1 (8.3)(6)

After 50 years -- -- -- -- 0.5 0.5 (9.9)

After 100 years -- -~ -- 0.4 0.4 {10.0}
Placement in Offsite Disposal -- 2.0 2.0

After 30 years -- -~ -- -- 0.44 0.44 (1.6}

After 50 years -- -- - -- 0.04 0.04 {1.96)

After 100 years -- -- - -- 0.002 0.002 (1.998)
Total After 30 years (6.6)

After 50 years (8.9)

After 100 years (9.1)
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TABLE 9.1-4. (Contd)

Estimated Occupational Dose {man-rem)

~ Immediate Offsite Disposal ~ Onsite Interim Storage
Neutron- Contaminated Meutron-  Contaminated Difference from
Activated Material & Activated Material & [mmediate
Waste Disposal Task _ Material ~~_ Radwaste =~ Total Material = Radwaste  Total Offsite Disposal
Deferred Decontamination After 30 Yedars o
Onsite Transport -~ -~ -- 1.3 7.30 8.6 8.6
Placement in Interim Storage -~ -~ -- 10.0 5.8 15.8 15.8
Retrieval from Interim Storage -- -~ -~
After 30 years -- -- -~ 0.3 0.22 0.52 g.52
After 50 years -- -~ -~ 0.04 0.07 0.1 0.1
After 100 years -- -- - 0.016 0.012 0.028 0.028
Offsite Transport 13.0 72.7 85.7
After 30 years -- -- -~ 7.7 0.95 8.65 (77.0}
After 50 years -~ -- -- 7.7 0.73 8.43 (77.3)
After 100 years -- -- -- 7.7 0.51 8.21 (77.5)
Placement in Offsite Disposal 10.0 5.8 15.8
After 30 years -- -- ~- 0.3 0.22 0.52 {15.3)
After 50 years -- -- - 0.04 0.07 0.11 {15.7)
After 100 years -- -- -- 0.016 0.012 0.028 {15.8)
Total After 30 years {67.4)
After 50 years (68.5)

After 100 years (68.9)
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TABLE 9.1-4. ({(Contd)

Estimated Occupational Dose (man-rem}

__Immediate Offsite Disposal = Onsite Interim Storage
Neutron- Contaminated Neutron- Contaminated
Activated Material & Activated Material &

Waste Disposal Task Material Radwaste  Total Material Radwaste

Onsite Transport -- -- -- 0.8
Placement in Interim Storage -- -- -- 1.0

Retrieval from Interim Storage -- -- --

After 30 years .- -- -- 0.04

After 50 years -- -~ .- 0.016

After 100 years -~ -- -- 0.0Mm
Offsite Transport 7.7 0.95 8.65

After 30 years -- -~- -- 7.7

After 50 years .- -- -- 7.7

After 100 years -- -- -- 7.7
Placement in Offsite Disposal 1.0 0.5 1,51

After 30 years - -- - 0.04

After 50 years -- -- -- 0.0%6

After 100 years -~- -- .- 0.011

Total After 30 years
After 50 years
After 100 years

__Deferred Decontamination After 50 Years
0.
0.

Lo T |

19
51

.C7
.03

0.007

0.95
0.73
G.51

0.07
0.03
0.007

Total

0.89

0.11
0.046
0.018

8.65

8.21

o.M
0.046
0.018

Difference from
Immediate
Offsite Disposal

0.89

1

.51

o.M
0.0486

noown
et e

.018

1

0.75
0.5¢
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TABLE 9.1-4. (Contd)

Estimated Occupational Dose {man-rem)

Immediate Offsite Disposal “Onsite Interim Storage
Neutron-  Contaminated Neutron- Contaminated Difference from
Activated Material & Activated Material & Immediate
_ Waste Disposal Task ~ Material ~  Radwaste Total Material  Radwaste  Total Offsite Disposal
~_ Deferred Decontamination After | 100 Years o

Onsite Transport -- -- -~ 0.8 0.07 0.87 0.87
Placement in Interim Storage -- -- -~ 0.016 0.033 0.049 0.04%
Retrieval from Interim Storage  -- - -~

After 30 years -- ~- -~ 0.017 0.012 (.024 3.024

After 50 years -- -- -~ 0.011 0.007 0.018 0.018

After 100 years - - -- - 0.011 0.002 .013 0.013
Offsite Transport 7.7 0.73 8.43

After 30 years -- -- -- 7.7 0.51 8.21 {0.22)

After 50 years -- -- - 7.7 0.44 8.14 {0.29)

After 100 years -- - -- 7.7 0.37 8.07 {0.36)
Placement in Offsite Disposal 0.016 0.033 0.049

After 30 years -- -- -- 0.012 0.012 0.024 (0.02)

After 50 years -- -- -- 0.011 0.007 0.018 (0.03)

After 100 years -- -- -- g.0Mn 0.002 0.013 [0.04)
Total After 30 years .70

After 50 years 0.62
After 100 years 0.53

(a) ( ) Indicates a reduction of the dose compared with immediate offsite disposal.
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TABLE 9.1-5. Estimated Occupational Radiation Doses from Disposal of the Nuclear Waste
from SAFSTOR of the Reference BWR

__ MWaste Disposal Task

Onsite Transport

Placement in Interim Storage

Retrieval from Interim Storage

After 30 years
After 50 years
After 100 years

Offsite Transport
After 30 years
After 50 years
After 100 years

Placement in Offsite Disposal
After 30 years
After 50 years
After 100 years

Total After 30 years
After 50 years
After 100 years

- Estimated Occupational Dose {man-rem)
Immediate Offsite Disposal

Onsite Tnterim Storage

Heutron- Contaminated Neutron-  Contaminated Jifference from
Activated Material & Activated Material & Immediate
Material =~ Radwaste Total Material  Radwaste  Total Offsite Disposal
o Preparations For Safe Storage
- - -- - 0.7 0.7 n7z
- - - -- 6.7 6.7 6.7
- - - -- 1.5 1.5 1.5
- - - -- g.14 Q.14 0.14
. - - -- 0.0 0.0 0.0
-- 23.°2 23.°2
. . - - 2.8 2 (20.4)%2)
. - - - 1.2 3 {22.01)
- - - - 0 0 (22.3
-- 6.7 6.7
- - - - 1.5 1.5 5.2)
- - -- - 0.14 0.14 {6.6)
- - - -- 0.01 0.01 (6.7}
{(16.7)
(21.1
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TABLE 9.1-5. {(Contd)

o Estimated Dccupationa] Dose (man-rem)
Immediate Offsite Disposal Unsite Interim Storage

Neutron- ~ Contaminated Neutron-  Contaminated " Difference from
Activated Material & Activated Material Immediate
__Waste Disposal Task  HMaterial Radwaste  Total Material Radwaste  Total Offsite Disposal

____.__Deferred Decontamination After 30 Years ~—

Onsite Transport -- -- -- 1.7 6.0 7.7 7.7
Placement in Interim Storage ~- -~ -- 14.0 7.2 21.2 21.2

Retrieval from Interim Storage -- -- -

After 30 years -- -~ -- 0.5 0.3 0.8 0.8

After 50 years -- -~ -- 0.06 0.09 0.1% g.15

After 100 years -- -- -- 0.008 0.018 0.026 0.026
0ffsite Transport 17.3 60.4 77.7

After 30 years -- -~ -- 15.3 1.8 17.1 (60.6

After 50 years -- - -- 2.7 1.5 4.2 {73.5}

After 100 years -- -~ ~= 2.7 1.0 3.7 {74.0)
Placement in Offsite Disposal 14.0 7.7 21.°2

After 30 years - -- -- 0.5 0.3 0.8 {20.4)

After 50 years -- .- - (.06 0.09 0.15 (21.1)

After 100 years - -~ -- 0.08 0.018 0.026 (21.2)
Total After 30 years {51.3)

After 50 years {65.6)

After 100 years {66.3)
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Waste Disposal Task

Onsite Transport

Placement in Interim Storage

Retrieval from Interim Storage

After 30 years
After 50 years
After 100 years

Offsite Transport
After 30 years
After 50 years
After 100 years

Placement in Qffsite Disposal
After 30 years
After 50 years
After 100 years

Total After 30 years
After 50 years
After 100 years

TABLE 9.1-5. (Contd)

Estimated Occupational Dose {man-rem)

~_Inmediate Offsite Disposal Onsite Interim Storage
Neutron- Contaminated Neutron- Contaminated Difference from
Activated Material & Activated Material & Immediate
Material ~_ Radwaste  Tota) Material  Radwaste  Total Offsite Disposal
Deferred Decontamination After 50 Years

- - - 1.4 0.2 1.6 1.6

- -- - 1.6 0.8 2.4 2.4

- - -- 0.06 0.3 0.35 0.36

-- -- - 0.02 g.05 0.07 0.07

- -- - 0.008 Q.01 g.018 g.g018
14.4 1.8 16.2

- - - 2.7 1.5 4.2 (12.0)

- - - 7 1 3.9 (12.3

. -- - 2.7 0.9 3.6 (12.6)

1.6 0.8 2.4

- - - 0.06 0.3 0.36 (2.0

- - .- 0.02 0.05 0.07 {2.3}

- — - 0.008 0.01 0.018 (2.4)

(9.6)
{10.5)

(11.0)
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{Contd)

Immediate Offsite Disposal

Neutron- Contaminated
Activated Material &
Waste Disposal Task  Material Radwaste

Total

Onsite Interim Storage

Estimated Occupational Dose {man-rem)

Neutron-
Activated
Material

Contaminated
Material &
Radwaste

Deferred Decontamination After 100 Years

Onsite Transport -~ --
Placement in Interim Storage -~ --

Retrieval from Interim Storage -- --
After 30 years -~ --
After 50 years -- --
After 100 years -- --

0ffsite Transport 2.3 1.5
After 30 years -- ~-
After 50 years -- --
After 100 years -~ --

Placement in Offsite Disposal 0.02 0.05
After 30 years -~ --
After 50 years -- --
After 100 years -~ --

Total After 30 years
After 50 years
After 100 years

(a) { )} indicates a reduction of the dose compared with immediate

0.

0.

2
0z

.008
.Q08
. 007

0.008
0.008
0.007

offsite disposat.

0.
Q.

1

05

018
.010
.002

0.018
0.010
0.002

0.3

0.07

o

.026
.018
0.009

o

0.026
.018
0.009

&

Difference from
Immediate
Total Offsite Disposal

.07

.026

0.018
0.009

.04}
.05)
.06)

.14)
.26)
.38)



TABLE 8.71-6. Summary of Occupational Doses from Disposal of Nuclear
Waste from SAFSTOR of the Reference PWR

)

Dose Differences from Immediate Offsite Disposal (man~rgm)(a

Deferred Decontamination Interim Storage Period
After {years) 30 years 50 years 100 years
30 (74.0) (0 (77.4) (78.0)
50 {5.5) (8.2) {8.8)
100 {5.9) {8.3) (8.6)

(a) Inciudes sum of occupational doses from preparations for safe storage and
deferred decontamipation.

(b} ( )} indicates a reduction of the occupational radiation dose compared with
immediate offsite disposal.

TABLE 9.1-7. Summary of Occupational Doses from Disposal of Nuclear
Waste from SAFSTOR of the Reference BWR

Dose Differences from Immediate Offsite Disposal (man—rem)(a)

Deferred Decontamination 30 years 50 years 100 years
After (years) Interim Storage Interim Storage Interim Storage
30 (68.0) (%) (86.7) (87.9)
50 (26.3) (31.6) (32.6)
100 {16.8) (21.4) (22.0}

{a) Includes sum of occupational doses from preparations for safe storage and
deferred decontamination.

(b) { ) indicates a reduction of the occupational radiation dose compared with
immediate offsite disposal.

in Table 9.1-11 for immediate offsite disposal and for disposal after 30, 50, or
100 years of onsite interim storage. The table shows that the public radiation
dose is reduced by onsite interim storage of the nuclear waste before sending

it to an offsite disposal facility.

9.1.3 Onsite Nuclear Waste Disposal

Onsite disposal of nuclear waste differs from offsite disposal in the
shorter transport distance from the reactor site to the waste disposal facility.
The occupational radiation dose for placement of the waste in the nuclear waste
disposal facility is assumed to be the same for onsite disposal as it is for



TABLE 9.1-8. Estimated Radiation Doses to the Public from Transportation of
the Nuclear Waste from Decommissioning a Reactor by SAFSTOR

Public Radiation Dose (man-rem)(a)
Reactor/Storage Immediate Offsite Onsite Interim
Type / Period (yr) Disposal Storage Difference
PWR/0 19.7 -~
PWR/30 .- 2.2 (17.5)?)
PWR/50 -- i.8 (17.9)
PWR/100 - 1.8 {(17.9)
BWR/0 20.8 ~-
BWR/30 - 4.1 (16.7)
BWR/50 -- 1.2 {19.6)
BWR/100 -- 7.0 (19.8)

Deferred Decontamination After 50 Years

PWR/0 3.9 --

PWR/30 -- 2.1 (1.8)
PWR/50 -- 1.8 (2.1)
PWR/100 .- 1.8 (2.1)
BWR/0 8.1 --

BWR/30 -- 1.5 (6.6)
BWR/50 -- 1.1 {7.0}
BWR/100 -- 1.0 (7.1}

PWR/0 3.8 --

PWR/30 -~ 2.1 (1.7}
PWR/50 -- 1.8 (2.0}
PWR/100 -- 1.8 {2.0)
BWR/0 5.6 --

BWR/ 30 -- 1.3 {4.3)
BWR/50 -- 1.0 (4.6}
BWR/100 -~ 0.7 (4.9)

(a) Includes the dose from preparations for safe storage and from deferred decon-
tamination.
(b} ( ) indicates reduction of the dose.
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TABLE 9.1-9. Estimated Occupational Doses from Disposal of the Nuclear Waste

from ENTOMB of the Reference PWR

Cstimated Occupational Nose (man-rem)

~ Inmediate Offsite Disposal Onsite Interim Storage
Neutron- Contaminated Neutron-  Contaminated
Activated Material & Activated Material &
__ Waste Disposa) Task _ Material =~ Radwaste  Total Material = _ Radwaste
Onsite Transport -- -- -- 0.6 1.6 2.2
Placement in Interim Storage - - -- 3.0 20.0 43.0
Retrieval from Interim Storage -— -- --
After 30 years -- -- -- 2.4 2.5 4.9
After 50 years -- -- -- 0.24 0.25 0.49
After 100 years -- - - 0.006 0.015 0.021
Offsite Transport 6.4 15.5 21.9
After 30 years -— -- -- 6.1 9.9 16.0
After 50 years -- -- - - 5.8 1.3 7.1
After 100 years - -- -- 5.8 1.1 6.9
Placement in Qffsite Disposal 23.0 20.0 13.0
After 30 years - -- -~ 2.4 2.5 4.9
After 50 years -- -- - 0.24 0.25 0.49
After 100 years -- -- -- 0.006 0.015 0.021

Total Difference
After 30 years
After 50 years
After 100 years

{a) { ) indicates a reduction in dose.

Difference from
Inmediate
Total Offsite Disposal

2.
13.

4,
0.
0.

(5.
(14.
(15.

{38.
(42.
(43.

(11.
(12.

2
0

9

49
021
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TABLE 9.1-10.

Estimated Occupational Doses from Disposal of the Nuclear Waste
from ENTOMB of the Reference BWR

Estimated Occupational Dose (man-rem)
Immediate Qffsite Disposal Onsite Interim Storage

Neutron- Contaminated Neutron-  Contaminated Bifference fram
Activated Material & Activated Material & Immedigte
Waste Disposal Task Material Radwaste Total Material Radwaste Total Offsite Disposal
Onsite Transport -- -- -~ 1.4 3.2 4.6 3.6
Piacement in Interim Storage -- -~ -~ 115.0 20.0 135.0 135.0
Retrieval from Interim Storage -- -- -~
After 30 years -- -- -~ 11.5 .2 15.7 15
After 50 years -- -- -- 1.1 .4 1. 5
After 100 years -- - -~ 0.014 03 0.04 0.04
Offsite Transport 14.2 32.5 46.7
After 30 years -- -- -~ 14.2 30.8 45.0 (1.7)(6)
After 50 years -- -- -~ 12.7 1.5 14.2 (32.5)
After 100 years -- - - 2.7 1. 13.8 (32.9)
Placement in Qffsite Disposal 115.0 26.0 135.0
After 30 years - -- - 11.5 4.2 15.7 (119.3)
After 50 years -- - -— 1.3 0.4 1.5 (133.5)
After 100 years -- .- - 0.014 0.03 0.04 (135.0)
Total Difference
After 30 years 33.3
After 50 years (25.9)
After 100 years (29.3)
{a) () indicates a reduction in dose.



TABLE 9.1-11. Estimated Radiation Doses to the Public from Transportation of
the Nuclear Waste from Decommissioning a Reactor by ENTOMB

Public Radiation Dose (man-rem)

Reactor/Storage Immediate Offsite Onsite Interim

Type / Period (yr) Disposal Storage Difference
PWR/0O 4.5 _

PWR/30 - 3.3 (1.2)(2)
PWR/ 50 -- 1.5 (3.0)
PWR/100 - 1.4 (3.1)
BWR/O 9.6 --
BWR/ 30 - 9.2 (0.4}
BWR/50 -- 2.9
BWR/100 -- 2.8

{a) { ) indicates a reduction of the dose.

offsite disposal. Differences in the occupational radiation doses for onsite
and offsite disposal are due to the shorter transport distance for onsite dis-
posal. There will be no exposure of the public to radiation during transporta-
tion of the nuclear waste to the onsite disposal facility, since movement wil)
be over private roads in a privately controlied area.

The estimated radiation doses to transportation workers are given in
Table 9.1-12 for both offsite and onsite disposal of the nuclear waste from
decommissioning the reference PWR and BWR. In ail cases, the radiatign dose
for onsite disposal of the waste is less than 10% of the dose for offsite
disposal.

9.2 SITE DEBICATION

Dedication of a site to nuclear power generation resylts in replacement
reactors being constructed on a schedule to achieve startup of a new reactor as
an old reactor is shut down. At such dedicated sites, either relativeiy long
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TABLE 9.1-12. Estimated Transportation Doses from Disposal of Nuclear
Decommissioning Waste

Number of Shipments Transportation Dose (man-rem)

Decommissioning/Reactor Offsite Onsite Offsite Onsite

Alternative / Type Disposal Disposal Disposal Disposal Difference
DECON/ PR 1363 1326 99.5 9.7 (89.8)(3)
DECON/BUWR 1495 1168 109.1 8.5 {100.6)
SAFSTOR/PWR

30 years Safe Stge. 1363 1288 99.5 9.4 (90.1)

50 years Safe Stge. 330 207 24 .1 1.5 (22.6)

100 years Safe Stge. 324 204 23.7 1.5 (22.2)
SAFSTOR/BWR

30 years Safe Stge. 1495 1148 109.1 8.4 (100.7)

50 years Safe Stge. 560 326 40.9 2.4 (38.5)

100 years Safe Stge. 555 157 40.5 1.1 (39.4)
ENTOMB/PWR 343 301 25.0 2.2 (22.8)
ENTOMB/BWR 985 639 71.9 4.7 (67.2)

(a) ( ) indicates a reduction of the dose.

periods of construction activity will occur periodically or there will be con-
tinuous construction activity at the site if the startup of the reactors is
spaced to occur over a 30-year period.

[t is expected that the efficiency of decommissioning the reactors at a
multiple-reactor station will improve after the first reactor is decommissioned
due to the learning process. In Subsection 8.2 of Section 8, the impact of site
dedication on the efficiency of decommissioning reactors of the same type is
estimated. Since the improved efficiency of the decommissioning operations is
attributed to shortening the schedule, the cost reduction factors given in
Table 8.2-1 should also apply toc occupational radiation dose reduction.

In this subsection, the dose reductions exprected are developed when four
reactors of one type and five reactors of one type are decommissioned at a
dedicated site.
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9.2.1 Impact on Radiation Doses from DECON

The impact of site dedication on the occupational radiation doses from
decommissioning the reference reactors by DECON is given in Table 9.2-1 for
the PWR and in Table 9.2-2 for the BWR.

TABLE 9.2-1. Impact of Site Dedication on Estimated Occupational Radiation
Doses from DECON of a PWR

Average Occupational Dose (man-rem) Dose Reduction (man-rem)

Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors
Reactor of O?E of O?E of One of One
Buiiding Station{@)  Type ) Type! ) Type _Type
Reactor Building 490 461 456 29 34
Auxiliary Building 227 213 211 14 16
Fuel Building 134 126 123 g8 9
Ancillaries 233 219 217 14 16
Totals 1084 1618 1009 65 75

(a) From Table 11.3-1 of Reference 1.
{b) Dose reduction factors - 0.94 for 4 reactors of one type and 0.33 for 5
reactors of one type.

TABLE 9.2-2. Impact of Site Dedication on Estimated Occupational Radiation
Doses from DECON of a BWR

Average Occupational Dose (man-rem) Dose Reduction (man-rem}

Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors
Reactor of 0?e of One of One of One
Building Station{?a) Type b) Type b) Type Type
Reactor Building 891 B3B8 829 53 62
Turbine Generator 193 181 179 12 14
Building
Radwaste & Control 530 498 463 32 37
Building
Ancillaries 231 217 215 14 16
Totals 1845 1734 1716 111 129

(a) From Table 11.2-1 of Reference 3.
{b) Dose reduction factors - 0.94 for 4 reactors of one type and 0.93 for
5 reactors of one type.
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Occupational dose reductions of 6% are estimated when four reactors of
one type are decommissioned and of 7% when five reactors of one type are

decommissioned.

9.2.2 Impact on Radiation Doses from SAFSTOR

The impact of site dedicaticn on the occupational radiation doses from the
preparations for safe storage is presented in Table 9.2-3 for the reference PUR
and in Tabie 9.2-4 for the reference BWR.

Impacts on the occupational doses from deferred decontamination of the
reference reactors are given in Table 8.2-5 for the PWR and in Table 9.2-6 for
the BWR.

Estimated reductions of the occupational dose attributable to the effi-
ficiencies that can be achieved by decommissioning several reactors of one type
by SAFSTOR at a multiple-reactor station are given for both reference reactors
in Table 9.2-7.

9.2.3 Impact on Radiation Doses from ENTOMB

The impacts of site dedication on the occupational radiation dose from
decommissioning the reference reactors by ENTOMB are presented in Table 9.2-8
for the reference PWR and in Table 9.2-9 for the reference BWR.

TABLE 9.2-3. Impact of Site Dedication on Estimated Occupational Radiation
Doses from Preparations for Safe Storage of a PWR

Average Occupational Dose (man-rem) Dose Reduction (man-rem}

Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactars

Reactor of One of One of One of One

Building Stationid)  Typelb) Type'b) Type Type
Reactor Building 56 55 54 3 4
Auxiliary Building 30 28 28 Vi 2
Fuel Building 15 14 14 1 1
Ancillaries 176 165 164 n 12
Totals 279 262 260 17 19

(a) From Table 11.3-2 of Reference 1.

(b} Dose reduction factors - 0.94 for 4 reactors of one type and 0.93 for 5
reactors of one type.
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TABLE 9.2-4. TImpact of Site Dedication on Estimated Occupational Radiation
Doses from Preparations for Safe Storage of a BWR

Average Occupational Dose {man-rem) Dose Reduction {man-rem)

Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors
Reactor of O? of One of One of One
Building Station(a;  Typelb Type(b) Type Type
Reactor Building 155 146 144 9 1
Turbine Generator 18 17 17 ] ]
Building
radwaste & Control 99 93 92 6 7
Building
Ancillaries 103 57 96 6 7
Totals 375 353 349 22 26

(a) From Table 11.2-3 of Reference 3.
b} Dose reduction factors - 0.94 for 4 reactors of one type and 0.93 for
5 reactors of one type.

TABLE 9.2-5. Impact of Site Dedication on Estimated Occupational Radiation
Doses from Deferred Decontamination of a PWR

Average Occupational Dose (man-rem) Dose Reduction (man-rem)

Years After Single- 4 Reactors b5 Reactors 4 Reactors 5 Reactors
Reactor Reactor of One of O?e of One of One
Shutdown  Station{a}  Type(b) Typelb Type Type
30 24 23 2?2 1
50 2 2 2 0
100 1 1 1 0 0

(a) From Table H.6-1 of Reference 1
(b} Dose reduction factors - 0.94 for 4 reactors of one type and 0.93 for

5 reactors of ane type.
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TABLE 9.2-6. Impact of Site Dedication on Estimated Occupational Radiation
Doses from Deferred Decontamination of a BWR

Average Occupational Dose (man-rem) Dose Reduction {man-rem)

Years After Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors
Reactor Reactor of One of One of One of One
Shutdown  Station{@)  Type(b) Type(b) Type ___Type
30 36 34 33 2
50 3 3 3 0 0
100 <] <] <]

(a) From Table 11.2-6 of Reference 3.
(b} Dose reduction factors - 0.94 for 4 reactors of one type and 0.93 for
5 reactors of gne type.

TABLE §.2-7. Estimated Dese Reductions from Decommissioning Several
Reactors of One Type by SAFSTOR

(a)

Dose Reduction (man—rem)ﬁa

PWR BWR
Years of 4 Reactors 5 Reactors 4 Reactors 5 Reactors
Safe Storage of One Type of One Type of One Type of One Type
30 18 21 24 29
50 17 19 22 26
100 17 19 22 26

(a) Includes the dose reductions from preparations for safe
storage and from deferred decontamination.
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TABLE 9.2-8. Impact of Site Dedication on Estimated Occupational Radiation
Doses from ENTOMB of a PWR

Average Occupational Dose (man-rem) Dose Reduction (man-rem)

Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors
Reactor of One of One of One of One
Building station(d}!  Type(b) Type(b) Type Type
Reactor Building 130 122 121 8 Q
Auxiliary Building 292 274 277 18 20
Fuel Building 147 138 137 g 10
Ancillaries 378 355 352 23 26
Totals 947 889 882 58 £5

(a) From Table 4.6-1 of Reference 2.

{b) Dose reduction factors - 0.94 for 4 reactors of one type and 0.93 for
5 reactors of one type.

TABLE 9.2-9. Impact of Site Dedication on Estmated Occupational Radiation
Doses from ENTOMB of a BWR

Average Occupational Dose {man-rem) Dose Reduction (man-rem)

Single- 4 Reactors & Reactors 4 Reactors 5 Reactors
Reacto; of One, of One of Dne of One
Building Statfont@!  Type(b) Type(b) Tvpe Type
Reactor Building 738 694 686 44 52
Turbine Generator 195 183 181 12 14
Building
Radwaste & Control h2] 450 485 31 36
Building
Ancillaries 230 216 214 14 16
Totals 1684 1583 1566 101 118

(a) From Table 11.2-3 of Reference 3.
(b} Dose reduction factors - 0.94 for 4 reactors of one type and 0.83 Tor
5 reactors of one type.
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§.3 CENTRALIZED SERVICES

Centralized services that may be avaiiable at a multiple-reactor station
are:

e health physics services
e security forces

e s5o0l1id waste processing

e equipment decontamination services
e maintenance shops and services

e laundry services

e transportation services
e central stores.

Consideration of the impact of these centralized services on the radiation
doses from decommissioning the reactors shows the impact to be minor. Only

one of these services, solid waste processing, is found to reduce the radiation
doses.

Incineration of combustible solid wastes reduces the volume of these wastes
by at least a factor of 5, resulting in less waste to be packaged for shipment
and in fewer shipments to the waste dispocsal facility. Reduction of the volume
of waste handled could lead to potential radiation dose reduction for:

e plant workers who prepare and package the waste for shipment
e transportation workers involved in the shipment of the waste
e members of the public along the waste transport route.

After incineration, the volume of combustible waste packaged and shipped
offsite is reduced by a factor of 5, thus reducing both the time for packaging
and the associated radiation dose. However, the extra steps of transporting
the compacted waste to the incinerator and processing it involves some addi-
tional radiation dose to the workers involved. In this study, it is assumed
that the extra dose offsets the dose reduction from reduced packing time.

Elimination of some of the shipments of combustible radicactive waste to
the radioactive waste disposal facility results in lower radiation doses to the
transportation workers and the public. 1In Reference 1, it is estimated that
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the radiation doses from transportation of waste to the offsite radioactive
waste disposal facility are 0.073 man-rem per shipment for the transportation
workers and 0.075 man-rem per shipment for the public. Table B.3-3 of Appen-
dix B shows that incineration of combustible wastes give radiation-dose reduc-
tions for the transport workers of 3.8 man-rem for DECON or ENTOMB of a PWR

and 5.0 man-rem for DECON or ENTOMB of a BWR. For SAFSTOR with 30-year deferred
decontamination, the radiation dose reductions for transport workers are 1.6
man-rem for a PWR and 2.5 man-rem for a BWR. This table also shows radiaticn-
dose reductions for the public of 0.8 man-rem for DECON or ENTOMB of a PWR and
1.0 man-rem for DECON or ENTOMB of a BWR.

Centralized health physics services reduce the number of management (over-
head) personnel per reactor compared to such services for a single-reactor sta-
tion. About the same number of health physics technicians are required at a
reactor as would be required at a single-reactor station. The amount of radia-
tion monitoring that must be performed is not reduced with a centralized health
physics operation; therefore, the radiation exposure of the health physics
personnel is not changed significantly.

The centralized security force at a muitiple-reactor station also has a
smaller number of management personnel per reactor than a reactor at a single-
reactor station. However, about the same number of security patrolmen are
required at each reactor. Security personnel receive only minimal exposure to
radiation in the course of their work. Therefore, a centralized security force
does not significantly impact the occupational radiation dose from decommission-

ing a reactor.

Although central decontamination services can result in cost savings as
discussed in Subsection 8.3, the use of these services does not reduce the dose
rates for the decommissioning tasks compared with the dose rates estimated for
decommissioning a reactor at a single-reactor station. Therefore, central
decontamination services do not have an impact on the occupational radiation
doses from decommissioning a reactor.
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Centralized maintenance shops, laundry services, transportation services,
and central stores have no impact on the radiation dose rates where the decom-
missioning work is performed; therefore, these services have no impact on the

occupational radiation dose.

9.4 TYPE OF REACTOR

At multiple-reactor stations, the two types of light water reactors being
constructed are PWRs and BWRs. The estimated radiation doses for decommission-
ing both types are shown in Table 9.4-1 for DECON, SAFSTOR, and ENTOMB. Similar
differences in radiation doses for the two types of LWRs are also experienced
in decommissioning reactors at a multiple-reactor station. However, decommis-
sioning doses for PWRs and BWRs are impacted to about the same extent at a
multiple-reactor station as at a single-reactor station. Estimated impacts on
the radiation doses from decommissioning both PWRs and BWRs are developed in
Subsections 9.1, 9.2, and 9.3.

TABLE 9.4-1. Estimated Occupational Doses For
Decommissioning LWRs

Jecommissioning
Alternative Occupaticnal Dose {man-rem)
PHR(éj— BHR(BF‘
DECON 1080 1850
SAFSTOR 280 420
(30-year storage)
entomgC) 950 1680

{a) From References 1 and 2.
(b) From Reference 3.
{c) For ENTOMB with reactor internals removed.

8.5 NUMBER OF REACTORS AT STATION

The number of reactors at the multiple-reactor station influences how
the radioactive waste is disposed of, whether there is a continuing stable
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construction labor force, and whether or which centralized services are pro-
vided. With a small number of reactors at the station {say, a quad), it is

not likely that radioactive waste could be disposed of onsite. It is improb-
able that centralized services would be provided; however, special decommis-
siponing tools and equipment probably would be shared. Improvement and economies
in planning the decommissioning of successive reactors would be realized for a
few as well as many reactors at a multiple-reactor station. If only a few
reactors are located at the station, the continuing stability of the labor

force would not be assured. Therefore, there would not be a continuing avail-
ability of experienced decommissioning workers.

Detailed discussions of the multiple-reactor station scenarios in Section 10
illustrate the effect of the number of reactors at the station on the radiation
doses from decommissioning a reactor.
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10.0 MULTIPLE-REACTOR STATION DECOMMISSIONING SCENARIOS

Five scenarios for multiple-reactor stations are investigated in this

section to determine the impact of the variables discussed in Subsection 3.3

on decommissioning costs and safety.

These variables, the number of reactors

at the multiple-reactor station, the type of reactor, the nuclear waste disposal

option, the dedication of the site to nuclear power generation, and the provision

of central services vary for the different scenarios.
alternatives, DECON, SAFSTOR, and ENTOMB, are studied for each scenario.

five scenarios described in Subsection 3.3 are shown in Figure 10.0-1.

The three decommissioning

The

The estimates of impacts on costs and radiation doses developed in Sec-

tions 8 and 9 are used to determine cost and radiation dose impacts for each

of the scenarios.

| SCENARIO | NUMBER |  TYPEOF RETIRED AFTER 40 YR OLD REACTOR WASTE DJSPOSAL CENTRAL
NUMBER OF REACTOR | TREACTOR | I REACTOR REPLACED IMMEDIATE[ ONSITE | ONSITE | FACILITIES
REACTORS | PWR| BWR | EVERY 2 YR | EVERY 4YR YES [ NO OFFSITE | INTERIM | PERMANENT [ YES] NC
l L STORAGE | DISPOSAL

l ' 4 X X X X X
Z 4 X X : X X pt
3 10 X | X X X X X

q 10 X X % X X X

5 10 X | X X X X X

FIGURE 10.0-1. Multiple-Reactor Station Scenarios
10.17 SCENARID NUMBER 1

In this scenario four PWRs are Tocated at the multiple-reactor site. The

reactors are started up at 2-year intervals; therefore, after 40 years of opera-
tion the reactors will be shut down and decommissioning started at 2-year inter-

vals.

At this station a new reactor is started up to take the place of each
retired reactor.

Nuclear waste from decommissioning the reactors is placed in
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onsite interim storage and at a later date removed to an offsite waste disposal
facility. No central facilities are provided at this 4-reactor station. A 1ife-
time schedule for this scenario is shown in Figure 6.2-1.

The cost of and radiation dose from decommissioning the reactors at this
multiple-reactor station are impacted by the waste disposal option and by the
experience gained in decommissioning several reactors of the same design. Onsite
interim storage of the nuclear waste from decommissioning one of the PWRs results
in a lesser volume of nuclear waste that must eventually be sent to an offsite
waste disposal facility. The length of the interim storage period determines
the amount of radioactive decay that occurs before the waste is sent to offsite
disposal and, thus, impacts the cost and radiation dose. The impacts of interim
onsite waste storage on costs are developed in Subsection 8.1.2, and the impacts
of the radiation dose are developed in Subsection 9.1.2. Cost and radiation
dose impacts resulting from improvement in the efficiency of decommissioning
with the successive decommissioning of four reactors of the same type are esti-
mated in Subsections 8.2 and 9.2, respectively.

