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FOREWORD 
BY 

NUCLEAR REGULATORY COMMISSION STAFF 

The NRC staff is reappra1s1ng its regulatory position relative to the 
decommissioning of nuclear facilities. (l) As a part of this activity, the NRC 

has initiated two series of studies through technical assistance contracts. 
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 plant;( 2) the 
second addresses a pressurized water reactor;{ 3) and the third deals with a 

small mixed oxide fuel fabrication plant.( 4) The fourth report, an addendum 
to the pressurized water reactor report,(S) examines the relationship between 

reactor size and decommissioning cost, the cost of entombment, and the sensitiv
ity of cost to radiation levels, contractual arrangements, and disposal site 

charges. The fifth report in this series deals with a low-level waste burial 
ground;{ 6) the sixth covers a large boiling water reactor power station;(?) 
and the seventh examines a uranium fuel fabrication plant.(B) The eighth 

report covers non-fuel-cycle nuclear facilities. (9) The ninth report, an 
addendum to the low-level waste burial ground report,(lO) supplements the 
description of environmental radiological surveillance programs used in the 
parent document. The tenth report deals with a uranium hexafluoride conver
sion plant. (ll) 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 • Research/Test Reactors 
FY 1982 • LWR Post-Accidents 
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FY 1982 • 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 

of nuclear facilities. (l 2) The second is a revi~~w and analysis of current decom

missioning regulations. (l 3 ) The third covers the facilitation of the decommis

sioning of light water reactors,(l 4 ) identifying modifications or design changes 

to facilities, equipment, and procedures that wi"ll improve safety and/or reduce 

costs. The fourth covers the establishment of an information base concerning 

monitoring for compliance with decommissioning survey criteria. (lS) A fifth 

report on this same theme, entitled Technology and Cost of Termination Surveys 

Associated with Decommissioning of Nuclear Faci1"ities, is intended for FY 1982. 

The information provided in this report on nultiple-reactor stations, 

including any comments, will be included in the J'ecord for consideration by 

the Commission in establishing criteria and new standards for decommissioning. 

Comments on this report should be mailed 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 large (ll75-11We) pressurized water reactors (PWRs) and large (1155-MWe) 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 P\~R 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 PWR 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 light 
water reactor being decommissioned is at a single- or multiple-reactor station: 

• the estimated occupational radiation dose for decommissioning an Lt~R 

is lowest for SAFSTOR and highest for DECON 

• the estimated cost of decommissioning a PWR is lowest for ENTOMB and high
est for SAFSTOR 

• the estimated cost of decommissioning a BWR is lowest for OECON and high

est for SAFSTOR. 

In all cases, SAFSTOR has the lowest occupational radiation dose and the highest 

cost. 
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l . 0 INTRODUCTION 

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 objer,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, one 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 services, and reactor type 

(PWR or BWR) are examined. Two earlier decommissioning studies in this series 

provide the principal technical bases for these analyses. (l •2) 

Several likely scenarios for multiple-reactor nuclear power stations are 

examined. Decommissioning alternatives studied within these scenarios are 

OECON (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 Laboratory, 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. 

2.1 DECOMMISSIONING ALTERNATIVES AND STUDY APPROACH 

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

• DECON, called immediate dismantlement in previous studies on decommission

ing of a PWR and a BWR at a single-reactor station, (l •2) 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. 

• 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. 

• ENTOt~B. called entombment in the previous LWR decorrrnissioning studies, is 

the encasement and maintenance of the nonreleasable radioactive materials 

in a monolithic 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. rn 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: 

• Clarification of the criteria defining allo·.-~able levels of contamination 
and dose rates for unrestricted release of decommissioned nuclear 

facilities. 

• Definition of classes of radioactive waste, to more clearly indicate 
the acceptable disposition method for the highly radioactive neutron
activated components (i.e., disposal in sha'llow land burial sites or 

in deep geologic storage). 

• Clarification 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 DECOMr~ISSIONING 

The NRC is considering the following criter-·a 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 life, 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: 

• a prepaid decommissioning reserve controlled ~an outside entity 

• an internal decommissioning reserve, either funded or unfunded 

• a funded reserve or sinking fund controlled 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 shutCvwn 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. 

• It improves the productivity of the decommissioning workers due to the 

experience gained on the first reactor. 

• It 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 simpler and less costly. 

2.5 REFERENCE LIGHT WATER REACTORS 

The reference light water reactors are the same as those described in 
References 1 and 2. The reference PWR plant is an 1175-MWe (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-MWe (3320-fiWt) General Electric boiling water reactor 

being built by the Washington Public Power Supply System; it is designated as 
the \4PPSS Nuclear Project No. 2 and is located near Richland, Washington. 

2.6 II~PACT OF I~ULTIPLE 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 de·:ommissioning 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 low-level nuclear waste 
generated while decommissioning a reactor at a muHiple-reactor station are: 

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

2. interim onsite storage with transfer to an offsite licensed low-level 

waste disposal facility at a later date 

3. disposal at a permanent onsite low-level nuc~ear waste disposal facility. 

2-4 



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 result in cost savings. Interim onsite storage of nuclear waste with later 

permanent disposal offsite involves the following tasks: 

• packaging 

• transporting to interim onsite storage 

• placing in interim storage 

• retrieving from interim storage 

• transporting to a permanent disposal facility 

• placing in a permanent disposal facility. 

Three categories of radioactive 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 

''' 
Safe 

Nuclear 1-/aste Dis~osal Cost (S thousands)'· ' 
In-tl>r1m 8n_2_it_e Naste Storag-e -

Storage !mediate PWR 
Clecomissi~ning Period Offsite Dis~osal 

30 .)';'(D.c__l_ 50 ,)'r(b,c) A.lternative ~ PWR Bl'lil 

DECON 0 10 762 10 850 12 810 fl 550 

[ 30 
10 790 10 850 8 280 8 190 

SAFSTOR 50 4 270 4 700 3 450 3 370 

100 4 230 4 620 3 400 3 314 

ENTOMB 0 4 580 7 140 3 390 2 840 

{a) Costs are given in 1978 dollars and include a 25 continqency. 
{b) Duration of the interim onsite waste storage per od. 

BllC--
1_oO J!~b ,c \ 30-~b-;CT ~_Q_ Y!-(~~~ 

g 530 n 360 6 97n 

8 150 7 l ?0 6 335 

3 340 I 900 I 690 

3 300 I 650 I 490 

? 820 6 or,~ ~ m o 

(c) Includes cost of placement of waste in interim o site storage plus cost of removal at a later date 
to permanent offsite disposal. 
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fi 900 

6 280 
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costs include a 2576 contingency and are given in 1978 dollars for easy comparabil
ity with cost estimates in the previous PNL reactor decommissioning studies. (l •2) 

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: 

• 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 

• shielded cask 1 iners 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 esti
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 Disifsal ($ thousands)(a) 
!'> STOR 

WR Disposal DE CON 
30 yr(b) 50 yr(b) 100 yr(b) 1_0 yr(b) Location PWR BWR 

Off site 10 760 10 850 10 990 4 460 4 400 10 850 

Ons i te 7 050 5 240 ---.Z....ll.Q_ 2 660 2 660 5 420 

Cost Redllction 3 710 5 610 3 870 1 790 1 740 5 430 

(a) Costs are given in 1978 dollars and inclllde a 25% contin9enc.1. 
(b) Dllration of safe storage period. 
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50 yr(b) 

4 700 

l 070 

3 630 

ENTOMB 
100 yr(b) PWR BWR 

4 620 4 580 7 140 

940 l 980 2 700 

3 680 2 600 4 440 



TABLE 2.6-3. Summary of Estimated Nuclear Waste Disposal Cost Reductions at a 
Multiple-Reactor Station 

Cost Reductions ($ thousands)(a) 

DE CON SAFSTOR(b) ENTOMB 
Waste Disposal Option PWR BWR PWR BWR PWR -- -- --

Interim Ons ite Storage for:(c) 

30 years (2050) (d) (510)(d) 2510 3730 1190 

50 years 2210 3880 2600 4520 1740 

100 years 2230 3950 2630 4570 1760 

Permanent Ons ite Disposal 3710 5610 3870 5430 2600 

(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. 
(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 

BWR --

1140 

3130 

3210 

4440 

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 rela

tively 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: 

• fosters stable operating and construction labor forces 

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

permanent onsite low-level waste disposal 

• 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 multiple

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: 

l. The 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 reduction factor for decommissioning operations for the second reactor 

of a particular type is 0.95. 

3. 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 

• laundry 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 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 PWR{l) and the reference 

BWR( 2) 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 radioactive 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
bustible radioactive 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: 

• decontamination of special tools and equipment used for decommissioning, 

allowing maintenance and reuse of these items 

• mobile decontamination systems for in-situ chemical decontamination of 

piping and components 

• central electropolishing and chemical decontamination facilities for 

improved decontamination of 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 life 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 
a Multiple-Reactor Station 

Cost Reductions ($ thousands)(a) 
DE CON SAFSTOR(b) ENTOMB 

Central Service PWR BWR PWR BWR PWR BWR 

Radiation Monitoring 580 770 900 1320 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(l,Z) 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 BWRs when costs at a multiple
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 
nuclear 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. 
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2. 7 IMPACT OF fiULTIPLE 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. Occupational 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-l. 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 

Occueational Radiation Dose Reductions (man-rem) 
SAFSTOR(a) DE CON ENTOMB 

Factor PWR BWR PWR BWR PWR -- --

Waste Dis2osal 

Interim Onsite Storage for: 

30 years (72) (b) (47)(b) 74 68 (6)(b) 

50 years 72 55 77 87 12 

l 00 years 75 60 78 88 13 

Permanent Onsite Disposal 90 1 01 90 1 01 23 

Site Dedication(c) 75 129 21 29 65 

Centralized Services 4 5 2 3 4 

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

Factor 

Waste Disposal 

Interim Onsite Storage for: 

30 years 

50 years 

100 years 

Centralized Services 

Public Radiation Dose 
(man-rem) 

OECON 
PWR BWR 

3 5 

18 19 

18 19 

1 

SAFSTOR(a) 
PWR BWR 

18 

18 

18 

<1 

17 

20 

20 

<1 

Reductions 

ENTOMB 
PWR BWR 

1 < 1 

3 7 

3 7 

1 

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

2.8 MULTIPLE-REACTOR STATION OECOMMISSIONING SCENARIOS 

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 scenarios 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 cer.tral facilities and have either 

interim onsite nuclear waste storage or permanent onsite nuclear waste disposal. 

Surrmaries of the decommissioning costs for the five scenarios and the decom

missioning cost reductions compared to single-reactor station decommissioning 
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SCENARIO NUMBER TYPE OF RE11RED AffiR 40 YR OLD REACTOR WAS1E DISPOSAL CENTRAL 
NUMBER Of REACTOR l REACTOR I REACTOR REf>LACED lo'MlDIA1E oosm ONSITE FACILITIES 

Rf:ACTORS PWR BWR EVERY 2 YR EVERY 4 YR YES NO OHSITE IN1ERIM PERMANENT '"' NO 
STORAGE DISPOSAL 

1 4 X X X X X 
I f--

1 4 X X X X X 

l 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 Scenario 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 DECOMimSIONING 

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. All of these alternatives and techniques are equally applicable 
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-l. Summary of the Estimated Costs for Multiple-Reactor Station Decommissioning Scenarios 

Intenm oeoormr!_-'-SlOni."il_ Cost ($ thnu>ands)(al __ __ _.Oecorm11ss~co,t Reductionsl$ thou,a_n!l~ 
Safe w"' te S1ngl e Sc.norio ScenariO -Scenario Scenario -- Scend-rio- Scenor1o Scenario Scenario Scenario Scenai-~ 

OecOITJiliS.ioning Storage Storage Reactor Stat1on No. 1 No_ :> No. J No. 4 No. 5 " ' No. 2 No. 3 No. 4 No. 5 
-~l~.!-]~ Pf'!J£.d_ Period PI/R-- 3Wlf:_ ---- ~ ~-_·a·wR "'" BwR £')'1_!l_ BWR~~ - PWR _ BW-R "'' - HWR ~ ll\lR PW!!_ _!l~ 

0 ]) 026 43 550 41 848 30 096 41 62R 21 645 J2 068 ' '"' ,;o I 923 7 381 lO 983 

'" 31 231 29 405 38 686 (I 255) (b) 

"' 4 864 
DE CON I 

'" -- :>8 019 25 143 .14 199 3 008 5 884 9 251 

'"' 28 006 ?5 I JU 34 224 3 020 " 896 9 316 

40 150 58 890 54 863 39 214 54 468 31 826 44 341 4 0?8 I 536 4 423 6 924 14 611 

'" 36 943 33 I ~3 45 976 3 808 7 \58 12 9H 
00 I" l!i 849 33 099 41 193 ""' 7 651 I 3 698 

N 

I '"" 36 818 ll 068 45 136 3 933 7 683 13 7\4 ' ~ 0 35 750 51 321 47 561 34 139 41 /1 J ?~ 95" 38 856 3 764 I 5J6 4 ll 3 6 196 -"" I l? 469 
00 ]) 624 29 919 39 688 2 I 26 5 8JI 1 i 6JR 