Table 10.1-1 gives the estimated impacts on the cost of decommissioning
one of four PWRs at a multiple-reactor station as compared to the cost of decom-
missioning a PWR at a single-reactor station. The net savings, as well as the
estimated average decommissioning cost for the four PWRs, are given. Similarly,
the estimated impacts on the occupational radiation doses are given in Table 10.1-2.
These estimates of costs and radiation doses for the PWRs in the scenario are the
averages for decommissioning four identical reactors.

Although the magnitudes of the decommissioning costs and occupational radia-
tion doses are less, the relative standing of the costs and doses for the three
decommissioning alternatives is not changed at the 4-reactor station compared to
a single-reactor station. SAFSTOR results in the lowest occupational radiation
dose but generally has a higher cost. ENTOMB, if the reactor can be released
for unrestricted use after 100 years of surveillance, is estimated to have the
lowest cost. DECON is estimated to have the highest radiation dose and an inter-

mediate decommissioning cost.

10-2



£-01

TABLE 10.1-1. Multiple-Reactor Station Scenario 1 - Decommissioning Cost Impact (4 PWRs)

. fost Reduction Per Reagtor Unit at a Multiple-Reactor Station {$ thousands) _ Net Cost at
~ Haste Dispesal ~ __ _ _ Efficiency Multiple-
Single-Reactor Station Onsite Interiu Onsite Improvenent __Total Net Savings Reactor
Decomnissioning Decomnissioning Unit Cost  Storags Paymanent From (a) Central { of Station
_Alternative ($ thousands) ~  Period (yr] __Cost '~ Disposat  Experience’™’ Services $ thousands Unit Cost (% thousunds)
30 (1 eyt __{e) 636 el noa) (4.0) 25 425
DECON 2a g2 (") t 50 1 77080 -- 636 - 2 406 9.7 22 415
100 1 ?BO(D) -- 636 -- 2 416 9.7 22 405
30 2 005" -- 1 041 - 1 046 9.3 29 554
30 yrlf) 32 600ty J 50 2 ogo{l) - 1 041 - 3121 9.6 29 479
fug 2 ]US(h) -- 1 04 -- 3 146 9.7 29 454
30 se0{") - 1 041 - 1701 5.9 26 899
SAFSTOR ggﬁxﬁ(f) 28 600[9) ’ 50 720(h} -- 1 041 - 1761 6.2 26 839
100 750} - | 041 - 1791 6.3 26 809
- @ 30 670" - I 043 - F 5.4 30 689
100 yr' 77 371 sagl9 , 50 730t} - 1 041 -- 17 5.6 30 029
100 750(M) - 1 o4l - 7 791 5.6 30 009
30 946(j) -~ 606 -- 1 552 6.5 22 234
ENTOMB 23 ?Bﬁ[d) j 50 1 392{J} -- 606 -- 1 998 8.4 21 788
100 1 a5t} - 6016 -- 2 01 8.5 21 775
{0} Based on cost reduction factors in Table £.2-1. 3B8% saving of planning and preparation and &% saving of decoumissioning operations costn.
{b) From Table 4.5-1, Reference 2. ENTOMB cost includes $4 million for 100 years' surveillance.
{c} From table 8.1-3.
{d} { ) indicates « negative nunber.
{e) Dashes indicate not used or not available.
fY Safe storage perimd for the reactor.

() Based on Table H.5-4, Reference 1, with costs for spent fug) shipment and demolition services deleted.
() I'rom Table B.1-6.
i} Irom Table 8.1-9.
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Decommissioning

TABLE 10.1-2.

Decommissioning (4 PWRs)

Single-Reactor Statium
Radiation Dose From
Decommissioning {man-rem}

AMternative

dose.

From Table 9.1.1.

From Table 9.1-%.

From Table 9.1-9.

)

)

) _
} Dashes indicate not used ur not available.
) Safe storage period for reactor.
)
)
)
)

DECON 1324(0)
30 yrtfh 55el9)
SAFSTOR 50 yelf) 456(9)
100 yr'f assl9)
ENTOMS ALL
;)_B;dﬁtﬁe dose reduction factors in Table 8.2-1.

T Haste Disposal
Onsite Interim

. Storage
Period (yr} ~__Dose
30 (68.9)4¢)

Jso 77 .0td)
100 75.004)
30 7a.0fM)

) 50 77.4¢h)
100 780t
30 55N}

? 50 g.2{M
100 g.6(M)
10 5.9t

j 50 8.3t
100 a,6(M
30 (6.1)te k)

Jau AL
100 12.3¢K)

Multiple-Reactor Station Scenario 1 -

Impact on Occupational Radiation Dose from

_Radiation Uose Reduction Per Resctor Unit at a Multiple-Reactor Station {man-rem) Het Dose al
Efficiency ST Muitiple-
Onsite [mprovanent Total Net Reduction Reactor
Permanent From ( Central ¥ of SingleZ Station
Disposal = Experience’ ° Services  man-rem Reactor Dose  {man-rem)
--ted 73 e 0.4 1320
-- 73 - 145.0 1.a 1178
-- 73 -- 148.1 1.2 1176
-- 26 -- 100.0 8.1 454
-- 26 -= 103.4 u.7 451
-- 26 .- 104.0 8.4 450
-- 25 -- 30.5 6.7 426
- 20 -- 1.2 7.3 423
-- 2h - 31.6 7.4 422
-- 25 -- 0.9 6.8 424
-- 25 -- 33.3 3 422
= 25 -- 33.6 7.4 121
- a4 -- 4.9 5.3 8§73
55 -- 66.6 7.2 B55
-- 55 -- 6.4 7.4 g8%4

38% saving on ptanning and prepavation and 6% saving on decomnissioning operations

From Table 11.3-1 of Reference | and Table 9.1-12 of thic renort.
{ ) indicates an ingcrease in the dose.

Based un Tables 11.3-2, 11.3-4, and 11.3-5 of Reference 1 and Jable 9.1-12 of this report.

Based on Table 4,.6-1 of Reference 2 corrected for radivactive decay dand Table Y.1-12 of this report,



10.2 SCENARIO NUMBER 2

Scenaric Number 2 has four BWRs of similar design that started up at 4-year
intervals. At the end of their operating life, the reactors are shut down and
decommissioned but are not replaced with new nuclear power plants. Nuclear
waste from decommissioning the reactors is sent immediately to an offsite waste
disposal facility. No central facilities are provided at this multiple-reactor
station. A lifetime schedule for Scenario 2 is given in Figure 6.2-2.

Immediate offsite disposal of nuclear waste from decommissioning a reactor
at a multiple-reactor station is accomplished for the same cost and results in
the same occupational radiation dose as nuclear waste disposal from decommis-
sioning a reactor at a single-reactor station. The only feature of this sce-
nario that impacts the decommissioning cost and radiation dose is the improvement
in the efficiency of the planning and execution of the work at four identical
plants. These impacts are discussed generically in Subsections 8.2 and 9.2

Table 10.2-7 gives the estimated average decommissioning cost and the
average net savings for decommissioning a BWR at this multiple-reactor station.
Estimated costs are given for each of the decommissioning alternatives, DECON,
SAFSTOR, and ENTOMB. The estimated average occupational decommissioning doses
for decommissioning a BWR at this station are given in Table 10.2-2.

The greatest cost savings in this scenario are achieved when the BWR is
decommissioned by SAFSTOR; however, it is still the most expensive of the three
alternatives. SAFSTOR does result in the lowest occupational radiation dose
for decommissioning one of the reactors. DECON is estimated to be the Teast
expensive for decommissioning one of the BWRs.

10.3 SCENARID NUMBER 3

The multiple-reactor station of Scenario Number 3 has 10 reactors, 5 PWRs
and 5 BWRs. Reactors are started up at 4-year intervals so that the station
reaches the full generating capacity over a 36-year period (see Figure 6.2-3).
With this construction schedule, the first reactor to start up is shut down
4 years after startup of the tenth reactor and is replaced by the eleventh
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TABLE 10.2-1. Multiple-Reactor Station Scenario 2 - Decommissioning Cost Impact (4 BWRs)

.. Cost Reduction Per Reactor Unit at a Multiple-Reactor Station (5 thousands) —_ Net Cost at
.. Maste isposal o Ffficiency Multiple-
Single-Reactor Station Oustte Interim Qusile Tipravement C o datal Net Savings Reactor
Deconmissioning  Decommissioning Unit Cost o _Storege 0 Permanent From {4} Central 3ol Station
Alternative ~{$ thuusands) Period Tyr} ~ Cost - Dispesal . Lxperience’”’ Services § thousends Unit Cost {$ thousands)
UECUN 34 aol®) BREY ) o) 1 362 e | 362 4.0 13 478
syl gy el - - 3 222 - 3 222 6.8 43 190
SAFS TOR s0 yr'd 41 ogole) - - 3011 - 301 7.3 3 049
100 yeld) 2 032(®) - - .- 3011 - 3001 6.4 41 021
ENTOMB 36 465t f) -- -- 1378 -- 1378 3.8 35 047

{2} Based on cost redoction factors in Tabla ®.72-1. 3HE waving on planning and prepavation and A% saving on deconissinning operations costs.
{1} From Table 10.3-1 of Reference 3.

{c) Dashes indicate not used or not available.

{d) Sate sturage perind for the rcactor.

{i:) Baved on Table 10.4-2 of Hetorence 3, without the Z5% contingency.

{F) From Table 10.3-1 of Heference 3. CHIOME with reactor internals removed. Cost includes %4 million for 10D years' surveiliance.
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Becommissioning

TABLE 10.2-2.

from Decommissioning (4 BWRs)

Single-Reactor Station
Radiatiun Dose From
Alternative

BECON 1954

20 yr.

SAFSTOR

ENTOMD 1756(9)

} Based on the dose reduction factors in Table 8.2-1.

dose.

Waste Disposal

Radiation Dose Reduction Per Reactor Unit at a Myltiple-Reactor Station {man-rem)

Onsite Interim
Storage

Decomdissioning {nan-rew) Period {yr] _ Dose

383

from Table J./-4 of Raference 3 and Table 9.1-12 of this

Dashes indicate not used or not available.
From Table 9,2-2.

from Table 9.2-7.

Frum lahle K.4-1 of Reference 3 and Tahle 9.1-12 of this

)
)
)
% Safe storage period for reactor,
}
}

From Table 9,2-0.

_ e} )

T Onsite
Permanent
Qisposal |

tfficiency
[mprovement
From
Experience!®!

e
24(F)
22 F)
22()
jo1(h)

Central
Services

man-remn  Reactor Dose

Multiple-Reactor Station Scenario 2 - Impact on Occupational Radiaticon Dose

Net Dose at
Muttiple-
Reactor
Station
(man-rem)

_ted 1

-- 24
.- 22
- 22

-- 101

5.7
4.6
5.1
5.2

5.8

1843
503
407
405

1655

saving on planning and preparation and 6% saving on deconmissioning operations

report.

repgrt.



reactor. The site of this multiple-reactor station is dedicated to nuclear
power generation, with each retired reactor replaced with a new reactor as it

is shut down. Nuclear waste from reactor operation and decommissioning is ship-
ped immediately to an offsite waste facility. Central services are not provided
at this station. Lifetime schedules for this scenario with decommissioning by
DECON and SAFSTOR are given in Figures 6.2-3 and 6.2-5, respectively.

Improvement in the planning and execution of reactor decommissicning
resulting from a stable local workforce and the learning experience of success-
ively decommissioning several reactors of the same type is the only feature of
this multiple-reactor station scenario that impacts the costs of and radiation
dose from decommissioning the reactors.

The average decommissioning costs and net savings for decommissioning a
PWR and a BWR are given in Tabie 10.3-1. Oecommissioning costs are estimated
for each of the alternatives, DECON, SAFSTOR, and ENTOMB. Occupational radi-
ation dose estimates for decommissioning the reactors at this station are given
in Jable 10.3-2.

For both the PWRs and the BWRs, the estimated occupational radiation doses
are lowest when the reactors are decommissioned by SAFSTOR and highest when
decommissioned by DECON. Estimated average decommissioning costs for the PWRs
are lowest for ENTOMB and highest for SAFSTOR. Decommissioning the BWRs is
estimated to be most costly by the SAFSTOR alternative and least costly by the
OECON alternative.

10.4 SCENARIO NUMBER 4

Ten reactors, 5 PWRs and 5 BWRs, are located at the multiple-reactor sta-
tion in this scenario. A new reactor is started up every 4 years as shown in
the Tifetime schedules in Figures 6.2-3 and 6.2-5 for decommissioning by DECON
and SAFSTOR with 30 years of safe storage, respectively. A new reactor is
started up when an old reactor is retired, thus maintaining a full complement
of 10 operating reactors after the tenth reactor has been started up. Nuclear

waste from operation and decommissioning is placed in onsite interim storage
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TABLE 10.3-1. Multiple-Reactor Station Scenario 3 - Decommissioning Cost Impact
(5 PMRs and 5 BHWRs)

__ fost Reduction Per Reaclor Unit at a Multiple-Reactor Statinn {3 thousands) Net Cost at
- _ _Haste bisposal Efficiency Mulliple-
Single-Reactor Station Dnsite Interim Onsite foprovemant _ Jotal Net Savings Reactor
Decownissioning Decommissfoning Unit Cost _ Storage _  Permanent From {a) Central 1t of Station
_Alternative {$ thousands} _ Period {yr fost Nisposal  Experience Seryices $ thousands Unit Cost (4 thousands)
5 PuRs
DECON 24 g21!b) o L) e 744 e 3.0 24 077
30yt 32 goole!) .- - - 1229 .- 1 229 3.8 3137
SAFSTOR ’?0 gt 28 gooled -- - -- 1 229 -- 1229 4.3 27 37
].@.Jz(d) 31 soo'e} -- -- - 1229 - 1 279 1.9 3 57)
ENTOMB 23 786“3} -- -- -- 09 -- 704 3.0 23 077
. 5 BuRs
DECON 34 gaptf) - - - 1 538 - 1538 4.4 13 902
30 yel® 4y 11209 - - - 3 538 - 3 538 7.5 43 574
SAFSTOR }gn_ﬂ(‘” a1 osol9! .- .- .- 3 290 - 3 290 8.0 37 770
100yt 4g 03209 -- - -- 3 290 - 3 290 7.5 a0 742
ENTOME 36 465N} - - - 1570 -- 1 570 4.3 34 895
{a) Based on cost reduction factors in Table B.2-1. 40% saving on planning and preparation and 7% saving on deccommissioning operations costs.
{b} From Table 4.5-1 of Reference 2. ENTOMB cost includes $4 million fur 100 years of surveillance.

fashes indicate not used or not available.

Safe storage period for the reactor,

From Table H.5-4 of Reference 1, with costs for spent fuel shipment and demolition services deleted.

From Table 10.1-1 of Reterence 3.

From Table 10.4-2 of Reference 3, without the 25% contirgency.

From Tabla 10.3-1 of Reference 3. EHTOMB with reactor internals removed. Cost includes $4 willion for 100 years' suryeillance.
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TABLE 10.3-2.

Deconmissioning
LMzrernative

DECUN

SAISTOR

—————

ENTCMB

UECON

SAFSTOR )

ENTOMB

from Decommissioning (5 PWRs and 5 BWRs)

__Radiation Dose Reduction Per Reactor Unit at @ Multiple-Reactor Station (man-rem)

... Masie Disposai ~_ Efficiency
Single-Reactor Station insite Interim Dnsite Improvement
Radiation Dose From . _Storage _____ Permanent From Central
Decoimissioning (man-rem) Period (yr] _ _Dose _— Uispusal  Experience  Services
5 PHRs
]324(31 __(_b-‘} __(b_j __{b}l 85{() __(h]
ll_jﬁm segle) - - - it} .
_E:O__y_r{d) acgl®) .- _ - Zgif) .
100 yrldh qeglel - - - solf) N
922(9} __ . o 62“1} __
_ _ 5 OWRs
19549 .- -- -- 1291k --
30 yel8) 52yd) - -- - 29(f) -
50 yeld)  ae(d) - -- - 26¢f) -
w00 yri® a2 - -- “- 26¢) -
1756M) -- - -- 1gin} --

{a) From Table 11.3-1 of Reference 1 and Table 9.1-12 af this report.
{1b) Dashes indicate not used or not available.

{¢) Fram Table 9.

{d) Safe storage

2-1.
period for reactor.

{e) Based on Tables 11.3-2, 11,3-4 and 11.3-5 of Reference 1 and Table 9.1-12 of this report.

{f} From Table 9,
{g) Based on Table 4.6-1 of Reference 2 carrected for radioactive decay and Tabie 9.1-12 of this report.
{h} From Table 9.

{j) From Table
{k} From Table

dJd.
9.
fm} From Table K.
9.

{n)} From Table

2-7.

2-8,
of Reference 3 and Table 9.1-12 of this report.

7-4
2-2.
4-1 of Reference 3 and Table 9.1-12 of this report.
2-4.

Total Net Reduction

man-rem

a5
31

29
62

129
29
26
26

118

€ of SingTe-
Reactor Dose

St on

(=
-

N

[T = A T ) B = ]
— MO

Multiple-Reactor Station Scenaric 3 - Impact on Occupational Radiation Dose

Net Dose at
Multiple-
Reactar
Station
{nan-rem)

1239
523
427
426

8b0

1”25
494

40|
1638



for a significant decay period before it is transferred offsite, either to a
licensed waste disposal facility or, if releasable, to a nonradiocactive waste
disposal facility. Centralized facilities are provided at this multiple-reactor

station.

Nuclear waste disposal, experience gained in successively decommission-
ing a number of identical reactors, and the availability of central services at
this multiple-reactor station have an impact on the average occupational dose
and cost of decommissioning the reactors. Radiocactive decay during the period
of onsite interim storage resuits in reducing the amount of waste that must be
sent to an offsite waste disposal facility and in reducing the curie and liner
surcharges on the waste sent to an offsite waste facility. Details of the esti-
mates of the impacts on costs and occupational radiation doses of onsite interim
storage of the nuclear waste are given in Subsections 8.1.2 and 9.1.2, respec-
tively. Cost and radiation dose impacts resuiting from improvement in the
efficiency of the successive decommissioning of five identical reactors are
developed in Subsections 8.2 and 9.2, respectively.

Centralized services at this multiple-reactor station that impact cost are
health physics services, security forces, solid waste processing, and decontami-
nation services. Estimation of the cost impacts of these centralized services
is discussed in detail in Subsection 8.3. The impact of the centralized ser-
vices on radiation dose is minor. Only one of the services, solid waste pro-
cessing, reduces the radiation dose. This is discussed in greater detail in
Subsection 9.3.

The decommissioning cost at this multiple-reactor station and the net
savings compared to the decommissioning cost at a single-reactor station are
given in Table 10.4-1 for the five PWRs and in Table 10.4-2 for the five BWRs.
Average occupational doses and dose reductions compared to the doses for decom-
missioning a reactor at a single-reactor station are given in Table 10.4-3 for
the PWRs and in Table 10.4-4 for the BWRs.

Savings in the costs of decommissioning the reactors are greater for this
scenario than for the first three scenarios, ranging from 5 to 19% for the PWRs
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TABLE 10.4-1. Multiple-Reactor Station Scenario 4a - PWRs - Decommissioning Cost Impact
{5 PWRs and 5 BWRs)

Cost Reduction Per Reactor Unit at a Multiple-Reactor Station ($ thousands})  Met Cost at
o Waste Disposal o Efficiency Multiple-
Single-Reactor Station Onsite Interim Onsite Tmprovement _Total Net Savings Reactor
Deconmissioning Decomuissioning Unit Cost Storane Permanent Fron Centra Tof Station
: T e {a)
Mternative ($ thousands) ~ Period {yr] Cost __ Disposal  Experience Services!P) § thousands Unit Cost ($ thousands)
30 (1 sagy(dd (e 744 2 193 1 297 5.2 23 524
DECON 24 y21t) , 50 1 770'9) -- 744 2 193 3 707 19.0 20 114
100 1 7g0(d) -- 744 2 143 4 717 19.0 20 104
30 2 oos(") - 1 229 2 812 6 046 8.5 26 554
30 yr{f) 32 600t , 50 2 a0 .- 1 229 2 12 6121 18.8 26 479
100 PRTALY - 1 229 2 812 6 146 18.3 26 454
30 e60(M) -- 1229 2 776 A 665 16.3 23 93b
SAFSTOR s0 4™ 28 600'9’ ’ 50 7200} - ) 229 2 776 a 725 16.5 24 875
100 750(P) -- 1229 2 776 4 755 16.6 23 B4
30 s70th) -- 1229 2 753 4 652 14.6 27 148
100 yrtf' 31 s00f9) ) 50 730t -- 1229 2 753 Y 14.8 27 088
100 pspih} - 1 229 2 753 4 732 14,9 27 069
30 ALY -- 709 2193 3 844 16.2 19 938
ENTOMB 23 786(c) I 50 1 3920d) .- 709 2 193 4 294 14,1 19 492
100 1 405(d) -- 709 2 193 4 307 18.1 19 479

{a} Based on cost reduction faclors in Table 8,2-1. 40% saving on planning and preparation and 7¢ saving on decommissioning cperations costs,
{b) From Tables B.3-8 and 8.3-3.

{c} From Table 4.5-1 of Reference 2, ENTOMB cost includes %4 miilion for 100 yesrs surveillance.

{d} Ffrom Table B.0-1.

{#) Uashes indicate not used.

{f} Safe storage pertod for Lhe reactor.

{g} Based on Table H.5-4 of Reference 1, with costs for spent fuel shipment and demolition services deleted.

{r} From Table §.1-6.
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TABLE 10.4-2. Multiple-Reactor Station Scenario 4b - BWRs - Decommissioning Cost Impact
(5 PWRs and 5 BMWRs)

__ Lost Reduction Per Reactor Unit at @ Multiple-Reactor Station (§ thousands) — _ Het Cost at
) . Waste Disposal _ __ _ Efficiency Multiple-
Single-Reactor Station Onsite Interim Onsite linprovement _Total Net Savings Reactor
De;?uuqssiqning Becunmissioning Unit Cost Storeye ___ Per;manent From {a) . Quntzgl % of . Stdt?ﬂ?
_Aitermative © (§ thousands) . beriod {yr] | €St Disposal Experience’®’ Services(b) § thousands unit Cost (§ thousands)
30 (ar0)tdwe) - __{F) 1 534 2 763 3 19 11.2 30 944
DECON kL) 84{}{C) 2 50 3 10(](9} -- 1 538 2 763 /a0 21.2 2F 439
100 3 16{](9} -- 1 538 2 763 7 461 21.4 27 379
30 2 984(” -- 3538 3 HOY 10 131 21.9 36 78}
30 09 a7 412t ’ 50 SRARLLL - 3 538 3 8409 10 958 23.3 36 154
100 3 656(‘“ .- 3538 3 809 11 003 23.4 36 109
30 2 24543) -- 3 290 1775 9 310 2.7 31 750
SAFSTOR 50 yrt8) 41 g0 ) 50 2 a104) - 3 290 3 775 9 474 23.1 3 585
100 3 444(‘” -~ 3 290 371 9 509 23.2 31 851
iU 2 381(‘” -~ 3 290 1 730 9 401 21.4 34 631
100 yel9 a1 03P } 50 2 5001 -- 329 1730 9 524 21.6 3¢ 508
(4] Z 532(‘1) -- 3 230 3730 g h4? 21.7 34 480
30 QUS(u) -- 1 570 2 881 bo3hg 14.7 11 106
ENTOMB 36 465{” ? 50 F4 502[8) - 1 570 Y 6 953 19.1 29 512
100 4 561(0) -- 1 570 2 BBl 7012 19.2 29 4453

] Based on cost reduction factors n Table 8.2-1. 40% saving on planning and preparation and 7% saving on decommissioning oparations costs.

] Based on Table 10.4-2 of Reterence 3, 257 contingency deleted.
Y From Tablie &.71-6.
} From Table 10.3-1 of Reference 3. ENTOMB with interns!s removed. Cost includes $4 million for 100 years' surveillance.
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TABLE 10.4-3. Multiple-Reactor Station Scenario 4a - PWRs - Impact on Occupational Radiation
Dose from Decommissioning (5 PWRs and 5 BWRs)

_Radialion Dose ReducLion Per Reactor Unit at a Multiple-Reactor Stetion (man-rem) et Dose at
T T Haste Dispesal T 7T T EFficiency T Multiule-
Sinyle-Reactor Station Onsite Tntevim nsite Inprovemnent _Total Net Reduction Reactor
Uecaimmissioning Radiation Nose from . Storage . ____ Permanent Frou Contral % of Single- Statiun
__Alternative _ Decommissioning (man-vem) Poriod (yr) ~ Dose _ Uisposal  [xperience  Servicesl#)  aan-rem Reactor Duse  {man-rem)
30 (6s.9ylc- 4 _.(e) g5t 3.8 19.9 1.5 | 304
DECON 1324(0) } 50 720l - gotf) 3.4 160.8 12,0 1163
100 750t .- g5(f) 8 (63.8 17.4 1160
30 74.00) - 31 (k) 1.6 106.6 19.2 247
30 yel9 5™ ’ 50 77.413) . 1tk 1.6 16.0 19.9 444
1040 'JE.U(‘J) -- 3|(k) 1.6 1166 20.0 443
30 5. 504) -- 29tk 1.5 36.0 7.9 420
SAFSTOR ;g_igtg) astM) ’ 50 3‘2(%) - 2g¥) 1.5 34,7 5 a1/
100 8600 -- 29(%) b5 39.1 6 a1/
10 5.943) - 29(%) 1.3 36.7 0 519
100 yr(@ 334(M) ) 50 5.300) - potk} 13 34.6 ;.5 146
100 8.6\ - 29k} 1.3 18.9 5 e
30 (6.1y(¢-" . ALY 1.4 LY./ 5 Btz
ENTOMB 92201 ’ 50 1.6t -- p240) 3.0 77.4 K 144
100 12,800 - 62%°) 3.8 78.6 5 843
{a) I'rom Table B.3-1 of Appendix B.
{b) From Table 11.3-1 of Reference 1 and Table 9.1-12 of this veport,
fcd { ) indicales increase in dose,
{d} from Table 9.1-1,
{e) Dashes indicate not wvsed.
(f) Frowm Table 9.2-1.
{g) Suie storage period for reacior.
{t) Based on Tables 11.3-7, 11.3-4, and 11.3-5 of Reference 1 and lable 9.1-12 of this report.
{3) Frow Table 9.1-5.
(k) From Table 4 .2-7.
{m) Based on Table 4.6-1 and Reference 2 corrected for radicactive decay and Tahle 9.1-12 of this report.
{n} Fram Table 9.1-9,
{n} Frum fable 9.2-8.
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TABLE 10.4-4. Multiple-Reactor Station Scenario 4b - BWRs - Impact on Occupational Radiation
Dose from Decommissioning (5 PWRs and 5 BWRs)

Radiation Dosc Reduction Per Reactor Unit al a Multiple-Reactor Station {man-rem) Net Dose at

. __ Waste Dispossl  __ ~_ [fficiency Myltiple-

Single-Reactor Station Onsite Interim Onsite Improvenent _Total Het Reduction = Reactlor

Decomnissioning Radiation [lose From . Storage ____ Penmanent From Centrd] i of Sinyle- Station

_AMlternative ~ Decommissioning {man-rem) Period {yr] ~ " Ogse___ Disposs] = Experience  Services(a)  man-rem  Reactor Dose — _{nan-rem)

30 (46.7)Lc ) .el 12g(d) 5 87.3 1.5 1867
BECON 1954(b) ) 50 55.1(d) - 126¢4) 5.0 189.1 9.7 1765
100 59.7(d) - 12944) 5 193.7 9.9 1760
30 68.0' 1) -- 29ttt 2.5 9.5 18.9 427
30yl epyb) ) 50 g6.7¢9) - 2ylhl} 2.5 118.2 27.4 409
100 g7.9t9) -t 29{h} 2.5 119.4 22.7 408
30 26.3(9) - 26N 2.4 54.7 12.8 374
SAFSTOR 50 ot ) 4290 50 31.6'9) - 261 2.4 60.0 14.0 369
100 32.609) - 26th) 2.3 61.0 13.2 368
30 16,619 - 26(M) 2.2 45.0 10.5 182
100yl gps(b) ) 50 21,419} - 26(M) 2.2 49.6 .6 377
100 22004} - 26¢h? 2.2 50,7 1.8 377
30 (33.33{cd) - 118td) 5.0 89.7 5.1 1666
ENTOMG 175641} j 50 25.9(4) - 1gtd) 5.0 148.9 8.5 1607
100 29.3{d) - gtd) 5.0 152.3 8.7 1603

{a}) From Table B.3-3.

(b} From Table J.7-4 of Reference 1 and Table 9.1-Z of this report.
{ } indicates incredse in dose.

From lable 9.0-7.

Dashes indicate not used,

Sate storsge period for the reactor,

From Table 9.1-7.

From Table 9.2-7.

From lable X.4-1 of Reference 3 and Table $.1-12 of this report.
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and 11 to 23% for the BWRs. ENTOMB gives the lowest decommissioning cost for
the PWRs and SAFSTOR the highest. For the BWRs the costs of DECON are lowest
and the costs of SAFSTOR highest.

Dose reductions are also generally greater for this scenario than for the
first three, ranging up to 20% for the PWRs and up to 23% for the BWRs. Again,
occupational doses are lowest for SAFSTOR and highest for DECON.

10.5 SCENARIO NUMBER 5

Five PWRs and five BWRs are located at the multiple-reactor station of
Scenario Number 5. The reactors are started up and, after 40 years of opera-
tion, shut down at 2-year intervals. As each old reactor is shut down, it is
replaced with a new reactor so that a full complement of 10 reactors is main-
tained on line. A permanent nuclear waste disposal facility is located onsite.
Central facilities are provided at this multiple-reactor station.

Onsite permanent disposal of the waste, as well as the improvement in effi-
ciency with successive decommissioning of several reactors and the availability
of centralized services, will reduce the average cost and occupational radiation
dose from decommissioning the reactors at this multiple-reactor station compared
to a single-reactor station. Details of the cost estimates for onsite disposal
of nuclear wastes are discussed in Subsection §.1.3.

Table 10.5-1 gives the estimated average decommissioning costs and net sav-
ings for decommissioning the reactors at this multiple-reactor station. The aver-
age occupational radiation doses and net dose reduction for decommissioning the
reactors are given in Table 10.5-2.

The reductions in cost and occupational radiation dose for decommissioning
a reactor at a multiple-reactor station compared to a single-reactor station
are greater in this scenario than in any of the other scenarios. Cost reduc-
tions range from about 17 to 24% for the PWRs and from about 22 to 25% for the
PWRs. Dose reductions range from about 10 to 22% for the PWRs and 11 to 25%
for the BWRs.

10-16
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TABLE 10.5-1. Multiple~Reactor Station Scenario 5 - Decocmmissioning Cost Impact
{5 PWRs and 5 BWRs)

__Lost Reduction Per Reactor Unit at a Multiple-Reactor Station (3 thousands)  Met Cost at
o Matte Disposel 0 [fficiency Multiplae-
Single-Reactor Statiun Onsite Interin Thsite lmprovement _lotal Net Savings ~ Reactor
Decomeissioning Decosmissioning Unit Cost . Storage  Permanent f ram (a) tentru} % of Station
_Mrepnative (8 thowands)  Perfud (yr) T £z T Utsposal  Experience’ Services(P) $ thousends Unit Cost (% thousands)
.. bMRs
- 3
DECOH 23 821[L} L L) --(d‘ 2 gﬁﬁie) 44 2 193 LI 23.8 18 916
30yt 52 g0l -- - 3 oot 1229 2 812 7 139 1.9 25 461
SAFS10R j‘r}ij_\"‘_(f) 28 600! -- -- 1 a2t ) 229 2 178 5 437 19.0 23 163
100yt 31 800t9) - - 1 30at™ 2 753 Y 376 16.9 26 424
LT OMi 23 ?86{6) -- -- 2 U?G(J) H19 2 193 4 478 20.9 13 208
5 BMRs
DECON 34 oot - - g 2e5'®) ) 53 2 763 £ 786 25.2 26 054
AL PREPILY - - g 3a2i® 3 5 3 809 1 689 24.8 35 473
SAFSTOR ,_su ooty pentm - - 2 910tM 3 290 3 9/5 9 9/5 24.3 3 085
100 pr(Fh 4q 03t -- -- 2 s50th) 3 290 1730 9 970 22.6 3 062
£NTOMg 36 465" - . 3507830 1500 2 881 7 994 21.9 28 167
fa; Based on cost reduction factors in Table £.2-1. 40% saving on planning and preparation and 7% saving on decomnissioning aperdtions rosts.
eh Based on Tables 8.3-3 and 8.3-8.
{c)] From Table 4.5%-1 af Reference 2. EHWTOME cost includes $4 nillion for 100 years' surveiligance.

Jd) Dashes indicate not used.

) Froo Table 8.7-110.

b Safe storage period for the reactor.

} Hased on Table H.5-4 of Heference 1, with costs for spent fuel shipment and demolition services deleted.

) From Table B.0-11.

} From Table 8.1-12.

} Trom Table 10.5-1 of Reference 3.

} Based on Table 10.4-2 of Reterence 3. 25 contingency deleted.

) From Table 10.3-1 of Reterence 3. [NTOMB with internals removed. Cost includes $4 million for 1M years' surveillance.
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TABLE 10.5-2. Multiple-Reactor Station Scenario 5 - Impact on Occupational Radiation Dose
from Decommissioning (5 PWRs and 5 BWRs)

. Radiation Dosc Reduction Pev Reactor Unik at o Multiple Reaclor Station {man=rem) Het Dose at
_ oo Masle Disposal ~_ ~_ _ [fficiency T Multiple-
Single-Reactur Station {insite Interim Onsite [nprovemnent Toral Met Reduction Reactor
Decomnissioning fadiation Dose From .. . Storaye _ _ Fornanant Fran Centrd} LT T T O Single- Statiom
_Mternative | Decgmmissioning (wan-rem} Period (yr] —_ _Dose | Disposalle) Uxperience Servires(l) wan-yem Reactor Duse  (man-rem)
o __f:_ P_H_Ra o _
DV CON 132045 A ALY 8Y.4 ste) 3.8 178.6 13.5 1145
i} ,
30 yrl’) 55419 - 9.1 310 1.6 1227 22.1 a3
SAI'STOR ’ 50 yrlfl quel®) . - 22.6 29t M) P5 53.1 .6 an3
100 yr(F) a55(9) - - 22.2 29t 1.3 52.5 1.5 403
FNTOMS gzt H) - - 2.8 prte) 3.8 856 4.6 432
. _SeWRs
3 CON _ jarg k) -- - 100.6 p2yle) 5.0 236 2.0 (2L
30 yelf) gpptk) - - 100.7 29(M) 2.5 132.2 25.1 395
SAFSTOR 5o yrlf p2etk) - - 3.5 26t 2.1 66.9 15.6 2
_!51_0_1._-(f’ IPTALE -- -- 33.4 (P} 2.2 6/ N kIR
L NTOME 175600 -- -- 67.2 1igle) 5.0 1402 0.8 1566

From Table 4.1-17.

Frowm fable B.3-3 of Appendic 1,

From fable 11.3-1 of keference 1 and Table 9.1-12 of this report.

Uashes indicate not used.

From Table 9.0-1.

Sefe slorage period for reaclor.

Based on Tables 11.3-2, 11.3-4 and 11.3-5 of fReference | and Table 9.1-12 of this repurt.
from Tabie 4.2-7,

Howed on [able 4.6-1 of leference 7 corvected fer radioactive decay and Table 9.1-12 of this report.
From Tuble J.7-4 of Reference 3 and Table 9.1-12 of this repurt.

From luble K.4-1 of Reference 3 and Table 9.1-12 of this report.
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1.0 FACILITATION OF DECOMMISSIONING

The principal purpose of decommissioning facilitation is to reduce occu-
pational and public radiation doses resulting from decommissioning activities.
Other purposes include improving the safety of decommissioning, reducing the
volume of radioactive waste, and reducing the cost of decoomissioning. These
purposes apply equally to single-reactor stations and to multiple-reactor sta-
tions; but they can often be more effectively achieved at mulitiple-reactor
stations because of collocation of the reactors and sequential decommissicning.
A recent discussion of the faciiitation of decommissioning 1ight water reactors,

(1)

The decommissioning facilitation alternatives presented in Reference 1 are reviewed

without particular regard to multiple-reactor stations, appears in NUREG/CR-0569.

briefly in Subsection 11.2. Facilitation of decommissioning a multiple-reactor
station is discussed in Subsection 11.3, and the possibilities of conversion to
a different steam supply system or refurbishment of the original nuclear steam
supply system are discussed in Subsection 11.4.

11.1 FACILITATION PLANNING

The best way to facilitate the decommissioning of a reactor is to plan for
decommissioning during the design phase. This is true because many decommis-
sioning facilitation alternatives require design and construction modifications.
1t is also true because advantage can be taken of a facilitation alternative
that also facilitates reactor maintenance and operation. In decommissioning,
an opportunity exists only once to reduce radiation dose and cost, but in
maintenance, an opportunity exists every year to reduce radiation dose and
cost.

Planning at the design phase is especially appropriate for a multiple-
reactor station because advantage can be taken of collocation of the reactors,
standardized design and construction, centralized services, and sequential
decommissioning. At the very least, crew preparation and training time will
be minimized and the decommissioning can be more efficiently carried out
because the decommissioning procedures will be the same for similar reactors
and because the same crews can be used for sequential decommissioning.



In Subsections 11.1.1 and 11.1.2, we comment briefly on the reduction of
radiation doses and costs and on the advantages of selecting decommissioning
facilitation alternatives that also facilitate maintenance. In Subsection 11.3,
we discuss decommissioning facilitation techniques that are unique to multiple-
reactor stations or that improve decommissioning at multiple reactor stations.

11.1.1 Radiation Dose Reduction

Any radiation dose reduction that can be effected by decommissioning
facilitation will be some fraction of the total radiation dose expected from
decommissioning. A suitable standard of comparison for a PWR is the 1080 man-
rem calculated for DECON of an 1175-Mde PWR single-reactor station {Reference 2,
pp. 11-17). This value does not include the radiation dose from removal of
the Tast core. A similar standard of comparison for a BWR is the 1760 man-rem
calculated for DECON of an 1155-MWe BWR at a single-reactor station {Refer-
ence 3, pp. 11-7 and 11-8).

Of perhaps even greater importance than the reduction of radiation dose
during decommissioning is the reduction of radiation dose during operation and
maintenance of the reactor that might be made possible by any decommissioning
facilitation alternative. The opportunities are much greater for dose reduc-
tion during maintenance than during decommissioning. The observed maintenance
occupational radiation dose is presently about 450 man-rem per year for PWRs
and about 500 man-rem per year for BWRs, or about 18,000 and 20,000 man-rem,
respectively, over the 40-year operating lifetime of the reactor. (See Refer-
ence 1, Section 2.3.) Obviously, strategic decommissioning facilitation plan-
ning requires careful consideration to determine if a facilitation alternative
will also facilitate maintenance.

11.1.2 Cost Reduction

Costs associated with decommissioning facilitation alternatives include
capital costs, costs of maintenance and operation {during both reactor operation
and maintenance and decommissioning) and any cost savings during decommissioning.
Some facilitation alternatives that will reduce the decommissioning radiation
dose may involve an overall cost increase. Again, appropriate standards of



comparison are the costs to DECON a reference, single-reactor station, 1175-Mue
PWR and a reference, single-reactor station, 1155-MWe BWR, which are $31 mil-
Tion and $43.6 million, respectively. These costs do not include the costs

for disposal of the final core or those for demolition of non-radioactive

structures.

A cost reduction potentially much larger than any cost increase or cost
reduction associated with decommissioning facilitation is the cost reduction
associated with reduced downtime for maintenance. If a utility must buy
replacement power from outside its system during maintenance periocds, each
day of maintenance will cost the utility approximately $500,000 per day per
reactor (assuming the utility must pay 2¢ per kilowatt hour to replace the
power from a 1200-MWe reactor). Thus, any decommissioning facilitation alter-
native that also reduces the time the reactor is out of service for maintenance
{thereby eliminating the cost that must be paid for replacement power while
the reactor is out of service} has the potential to pay for itself and per-
haps for most of the decommissioning as well.

An obvious cost reduction strategy, then, is to look for decommissioning
facilitation alternatives that will also increase operating time and decrease
maintenance time. This must be done while the reactor is in the design phase.

11.2 FACILITATION ALTERNATIVES

Selected design features, special equipment, and construction techniques
from Reference 1 that would facilitate decommissioning of single-reactor sta-
tions are reviewed briefly in this subsection. These alternatives obviously
would also he useful in facilitating the decommissioning of reactors at a
multiple-reactor station.

11.2.1 Improved Documentation

Documentation is the foundation of decommissioning facilitation. Correct
as-built drawings; good construction photographs; scale models showing equip-
ment arrangement, concrete pours, concrete penetrations, and the location of
rebar; and accurate written and photographic maintenence records are vital to

decommissioning. The value of these records is particularly evident when



deferred decontamination is selected as the decommissioning alternative,
because an operating crew knowledgeable about the facility will not be on
hand to assist in the decommissioning.

11.2.2 Improved Access

Access to contaminated equipment can be improved by the installation of
removable roof and wall panels. These panels are already in place in some
newer reactors. Improved access simplifies removal of equipment for mainte-
nance, replacement, and for disposal during decommissioning.

11.2.3 Substitution and Purification of Materials

Removal of 59Co from stainless steels subject tc activation will reduce

the amount of 60 60

Co produced. Co is responsible for a large fraction of the
radiation dose received by workers during immediate decontamination. Substi-
tution of alloys such as Zircalloy for stainless steels in areas subject to
activation will also reduce the amount of 6OCo formed. However, care must be
taken in situations where structural materials are involved, where reactor
neutron physics might be affected, and where other materials mighgobe activated
Co in this

manner would not be particularly heipful if safe storage of 30 to 50 years fol-

to form even less desirable activation products. Elimination of

lowed by deferred decontamination were selected as the decommissicning alterna-

60

tive, because much of the ~“Co would decay to innocuous levels during the storage

period.

11.2.4 Design of the Biological Shield for Easy Removal

Two alternatives for improving the safety of removing the bicological shield
are: 1) elimination of the need to drill blasting holes under high dose rate
conditions at the time of dismantlement by designing holes into the biological
shield during construction, and 2) elimination of the blasting process alto-
gether by installing a modular biological shield that can be disassembled by

means of a remote crane.

Preplacement of the vertical blasting holes during construction would elimi-
nate the need for post-shutdown drilling by remote means. Biological shield
thickness could be maintained by filling the holes with sand prior to pouring
each succeeding vertical Tift.



Design of the biological shield as a series of modularized components may
be reasonably accomplished in a BWR, where the shield serves only the function
of personnel and equipment shielding. In a PWR, the biological shield also sup-
ports the reactor vessel and must be designed primarily for this purpose, with
its secondary function being to provide sufficient shielding thickness. The
support structure would consist of a frame of heavy carbon steel I-beams designed
to support the reactor and to provide a receptacle for precast concrete panels,
which are inserted and pressure-grouted in place after insertion. The biolog-
jcal shield would be made of layers of preformed concrete in onion-like layers
held in place by the structural steel I-beams. Removal of the panels would be
accomplished by remote-crane operation, which would exert enough lifting force
to fracture the grout, allowing each panel to be put into proper containers for
shipping. A modular design of the biological shield might also expedite removal
of the reactor pressure vessel, should that become necessary during the 1ife of
the reactor. Careful attention would need to be paid to the design of the bio-
logical shield to assure structural strength and integrity under postulated
accident scenarios.

11.2.5 Techniques for Improved Protection of Concrete and Improved Removal
of Contaminated Concrete

At least three alternatives are possible to protect concrete surfaces from
contamination or to facilitate the removal of contaminated concrete. The first
is to protect all contaminable but non-submerged concrete surfaces with carbon
steel liners. Care would need to be taken in the design of the facility to
assure the structural integrity required to support the weight of the liner.
The second alternative is to protect these same surfaces with protective coat-
ings. If the coating could be maintained intact throughout the operating life-
time of the plant, then any contamination could be readily washed off. The
third alternative would eliminate drilling and simplify spalling through the
installation of a carbon steel sandwich inside of potentially contaminable,
but non-submerged, floors and walls at a depth of 4 inches. Air or liquid
pressure appiied between the plates would provide the spalling force. Again,
careful attention would need to be paid to structural design.



11.2.6 Special Shielded Maintenance Shop

Expanded maintenance shops with added special shielding would allow
shielded laydown, maintenance, and dismantiing of all but the largest pieces
of reactor equipment. In this way, predismantling outside the shop, which
usually involves unshielded operations and less efficient equipment, could be
avoided.

11.2.7 Improved Shielding for Maintenance and Decommissioning

Two possible alternatives for the direct protection of personnel from
radiation are: 1) pipe shielding to reduce background levels in work spaces,
and 2) a self-contained, shielded vehicle with manipulator arms that can per-
form functions equivalent to remote cell manipulators. Lead shielding with an
air gap or insulation could be added to piping to provide both thermal and radia-
tion shielding. Background radiation would be reduced at mechanical equipment,
valves, and pumps that require the major portion of maintenance in an operating
plant. Some redesign of pipe supports would be required to support the addi-
tional weight. A self-contained, shielded vehicle equipped with manipulator
arms could be developed that would permit maintenance and decommissioning
activities to proceed in a manner similar to that employed in stationary
manipulator-equipped shielded cells. This vehicle might require larger access
areas with adequate room for maneuvering and enough distance between components
requiring maintenance to permit reasonably close approach by the mobile unit,
which would be mounted on a tracked vehicle and contain its own life-support
system. Fail-safe power units would be required to ensure that the operator(s)
could always leave the area.

11.2.8 Reduction of Radwaste Volume by Incineration

Reduction of the radwaste volume by incineration is discussed in detail
in Subsections 8.3.3 and 9.3 and in Section B.3 of Appendix B.

11.2.9 Electropolishing

The impact of a central electropolishing facility at a multiple-reactor
station is discussed in detail in Subsection 8.3.4 and in Section B.4 of
Appendix B.



17.2.10 Remote Maintenance and Decommissioning

Remote-controlled equipment offers the possibility of carrying out mainte-
nance, monitoring, and decommissioning activities in high-radiation fields where
contact maintenance results in excessive occupational radiation doses. A state-
of-the-art robot could perform basic maintenance and decommissioning functions
at a substantial reduction in radiation dose. Remote units capable of carrying
out radiation surveillance, simple routine maintenance, and visual examination
in medium- to high-radiation fields should require Tittle maintenance, be rea-
sonably compact, be reasonably inexpensive, be readily decontaminable, be mobile
{both unit and console}, and be remotely controlled. Ordinary industry require-
ments include Timited space capability, operation in a range of temperatures and
hazardous locations {i.e., little or no air, underwater), and ability to perform
boring jobs without fatiguing. Nuclear requirements differ from these only in
that they require operation in radiation fields. Reliability cannot be over-
emphasized, since a breakdown in service would not only delay a key operation,
but could aiso compound the situation by adding robot removal and repair to the
problem at hand.

11.2.11 Special Decommissioning Tools and Techniques

Unique problems caused by the presence of radiation fields call for the
development of special decommissioning tools and techniques that speed cutting,
drilling, and separation of radioactive components or that permit decommission-
ing workers to carry out their activities in lower radiation fields. Possible
options include plasma-arc torch improvement, arc-saw improvement, explosive
cutting, and a mobile, shieided, crane-mounted enclosure.

The plasma-arc torch is a metal-cutting device operated either in air or
under water in which a high-temperature, high-velocity, small-diameter gaseous
arc is struck between an electrode in the torch and the metal piece to be cut.
The combined heat and force of the arc stream melt the metal and produce a high-
quality, saw-1ike cut. The required improvements include the development of
improved manipulation techniques and the development of torches that would cut
70-mm-thick stainless steel under water and 240-mm-thick carbon steel in air.



A prototype arc saw has been developed with a 36-inch-diameter saw blade
capable of being operated either in air or under water. Scaling up the saw
blade to a diameter of 3 m appears to be feasible, which would allow cutting
large-diameter pipes, heat exchangers, and tanks.

Explosive cutting appears particularly well-adapted for removing pipes up
to 40 mm thick or for cutting small pieces of difficult geometry. Its particu-
lTar advantages include unattended operation and ability to operate in areas
inaccessible to other cutting techniques. Design work is needed to solve the
problems of water pluming in underwater cuts, of insuring good explosive-to-
surface contact, and of placement on difficult-to-reach surfaces.

A shielded, crane-mounted enclosure would permit direct observation and
control of decommissioning operations being handled by the crane. It would
also protect personnel conducting operations in the spent fuel storage pool
or in the pressure vessel from intense radiation fields.

11.3 FACILITATION OF DECOMMISSIONING AT MULTIPLE-REACTOR STATIONS

A1l of the decommissioning facilitation options discussed in Subsection 11.2
apply, both individually and collectively, to reactors at a multiple-reactor sta-
tion. Several of the factors discussed in Section 8 are facilitation options in
and of themselves and are discussed briefly in the following subsections.

11.3.1 Site Dedication

Dedication of a site to nuclear power generation fosters standardization of
design, sequential construction, collocation, and sequential decommissioning of
the reactor plants. The improvement in decommissioning efficiency by sequenti-
ally decommissioning several reactors of the same type is discussed in Subsec-
tion 8.2. For decommissioning four reactors of a single type, it is estimated
that the cost and dose reduction factor for the planning and preparation phase
is 0.62 and for the decommissioning phase is 0.94. The lower costs and radia-
tion dose are a direct result of identical design and construction, more effi-
cient planning, optimum use of crews familiar with the reactors, and more
efficient use of dismantling tools and equipment.



11.3.2 Onsite Nuclear Waste Storage or Disposal

Onsite interim storage of low-level nuclear waste with subsequent removal
to an offsite waste disposal facility or onsite permanent nuclear waste disposal
results in lower radiation doses and lower costs for most cases when compared
with immediate offsite disposal of nuclear waste from decommissioning. Only for
the DECON and ENTOMB decommissioning alternatives with 30 years of interim waste
storage are the estimated occupational radiation doses greater than for immediate
offsite disposal. The costs for disposal of the nuclear waste from DECON are
also greater for onsite interim storage for 30 years when compared with imme-
diate offsite disposal. For longer periods of onsite interim waste storage,
both dose and cost reductions are realized.

Dnsite permanent nuclear waste disposal yields dose and cost reductions by
virtue of the shorter hauling distance over which the waste is moved to the
disposal facility.

11.3.3 Central Services

Providing radiation monitoring, security, solid waste processing, and
decontamination services as central services at a multipie-reactor station
yields decommissiening cost reductions for each of the services when compared
with a single-reactor station. Details of the estimation of the cost reductions
achieved with central services are discussed in Subsection 8.3 and in Appendix B.

0f the central services mentioned above, only centralized solid waste
processing results in reduction of occupational radiation dose.

11.4 REUSE OF THE FACILITY

One of the alternatives for reactor retirement given in NRC Requlatory
Guide 1.86 is:

"Conversion to a New Nuciear System or a Fossil Fuel System.

This alternative, which applies only to nuclear power plants,
utilizes the existing steam turbine system with a new steam
supply system. The original nuclear steam supply system should



be separated from the electric generating system and disposed of
in accordance with one of the previous three retirement alter-
natives."

Reuse of those facilities at a nuclear power station that can be refur-
bished makes good economic sense. Based on capital cost studies for Psz(q)
and BNRS,(S) the structures and equipment other than the nuclear steam supply
systems have capital costs {in 1978 dollars) of $335 million for the PWR and
$357 million for the BWR.

In a study of the economic feasibility of extended-life operation of LWRs,
C. A. Negin, et al.,(ﬁ) concluded that everything within a nuclear power plant
that may degrade with age is refurbishable or replaceable. Removal and replace-
ment of large components in the containment building ¢f a nuclear power reactor
has been demonstrated with the replacement of the steam generators at the Surry
Nuclear Power Station. At the Duane Arnold Nuclear Station, the reactor pres-
sure vessel nozzle safe ends were successfully replaced. Cost estimates for
steam generator replacement at Surry and Turkey Point range from $50 million
to $100 million and for replacement of the safe ends at Duane Arnold, about
$20 milTion. \©)

Replacement of the nuclear reactor pressure vessel could prove to be dif-
ficult in some of the existing reactor containment buildings. The reactor inter-
nals can be segmented and removed from the containment building as described in

the PWR and BWR decommissioning studies.(z’a)

Similarly, the reactor pressure
vessel can be cut up, packaged for shipment, and removed from the containment
vessel as described in these decommissioning studies. However, the equipment
hatches on some of the reactor containment buildings may be too small to accom-
modate a new reactor pressure vessel. The capacity of reactor containment build-
ing cranes is usually insufficient to 1ift heavy pieces of equipment such as
reactor pressure vessels. The reactor pressure vessel in the reference PUWR,

for example, weighs about 300 Mg and the reactor building crane has a capacity

of only 113 Mg. So, to remove the reactor vessel from the reference PWR, special
hoisting equipment would have to be set up in the reactor containment building.

In order to handle the reactor vessel without adding an excessive amount of
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shielding, the reactor vessel internals, the most highly radioactive components
in the nuclear plant, would be segmented, packaged, and shipped to a nuclear
waste disposal site as described in References 2 and 3.

11.4.1 Removal of the Intact PWR Reactor Pressure Yessel

Layout of the reactor containment building and the fuel building of the
reference PWR does not lend itself to convenient removal and replacement of the
reactor pressure vessel. The laydown area on the operating floor Tevel of the
containment building is hardly adequate for handling the reactor pressure ves-
sel while closure plates are welded over each of the nozzle openings in prepara-
tion for moving the vessel to an interim storage facility. Furthermore, although
the containment building has an equipment hatch that is slightly larger in dia-
meter than the reactor pressure vessel, the concrete shielding wall around the
steam generator nearest the equipment hatch would prevent Tining up the reactor
vessel horizontally to pass through the equipment hatch. The laydown area in
the fuel building adjacent to the equipment hatch is adequate for handling the
old reactor pressure vessel and the new reactor vessel. However, the hoistway
in the fuel building is not wide enough to accommodate the reactor pressure
vessel, so the oid vessel would have to be removed with an exterior, high-
capacity crane through a hole cut in the roof of the fuel building.

An alternative to removing the reactor pressure vessel through the equip-
ment hatch is to cut a hole in the dome of the reactor containment building for
removing the vessel by vertical 1ift and laying the vessel down on a transporter.
This alternative is not studied in detail because of the difficulty of restor-
ing the integrity of the reactor containment structure after installation of
the new reactor pressure vessel.

The reactor pressure vessel and the reactor internals are decontaminated
before removal of the internals. The decontamination process is described in
Section F.1.1 of Reference 2. Removal, packaging, and disposal of the reactor
internals are accomplished as discussed in Appendix G of Reference 2.

Before the intact reactor pressure vessel can be removed from the reactor
cavity, the lines connected to the reactor pressure vessel must be cut. Since
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there 15 no access to the external surface of the reactor pressure vessel inside
the biological shield, the pipes must be cut using internal cutting devices.
Sections of the pipes outboard of the bijological shield are removed so that
internal cutting devices can be inserted in the pipes to cut the pipes adja-
cent to the reactor vessel wall.

A temporary, 400-Mg capacity crane is used for 1lifting the reactor pres-
sure vessel out of the reactor cavity. Contamination control is achieved by
use of a temporary “greenhouse" over the refueling pool. The external surface
of the reactor pressure vessel is cleaned by hoisting the vessel through a ring
of high-pressure water jets. Before the reactor pressure vessel is moved from
the reactor containment building, plates are welded over all of the nozzle
openings.

A specialty rigging contractor is engaged for moving the reactor pressure
vessel from the reactor containment building to the onsite interim storage
facility.

The charges for placement of the reactor pressure vessel in the interim
storage facility and retrieval therefrom are sufficient to cover the costs of
construction, operation, and decommissioning of the storage cell.

The sequence for removal of the intact reactor pressure vessel from the
reference PWR follows:

1. Remove, package, and ship the reactor internals to a nuclear waste disposal
facility.

2. Remove a section of each line connected to the reactor vessel at the outer
surface of the biological shield so that internal cutting tools can be
inserted into the pipes.

3. Cut off the cocolant loop nozzies just ocutboard of the reactor pressure

vessel supports,

4. Cut off the remaining nozzles at the outer surface of the reactor pressure

vessed.

5. Remove and package accessible insulation.
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10.

17.
12.
13.

14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

Weld closures on bottom head nozzles.

Remove the control rod drives from the reactor vessel head, package, and
ship them to a licensed nuclear waste disposal facility.

Seal the openings in the reactor vessel top head.
Install steel seal plate on top of the reactor pressure vessel.

Remove the steam generator shielding above the operating floor level that
interferes with the laydown of the reactor vessel.

Install a temporary 400-Mg crane above the operating floor.
Install a "greenhouse" over the refueling pool.

Install a high-pressure water-jet ring in the refueling pool for vessel
decontamination.

Attach hoisting gear to the reactor vessel.
Lift the reactor vessel through the high-pressure water jet ring.
Weld closures on coolant inlet and outlet nozzles.

Remove “greenhouse."

Hoist the vessel from the reactor cavity and lay it down on a roller support

in Tine with the equipment hatch.

Cut a hole in the roof of the fuel building through which the reactor
pressure vessel can be removed.

Move the reactor vessel out of the containment building into the fuel
building.

Lift the reactor vessel out of the fuel building and place it on an over-
the-road transporter.

Move the pressure vessel to the onsite interim storage facility and place
it in the storage cell.

Segment the vessel and package the segments for ultimate disposal at a
ticensed nuclear waste disposal facility, after the radiation dose rate

has decayed to a Tevel that permits contact work.
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A summary of the estimated cost of removing the intact reactor pressure
vessel, storing it for 50 years, and segmenting, packaging, and disposing of
the vessel is given in Table 11.4-1. The estimated total cost, $8,200,000, is
greater than the estimated cost of $5,157,000 for removing the reactor pressure
vessel in segments and disposing of the segments immediately, based on the cost
estimates given in Reference 2.

TABLE 11.4-1. Summary of Estimated Costs for Removal of the Intact Reactor
Pressure Vessel from the Reference PWR

Estimated Cost

Cost Category {$ thousands)

Removal and Disposal of Reactor Internals 3028
Decommissioning Worker Labor 261
Shielding for Vessel Transport 23
Special Tools and Equipment 270
Disposal of Control Rods, Drives, & Pipe Sections 44
Vessel Removal & Transport 3460
Interim Storage Costs (50-Year Storage) 136
Segment Vessel 74
Disposal of Vessel Segments 915

Total 8211

The estimated occupational dose for removal of the intact reactor pressure
vessel, storage for 50 years, and segmenting, packaging, and disposal of the
segments is 172 man-rem. This estimate is about the same as the estimated occu-
pational dose of 178 man-rem for removing the reactor pressure vessel in seg-
ments and disposing of the segments immediately, based on the occupational dose
gstimates given in Reference 2.

11.4.2 Removal of the Intact BWR Reactor Pressure Vessel

The Mark II containment of the reference BWR lends itself to relatively
easy removal of the intact reactor pressure vessel. With the upper and lower
shield plugs removed, the drywell head removed, and the section of the reactor
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building roof over the reactor removed, the reactor pressure vessel can be
1lifted vertically out of the building. A new reactor pressure vessel can be

put in place by reversing the procedure.

Before the nuclear steam supply system is dismantled, the reactor pressure
vessel and selected piping systems are chemically decontaminated. The procedures
used and the costs incurred to perform this operation are discussed in Section H.5
of Reference 3. The procedures used and costs incurred to remove, package, and
dispose of the reactor internals are described in Appendix I of Reference 3.

The four steam lines and four instrument Tines are connected to the reactor
pressure vessel above the sacrificial shield and are accessible for cutting at
the reactor pressure vessel wall. An additional 31 Tines penetrate the reactor
vessel wall in the region of the sacrificial shield. In order to cut these 1ines
at the outer surface of the reactor pressure vessel, a section of each line adja-
cent to the sacrificial shield is removed to provide access for the internal pipe-
cutting tools or torches. Each of these 31 lines is cut at the outer surface of
the reactor pressure vessel wall.

Two 1ines are cut and 185 control rod drives are removed from the bottom
head of the reactor pressure vessel, which is accessible through the control
rod gallery.

A temporary crane with a 1ifting capacity of 700 Mg is used to hoist the
reactor pressure vessel out of the reactor cavity. As the vessel is hoisted
from the reactor cavity, high-pressure water jets are directed at the outer
surface of the vessel to remove any contamination. Seal plates for contamina-
tion control are welded over the nozzle openings while the vessel is suspended
from the temporary crane.

The reactor pressure vessel is 1ifted out of the reactor building through
a hole in the roof and transported to the onsite interim storage facility by
a contractor specializing in 1ifting and transporting very heavy vessels.

The charges for placement of the reactor pressure vessel in the interim
storage facility and retrieval therefrom are sufficient to cover the costs of
construction, operation, and decommissioning of the interim storage cell.
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The sequence for removal of the intact reactor pressure vessel from the

reference BWR is:

1.

10.
11.
12,
13.
14.
15.
16.
17.
18.

Remove, package, and ship the reactor internals to a nuclear waste disposal
facility.

Cut the four main steam lines at the reactor vessel wall and remove a
section of each line.

Cut the four instrument lines that enter the reactor vessel above the
sacrificial shield.

Cut the remainder of the Tines at the outer surface of the sacrificial
shield and remove a section of each line so that internal cutting tools
can be inserted into the pipes.

Cut each of the 1ines at the outer surface of the reactor vessel wall.

Remove the 185 control rod drive housings from the bottom head and
seal the openings.

Cut off the lines connected to the bottom head and seal the openings.
Remove and package accessible insulation.

Install steel seal plate on top vessel flange.

Install a temporary 700-Mg crane over the reactor cavity.

Install a "greenhouse" over the reactor well.

Install a high-pressure water jet ring in the reactor well.

Attach hoisting gear to the reactor pressure vessel.

Lift the reactor pressure vessel through ring of high-pressure water jets.
Lift the vessel so that seal plates can be welded over the nozzle openings.
Lower the reactor vessel onto the pedestal.

Remove the "greenhouse."

Remove the section of the reactor building roof that 1s over the reactor
cavity.
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19. Lift the reactor vessel out of the reactor building and place it on
an over-the-road transporter, using a long-boomed crane.

20. Maove the reactor pressure vessel to the onsite interim storage facility
and ptace it in a storage cell.

21. Segment the reactor vessel and package the segments for disposal at a
lTicensed nuclear waste disposal facility, after the radiation dose rate
has decayed to a level that permits contact work.

The estimated costs of removing the intact reactor pressure vessel from
the reference BWR, storing it for 50 years, and segmenting, packaging, and
disposing of the segments are summarized in Table 11.4-2. The estimated total
cost, $9,093,000, is greater than the estimated cost of $8,483,000 for removing
the vessel in segments immediately, based on the cost estimates given in
Reference 3.

TABLE 11.4-2. Summary of Estimated Costs for Removal of the Intact Reactor
Pressure Vessel from the Reference BWR

Estimated Cost

Cost Category {$ thousands)

Removal and Disposal of Reactor Internals 5333
Decommissioning Worker Labor 499
Special Tools and Equipment 326
Disposal of Control Rods, Drives, & Pipe Sections 58
Vessel Removal & Transport 2308
Interim Storage Costs (50-Year Storage) 268
Segment Vessel 118
Bisposal of Vessel Segments _ 183

Total 9093

The estimated occupational dose for removal of the intact reactor pressure
vessel, storage for 50 years, and segmenting, packaging, and disposal of the
segments is 281 man-rem. This estimate is greater than the estimated occupational
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dose of 164 man-rem for removing the vessel in segments and disposing of the
segments immediately, based on the occupational dose estimates given in
Reference 3.

11.4.3 (Other Intact Vessel Removal Analyses

As part of the DOE-sponsored Shippingport Decommissioning Project, Burns
and Roe, with support from Nuclear Energy Services, is performing analyses on
a variety of scenarios for the removal and disposal of the reactor pressure
vessel and its internals from the Shippingport Station during immediate dis-
mantlement. These analyses are expected to be documented during CY-1982.
While no quantitative estimates are presently available, initial results
suggest that intact removal, transport, and disposal of the vessel and its
internals may result in Tower costs and occupational radiation dose than the
other alternatives considered, for the particular situation at Shippingport
Station. From calculations of the quantity and distribution of radicactivity
in the vessel and its internals, it appears that the radioactivity will be
sufficiently small to permit the assembly to be transported by barge as Tow
specific activity (LSA) material shipment. The size and weight of the intact
assembly precludes consideration of truck or rail shipment.

The much higher Tevels of radiocactivity anticipated in the reactor vessels
and their internals for the reference PWR and BWR appear to make intact removal
and disposal of those vessels a less than optimum alternative, as indicated in
the two preceding subsections,

11.4.4 Modular Biological Shield

A modular biological shield could conceivably reduce the occupational radia-
tion dose from DECON of the facility or from installation of a new reactor pres-
sure vessel if the facility is to be reused. However, a modular biological
shield would have Tittle impact on the cost and occupational radiation dose for
removal of the intact reactor pressure vessel, since the modular biological
shield would not be removed until after the reactor pressure vessel had been
removed.
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APPENDIX A

NUCLEAR WASTE DISPOSAL COST ESTIMATES

Three options for disposing of nuclear waste from reactor decommissioning
are examined in this study: 1) immediate offsite disposal, 2) onsite interim
storage with later removal to offsite disposal, and 3) onsite disposal. Cost
estimates for immediate offsite disposal of nuclear waste from multiple-reactor
decommissioning are not discussed here because they are the same as for single-

reactor decommissioning.

Waste disposal costs are estimated for decommissioning each type of reactor
(PWR and BWR)} by each of the three alternative methods, DECON, SAFSTOR, and
ENTOMB. The nuclear waste disposal costs are estimated separately for neutron-
activated material, contaminated material, and radigcactive waste.

A.1 ONSITE INTERIM STORAGE

Onsite interim storage of nuclear waste from the decommissioning of reac-
tors may be used to reduce the cost of waste disposal. It is conceived that the
nuclear waste at a multiple-reactor station could be placed in interim onsite
storage for a periocd Tong enough for radioactive decay to reduce the quantity
of waste that must be disposed of in a licensed burial facility. In this study,
onsite interim storage periods of 30, 50, and 100 years are used in the cost
estimates. At the end of the storage period, the nuclear waste is retrieved
from the interim storage facility, checked for radiation dose rate, and shipped
to an offsite licensed waste disposal faciltity.

Assumptions made in estimating the costs of onsite interim storage of
nuclear waste are:

1. The quantity of nuclear waste placed in onsite interim waste storage is
the same as would be sent to an offsite waste disposal facility.

2. The packaging used for disposal of radioactive material is able to with-
stand interim storage, retrieval from storage, and relocation to an off-

site permanent disposal facility without requiring repackaging.
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10.

Since transport to interim onsite waste storage is over private roads
within a privately owned and controlled area, it is assumed that it is
not necessary to meet the DOT surface radiation dose rate requirement.
Shielding is provided for the truck cab toc limit the dose rate toc 2 mR/hr.
The radiation dose of workers is controlled to assure that it does not
exceed the 10 CFR 20 limits. This assumption should result in fewer

cask loads and the use of fewer shielded cask liners.

The onsite interim waste storage facility is 24 km from the reactor and
the onsite transpert cost is $1.43/km for a truck.

The cost of placing and maintaining nuclear waste in interim Storage is
equal to the disposal charge at a licensed waste disposal site ($93.5?/m3).(a)

There are ng liner or curie surcharges at the onsite storage facility.

The cost of retrieving the waste from interim storage is the same as the
disposal charge at a licensed waste disposal site ($93.5?/m3).(a)

After interim storage for 30 to 100 years, some of the contaminated mate-
rial will have decayed to levels permitting unrestricted release. There-
fore, the quantity of nuclear wastes that eventually must be sent to
offsite disposal is less than would be sent immediately to offsite disposal.

The liner and curie surcharges at the commercial waste disposal facility
are lower after temporary onsite storage because of radicactive decay that
has occurred.

For neutron-activated material, the radioactive decay during temporary stor-
age of even 100 years is insufficient toc permit unrestricted release of the
material. Therefore, all of the neutron-activated material must be relocated
to a licensed waste disposal facility after interim onsite storage.

(a) It is estimated that these placement and retrieval charges are greater than

the cost of construction, operation, depreciation, and decommissioning of
the interim waste storage facility.
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A.1.1 Reference PWR Decommissioning Wastes

Data for determining the impact on costs of onsite interim storage of the
nuclear wastes from decommissioning the reference PWR are taken from the study

(1)

tors for neutron-activated material used in the cost analyses are given in

of decommissioning a reference PWR by Smith et al. Radioactive decay fac-

Tabie A.1-1 for the radiocactivity levels and the dose rates.

TABLE A.1-1. Decay Factors for Radiocactivity Levels and
Dose Rates of Neutron-Activated Materials
in the Reference PWR

Time After

Shutdown Decay Factors(a)

(Years) Radioactivity lLevel Dose Rate
30 5.2 x 107% 1.9 x 107%
50 4.6 x 1072 1.4 x 1073
60 4.3 x 107° 3.7 x 107°
80 3.7 x 1072 3.7 x 107°

100 3.2 x 1072 1.3 x 107°
130 2.6 x 1072 1.15 x 107
150 2.2 x 1072 1.1 x 107°

200 1.5 x 107° 1.1 x 107°

(a) Based on Figure C.3-1 of Reference 1.

The costs for disposal of the neutron-activated materials at 30, 50, and
100 years after shutdown are given in Table A.T1-2.