SAFSTOR '" 00 ll 549 29 844 )9 481 2 201 5 906 II 844 

'"' 1.1011 29 806 39 419 ? 239 5 944 n Reo 
39 710 55 040 51 276 l8 214 50 928 )) 030 41 \IU '"' I 536 4 113 h 120 11 461 

'" 31 611 ]) 935 4.l 1H9 ''" 5 815 n '" wo I 
'" 37 016 JJ 860 43 135 2 214 5 ~41· I I g,;•, 

'"" )7 \II 33 8.10 43 100 ''" m II 940 

0 29 /J2 45 581 4-J H',9 28 846 43 619 23 510 35 584 ' )?J ""' I 963 6 223 ~ 998 

E~TOI<tB(c) I ;,;:, 0 /~j <4 ~u !H HH_J 940- 4 810 6 699 

'" 27 235 " !6'> 36 890 2 498 5 368 8 691 
wo 21 219 14 349 36 Rl6 2 514 5 384 R 765 

I• I Cost> 9""" 1n 191~ doll a" and 1nclud~ • ?\l. contlnqenty 
(b) Puenthese 1nd1c•te • cost 1ncrea;• 
(c) T~e<e e<tlmates include no cost> t~at may be "'ociat~d ~110 f1nal illt1on' n~c~"•r·1 fo.- ter'n1nat1on nf the ~'cens.,_ 



TABLE 2.8-2. Summary of the Estimated Occupational Radiation Doses for 
Multiple-Reactor Station Decommissioning Scenarios 

Deco11111issionin9 Occupationa) Radiation Dos_e (man-rem) _____ 
DelOfllllis"onin~ Occupational Radiation Dose Reduction 

Interim __ (man-re!"_L___ ---· . 
Safe Waste Single Scenar10 Scenar1o Scenario Scenario Scenario Scenario Scenario Scen-ario Scen<1rio Scenario 

Decorrrni ss i oni ng Storage Storage Reoctor Station No. 1 No. 2 No. 3 No. 4 No. 5 No. l No. 2 No. 3 No. 4 No. 5 
Alternative ?erJ.Qi_ Period ~- BWR ~~ ------awR "' "'' P\oR BWR PIIR-~ -----pwjf- ~ P~ BWR PWR 1lWFf PWR- 'BI<IR 

0 \324 1954 1843 \239 1825 1145 1719 '" 85 029 .. ,79 235 

JO .. 1320 1 304 \867 9 10 53 
DE CON I 50 1179 1163 \765 195 ,,, 

''" wo 1176 .. 1160 \760 098 .. M '54 

0 554 527 ~03 523 "8 9>1 M 14 " 79 .. m lJ2 

30 "' .. 441 921 wo .. WI •oo 
30 i 50 901 499 "5 WJ no no .. .. 

'" 450 '" 908 W4 m 1'9 

N I I 
0 956 429 903 4?7 903 '" 362 .. 22 " 20 53 OJ 

' 30 .. "' .. 920 374 30 .. .. Je 55 
~ 

SAFSTOR 50 
~ 50 m .. .. 911 Je5 33 .. 39 60 

100 422 .. 911 308 .. ;g 39 61 

0 455 m 405 926 401 .. 903 353 n '9 20 02 60 
;o 9" m 38? ;1 .. .. 35 95 

100 I 50 92? 910 311 33 35 50 .. 

100 .. 9<1 .. '" 311 .. )4 39 50 

0 "2 l7'i6 1655 ow 163h e3J l56f 101 5' 118 .. 89 190 

ENTOMB(d) I 30 m 86' 1666 49 60 90 

50 855 695 IDOl 01 .. II 149 

100 .. 054 693 1603 08 79 153 

(a) These estimates do not include any doses that may be as>ociated with actions necessary tor the termination 
of the license. 



One of the alternatives for reactor retirewent 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 PWRs(J) and BWRs,( 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: 

• an equipment hatch in the reactor containment building large enough 

to accommodate the intact reactor pressure vessel 

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

• 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 

• 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 

• 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 will 

be less costly and result in lower radiation doses than decommissioning of an 
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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 

• the estimated cost of decommissioning a PWR is lowest for ENTOMB(a) 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 little influence on the result. 

The number of reactors at a multiple-reactor station may influence the 

availability of interim on site 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 force, central waste incineration, central equipment decontamination 

facilities, and special maintenance services can reduce decommissioning costs. 

Of the central services studied, only waste volume reduction by incineration 
yields 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. Alternatives 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 DECOI11HSSION!NG ALTERNATIVES 

Three alternatives available for decommissioning a nuclear power station 

are: DECON, immediate decontamination; SAFSTOR, safe storage followed by def

erred decontamination; and ENT0t4B, entombment. (a} Each of these alternatives 

is defined and discussed in the following subsections. 

Before starting decommissioning by any of the three alternatives, the 

facility operating license may be amended to authorize possession but not 
operation of the facility. (3) 

3.1.1 DECON 

OECON 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 11 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.(l ,2) 
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DECON meets the requirements for termination of the facility operating 

license and renders the LWR facility and site available for unrestricted use 

within a short period 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 survei 11 ance 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 license also satisfies the desirable objective of minimizing the number of 

sites dedicated to radioactive material storage. 

3 .1. 2 SAFSTDR 

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 radioactivity, 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: 

• Custodial 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 fulltime, onsite 
surveillance crews to maintain the structure, the operating equipment, 

and the security of the property. 

• 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 only 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 license, 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 radioactive materials. This approach requires 

continuing physical security, surveillance, and maintenance of structural integ

rity sufficient to ensure public protection. The level of security necessary 

will depend on the type and quantity of nuclear materials left and the safe

guards needs of adjacent units with common 1'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 59Ni and 94 Nb in 

the reactor internals will not have decayed to acceptable levels even after a 

storage period of 100 years. Therefore, eventual dismantlement of at least 

the activated reactor components will 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 

license and to release the property for unrestricted use. Some disassembly and 

disposal of activated components are still required, but the personnel radia

tion exposure and the disposal-site space requirements are potentially dimin

ished. Deferred decontamination cannot, however, rely on the facility operations 
staff for personnel familiar with the facility. 

3. l. 3 ENTOI·1B 

ENTOMB is the encasement and maintenance of nonreleasable radioactive 

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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ENTOI'lB is similar in nature to SAFSTOR in that it also 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 corrrnon 11 Vital areas." 
ENTOf~B a 1 so requires the amended nuc 1 ear 1 i cense 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. Continuinq 
care activities are minimal. 

Two approaches to ENTOf1B are possible: 1) the reactor vessel internals, 
which have extremely long-lived radioactivity, are removed and shipped to a 

nuclear 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. In 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 entonbment 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 
limits.) In the second case, existing regulations require the amended nuclear 

license to remain in force for an indefinite period of continuing care, unless 
the reactor vessel internals are removed at a later date. 

When it becomes desirable to terminate the amended nuclear license for 
ENTOf~B. dismantling of the entombment structure may be required in the first 
entombment approach and ~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 long-term maintenance 

of the amended nuclear license. However, dismantlement of the entombment 

structure is not impossible, only very difficult. 
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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: 

• property utilization potential 

• 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 skilled 

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 decommission·ing 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 help 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-lived 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 radioactive 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 radioactive shipments. 

Currently, about half of the states have adopted the DOT Hazardous Materials 

Regulations to cover intrastate radioactive materials shipments. In addition, 

several states have adopted or proposed additional regulations for other aspects 
of radioactive materials shipments.( 5•6) These aspects include: 

• special routing 

• advance notification for shipments of large quantities 
• state inspections of some types 
• prohibition of certain types 

• prior approval 

• requirements of exclusive-use vehicles 
• use of pilot vehicles 

• speed restrictions 

• specific hours of movement 

• 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 laws 

and the provisions of the National Transportation Act of 1974 (Public Law 
93-633, signed in 1975). This law 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 local taxing authorities for property tax purposes. For example, it is 
possible that the plant in SAFSTOR or ENTOMB could be taxed at one of the 

following values: 1) an operating plant, 2) unimproved land, or 3) the land 
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 OECON. The third approach wou 1 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 situations 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 radioactivity is reduced. 

Licensing fees are required for amending the facility operating license 

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, safeguards inspections must continue as during 

operation. In addition, annual health, safety, and environmental inspections 

must continue until the amended nuclear license is terminated. 

The cost of nuclear liability insurance depends on the level of coverage 

required by the NRC as proof of financial protection during decommissioning. 

If the level must remain the same regardless of the plant condition, timely 

termination of the possession-only license 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 license 
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 transferred to another 1 icensed organization, as allowed by 
regulation). 

Termination of an amended nuclear license i~; conditional on the removal and 
proper disposal of nonreleasable radioactive materials. While the higher occu
pational exposure from DECON is undesirable, the requirements and responsibilities 

of maintaining the license may overshadow the exposure aspect and make this 
alternative desirable. The dynamic nature of government regulation may also 
make termination of the license desirable. 

Another aspect of licensing that must be considered is the license duration 
and the license renewal process and cost. Licenses are presently subject to a 
40-year time limit, at which time they must be renewed. The renewal review 

requirements comprise financial, safety, and environmental considerations similar 
to 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 1 ikelihood of this concern, the 
plant owner should sample local 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 radioactive materials. Removal and 
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disposal of the reactor vessel internals is the only method whereby this desire 

can be fulfilled for the reference LWRs, even in the long run. Existing 

regulations allow the various decommissioning alternatives that are detailed in 
Section 3.1. But regulations 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 Radiological 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
missioning 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 little 
reduction in total accumulated occupational 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. ll-15). 
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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 vi a the b 1 owdown 1 i ne. Others, notably those contained in the 

spent fuel pool, the reactor vessel, etc .• are contaminated in varying degrees 

and may require processing through the liquid radwaste system prior to discharge. 

Airborne radioactive releases that result from normal decommissioning 
activities are small in comparison to normal plant operation. (l) Of the various 

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 solid radioactive 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 radioactive waste disposal is the land area that must be committed to 
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this activity. In addition, shipping these wastes to the disposal site produces 
the normal transportation noises, eKhaust noises, exhaust fumes, and radiation 

doses. 

3.2.5 Schedule 

A large percentage of the facility decommissioning cost is a fixed level 

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 tne longest sequence of tasks. This dictates the neces

sary length of time (the critical path) to complete the entire job, and all 

other 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. As 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 technologies and the 

impacts on safety and costs of decommissioning a nuclear power reactor at a 

multiple-reactor site as compared to a single-reactor site. For each of the 
three decommissioning alternatives, DECON, SAFSTOR, and ENT0t,1B, 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-Dl30(l) and NUREG/CR-0672, ( 2) 

respectively, and provide the bases for the sensitivity 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 operation. These and other 

variables are discussed in the following subsections. 
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3.3. 1.1 Nuclear Waste Disposal 

Nuclear waste disposal is the major contributor to the public radiation 
dose from decommiss·ioning 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-level 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 skilled 

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 regulatory 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 concluded that centers containing 
10 to 20 or more nuclear reactors are technically feasible. (?-g) 
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3.3.1.5 Type of Reactor Being Decommissioned 

The impact of whether the reactor being decommissioned is a PWR or a BWR is 
investigated. The PNL decommissioning studies of a PWR(l) and of a BWR( 2) show 

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 

below: 

Scenario No. 1 

• 4 reactors onsite 

• only pressurized water 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 

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

• central facilities are not provided onsite. 

Scenario No. 2 

• 4 reactors onsite 

• only boiling water reactors are located onsite 

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

• the shutdown reactor is not replaced 

• nuclear waste is sent to an offsite, licensed disposal facility 

• central facilities are not provided onsite. 
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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, licensed disposal facility 

• central facilities are not provided onsite. 

Scenario No. 4 

• 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 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-level nuclear waste is disposed of onsite 

• central facilities are provided onsite. 
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4.0 REGULATORY CONSIDERATIONS FOR DECO~\MISSIONING 

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 

decommissioning nuclear facilities. (l) 

A comprehensive review and analysis of current regulations related to decom

missioning of licensed nuclear facilities was completed by Schilling, et al. ,(
2

) 

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 REGULATIONS AND GUIDES 

Several references to decommissioning are contained in Title 10 Code of 

Federal Regulations (10 CFR). These references are: 

• 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. 

• 10 CFR 50.82- outlines information and procedures necessary for the termi

nation of any type of facility license. 

• 10 CFR 51 -pertains to licensing and regulatory policy and procedures for 

environmental protection. Section 51.5(b)(7) provides quidance for deter

mining whether an environmental impact statement is needed for decommission

ing a nuclear facility. 

Regulatory 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 lederal Regulations, 
Part 50 (typical). 
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A number of other federal regulations 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

lng a nuclear reactor: 

10 CFR Part 19. 

10 CFR Part 20. 

10 CFR Part 30. 

10 CFR Part 40. 

10 CFR Part 51. 

10 CFR Part 70. 

10 CFR Part 71. 

10 CFR Part 73. 

10 CFR Part 140. 

10 CFR Part 150. 

10 CFR Part 170. 

40 CFR Part 190. 

49 CFR Parts 170-
199 

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 

En vi ronmenta 1 Protect i or. 