A.T1.1.1 Waste from DECON

In the following subsections, estimated costs for disposal of each type
of nuclear waste from DECON are developed for ansite interim storage and later
offsite disposal of the waste.






TABLE A.1-2. PKR Costs for Disposal of Neutron-Activated Materials at Various Times after Shutdown {(Based on Table G.4-3, Reference i}

Estimated Total
(a) Radioactivity Number of Numbey o Contam? Cask d) Number of Transport? ] Handhn? Buri 1( 3 Bum’a1( } Liner () Curie (£) Dwsposaz
Companent ____ MWeight (kg) {Ci) Pieces Containers'®) Cost ($) C Rental $)_ Shipments Cost {(§}' Cost f) volume (m3)'9’ Cost (§) Surcharge ($)' ° Surcharge ($} Costs h)
e o .30 Years Aﬁer Shutdown . e
Pressure Yessel Wall 269 BOO 177 70 38 380 000 0 38 70 680 11 400 108 10 070 0 0 472 150
Pressure Yessel Head 88 450 <1 20 20 200 000 a 5 9 300 0 57 5 300 a ] 214 600
Pressure Vessel Bottom 38 870 <] 20 20 200 000 a 2 3720 0 57 5 300 a 0 209 020
Upper Core Support Assembly 12 020 <] 12 4 40 000 2 000 4 7 440 1 200 1 1 060 0 0 51 700
Upper Support Columns 11110 <4 96 4 40 000 2 000 4 7 440 1 200 11 1 060 0 a 51 700
Upper Core Barrel 2 720 <43 10 pi 20 000 1 000 2 3720 600 B 530 250 0 26 100
Upper Core Grid Plate 4 630 1 080 9 5 50 000 2 500 5 S 300 2 200 14 1 325 625 1 500 67 450
Guide Tubes 15 100 <4 122 b 60 000 0 1 1 860 0 17 1 590 0 0 63 450
Lower Core Barrel 42 640 33 500 64 32 320 000 16 000 32 59 520 9 600 91 B 480 4 000 10 800 428 400
Thermal Shields 10 430 7 310 12 6 60 000 3 000 6 11 160 1 800 17 1 590 750 2 080 80 380
Core Shroud 12 290 152 000 96 4 40 000 2 000 4 7 440 1 200 n 1 060 500 27 320 79 520
Lower Grid Plate 3 950 24 600 9 5 50 000 2 50D 5 9 300 2 200 14 1 325 625 4 750 70 700
Lower Support Columms 3 360 430 96 1 10 000 500 1 1 860 300 3 265 125 1o 13 360
Lower Core Forging 36 470 108 25 11 110 000 5 500 1 20 460 3 300 kh | ¢ 915 1 375 0 143 550
Misc. Internals 36 290 B6 80 8 80 000 4 000 B 14 880 2 400 23 2120 1 000 0 104 400
Bio-Shield Concrete 884 500 <86 -~ 195 78 000 0 49 91 140 0 707 66 144 0 0 235 284
Reactor Cavity Liner __ 14 510 <1 - 4 1 600 0 1 _.1 860 0 14 _ 1 357 0 8 4 817
Totals 1 487 140 219 432 71 365 1 739 600 41 000 178 331 080D 37 400 1192 117 491 9 250 46 760 2 316 581
) o _50 Years After Shutdown .

Pressure Vessel Wall 269 B00 92 70 38 380 000 0 a8 70 680 11 400 108 10 070 Q 0 472 150
Pressure Vessel Head 88 450 <1 20 20 200 000 0 5 9 300 a 57 5 300 Q 0 214 600
Pressure Vessel Bottom 38 870 <1 20 20 200 00Q 4] 2 3 720 a 57 5 300 a a 209 020
Upper Core Support Assembly 12 020 <] 12 4 40 000 a 1 1 860 0 11 1 060 a a 42 920
Upper  Support Columns 11 110 <3 96 4 40 000 2 000 q 7 440 1 200 11 1 060 0 a 51 700
Upper Core Barrel 2 720 <33 10 2 20 000 1 000 b 3 720 600 6 530 a 0 25 B850
Upper Core Grid Plate 4 630 797 9 5 50 Q00 2 500 5 9 300 2 200 14 1 325 0 1 500 66 825
Guide Tubes 15 100 <3 122 6 60 000 0 1 1 8p0 0 17 1 590 0 0 63 450
Lower Core Barrel 42 640 25 700 64 32 320 000 16 Q00 32 59 520 S 600 91 8 480 4] 10 400 424 000
Thermal Shields 10 430 5 530 12 6 60 000 3 000 6 11 160 1 800 17 1 590 0 1 990 79 540
Core Shroud 12 290 113 000 96 4 40 000 2 000 4 7 440 1 200 N 1 060 0 25 320 77 020
Lower Grid Plate 3 950 18 200 9 5 50 000 Z 500 5 g 300 2 200 14 1 325 0 4 400 69 725
Lower Support Columns 3 360 330 96 i 10 000 500 1 1 860 300 3 265 0 305 13 230
Lower Core Forging 36 470 B3 25 1 110 000 5 500 1 20 460 3 300 N 2 915 a a 142 175
Misc. Internals 36 290 66 80 8 80 000 4 000 8 14 8B0 2 400 23 2120 0 0 103 400
Bio-5Shield Concrete 884 500 <66 -- 195 78 000 0 49 31 140 0 707 66 144 1] 0 235 284
Reactor Cavity Liner 14 510 <1 = _1 1 600 _0 1 1 860 0 14 _ 1357 0 0 4 817
Totals 1 487 140 163 907 741 365 1 739 600 39 000 175 325 500 36 200 1192 111 497 0 43 914 2 295 70

TABLE A.1-2. PWR Costs for DMsposal
of Neutron-Activated
Materials at Various
Times after Shutdown
(Based on Table G.4-3,
Reference 1)






TABLE A.1-2.

(contd)

Ragic‘;;!ﬁs?ty Number of Number of Container Cask Number of Transportatjon Handlin Bum’a]( ) Burial(f} Liner () Curie () ngszlah)
Component Weight {kg)(a) {Ci) Pieces Containers(b} Cost j}jﬂf}_ Rental ($)(d} Shipments _Cost ($J?e1 Cost ($)?f) volume (m°)'9 Cost ($) Surcharge (§) Surcharge {3) Costs (3)\n
T - 100 Years After Shutdown -
Pressure Vessel Wall 269 500 64 70 38 380 000 0 38 70 6RO 11 400 108 10 070 0 g 317‘5 égg
Pressure Vessel Head 88 450 <1 20 20 200 000 0 5 9 300 0 57 5 300 0 0 509 020
Pressure Vessel Bottom 38 870 <] 20 20 200 000 0 2 3 720 0 57 5 300 o
1 060 0 0 42 920

Upper Core Support Assembly 12 020 <] 12 4 40 000 0 ] 1 860 0 11
Upper Support Columns 11 110 2 96 4 40 000 2 000 4 7 440 1 200 11 1 060 0 g 24]3 ggg
Upper Care Barrel 2 720 22 10 2 20 000 1 000 pd 3 720 500 6 530 4]
pper Core Grid Plate 4 630 557 9 5 50 000 2 500 5 9 300 2 200 14 1 325 0 1 503 gg 2%8
Guide Tubes 15 100 2 122 5 60 000 0 1 1 860 a 17 1 590 0 10 020 33 620
Lower Core Barrel 42 640 18 000 64 32 320 000 16 000 32 59 520 9 600 a1 B 480 0
Thermal Shields 10 430 3 B70 12 6 60 000 3 000 6 11 160 1 BOO 17 1 590 0 1 S00 ;g ggg
Core Shroud 12 290 78 500 96 4 40 000 2 000 4 7 440 1 200 11 1 060 0 23 ??D &3 138
Lower Grid Plate 3 950 12 700 9 5 50 000 2 500 5 9 300 2 200 14 1 325 0 4 110
Lower Support Columns 3 360 220 96 1 10 000 500 1 1 860 300 3 265 0 303 hlg 1]352
Lower Core Forging 36 470 55 25 1 110 Qo0 5 500 11 20 460 3 300 31 2 916 0 103 400
Misc. Internals 36 290 44 B0 8 80 000 4 000 8 14 880 2 400 23 2 120 0 0
Bio-Shield Concrete 884 500 <44 - 195 78 000 0 49 91 140 0 707 66 144 0 0 232 5?47
Reactor Cavity Liner 14 510 <1 - 4 1600 0 1 1 860 0 14 _ 1357 " 0 &8/

Totals 1 487 140 114 040 741 365 1 739 600 39 000 175 325 500 36 200 1 192 111 49) a 41 430 2 297 220
{a) Weights approximate, calculated from dimensions or obtained from Trojan FSAR.
(b) Indicative of volume only. Actual pieces are distributed throughout all containers to satisfy the 50,000 Ci/container Timit for burial.
{c) Based on Table 1.2-1, Reference 1.
(d) Based on Table I.3-1, Reference 1.
(e} Based on Table I.4-4, Reference 1.
(f) Based on Table I.5-1, Reference 1.
{g) Yolume includes the disposable container. . .
(h} The number of figures shown is for computational accuracy and does not imply precision to that many significant figures.

TABLE A.1-2.
e

(contd)






A.1.1.1.1 Neutron-Activated Material. The two major operations involved

in disposal of the nuclear waste with onsite interim storage are: 1) placement
of the waste in interim storage and 2) removal of the waste to permanent offsite
disposal.

flacement in Interim Storage. Several components of the cost of putting

the neutron-activated material in interim storage are container cost, cask
rental, transportation cost, handling cost, and placement cost. The estimated
costs of putting the neutron-activated material from DECON of a reference PWR in
onsite interim storage are presented in Table A.1-3,

TABLE A.1-3., Estimated Costs of Onsite Interim
Storage of Neutron-Activated Material
from DECON of a PWR

Cost Component Cost($)
Containers 1 739 600(2)
Cask Rental 16 600D
Onsite Transportation 14 840(C)
Hand1ing 50 600'2)
Placement 111 491(a)

Total 1933 130

(a) From Table G.4-3, Reference 1.

(b) 1-day cask rental (1/5 the cost given in Table G.4-3,
Reference 1).

(c) 216 shipments with a round-trip distance of 48 km.
216 x 48 x 1.43)1 = $14,840

Hemoval to Offsite Digposal. UDetails of the cost estimates for removal of

the neutron-activated material to an offsite Ticensed disposal facility are
summarized in Table A.1-4,



TABLE A.1-4. Estimated Cost of Removal to Offsite Oisposal of the
Neutron-Activated Material from DECON of a PWR

Cost Costs (§) After Interim Storage Period of(a)

Component 30 Year 50 Year 100 Year

Retrieve From Interim Storage 111 490 111 490 111 490
Cask Rental 41 000 39 000 39 000
Transportation 331 080 325 500 325 500
Handling 37 400 36 200 36 200
Burial 111 490 111 490 111 490
Liner Surcharge 9 250 0 0
Curie Surcharge 46 760 43 918 41 430
Totals 688 470 667 600 665 110

(a) From Table A.1-2.

A.1.1.1.2 Contaminated Material. The costs for the two major operations

involved in disposal of contaminated material by onsite interim storage are
estimated below.

Placement in Interim Storage. Estimated costs of putting the contaminated

material from DECON of a reference PWR in onsite interim storage are given in
Table A.1-5.

TABLE A.1-5. Estimated Costs of Onsite Interim Storage of
Contaminated Material from DECON of a PWR

Cost Component Cost($)
Containers 1 857 ZOO(a)
Onsite Transportation 66 330(b)
Handiing 39 320(C)
Placement 1 504 598

Total 3 467 450

{a) From Tables G.4-4 and G.4-5,
Reference 1.

(b) 967 shipments with a round-trip
distance of 48 km.

(c) From Table G.4-4, Reference 1.

A-10



Removal to Offsite Disposal. Details of the cost estimates for removal of

the contaminated material to an offsite Ticensed disposal facility are summarized
in Table A.1-6.

TABLE A.1-6. Estimated Costs of Removal to Offsite Oisposal
of the Contaminated Material from DECON of a

PWR

Cost Costs ($) After Interim Storage Period of

Component 30 Year 50 Year 100 Year
Retrieve from Interim Storage 310 72002) 310 720(2) 319 720(®)
Transportation 1 781 680t 11 520040 97 520fd)
Hand1ing 39 320{¢) 0 0
Burial 1 504 600P) 9 357d) g 357(d)
Totals 3 636 320 331 597 331 597

(a) 4154 containers: Assume 4 man-hr per container; $18.70 per man-hr.
4154 x 4 x 18.70 = $310,720.

From Tables G.4-4 and G.4-5, Reference 1.

From Table G.4-4, Reference 1.

Based on 100 m3 of contaminated material sent to an offsite licensed
burial faciliity.

— e
o 0O o
e et

A.1.1.1.3 Radioactive Waste. FEstimated costs for placement of the radio-

active waste in onsite interim storage and later removal to offsite permanent
disposal are shown in Tables A.1-7 and A.1-8, respectively.

A.1.1.2 Waste from SAFSTOR

SAFSTOR involves two major activities that generate radicactive waste:
1) preparations for safe storage and 2) deferred decontamination at the end
of the storage period. Waste disposal costs are estimated for deferred
decontamination after storage periods of 30, 50, and 100 years. Since onsite
interim storage of waste is being examined for storage periods of 30, 50, and
100 years, the cost of removal of the radioactive waste to an offsite Ticensed
disposal facility is estimated for times after shutdown ranging from 60 to
200 years.



TABLE A.1-7. Estimated Costs of Onsite Interim Storage of Radioactive Waste
from DECON of a PWR

Cost Component Cost (§)
Containers 136 650(2)
Cask Rental 12 ooot?!
Onsite Transoortation g BED(C)
Hand1ing 24 0got9)
Placement 57 B?S(a)

Total 240 350

{a} From Table G.4-6, Referenca 1.

{b} Assumed that shielded casks
would be needed only for spent
resins, spent filter cartridges,
and evaporator bottom liguids.
One day cask rental per ship-
ment.

{c} 143 shipments with a round-trip
distance of 48 km.

P43 x 48 x 1.431 = 3$3820.

(d} Handiing costs from Table G.4-5,
Reference 1, for spent resins
spent filter cart-idges, and
ayaporator bottom Tiquids.

TABLE A.1-8, Estimated Costs of Removal to Offsite Disposal of Radioactive
Waste from DECON of a PWR

Cost {osts ($) After Interim Storzge Peripd of

Component 30 Yaar 50 Year 700 Year

Retrieval from Interinm Storage 112 65027 112 6502 172 65043
Cask Rental 10 000tb) 0 0

Transportation g4 4s0(c) 32 640¢d) 26 380(¢)
Liner Surcharge 2 500 Q g

Burial 49 780! ") 35 7a0(9) 31 70t
Totals 259 419 181 300 170 600

(a} 1506 containers at 4 man-hr per container with a charge-out rate of
$13.70 per man-hr.

Casks needed only for spent resins.

44 shipments at $1920 per shipment.

17 shipments at $1920 per shipment,

14 shipments at $1920 ger shinment.

532 m3 at $93.57 per md.

382 m3 at $93.57 per m3.

332 m3 at $93.57 per md.

i e iy e o g iy
DU hih OO
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The estimated costs for the disposal of each type of nuclear waste from
SAFSTOR of the reference PWR are developed in the following subsections for
onsite interim storage and eventual offsite disposal.

A.1.1.2.1 Neutron-Activated Material. No neutron-activated material is

removed from the reactor during the preparations for safe storage. During
deferred decontamination, all of the neutron-activated material is removed from
the reactor, packaged, and sent to onsite interim storage. The estimated costs
for placement of the neutron-activated material in cnsite interim storage are

summarized in Table A.1-9.

TABLE A.1-3. Estimated Costs of Onsite Interim Storage of
Neutron-Activated Material from Deferred
Decontamination of a PWR

Cost Costs (%) After Safe Storage Period of
Component 30 Year 50 Year 100 Year
Containers 1739 60020 1 739 600(®) 1 739 600(?)
Cask Rental 11 ZOO(b) 0 0
nsite Transportation 12 230(C) 7 EQO(d) 7 290(d)
Hand11ing 35 goote) 0 0
Placement 111 4902 117 a00(@) 19y g90(@)
Totals 1 909 520 1 858 380 1 858 380

(a) From Table G.4-3, Reference 1,

{b) Casks used only for cask liners with a surface dose rate
>1.0 R/hr.

{c) 178 shipments with a round-trip distance of 48 km.
178 x 48 x 1.431 = $12,230

(d) 106 shipments 106 x 48 x 1.43)1 = $7,290

(e) For cask shipments.

Estimated costs for removal of the neutron-activated material from onsite
interim storage and disposal at an offsite licensed disposal facility are shown
in Table A.1-10. Onsite interim storage periods of 30, 50, and 100 years are
used in the cost estimates. For deferred decontamination 30 years after reactor
shutdown, removal to offsite disposal would occur 60, 80, and 100 years after
reactor shutdown.



TABLE A.1-10. Estimated Costs of Removal to Offsite Disposal of Neutron-

Activated Material from Deferred Decontamination of a PWR

Cost Jf°site Jisposal Cests (g0
Zompenent 3C Year 50

Ater Interin Starage Peripd of
Yaar 100 ¥Year

o X - - - - 1ai
Ceferre¢ Decontarsmacion 30 Years After Shutdown' ™’

Retrieve From Interim 3icrage P11 290 111 430 11 450
Transportation 203 520 203 320 203 520
Curie Surcharge 16 Ja0 13 B30 11 914
Burial 111 490 111 490 111 499
Tatals =32 560 21 730 432 430
LR
Ceferred DecontaTination B0 Years After Shutdgwn'™’
Retrieve Fram [nterim Storage 11440 117 280 111 422
Trassportaticn ou3 BT 203 549 203 32§
Curie Surcndrge 14 630 T3 400 il Mo
Burial 117 43¢ 115 «80 117 480
Totals 241 130 439 400 437 510
Deferred Decontamination 100 Years After Shutdown'“’ .
Retrieve From Interim Storage 111 490 117480 117 490
Transportatizn 2J3 326 203 520 203 bZC
Cirie Surgrdrce 11 370 R 3 380
Juriai i11 450 131 489 111 430
Totals 438 410 457 518 435 220

iz} Fer deferrag deceontaTination 20 years after shuigowr, offsite cisposal will taxe clace
60, 30, and 120 years after shutdown.

ib} Far deferred decontarination 30 years af:er shutdown, offsi<e disposal wiil Zake olace
80, 105, and 130 vears afier shutdown.

fo] For deferrad decontaminaticn "CO years aiter snuidown, J7fsite aisposa’ will take piace
130, 158G, and 220 years afier shutdown.

A.1.1.2.72 Contaminated Material. Contaminated material is removed from

the reactor and placed in onsite interim storage during deferred decontamina-
tion, not during preparations for safe storage. Estimated costs for placement
of the contaminated material in onsite interim storage are given in Table A.1-11.

Estimated costs for removal to offsite disposal of the contaminated

material from onsite interim storage are shown in Table A.1-12.



TABLE A.1-11., Estimated Costs of Onsite Interim Storage of Contaminated
Material from Deferred Decontamination of a PWR

Cost Costs (%) After Safe Storage Perjod of

Component 30 Year 50 Year{a) 100 Year(a)
Containers 1 857 200 11 200 11 200
Onsite Transportation 66 330 350 350
Handiing 39 320 0 0
Placement 1 504 690 8 360 9 360
Totals 3 467 450 20 910 20 910

(a) Based on 100 m3 of contaminated material for disposal.
See Table H.5-1, Reference 1.

TABLE A.1-12. Estimated Costs of Removal to Offsite Disposal of Contaminated
Material from Deferred Decontamination of a PWR

Cost Qffsite Disposal Costs (%) After Interim Storage Period of
Component 30 Yaar 50 Year 100 Year
Deferred Decontamination 30 Vears After ShL.:'cdc:\-.rn(aJ
Retrieve From Interim Storage 310 550 310 %50 310 550
Transpartation 9 600 9 600 5 760
Burial 5 360 9 360 4 680
Totals 329 510 329 510 320 990

{b}

Deferred Decontamination 50 Years After Shutdown

Retrieve From Interim Storage 2 100 2 100 2 100
Transpartation 9 600 9 600 5 760
gurfal 9 3680 g 360 4 680
Totals 21 060 21 060 12 540
Deferred Decontamination 100 Years After Shutdoun(C}
Retrieve From Interim Storage 2 100 2 100 2 100
Transportation 5 7860 5 780 3 840
gurial 4 £80 4 880 2 810
Taotals 12 540 12 540 3 750

{a) For deferred decontamination 30 years after shutdown, offsite disposal will occur
60, 80, and 130 years after shutdown.

(b} For deferred decontamination 50 years after shutdown, offsite disposal will occur
80, 100, and 150 years after shutdown.

(¢} For deferred decontamination 100 years after shutdown, offsite disposal will occur
130, 150, and 200 years after shutdown.



A.1.1.2.3 Radicactive Waste. All of the wet solid waste and some of
the dry solid waste generated by SAFSTOR are disposed of during preparations

for safe storage. Disposal costs are developed in two steps: 1) for those
radioactive wastes generated during preparations for safe storage and 2) for
those radioactive wastes generated during deferred decontamination.

Preparations for Safe Storage. Estimated costs for placement in onsite

interim storage of the radiocactive waste from preparations for safe storage
are summarized in Table A.7-13.

TABLE A.1-13. Estimated Costs of Onsite Interim Storage of Radicactive Waste
from Preparations for Safe Storage of a PWR

Cost Component Cost (%)
Containers 114 9?O(a)
Cask Rental 12 000(P)
Onsite Transportation 8 450(C)
Hand1ing 24 0ootd)
Placement 36 330'¢)

Total 195 750

(a) From Table H.3-2, Reference 1.

(b) One day cask rental for each
shipment. Casks used only for
cask liners with a surface dose
rate >1 R/hr.

{c) 139 shipments with round-trip
distance of 48 km.

{d) For spent resins, spent filter
cartridges, and evaporator bot-
toms liguids.

(e) Assumed to be the same as the
burial cost given in Table H.3-2,
Reference 1.

The estimated costs for removal to offsite disposal of the radicactive
waste from preparations for safe storage are given in Table A.1-14.



TABLE A.1-14. Estimated Costs of Removal to Offsite Disposal of Radicactive
Waste from Preparations for Safe Storage of a PWR

Cost Offsite Disposal Costs {§} After Interim Storage Period of

Component o 30 Year o0 Year _T100 Year

, : , (a) (a) {a)
Retrieve rom Interim Storage 31 550 31 850 31 550

Cask Rental 10 00o'P) 0

Transportation 55 680%¢! 13 aag{d) 9 so0le)
Liner Surcharge 2 500 0 0

Burial 21 520l 14 0009) ~9 35ptM)
Totals 121 250 59 030 50 510

{a) 422 containers at 4 man-hr per container with a charge-out rate of $18.70 per
man-hr.
{b) Casks used only for those shipments with a cask-liner dose rate »1 R/hr.  S-day
cask rental for each shipwent.

} 29 shipments at $1,920 per shipment.

} 7 shipments at $1,920 per shipment,

} 5 shipments at $1,920 ger shipment.
Y 230 m? at $93.57 per mJ.
) 150 m3 at $93.57 per m3,
) 100 m3 at $93.57 per m3.

Deferved Decontamination. Deferred decontamination after safe storage

periods of 30, 50, and 100 years is studied. The estimated costs of placing
the radioactive waste in onsite interim storage is shown in Table A.1-15, an
the estimated costs of removal of the waste to offsite disposal is shown in
Table A.1-16,

TABLE A.1-15. Estimated Costs of Onsite Interim Storage of Radioactive
Waste from Deferred Decontamination of a PWR

Cost Costs {8} After Safe Storage Period of
Component 30 Yearia] 50 Yearia]  T00 Yearld)
Containers 21 300 14 300 9 540
Onsite Transportation 2 OOO(b) 550(b) 340(b)
Placement 21 520 14 040 9 380
Totais 45 420 28 890 19 240

{a) Waste volumes assumed: 30 year - 230 m3; 50 year - 150 m3;
100 year - 100 m3.

{b) Onsite round trip of 48 km at $1.431 per kn. Number of
shipments: 30 year - 29; 50 year - 8; 100 year - 5.



TABLE A.1-16. Estimated Costs of Removal to Offsite Disposal of Radioactive
Waste from Deferred Decontamination of a PWR

Cost Offsite Disposal Costs {$) After Interim Storage Period of
Component 30 Year 50 Year 160 Year
Deferred Decontamination 30 Years After ShutdownTaj

Retrieve From Interim 81 360 81 860 81 860

3torage(D)
Transportation'<) 15 360 9 600 7 630
Buriat(?®) 14 040 9 360 7020

Totals 111 260 100 820 95 569

)

Daferred Decontamination 50 Years After Shutdown“e

Retrieve From Interim 53 450 53 450 53 450
Storagelf)

Transpartation(g) 9 600 9 600 5 760

Buriallh 9 360 9 360 5 610
Totals 72 410 72 410 64 820

]
Deferred Decontamination 100 Years After Shutdn:m.rn(U

Retrieve From Intevim 35 660 35 660 35 660
storagetJ

':r'a.'lsportatit:.n(k:l 7 680 5 760 5 760

Burial 7 620 5 €10 5 681
Totals 50 360 47 030G 46 100

{3} For deferred decontamination 30 years after shutdown, offsite disposal wiil occur
60, 80, and 130 years after shutdown.

[t 1095 drums of waste, 4 man-hr per drum to check, segregate, and repackage. £13.70
per marn-hr charge-out rate.

{c} & shipments for 30 years storage; 5 shipments for 50 years storage; 4 shipments for
100 years storage. 3 5 3

{d) Burial volumes of waste assumed: 150 m™ at 30 years; 100 m” at 50 years; 75 m” at
100 years.

(e} For deferred decontaminaticr 50 years after shutdown, offsite disposal will occur
80, 100, and 150 years after shutdowr.

‘) 715 drums of waste retrieved, checked, segregated, and repacxaged where necessary.

(g} 5 shipments for 30 or 50 years storage; 3 shipments for 100 years storage.

{h) Burial volumes of waste assumed: 100 m3 at 30 and 5C years storage; 60 m3 at 100 yzars
storage.

(i} For deferrad decontamination 100 years after shutdown, offsite cisposal will goour
130, 150, and 200 years after shutdown.

(3) 477 drums of waste retrieved, checked, and segregated.

(k} 4 shipments for 30 years storage; 3 shipments for 30 and 100 years stoprage.

{m) Burial volumes of waste assumec: 75 m3 at 30 years; 60 m3 at 50 years; 50 m° at
100 years.



A.1.1.3 Waste from ENTOMB

Decommissioning the PWR by ENTOMB utilizes the space below the operating
fioor of the containment building as a nuclear waste repository. Non-combusti-
ble contaminated materials from outside of the entombment space are placed in
the voids in the entombment space; however, there is insufficient space to
accommodate all of the contaminated material at the nuclear power plant. The
remaining contaminated material and the radicactive waste are disposed of in
the same manner as the contaminated material from DECON of a PWR. T?? ;genarios

the first scenaric, the neutron-activated reactor internals are removed and

were proposed for ENTOMB in the PWR and BWR decommissioning studies. In
sent to waste disposal, and in the second scenaric, the reactor internals are
entombed. In this study, waste disposal for the first entombment scenario,
with the reactor internals removed, is studied in detail. The impact on costs
should be similar for the second scenario, but this impact is not examined in
detail in this study.

Estimated costs for disposal of each type of radioactive material from
ENTOMB by interim storage of the waste onsite followed by later removal to an
offsite 1icensed disposal facility are developed in this subsection.

A.1.1.3.1 Neutron-Activated Material. Reactor internals are the only

neutron-activated material removed during ENTOMB of the reference PWR. The
estimated costs of placing the reactor internals in onsite interim storage
are given in Table A.1-17. The estimated costs of removal of the reactor
internals to offsite disposal after onsite interim storage periods of 30, 50,
and 100 years are presented in Table A.1-18.

A.1.1.3.2 Contaminated Material. About 50% of the contaminated material
in the PWR power plant is placed in the entombment structure. The estimated
cost of onsite interim storage for the contaminated material not entombed is
given in Table A.1-19. The cost estimates for removal of this material to an
offsite Ticensed waste disposal facility are presented in Table A.1-20 for
interim storage periods of 30, 50, and 100 years.

A.1.1.3.3 Radicactive Waste. In Reference 3 it is assumed that the

quantity of radioactive waste generated by ENTOMB of the reactor is the same



TABLE A.1-17. Estimated Costs of Onsite Interim Storage of the Reactor
Internals from ENTOMB of a PWR

Costs (§)(a)

_ Component ~ (Container CasksiDP) Handling Transportation Placement Total
Upper Core Support 40 000 400 1 200 27h 1 060 42 935
Assembly
Upper Support Columns 40 000 400 1 200 275 1 060 42 935
Upper Core Barrel 20 000 200 600 137 530 21 467
Upper Core Grid Plate 50 000 500 2 200 345 1 325 54 370
Guide Tubes 60 00D 600 1 200 412 1 590 63 802
Lower Core Barrel 320 000 3 200 g 600 2 198 8 480 343 478
Thermal Shietd 60 000 600 1 800 412 1 580 64 4062
Core Shroud AQ 000 400 1 200 275 1 060 42 935
Lower Grid Plate 50 000 500 2 200 345 1 325 54 370
Lower Support Columns 10 000 100 300 70 265 10 735
Lower Core Forging 110 000 | 100 3 300 756 2 915 18 07
Misc. Internals 80 000 800 2 400 550 2 120 85 870
Totals 880 000 8 800 27 200 6 050 3 320 945 370

(a) Based on Table G.4-3, Reference 1.
(b) One-day cask rental.

TABLE A.1-18. Estimated Costs of Removal to Offsite Disposal of the Reactor
Internals from ENTOMB of a PWR

Cost Offsite Disposal Costs {$) After Interim Storage Period of
Component 30 Year - 50 Year 100 Year

Ratrieve From Interim storage'?) 23 320 23 320 23 320
Cask Rental 471 000 319 000 39 000
Transportation 154 380 148 800 148 800
Handling 26 000 24 800 24 800
Liner Surcharge 15 750 13 150 13 150
Gurie Surcharge 46 770 43 920 41 430
Burial 23 320 23 320 23320

Totatls 330 540 316 310 313 820

(a} Assumed to be the same as the placement cost in Table A.1-17.
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Transportation Placement(a) Total _

TABLE A.1-19. Estimated Costs of Onsite Interim Storage of
Contaminated Material from ENTOMB of a PWR
Costs {($)
1. (a) ) (a) Onsite

— . Fomponent ¥olume {m”) Containers
Tanks 406 44 BOO 960
Service Water System 160 17 600 410
Component Cooling System 450 49 600 1 030
Condensate Storage System 101 11 200 210
Turbine Generator 558 €1 600 1 510
Compressed Air System " 5 600 140
Glycol Heating System 29 3 200 70
[xtraction Steam System _ 188 _20 800 _480

Totals 1 943 214 400 4 810

{a} Based on Table G.4-5 of Reference 1.

37 990 83 750
14 925 32 935
42 061 82 691
9 498 20 908
52 237 115 347
4 749 10 489
2 714 5 9Bd
17 638 38 918
igi 812 401 022

TABLE A.1-20. Estimated Costs of Removal to Offsite Disposal of
Contaminated Material from ENTOMB of a PWR

Cost Offsite Disponsal Costs ($) After Interim Storage Period of

Component 30 Year 50 Year __ 100 Year
Retrieve From Interim Storage‘d) 181 810 181 810 181 810
Transportation(b) 174 720 1 920 1 920
Buriat!®) 181 810 1120 1120
Totals 538 340 184 850 184 850

{a) Assumed to be the same as the cost to place the material in interim storage.
{b) 21.4 m3/shipment and $1,920/shipment.

(c) $93.57/m3.

as the guantity generated by DECON.

from ENTOMB are the same as the costs developed for DECON of the reactor.

Place in interim storage - $240,350

Remove to offsite disposal
30 years storage - $259,410
50 years storage - $181,030

100 years storage - $170,600.

After
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A.1.2 Reference BWR Decommissioning Wastes

The study of decommissioning a reference BWR by QOak et a].(z) is the
source of the data for estimating the impact on costs of onsite interim stor-
age of the nuclear wastes from decommissioning the reference BWR. Radioactive
decay factors for neutron-activated material used in the cost analyses are given
in Table A.1-21 for the radioactivity levels and the dose rates.

TABLE A.1-21. Decay Factors for Radiocactivity Levels and Dose Rates
of Activated Material in the Reference BWR

Time After

Shutdown Decay Factors(a)

(Years) Radioactivity Level Dose Rate
30 5.1 x 1072 1.9 x 1072
50 4.0 x 107 1.4 x 1073
60 3.8 x 107 3.7 x 107
80 3.4 x 1072 3.0 x 107°

100 3.0 x 107° 9.6 x 107°
130 2.4 x 1072 5.3 x 107
150 1.9 x 107 5.2 x 107°

200 1.0 x 1072 4.8 x 1070

(a) Based on Figure E.1-6 of Reference 2.

The costs of disposal of neutron-activated material from the reference BWR
at 30, 50, and 100 years after shutdown are presented in Table A.1-22.

A.1.2.1 Waste from DECON

Estimates of the costs for disposal of each type of nuclear waste from
DECON are developed in the following subsections for cnsite interim storage
and later offsite disposal of the waste.

A.1.2.1.1 Neutron-Activated Material. Estimated costs of onsite interim
storage of the neutron-activated material from DECON of a BWR are summarized
in Table A.1-23. Since transport of the neutron-activated material to the
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BWR Costs for Disposal of Neutron-Activated Materials at Various Times after Shutdown {Based on Table 1.3-3, Reference 2)

TABLE A.1-22.
Estimated ] ) Total
(a) Radipactivity Number of Mumber of Contam? Cazk Number of Tran;port?tmn Handhm@ Burial (f) Bur1a1(q) Liner (h) Curig (1) Dwsposalj)
Component weight (kg)*“’ (Ci) Pieces  Containers Cost b) Renta_]___$)(c Shipments  Cost { Coi_L Yolume [m3) tast {$)'"’ Surcharge (%) Surcharge {$} Costs ($) 7
L . o o _30 Years After Shutdown o o L

Steam Separator Assembly 9 500 260 951 28 12 600 14 000 14 26 880 5 600 10 940 9 100 0 59 120
Fuel Support Pieces 5 420 19 740 14 5 300 7 000 7 13 440 2 BOO 5 470 1 750 0 31 760
Control Rods & In-Core Instruments 19 810 5 122 610 g 48 000 27 600 8 15 360 12 310 15 1 400 12 410 2 760 119 B840
Control Rod Guide Tubes 3 500 3 370 12 5 400 . 6 000 & 11 520 2 400 4 380 600 0 26 390
Jet Pump Assemblies 6 000 547 110 40 18 Q00 20 000 20 38 400 g 000 14 1 310 16 000 0 o1 710
Top fuel Guide 2 300 816 408 ie 32 400 36 000 72 138 240 14 400 24 2 250 28 BOO 0 252 (190
{ore Support Plate 18 500 18 258 31 13 850 15 500 16 30 720 6 200 11 1 030 00 0 68 300
Core Shroud 32 000 170 730 558 70 31 500 35 000 70 134 400 14 000 24 ?2 200 28 Q00 36 030 281 130
Reactar Yessel Wall 167 700 20 576 22 9 900 0 10 19 200 4 400 8 680 1 100 0 35 280
Sacrifical Shield 272 000 o< 14 4 84 000 0 14 26 8BO _5 600 90 9 530 __ 0 0 __ 126 010

Totals 526 730 172 946 4 595 m 262 050 161 100 237 455 040 75 710 205 20 190 58 660 38 790 1 111 540

o . ... .50 Years After Shutdown _ e N

Steam Separator Assembly 3 500 213 951 28 12 600 14 000 14 26 B80 5 600 10 940 3 500 0 63 520
Fuel Support Pieces 5 420 16 740 13 & 300 7 000 2 ? 360 4] 5 470 0 0 16 130
Control Rods & In-Core Instruments 19 81 4 200 610 8 48 000 27 600 8 15 360 12 310 15 1 400 4 400 2 660 111 730
Control Rod Guide Tubes 3 500 2 370 12 5 400 & 000 1 1 186 0 4 380 0 o] 12 960
Jet Fump Assemblies & 000 444 110 40 18 000 20 000 20 38 400 8 000 14 1 310 5 000 0 50 710
Top Fuel Guide 2 300 669 408 72 32 400 36 000 7 135 740 19 400 24 2 250 9 000 0 232 290
Core Support Plate 1€ 500 14 258 31 13 950 15 500 6 7 0RO 0 11 1 030 0 0 37 560
Core Shroud 32 000 140 000 558 70 31 500 35 000 70 134 400 14 000 24 2 200 8 750 32 610 258 460
Reactor Vessel Wall 157 700 16 576 22 9 900 a0 10 19 200 4 400 8 680 ] 0 34 180
Sacrificial Shield 272, 000 _a A 14 84 00D 0 34 26 88D 5 600 90 9 530 il 0 126 010

Totals 526 730 145 575 4 595 3] 262 050 161 100 217 409 980 £4 310 205 20 190 30 650 35 270 983 550

L . o o - N 100 Years After Shutdown . ) __ -

Steam Separator Assembly 3 500 141 951 28 12 600 14 000 14 26 B8O 5 600 10 940 0 0 60 020
Fuel Support Pieces 5 420 10 740 14 6 300 7 000 2 2 360 0 5 470 a 0 16 130
Control Rods & In-fore Instruments 19 B1D 2 778 610 8 48 000 27 600 8 15 360 12 310 15 1 400 400 570 107 640
Control Rod Guide Tubes 3 500 ? 370 12 5 400 0 1 1 180 0 4 380 a 0 6 960
Jet Pump Assemblies & Q00 294 110 a0 18 000 20 000 20 38 400 8 000 14 1310 0 0 85 710
Top Fuel Guide 2 300 447 408 72 32 400 36 000 72 138 2490 14 400 24 2 250 0 0 223 290
Core Support Plate 18 500 10 258 31 13 950 15 500 6 7 080 0 11 1 030 ] 0 37 560
Core Shroud 32 000 92 600 558 70 31 500 35 000 70 134 400 14 Q00 24 2 200 0 29 500 246 600
Reactor Vessel Wall 157 700 1 576 22 9 900 0 10 19 200 4 400 8 680 0 0 34 180
Sacrificial Shield 272 000 <] 14 14 84 000 0 1 26 B8O 5 600 90 9 530 0 0 126 010

Totals 526 730 96 2B9 4 595 311 262 050 155 100 217 409 980 64 310 205 20 190 400 32 070 944 100
{a) Estimated from volumes presented in Table E.1-6, Reference 2.
{b) Based on information in Section M.Z, Reference 2.
{c} Based on Table M.3-1, Reference 2.
{d) Based on Table M.4-4, Reference 2.
(e} Based on cask handling fee in Table M.5-1, Reference 2. 3
{f) Includes the disposable container; rounded to nearest whole m~.
{g) Based on Table M.5-1, Reference 2; based on volume only; rounded to nearest $10. TABLE A
{h) Based on Table M.5-1, Reference 2, for the estimated dose rate at the container surface. .1-22. BHWR Costs for D'ISposa]
{i) Based on Table M.5-1, Reference 2, for the estimated curie inventory per shipment, of Neutron- Acti vated
(i) The number of figures shown is for computational completeness only and does not imply accuracy to that many significant figures.

Materials at Various
Times after Shutdown
(Based on Table I.3-3,
Reference 2)
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TABLE A.1-23. Estimated Costs of Onsite Interim Storage
of Neutron-Activated Material from DECON

of a BHR
Cost Component Cost (%)
Containers 262 050t
Cask Rental 34 42010
Onsite Transportation 16 970(C)
Hand1ing 75 7101d)
Placement 20 ]90(d)
Total 409 340

(a) From Table A.1-22.

{b) One-day cask rental for each
shipment.

(c) 247 shipments with a round-trip
distance of 48 km.

(d) From Jable 1.3-3 of Reference 2.

onsite interim storage facility is over private roads within a privately owned
and controlled reservation, it is assumed that the surface dose rate on the
shipping cask can be greater than DOT regulaticn permit on public highways.

In order to pack more of the neutron-activated material in the cask liners,
the thickness of the shielding instalied in the cask liners 1s reduyced to the
amount needed to meet DOT requirements after 30 years of radicactive decay.
For the core shroud this permits doubling the amount of core shroud segments
packed in each cask liner.

The estimated costs for removal of the neutron-activated material to an
offsite licensed disposal facility after interim storage for 30, 50, and 100
years are given in Table A.1-24,

A.1.2.1.2 Contaminated Material. The estimated costs of onsite interim

storage of the contaminated material from DECON of a BWR are given in Tabie A.1-25,

Estimated costs of removal of the contaminated material to an offsite
licensed disposal facility are presented in Table A.1-26.
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TABLE A.1-24, Estimated Costs of Removal to Qffsite Disposal of Neutron-
Activated Material from DECON of a BWR

Cost Costs {$) After Interim Storage Period of
Component 30 Year 50 Year 100 Year

Retrieve From Temporary Storage(a) 20 130 20 190 20 190
Cask Rentall®) 161 100 161 100 155 100
Transportation(®) 455 040 409 980 409 980
Handling(®) 75 710 64 310 64 310
Liner Surcharge(b) 98 660 30 650 400
Curie Surcharge' ) 38 790 35 270 32 070
Burial(P) 20 190 20 190 20 190

Totals 869 680 741 690 702 240

(a) Assumed to be the same as the burial cost.
{(b) From Table A.1-22.

TABLE A.1-25. Estimated Costs of Onsite Interim Storage of Contaminated
Material from DECON of a BWR

Cost Compgnent Cost (§)
Containers 1 669 320(2)
Onsite Transportation 55 370(b)
Placement 1 612 410'%)

Total 3 337 100

(a) From Table 1.3-4 of Reference 1.
(b) 806 shipments with round-trip
distance of 48 km.

A.1.2.1.3 Radiocactive Waste. In Table A.1-27 the estimated costs of
onsite interim storage of the radioactive waste from DECON of the reference

BWR are presented.
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TABLE A.1-26. Estimated Costs of Removal ta Offsite Disposal of
Contaminated Material from DECON of a BWR

Cost Costs($) After Interim Storage Period of

Component ) 30 Year 90 Year 100 Year
Retrieve From Interim Storage(a) 292 980 292 980 292 980
Transportation ®’ 1 547 520 5 760 5 760
Burial 1 611 180 14 040 14 040
Totals 3 451 680 312 780 3172 780

(a) 3919 containers. 4 man-hr per container for checking and segregating.
$18.70 per man-hr charge-out rate.

{b) After 30 years there are 806 shipments, and after 50 and 100 years there are
3 shipments. 3

{c) Burial cost $93.57 per m".

TABLE A.1-27  Estimated Costs of Onsite Interim Storage of Radioactive
Waste from DECON of a BWR

Cost Component Cost ($)
Containers(a) 281 370
Cask RentaltP) 5 200
Handling 10 400
Onsite Transportation(c) 7 900
Pracement (%) 142 130

Total 447 000

{a) From Tables H.5-10 and 1.3-5 of
Reference 2.

(b} Casks used only for containers
with surface dose rates >1 R/hr.
One day rental per shipment.

{c) 115 shipments with round-trip
distance of 48 km.

(d) Same as burial costs given in
Tables KH.5-10 and I.3-5 of
Reference 2.
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The estimated costs of removal of the nuclear waste from DECON of the
reference BWR to an offsite licensed disposal facility are given in Table A.1-28.

A.1.2.2 MWaste from SAFSTOR

The two major decommissioning phases that generate nuclear waste are: 1)
preparations for safe storage and 2) deferred decontamination at the end of the
storage period. The rationale for estimating the waste disposal costs is the
same for the reference BWR as that described for the reference PHR in subsec-
tion A.1.1.2.

Estimated costs for the disposal of each type of nuclear waste from SAFSTOR
of the reference BWR are developed in the following subsections for onsite
interim storage and eventual offsite disposal.

TABLE A.1-28. Estimated Costs of Removal to Offsite Disposal of Radicactive
Waste from DECON of a BWR

Cost Costs (§) After Interim Storage Period of
Component 30 Year 50 Year 100 Year
Retrieve From Interim Storage'®) 262 410 262 410 262 410
Cask Rental'®) 26 000 0 0
Transportation\C) 176 640 32 640 23 040
Hand1ing 10 400 0 0
Liner Surcharge 2 600 0 0
Buriatld) 93 570 32 750 22 460
Totals 571 620 327 800 307 910

(a} 3510 containers at 4 man-hr per container and charge-out rate of
$18.70 per man-hr.

(b) Casks used only for containers with surface dose rate >0.2 R/hr.
(c) Transportation costs based on 92 shipments after 30 years, 17 ship-
ments after 50 years, and 12 shipments after 100 years, at $1920

per shipment. 3
(d) Burial volumes assumed - 1000 m
and 240 m” after 100 years.

after 30 years, 350 m3 after 50 years,
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A.1.2.2.1 Neutron-Activated Material. HNo neutron-activated material is

removed from the reactor during preparations for safe storage. During deferred
decontamination, all of the neutron-activated material is removed from the
reactor, packaged, and sent to onsite interim storage. The estimated costs for
placement in onsite interim storage of the neutrcon-activated material removed
during deferred decontamination are presented in Table A.1-29,

Estimated costs for removal 1o offsite disposal of the neutron-activated
material from deferred decontamination after interim storage periods of 30, 50,
and 100 years are given in Table A,1-30.

A.1.2.2.2 Contaminated Material. Contaminated material is not removed

from the reactor during preparations for safe storage. The contaminated
material is removed and placed in onsite interim storage during deferred
decontamination. Estimated costs for placement of this material in onsite
interim storage are presented in Tabie A.1-31.

TABLE A.1-29. Estimated Costs of Onsite Interim Storage of Neutron-Activated
Material from Deferred Decontamination of a BWR

Cost Costs (§) After Safe Storage Period of

Component 30 Year 50 Year 100 Year

Containers 262 050080 262 050(®) 262 050(®)
Cask Rental (D) 27 920 23 720 0
Onsite Transportation'®! 16 280 13 530 2 200
Hand1ing 67 110 48 710 0

Placement 2019080 20 190(@) 2 19p{@)
Totals 393 550 368 200 284 440

{a) From Table A.1-22.

(b) Casks used only if cask liner surface dose rate >1 R/hr.

(c) Round-trip distance 48 km. 237 trips after 30 years;
197 trips after b0 years, and 32 trips after 100 years.
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TABLE A.1-30. Estimated Costs of Removal to Offsite Disposal of Neutron-
T Activated Material from Deferred Decontamination of a BWR

Cost Offsite Disposa} Costs (%) After Interim Storage Period of
Component 30 Year 50 Year 100 Year
Deferred Decontamination 30 Years After Shutdown(g)

Retrieve From Interim Storage 20 190 20 150 20 190
Cask Rental 132 600 27 800 27 600
Transportation 403 200 71 040 71 040
Handling 64 210 22 310 22 310
Liner Surcharge 13 100 1 000 400
Curie Surcharge 34 080 32 530 30 930
Burial 20 190 20 190 20 190

Totals 687 670 194 860 192 720

Deferred Decontamination 50 Years After Shutdoun{b)

Retrieve From Interim Storage 20 190 20 180 20 190
Cask Rental 27 600 27 €00 27 600
Transpartation 71 040 71 040 71 040
Handling 22 310 22 310 22 310
Liner Surcharge 1 000 400 400
Curie Surcharge 32 530 740 680
Buriatl 20 190 20 190 20 190

Totals 194 860 162 470 162 410

(c)

Deferred Decontamination 100 Years After Shutdown

Retrieve From Interim Storage 20 190 2G 190 20 190
Cask Rental 27 600 27 600 27 &Q0
Transportaticn 71 040 71 040 71 040
Handling 22 30 22 310 22 310
Liner Surcharge 400 400 400
Curie Surcharge 700 680 630
Buriai 20 190 20 190 20 150

Totals 162 430 162 410 162 360

{a} For deferred decantamination 30 years after shutdown, offsite disposal occurs 60, 80,
and 130 years after shutdown.

{b} For deferred decontamination 50 years after shutdown, offsite disposal occurs 80, 100,
and 150 years after shutdown.

{c) For deferred decontamination 100 years after shutdown, offsite disposal occurs 130,
150, and 200 years after shutdown,
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TABLE A.1-31. Estimated Costs of Onsite Interim Storage of Contaminated
Material from Deferred Decontamination of a BWR

Cost Costs (§) After Safe Storage Period of
Component 30 Yearia) 50 Year 100 Year
Containers 1 669 320 16 8007 16 gool®
Onsite Transportation 55 370 550(¢) 550(C!
Placement 1612 410 1403600 14 0350
Totals 3 337 100 37 385 37 385

(a) Table J.7-1 of Reference 2 shows the volume of contaminated
waste to be the same after 30 years of safe storage as it
is for DECON; therefare the costs should be the same. These
costs are from Table A.1-25.

{b) Based on volume of 150 md after 30 years of safe storage, 42
containers,

(c} 8 shipments with a round-trip distance of 48 km.

The estimated costs of removal to offsite disposal of the contaminated
material from deferred decontamination of the reference BWR are summarized
in Table A.1-32,

A.1.2.2.3 Radioactive Waste. A1l of the wet solid radiocactive waste and

some of the dry solid radicactive waste generated by SAFSTOR are disposed of
during preparations for safe storage. Disposal costs are developed in two
steps: 1) for those radioactive wastes generated during preparations for safe
storage and 2) for those radioactive wastes generated during deferred decontami-
nation.

Preparations for Safe Storage. The estimated costs for placement in onsite

interim storage of the radiocactive waste from preparations for safe storage
are symmarized in Table A.1-33,

tstimated costs for removal io offsite disposal of the radioactive waste
from preparations for safe storage are given in Table A.1-34.

Deferrved Decontamination. The estimated costs of placing in onsite interim

storage the radioactive waste from deferred decontamination after safe storage
periods of 30, 50, and 100 years are presented in Table A.1-35.
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TABLE A.71-32. Estimated Costs of Removal to Offsite Disposal of the Contami-
nated Material from Deferred Decontamination of a BWR

Cast Offsite Disposal Costs ($) After Interim Storage Period of
Component 30 Year 50 Year 130 Vear

Deferred Decontamination 30 Years After ‘th.vt.d-:mn(Eﬂ

Retrieve From Interim Storage 292 930 292 980 292 980
Transportation 13 449 o8z 7 680
Burial 14 D4C 11 70C 7 950

Totzls 320 460 316 200 306 61C

Deferred Decontamination 50 Years &fter Snutdown(b)

Retrieve From [nterim Storage 3 Y40 3 140 3140
Transportation 11 520 9 &40 7 680
Burial 11 700 9 360 7 020

Taotals 26 360 2z 100 17 840

e}

Deferrec Decontamination 100 Years After Shutdown

Fetrieve From Interim Storage 3 14D 3 140 374D
Transportaiion 7 bAa0 7 BEG £ 760
Burial 7 950 7 020 5 £10
Totals 18 780 17 840 14 510
{a' For deferred decontamination 3C years after shutdown, offsite disppsat will occur

650, 80, and 130 years after shutdown.

(b} For deferred decontamination 50 years after shutdown, cffsite disposal will occur
a0, 100, and 150 years after shutdown.

{c) "or daferred decontamination 100 years after snutdown, offsite disposal will occur
130, 150, and 200 years after shutaowr.

TABLE A.71-33. Estimated Costs of Onsite Interim Storage of Radioactive Waste
from Preparations for Safe Storage of a BWR

LCost Components Cost (3}
Containers 239 67042
Cask Rental 5 20048
Onsite Transpovtation 5 450(C)
Handling 11 400
?lacement 93 ﬂ?Of )

Tota? 381 180

{a} From Tables H.5-10 and J.5-3 of
Reference 2.

(b} Caske used only for the 52 con-
tainers with surface dose rates
»1 R/hr. 1 day per shipment,

{c)] 94 shipments with round-trio
distance of 48 km,

{dY Assumed to be the same as the
burial cost.
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TABLE A.1-34. Estimated Costs of Removal to Offsite Disposal of Radioactive
Waste from Preparations for Safe Storage of a BWR

Cost Offsite Disposal Costs {$) After Interim Storage Period of
. .__Comporent 30 %¥ear ~~_ 50 Year = _ 100 Year
Retrieve From Interim Storage'®) 106 590 106 590 106 590
Cask Renta) (P 26 000 0 0
Transportation 72 960¢) 3 6409 23 oagle)
Handling 10 400 0 0
purialF) 74 860 32750 22 980
Totals 290 810 171 980 152 090

{a) 1425 containers at 4 man-hr per container with a charge-out rate of $18.70 per man-hr.

{b) Casks used only for thase shipments with a cask liner surface dose rate =1 R/hr. G-day
cask rental for a shipment.

(c) 38 shipments at $)1920 per shipment.

{d) 17 shipments at $1920 per shipment.

{e) 12 shipments at $1920 Eer shipment. 3

{T) Burial volumes - BOO m? after 30 years; 350 m3 after 50 years; 240 m~ after 100 years.

TABLE A.1-35. Estimated Costs of Onsite Interim Storage of Radioactive Waste
from Deferred Decontamination of a BWR

Cost Costs (§) After Safe Storage Period of

Component 30 Year{a) 50 Year(a) 100 Yearia)
Containers 41 620 33 340 22 860
Onsite Transportation(b) 1 440 1170 820
Placement 40 890 32 750 22 460
Totals 83 950 67 260 46 140

{a) Waste volumes assumed: 30 yr - 437 m3; 50 yr - 350 m3;

100 yr - 240 m3.
(b) Onsite round trip of 48 km. Number of shipments:
30 yr = 215 50 yr - 173 100 yr - 12,
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Costs af the removal of the radicactive waste from deferred decontamina-
tion to offsite disposal after a period of interim storage are estimated and
summarized in Table A.1-36.

TABLE A.1-36. Estimated Costs of Removal to Offsite Disposal of Radioactive
Waste from Deferred Decontamination of a BWR

Cost Offsite Disposal Costs (§] After Interim Storage Period of
Component 30 Year 50 Year 100 Year
Deferred Dezorntamination 30 Years Avter Shutdown a)
Retrieve From Interim Storage 155 500 155 500 155 500
Transportation 32 64D 26 880 19 200
Buriai 3z 750 27 140 19 650
Totals 220 890 209 520 184 350

{b)

Deferred Decontamination 50 Years After Shutdown

Retrieve From Interim Storage 124 620 124 620 124 620
Transportation 26 880 23 040 17 280
Burial 27 135 22 460 17 780

Tota'ls 178 635 170 120 129 680

Deferred Decontamination 100 Years After Shutdown(C}

Retrieve From Interim Storage 85 459 §& 450 85 450
Transportation 19 200 17 280 15 380
Burial 19 650 17 780 14 970

Totals 124 350 120 510 115 780

(a) For deferred decontamination 30 vears after shutdown, offsite disposal will ocecur
63, 80, and 130 years after shutdown,

{b} For deferred decontamination 50 years after shuidown, offsite aisposal will accur
a0, 100, and 150 years after shutdown.

{c) For deferred decontamination 100 years after shutdowr, offsite disposal will occur
130, 150, and 200 years after shutdown.

A.1.2.3 Waste from ENTOMB

The primary containment vessel is used as the entombment structure for
decommissioning the reference BWR by ENTOMB. The free space inside the con-
tainment vessel is filled with contaminated material from outside the con-
tainment vessel. Contaminated material in excess of the containment vessel

capacity and the radioactive waste are sent to a waste disposal facility. As
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is the case for the reference PWR, the ENTOMB scenario with the reactor internals
removed 1s studied in detail in this study.

Estimated costs for disposal of each type of nuclear waste from ENTOMB by
interim storage of the waste onsite followed by later removal to an offsite
1icensed disposal facility are covered in this subsection.

A.1.2.3.1 Neutron-Activated Material. The reactor internals are the

only neutron-activated material removed during ENTOMB of the reference BWR.
Estimated costs of placing the reactor internals in onsite interim storage
are given in Table A.1-37, and estimated costs for the removal of the reactor
internals to an offsite disposal facility after onsite interim storage of 30,
50, and 100 years are presented in Table A,1-38.

A.1.2.3.2 Contaminated Material. About two-thirds of the contaminated
material located outside the containment vessel is placed in the vessel for

entombment. The remainder of this material is considered here to be placed

in onsite interim storage and later moved to an offsite Ticensed waste disposal
facility. The estimated costs for onsite interim storage of this remaining
contaminated material are given in Table A.1-39. In Table A.1-40 the estimated
costs are presented for the removal of the contaminated material from ENTOMB

to an offsite licensed disposal facility after interim storage periods of 30,
50, and 100 years.

A.7.2.3.3 Radiocactive Waste. In Reference 2 it is assumed that the quantity
of radioactive waste generated by ENTOMB of the reactor is the same as the

quantity generated by DECON. Therefare, the costs shown below for the onsite
interim storage and later offsite disposal of the radiocactive waste from ENTOMB
are the same as the costs developed for DECON of the reactor.

Place in interim storage - $447,000

Removal to offsite storage
After: 30 years storage - $571,620
50 years storage - $327,800
100 years storage - $307,910
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TABLE A.1-37. Estimated Costs of Onsite Interim Storage of BWR Reactor

Internais
o Costsj@_{a) _ L
Component __ Containers CasksDJ Transportation{c] Handiing Placement Tofal_
Steam Separator Assembly 12 600 2 800 960 5 600 940 22 M0
rificed Fuel Supports 6 300 1 400 480 2 800 470 11 450
Control Rods and In-Core instruments 48 000 9 600 550 12 310 1 400 71 B&D
Control Rod Guide Tubes 5 400 1 200 no 2 400 380 9 790
Jet Pump Assemblies 38 400 4 000 1 370 B 000 1T 30 53 080
Tor Tuel Guide 111 600 7 200 4 850 14 400 2 250 140 400
Core Support Plate '3 550 3 100 1 100 6 200 1 030 25 380
Core Shroud 129130 5100 3500 10200 1600 149 530
Totals 365 380 34 400 13 320 61 910 9 380 484 390

{a) Based on Table K.3-3 of Refarence 2.
{b) One-day cask rental per shipment.
{c} Round-trip distance to cnsite interim storaye facility - 4B km.

TABLE A.1-38. Estimated Costs of Removal to COffsite Disposal of the Reactor
Internals from ENTOMB of a BWR

Cost Offsite Disposal Costs (3) After Interim Storage Period of
Component 30 _Year 50 Year 100 Year

Retrieve From Interim Stnrage(a) 9 380 9 380 9 380
Cask Rental 151 600 151 600 145 600
Transportation 372 480 327 420 327 420
Handling 61 910 50 150 50 150
Liner Surcharge 97 560 30 650 400
Curie Surcharge 38 790 35 270 32 070
Burial 9 380 9380 9380

Totals 741 100 613 850 574 400

(a) Assumed to be the same as the placement cost in Table A.1-37.
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TABLE A.1-39. Estimated Costs of Onsite Interim Storage of Contaminated
Material from ENTOMB of a BWR

Cost Component Cost ($)
Containers 561 320(a)
Onsite Transportation 22 6?O(b)
Hand1ing a5 360(2)
Placement 600 720(C)

Total 1 230 070

(a) From Table K.3-4 of Reference 2.

(b) 330 shipments with round-trip
distance of 48 km. 3

(c) 6420 m3 at $93.57 per m°.

TABLE A.1-40. Estimated Costs of Removal to Offsite Disposal of Contaminated
Material from ENTOMB of a BWR

Cost Offsite Disposal Costs {§) After Interim Storage Periud of

L Component 30 Year 50 Year 10 Year
Retrieve From Interim Storage'?’ 92 930 92 930 92 930
Transportation'®) 633 600 5 760 5 760
Burial 600 720 5 240 5240
Totals 1327 250 103 930 103 930

{a} 1243 contairers. Assumed 4 man-hr per container at a charge-out rate of $18.70
per man-hr,
(b} 330 shipments after 30 years and 3 shipments after 50 or 100 years,

A.2 ONSITE DISPOSAL OF KUCLEAR WASTE

Onsite disposal of nuclear waste inyolves essentiaily the same operations
as placing radioactive material in onsite interim storage. In this study, it
is assumed that the onsite disposal facility is operated by the operating
utility and that liner surcharges and curie surcharges are not levied. It is
further assumed that the onsite disposal facility is located 24 km from the
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reactor(s) being decommissioned, the same distance assumed for the onsite interim
storage facility. With these assumptions, the estimated costs for onsite dis-
posal of radiocactive waste are the same as the costs for aonsite interim storage
of the waste.

For DECON of the PWR, the estimated costs for onsite disposal of the nuclear
wastes are the same as the costs given in Tables A.1-3, A.1-5, and A.1-7. For
DECON of the BWR, the estimated costs for ansite disposal of the nuclear wastes
are the same as those given in Tables A.1-23, A.1-25, and A.1-27.

Estimated costs for disposal of the nuclear wastes from SAFSTOR of the PWR
are the same as those given in Tables A.1-9, A.1-11, A.1-13, and A.1-15. For
SAFSTOR of the BWR, the estimated costs of onsite disposal of the nuclear wastes
are the same as the costs given in Tables A.1-29, A.1-31, A.1-33, and A.1-35.

Estimated costs for disposal of the nuclear wastes from ENTOMB of the ref-
erence PWR are the same as the costs presented in Tables A.1-17 and A.1-19. For
the BWR, the costs are the same as those given in Tables A.1-37 and A.1-39.
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APPENDIX B

DETAILS OF THE IMPACTS OF CENTRALIZED SERVICES ON
DECOMMISSIONING AT A MULTIPLE-REACTOR STATION

The costs and radiation doses associated with decommissioning a single
reactor located on a multiple-reactor station may be affected by the availa-
bility of centralized site services. The impacts associated with the follow-
ing centralized services are examined in this study:

e health physics services

e security forces

¢ solid waste processing

® equipment decontamination services

e maintenance shops and services

e Tlaundry services

e transportation services

e central site stores.
In this appendix, details of the analyses of the impacts associated with centrai-
ized services are presented. Only the first four services listed abave are ana-
Tyzed in detail in this study and, therefore, only these four are considered in
this appendix. The analyses are developed based on estimates for decommission-
ing reactors at single-reactor sites, as presented in References 1 through 3.

B.1 HEALTH PHYSICS SERVICES

Centralized health physics services are anticipated to reduce the costs
of health physics activities at a reactor sited on a multipie-reactor station
during both operation and decommissioning. Two factors are postulated to con-
tribute to this cost reduction:

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

e The large pool of health physics technicians at the site can be shared
between reactors, reducing the peak-load staffing requirements per reactor.

Centralization of the health physics services is not anticipated to change

the occupational radiation dose for decommissioning a reactor.
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The heaith physics staff labor requirements and costs during decommission-
ing, both with and without centralized heaith physics services, are presented
here for the various combinations of reactor types and decommissioning alterna-
tives considered in this study. Nef savings with centralized health physics
services are calculated from these results.

B.1.1 PWR DECON

Health physics staff labor requirements and costs for DECON of the refer-
ence PWR are shown in Table B.1-1. Manpower requirements from Table 70.1-2
of Reference 1 are used for decommissioning without centralized health physics;
these values are modified appropriately for decommissioning with centralized
health physics to account for the reduced overhead structure and the more
efficient use of technicians postulated. A total of about 44 man-years, costing
about $1.42 million, is reguired without centralized health physics as compared
to about 32-1/2 man-years at a cost of about $960,000 with centralized health
physics. Net savings with centralized health physics are 11-1/2 man-years and
approximately $46Q,000.

B.1.2 PHR SAFSTOR

Health physics staff labor requirements and costs for the preparations
for safe storage phase of PWR SAFSTOR are shown in Table B.1-2, based on infor-
mation from Table 10.2-2 of Reference 1. Without centralized health physics
services, about 19 man-years and approximately $670,000 are estimated to be
required. With centralized health physics, these requirements are reduced to
about 13 man-years and approximately $410,000, for net savings of & man-years
and nearly $260,000.

Centralized health physics services are anticipated to have no significant
cost effects during the continuing care phase of SAFSTOR at the reference PHR.

Deferred decontamination of the reference PWR is anticipated to require
essentially the same work force as DECON {see p. H-30 of Reference 1). Therefore,
the health physics staff labor requirements and costs are assumed to be the same
and, thus, centralized health physics services during the deferred decontamina-
tion phase of PWR SAFSTOR are estimated to provide net savings of 11-1/2 man-
years and about $460,000, as shown previousiy in Table B.1-1.
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TABLE B.1-1. Health Physics Staff Labor Requirements and Costs for PWR DECON and ENTOMB

Time Relative to Fipal Reactor Shutdown (year) Tutal Staff Coust per Total Staff
BEY S D - "3 77 Labor Required Man-Year{a)  Lahor Costs{b)
_ _Position . Annual Staff labor Requirement {man:-years) = {mar-years)  (§ thousands)  ($ thousands)

Without Centralized Health Physics'®)

Health and Safety Supervisor 7.3 1.0 1.0 1.0 1.0 4.3 50.4 z216.7
Industrial Safety Specialist 0.3 1.0 1.0 1.0 1.0 4.3 43.8 188.3
Radigactive Shipment Specialist a 1.0 1.0 1.0 1.0 4.0 32.9 13.6
Health Physicist 4 0.5 1.0 1.0 1.0 1.5 39‘4{d} 137.9
Senicr Health Physics Technician 0 i.a 2.0 2.0 1.0 6.0 32.9 197.4
Health Physies Technician - 0 3.0 7.0 1.0 5.0 22.0 25.1 __b52.2
Totals, Without Centralized Health 0.6 7.5 13.0 13.8 10.0 4.1 14241
Physics
With Centralized Hgglgh_fhgaica(?l
Site Level(f]
Health and Safaty Superyisor 0.1 0.1 .l 0.1 .1 0.5 50.4 25.2
Industrial Safety Specialist 0.1 0. 0.1 0.1 a.i a.5 43.8((} 21.9
Clark 0.1 0.1 0.1 0.1 0.1 0.5 20.3\9 10.2
Group Level(h)
Health Physics Supervisor 0 0.3 0.3 0.3 0.3 1.2 43,8t} 52.6
Radigactive Shipment Specialist 0 0.3 a.3 0.3 0.3 1.2 32.9 349.5
Unit Level
Health Physicist (i) 0 0.5 1.0 1.0 1.0 3.5 39 4(d) 137.9
Senior Health Physics Technician ] a 0.9 1.8 1.8 0.5 5.4 32.9 1717.7
__Health Physics Technician{d) 0 2.1 6.3 6.3 4.5 19.8 25.1 _497.0
Tatats, With Centralized Health Physics 0.3 5.0 10.0 10.0 1.3 32.4 _962.0
flet Savings With Centralized Health 0.3 2.5 3.0 3.0 2.7 1.5 462 .1

Physics

{a) Based on Table 1.1-1 of Reference 1.

{b) Rounded to the nearest $100.

{c} Based on organization shown in figure §.3-1a; manpower requirements taken from Table 10.1-2 of Reference 1.

{d) Based on value given in Table M.1-1 of Reference 3, to provide consistency between PWR and WR results. o )

{e) Based on organization shown in Figure 8.3-1b, with manpower requirements from Table 10.1-2 of Reference 1 madified appropriately:
rounded to next higher 0.1 man-year,

{f} Single unit assumed to bear 10% of total site cost,

{g} From Table W.1-1 of Reference 3.

{h} Single unit assumed Lo bear 30% of total group cost {10% of total site cost assuwing 3 groups ).

(1} Study estimate, '

{j} Based on an assumed 10% reduction of the manpower requirements withont centralized health physics.
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TABLE B.1-2. Health Physics Staff Labor Requirements and Costs for PWR Preparations for
Safe Storage

Time Relative to Final Reactor Sggtﬁqgg_j%ggf) Total Starf Cost per Total Staf
- - T 77 7 tabor Required Man-Year(8)  Labor Costs

R _Position Annua)_Staif Labor Requirements {man-years) = {man-years)  (§ thousands} ($ thousands)
Without, Centralized fealth Physics‘®!
Health and Safety Supervisor 0.3 1.0 1.0 0.4 2.7 50.4 136.1
Industrial Safety Specialist 0.3 1.0 1.0 0.4 2.7 43.8 118.3
Radicactive Shipwent Specialist a 1.0 1.0 0.4 2.4 32.9 9.0
Health Physicist o] 0.5 1.0 0.4 1.9 39‘4(d} 74,9
Seniar Health Physics Technician 0 1.0 2.0 0.7 1.7 32.9 121.7
Health Physics Technician e a0 1.5 3.0 1.0 5.5 25.1 138.0

Totals, Without Centratized Health Physics 0.6 6.0 9.0 3.3 18.9 668.0
With Centralized Wealth Ph23102£31
S5ite Levellf)

Heaith and Safety Supervisor 0.1 0.} 0. 0.1 0.4 50.4 0.2

Industrial Safety Specialist 0.1 0.1 0.1 0.1 0.4 43.8l ) 17.5

Clerk 0.1 0.1 0.1 0.1 0.4 20,349 8.1
Group Leve](h) .