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 ~egulatory 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: 

1.8 Personnel Qualification and Training 

1.16 Reporting of Operating Information 

1.17 Protection of Nuclear Power Plants Against Industrial Sabotage 

1.143 Design Guidance for Radioactive Waste Management Systems, Struct

tures, and Components Installed in Light-Water-Cooled Nuclear Power 

Plants 

4.2 Preparation of Environmental Reports for Nuclear Power Stations 

8.2 Guide for Administrative Practices in Radiation Monitoring 

8.3 Film Badge Performance Criteria 

8.4 Direct-Reading and Indirect-Reading Pocket Dosimeters 

8.6 Standard Test Procedures for Geiger-MUller Counters 

8.8 Information Relevent to Ensuring that Occupational Radiation 

Exposures at Nuclear Power Stations will be as Low As Reasonably 

Achievable 

8.9 Acceptable Concepts, Models, Equations, and Assumptions for a 

Bioassay Program 

8.10 Operating Philosophy for Maintaining Occupational Radiation 

Exposure As Low As Reasonably Achievable 

Several American National Standards Institute standards that are perceived 
applicable are: 

ANSI Nl3.12 Control of Radioactive Surface Contamination of Material, 

Equipment, and Facilities to be Released for Uncontrolled 
Use 
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ANSI N18.7-1972 

ANSI 288.2-1969 

Standards for Administrative Control of Nuclear 

Power Plants 

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 radioactivity 

to levels permitting unrestricted use of the facility and site is mandatory 
for full license termination. Present policy and regulatory 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) The NRC is currently reevaluating its policy on decommis

sioning of nuclear facilities,(l, 6,?) 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 signl

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-2 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 nw' 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 
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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. 

ness 

The NRC is considering five criteria to evaluate the 

of alternative decommissioning financing methods. (l) 
relative effective

These criteria are: 

l. 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 
further consideration. (l) 

There are three principal financing alternatives for decommissioning a 

nuclear power station that satisfy the above criteria to varying degrees: 

• a prepaid decommissioning reserve controlled by an outside entity 

• an internal decommissioning reserve, either funded or unfunded 

• 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 lifetime of the plant. The outside 

entity invests and manages the funds until 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 tax income accruing to the government of any political subdivision of 
the U.S. (2 ) 

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 1 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 1 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 1 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 1 s operating 

life, 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 regulations. Revenues collected for 

the decommissioning reserve are considered as taxable income. (3) However, the 

expense of decommissioning is presently not deductible until it is incurred 

(l.e., after plant shutdown).( 4) 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 1 s after-tax cost of capital, provide the 

required after-tax decommissioning funds. 

The chief disadvantage of the internal deconmissioning reserve is the 

relative lack 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 does not require a new entity 

to oversee or manage the decommissioning funds. 

5.1.3 Sinking Fund Payment to an Outside 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 1 s payments can be made from untaxed revenue.(l) If the 

escrow payment is not taxed, the uti1ity 1 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 

alterna~ive is subject to assumptions on tax, accounting, and financial 

practices. 

5.1 .4 ?ayment 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 1 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 plant 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 lesser 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. One 

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

nificantly different for a reactor at a multiple-~eactor 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 multiple-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 accumulated 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 low 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 planned shutdown, the utility may decide that it is more economical to decom
mission the reactor than to restart it. 

If the likelihood 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 
liability insurance pools.(l) 
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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 AND RELATED STUDIES 

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

States are located 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 nuclear 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) An Atomic Energy 

Commission study(l) published in 1974 examined nuclear energy centers with 10 

to 40 reactors and related fuel-cycle and waste ma~agement facilities. A 
Nuclear Regulatory Commission study,( 2) 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 radioactive waste management facilities. 

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

The Hanford Nuclear Energy Center study( 3) assumed that 20 to 40 nuclear power 

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

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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• Nuclear energy centers of up to 20 reactors are technically feasible. 

• Nuc 1 ear energy centers would not unacceptab'ly degrade the environment, 

decrease the reliability 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 in construct~on costs compared to single

or dual-reactor sites. 

• Extra transmission costs could reduce or eliminate the construction net 

savings. 

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

• There is no apparent change in public safety from nuclear energy centers 

compared to dispersed siting of the same number of reactors. 

• Emergency response capabilities would be enhanced at nuclear energy centers. 

• Nuclear energy centers should reduce concerns related to safeguarding 

fissionable material. 

• Nuclear energy centers will probably evolve through normal utility growth 

by the year 2000. 

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

An article( 4) by Burwell, Ohanian, and Weinberg argues for a nuclear 

facility siting policy that encourages locating new nuclear power reactors at 

sites of existing reactors. Such a policy, the article concludes, would lead 

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: 

11 ln 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 dismantlement. The contaminated retired 

facilities would be located within the perimeter of the 

controlled 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 eli~inate 

public and political pressures on utilities to dismantle 

retired nuclear powerplants at a time when the levels of 

induced radioactivity in the plants are still high. 11 

6.2 11ANAGEMENT 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 multiple-reactor station is assumed in this 
decommissioning study. 

In the following 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 multiple-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 licensing 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 also 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. 

6-4 



A disadvantage of standardization is that both standardization of design and 
commonality of environment, management, equipment manufacturers, construction 
forces, and inspection tend to make common mode failure more likely at a 
nuclear energy center. 

6.2.2 Site Dedication 

When a nuclear power station is constructed, the site is committed for a 

period of up to 100 years or more, depending on whether the reactor is decom
missioned by DECON, SAFSTOR, or ENTOMB. If the site is dedicated to nuclear 

power generation, replacement reactors will be constructed on a schedule that 
achieves startup of a replacement reactor just as an old reactor is retired. 
Site dedication of this type can foster a stable construction labor force for 

a much longer time than a multiple-reactor station at which the old reactors 
will not be replaced at retirement. 

6.2.3 Timing of Construction 

A nuclear energy center could be planned and scheduled so that construc
tion and startup of its reactors occurs at regular intervals, say every 2 or 
4 years, as indicated in the scenarios discussed in Section 3.4. It is more 
likely, however, that reactors will be added as the demand for electric energy 
increases the operating utility's service area. The five scenarios described 
in this study adequately illustrate the impact on safety and cost of decommis
sioning a reactor at a multiple-reactor station compared to decommissioning a 
reactor at a single-reactor station. 

The lifetime schedules for construction, operation, and decommissioning 
of the reactors are shown in Figures 6.2-1 through 6.2-5 for the five scenarios 
described in Section 3.4. These figures illustrate how replacement reactors 
will be brought on-line as old reactors are retired at the end of their useful 

lives, 40 years after startup. Figures 6.2-1 through 6.2-4 show decommission
ing by the DECON alternative and Figure 6.2-5 by the SAFSTOR alternative. A 
lifetime schedule for reactors decommissioned by ENTOMB would be essentially 

the same as the schedules shown for DECON in Figures 6.2-1 through 6.2-4. 
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in 1978 dollars, to be $495 million for a PWR and $507 million for a BWR. The 
reactor plant equipment represents about 30% of the direct cost, 32% for the 
PWR and 29% for the BWR. 

The estimated direct construction costs for a PWR and a BWR are given in 
Table 6.2-1. The direct construction costs for all of the plant other than 
the reactor plant equipment are estimated to be $335 million for the PWR and 
$357 million for the BWR. If refurbishment of these structures and systems 
costs as much as one-half of the original construction cost, there still would 
be a significant saving in the cost of the new plant. Possible means of faci
litating removal and replacement of the nuclear reactor are discussed in 
Section 11. 

TABLE 6.2-1. Cost Estimate Summary- Light Water Reactors 

Construction Account 

Structures and Improvements 

Reactor Plant Equipment 
Turbine Plant Equipment 
Electric Plant Equipment 
Miscellaneous Plant Equipment 
Main Condenser Heat Reject System 

Total Direct Costs 

Estimated Cost {$ thousands) 
PWR(a) BWR(b) 

119 126 133 167 
156 857 147 750 

130 766 137 102 
46 332 47 881 
13 870 13 014 
25 368 25 839 

492 319 504 753 

(a) From Table 1-1, Reference 6. Estimated costs escalated 
to 1978 dollars using the Handy-Whitman Utilities Cost 
Index. 

(b) From Table 1-1, Reference 7. Estimated costs escalated 
to 1978 dollars using the Handy-Whitman Utilities Cost 
Index. 
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7.0 CHARACTERISTICS OF THE REFERENCE LIGHT WATER REACTORS 

This section describes the characteristics of the reference PWR and BWR 
power reactors. The reference reactors are the same as those described in the 
PNL studies of decommissioning PWR and BWR reactors . (l, 2) Summaries of detailed 

information developed in these studies are presented. Included are descriptions 
of the reference reactors and estimates of the radiation dose rates throughout 
the stations at shutdown. 

The information presented is typical of present-generation large LWRs . 
While some details will vary from station to station, these differences are not 

expected to have major impacts on the results of this study. 

7.1 THE REFERENCE PRESSURIZED WATER REACTOR 

The reference PWR power station in this study is a 3500-MWt (1175- MWe) 
pressurized water reactor (PWR) of the Westinghouse design, specifically the 
Trojan Nuclear Plant at Rainier, Oregon, operated by the Portland General 
Electric Company. 

The principal plant systems and structures of the reference PWR are 
described briefly in this subsection . More detailed information can be 
found in the PWR decommissioning study by Smith et al. (l) 

7.1.1 Nuclear Power Generation System 

The nuclear power generation system is illustrated in the functional 
schematic diagram in Figure 7. 1-1. The principal components and systems of 
interest are the reactor vessel (containing the fuel and coolant) and the 
reactor coolant system (RCS), which transfers the heat from the fuel to the 
secondary coolant system via the steam generator heat exchangers where steam 
is produced for use in the turbine generator. 

7.1.1.1 Reactor Vessel and Internals 

The reactor vessel is a right circular cylinder with a welded hemispheri 
cal bottom and removable hemispherical top, as illustrated in Figure 7.1-2. 

The vessel is constructed of carbon steel about 0.216 m thick, with the inside 
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clad with stainless steel or Inconel about 4 mm thick. The approximate 
dimensions of the vessel are 12.6 m in height and 4.6 m in outer diameter. 
The vessel weighs nearly 400 Mg. 

The vessel internal structures support and constrain the fuel assembl i es, 

direct coolant flow, and guide in-core instrumentation, as well as provide some 
neutron shielding. The principal components are: the lower core support 

assembly (including the core barrel and shroud, with neutron shield pads and the 
lower core plate and supporting structure) and the upper core support and in-core 
instrumentation support assemblies. These structures are made of 304 stainless 
steel and have a total weight of about 190 Mg. 

7.1 .1.2 Reactor Coolant System 

The reactor coolant system, schematically illustrated in Figure 7.1-3, 
consists of four loops for transferring heat from the reactor to the secondary 
coolant system. Each loop contains a U-tube steam generator, a reactor coolant 
pump, and connecting piping. Each steam generator, illustrated in Figure 7.1-4, 

is about 20.6 m in height, 3.4 m in diameter, weighs about 312 Mg, and contains 

nearly 3400 Inconel U-tubes. 
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Each coolant pump is a vertical, single-stage, centrifugal, shaft-seal pump 
capable of moving 335 m3 per minute. An air-cooled electric motor, which uses 
about 4.5 MW of electrical energy, drives each pump. 

A total of 81 m of large-diameter (0.7 m I .D. ) piping connects the 

four loops of the reactor coolant system to the reactor vessel. This piping 

has wall thicknesses in the 59 to 66 mm range, and weighs slightly over 100 Mg. 
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Another major component is the pressurizer, ~hich controls the pressure 
in the reactor coolant system. The pressurizer, illustrated in Figure 7. 1-5, 
is a vertical, cylindrical vessel with hemispherical ends, made of carbon 
steel and clad on the inside with austenitic stainless steel. It is about 
16.1 min height and 2.3 min outside diameter, and weighs about 88.7 Mg . 

7.1.2 General Plant Arrangement 

The arrangement of the structures on the reference PWR site is illustrated 
in Figure 7. 1-6 . The structures of primary interest during decommissioning are 
those which contain radioactive materials, i.e., the Containment Building, the 
Fuel Building, the Auxiliary Building, and the Control Building. The other 
onsite structures do not contain radioactive materials and can be demolished 

by conventional means. 

7.1 . 2.1 Containment Building 

The nuclear steam supply system is located within the Containment Building. 
This structure is a right circular cylinder with a hemispherical top and a flat 
base, as illustrated in Figure 7.1-7. It is constructed of reinforced concrete, 
with post-tensioned tendons in the cylindrical walls and dome, and lined with 
a welded steel skin. Major interior structures irclude the biological shield, 
the steam generator and the pressurizer cubicles, and the refueling cavity. The 
Containment Building is about 64 min height and about 22-l/2 min diameter. 

7. 1.2 . 2 Fuel Building 

The Fuel Building is a steel frame and reinforced concrete structure with 
four floors. It is approximately 27 m in height and about 54 m by 19 m in plan. 
The spent fuel storage pool and its cooling system, much of the chemical and 
volume control system, and the solid radioactive waste handling equipment are 

located in the Fuel Building. 

7. 1.2.3 Auxiliary Building 

The Auxiliary Building is a steel and reinforced concrete structure with 

two floors below grade and four floors above grade. It is approximately 30 m 
in height and has plan dimensions of about 35 m by 19 m. Principal systems 

contained in the Auxiliary Building include the l iquid radioactive waste 
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treatment systems, the filter and ion exchanger vaults, the waste gas treat
ment system, and the ventilation equipment for the Containement Building, the 
Fuel Building, and the Auxiliary Building. 

7.1.2.4 Control Building 

The Control Building is a steel and reinforced concrete structure having 
four floors above grade. It is structurally connected to the Auxiliary Building 
and is approximately 18 m in height, with plan dimensions of about 31 m by 24 m. 

The principal contents of the Control Building are the reactor control room, 
the process control laboratories, the counting rooms, and the personnel facilities. 

7. 1.2.5 Turbine Building 

The Turbine Building is framed with structural steel and has reinforced con
crete-slab floors. The turbine pedestals are poured into the grade-level floor. 
The structure has plan dimensions of about 95 m by 49 m and is about 33 m in 
height. The principal systems contained in the Turbine Building are the turbine 
generator, the condensers, the associated power production equipment, the steam 
generator auxiliary pumps, and the emergency diesel generator units. 

7.1.2.6 Cooling Tower 

The hyperbolic natural-draft cooling tower is a reinforced concrete 

structure with a height of about 142m and a diameter at the base of about 119m. 
About 5.2 million gallons of water are contained in the reservoir beneath the 

cooling fins. 

7.1.2.7 Other Structures 

The remaining structures on the reference PWR site are of conventional 
construction. They are assumed to be uncontaminated with radioactive materials. 
These structures are the Chlorine Building and Intake Structure, the Condensate 
Demineralizer Building, the Shop and Warehouse, and the Administration Building. 

7.1.3 Radionuclide Inventories 

The following subsections contain summaries of the radionuclide inventories 

expected to be found in the reference PWR and on its site after 40 years of 
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normal operation. Annual atmospheric releases of radionuclides from the 
operating PWR are derived from calculated and reported releases and are used 
to calculate estimates of the accumulation of radionuclides on the site from 

40 years of normal PWR operation. 

7. 1.3. 1 Accumulated Radionuclides Within the Reference PWR 

Significant quantities of radionuclides remain in a nuclear power station 
at the time of final reactor shutdown even after the irradiated fuel has been 
removed. Neutron-activated structural materials in and around the reactor pres
sure vessel contain large, relatively immobile quantities of radioactivity. 
Radioactive corrosion products and fission products from failed fuel, which are 
transported throughout the station by the reactor coolant streams, are the 
principal contributors to the more mobile radioactive contamination on piping, 

floors, and pool surfaces. 

Neutron-Activated Reactor Components and Structural Materials. Production 
of radioactive reactor components and structural materials by neutron activa

tion is a normal result of reactor operation. The concentration of a particular 
radionuclide in a given location in the reactor depends on the neutron flux 
level at that location, the duration of the exposure to the neutron flux, the 

concentration of the parent isotope, and the cross section of that isotope for 
the production of the radioactive species. Radionuclide concentrations present 
at shutdown in the reactor vessel, in its internal structures, and in its sur
rounding shielding enclosure are calculated for the reference PWR, assuming 30 
effective full-power years (EFPY), equivalent to 40 calendar years at 75% of 

full-power operation. 

Specific activities at the time of reactor shutdown of the principal radio
nuclides of interest in decommissioning are listed in Table 7.1-1 for each of 
the major reactor components. Radionuclides having half-lives shorter than 
35 days are not included. The upper and lower values for 60co activity listed 
in Table 7.1-1 are based on assumed initial concentrations for 59co impurity of 
0.05 to 0.15 wt% in the 304 stainless steel components and of 0.006 to 0.012 wt% 

in the SA533 carbon steel pressure vessel. The 93 Nb trace impurity, parent of 
the 94Nb radionuclide, is assumed to have a concentration in the 304 stainless 

7-11 



........ 
I 
~ 

N 

TABLE 7.1-1. Radioactivity Levels in Major Activated Reactor Components 
at Time of Reactor Shutdown(a) 

Radionuclide 

95Nb 

59 Fe 

58 Co 

95zr 

6Szn 

S4Mn 

55 Fe 

60co(c) upper 

lower 

63Ni 

93Mo 

14c 

94Nb 

59Ni 

Sum (Ci/m3) 

Average/Peak 
Ci/kg(e) 

Weight of Material 
{kg) 

Sum {Ci) (f) 

Total - Radioactivity 

(a) 
(b) 

Lower 4. 72 n1 

_ ,Shrou_d_ Q..f Core Barrel 

2.0 X 103 7.6 )( 10° 

4.6 X 104 4.4 )( 103 

1.5 X 105 1.0 X 104 

1.1 X 10-J 6.2 X 10-3 

1.2 X 102 l.J X 10° 

6.8 X 104 3. 7 X 103 

1.3 X 106 1.5 X 105 

9.6 X 105 9.3 X 104 

3.2 X 105 3.1 X 104 

1.2 X 105 1.5 X 104 

3.6 X 10-l 5.2 X 10-Z 

1. 5 X 102 1.8 X 101 

5.4 X 10° 2.6 X 10-l 

7.i x_ t...!t._ 1. 3 X 102 

?.97 X 106 3.07 X 105 

0. 755 0.637 

2. 7A7 X 102 2.433 X 101 

12 312 26 783 

3. 431 X 106 6.516 X 105 

Core Mid-Plane Radioactivities (Ci;m3) 
Thermal vesseT · lower "S":o2m _____ Upper 

_J_tl_i!J2L-_ J!!!l.~.!: ... .cl~.<!dfng of VeJ_s_e_!_W2.!1 Q.r:J~_i_l_a!_e_(~) 

-1.'0w'er __ _ 

Grf_LI'l_ate_~ 

3.5 X 10° 

2 .Q X 103 

4.6 X 103 

2.9 X 10-3 

5.0 X 10-l 

1. 7 X 10) 

6.7 X 104 

4.7 X 104 

1.6 X 104 

6.8 X 103 

2.4 X 10-2 

8.3 X 10° 

1.2xl0-l 

~'Ll..L 
1. 45 X 105 

0.778 

1.403 X 101 

10 413 

5.6 X 10·3 

1.0 X 102 

3.3 X 102 

2.0 X 10-4 

6.7 X 10-4 

1. 2 X 102 

3.5 X 103 

2.5 X 103 

8.2 X 102 

3.6 X 102 

1.2x10-3 

4.0 X 10-l 

9.5 X 10- 3 

_hQ. X 10°_ 

7.73 X 103 

0.637 

7.621 X 10-J 

2 074 

1.7 X 10-3 

2.7 X 101 

6.6 X 10° 

7.2 X 10-4 

3.5 X 10-5 

4.7 X 101 

7.2 X 102 

7.5xl01 

2.5 X 101 

3.8 X 10° 

l.3xto-3 

I. 9 X 10-2 

~-2_x_j_o.:::_ 
9.04 X 102 

0.637 

7. 164 X to-2 

245 582 

1.461 X 105 1.581 X 103 1.759 X 104 

4.826 X 106 Cf 

1 . 786 X 1017 8q 

2.97 X 106 2.97 X 106 

0.003 X 4.74(d) 0.08 X 4.74(d) 

5.254 X 10° 1 .40) X 102 

4 627 ).946 

2.431 X 104 5.534 X 105 

(c) in the materials. All totals 

(d)~~::.z.....:~~.;.;.:,!:.!..:; 

(e) 

(f) to four places. 



steel of 0.016 percent by weight in the alloy. A total of over 4.8 million curies 
of radioactivity is calculated to be present in the activated reactor vessel and 

components at the time of final reactor shutdown. 

The radioactivity inventory in the concrete biological shield is difficult 
to precisely define because the actual initial composition is not well known, 
particularly with regard to elements present in trace quantities. Calculations 
of activation products in the bioshield result in the listing given in Table 7.1-2. 
No rare earths are included in the calculation due to lack of quantitative data 
on their probable initial concentrations. The levels of radioactivity (Ci/m3) 

are those calculated to be present at final reactor shutdown. 

7.1.3.2 Surface Contamination 

Numerous radioactive materials, activated corrosion products from structural 
materials in contact with coolant, and fission products from leaking fuel are 
present in the reactor coolant streams during reactor operation. Some of these 
coolant-transported radioactive materials are deposited on internal surfaces of 
equipment and piping, on external surfaces, and on the surrounding site. Sum
maries of the radioactive inventories deposited as both internal surface con
tamination in piping and equipment and external surface contamination inside 
the reference PWR buildings and on the surrounding site are presented below. 

Internal Surface Contamination. The composition of these activated corro
sion product sources is derived from information available in the literature. (3,4) 
Fractional activities of various corrosion products deposited on internal sur
faces of equipment and piping are shown in Table 7.1-3. It can be seen that 

cobalt isotopes comprise 78% of the total activity at reactor shutdown. 

External Surface Contamination. Contamination of surfaces external to 
the equipment and pipir.g in the reference PWR occurs from leaks in the process 
systems. Contamination from leaks in areas normally accessible to operating 
personnel probably would be cleaned up according to operating procedures. Only 
in areas not accessible to operating personnel, such as ion exchanger vaults, 

would contamination build up throughout the lifetime of the plant. The frac
tional activities of the various corrosion and fission products that could be 

deposited on external surfaces in the PWR are shown in Table 7.1-3. It can be 

seen that cesium isotopes comprise 87% of the total activity at shutdown. 
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TABLE 7 .1-2. Radioactivity Levels at the Inner Surface of th~ 
Activated Biological Shield at Reactor Shutdownta) 

Principal Radioactivity (Ci;m3) 
Radiation Reference PWR Elk River Reactor 

Radionuclide Emitted (calculated) (measured) 

3H 

14c 

22Na 

33p 

355 

36Cl 

37Ar 

39Ar 

40K 

4lca 

45ca 

46sc 

51Cr 

54Mn 

55 Fe 

59 Fe 

58 co 

60Co 

59Ni 

63Ni 

65zn 

93mNb 

95Nb 

93Mo 

99Tc 

152Eu 

B 

B 

y 

s 

B 

y 

y 

B 

y 

y 

B 

y 

y 

y 

y 

y 

y 

y 

y 

B 

y 

y 

y 

y 

B 

y 

2.9 X 10-5 

-4 6.94 X 10 

Not calculated 

3.24 X 10-1 

3.17 X 10-2 

8.40 X 10-6 

2.15 X 10-l 

3.96 X 10-2 

3. 76 X 10-S 

7.00 X 10-3 

3.66 X 10° 

1 .86 X 10-4 

1 . o4 x 1 o- 1 

-1 1 . 68 X 10 

3.01 X 101 

-1 9.99 X 10 

-2 2.15 X 10 

-1 6.69 X 10 

-3 1.19 X 10 

-1 1 .40 X 10 

-7 4.47 X 10 

2.77 X 10-5 

5.40 X 10-6 

6.69 X 10-5 

4.93 X 10-5 

Not calculated 

(a) From Table 7 .3-5, Reference 1. 
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TABLE 7.1-3. Radionuc1ide Inventory of PWR Surface Contamination 
at Reactor Shutdown 

Fractional Radioactivit~ at Shutdown 
Interna 1 External Site 

Radionuclide 
Surface ( ) 

Contamination a 
Surface ( ) 

Contamination b 
Surface ( ) 

Contamination c 

5lcr 2.4 X 10-2 6.9x10-4 4.7 X 10-3 

54Mn 3.6 X 10-2 1.4 X 10-3 1.1 X 10 -2 

55 Fe 2.2 X 10-2 

59 Fe 8.2 X 10-3 8. 7 X 10-4 2.2 X 10-3 

57 co 5.2 X 10-4 

58 co 4.6 X 10-l 7. 5 X 10-3 2.4 X 10-2 

60co 3.2 X 10-l 7.5 X 10 -2 3.5 X 10 -1 

89Sr 1.2 X 10-3 6.9 X 10-4 

90Sr 6.9 X 10-4 6.9 X 10-2 

90y 6.9 X 10-4 6.9 X 10 -2 

95zr 5.6 X 10-2 2.5 X 10-4 3.9 X 10-3 

95Nb 5.6 X 10-2 2.5 X 10-4 3.9 X 10-3 

103Ru 2.6 X 10-2 3.9 X 10-4 

llOmAg 8.6 X 10-4 

124sb 4.8 X 10 -4 

125Sb 6.9 X 10-4 

129mTe 3.lx10-4 

1311 1.2 X 10-2 7.3 X 10-2 

134cs 1.2 X 10-1 2.0 X 10-2 

136cs 1.1 X 10-3 1.2 X 10-4 

137 Cs 1.2xlo-3 7.5 X 10-l 3.7 X 10 -1 

140Ba 9. 9 X 10 -4 

140La 9.9 X 10-4 

14lce 6.6 X 10-2 1.2 X 10-5 

144ce 6.0 X 10-4 

Totals 
1.0 l.o l.o 

(a) From Table 7.3-7, Reference 1. 
(b) From Table 7.3-10, Reference 1. 
(c) Based on Table 7.3-14, Reference 1. 
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Site Surface Contamination. Radioactive contamination is expected to be on 
the reference PWR site after 40 years of plant operation. An estimate of the 
radioactive contamination remaining onsite when the PWR is shut down after 40 

years of operation is made, based on the 1975 reported releases from operating 
nuclear power stations. (5) The fractional activities of the various corrosion 
and fission products making up the site surface contamination are shown in 
Table 7.1-3. 