Health Physics Supervisor 0 0.1 0.3 0.1 0.7 43.8(‘) 30.7

Radioactive Shipmnent Specialist 0.3 0.1 0.1 0.7 32.9 23.0
Unit Level

Health Physicist (3} 0 J.5 1.0 0.4 1.9 39‘4(d) 74.9

Senior Health Physics 1ec?q$cian 1 0 0.9 1.8 0.7 3.4 3z2.8 111.9
__Health Physics Techniciantd) 0 L4 2.7 0.9 5.0 25.1 125.5

Tetals, With Centralized Health Physics 8.3 3.7 6.4 2.5 12.3 411.8
Net Savings With Centraiized Health Physics 0.3 2.3 2.6 0.8 6.0 256.2

{a) Based on Table 1.1-1 of Reference 1.
(b} Rounded to the nearest $100,
{c) Based on organization shown in Figure 6.3-1a; manpower requirements taken frowm Table 10.2-2 of Reference 1, rounded to next higher
0.1 man-year.
d) Based on value given in Table H.1-1 of Reference 3, to provide consistency between PWR and BWR results.
} Based on orgamization shown in Figure 8.3-Tb, with manpower requirements from Table 10.2-2 of Reference 1 modified appropriately;
raunded to next higher 0.1 man-year.
{f} Single unit assumed to bear 10% of total site cost.
fg) From Table #.1-1 of Reference 3.
{h) Single unit assumed to bear 30% af total group cost (10% of total site cest assuming 3 groups).
{1} Study estimate.
{i) Bdased on an assumed 10% reduction of the manpower requirements without centralized health physics,



Total net savings with centralized health physics during SAFSTOR of the
reference PWR are estimated to be 17-1/2 man-years and about $720,000.

B.1.3 PWR ENTOMB

The schedule of events for ENTOMB of the reference PWR is very similar
to that for DECON (see p. 4-6 of Reference 2). Therefore, the manpower require-
ments and costs for health physics services are assumed to be the same as those
shown previously in Table B.1-1. Centralized health physics services during
ENTOMB are thus estimated to result in net savings of 11-1/2 man-years and about
$460,000.

B.1.4 BWR DECON

Manpower requirements and costs for health physics staff during DECON of
the reference BWR are shown in Table B.1-3, based on information presented in
Table 1.2-3 of Reference 3. A total of close to 78 man-years, costing almost
$2.35 million, is required without centralized health physics as compared to
almost 62 man-years, costing about $1.73 million, with centralized health
physics. Net savings with centralized health physics are 16 man-years and
about $620,000.

B.1.5 BWR SAFSTOR

Health physics staff labor requirements and costs for the first phase of
BWR SAFSTOR, preparations for safe storage, are shown in Table B.1-4, based
on information from Table J.4-1 of Reference 3. Without centralized health
physics services, 49 man-years and about $1.53 miliion are estimated to be
required. With centralized heaith physics, these requirements are reduced to
38 man-years and about $1.09 million, for net savings of 11 man-years and aimost
$440,000.

Buring the continuing care period of BWR SAFSTOR, centralized health
physics services are anticipated to have no significant effects.

The basic work force and time required for deferred decontamination of
the reference BWR are the same as for DECON (see p. J-40 of Reference 3).
Therefore, the health physics staff labor requirements and costs are assumed
to be the same and, thus, centralized health physics services during the deferred
decontamination phase of SAFSTOR are estimated to result in net savings of
16 man-years and almost $620,000, as shown previously in Table B.1-3.

B-5
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TABLE B.1-3. Health Physics Staff Labor Requirements and Costs for BWR DECON

Tine Relative to Final Reactor Shutdown {year) Total Staff o5t per Total Staff
2T T T ETT TR TR Labor Required  Man-Year{a)  Labor Costs(b)

_ Positfon  __ Pnnual Staff Vavor Requirement (man-years) —  (man-years) _ ($ thousands) ({$ thousands)
Without Centralized Health Physics‘¢}

Health and Safety Supervisor 1.0 1.0 1.0 1.0 1.0 0.8 5.8 50.4 292.3

Industrial Safety Specizlist 0.3 1.0 1.0 i.0 1.0 0.5 4.8 43.8 210.2

Radicactive Shipment Specialist 0 1.0 1.0 1.0 1.0 0.4 4.4 32.8 144.8

Health Physicist 0 0.5 1.0 1.0 1.0 .5 4.0 39.4 157.6

Senior Health Physics Technician 0 1.9 2.5 2.2 2.1 1.0 8.8 12.9 289.5
_Mealth Physics Teconician .6 36 13 143 40 3.8 50.0 25.1 1255.0

Totals, Witheut Centralized Health Physics 1.3 7.5 20,8 2.1 0.1 7.0 77.8 2349.4
With Centralized Healtn_Pbysics(d)
Site Leve](e)

Health and Safety Supervisor 0.} 0.1 0.1 0.1 0.1 0.1 0.6 50.9 0.2

Industrial Safety Specialist 0.1 0.1 LN 0.1 0.1 0.1 0.6 43.8 26.3

Clerk 0.1 0.1 0.1 0.1 c.1 0.t 0.6 20.3 i2z.2
Group Leve](f)

Health Physics Supervisor 0 0.3 0.3 0.3 0.3 0.2 1.4 418t 61.3

Radioactive Shipment Specialist hj 0.3 0.3 0.3 0.3 0.? 1.4 2.9 46.1
Unit Lewvel

Health Fhysicist (h) 0 6.5 1.0 1.0 1.0 0.5 4.0 9.4 157.6

Senior Health Physics Tec?n;cian 0 0.9 2.3 2.0 1.9 3.5 8.0 32.9 263.2
__Health Physics Techniciant . o 2.7 12.9 13.5 12.86 3.5 46.2 25,1 1134

Totals, With Centralized Health Physics 0.3 50 A 7.4 164 5.6 61.4 1731.4
Ret Savings With Centralized Health Physics 1.0 2.5 3.7 3.7 3.7 1.4 16.0 618.0

{a) Based on Table M.1-1 of Reference 3.

{b} Rounded to the nearest $100.

{c) Based on organization shown in Figure £.3-1a: manpower requirements taken from Table 1.2-3 of Referenice 3.

{d) Based on organization shown in Figure 8.1-1b, with manpower requirements from Table {.2-3 of Reference 3 mudified appropriztely;

rounded to next higher 0.1 man-year.
{e} 5ingle unit assumed to bear 10% of total site cost.
{f) Single unit assumed to Lear 30% of total group cast {10% of total site cost assuwing 3 groups).
{g) Study estimate.
{h) Based an an assumed 10% reduction of the manpower requirements without centralized health physics,
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TABLE B.1-4. Health Physics Staff Labor Requirements and Casts for BWR
Preparations for Safe Storage

Time Re[gylyg_gg_flna] REaCtOT Shutdown (yearj Total Staff Cost p? Total Staff
_ 2 2 3 Labor Required Man-Yearia) Labor Costs(h)
Positian o _Annual Jtﬂf__EEEbT Regu1rement (nan-years]  {map-years}  [$ thousands} {$ thousands)

Without Centralized Health Physics'¢)

Health and Safety Supervisor 0.5 1.0 1.0 1.0 0.8 4.3 50.9 26.7

Industrial Safety Specialist 0.2 1.0 j.0 1.0 0.5 3.z 43.8 162.]

Radicactive Shipment Specialist 0 i.0 1.0 1.0 0.4 3.9 32.9 111.9

Health Physicist o G6.5 1.0 1.0 0.5 3.0 9.4 118.2

Senior Health Physics Technician a 1.0 2.2 2.2 1.4 6.8 2.9 223.7

Health Physics Technician Q_ 3.0 13.0 9.1 2.7 27.8 25,1 _697.8

Totals, Without Certralized Health Physics 0.7 7.5 15.2 15.3 6.3 49.0 1530.4
With Centralized Health Physics(d)
Site Level(e)

Health and Safety Supervisor 0.1 0.1 0.1 a.1 0.1 0.5 50.4 26.2

Industrial Safety Specialist 0.1 0.1 0.1 0.1 0.1 a.5 43.8 21.9

Clerk 0.3 ag.1 0.1 g1 0.1 0.5 20.3 i0.2
Group Level(f)

Health Physics Supervisor 0 0.3 0.3 0.3 0.2 1.1 a3.0(8} 48.2

Radioactive Shipment Specialist 0 0.3 0.3 0.3 0.2 1.1 32.9 6.2
Unit Level

Health Physicist (h} 0 0.5 1.0 1.0 0.5 3.0 33.4 118.2

Senjor Health Physics Techn;cian 0 0.4 2.0 2.0 1.3 6.2 32.9 204.0
__Health Physics Technicianlh) i o 2.7 11.7 8,2 2.5 25.1 25.1 630.0

Totals, With Centralized Health Physics 0.3 5.0 15.6 12.1 5.0 38.0 1093.9
Net Savings With Centralized Health Physics 0.4 2.5 3.6 3.2 1.3 11.0 436.5

{a) Based on Table M.1-) of Reference 3.

{b} Rounded to the nearest $100,

{c} Based on organization shown in Figure 8.3-la; manpower requirements taken from Table J.4-1 of Reference 3.

{d} Based on organization shown in Figure 8.3-Tb, with manpower requirements from Jable J.4-1 of Reference 3 modified appropriately;
vounded to next higher 0.1 man-year.

{e) Single unit assumed to bear 10% of total site cost.

(f} Single unit assumed to bear 30% of total group cost {10% of total site cost assuming 3 groups).

{g) Study estimate.

{h) Based gn an assumed 10% reduction of the manpower requirements without centralized health physics.



Lentraiized health physics services are estimated to result in total
net savings for BWR SAFSTOR of 27 man-years and about $1.05 million.

B.1.6 BWR ENTOMB

Based on information presented in Table K.2-2 of Reference 3, manpower
requirements and costs for health physics staff for BWR ENTOMB (reactor vessel
internals removed) are shown in Table B.1-5. Totals of almost 79 man-years and
about $2.41 million are required without centralized health physics as compared
to 62 man-years and about $7.75 million with centralization. Centralized health
physics services result in net savings of almost 17 man-years and about $650,000
for scenario 1.

B.2 SECURITY FORCES

Centralized security forces are anticipated to reduce the costs associated
with security functions at a reactor sited on a muitiple-reactor station during
both operation and decommissioning. Two factors are postulated to account for
this cost reduction:

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

e (Off-shift coverage at a reactor being decommissioned can be reduced or
eliminated after the spent fuel has been shipped (no special nuclear
material at reactor) if provision is made for routine spot-checks by
roying security patroimen, reducing the overall personnel requirement.

Centralization of the security forces is not anticipated to change the
occupational radiation dose for decommissioning a reactor.

The security force labor requirements and costs during decommissioning,
both with and without centraiized security forces, are presented here for the
decommissioning of both the PWR and the BWR by all the decommissioning alternatives
considered in this study. Net savings resulting from centralization of the
security forces are calculated from these resuits.

B.2.1 PWR DECON

Security force labor requirements and costs for DECON of the reference PWR
are presented in Table B.2-1, based on the schedule shown in Figure 9.1-2 of
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TABLE B.1-5. Health Physics Staff Labor Requirements and Costs for BWR ENTOMB

Tine Relat1ve to Final Reactor Shutdoun [year) Total Staff Cost pef Tatal Staf{
Fi tabor Required Man-Year{d) Labor Costsib)
Position Annual taFf Lapar_ ﬁ_—uirement (man;year } (man-years} {$ thousands) ($ thousands)
Without Centralized Health Eﬁisics(c)
Health and Safety Supervisor 1.0 1.0 1.0 1.0 1.0 I.Z(d) 6.2 50.4 312.5
Industrial Safety Specialist 0.3 1.0 1.0 1.0 1.0 0.9 5.2 43.8 227.8
Radioactive Shigment Specialist 0 1.0 1.0 1.0 1.0 a.7 4.7 3.9 154.6
Health Physicist g 0.5 1.0 1.0 1.0 0.8 4.3 39.4 169.4
Senior Health Physics Technician 0 1.0 2.4 2.3 2.0 2.0 9.7 2.9 319.1
Health Physics Jechnician o 3.0 13.9 136 12.0 6.2 48.7 25.1 1222.4
Totals, Without {entralized Health Physics 1.3 7.5 20.3 19.9 18.0 11.8 718.8 2405.8
With Centralized Health Physics'®!
Site Leve1(f)
Health and Safety Supervisor 0.1 0.1 0.1 0.1 0.1 0.2 0.7 0.4 35.3
Industrial Safety Specialist 0.1 0.1 0.1 0.1 0.1 0.1 a.6 43.8 26.3
Clerk 0.1 0.1 0.1 a.1 0.1 0.1 0.6 20.3 12.2
Group Level'9)
Health Physics Superviser 0 0.3 0.3 0.3 0.3 0.3 1.5 43.8{h) 65 .7
Radioactive Shipment Specialist 1] 0.3 0.3 0.3 0.3 0.3 1.5 32.9 49.4
Unit Level
Health Physicist (i) 0 0.5 1.0 1.0 1.0 0.8 8.3 39.4 169.4
Senior Health Physics Technician 0 0.9 2.2 2.1 1.8 1.8 g.8 32.9 289.5
Health Physics Technician(i o 2.7 12,6 123 10.8 5.6 44.0 25.1 1104.4
Totals, With Centralized Health Physics 0.3 5.0 16.7 16.3 14.5 9.2 62.0 1752.2
Het Savings With Centralized Health Physics 1.0 2.5 3.6 3.6 3.5 2.6 16.8 653.6
{a} Based on Table M.1-1 of Reference 3,
{b) Rounded to the nearest $100,
{c) Based on organization shown in Figure £.3-la; manpower requirements taken from Table K.2-2 of Reference 3.
{d}) Includes 4 additional months following active decommissioning to complete administrative reguirements; shown as part of year 4 even

though it extends inte year 5; from Tahle X.2-2 of Reference 3.

Based on organization shown in Fiqure 8.3-1b, with manpower requirements from Table K.Z2-2 of Reference 3 modified appropriately:; rounded
to next higher 0.1 man-year.

Single unit assumed to bear 10T of total site cost.

Single unit assumed to bear 30T of total group cost {10% of total site cost assuming 3 groups).

Study estimate.

8ased on an assumed 10% reducticn of the manpower requirements without centralized health physics.

i
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TABLE B.2-1. Security Force Labor Requirements and Costs for PWR DECON and ENTQOMB

Time Relative to Final Reactor Shutdown (year) Total Staflf Cast pey Total Staff
1 2 T3 Labor Required Man-Year{da) Labor Costsi?)
Postion _ _.._. _Pnnual Staff Labor Requirement {mam-ycars] _ _(man-years} ~ (§ thousands} ($ thousands}
without Centralized Security Forces(cl
Security Supervisor 1.0 1.0 1.6 3.0 32.9 98.7
Security Shift Supervisor 5.0 S‘G(d} 5.0 15.0 30.7 460.5
__Security Patrolmen . 39.0 21,707 13.0 3.7 21.3 1564 8
Totals, Without Centralized Security Forces 45.0 2.7 19.0 9.7 2129.0
With Centralized Security Forces(e)
Site Levellf)
Security Supervisor 0.1 a.i 0.1 n.3 32.9( ) 9.9
Assistant Security Supervisor 0.1 0.1 0.1 0.3 30.7'9 3.2
Group Level{h}
Security Shift Supervisor 1.5 1.5 1.5 4.5 30.7 138.2
Security Patrolmen 3.0 3.0 3.0 9.0 21.3 191.7
Unit Level )
Security Patrolmen(’) _ 39.0 17.0 6.0 62.0 2.3 1320.6
Totals, With Centralized Security Forces 43.7 2.7 10.7 7.1 1669.6
Net Savings With Centralized Security Forces 1.3 6.0 8.3 15.6 4554

{a) Based on Table M.1-1 of Reference 3,
{b) Rounded to the nearest $100,
{c) Based on organization shawn in Figure B.3-2a, on schedule shown in Figure 9.1-2 of Reference 1 {demotition delated), and on
staffing assumptions from Reference 3 (e.g., Table 1.2-3) for counsistency between PWR and BWR results.
} Assumes spent fuel shipment completed at end of month 16, rounded to next higher 0.1 man-year.
e) Based on crganization shown in Figure 8.3-2b; rounded to the next higher 0.1 man-year.
F) Single unit assumed to bear 10% of total site cost.
q)
)

Study estimate. )

Single unit assumed to bear 30% of total group cost {10% of total site cost assuming three groups); assumes one security shift supervisor
and two security patrolmen per shift at each group.

{1} Assumes three men/shift an two-shift, S-day-week coverage after completion of spent fuel shipment {end of month 15).



Reference 1, with demolition deleted. The requirements and costs with central-
ized security forces take intoc account both the reduced overhead structure per
reactor and the elimination of continuous off-shift coverage after offsite ship-
ment of spent fuel. A total of about 91-1/2 man-years, costing almost

$2.13 million, is required without centralization as compared to about 76 man-
years, costing almost $1.67 million, with centralization. Thus, centralized
security forces result in net savings of about 15-1/2 man-years and almost
$460,000.

B.2.2 PWR SAFSTOR

Security force labor requirements and costs for the first phase of PWR
SAFSTOR, preparations for safe storage, are presented in Table B.Z2-2, based on
the decommissioning schedule shown in Figure 9.2-5 of Reference 1. Without
centralized security, 50-1/2 man-years and about $1.15 million are estimated
to be required. With centralized security forces, these requirements are
reduced to about 46 man-years and just over $1.00 miliion, for net savings of
almost 4-1/2 man-years and $150,000.

Centralized security forces are anticipated to result in no significant
savings during the continuing care period of SAFSTOR and, therefore, no require-
ments and costs are calculated for this period.

Security force Tabor requirements and costs for deferred decontamination
(the final phase of SAFSTOR) of the reference PWR are given in Table B.2-3,
based on the decommissioning schedule for DECON shown in Figure 9.1-2 of
Reference 1. The results differ from the results for DECON because of the
reduced requirements for security patrolmen at the reactor {both with and with-
out centralization). These reduced reguirements reflect the offsite shipment
of spent reactor fuel prior to the start of deferred decontamination. Without
centralized security, 57 man-years costing almost $1.39 million are estimated
to be required. With centralized security forces, these totals are reduced
to about 32 man-years and about $730,000, resulting in net savings of almost
25 man-years and about $660,000 with centralization,

Total net savings resulting from centralized security forces during SAFSTOR
of the reference PWR are estimated to be 29 man-years and $810,000.
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TABLE B.2-2. Security Force Labor Reguirements and Costs for PWR Preparations for Safe Storage

Time Relative to Final Reactor Shutdown (year] Total Staff Cost per Total Staff
T z Labor Required Man-Year(a2) Labor Costs(b)
Position Annual Staff Labor Requirement {man-years) {man-years)  (§ thousands) {$ thousands}
Without Centralized Security Forces(c)
Security Supervisor 1.0 0.4 1.4 32.9 6.1
Security Shift Supervisor S'O(d) 1.7 6.7 3.7 205.7
Security Patrolmen 38.0 4.4 2.4 21.3 903.1
Totals, Without Centralized Security Farces 44 .0 6.5 50.5 1154,9
With Centralized Security Forces(?l
site Lever(f)
Security Supervisor 0.1 0.1 0.2 32.9( } 6.6
Assistant Security Supervisor 0.1 0.3 0.2 30.7'9 6.
Group Level(h)
Security Shift Supervisor 1.5 0.5 2.0 30.7 61.4
Security Patrolmen 3.0 1.4 4.0 21.3 85.2
Unit Leve) ]
Security Patralmen'l) L 37.7 2.0 39.7 21.3 845.6
Totals, With Centralized Security Forces 42.4 3.7 46.1 1004.9
Net Savings With Centralized Security Forces 1.6 2.8 4.4 150.0

} Based on Table M.1-1 of Reference 3.

} Rounded to the nearest $100.

) Based on organization shown in Figure 8.3-2a, on schedule shown in Figure 9,2-5 of Reference 1, and on staffing assumptions from
Reference 3 {e.g., Table I1.2-3] for consistency between FWR and BWR results; rounded to the next higher 0.1 man-year.

) Assumes spent fuel shipment completed after 11.5 months.

) Based on organization shown in Figure 8.3-Zb; rounded to the next higher 0.1 man-year.

) Single unit assumed to bear 10% of total site cost.

) Study estimate.

} Single unit assumed to bear 30% of tota) group cost (10% of total site cost assuming three groups); assumes one security shift supervisor
and two security patrolmen per shift at each group.

i) Assumes three men/shift on two-shift, 5-day-week coverage after completion of spent fuel shipment {11.5 months).
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TABLE B.2-3. Security Force Labor Requirements and Costs for PWR Deferred Decontamination

Time Relative ta Start of

. _Deferred Decontawination (year) Total Staflf Cost per Total Staf{
b 2 3 lLabor Reywired Man-Year{a) Labor Costsih)
Pastian ~ B CAnnual Skaff Vabor Requirement [man-years) {wan-years) (3 thousands} {($ thousands}
Without ﬁenﬁvﬁjjzpd_Sepurijy_[oyﬁgsfr’
Security Supervisor 1.0 1.0 1.0 1.0 3iz.9 9B.7
Security Shift Supervisor 5.0 5.0 5.1 5.0 30.7 ARD.G
Sccurity Patrolmen o o 13.0 13.0 1:.0 EER) 1.3 B30.7
fatals, Without Centralized Security Forces 19.0 19.0 149.0 57.0 1389.9
With Centralized ﬁpcurjty_Fprpcst]
Site Level(e]
Security Supervicor 0.1 0.1 0.1 0.3 RZ'Q{fJ 9.9
Assictant Security Supervisor nA 0. 0.1 0.3 3.7 9.2
Group Level(q}
Security Shift Supervisor 1.5 1.5 1.5 4.5 0.7 138.7
Security Patrolmen 3.0 3.0 3. 9.0 1.3 191.7
Unit tevel
<ecurity Patrolmen'™ 6.0 6.0 6.0 8.9 2.3 383.4
Intals, With Centralized hcowcity Forces 10.7 .7 10.7 32.1 Faza
Net Savings With Centralized Security forces 7.3 8.3 8.3 24.9 69715

] Baved on Table H.1-1 of Relerence 3.

(b} Rounded to the nearest $100,
} Bawed on orqanization shown in Figure $.3-Za, on schedule shown iu fFigere 9.1-2 of Reference 1 (demnlition and spent fuel shipment
deleted) and on staffing ansumptions from Keference 3 (e.q.. Table [.7-3) fur consistency Letween PWR and BWR vesults.

} Based on organization shown in igure R.3-7h.

JoSingle unit assued to bear 107 of tota) site cost.

} Study estimate.

} Single wnit assumed to bear 307 of Lota) group cost (10X of rotal site cost assuming three groups}: assumes one security shitt supervisar
and fwo security patrelmen per shift at each group.

VO As<umes three men/shift on two-shift, b-day-week coverage.



B.2.3 PWR ENTOMB

The schedule of events for entombment of the reference PWR is very similar
to that for DECON, as stated previously in Section B.1.3. Therefore, the
security staff requirements and costs for entombment are assumed to be the same
as those given previously in Table B.2-1. Centralized security during ENTOMB
is thus estimated to result in net savings of about 15-1/2 man-years and
$460,000.

B.2.4 BWR DECON

Manpower requirements and costs for security personnel during DECON of
the reference BWR are shown in Table B.2-4. Manpower requirements from
Table [.2-3 of Reference 3 are used for decommissioning without centralized
security; these values are modified appropriately for decommissioning with
centralized security to account for both the reduced overhead structure and
the elimination of continuous off-shift coverage after offsite shipment of
spent fuel. A total of 107-1/2 man-years, costing aimost $2.50 million, is
required without centrailized security as compared to almost 90 man-years, cost-
ing about $1.97 miliion, with centralization of the security forces. Net
savings with centralized security are thus about 17-1/2 man-years and over
$520,000.

B.2.5 BWR SAFSTOR

Security force labor requirements and costs for preparations for safe
storage, the first phase of SAFSTOR, are presented in Table B.2-5, based on
information from Table J.4-1 of Reference 3. Without centralized security
forces, 88-1/2 man-years and about $2.03 million are estimated to be required.
With centralized security, these totais are reduced to about 79 man-years and
almost $1.73 million, for net savings of almost 9-1/2 man-years and about
$300,000.

During the continuing care period of BWR SAFSTOR, centralized security
forces are anticipated to result in no significant savings and, therefore,
labor requirements and costs are not calculated for this period.

Security force labor requirements and costs for deferred decontamination
of the reference BWR are presented in Table B.2-6. The reguirements are based
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TABLE B.2-4.

Position

Without Centratized Security Forceslc)

Security Supervisor
Security Shift Supervisor
Security Patrolimen

Totals, Without Centralized Security Forces

With Centraiized Security Fnrces{d}

Site Lu\.rel(e:I

Security Supervisor
Assistant Security Supervisor

{9}

Security Shift Supervisor
Security Patrulinen

Group Level

Unit Level
Security Patrolmen

(h}

Totals, Hith Centralized Security Forces

Net Savings With Centratized Security Farces

{a) Based on Table M.1-1 of Reference 3.
{b} Rounded to the nearest $100.

{c) Based on organization shown in Figure §.3-2a; manpower requirements taken from Table [.2-3 of Reference 3.

Iin? Relalive to Final Reactor Shutdown {year)
Z 3 4

Total Staff
Labor Required

Security Force Labor Requirements and Costs for BWR DECON

Cost pe
HMan-Year

{a)

Total Staf
Labor Costs

{b)

_Annual”Staff Labor Requirements {man-years]~—  (man-years)  ($ thousands] ($ thousands)

1.0 1.0 1.0 0.5
5.0 5.0 5.0 25
39.0 8.0 13.0 6.5
45,0 3.0 19.0 9.5
0.1 0. 0.1 0.1
0.1 0.3 0.1 0.1
1.5 1.5 1.5 0.8
3.0 3.0 3.0 1.5
39.0 5.3 §.0 3.0
13.7 30.0 0.7 4.5
1.3 4.0 g.3 4.0

{d) Based on organization shown in Figure £.31-2b; rounded to the next higher 0.1 man-year.
{e) Single unit assumed Lo bear 10% of total site cost.

{f] Study estimate,

{g) Single unit assumed to bear 30% of total group cost {10% of total site cost assuming three groups); assumes one security shift supervisor

and two security patrcinen per shift at each group.
{h} Assumes three men/shift on two-shift, S5-day-week coverage after completion of spent fuel shipwent {end of month 19).
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13.3
HY.8

7.6

32.9
30.7
21.3

32.9

30.747)

30.7
21.3

2t.3

115.2
537.3
1842.5

2495.0
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TABLE B.2-5. Security Force Labor Requirements and Costs for BWR Preparations for Safe Storage

Time Relative to final Reactor Shutdown (year) Total Staff Lost per Total Staff
____ . R 3 tabor Requirced Man-Year(a) tapor Costs{d
B Pastion . _Aonual Staff Labor Requirement {wan-years) _  {man-years)  {$ thousands) {§ thousands)
Without Centralized Securily Forces(C}
Security Supervisor 1.0 1.0 0.5 2.5 32.% 82.3
Security Shift Supervisor 5.0 5.0 2.5 12.5 30.7 383.8
. Security Patvolwen 33.0 28.0 6.5 3.5 21.3 1565.6
Totals, Without Centralized Security forces 45.0 3.0 9.5 88.5 2031.7
With Centralized Security Fcrcestd{
Site Level(®)
Security Supervisaor 0.1 0.1 0.1 0.3 32'9{f} 4.9
Assistant Security Superyisor 0.1 a.1 0.1 0.3 0.7 9.2
Group Leve](G)
Security Shift Superviser 1.5 1.5 0.8 3.8 30.7 116.%
Security Patroluen j.0 3.0 1.5 7.5 21.3 159 .8
unit Level
Security Patro]nen{h} 39.0 25.3 3.0 67 21.3 1433.5
Totals, With Centralized Security farces 43.7 30.0 5.5 79.2 1729.1
Net Savings With Centralized Security Forces 1.3 4.0 4.0 9.3 302.6

{a} Based on Table M.1-1 of Reference 3,

{b) Rounded to the nearest $100.

{c) Based on organizatiun shown in Figure 8.3-7a; manpower requirements taken from Table J.4-1 of Keference 3.

{d) Based un organizatian shown in Figure 8.3-2b; rounded to the noxt higher 0.1 nan-year,

{e) Single site assumed to bear 10% of total site cast.

{f) Study estimate.

{g) Singie unit assumed to bear 30% of total group cost (10% of total site cost assuming three groups): assumes one security shift supervisor
and iwo security patrulmen per shift at each group.

{(n) Assumes three men/shift on two-shift, S-day-week coverage after completion of spent tucl shigwent {end of month 19).
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TABLE B.2-6. Security Force Labor Requirements and Costs for BWR Deferred Decontamination

Time Relative to Start of

_ . Deferred lecontamination{yeary Totat Staff Cosl per fotal SLaf[
1 s o3 Labor Required  Man-Yearld}  Labor fosts b)
C Position o Annual 3taff tabor ¥equirvement {(man-years) ™ (man-years)  (§ thousands) ($ thousands)
Without fentralizes épnuyj;y_FprcpgfL{
Security Supervisor 1.0 T 1.0 0.5 3.5 32.9 115.2
Security Shift Supervisor 5.0 5.0 5.0 2.5 17.5 30.7 537.3
Security Patrolmen 13.1 3.0 13.0 6.5 45.5 21.3 9.2
Totals, Without Cenlralized Security Forces 15.0 15.0 19 9.5 66.5 taegl.7
With Cenlralized Security Fprcegﬁd}
hite Levﬂl(e)
Secur ity Supervisor 0. .1 0.1 0.1 q.4 32'9ff) 13.2
Ansistant Security Supervisar S 0.1 nt ] .4 a7z 12.3
Girnup Levn1(q>
Securily Shift Superyisor 1.5 1.5 1.% 0.8 5.3 0.7 1627
Security FPabrolnen 3.0 1.0 1.0 1.5 1.0 21.3 7217
nit Level
Csecurity patroloen() 60 D 6.0 3.0 21.0 71.3 447.3
Totals, With Cenfralized Security Forces 10.7 M. 7 0.7 5.5 37.6 a59.¢
et Savings With Cenlrabized Lecurity Forces 8.3 B.3 4.3 4.0 8.4 762.5

{a) Based on lable M_1-1 of Reference 3,

{b) Rounded to the pearest $100.

{c} Based on arganizalion shown in Figuee 8.3-2a and aon manpownr requirements from Table [.7-3 of Referonce 33 wmodified for deletion of
spent furl shipment

{d} Based an arganization shown in Figire B.3-7b; rounded to the newt higher 0.1 wman-yoar.

(e} Single unit assumed to bear 10¢ of total site cost.

{(f) Study estimate.

fg} Single unit assumed Lo bear 300 of total group cost (10% of total site cost aszuming three groups )y assumes ore security shift supervisor

and twn security patielmen per shift at cach qroup.
{n) Assumes bLhree men/shift on two-shift, GH-day-weck coverage.



on information from Table I.2-3 of Reference 3 for DECON of the plant, modified
to reflect the offsite shipment of the spent reactor fuel prior to deferred
decontamination. Without centralized security, 66-1/2 man-years and about
$1.62 million are estimated to be required. With centralized security, these
totals are reduced to about 37-1/2 man-years and almost $860,000, resulting

in net savings of almost 29 man-years and approximately $760,000.

Total net savings with centralized security forces for BWR SAFSTOR are
estimated to be about 38 man-years and almost $1.07 million.

B.2.6 BWR ENTOMB

Based on information presented in Table K.2-2 of Reference 3, manpower
requirements and costs for security personnel for BWR ENTOMB are given in
Table B.2-7. Totals of about 114-1/2 man-years and approximately $2.67 million
are regquired without centralized security as compared to 94 man-years and almost
$2.07 million with centralization. Centralized security forces thus result in
net savings of over 20-1/2 man-years and $600,000.

B.3 SOLID WASTE PROCESSING

Centralized solid waste processing facilities at a multiple-reactor site
can provide significant savings in waste disposal costs, during both the oper-
ating and the decommissioning phases of reactor life, by reducing the voiume
cf wastes requiring shipment and disposal. Reductions in radiation exposures,
both to workers and to the public, can also resuit because of the reduced
handling and shipping requirements.

This analysis assumes a central waste incineration facility capable of
handiing 1) all dry combustible wastes generated by the 10 operating reactors
onsite as well as 2) the dry combustible wastes resulting from the onsite decom-
missioning activities (when they commence). The results for this case (with
incineration) are compared to those of the base case, given in References 1
through 3, in which these wastes are assumed to be compacted for shipment off-

site,

Compaction of dry combustible wastes is assumed to reduce the waste voiume
by an average of 5:1. This is the same factor used in estimating disposal
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TABLE B.2-7. Security Force Labor Requirements and Costs for BWR ENTOMB

T1me Relative to Final Reactor Shuidown jyeq;j Total Staff Cost pef Total Staff
2 Y Labor Required  Man-Year a)  labor Costs!b)
Position Annuai Staff Labor Requirements (man- ears[ {man-years} {$ thousands}) (§ thousands)
Without Centralized Security Forces{c}
Security Supervisor 1.0 1.0 1.0 6.9 3.9 32.9 128.3
Security Shift Supervisor 5.0 5.0 5.0 4.4 19.4 30.7 585.6
Security Patrolmen 39.0 28.0 13.0 11.4 91.4 21.3 1646.8
Totals, Without Centralized Security Forces 45.0 34.0 19.0 16.7 114.7 2670.,7
With Centralized Securi;g,Forces(d)
Site Levell®)
Security Supervisor 0.1 0 0.1 0.1 0.4 32.9[f) 13.2
Assistant Security Supervisor 0.1 0.1 01 a.1 0.4 30.7 12.3
Group Level(g)
Security Shift Supervisor 1.5 1.5 1.5 1.4 5.9 6.7 181.1
Security Patroimen 3.0 3.0 3.0 2.7 1.7 21.3 249.2
Unit Level
Security Patrolment") 39.0 25.3 5.0 5.3 75.6 21.3 1610.3
Totals, With Centralized Security Forces 30.0 10.7 8.6 94.0 2066.1
Net Savings With Centralized Security Forces 1.3 4.0 8.3 1.3 20.7 6504 .6

(a) Based on Table M.1-1 of Reference 3.

{b} Rounded to the nearest §100.

{c) Based on organization shown in Figure 8.3-2a; manpower requirements from Table X.2-2 of Reference 3.

{d} Based cn organization shown in Figure B.3-2b; rounded to the next higher 0.1 man-year.

(e} Single unit assumed to bear 10% of total site cost.

(f) Study estimate.

{g} Single unit assumed to bear 30 of total group cost {10% of total site assuming three groups); assumes
one security shift supervisor and two security patrolmen per shift at each group.

(h) Assumes three men/shift on two-shift, 5-day-week coverage after completion of spent fuel shipment
{end of month 19).



requirements in the reference decommissioning studies (see, for example, page G-33
of Reference 1 and page 1-41 of Reference 3) and agrees with that reported in
another analysis of incineration versus compaction (see page 10-1 of Reference 4).
Incineration is assumed to reduce the volume an additional factor of 5:1, for

(4)

factor for incineration depends on the type of waste invoived and on the incin-

an overall volume reduction of 25:1 for incineration. The volume reduction
erator used. The factor used here falls in the center of the range reported in
the literature, from an overall volume reduction (from uncompacted wastes) of

about 10:1(5’6) to a reduction of about 35 or 40:1.(7’8)

The effects of incineration of the dry combustible wastes on both costs
and radiation doses are presented here for the various combinations of reactor
types and decommissicning alternatives considered in this study.