7.1.4 Radiation Dose Rate Data 

The measured radiation dose rate data used as the basis for this study came 
from six PWR reactor stations that had been operating from 3 to 6 years. The 
equilibrium levels of radiation dose rate from piping depositions have probably 
not yet been reached . However, the data presently available are not adequate to 
permit extrapolation to 30 years of full-power operation. (6) Therefore, composite 
radiation- level values created from data from six PWRs are used to estimate occup
ational radiation dose rates to decommissioning personnel without further upward 
adjustment. A representative sample of these estimated radiation dose rates is 

presented in Table 7.1-4. The wide range of dose rates shown in the table (from 
0.001 to 30 R/hr) is postulated to be typical for the reference PWR after final 

shutdown and before any chemical decontamination efforts . 

The reactor coolant system radiation levels are caused primarily by the 

activated corrosion products 58co and 60co. Measurements have shown that 60co 
increasingly dominates the radiation field after a few years of operation. Only 
58co- and 60co-deposited activities need to be considered for any immediate decom
missioning approach, since these two radionuclides contribute more than 90% of 
the out-of-core radiation dose rates, with 70% of these attributed solely to 
60co . (7) The relative decay rates of the principal activated corrosion products 
as a function of time are plotted in Figure 7.1-8, while the time dependence of 
radioactivity and the radiation dose rates in activated reactor components are 
shown in Figure 7.1-9. The curves in the figure roughly indicate the relative 
contribution to the dose rate by the different corrosion-product isotopes and 
the total activity as a function of time after reactor shutdown. The relative 
fraction of 60co activity shown may be lower than that encountered in a plant 
that has operated 30 to 40 years, but these values represent presently available 

information. 
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TABLE 7.1-4. Estimated Radiation Dose Rates in the Reference PWR at Shutdown(a) 

Location 

Reactor Containment Building 

Reactor Coolant Pump Bowl 
RCS Piping, Cold Leg 
Steam Generators 
Emergency Personnel Lock 

Floor Ora ins 
Pressurizer Area 
Regenerative Heat Exchanger (Hx) 
Between Steam Generator (SG) 

Enclosure and Containment Vessel (CV) 
Wall 

Between RCS Pumps and SG's 
Between Upper Internals Storage and CV 

Wall 
Near CV Wall 
Reactor Cavity, Ins ide Edge 
Steam Generators 

Auxiliary Building 

Component Cooling Water Pumps 
Waste Tank Room 
Treated Waste Monitor Tanks 
Pipeway 
Resin Storage Tank 
Volume Control Tank 
Radwaste Evaporator Room 
Waste Evaporator Panel 
Oemi nera 1 i zers 
HEPA Exhaust Filters 

Fue 1 Building 

Waste Holdup Tank Rooms 
Water Heat Exchangers 
Gas Stripper Feed Pumps 
Drumming Room 
Drumming Room Entrance 
CVCS Monitor Tanks 
Boric Acid Evaporator Room 
Spent Fuel Pool Pump 
Spent Fuel Pool Skimmer Filters 
Controlled Access Machine Shop 
Spent Fue 1 PH 

(a) From Table 7.4-2, Reference 1. 

Type of( ) 
Measurement b 

Contact 
Contact 
Genera 1 Area 
Inside Lock 

Area 
Contact 
Genera 1 Area 
Contact 
Genera 1 Area 

Genera 1 Area 
Genera 1 Area 

General Area 
General Area 
Genera 1 Area 

Genera 1 Area 
Genera 1 Area 
Contact 
General Area 
Genera 1 Area 
Genera 1 Area 
General Area 
Genera 1 Area 
Genera 1 Area 
Contact 

General Area 
General Area 
Genera 1 Area 
General Area 
General Area 
Contact 
Genera 1 Area 
Genera 1 Area 
General Area 
Genera 1 Area 
Genera 1 Area 

Dose Rate (R/hr) 

12-30(c) 

0.5-0.6 
0.05 -0.4 
0.001-0.012 

0.1-0.6 
<0.2 
1-15 

<0.025 

0.1-0.9 
0.02-0.1 

0.005-0.02 
0.1-1 

<0.2 

<0.15 
0.2-0.4 
0.01-0.3 
0.05-0.15 

>0.4 
1-3 
0.25-0.5 
0.001-0.01 
0.01-0.2 

>0.005 

2-5 
0 07-0 .14 
·0.025 
0.2-1 .5 
0.2 

<0.3 
0.3-0.5 

>0.05 
·0.1 
0.02-0.1 
~0.025 

(b) Contact means the closest .approach to a surface (a surface dose rate) 
TnCTUdfng the necessary geometry and source size corrections done in 
the field by the health physicist. General Area refers to the radiation 
field in a room or area; not specifically from one discrete source or 
direction, although a specific source or object may be the sole con
tributor to the General Area radiation level measurement. 

(c) Example: 12-30 means In the range of from 12 to 30 R/hr. 
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7.2 THE REFERENCE BOILING WATER REACTOR 

The reference BWR power station in this study is a 3320-MWt (1155-MWe) 
boiling water reactor (BWR) being built by the Washington Public Power Supply 
System (WPPSS). The plant is designated as the WPPSS Nuclear Project No. 2 
(WNP-2) and is located near Richland, Washington. It is of the BWR/5 class 

and the Mark-II containment design, and is expected to start operation in 1983. 

The principal plant systems and structures of the reference BWR are 
described briefly in this subsection. More detailed information can be found 
in the BWR decommissioning study by Oak et al. (2) 

7.2.1 Nuclear Power Generation System 

The nuclear power generation system of the reference BWR is illustrated 
in Figure 7.2-1. The principal components and systems of interest are the 
reactor vessel (containing the nuclear core and steam generation equipment}, 
the reactor water recirculation system, and the power conversion system. 

ISOLATION 
VALVE 
(TYP) 

WATER 
RECIRCULATION 

SYSTEM 
(TYP) 

FIGURE 7.2-1. Boiling Water Reactor 

7-20 

POWER 
*"".....,_. __ CONVERSION 

SYSTEM 

TURBINE 
GENERATOR 

WATER 



7.2.1.1 Reactor Vessel and Internals 

The reactor vessel is a right circular cylinder with a permanently attached 
hemispherical bottom and a removable hemispherical top, as illustrated in 
Figure 7.2-2. The vessel is made of carbon steel about 0.171 m thick, with the 
inside clad with stainless steel about 3 mm thick. The approximate dimensions 
of the vessel are 22.2 min height and 6.7 min outer diameter. The mass of 

the vessel is nearly 750 Mg empty. 

The major reactor internal components are the core (fuel, flow channels, 
control rods, and instrumentation), the core support structure (including the 
core shroud, top fuel guide, and core support plate), the shroud head and steam 

separator assembly, the steam dryer assembly, the jet pumps, the feedwater 
spargers, and the core spray lines. 

7.2.1.2 Reactor Water Recirculation System 

The reactor water recirculation system, shown in Figure 7.2-3, has two 
loops external to the reactor vessel but inside the primary containment ves
sel. Each loop contains a pump, two motor-operated isolation valves, and one 
hydraulically operated flow-control valve. Each loop supplies reactor water 
to 10 jet pumps located inside the reactor vessel in the annular region between 
the core shroud and the vessel wall (refer to Figure 7.2-2). 

7.2.1.3 Power Conversion System 

The power conversion system converts the usable energy from the steam 
produced in the reactor vessel to electricity, condenses the steam, and heats 
the condensate and pumps it back to the reactor as feedwater. The system, 
shown in Figure 7.2-4, consists of a large steam turbine and generator, moisture 
separator-reheaters, a single-pass condenser, motor-driven condensate and con
densate booster pumps, a full-flow condensate demineralizer system, turbine
driven feedwater pumps, and six stages of feedwater heating. 

7.2.2 General Plant Arrangement 

The arrangement of the structures on the reference BWR plant site is 
illustrated in Figure 7.2-5. The structures of primary interest during decom
missioning are the Reactor Building, the Turbine Generator Building, and the 
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FIGURE 7.2-2. Reactor Vessel and Internals 
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Radwaste and Control Building. These buildings contain radioactive materials 
that require special handling during decommissioning. The other structures, 

if removed, are conventionally demolished. 

The buildings in the main complex are in close proximity to each other 

but are physically separate from one another both above and below grade. 
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FIGURE 7.2-3. Reactor Water Recirculation System 

7.2.2.1 Reactor Building 

The Reactor Building, containing the nuclear steam supply system and its 

auxiliaries, is constructed of reinforced concrete capped by metal siding and 

roofing supported by structural steel. As shown in Figure 7.2-6, the 
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-

building surrounds the primary containment vessel, a free-standing steel pres
sure vessel. The maximum exterior dimensions of the Reactor Building are 41.9 m 
by 52.9 min plan, 70.1 m above grade, and 10.6 m below grade to the bottom of 
the foundation mat. 

7.2.2.2 Turbine Generator Building 

The Turbine Generator Building contains the power conversion system equip
ment and auxiliaries. It is constructed of reinforced concrete capped by 
steel-supported metal siding and roofing, and is approximately 58.8 m by 91.4 m 
in plan and 42.5 m high. There are two floors above the ground floor. Two 

steel tanks for condensate storage are located within a reinforced concrete dike 
just outside the building. 

7.2.2.3 Radwaste and Control Building 

The Radwaste and Control Building houses, among other systems, the con
denser off gas treatment system, the radioactive liquid and solid waste systems, 
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FIGURE 7.2-5. Site Layout of the Reference BWR Power Plant 

RIVER 

the condensate demineralizer system, the reactor water cleanup demineralizer 
system, and the fuel pool cooling and cleanup demineralizer system. The building 
is constructed of reinforced concrete and metal-sided and -roofed structural 
steel, with two full floors and one partial floor above the ground floor. It 
is approximately 63.7 m by 48.8 min plan and 32m in overall height. 

7.2.2.4 Other Structures 

The remaining buildings of the reference BWR site complex, which, in this 

study, are assumed to be uncontaminated with radioactive material, are the Diesel 

Generator Building, the Service Building, the Cooling Tower Complex, the Spray 
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Pond Complex, the Makeup Water Pumphouse, the Office Building, the Warehouse, 
the Guardhouse, and the Gas Bottle Storage Building. 

7.2.3 Radionuclide Inventories 

The radionuclide inventories at the time of final reactor shutdown (excluding 
the irradiated spent fuel) are of two types: 1) neutron-activated components 

in and surrounding the reactor core and 2) surface contamination from fi~sion 
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products and activated corrosion products deposited inside certain p1p1ng and 

equipment systems, on some structural surfaces, and on the site. Details of 
the calculational methods used for estimating the radionuclide inventories 
at the reference BWR are presented in the BWR decommissioning study. (2) 

7.2.3.1 Neutron-Activated Components 

Radioactive material is produced in the structural components in and around 

the reactor vessel because of interactions with neutrons produced in the reactor 
fuel during operation. Three basic types of materials are used in and around 
the reactor vessel: stainless steel (Type 304), carbon steel (Type SA533), 

and reinforced concrete. This subsection contains summaries of the radionuclide 
inventories for, the total radioactivity in, and selected dose rates for the 
neutron-activated components. 

Radionuclide Inventories in Neutron-Activated Materials. The radionuclide 
inventories calculated for the neutron-activated materials at final reactor 
shutdown are presented in Table 7.2-1. These inventories are calculated using 

the thermal neutron flux distribution at the axial midplane of the fuel zone 
for 30 EFPY of operation. They are designed to represent maximum values of 
the neutron-induced radioactivity present in the reference BWR at final shutdown. 

Thus, the radioactivity concentrations listed in Table 7.2-1 are the maximum 
concentrations used in this study. 

Total Radioactivity in Neutron-Activated Components. The total radio
activity in neutron-activated components is summarized in Table 7.2-2. Radio
activity totals in the reactor vessel and its internal components range from 
about 0.5 Ci in a single control rod guide tube to about 6.3 million Ci in the 
core shroud. The sacrificial shield is calculated to contain about 166 Ci, 
and the total radionuclide inventory in all neutron-activated components of 
the reference BWR is about 6.6 million Ci. The activated portion of the core 
shroud contains about 96% of the total radioactivity in the neutron-activated 
components. 
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TABLE 7. 2- 1. Radionuclide Inventory in Neutron-Activated BWR Components 

Sulnlou Stttl(t) Corbon Stetl (b) Contrtte(t) 
Rtdiotctlv1ty l{icflOaCtTy ~ Rodloact1v1ty 
Concentrat1on Frott tonal ConcentratIon rr~et tonal Conctntrat tOll F"rntional 
ot Shut- Radloottlvlty u s .... t- l!odiOitt lvlty at S':""'!!r st.d\OUltvity 

Radionvt hdt ICit.l) It ShvtdOWO> (CI/.Jj u ShutdOWI !Cli I _lLS~ 

3H 4.6~ • to·• 1.63. 10"10 
(d) (d) 2.S8. lo"6 6.72 • 10"7 

lOSt 2.6) • to"6 _ _(t) 
(d) (d) 

••c l.O~xl02 3.68 • 10"5 6.77 • to"3 1.84 • 1o·5 1.36 • •o·• 3.54 • to"5 

32p 1.11 • tal 3.89 • 10"5 9.20 • to"1 2.51 • 10"3 4 lS x 10"2 1.13. 10"2 

33p 6.65 • 102 2.33, •o· 4 

355 5.52 • to1 1.94 , 1o·5 1.76, 1o·2 •.so , 1o·5 1. 25 • 1o·3 8.46 • 1o·• 

36(1 2.n, 10"4 _ _(e) 
1.21 • 10"6 3.15 • 10-7 

liAr (d) (d) 3.08 • to"2 8.02 • 10"3 

39Ar ~.69 , 1o·3 1.•8 • lo" 3 

40K 3.67 • to"5 9.55 • 10-6 

41c. 1 90 • to·• 2.06 • to·• 

•5c. 3.91 , 1o·1 1.02 • 10"1 

46Sc 2.10. ~~-6 5.41 • 10"7 

Slcr 145xi06 5.09 , 1o·1 1 75 • 10° 4.77 , 1o·3 1.11 • to·2(fl 2.89 • 10"3 

54~ 8.50. 103 2.98 , 1o·3 1 06 • 101 2.89 • 10"2 9.60, to· 31fl 2.50 • 10"3 

s5Fe 9.22 • 105 3.24 • to"1 33~•102 9.13 • 10"1 3.1~ • IOO(f) 8.20 • 10"1 

59Ft 2,74, 104 9.61 • 1o·3 9.44 • 10° 2.57 • 10"2 1.01 , to·l(f) 2.63 • 10"2 

sa Co 2.10 • 104 7.37 , 1o·3 49 • to0 4.06 • to"3 1.00. to·3(fl 7.81 , to·• 

60co 3.36. 10~ 1.18 • 10"1 6.49 • to0 1.77 • 10"2 6.45, to·2(') 1.68 • 10"2 

59N1 6 36 • tal 2.23 , to" 4 1.46 • 10"2 3. 98 • to"5 1.2• • to·• 3.23 • 10-S 

6JN1 8.75. 104 3.07 • 10"2 1.73. 10° 4.71 , to"3 1.47 , to·21 fl 3.83 • 10"3 

6Szn 3.23 • 101 1.13 • to"5 1. 88 • 10"6 5.12 • to"9 

93zr 8 n , 1o·6 • .<•1 
9Szr 1.41 , 1o·2 4.21 • 10"5 162xl0'4 4.41 , to" 7 

9~b 1.35 • 10"1 •. ,. , 1o·8 1. 90 • to·• 1.06 • 10"6 ],05 • lo"6 7.94 • 10"6 

94Nb 1.50 • 100 5.26 , to" 7 8. 30 • to"7 2.26. 10"9 

95Nb 1.20 • 102 4.21 • 10"5 3.76 • to·• 1.02 • 1o·6 

9lMo ].26 • 10"1 1.14 • 1o·7 9.39 • to"4 2. 56 • 10'6 7.36, to"6 1.92xlo·6 

99tc 3.18 x 10·2 1.12 • to"8 2 64 , to·• 7.19 • •o·' • oa , to·6 1.06 • 10"6 

u.-,.9 7.)6 • to" 2 2 .sa , 10"8 9 73 • 10·8 2.53 • lo"8 

108A9 8.67 • 101 3.04 • 1o·5 1,24. 10"4 3.23 • 1o·5 

10911"' 3.51 • to0 1.27 • to"6 2.56 • 10"10 (e) 

109Cd 3.42 • 10° 1.20 • 10"6 2 11 , 10·10 _ _(e) 

lll)ooAg 8.04 • 10° 2.82 • 1o·6 6.83 • 10"5 1.78 • 10"5 

uo,., 2.02 • 102 '.09 • 10"5 1. 74 • 1o·3 4. 53 • 10-4 

IS ISla 2.12. 10"2 7,44 • 10"9 1,30. 10"3 3.39 , to·• 

152Eu 1.12 • 10"3 ].93 • 10·10 oo. 10"2 2.60 • 10-l 

154Eu ].12. 10° 1.09 • 10"6 ]1 • to·• ].41 • 1o·• 

160Tb 9.•8 , to·• ].)) . 10·10 

1"-H. 1.84 , to·• 2.75 • 10·10 ~ .. 1!.2...!Q." 6 1.02 • 10"6 

Totals 2.85. 105 1.00 3.67 • to2 1.00 3 81 • 10° 1.00 

(a) Calcuhted at tile Inner surfatt of tht 304 stainless stttl core shroud. at tile utol •ldphne of 
tile futl zone. for 30 HPY of operotion. Fro. Tobie 7.4-1, Reference 2 

(b) C.lculottd ot tht Inner surface of tile SA533 corbon Httl reactor vessel. at tile utol •tdplont 
of tilt futl zone. for 30 EFPY of operot I on. Fro. hblt 7.4-2, Rtftrtnco 2. 

(c) Colcuhttd It the Inner surface of tht concrete portion of the sacrificial shield, at tht ulol 
•ldphne of tile fuel zone, for 30 EFPY of operotlon r,... Table 7.1-l, Rtftronce 2. 

(d) A blink lnctlcltes that tilt rodlonuclidt 'f not ~sent. 
(t) Indlcotts 1 value of less thin l .00 • 10· 0 
(f) Out hrgely to stn;cturol stttl In tht uerlflclal shield. 
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TABLE 7.2-2. Esti mated Total Radioactivity in Neut ron-Activated Components (a) 

Component (quantity) 

Core Shroud ( 1 ) 
Jet Pump Assembly (10) 

Reactor Vessel (1) 
Cladding 
She 11 Wa 11 

Sacrificial Shield (1) 
Inner Shell 
Reinforced Concrete Reg ion 
Outer Shel l 

St eam Separator Assembl y (1) 
Shroud Head Pl ate 
Steam Separator Risers 

Top Fuel Guide (1) 
Orificed Fuel Support (193) 
Core Support Plate (1) 

Incore Instrument Strings (55) 
Control Rod (185) 
Control Rod Guide Tube (185) 
Total 

Estimated 
Activated 

Volume (m3) 

3. 75 
0.076 

0.428 
15 .26 

2. 19 
73 . 30 
6. 22 

0.841 
0.376 

0.310 
0.0036 
2.54 

0.00026 
0.0019 
0.0024 

Radioactivity per 
_l9.!!P_qnent ( Ci) 

6 6.30 X 103 2.00 X 10 

2 4.58 X 103 1.70xl0 

2 1 .03 x 100 3.47 X 101 5. 39 X 10 

3 8 .65 X 102 9.52 X 10 
4 3.01 X 100 3.63 X 102 6. 50 X 10 

2 1 . 99 X 102 9.61 x 10_1 5.12x10 

Estimated Tota 1 
Radioactivity (Ci) 

6 6 .30 X 104 2.00 X 10 

2. 16 X 103 

1. 60 x 1 o2 

9.60 X 103 

4 3.01 X 102 7. 01 X 102 6.50 X 10 
4 1. 10 X 105 1 . 78 X 101 9. 47 X 10 

6.55 x lOb 

(a) These data are summarized from Table E. 1-6 in Appendix E of Reference 2. 

7. 2.3 .2 Surface Contamination 

Both activated corrosion products (from structural materials in contact 
with the reactor water) and fission products (from leaking fuel) contribute 
to the radionuclide mixtures and levels of surface contamination. This sub
section contains summaries of the radionuclide inventories and depositions 
of both internal surface contamination in piping and equipment and external 
surface contamination inside the reference BWR and on the surrounding site. 

Internal Surface Contamination. Specific alloys used in the structural 
components of the reactor coolant system play a major role in the composition 
of the internal surface contamination. The activated corrosion product 60co 
is dominant in a BWR because of the abundance of its parent in structural 
materials, its large-formation cross section, its energetic decay, and i ts 

relatively long decay half-life. Cobalt-58 is only a minor source of radiation 
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in a BWR, while in a PWR it is a significant contributor to the shutdown 
radiation levels. (8) Depending on the type of condenser tubes and condensate 
polishing system used, 65zn could be an isotope of concern. 

Mobile fission products from leaking reactor fuel also contribute to the 

internal surface contamination. Their concentrations are directly related to 
the number of leaking fuel elements in the reactor core and thus will change 
during plant operation. The composition of internal surface contamination 

assumed in this study is summarized in Table 7.2-3. 

External Surface Contamination in the Reference BWR. The mixtures of 
radionuclides found on external structural surfaces in the reference BWR are 

calculated based on an accumulation of the radionuclides present in the reactor 
water on a surface over the 30 EFPY plant life. (6) The resulting mixture 

accounts for both continuous accumulation and radioactive decay. External 

surface radioactive contamination at shutdown is shown in Table 7.2-3. 

External Surface Contamination on the Site. Radionuclides are assumed to 
be deposited on the reference site as a result of normal BWR operation over 
30 EFPY of service. Accidental releases are not expected to significantly 
increase the radioactivity present on the reference site, and are not considered 
in this analysis. Annual airborne radionuclide releases from operating BWRs 
vary widely and are dependent on such plant factors as size, operating conditions, 
and gaseous radwaste systems. For this study, the airborne releases are based 
on releases reported from 23 operating BWRs for 1975. (5) Because fuel 

failures were higher during this period than at present, these values may 
produce an overestimate of normal releases expected over a plant's operating 
life. The radionuclide depositions on the reference BWR site at shutdown fol
lowing normal BWR operation for 30 EFPY are listed in Table 7.2-3. 

Surface Contamination Deposition in the Reference BWR. The estimated radio
activity depositions, both on internal piping and equipment surfaces and on 

external structural surfaces in the reference BWR, are summarized in Table 7.2-4. 
A total of 8.5 x 103 Ci is estimated to be present on internal piping and 

equipment surfaces and on external surfaces in the reference BWR. 
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TABLE 7.2- 3. Radionuclide Inventory of BWR Surface Contamination 

---.::='Fractional Radioactivity at Shutdown 
Inter~- External Stte 
Surface Surface Surface 

Radionuclides Contamination(a) Contamination(b) Contamination(c) 

32p 

Slcr 

54Mn 

55 Fe 

59 Fe 

58 co 

60co 

63Ni 

65zn 

89sr 

90sr 

90y 

91y 

95zr 

95Nb 

103Ru 

106Ru 

llOmAg 

124Sb 

125Sb 

129mre 

131 I 

134cs 

136cs 

137 cs 

1408a 

140La 

141ce 

144ce 

143Pr 

147Nd 

Totals 

(d) 

2. 1 x 1 o·2 

3.9 X 10-l 

2.5 X 10-2 

9.3 X 10- 3 

4.7 X 10" 1 

6.1 X 10" 3 

4.0 X 10"3 

4.0 X 10"3 

2.3 X 10" 3 

2.8 X 10" 3 

3.4 X 10"2 

3.0 X 10"3 

8.lx10" 3 

1.0 

1. 1 x 1 o·3 

5.3 X 10-2 

7.2 X 10"4 

3.7 X 10"1 

5.3 X 10"4 

5.6 X 10-3 

2.9 X 10"1 

3.4 X 10-3 

1.8 X 10-2 

2.0 X 10" 3 

1. 5 X 10"2 

1.5 X 10-2 

8.1 X 10-4 

1.6xl0"4 

1.6 X 10"4 

2.9 X 10"4 

3.9 X 10"4 

8.8 X 10"6 

4.9 X 10"4 

1.5xl0-2 

8.8 X 10"3 

1.0 X 10"4 

1.8 X 10-l 

2.0 X 10" 3 

2.0 X 10- 3 

2.9 X 10"4 

2.9 X 10"4 

2.0 X 10"4 

1.2x10"5 

1.0 

2.9 X 10-S 

3.7\10-3 

1.8x10-5 

3.2 X 10"4 

5.0 X 10"2 

1.1 X 10"5 

1.1 X 10"2 

2.7 X 10-l 

2.7 X 10-l 

6.9 X 10"5 

6.9 X 10"5 

7.2 X 10"4 

4.0 X 10"5 

2.9 X 10-] 

3.0 X 10"6 

4.8 X 10-4 

2.3 X 10-2 

2.0 X 10"6 

3.7 X 10-l 

3.2 X 10"3 

3.2 X 10-3 

8.0 X 10"5 

2.3 X 10"4 

1.0 

(a) Based on a BWR sludge sample analysis given in EPRI 404-2. (6) 
From Table 7.4-6, Reference 2. 

(b) From Table 7.4-7, Reference 2. 
(c) From Table 7.4-8, Reference 2. 
(d) A blank indicates that the radionuclide is not present. 
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TABLE 7. 2-4. Summary of Surface Contamination in the Reference BWR(a) 

Category 
Building 

Internal Surfaces 

Piping 

Equipment 
Reactor Building 

Turbine Generator Building 
Radwaste and Control Building 

Subtotal, Internal Surfaces 

External Surfaces 

Reactor Building 
Turbine Generator Building 
Radwaste and Control Building 

Subtotal, External Surfaces 

Total 

(a) From Table 7.4-10, Reference 2. 