B.3.1 Cost Effects

A large LWR averages about 142 m3 of compacted trash annually, with an
85 to 100% combustible content (see page 10-2 of Reference 4). Thus, for a
site with 10 operating reactors, the average annual production of compacted
combustible trash is about 1420 m3. To maximize the cost savings of onsite
incineration, the central incinerator must be sized to process all of this
waste. Assuming two-shift/day, 5-day/week operation of the facility (48%
availability), the nominal rated {instantaneous) capacity of the facility is

about 2980 m3 per year of compacted waste.

From page 10-3 of Reference 4, an incinerator servicing a twin-reactor
site involves a capital cost of about $2 million. Again, assuming an annual
production of 142 m3 of compacted combustible waste per reactor, this incinera-
tor is sized to process 284 m3/year of waste, under normal operating conditions.
Assuming the need for incineration at a twin-reactor site to be somewhat variable
and discontinuous, it is postulated that the incinerator operates 5 to 6 shifts/
week {(one shift/day for a 5-day week or two consecutive shifts 3 days a week).
This results in the unit being operated 24 to 29% of the time, giving the unit
a nominal rated (instantaneous) capacity of between 980 and 1180 m3 per year.

Based on the above information, the incinerator for the twin-reactor site
must be scaled up by a factor of between 2.5 and 3.0 to be properly sized for
the 10-reactor site. For the subsequent calculations, the latter number is used
to ensure the conservatism of the cost estimate.
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Equipment size and capital cost correlate fairly well by the logarithmic

(9)

relationship known as the "six-tenths factor," shown by:
c, =0 (B.1)
where:
Ch = the capital cost of the new plant
C = the capital cost of the previous plant
r = the ratio of new to previous capacity.

Thus, for the incinerator at the 10-reactor site:

0.

c. = (3.00°-% . $2,000,000. (B.2)

h

This yields a capital cost of about $3.9 million for the postulated incinerator,
or $390,000 per reactor at the site.

Assuming annual operating and maintenance costs to be 5% of the original
capital cost, maintenance and operation of the incinerator are estimated to
cost $195,000/year, or $19,500/year per reactor. With 142 m3 of compacted
waste processed for each reactor, this yields a unit cost for operation and
maintenance of m$13?/m3 of compacted waste (or $685/m3 of incinerated product,
assuming the 5:1 volume-reduction factor given previousliy).

Assuming 40 years of operation for each reactor (see page 7-16 of Refer-

3 of compacted combustible waste

erence 1), each reactor generates about 5680 m
during its operating lifetime. During decommissioning, up to 284 m3 of com-
pacted combustible waste are generated at a PWR (page G-33 of Reference 1) and
up to 678 m3 at a BWR {page I-41 of Reference 3)}. Thus, on average, decommis-
sioning accounts for less than 10% of the combustible wastes generated at a
reactor and, consequently, less than 10% of the waste processed through the
incinerator. Therefore, because the incinerator mainly benefits the cperations
phase of each reactor, it is assumed here that all capital costs are borne by

reactaor operations.
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B.3.1.1 Cost Savings During Reactor Operations

As stated previously, ~142 m3 of compacted combustible wastes are generated
annuatly at a large LWR. This volume of waste fills about 675 steel drums,
0.21—m3—capacity.

From the previous discussion, the capital cost of the incinerator for the
10-reactor site is $3.9 miltion, or $390,000 per reactor. Operatiaon and main-
tenance costs are $19,500/year per reactor. Decommissioning costs for the
incinerator are $39,D00 per reactor. Assuming a 40-year operating life for a
reactor, the combined annual costs for capital, for operation and maintenance,
and for decommissioning are $30,225 for each reactor.

Table B.3-1 summarizes the annual costs for disposal of dry combustible
wastes, either with compaction or with incineration, during the operating life-
time of an LWR at a 10-reactor site. Annual net savings with incineration are
also shown. As evidenced by the table, the postulated incinerator results in
annual savings of about $35,000 for each reactor, or $351,000 for the entire
10-reactor site. The total net savings associated with incineration during the
40-year operating lifetimes of the 10 reactors is estimated to be ~$14 million.
Thus, it can be seen that the incinerator facility represents significant cost
savings during operations.

B.3.1.2 Cost Savings During Reactor Decommissioning

As stated previously in Section B.3.1, the capital costs of the incinerator
are assumed to he borne solely by the reactor operations. Therefore, the costs
of using the facility to process decommissioning wastes are only the additional
incremental costs of operating and maintaining the facility during incineration
of these wastes. This additional cost, also derived in Section B.3.1, is $]37fm3
of compacted combustible waste fed into the facility. (It is assumed that, in
order to handle the decommissioning waste, a third shift is added to the facility
operating scheduie as needed.)

Costs for disposal of incinerated combustible wastes from decommissioning,
based on the previous assumptions, are presented in Table B.3-2 for the various
combinations of reactor types and decommissioning alternatives considered in
this study. Also presented are the net savings associated with incineration as
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TABLE B.3-1. Annual Costs for Disposal of Dry Combustible Wastes for an Operating LWR

Humber of Total Fechlity
Number of Estimated Ho. Cask Shipmen(ts] Operation and Tetal
Disppsable  Container Requiri Rental Shieldedid)/ Transportgtjon Handlin Burial Burtal Maintenanc Disposa
__ _Waste Form _ Containers Costs{}) 2} Shielding?gl Costs!i)(c) Unshieided Costs!ﬂ?E] CDstS“i{” VD'Iun!jmsltg] COStS!!l(h) Costs{ﬂ?’g Losts]}}li)
Compacted Combustible 6?5“‘) 13 500 210 1% DGO 15/3 34 550 6 000 142 13 810 0 82 870
HWastes
Incinerated Combusti-  135¢™ 2 700 a2 3 000 31 7 680 1 200 29 2 %20 30 226 a7 725
ble Wastes
Annual Net Savings 540 10 800 V68 12 DGO 12/2 26 880 4 800 "3 10 890 {29 250)(") 35 145

With Incineration

{a} Assumes $20/container, based on Table 1.2-1 of Reference 1 and Table M.2-1 of Reference 3.

(b) Assumed to be the same percentage of matertal as during decommissioning {31%), as calculated from Table 1.3-5 of Reference 3.

{c] Based on $500/cask/shipment, maximum seven containers/cask, from Table 1.3-1 of Reference 1 and Table M.3-1 of Reference 3.

}d) Assumes two casks per shipment,

e} Assumes 31,920 per shipment, based on Table #M.4-4 of Reference 3 for overweight shipments.

{f; Assumes $200 pgr cask, based on Table I1.5-1 of Reference 1 and Table M.5-1 of Reference 3. 3

{q) Assumes 0.21 m? per container including the disposable container; rounded to the mext whole m™.

(h} Based on Table M.5-1 of Reference 3; surface dose rates assumed to be <0.20 R/hr for unshielded drums, 0.2) to 1.00 Rthr for shlelded drums of
compacted wastes, and 1.01 te 2.00 R/hr for shielded drums of incinerated wastes; rounded to the next higher $10.

{1} Based on annual changes of $9 750/reactor to offset capital costs and $19,500/reactor for routine operation and maintenance costs for the

incinerator facility; comgactiun facility assumed to be {ncluded 1n costs of mormal reactor operation.

{x) Calculated based on 142 n? of compacted combustible wastes as reported on page 10-2 of Reference 4.

(m) Based on a 5:1 reduction of the estimated volume of compacted combustible wastaes,

{n) Parentheses indicate » negative net saving_. or & net costs.






TABLE B.3-2. Costs for Disposal of Incinerated Combustible Wastes from Decommissioning

) Number of Facility
Number of Estimated No. Cask Shipmenfs Operation and Total Disposal Costs{S}(k} Net Cost
Disposabl? Contain?r Requiring Rental Shielded(e}; Transport?tion Handlin? Buria13 (h) Buria1{.} Haintena c? With Without Savings With
Decommissioning Alternative _ Containerstal Costs($){b) Shielding(c) Costs($)(fl_ _Unshielded Costs(5)(f) Costs{$}(9)  volume{m”} "’ gosts($)''/ _Costs{$)'d/ Incineration Incineration Incineration($}(k)
PWR
DECON/ENTOHB(m) 270 5 400 a4 6 000 6/2 15 360 2 400 57 5 840 38 B40 73 840 207 430 133 590
SAFSTOR:
Preparations for Safe Storage(n) 54 1 080 27 2 000 2/ 5 760 800 12 1 240 7 770 18 650 59 250 40 600
Deferred Decontamination After 30 Years|o) 220 4 400 0 0 0/2 3 840 0 a7 4 330 31 650 43 220 148 100}P] 103 880
Deferred Decontamination After 50 Years (0} 143 2 860 0 0 0/1 1 920 0 N 2 810 20 570 28 160 96 300 P) 58 140
Deferred Decontamination After 100 Years .96 1920 Y Q 0/1 1920 _. 0 21 1 890 i3 810 19 540 64 6OD(D} 45 060
Total, w/30-Year Deferred Decontamination 274 5 480 27 2 000 2/3 9 600 800 59 5 570 39 420 62 870 207 350 144 480
Total, w/h0-Year Deferred Decontamination 197 3 940 27 2 000 2/2 7 680 800 43 4 050 28 340 46 810 155 550 108 740
Total, w/100-Year Deferred Decontamination 150 3 000 27 2 000 2/2 7 6BO L1014, 33 3130 21 580 38 190 123 850 85 660
BuR
DECON/ENTOHB(Q) 645 12 900 200 14 500 15/3 34 560 5 BOO 136 T3 940 g2 78O 174 480 395 650 221 170
SAFSTOR:
Preparations for Safe Storage'”) 228 4 560 n 5 500 6/1 13 440 2 200 48 4 930 32 800 63 430 182 670 79 240
Deferred Decontamination After 30 Years ) 417 8 340 0 0 0/3 5 760 0 88 § 200 59 990 B2 290 255 0oof] 172 710
Deferred Decontamination After 50 Years (s) 334 6 680 a ] 0/z 3 840 ¥ 71 6 570 48 050 65 140 204 UOO(t) 138 860
Deferred Decontamination After 100 Years 229 _4 580 0 ___ D /2 _3 840 0 49 _4 500 32 940 _4% 860 140 OOO(F}_ 94 140
Total, w/30-Year Deferred Decontamination 645 12 900 71 5 500 6/4 19 200 2 200 136 13 130 92 790 145 720 397 670 251 950
Total, w/50-Year Deferred Decontamination 562 11 240 71 5 500 6/3 17 280 2 200 1149 il 500 80 850 128 570 346 670 218 100
Total, w/100-Year Deferred Decontamination 457 9 140 7 5 500 0/3 17 280 2 200 37 9 430 65 740 109 290 282 670 173 380

{a) Based on a 5:1 reduction of estimated volumes of compacted combustible dry wastes from References 1 and 3, rounded to the next higher whole
container,

} Assumes $20/container, based on Table 1.2-1 of Reference ! and Table M.2-1 of Reference 3.

} For DECON, EMTOMB, and preparations for safe storage the same percentage of incinerated material is assumed fo reguire shielding as was assumed for
compacted combustible wastes in References 1 and 3; no shielding assumed to be required for deferred decontamination.

} Based on $500/cask/shipment, maximum seven containers/cask, from Table 1.3-1 of Reference 1 and Table M.3-1 of Reference 3.

) Assumes two casks per Shipment.

} Assumes 31920 per shipment, based on Table M.4-4 of Reference 3 for overweight shipment.

} Assumes %200 per cask, based on Table I1.5-1 of Reference 1 andg Table M.5-1 of Reference 3.

)} Assumes 0.21 m3 per container including the disposable container; rounded to the next whole m™,

J Based on Table M.5-1 of Reference 3; surface dose rates assumed to be 1.01 to 2.00 R/hr for shielded drums, <0.20 R/hr for all others; rounded to the
next higher $10.

{i) Based on $137/m3 of compacted waste fed into the facility, rounded to the nearest $10.

{k} The number of figures shown is for computational completeness and does not imply accuracy to that many significant figures.

(m} Based on information from Table G.4-6 and page G-33 of Reference 1; requirements for ENTOME assumed the same as for DECON based on cost presentedin
Tabie 4.5-1 of Reference 2.

} Based on information from Table H.3-2 and pages H-14 through H-16 of Reference 1.

} Calculated from burial volumes presented in Table H.5-1 of Reference 1.

) Calculated by multiplying the disposal cost for DECON by the ratio of the waste volumes for deferred decontamination and DECON.

) Based on information from Table 1.3-5 of Reference 3; requirements for ENTOME assumed the same as for DECON based on discussion of radigcactive wastes
presented on page K-27 of Reference 3.

) Based on information from Table J.5-3 of Reference 3.

s) Calculated from burial volumes presented in Table J.7-1 of Reference 3,

} From Table J.7-2 of Reference 3.

TABLE B.3-2. <Costs for Disposal
of Incinerated
Combustible Wastes
from Decommissioning
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compared to disposal of the compacted combustible wastes. The savings are small
compared to the total costs of waste management for decommissioning but represent
a significant fraction of the disposal costs for compacted combustible wastes
without incineration.

B.3.7 Radiation Dose Effects

Reduction of the volume of waste handied could lead to potential radiation

dose reductions for:

1. plant workers who prepare and package the waste for shipment
2. transportation workers involved in the shipment of the waste
3. members of the public along the waste transport route.

Dose reductions are calculated here only for waste disposal activities during
decommissioning, and not for activities during the operating lifetime of the
plant, even though such dose reductions would occur during both operations and
decommissioning.

B.3.2.1 MWaste Packaging Workers

After the combustible wastes are compacted at the individual reactor site,
they are transported to the incinerator and burned. The resuiting ash is then
packaged in burial drums for transportation to and disposal at a low-level waste
burial ground. The actual volume of waste packaged and shipped offsite 1is
reduced by a factor of 5 from the compacted volume, thus reducing both the time
required for packaging and the associated occupational radiation dose. However,
the extra step of transporting the compacted waste to the incinerator and pro-
cessing it there involves some radiation dose to the workers involved. For this
analysis, this extra dose is assumed to offset the dose reduction resulting
from reduced packaging time. Therefore, no significant net dose reduction is
anticipated for the waste packaging workers,

B.3.2.2 MWaste Transportation Workers

The radiation dose estimates presented for transpcrt workers in the PR
and the BWR decommissioning studies are based on the maximum allowable dose
rates for each shipment in exclusive-use trucks. {See pages 11-27 and 11-28 of
Reference 1 and pages N-74 and N-75 of Reference 3.} The dose factors from the
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BWR study are used here for consistency. The estimated radiation doses to trans-
port workers from routine waste transportation activities, as shown in Table 11.4-2
of Reference 1, are:

Radiation Dose
Per Shipment
Transport Workers (man-rem)

Truck Drivers 7.0 x 10_2
Garagemen 3.3 x 1073
Total 7.3 x 1072

Thus, the total transport worker dose is 7.3 x 10'2 man-rem/shipment, based on
one-way trips of 800-km each. Based on this unit dose per shipment value and
on the reduction in the total number of shipments required, the radiation dose
reductions for transport workers resulting from incineration of the combustible
wastes are presented in Table B.3-3.

B.3.2.3 Members of the Public

The radiation dose estimates for members of the public along the waste
transport routes are again based on the maximum allowable dose rates for each
shipment, as they were for transport workers (see Section B.3.3.2). Again,
the dose factors from the PWR study are used here for consistency. The esti-
mated radiation doses to members of the public from routine waste transportation
activities, as given in Table 11.4-2 of Reference 1, are:

Radiation Dose

Members of Per Shipment
the Public (man-rem)
onlookers 5.0 x 1075
General Public 1.0 x 1072
Total 1.5 x 10_2

Thus, the total public dose is 1.5 x 10'2 man-rem per shipment, Based on this
unit dose per shipment and on the number of shipments saved by incineration,

the radiation dose reductions for members of the public are given in Table B.3-3.
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TABLE B.3-3. Radiation Dose Reductions Resulting from Incineration of Dry Combustible
Wastes from Decommissioning

Mumber of Shipments Radiation Dose Reductions {man-rem)
Required for Required for (a) Saved by To Trans?gst To Members uf (d)
Decommissioning Alternative Compacted Wastes Incinerated Wastes Incineration Workers The Public{C!) Total
PUR
DECON/ENTOMS gole} 8 52 3.8 0.78 4.6
SAFSTOR:
Preparations for Safe Storage 19(fj 3 16 1.2 0.24 1.4
Deferred Decontamination After 30 Years 7E9g 2 5 0.4 0.08 0.5
Deferred Decontamination After 50 Years 5(9) 1 4 0.3 0.06 0.4
Deferred Decontamination After 100 Years 3's al 2 0.1 0.03 0.2
Total, w/30-Year Deferred Decontamination 26 5 21 1.6 0.32 1.9
Total, w/S0-Year Oeferred Decontamination 24 4 20 1.5 0.30 1.8
Total, w/100-Year Oeferred Decontaminatian 22 4 18 1.3 0.27 1.6
BWR
DECON/ENTOMS ag{h) 18 68 5.0 1.02 6.0
SAFSTOR:

Preparations for Safe Storage 32(1) 7 25 1.8 0.38 2.2
Deferred Decentaminaticon After 30 Years 13%4; 3 10 0.7 Q.15 0.9
Deferred Decontamination After 50 Years lo(j) 2 8 0.6 0.12 0.7
Oeferred Decontamination After 100 Years 7 2 5 0.4 0.08 0.5
Total, w/30-Year Deferred Decontamination a5 10 35 2.5 0.53 3.0
Tatal, w/50-Year Deferred Decontamination 42 9 3 2.4 0.50 2.9
Total, w/100-Year Deferred Decontamipation 3% g 30 2.2 0.46 2.7

From Table B.3-2, -2
Based on a reduction of 7.3 x 10_,; man-rem per shipmenti saved, rounded to the nearest 0.1 man-rem.
Based on a reduction of 1.5 x 10" man-rem per shipment saved, rounded to the nmearest 0.01 man-rem.
Rounded on the nearest ¢.1 man-rem.
From Table G.4-6 of Reference 1.
From Table H.3-2 of Reference 1.
Calculated from waste volumes presented in Table H.5-1 of Reference 1, assuming no shielding of container required.
From Table 1.3-5 of Reference 3.
From Table J.5-3 of Reference 3.
Calcutated from waste volumes presented in Tabie J.7-1 of Reference 3, assuming no shielding of containers required.
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B.3.3 Summary

The net cost savings and radiation dose reductions during the decommission-
ing of an LWR at a multiple-reactor site, resulting from incineration of dry
combustible wastes, are presented in Table B.3-4.

Cost savings resulting from the incineration facility are in the range of
65 to 70% of the disposal costs of the compacted combustible wastes for the PKR
and 55 to 70% for the BWR. However, the dollar value savings are higher for
the BWR than for the PWR because of the Targer volume of waste requiring dis-
posal at the BWR.

The radiation dose reductions are directly proportional te the number of
waste shipments saved by incineration and, therefore, represent about 80% reduc-
tions in the doses to transport workers and to the pubiic from shipment of these
wastes. However, these dose reductions are relatively small when compared to
the overall radiation doses resulting from decommissioning. Dose reductions are
larger for the BWR than for the PWR because more waste requires disposal from
the BWR and, conseguently, more waste shipments can be eliminated by incineration.

B.4 EQUIPMENT DECONTAMINATION SERVICES

Equipment decontamination services {(and associated facilities) can be more
fully utilized at a multi-reactor station than at a single- or twin-unit station,
thereby increasing the economy of these services and the economic incentive to
provide improved services and facilities at a multi-reactor station. Several
types of eguipment decontamination services are considered here for inclusion
in the centralized services available at a multi-reactor station:

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

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

e central electropolishing and chemical decontamination facilities for
improved decontamination of pipe sections and components.
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TABLE B.3-4. Summary of Net Cost Savings and Radiation Dose Reductions for Incineration of Dry
Combustible Wastes from LWR Decommissioning

Total Disposal %O?ts Net Cost (b)
____{$ rhousands}'®) Savings With  Radialion Dose Reductions (man-rem) "~
Compacted Com- Incinerated Incineration To Transport To Members
. __ _Decommissioning Alternative __  _ bustible Wastes _ Wastes _ (§ thousands){2) _ wWorkers ~_  of the Public  Total
PWR
DECONSENTOMB 207.4 73.8 133.6 i.R 0.78 4.6
SAFSTOR:
Preparations for Safe Storage 59.3 18.7 40.6 1.2 0.24 1.4
Deferred Decontamination After 30 Years 1481 44.2 103.9 0.4 0.08 0.5
Deferred Decontamination After 50 Years 96.3 28.2 68.1 0.3 0.06 .4
Neferred Decontamination After 100 Years _64.6 19,5 2451 0.1 0.03 0.2
Totals, w/30-Year Deferred Decontamination 207.4 62.9 144.5 1.6 0.32 1.9
Totals, w/50-Year Deferved Decontamination 155.6 46.8 i08.7 1.5 0.30 1.8
Totals, w/100-Year Deferred Decontamination 123.9 3.2 85,7 1.3 0.27 1.6
BR
[ECON/ENTOMB 395.7 174.5 221.2 5.0 1.02 6.0
SATSTOR:
Preparations for Safe Storage 142.7 63.4 79.2 1.8 0.38 2.2
Defterred Decontamination After 30 Years 256.0 82.3 172.7 g.7 0.15% a.9
Deferred Decortamination After 50 Years 204.0 65.1 138.9 0.6 0.12 0.7
Deferred Oecontamination After 100 Years 140.0 _45.9 840 0.4 0.08 0.5
Totals, w/30-Year Deferred Qecontamination 397.7 145.7 252.0 2.5 0.53 3.0
Tolals, w/50-Year Deferred Decontamination 346.7 128.6 218.1 2.4 0.50 2.9
Totals, w/100-Year Deferred Decontamination Z82.7 169.3 173.4 2.2 0.46 2.7

(a) From Table B.3-2: rounded to the nearest $100.
{b) From Table B.3-3.



These services would provide significant benefits during both operation and
decommissioning of a reactor. The resulting benefits during decommissioning
are analyzed here.

B.4.1 Decontamination of Special Tools and Equipment

The special tools and equipment required to decommission an LWR represent
a sizable cost investment. In the reference studies,(1_3) these items are not
assumed to be salvaged after decommissioning and, thus, the full cost of these
items is assumed to be borne by a single decommissioning. However, most of these
items could be reused if proper decontamination and maintenance were performed
on them, reducing the net cost of decommissioning a reactor.

For the following analysis, i1t is assumed that the special decommissioning
tools and equipment are decontaminated, maintained, and reused where possible.
An estimated useful Tifetime (in terms of the number of decommissioning projects)
is assigred to each item, and the capital costs for the item are assumed to be
shared equaily by that number of projects. Decontamination and maintenance costs
are assumed to be 10% per year of the total capital cost of the item. However,
each item is assumed to be used for only half of the total decommissioning period
and, thus, the effective cost of decontamination and maintenance is assumed to
be 5% per year over the total length of the decommissioning schedule. Items with
a useful lifetime of only one decommissioning project are not assumed to require
any substantial decontamination or maintenance. The total costs with reuse (the
costs for capital and for decontamination and maintenance) are compared to those
costs without reuse to calculate the net savings resulting from decontamination,

maintenance, and reuse of the special tools and equipment.
B.4.1.1 PWR DECON

The costs for special tools and equipment for PWR DECON at a 10-reactor
station, both with and without decontamination and reuse, are presented in
Table B.4-1, together with net cost savings per decommissioning project with
reuse, A total of over $820,000 is reguired without reuse while only about
$495,000 is required with reuse. Net savings from decontamination and reuse
of the tools and equipment are about $326,000, about 40% of the total capital
cost of the items.
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TABLE B.4-1. Costs for Special Tocls and Equipment for PWR DECON and ENTOMB

Estimated Useful Lost/Decommissioning High Reuse Net Cost Saviqgsf
Eutimateq Estimated 1ifetime 45 thouysands)if)  _  Decommissioring
Number la} Total Casts [a) {Number of i Ds!r.on‘_.aminatiun,d\J wWith Reusg,ch
- _Iter — . ... Reguirea’®’ [§ thousands; "’ Decommisstorings]’’’ Capital and Maintentance'™" Total (5 thousandsj'™
Underwater Manipulator ! 300.0 e 3050 .- 300.0 -
Underwater $lasma Cuttiog Torch 4 4.0 Bl G4 £ 14.0 260
Lnderwater Uryacetylene Torch £ 1.0 2 [ Lk £.5 3.6
Portable Piasmg Cutting Torch 4 LV o 1€.G 1 28.0 52.0
Arc Saw 1 1000 5 EAV] 1%.0 350 65,3
Guilloting Pipe Saw ] 6.0 5 7. 3 12.6 23.9
Closed-Circuit, High-Resolution Television System 2 A 1 -- -~ .- --
Hp. 0 7.5 17.5 32.5
Snielded Yehicle With Maripulators, fTxchangealile Tools, 1 50.0 5
Sconploader, etc. L 2.8 3 2.2
Underwater Lights and Viewing Windows a5 required ] 5
3.4 N q.4 £ f
Submersible Pump With Disposable Filter Cartridges b 7.h 2 £h.l -- 25.0 --
Assorted Underwater Tools as required 25.10) 1 0.0 3.0 3.0 7o
Hydrauwlic Cencrete-Surface Spalling Levice 4 20,40 2
1.4 0.3 1.3 [
Cancrete Drill, Electric/Preumdtic Hammer 4 7.0 7 &0 -- --
Portable Filtered Ventilation Enclosure q £.0 1 0.0 -- 101 --
Supplied-Air Bubble Suit 200 0.0
12.5 3.8 [} 5.7
Safety Nets g 250 Y Z.5 LB 1.3 1.7
Blasting Mats 10 5.0 2oy = - o NG00
tlectropelisking Decontamination Unit I mo.g PR 3380 577 2957 1761
Totals 821.5

] Based on irformation presented wn Table 10.1-7 of Reference 1.

; Assumes adeguate maintenance ang aecontarimation,

} Rounded to the nearest $100.

) Based on an assumed effective rate of 50 of total capital cost per year over the 3-year deconmissionirg schedule,
} Modificaticn of existing plant eguizment, not reusable at other reactors.

] Existing plant equipment

} Assumed to be included in centralized decantamination services, see Section B.4. 3.



B.4.1.2 PWR SAFSTOR

The costs for special tools and equipment for the first phase of SAFSTOR
(preparations for safe storage) at a PWR are presented in Table B.4-2. Shown
are costs both with and without decontaminaticn and reuse, and net savings with
reuse are also included. About $27,000 is required without reuse as compared
to only about $13,000 with reuse, resulting in net savings per decommissioning
cycle {with reuse) of about $14,000, or almost 52% of the total capital cost
of the items.

No significant expenditures for tools and equipment are required during
the continuing care period and, therefore, no significant cost savings are anti-
cipated and no calculations are performed here.

The cost for special tools and equipment for deferred decontamination is
$60,000 less than that for DECON ($75,000 less with 25% contingency included,
see Table H,5-2 of Reference 1); thus, the total cost is $761,500. However, no
details are given concerning the specific items involved. Assuming the special
tocls and equipment required for deferred decontamination are essentially the
same as those required for DECON, the same percentage savings should apply to
both cases. Using the 40% savings derived in Section B.4.1.7, the total cost
per decommissioning project is estimated tc be about $457,000 and the resulting
net savings are nearly $305,000,

Overall costs for special tools and equipment during PWR SAFSTOR are thus
nearly $790,000 without reuse as compared to about $470,000 with reuse, resulting
in net savings of almost $320,000 with decontamination, maintenance, and reuse
of these items.

B.4.1.3 PWR ENTOMB

Table 4.5-1 of Reference 2 shows the costs for special tools and equipment
during PWR entombment to be the same as those during DECON. Thus, the results
for ENTOMB are assumed to be the same as those presented previousiy in
Table B.4-1, based on the assumption that the actual items invelved in the two

cases are essentially the same.
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TABLE B.4-2. Costs for Special Tools and Equipment for PWR Preparations for Safe Storage

Estimated
Nunber
Mmoo kequired'®)
Portable Oxyacetylene Cutting Torch 2
Guillotine Pipe 5aw 2
Closed-Circuit, High-Resolution Television System 2
Sutmersible Punp With Disposable Filter Cartridges 2
Hydraulic Concrete-Surface Spailing Device 1
Concrete Orill, Electric/Preunatic Hamuer
Portable Filtered Ventilation Enclasure 1
Supplied-Air Bubble Suit 50
Safety Nets 1
Totals
{2} Based on information presented in Table 10.7-6 of Reference 1.
{b) Assumes adequaie maintenance and decontamination.
(c] Rounded to the nearest $100.
{e} Existing plant equipment.
{f} Revised upward tu reficct short time of use for this decowmissioning allernstive.

Estinated
fotal Costs
{$ thousands)
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B.4.1.4 BWR DECON

For BWR DECON at a 10-reactor station, the costs for special tools and
equipment, both with and without decontamination and reuse, are presented in
Table B.4-3. Also inciuded in the table are the net cost savings resulting
from decontamination and reuse of these items. The total cost of the items
is 2$2.02 million without reuse as compared to ~$850,000 with reuse. Thus,
reuse results in net savings of nearly $1.17 million per decommissioning pro-
ject, or about 58% of the total capital cost.

B.4.1.5 BWR SAFSTOR

At a BWR, the costs for special tools and equipment for preparations for
safe storage, the initial phase of SAFSTOR, are presented in Table B.4-4. Costs
both with and without decontamination and reuse are included, as are net savings
resulting from reuse. About $350,000 is required without reuse as compared to
about $150,000 with reuse. Net savings per decommissioning project with reuse
are almost $200,000, or about 56% of the total capital cost.

As discussed previously for PWR SAFSTOR, no significant expenditures for
tools and equipment are required for continuing care and, thus, no estimates of
savings are calculated here.

The costs for special tools and equipment for deferred decontamination,
from Table J.7-2 of Reference 3, are $1.728 million. Again, as for deferred
decontamination of the PWR, no specifics are provided on the items involved.
Assuming the items required are essentially the same as those for DECON, the
same percentage savings (58%, see Section B.4.1.4) should apply. Thus, the
costs for special equipment and materials with reuse are about $730,000 and the
net savings are about $1.00 million.

Qverall costs for special tools and equipment during BWR SAFSTOR are
thus almost $2.08 million without reuse as compared to less than $880,000 with
reuse, resulting in net savings of nearly $1.20 million with decontamination,

maintenance, and reuse of these items.
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TABLE B.4-3. Costs for Special Tools and Equipment for BWR DECON and ENTOMB

[stimated Useful Cost/Decommiss1oning Tifh Reuse Net Cost Savings/
Fstimated Estimated Lifetime o ____|$% thousands)i&) Decommissioning
Number( ) Total Ccsts(a) {Nunber of {b) Decuntamination(d) with Reu:e(c)

L Ttem . Required’®’ {§ thousands)'®’ Decommissionings}'’’ Capita]l and Maintentance’®’ Total ({$ thousands)'“
Underwater Manipulator 1 1000 5 200.0 175.0 375.0 £25.0
Underwater Plasma-Arc Torch 7 40 5 B.0 .o 15.0 25.0
Underwater Oxyacetylene Torch Z 10 2 5.0 1.8 6.8 3.2
Arc Saw 1 100 5 20.0 17.5 37.5 62.5
Portable Plasma-Arc Torch 2 10 5 8.0 7 15.0 25.0
Portable Oxyacetylene Torch 16 12 2 5.0 1.8 6.8 3.2
Remote-Controlled Dxyacetylene Torch 4 20 4 10.0 3.5 13.% 6.5
Guillotine Pipe Saw i 40 5 a0 7.0 15.1 26.10
Power-Operated Reciprocating Hacksaw 10 s b 1.0 0.3 1.9 3.7
Closed-Circuit, High-Resolution Television z 15 pled 15.0 - 15.0 -
Underwater Lights and Periscopes as required 5 S 1.0 0.9 1.9 3.1
Underwater Tools as required 25 1 25.0 . 25.0 --
Submersible Pump With Disposable Filter 5 Bl 4 2.5 0.9 3.4 1.6
High-Pressure Water Jet 2 40 2 20.0 1.0 27.0 13.0
Pipe Jumper 4 3 T(f} 3.0 -- 3.0 --
Mobile Chemical Decontamination Unit [ 100 5 70.0 17.5 37.5 6Z.5
Mobile Chemical Miking and Heating Unit ) 0 5 2.0 1.8 3.8 6.2
Scaffolding 200 mn 5 2.8 1.8 3.8 6.2
Safety MNets as required 25 2 12.5 4.4 16.9 a1
Power-Operated, Mobile, Scissors-Type Mantift B 147 5 38.1 316 2.0 120.0
Pawer-Operated, Mobile, Artirulated~frm Mantift 3 27 5 5.4 4.7 161 16.9
9100-kq Mohile Hydraulic Crane 3 60 5 12.0 0.5 22.5 7.5
9100-kg Forklift [ B 5 6.0 140 0.0 50.0
Rigging Materials {e.q., Chokers, Grappies, Winches) as required 2% ? 12.5% 4.4 16.9 8.1
Concrete Dril} With HEPA-Filtered Dust Collecting System 4 8 2 4.0 1.4 5.4 2.6
Concrete Surface Spaller 1 20 2 10.0 3.5 13.5 6.5
ront-End Loader (Highly Maneuverable, [ight-Duty) 3 3G q 6.0 5.3 11.3 8.7
Yacyum Cleaner {[HEPA-Filtered} 3 15 5 3.0 2.6 5.6 9.4
Portable Wentilation Enclosure 10 +5 1 .0 -- 15.0 --
Supplied-Air Flastic Suit 250 15 1 15.0 - 15.0 .-
Filtered-Exhaust Fan Unit ) 16 5 3.2 2.B 6.0 10.0
Pulyurethane Foam Generator 2 __ 1o 5 _ 2.0 _1.8 _ 38 __ 6.2

Totals 201¢ 510.5 340.4 850.9 1165.1

{a) Based on information pre<ented in Table 1.3-9 of Reference 3.

(b} Assumes agequate maintenance and decontamination.

{¢c) Rounded to the nearest $100.

{d) Based on an assumed effective rate of 5% of total capital cost per year over fhe 3-{/2-year decommissioning schedule.
(e} Modification af existing plant equipment, not reusable at other reactors.

(f) Designed specifically for individual plant, not reusable.
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TABLE B.4-4. Costs for Special Tools and Equipment for BWR Preparations for Safe Storage

Estimated Uselyul Cost/Mecommissioning Wilh Reuse Het Cost Savings/
Estimated Estimated LiFetime . (% theusends)itl  DPecommissioning
Number{1} Total Costs[a} {Mumirar of ) Decnntuminutinn( } with Reuse( 3
L Mtew . Required*” ' {$ thousands) "’ Decommissionings) Capital and Maintentance'™’ Tatal ($ thousands)'©’
Portable Oxyacetylene Torch ¢ 1.0 4 0.5 0. i 0.6 0.4
Guillotine Pipe Saw Z 8.0 5 1.6 i.0 2.6 5.4
Power-Operated Reciprocating Hacksaw 2 1.0 5 0.2 0.1 7.3 0.7
Closed-Circuit, High-Resolution Television i 7.5 1(9} 7.5 .- 7.5 -
Sutmersible Pump with Disposable Filter 5 5.0 2 Z2.5 0.6 3.1 1.9
High-Pressure Water Jet 2 an.o F4 20,0 h.0 25.1 15.0
| ow-Pressure Water Jet 1 15.0 L 7.5 1.9 9.4 5.6
Pipe Jumper 1 3.0 1Hfy 3.0 -- 3.9 -
Hobile Chemical Decoutamination Unit 5 inn.o 200 12.5 3rn 67.5
MchiTe Chemical Mixing and Heating Unit 4 0.0 3 2.0 1.3 3.3 6.7
Seaffolding 50 2.5 5 0.5 n.3 0.8 1.7
Safety NHets as required 10.0 2 5.1 1.1 6.3 3.7
Power-Qperated, Mobile, Scissars-Type Hanlift 2 6.0 5 2.8 8.0 0.8 43,2
Power-Nperated, Hobile, Articulated-Arm Manlift | 9.0 5 1.8 1.1 2.9 6.1
91N0-ky-Capacity Forklift i 131.3 5 2.7 1.7 4.4 2.9
Rigging Materials {e.g., Chockers, Grapples, Winches) as required 5.0 2 2.5 0.6 1.1 1.9
Concrete Drill with HEPA-Filtered Dust {ollecting 1 7.0 Z 1.0 1.3 1.3 0.7
System
Concrete Surface Spaller 1 5.0 7 2.5 n.6é 3.1 1.9
Front-end Loader {Highly Maneuverahle, |ight-Duty} 1 won ) 2.0 V.3 3.3
¥Yacuum Cleaner {HEPA-Filtered) 1 150 5 3.0 1.9 1.9 0.1
Portable ¥enmtilation Encloszure 3 4.5 1 4.5 -- 4.5 --
Supplied-Air Plastic Suit 100 6.1) t 6.0 -- 6.0 .
Folyvrethane Fopam Generator 2 100 L 2.0 1.3 3.3 6.7
Paint Sprayer 4 1.0 5 0.8 0.5 1.3 2.7
. & LR, Lot
Totals 1508 111 .9 By 153.3 197.%

{a) Based on information presented in Table J.5-6 af Reference 3.

{b} Assumes adeqguate maintenance and decontamination.

{c) Rounded to the nearesi $100.

gd} Based an an assumed effective rate of 5% of total capital cost per year over the 2-1/¢-year decommissioning schedule.

o) Modification of existing plant eguipment, not reusable at nther reactors.
(r}) Designed specifically for individual plant, not reusahie,



B.4.1.6 BWR ENTCMB

For BWR entombment with the reactor vessel internals removed, the special
tools and equipment required are assumed to be the same as for DECON, as stated
on p. K-29 of Reference 3. Thus, the results for ENTOMB are the same as those
presented previously in Table B.4-3.

B.4.2 Mohile Chemical Decontamination Equipment

{3)

to be used for in-situ decontamination of piping and components during decommis-

Mcbile chemical decontamination equipment is postulated in the BWR study

sioning by any of the three alternatives. However, such equipment is not

(1)

missioning are estimated here 1) to provide a common basis between PWR and BWR

discussed in the PWR study. The costs of using such equipment for PWR decom-
decontamination activities and 2} because such equipment is judged to provide
additional benefits in terms of ease of decontamination, better control of the
process, and more consistent conditions and, consequently, more consistent results.

For the BWR study, five mobile chemical decontamination units, estimated to
cost $20,000 each, are assumed to be used. In addition, four mobile chemical
mixing and heating units, costing $2,500, are postulated to be required. (See
Tables 1.3-9 and J.5-6 of Reference 3.) It is assumed here that the same number
of units would be used for PWR decontamination work.

Assuming proper maintenance and decontamination of the units, the costs
of the units would not have to be borne by a single reactor. In Tables B.4-3
and B.4-4 presented previously, it 1s assumed that such units will last for the
decommissioning of five reactors. Applying the same assumptions to PWR decom-
missioning, the estimated costs of these units are presented in Table B.4-5.
The total costs with reuse are $38,500 for DECON or ENTOMB and $29,300 for pre-
parations for safe storage. 1t should be noted that, although these are
additional costs not included in the PWR study, the incremental cost is relatively
small and reuse of the units results in large (65 to 75%) savings over one-time
use at a single reactor.

B.4.3 Central Electropolishing and Chemical Decontamination Facility

A central electropolishing and chemical decontamination facility could be

used to reclaim giping, valves, and other plant components for reuse or salvage,
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TABLE B.4-5. Costs for Mobile Chemical Decontamiration Equipment
for PWR Decommissioning

Estimated Estimated Usefnl Cost/Decommissioning with Reuse Savings/
Decommissioning Total Capital (a) Lifetime (Ho, of e Li_gggyggpggi(c ___ Decommissioning
_Mternative  Cost, (§ thousands)'®’ Decomnissionings}(b) Capital Maintenance{d) Total _(§ thousands) ~
DECON/ENTOMB 110.4 5 2.9 16.5 38.5 .5
sarsrop(®! 10.0 5 22.0 7.3 23.1 80.7

(a) From Table 1.3-9 and Table 4.5-6 of Reference 3.
{b} Assumes adequate maintenance.
(c) Rounded to the nearest $100,

{d) Based on assumed average rate of 5% of capital cost per year; assumes a 3-year decommissioning schadyle for
DECON or ENTOMB and a 16-month schedule for preparations for safe storage,
{e) Chemical decontamination equipment used only during preparations for safe storage.

reducing both the net cost of decommissioning and the volume of waste requiring
disposal. Electropolishing couid also be used during construction to polish
component surfaces before installation to reduce the subsequent rate of contami-

nation buildup, thus reducing occupational radiation doses and costs for both
operations and decommissioning.(]o)

An electropolishing facility sized to provide adequate capacity to handie
construction, operation, and deconmissioning of a single-unit reactor station
is described in Section 11 of Reference 4. The information in the reference is
used as a basis for the analysis presented in this study; major differences are:

e The facility size is increased somewhat in this analysis to allow for
occasional increased demands for the facility services from the 10 reactors
onsite,

e Chemical decontamination facilities are included here to provide more
complete capability.

e Portable electropolishing equipment is also postulated to be included
here for in-situ decontamination of plant components.

B-40



The costs and potential savings associated with a central electropolishing

and chemical decontamination facility are estimated here.

B.4.3.1 Facility Costs

For this study, it is assumed that the central electropolishing and chemicatl
decontamination facility is housed in a building measuring about 27 m by 37 m
in plan, with ~1000 m2 of space. Using an assumed cost of $1080/m2 as given on
page 11-3 of Reference 4, the structure'’s capital cost is $1.08 million. A
permanently installed electrapolishing unit {polishing and rinsing tanks,
electrical supply equipment, and controls) capable of handling components up to
about 6 m long and 2 m in diameter is estimated to cost an additional $500,000.
Chemical decontamination facilities and a portable electropolishing unit for
in-situ work are assumed to add $250,000 and $50,000, respectively, to bring
the total capital cost of the facility to $1.88 million.

[t is anticipated that all of the electropolishing required during the
decommissioning of a single reactor could be performed in 1 year of actual
facility operation. Using an assumed rate of 10% of total capital cost per
year, maintenance and operation of the faciiity are estimated to cost $188,000

per decommissioning cycle.

The total facility cost per decommissioning cycle is the capital cost attri-
butable to decommissioning plus the operation and maintenance cost. For this
analysis, it is assumed that the facility is used both during reactor construc-
tion and operation as well as during decommissioning. Thus, it is assumed
that decommissioning bears 25% of the capital cost. The capital cost per decom-
missioning cycle at a 10-reactor site is therefore $47,000 and the total facility
cost per decommissioning is $235,000.

B.4.3.2 Potential Cost Savings

Significant cost savings would result from cleaning contaminated (but
nonactivated) stainless steel components to unrestricted release levels, thus
permitting either salvage as scrap or refurbishment and eventual reuse of com-

ponents.
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The savings resulting from electropolishiag and salvage of stainless steel
are two-fold. The material does not require disposal as radioactive waste,
eliminating the costs for packaging, shipping, and burial. 1In addition, the
metal can be sold as scrap for further savings. On page 10-3 of Reference 1,
the eliminated cost of disposal and the salvage value are estimated at ~74¢/kg
and v60¢/kg F.0.B. at the site, respectively, yielding total savings of $1.34/kg
of stainless steel electropolished to unrestricted release jevels.

For the PWR decommissioning, it is estimated that there is over 0.9} mil-
licn kg of potentially salvageable stainless steel removed from the facility
(see p.10-3 of Reference 1}. Assuming that 20% of this material is of complex
geometry and would be extremely difficult to survey for release, a total of 80%
of the material (~0.73 million kg) is anticipated to be salvaged. At $1.34/kg,
this yields a savings of ~$975,000. Subtracting the costs for retirement of
capital and for facility operation and maintenance ($235,000, from Section B.4.3.1),
the net savings for PWR decommissioning are $740,000.

A BWR contains much Tess stainless steel than a PWR and, consequently, the
potential for salvage is considerably lower. Table B.4-6 shows the contaminated
stainless steel equipment outside the primary containment vessel of the reference
BWR. The total mass of this equipment is about 115,000 kg. In addition, the
pool liners are potentially salvageable. Only the spent fuel storage pool and
the dryer and separator pool are included in this analysis; not considered are
the reactor well pool cavity liner, because of its relatively small area and
higher contamination leveis, and the spent fuel storage racks, because their
compasite structure would make salvage very difficull. The spent fuel storage
pool has two cavities, the main cavity and the saipping cask storage area. The
dimensions of these two cavities {from Figure C.3-5 of Reference 3 and
Figure 3.8-34 of Reference 11) are:

e main cavity - 12.2 m by 10.4 m by 11.8 m deep
¢ shipping cask storage area - 3.0 m by 3.0 m by 4.5 m deep.

Based on these dimensions, the liner floor area and the Tined wall area of the

¢ and 587.4 m°, respectively, for a total

1liner surface area in the pool of 714.3 m2. The dryer and separator pool has

dimensions {from Figure 3.8-35 of Reference 11) of 12.6 mby 12.2 m by 7.6 m

spent fuel storage pool are 126.9 m

deep. Thus, the lined floor and wall areas of the dryer and separator pool are
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TABLE B.4-6. Mass of Contaminated Stainless Steel Equipment Outside
Primary Containment Vessel of the Reference BWR
(a) Mass, Fach Total Mass
EKN Equipment Item/Quantity {kg} {ka) Reference
-- Piping, Reactor Building -- 25 368 {b)
-- Pining, Turbine Geperator Building -- 7 895 {b)
-- Piping, Radwaste and Control Building -- 16 667 {b)
308 Chemical Waste Tank/2 5 030 10 060 (¢}
308 Distillate Tank/2 5 030 10 060 (c}
N Concentrator Feed Pump/2 254 508 (c)
332 Chemical Waste Pump/Z 47% 958 (c)
3332 Distillate Tank Pump/2 231 462 {c)
334 Detergent Drain Pump/2 175 350 (c)
386 Decontamination Solution Concentrator/2 3 409 6 818 (c)
435 Decen. Solution Conc, Bottoms Recycie 844 1 688 (c)
Pump/ 2
302 Condensate Phase Separator Tank/2 3182 6 364 (d)
304 Condensate Backwash Receiver Tank/1 6 920 £ 920 {d)
320 Condensate STudge Discharge Mixing Pump/1 420 420 (d)
321 Condensate Decant, Pump/1 420 420 {d)
322 Condensate Backwash Transfer Pump/1 420 420 (d)
305 Snent Resin Tank/1 658 558 (d}
327 Spent Resin Pump/1 102 102 {d}
306 kaste Sludge Phase Separator Tank/] 5 497 5 497 (d)
328 Waste Decant Pump/1 joz 102 (d)
330 Waste Sludge Discharge Mixing Pump/i 288 283 {d)
I Decon. Solution Conc. Waste Tank/2 712 1 424 (d)
335 becon. Solution Conc. Waste Pump/] 254 254 (d}
408 Concentrator Waste Measuring Tank/? 386 386 (d)
379 Hopper Mixer/2 ¢ 727 5 454 {d)
AR0 Waste Processing Pump/1 136 136 (d)
4039 Lentrifuge/2 454 308 (d)
307 Cleanup Phase Separator Tank/2 2 041 4 082 (d)
329 Cleanup Decant Pump/1 102 102 {d)
337 Cleanup Sludge Discharge Mixing Pump/1 284 284 (d)
Totatl 115 0B85
{a) EKN = Equipment Key Number.
(b) Table C.3-11 of Reference 3.
{c) Table C.5-1 and Table {.3-6 of Reference 3.
{d) Table £.5-3 and Table C.3-6 of Reference 3.



153.7 m2 and 377.0 m2, respectively, for a total liner area in this pool of

530.7 mz. For the two pools, the lined area is 1245.0 m2 and, at a thickness

of 0.0064 m (see p. C-62 of Reference 3), the total solid volume of the liners

is 7.97 m°. At a density of ~8030 kg/m> (0.29 1b/in>, from p. 23-39 of Refer-
ence 12), the total mass of stainless steel in the two pool Tiners is about
64,000 kg. Thus, the total salvageable stainless steel in the BWR is estimated
to be about 179,000 kg. Assuming as before, for the PWR, that 80% of the material

is recovered at a savings of $7.34/kg, savings are estimated at ~$192,000.

The large quantities of carbon steel in equipment, piping, and valves in
the BWR have a low salvage value, ~5.5¢/kg; however, the elimination of disposal
costs of ~74¢/kg makes it cost effective to decontaminate this material, giving
a savings of 79.5¢/kg. In Table C.3-11 of Reference 3, the mass of contaminated
carbon steel piping and valves is given as 435,000 kg, Assuming that 80% of the
carbon steel is salvaged at a savings of 79.5¢/kg., the savings are estimated to
be ~$280,000.

Total savings from salvaging the stainless and carbon steel are $472,000,
which results in a net savings of $237,000 per BWR decommissioning.

The estimated costs and potential cost savings resulting from use of the
central electropolishing facility during decommissioning are summarized in
Table B.4-7. It should be noted that the estimates presented do not include
savings that would result from recovery and refurbishment of components for
gventual reuse. However, such recovery and refurbishment is desirable where
appropriate and is likely to result in incremental cost savings. The recovery
of even a small percentage of the stainless steel valves in the plant being
decommissioned would yield considerable additional savings, even assuming that
refurbishment of these valves would cost an average of 50% of their replacement

costs. (Valve reconditioning typically costs less than 50% of new-valve cost.)(]3)
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TABLE B.4-7. Estimated Costs and Potential Cost Savings‘Associateq wjth.Use
of a Central Electropelishing Facility During Decommissioning

Facility CostsiDecomTissioning Net Recovery Net Cost
{$ thousands}!a) o Value of Savings/
(b) Operation and Stainiess Steel Decommissionin
Type of Reactor Capital'®) Maintenance(c) Totel (% thousands){2:9) _(§ thousands){?)
PHR a7 188 235 g75¢e) 740
BWR 47 188 235 472 %) 237

{a} Rounded to the nearest $1000.

(b} Based on a facility cost of $1,880,000, 25% of which is assumed to be charged to
decommizsioning, with 10 reactors at the site.

{c} Assumed to be 10% of lotal capital cost/year; electropolishing associated with
deconmissioning estimated to be completed in 1 ycar.

(d) Based on $0.60/kg salvage value for stainless steel and $0.74/kg disposal cost, for
a net recovery value of $1.34/kg {see p. 10-3 of Reference 1). Carbon steel has a
saivage value of $0.055/kg to give a net recovery value of $0.795/kg.

(e} Based con 80% recovery of 910,000 kg potentially recoverable stainless steel,

(f} Based on B0% recovery of 179,000 kg potentially recoverahle stainless steel and

435,000 kg of potentialiy recoverable carbon steel.
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APPENDIX C

OCCUPATIONAL DOSES FROM INTERIM ONSITE NUCLEAR WASTE STORAGE

The purpose of this appendix is to estimate the occupational doses associ-
ated with the placement of decommissioning wastes in and the retrieval of decom-
missioning wastes from an onsite interim waste storage facility. It is assumed
that such a facility will be designed to: minimize occupational doses, provide
safe and secure storage for up to 100 years, and permit safe retrieval of radio-
active materials for relocation offsite. Doses are estimated for the highly
radioactive neutron-activated reactor components and the combined contaminated
and radwaste materials removed from both a reference PWR and a reference BHWR.
This analysis is not intended to result in an "exact" solution; however, the
resulting doses are intended to be an estimate (based on key assumptions} that
will be useful in the comparative analysis. Much of the occupational dose analy-

sis discussed here is based on the results of previous studies in this series.(]'3)

C.1 NEUTRON-ACTIVATED REACTOR COMPONENTS

A 1ist of the number of waste containers required for neutron-activated
reacter components from the PWR and the BWR is given in Table C.1-1, This
table shows the number of waste containers required for DECON, SAFSTOR, and
ENTOMB, as well as the average radioactivity per container.

Occupational doses from waste burial are estimated using the work descrip-
tions and dose rates discussed in Reference 3. Table C.1-2 contains the esti-
mated occupational doses and data per canister of waste for burial of 1-year-
old neutron-activated {s1it trench) waste. The dose rates in this table are
based on 5000 Ci per waste container, and are reduced by an order of magnitude
as an assumed facility design shielding factor. This is not an unreasonabie
assumption since a simple calculation indicates that less than 0.4 m of concrete
will reduce the dose rate of 1.0-MeV gamma rays by an order of magnitude.

For the BWR, values from Table C.1-1 indicate that each canister contains
about four times more radioactivity than the 5000 Ci assumed in Table C.1-2.
Using the dose versus contamination level relationship shown in Figure E.2-4 of
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TABLE C.1-1. Waste Containers Required for Neutron-Activated Reactor Components

Number of Containers Required Average
SAFSTOR Radioactivity
Deferred Decontamination per Container

Reactor DECON 30 Yr 50 Yr 100 Yr ENTOMB (Ci/Container)

Containers to Interim Storage

BWR 3N 3T 31 275 2.1 x 10%

PWR 365 365 365 365 88 1.3 x 10°
Containers to Offsite Disposal

BWR 311 3 311 317 275 2.1 x 10

PR 65 365 365 365 88 1.3 x 10°

Reference 2, increasing radioactivity content by a factor of 4 increases the
surface dose rate by a factor of about 2.6. This lower increase in the dose
than the increase in radioactivity content is due to self-shielding of the mate-
rial involved. For the PWR, a similar analysis indicates that the dose rate
will increase by a factor of about 1.7. If these dose rate correction factors
are appiied to the dose per canister value from Table C.1-2 and if the result-
ing corrected dose rate is multiplied by the number of containers of waste
handled for each decommissioning option, the total occupational doses are esti-
mated. The time dependence of the burial doses for neutron-activated components
is shown in Figure C.1-1 for the PWR and in Figure C.1-2 for the BWR. The
shapes of these curves are based on the dose rate curves shown for the PWR in
Figure 7.4-1 of Reference 1 {p. 7-39) and for the BWR in Figure E.1-6 of Ref-
erence 2 (p. E-23).

Occupational doses from neutron-activated component waste retrieval
operations are estimated in a manner similar to that used for waste burial.
Table C.1-3 gives the estimated occupational doses per container of waste for
the relocation of 30-year-old neutron-activated (slit trench) waste. The dose
rates and data shown are directly from Reference 3 (Tabie I1.2-1, p. I-32) with-
out the inclusion of a facility design shielding factor. If the same self-
shielding dose correction factor developed for PWR and BWR waste burial is
used along with the canister requirements, occupational waste retrieval doses
can be calculated. The time dependence of the neutron-activated component
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TABLE C.1-2.

Occupational Dos
T-Year-01d Waste

Exposure Time
per Container

b

Operation Personnel/Number Personnel Location {hr
Waste Unloading and Foreman {1} 4 m {Skyshine) 1
Disposal Laborers {2) G.3 m from Cask 0.2%
1 m from Cask 0.25
4.m [Skyshine} 1
Equipment. (perator (2) 10 m from Container 0.25
plus 0.4 m Concrete
4 m {Skyshine) ]
Health Physics Tech. (1) 4 m {Skyshine} 1
5 m from Container 0.08
plus 0.4 m Concrete
Caver and Over- Equipment Operator (1} 2 m above Trench la(b)
burden Placement plus B8C mm Steel
Health Physics Tech. (1} 1 m over Trench 4.5(

Total for all 8
Operations

3

b

-

0 4w =g =

a
.0
0
2

L =

?g)and Bata per Container for S1it Trench Waste Disposal -

Dose Rate fiose at Total Dose
at Location Location per Total Dose per per Category
_ {rem/hr) Worker {rem) Worker (rem} {man-rem)_
0 x 1070 3.0x107°  4.0x107°  2.0x107
107, 5.0 x 1075
107¢ 2.5 % 107; S 0
10 3.0 x 10 5.2 x 10 1.0 x 10
1072 2.0 x 107
0 x 107° 3.0x107°  2.0x107% 4.0 x107
0 x 1073 4.0 x 1077 Py =
3 10 2.7 » 10 2.7 x 10 2.7 » 10
197818 _{ce) . .
o] ]U'b(b) - - - )
1.7 x 1071 09)

{a) Based on Table 1.2-1 from Reference 3, with dose rates corrected to 1 year of radicactive decay, for burial of 1 container of waste.

Note:

40 cm of concrete is assumed to reduce the dose rate by at least a factor of 10,
{b} Cover and overburden placement is assumed to take 3 days.
are not on a per container basis.

{c) These doses are for the total operation and are less than 1 x 10'4; thus they are not cocnsidered further.
{d} The average dose to one of eight workers is about 21 millirem per container.

The hours and dose rates {in rem/hr} shown are for the entire operation, and
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FIGURE C.1-2.
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(a)

TABLE C.1-3. Occupational Doses and Data per Container for S1it Trench Waste Relocation after 30 Years

Exposure Time Dose Rate Dose at Total Dose
per Container at location Location per Total Dose per per Category
__ Operation _ _ Personpel/Number _ Personnel Logcation  _  (hr) - (remfhr)  Worker {rem} HWorker {rem)_  [man-rem) _
Qverburden and Equipment Gperator (1) 2 m above Trench plus 18{b} 2.0 x ]D'ﬁ(b) _.te) -- --
Cover Removal BO mm Steel (b) -5(b)
Health Physics Tech, (1) 1 m over Trench 4.5 2.0 x 10 -- --
Waste Exhumation Foreman {1} 4 m (Skyshine) 1 2.0 x 1077 2.1 x 1072 2.1 x 1070 2.1 x 1072
and Loading Equipment Operator {2) 10 m from Canister 0.25 1.8 x 10:5 4.5 x 10:; 3 3
4 m (Skyshine) 1 2.1 % 107° 2.1 % 10 4.5 % 10 9.0 x 1
Laborers (2) 0.3 m from Cask 0,25 2.0 x 107} 1.0 x 1072
1 'm from Cask 0.25 2.0 % 10_¢ 5.0 % 10_¢ .3 3
4 m {Skyshine) 1 .1 = 10 2.1 210 1.0 x 10 2.0 x 10
Health Physics Tech. {1} 4 m (Skyshine) 1 2.1 x 10:3 2.1 x m:g 3 3
5 mfrom Canister 0.083 7.1 x 10 5.9 x 10 6.0 x 10 6.0 x_10
Total for all B 1.7 x 10_2_(8j

Dperation

{(a} Based on Table 1.2-1, Reference 3, with dose rates corrected to 30 years of radicactive decay, for relocation of 1 container of waste.

(b) Overburden and cover removal is assumed to take 3 days. The hours and dose rates {in rem/hr) shown here are for the entire operation, and
are not on a per container basis. a

{c) These doses are for the total operation and are less than 1 x 107 ; thus they are not considered further.

(d} The average dose to one of eight workers s about 2 millirem per container.



waste retrieval doses is shown in Figure C.1-3 for the PWR and in Figure C.1-4
for the BWR. Again, the shapes of these curves are based on the dose rate
curves shown for the PWR in Figure 7.4-1 of Reference 1 and for the BWR in
Figure E.1-6 of Reference 2.

C.2 CONTAMINATED AND RADWASTE MATERIALS

A 1ist of the number of waste containers required for contaminated and
radwaste materials from the PWR and BWR for each decommissioning alternative
is given in Table C.2-1. Deferred decontamination is assumed to occur at
either 30, 50, or 1D0 years after reactor shutdown, and the wastes are assumed
to be held in onsite interim storage for 30, 50, or 100 years. The data show
the amount of waste that is estimated to be shipped offsite for each alterna-
tive and interim storage period. Ail of the occupational doses estimated in
this section are based on the number of containers required for the DECON and
ENTOMB alternatives. Al1l dose rates are based on an average amount of radio-
activity per container, corrected for radiocactive decay and shielding consid-
erations. No attempt is made to estimate the dose rates from the containers
required for all of the SAFSTOR options. Rather, it is assumed that the same
quantity of material is involved at an average concentration and that the dose
may be obtained from the DECON or ENTCMB time-dependent curves. This assump-
tion simplifies the efforts, and should not result in answers that grossly mis-
represent the occupational dose. The doses obtained in this manner are not

"exact" solutions, but they are useful in this comparative analysis.

Occupational doses from waste burial are estimated using the work descrip-
tions and dose rates discussed in Reference 3. It is difficult to determine
the occupational dose per container; thus the doses are calculated based on the
time it takes to bury all the waste associated wizh the BWR. Doses for the PWR
are found by direct ratio of the waste volumes invoived for the two types of

reactors.

Table C.2-2 contains the estimated occupational doses and data for burial
of 1-year-old BWR wastes. The BWR waste will fill about 1.5 reference trenches

(defined in Reference 3); thus the exposure times shown have been increased by
a factor of 1.5. The dose rates from Table 1.2-3 of Reference 3 have been
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TABLE C.2-1. MWaste Container Requirements for Contaminated and Radwaste Materials

Mumber of Containers Required

. SARSTOR
Oeferred Decontamination
Reactor/Age ~ DECON 30 ¥r_ 50 ¥r 100 ¥r  ENTOMB

Lontainers to Interim Storage
3975108 1.2 5108
374 x10% 5.0 %108 2.0x 10

BHR 7.8 x10° 7.4 x 10
PR 5.7 x 10° 5.7 x 10

3
4.8 x 107
3

. __ _ Containers to Offsite [Msposal _

BWR

0 Yr 6.4 x 10§ 2.5 x Tog 1.4 x 10§ 0 x 103 3.7 x 10°

50 Yr 1.5% 103 1.4x 105 1.2 x10) 9.2 x 105 1.5 x 103

100 Yo 1.0 x 10° 1.0 x 10° 9.2 x 10° 7.8 x 10° 9.7 x 10
PWR

30 ¥r 5.5 x 102 7.4 x 103 5.1 x rog 18 x 105 1.8 x 103

S0 ¥r 4.2 x 105 5.0 x 105 5.1 x 105 2.0 x 105 4.0 x log

100 ¥r 1.9 x 10° 3.8 x 16° 3.0 x 10 2.5 x 16° 1.6 x 10

reduced by a factor of 10 as an assumed facility design shielding factor, the
same factor used for the neutron-activated reactor component waste disposal
analysis. The average waste container radicactivity concentrations for both
the PWR and BWR are found to be between 2 and 3 Ci/m3 for l-year-old waste.
These concentrations are assumed to be equal to the 2.9 Ci/m3 concentration
used for 30-year-old waste in Reference 3. The rasulting occupational doses
for contaminated and radwaste material burial are shown in Table C.2-2, and
the time dependence is shown in Figure C.2-1. The time dependence of the
burial occupational doses for the PWR is found by ratio and is shown in
Figure C.2-2. The shapes of these curves are based on the total dose curve

in Figure E.2-1 of Reference 2.

Occupational doses for waste retrieval are found in a manner similar to
that used for waste burial. Table C.2-3 contains occupational doses and data
for retrieval of 30-year-old BWR waste. The dose rates and data shown are from
Table 1.2-3 of Reference 3, corrected for radioactive decay without a facility
design shielding factor. Again, the exposure times are increased by a factor
of 1.5 since BWR waste will fil1 1.5 reference trenches. The time dependence
of the occupational doses for retrieving BWR waste is shown by the curves in
Figure C.2-3. Similar doses for retrieving PWR wastes are found by ratio of
the waste volumes, and are shown in Figure C.2-4. The shapes of these curves
are based on the total dose curve in Figure E.2-1 of Reference 2.
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____Operation

Waste Unfoading and Foremen (2)

TABLE C.2-2. Occupational Doses and Data

Personnel /Humber

1 m above Ground Surface
Hsposal 10 m from Waste Face

Equipment Operators (&) I m above Ground Surface
3Im from Waste Face
5 m from Waste Face
10 m from Waste Face

above Ground Surface
from Waste Face
from Waste Face
from Waste Face
from Waste Face
10 m from Waste Face

Laborers (8}

L Ry — —
ER=REEEE]

Truck Drivers (2} 1 m above Ground

Health Physics Tech. (2) 1 m above Ground Surface
3 m from Waste Face
5 m from Waste Face
10 m from Waste Face
20 m from Waste Face

Overburden/Cover Equipment Operator (2} 2 m above Trench
Placement Mealth Physics Tech. {1} 1 m above Overburden
Total for all 25

{
{
{
(

d
b
o
d

Operations

Personnel Location

per BWR for Waste Disposal - 1-Year-Old Waste

Exposure Time
per Con?gjner
_ the)tR

188
189

189
9.5

29

150

189
9.
4.

20
57
94

378

189
20
2Q
94
57

o

27
4.5

} Based on Table 1.2-3 of Reference 3 with corrected dose rates and exposure times.
) Waste from the BWR fills 1.5 trenches; thus all times from Table 1.2-3 are multiplied
} Dose rates are reduced by a facter of 10 from those reported in Table [.2-3, assuming

} The average dose to one of 25 workers is about 1.5 rem.

—

s I e Sy U PO S R I

(a)

Total Dose

per Lategory

2.2 x 107

1

1.
7.

.2

9
6

0

310
x 10

Dose Rate Onse at

at Locaté Location per Total Dose per
{remfhr}ic)  Worker (rem) Worker (remj  (man-rem}
0 x 1073 1.9 x 107} 0
B x 10 g.1 x 10 1.1 x 10

0 x 1073 1.9 x 10]

dox 10_2 2.0 x 10 1

.3 % 10_3 3.8 x 10:] g
8 x 10 7.2 x 10 1.5 x 10

0 x 1073 1.9 x 107]

6 x 10_2 3.4 x ]0_1

8 x 1079 2.7 x 107,

dw1o, 4.2 x 10,

3 x 1074 7.4 x 107 0
g x 1D 4.5 % 10 2.4 % 10
0x 1073 3.8 x 1070 3.8 x 107
0 x 107 1.9 x 107]

1 ox 10_2 4.2 x 10_1

3 x 185 2.6 « 10,

8 x 10*3 4.5 x 10 5 0
A ox 107 .0 % 107 1.4 « 10

0 x 1073 2.7 x 1073 2.7 x 1073
g x 10 4.5 x 19 4.5 x 10

by 1.5.
dose reduction is

achieved through

facility design.
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FIGURE C.2-1. Time Dependence of Occupational Dose for Burial
of BWR Contaminated Material and Radwaste
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=
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FIGURE C.2-2. Time Dependence of Occupational Dose for Burial
of PWR Contaminated Material and Radwaste
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a
TABLE C.2-3. Occupational Doses and Data per BWR for Waste Retrieval - 30-Year-0ld Naste( )

Exposure Time Dose Rate Dose at Total Dose
per Con agner at Locat}og Lacation per Taotal Dose per per Lategory
Operation ___ Personnel/Number Personnel Location  _  {hrjtb {rem/hr}t¢!  Worker (rem} Worker ([remj  [man-rem)
Overburden/Cover Equipment Operators (2) 2 m above Trench 27 2.0 x 1072 5.4 x 107° 5.4 x 10'4 5.4 x 1074
Removal plus B0 mm of Steel
Heaith Physics Tech. {1} 1 m above Overburden 4.5 2.0 x 1074 9.0 x 1077 9.0 x 107° 9.0 x 107
Waste Retrieval Foremen {2} 1 m above Ground Surface 189 2.0 x 10:3 3.8 x 1Uj§ R R
and Loading 10 m from Waste Face 189 9.6 x 10 1.8 x 10 2.2 x 10 4.4 » 10
Equipment Operators (8) 1 m above Ground Surface 189 2.2 x 10:; 3.8 x 10:;
3 m from Waste Face 9.5 4.2 x 10 % 4.0 x 105
5 m from Waste Face 29 2.6 x 10 4 7.5 x 10 4 .1 0
10 m from Waste Face 150 9.6 x 10 1.4 x 10 2.9 x 10 2.3 %10
Labarers {8} 1 m above Ground Surface 189 2.0 x 10:2 3.8 x Iﬂjg
1 m from Waste Face 2.5 7.2 x 10 3 6.8 x 10_;
2 m from Waste Face 9.5 5.6 x 10_3 5.3 x 10_2
3 m from Waste Face 20 4.2 « 10*3 8.4 x 10 1
5 m from Waste Face 57 2.6 x 10_4 1.5 x 10_2 o 0
10 m from Waste Face 94 9.6 x 10 9.0 x 10 4.8 x 10 3.9 x 10
Truck Drivers (2) 1 m above Ground Surface 378 2.0 x 107 7.6 x10°% 1s5wi0”  1.5x 107
Health Physics Tech. (2) 1 m above Ground Surface 189 2.0 x 107 3.8 x 1075
3 m from Waste Face 20 4.2 x 10 _3 8.4 x 10,
5 m from Waste Face 20 2.6 x 10 3 5.2 x 10 5
10 m from Waste Face 94 9.6 x 10_, 9.0 x 105 R .
20 m from Waste Face 57 2.8 x 10 1.6 x 10 2.8 x 10 5.6 x 10
Total for all 25 7.4 x 10009
Operations

{a) Based on Table 1.2-3 of Reference 3 with corrected dose rates and exposure times.

(b) Waste from the BWR fills 1.5 trenches; thus all times from Table [.2-3 are multiplied by 1.5.

{c) Dose rates are reduced by a factor of 50 for 30 years of radicactive decay, from Table E.2-1 of Reference 2.
{d)} The average dose to one of 25 workers is about 300 millivem.
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