7.2.4 Radiation Dose Rate Data 

Estimated 
Total 

Surface 
Area (m2) 

Deposited 
Radioactivity 

(Ci) 

3.4 X 104 2.2 X 103 

8.6 X 103 

2.0 X 105 

1. 4 X 103 

5.2 X 1 o3 

1.9x 1 o3 

2.0 X 103 

1 . 9 X 103 

1 . 2 X 103 

3.2 X 103 

8.5 X 103 

7.4 X 101 

4.4 X 100 

3.6 X 10 l 

1.1 X 102 

8.6 X 103 

The radiation dose rate in any specific area affects the planning of decom
missioning work with respect to temporary shielding, work sequences, decontami 
nation, and radiation exposure. Once these factors have been studied to deter
mine the most efficient work sequence , it is possible to estimate the radiation 
exposure time and the resultant occupational dose for each task. 

The degree to which concrete surfaces are contaminated determines how much 

surface requires removal and how much contaminated concrete rubble requires 

disposal. 

This subsection presents summaries of data concerning rad iation dose rates 

and concrete surface contamination for the reference BWR at final shutdown. 
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7.2.4.1 Estimated Radiation Dose Rates at Shutdown 

Measured shutdown radiation dose rate data were obtained from seven opera
tional BWRs, Dresden Units 2 and 3 and Quad Cities Units 1 and 2 operated by 

Commonwealth Edison Company, Peachbottom Units 2 and 3 operated by Philadelphia 
Electric Company, and Monticello operated by Northern States Power Company. At 
the time of measurements, the reactors had operated commercially for from 3 to 
8 years. Composites created from these data are used as radiation dose rates 

in the reference BWR at final shutdown. Typical samples of the composite 
radiation dose rates are shown in Table 7.2-5. Detailed lists of these radiation 
dose rates are contained in Figures D. l-1 through D. l-7 in Appendix D of 
Reference 2. 

7.2.4 . 2 Estimated Concrete Surface Contamination Levels at Shutdown 

Measured concrete surface contamination level data were obtained from the 
same four operational BWR sites as were the dose rate data . Typica l samples of 
composites of these data are listed in Table 7. 2-6. More detailed lists of 
measured concrete surface contamination data are provided in Figures D.2-l 
through D.2-7 in Appendix D of Reference 2. 

7.2.4.3 Contaminated Concrete Rubble Volumes Removed During DECON 

The volumes of contaminated concrete rubble estimated removed during DECON 
of the reference BWR are summarized in Table 7.2-7 for the Reactor Building 
(outside Primary Containment), the Primary Containment, the Turbine Generator 
Building, and the Radwaste and Control Building. The maximum measured contami
nation level in each location is also displayed. 
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TABLE 7.2-5. Estimated Radiation Dose Rates in the Reference BWR at Shutdown(a) 

Location 

Reactor Bldg.,Elev. 128.7 m through 152.7 m 
Low-Pressure Core Spray Pump 
High-Pressure Core Spray Pump 
~esidual Heat R~oval Pump 

Reactor Water Recirculation Pump 
Orywell Equipment Hatch 
Main Steam Tunnel 

Reactor Bldg., Elev. 159.1 m through 185.0 m 

Reactor Vessel (near the feedwater nozzles) 
Reactor Water Cleanup Pumps 
Residual Heat Removal Heat Exchanger Piping 

Regenerative Heat Exchanger 
Regenerative Heat Exchanger 
Reactor Well Pool Cavity 

Turbine Generator Bldg., Elev. 134.4 m (grade) 

Main Condenser 
Steam Jet Air Ejector Condenser 
Condensate Storage Tanks 

Turbine Generator Bldg. , Elev. 143.6 m 

Turbine 
High-Pressure Feedwater Heaters and Piping 
Moisture Separator Drain Tank 

Turbine Generator Bldg., Elev. 152.7 m 

Main Steam and Feedwater Pipe Chase 
Low-Pressure Feedwater Heaters 
Moisture Separator Reheater 

Radwaste and Control Bldg., Elev. 133.2 m 
through 142.3 m 

Floor Drain Collector Tank 
Floor Drain Collector Tank 
Spent Resin Tank 

Waste Sludge Phase Separator Tank 
Jecontamination Solution Concentrator Waste 

Tank 
Radwaste Centrifuge Room 

Radwaste and Control Bldg., ~lev. 148.4 m 
through 160.0 m 

Waste Demineralizer Pumps 
Waste Demineralizer Piping 
Decontamination Solution Concentrator 

(a) From Table 7.3-l, Reference 2. 

Type of ( ) 
Measurement b 

Contact 
Contac~ 
General Area 

Contac': 
Genera 1 Area 
General Area 

Contact 
Contact 
Contact 

Contact 
Genera l Area 
Contact 

Contact 
Contact 
Genera· Area 

General Area 
Contact 
General Area 

General Area 
Contact 
General Area 

Contact 
General 
General 

General 
General 

General 

Con tact 
Contact 
Contac~ 

Area 
Area 

Area 
Area 

Area 

Measured 
Dose Rate (R/hr) 

.005 - .015 

.002 - .008 

.020 - .050 

. 100 - .370 

.100 

.090 - .210 

.700- 3.0 

. lDO - 12.G 

.SOG 

. 300 - 10.0 

.020- .750 

.015 - .060 

.002 

.002 - .030 

.001 

.001 - .002 

.002 - .025 

.002 

.002 

. 002 - . 015 

.002 

. 150 - 5.000 

.050 - 1.600 

.D05 - . 150 

.005 - .450 

.500 - .620 

.010 - .060 

.016 - .040 

.020 - 6.000 

.200 - .300 

(b) General Area refers to the radiation field in a room or area, not specifically from one 
discrete source or direction, although a specific source may be the sole contributor to 
the radiation measurement. 
Contact means the closest approach to a surface (a surface dose rate) including the 
necessary geometry and source size corrections done in the field by the health physicist. 
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TABLE 7.2-6. Typical Measured Concrete Surface Contamination Levels in the 
Reference BWR at Shutdown(a) 

Location 

Reactor Bldg., Elev. 128.7 m through 
152.7 m 

Suppression Chamber 
Reactor Water Recirculation Pump Area 

(Orywell Floor) 
Drywell Personnel lock Room 

Drywell Equipment Hatch Room 
Main Steam Tunnel 
CRO Repair Room, Elev. 152.7 m 

Reactor Bldg., Elev. 159.1 m through 
185.0 m 

Control Rod Drive Module Areas 
Reactor Water Cleanup Pump Rooms 
Reactor Water Cleanup Regenerative 

and Non-Regenerative HX Room 

Turbine Generator Bldg., Elev. 134.4 
(grade) 

Main Condenser Area 
Reactor Feedwater Pump Rooms 
Catalytic Recombiner Room 

Turbine Generator Bldg., Elev. 143.6 m 

High-Pressure Feedwater Heater Area 
low-Pressure Feedwater Heater Area 
Turbine By-Pass Valve Assembly Area 

Turbine Generator Bldg., Elev. 152.7 m 

Turbine Area 
Moisture Separator Reheater Area 

Radwaste and Control Bldg., Elev. 133.2 m 
through 142.3 m 

~ondensate Phase Separator Tank Area 
Solid Radwaste Storage Area 
Solid Radwaste Hopper Mixer Room 

Equipment Removal Plugs and Filter 
Jemineralizer Removal Room (Eiev. 154.5 m) 

Concentrator Waste Measuring Tank Room 
Cleanup Hold Pump Areas, Valve and Pump Rooms 

Fuel Pool Hold Pump Rooms 
Hot Machine Shop (Elev. 148.4 m) 

(a) From Table 7.3-2, Reference 2. 

Measured 
Contamination 

Leve 1 (b) 
(cpm/100 cm2) 

0.3-2.5k(c) 
2-2000k 

0.2-30k 

0.4-2k 
O.l-12.5k 
0.6-35k 

0.2-20k 
1->500k 

Floor - 7-77k 
Walls - 4-8k 

0.2-2.5k 
0.5-9 
0.2-20k 

0.2 k 
0.2-2.1k 
30-lOOk 

0.1-0.4k 
0.1-l.Ok 

4-250k 
0.5-150k 
0.6-90k 

0.2-6.2k 

80k 
2.8-lOk 

2.5-200k 
<0.1 k 

(b) Composite of measurements taken during maintenance outages at operating BWRs. 
(c) 0.3-2.5k stands for 300 to 2,500 cpm/100 cm2 (typical). 
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TABLE 7.2-7 . Contaminated Concrete Rubble Volumes Removed During OECON of 
the Reference BWR(a) 

Building(b) 

Reactor Building(e) 

Primary Containment 
Turbine Generator Building 
Radwaste and Control Building 

Total Rubble Volume 

(a) From Table 7.3-3, Reference 2. 

Maximum Measured 
Contamination Levels(c) 

(cpm/100 cm2) 

>500k(f) 

2 OOOk 
lOOk 
300k 

Estimated Total ) 
Rubble Volumestd 

(m3) 

204.5 
155.8 
105.8 
203.4 

699.5 

(b) Other buildings and facilities on the reference BWR site are assumed to have 
no contamination . 

(c) Measurements taken during maintenance outages at operating BWRs. 
(d) Based on a contamination thickness of 0.051 m. 
(e) Includes all areas of the Reactor Building except inside Primary Containment. 
(f) 500k stands for 500,000 cpm/100 cm2 (typical). 
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8.0 IMPACT OF MULTIPLE REACTORS ON DECOMMISSIONING COST 

In this section the impact of having more than one reactor at a nuclear 
power station on the cost of decommissioning one of those reactors is developed 
by comparison with costs previously estimated for decommissioning reactors at 
power stations with only one reactor. Factors examined in this analysis include 
several different approaches to disposal of nuclear waste, the dedication of 
the site to nuclear power generation, the availability of centralized services, 
and the type and number of reactors present at the station. 

The changes in the estimated decommissioning costs for DECON, SAFSTOR, and 
ENTOMB, relative to the base case single-reactor studies for the factors given 

above, are summarized in Table 8.0-1. (a) This information forms the basis for 

evaluating the decommissioning costs for the five different scenarios developed 
in Section 10. 

TABLE 8.0-1. Summary of Decommissioning Cost Differences 

DEC ON SAFSTOR a) ENTOMB 
Factor ~ ~ PWR BWR ~ ~ 

Waste Disposal 

Onsite Interim Storage For: 
30 Years 

50 Years 

100 Years 
Onsite Disposal 

Centra 1 Services 

Radiation Monitoring 
Security 

Solid Waste Processing 
Equipment Decontamination 

+1640 

-1770 
-1780 
-2969 

-462 
-459 
-133 

-1138 

+410 -2005 -2984 
-3100 -2080 -3611 
-3160 -2105 -3656 
-4485 -3098 -4341 

-618 -718 -1054 
-522 -808 -1066 
-221 -144 -253 

-1402 -1141 -1437 

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

(a) All costs in this study are estimated in 1978 dollars. 
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-949 -908 
-1395 -2502 
-1407 -2562 
-2077 -3548 

-462 -654 
-459 -605 
-133 -221 

-1138 -1402 



8.1 DISPOSAL OF NUCLEAR WASTE 

Several options for disposal of the nuclear waste qenerated by decommis
sioning a reactor at a multiple-reactor station are: 

• burial offsite at a licensed disposal facility 

• interim onsite storage with transfer to an offsite licensed disposal 
facility at a later date 

• burial onsite at a permanent nuclear waste disposal facility. 

The impact of each of these options on the cost of disposal of nuclear waste 

from reactor decommissioning is discussed in the following subsections. 

8.1 .1 Offsite Nuclear Waste Disposal 

In the studies of decommissioning a reference PWR(l) and a reference BWR( 2) 

the nuclear waste was assumed to be sent offsite to a licensed nuclear waste 
facility. Decommissioning a single reactor at a multiple- reactor station will 
result in the same nuclear waste quantity, packaging cost, transportation cost, 
and disposal-site handling and burial charges as will decommissioning an iden
tical reactor at a single-reactor station. Therefore, the cost for disposal 
of the nuclear waste from decommissioning a singl e reactor at a licensed dispo
sal facility offsite is the same whether the reactor is alone on the site or 
is one of a number of reactors at a multip~e-reactor station. 

8.1 .2 Onsite Interim Nuclear Waste Storage 

At a site where several nuclear reactors are located there is a good chance 
that the site will be large enough to accommodate an onsite interim nuclear 
waste storage facility. Storing onsite the nuclear decommissioning waste for 
a period of 30 to 100 years before transferring the waste to a permanent off
site disposal facility could result in cost savings, as discussed below. 

Interim onsite storage of nuclear waste with later permanent disposal off-

site involves the following tasks: 

• packaging 
• transporting to interim onsite storage 

• placing in interim storage 
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• retrieving from interim storage 
• transporting to a permanent disposal facility 
• placing in a permanent disposal facility. 

Several assumptions made in estimating the impact of interim onsite stor

age of nuclear waste are: 

1. The quantity of nuclear waste placed in onsite interim waste storage is 
the same as would be sent immediately 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. 

3. Since transport to interim onsite waste storage is over private roads 
within a privately owned and controlled area, it is not necessary to meet 
the DOT surface radiation dose rate requirement. Shielding is provided 
for the truck cab to limit the dose rate to 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. 

4. The cost of placing and maintaining nuclear waste in interim storage 
is equal to the disposal charge at a licensed waste disposal site 
{$93.57/m3). (a) 

5. There are no liner or curie surcharges at the onsite storage facility. 

6. The cost of retrieving the waste from interim storage is the same as the 
disposal charge at a licensed waste disposal site ($93.57/m3). (a) 

7. 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 waste that eventually must be sent to offsite 
disposal will decrease with increasing storage time. 

(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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8. The liner and curie surcharges at the commercial waste disposal facility 
are lower after interim onsite storage because of the radioactive decay 
that has occurred. 

9. For neutron-activated material the radioactive decay during interim stor
age of even 100 years is insufficient to permit unrestricted release of 
the material. Therefore, all of the neutron-activated material must be 
relocated to a licensed nuclear waste disposal facility after interim 
onsite storage. 

10. All costs are expressed in 1978 dollars. 

An onsite interim nuclear waste storage facility would be designed to 
remotely place the containers of waste in storage cells and remotely remove the 
containers at the end of the storage period. Design features and operating 
practices would minimize the radiation exposure of the workers. Since the 
nuclear waste could be in interim storage for as long as 100 years, the faci
lities would have to be designed for long life and require a minimum of 

maintenance. 

The concept for the onsite interim nuclear waste storage facility is shown 
schematically in Figure 8.1-1. Basically, the facility consists of a row of 
concrete cells, 10m square by 7 m deep, with concrete cover blocks that are 
thick enough to provide the necessary radiation shielding. A mobile gantry 
crane enclosed in a lightweight sheet-metal building is used to place the 
radioactive waste in and retrieve the waste from the cells. Both the bridge 
crane and the building are mounted on a chassis, 13 m wide by 16 m long, with 
a tracked carriage at each corner. The enclosure is provided primarily for 
weather protection, since the external surfaces of the waste containers will 
be free of smearable contamination when they are placed in the storage cells. 
A trap door in the roof of the crane building permits movement of containers 
and casks into and out of the structure. 

The nuclear waste from decommissioning an LWR by DECON will fill about 
30 of the cells. For a multiple-reactor station with 10 reactors, 300 cells 

will be needed for interim storage of the decommissioning waste. 
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After a cell is filled with waste containers the 
and a waterproof seal is applied to the coverblocks. 

is sloped to a sump that can be monitored for water . 
the contents of the sumps is provided. 

cover blocks are installed 
The floor of each cell 

The capability to sample 

Construction of the onsite interim nuclear waste storage facility is esti
mated to have a unit cost of $38.75 per cubic meter of stored waste, assuming 
that the cells are used four times for storage and retrieval of waste before 
being decommissioned. The estimated unit capital cost of the mobile gantry 
crane is $16.67 per cubic meter of stored waste, assuming that the crane han
dles the nuc lear waste from decommissioning 10 reactors before it is decommis

sioned. Annual operating costs are estimated to be $3.22 per cubic meter of 
stored waste , 10% of the estimated capital costs. The estimated unit cost of 
decommissioning the facility is $3.22 per cubic meter of stored waste. The 

total estimated unit cost for construction, operation , and decommissioning of 
the interim nuclear waste storage facility if the waste is stored 30 years is 

$155.24 per cubic meter of stored waste. This is less than the assumed charge 
of $93.57 per cubic meter each for storage and for retrieval, a total charge of 
$187 .14 per cubic meter. 

8.1 .2.1 Cost of Interim Onsite Storage of Nuclear Waste from DECON 

The estimated costs of disposal of nuclear waste from DECON using interim 
onsite storage of the waste for periods of 30, 50, and 100 years before ship

ping the waste offsite to permanent disposal at a licensed waste facility are 
given in Table 8 .1-1 for the reference PWR and Table 8.1 -2 for the reference 
BWR. Disposal costs are shown for the three principal categories of nuclear 
waste (used in previous decommissioning studies)(l , 2): neutron-activated mate

rial, contami nated material, and radioactive waste. Neutron-activated materials 
are those materials which are located in the high neutron flux zone in and 
around the nuclear reactor, including the biological shield, and contain neu

tron activation products throughout the volume of the material. Contaminated 
materials are process piping, process equipment, tools , and structures whose 

surface are contaminated with neutron activation products and/or fission pro
ducts. Radioactive wastes include ion exchange resins, filter cartridges, 

evaporator bottoms liquids, and miscellaneous combustible wastes contaminated 
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TABLE 8.1-1. Estimated Cost of Disposal of Nuclear Waste from DECON of 
a PWR Using Interim Onsite Waste Storage 

Cost of Waste Dis~osal {$ thousands} 

Years After Neutron-
T_y~e of Waste 

Option 
Storage Location Shutdown Activated Contaminated Radwaste Total 

Offsite, Immediate(a) 0 2 734(b) 5 183 (c) 693(d) 8 610 

On s i te , Interim 0 933 3 467 240 5 640 

Offsite, Permanent 30 708 3 636 259 10 245(e) 

50 687 332 181 6 840(e) 

l 00 684 322 171 6 827(e) 

(a) Base case. Cost of immediate offsite disposal of the nuclear waste. 
(b) From Table G.4-3 of Reference l. 
(c) From Table G.4-4 and G.4-5 of Reference l. 
(d) From Table G.4-6 of Reference 1. 
(e) Total includes cost of placing waste in interim storage. 

TABLE 8.1-2. Estimated Cost of Disposal of Nuclear Waste from DECON of a 
BWR Using Interim Onsite Waste Storage 

Cost of Waste Dis~osal {$ thousands} 
T_yQe of Waste 

Years After Neutron-
Storage Location Shutdown Activated Contaminated Radwaste 

Offsite, Immediate(a) 0 2300(b) 4909(c) l469(d) 

Ons ite, Interim 0 409 3337 447 
Offsite, Permanent 30 870 3452 572 

50 742 313 328 
100 702 313 308 

(a) Base case. Cost of immediate offsite disposal of nuclear waste. 
(b) From Table I.3-3 of Reference 2. 
(c) From Table I.3-4 of Reference 2. 
(d) From Tables H.5-10 and I.3-5 of Reference 2. 
(e) Total includes cost of placing waste in interim storage. 
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Total 

8678 
4193 
9086(e) 

5576(e) 
5516(e) 



with radionuclides, such as plastic sheeting, rags, disposable protective cloth
ing, etc. Also shown are the costs of initially placing the nuclear waste in 

interim storage ons i te. Differences in the estimated cost of onsite interim 
storage of waste followed by offsite disposal are given in Table 8.1-3 for 
storage periods of 30, 50, and 100 years. Interim onsite storage of the 
nuclear waste for 30 years results in a higher total cost of waste disposal 
for both the reference reactors, $1.6 million for the PWR and $0.4 million for 
the BWR, because the 30-year storage period is too short for the radioactivity 
on the contaminated material to decay to the level at which significant quanti
ties of the contaminated material can be released. With temporary onsite stor
age for 50 or 100 years, waste disposal cost reductions of about $2 million for 
the reference PWR and about $3 million for the reference BWR are estimated. 

TABLE 8.1-3. Estimated Total Cost Differences - Interim Onsite Nuclear Waste 
Storage vs. Immediate Offsite Nuclear Waste Disposal for DECON 

Interim Onsite Cost Differences ($ thousands)(a,b) 
Storage Period (yr) PWR BWR 

30 
50 

100 

+1640 

-1770 

-1780 

+410 

-3100 

-3160 

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

(b) A + sign indicates an increase in cost over the cost of 
immediate offsite waste disposal, and a- sign indicates 
a decrease in cost. 

8.1.2.2 Cost of Interim Onsite Storage of Nuclear Waste from SAFSTOR 

The schedule for disposal of the nuclear waste from SAFSTOR of the refer

ence PWR with interim onsite storage of the waste is shown in Figure 8.1-2 

for the case of a 30-year period of safe storage of the reactor and interim 
onsite storage of the nuclear waste for 50 years. The nuclear waste from 
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PREPARATIONS FOR SAFE STORAGE 

ONS ITE INTERIM STORAGE FOR 50 YEARS 
OF WASTE FROM PREPARATIONS FOR 
SAFE STORAGE 

REMOVE WASTE FROM INTERIM STORAGE 
TO OFFS ITE DISPOSAL 

REACTOR SAFE STORAGE PERl OD 

DEFERRED DECONTAMINATION 

ONSITE INTERIM STORAGE FOR 50 YEARS 
OF WASTE FROM DEFERRED DECONTAMINATION 

REMOVE WASTE FROM INTERIM STORAGE TO 
OFFS ITE DISPOSAL 

~ 

0 

~ 

~ 

llj 

20 60 

TIME AFTER REACTOR SHUTDOWN (years) 

FIGURE 8.1-2. Schedule for Interim Onsite Storage of the Nuclear Waste from 
SAFSTOR (for a 30-year safe storage period of the reactor and 
interim onsite storage of the waste for 50 years) 

100 

preparations for safe storage is removed to an offsite waste disposal facility 
after 50 years of interim onsite storage; this would be 50 years after reactor 

shutdown. Nuclear waste from deferred decontamination is placed in interim 

onsite storage (30 years after reactor shutdown) and removed to an offsite 
waste disposal facility after 50 years of interim onsite storage (80 years 
after reactor shutdown). 

The estimated costs of disposal of nuclear waste from SAFSTOR using interim 

onsite waste storage for 30, 50, and 100 years before removal to permanent dis
posal offsite at a licensed waste disposal facility are given in Tables 8.1-4 
and 8.1-5 for the reference PWR and the reference BWR, respectively. Estimated 
costs for waste disposal are shown for preparations for safe storage and for 
deferred decontamination after 30, 50, and 100 years of safe storage. Disposal 

costs are presented for the three categories of nuclear waste, neutron-activated 
material, contaminated material, and radwaste. Tables 8.1-5 and 8.1-6 give 
the estimated cost of removing the nuclear waste generated during preparations 
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TABLE 8.1-4. Estimated Cost of Disposal of Nuclear Waste from SAFSTOR of a PWR Using 
Interim Onsite Nuclear Waste Storage 

Oiis1te 
Preparations for Safe Storage 

Interim On site Deferred Decontamination 
Waste Interim Offs ite afe Option 

Storage Storage Disposal Storage Offsite DiSPQSal Cost (S thousands} Total 
Period Cost Cost Period Neutron- Contaml- Cost 
~ ($ thousands) ( $ thousands} Subtota 1 ~ Activated nated Radwaste Subtota 1 ( $ thousands) 

ro 
0 0 0 0 2734(c) 5183(c) 166(c) 8084 8628 

o(a) 0 544(b) 544 50 0 0 0 0 2734(c) 32(c) 108( c) 2874 3418 
100 0 0 0 0 2734(c) 32(c) 72(c) 2838 3382 

co I 30 
1910 3467 45 5422 443 330 111 884 6623 I 

~ 

0 30 196 121 317 50 1858 21 2g 1908 441 21 72 534 2759 
100 1858 21 19 1898 438 13 50 501 2716 

I 30 
1910 3467 45 5422 441 330 100 871 6548 

50 196 59 255 50 1858 21 29 1908 440 21 72 533 2696 
100 1858 21 19 1898 438 13 47 498 2651 

{ 30 
1910 3467 45 5422 438 321 96 855 6524 

100 196 51 247 50 1858 21 29 1908 438 13 65 516 2671 
100 1858 21 19 1898 436 9 46 491 2636 

(a) Base case. Cost of immediate offsite disposal of nuclear waste. 
{b) From Table H.3-2 of Reference 1. 

Numbers reduced to remove the 251 contingency. {c) Based on Table H.S-~ of Reference 1. 



00 

' 
~ 

TABLE 8.1-5. Estimated Cost of Disposal of Nuclear Waste from SAFSTOR of a BWR Using 
Interim Onsite Nuclear Waste Storage 

'iiiS1 te 
Interim 
Waste 

Storage 
Period 
~ 

o(a) 

30 

50 

100 

Preparations for Safe Storage 

Ons ite 
Interim 
Storage 

Cost 
($ thousands) 

0 

361 

361 

361 

Off> i te 
Disposal 
Cost 

($thousands) Subtotal 

1216(b) 1216 

291 652 

172 533 

152 513 

1:1 
(c) 

Base case. Cost of iJIIllediate offsite disposal 
From Tables H.5-l0 and J.S-3 of Reference 2. 
From Table J.7-2 of Reference 2. 

Deferred Decontamination 
Safe ---- · -- • 

Storage 
Period 
~ 

1

30 

50 

100 

1

30 

50 

100 

1

30 

50 

100 

1

30 

50 

100 

Ons i te Interim Storage Cos t_.l$_ thousands) ) 
Neutron- Contami-
Activated ~ Radwaste ~~~o_t_i!..J_ 

0 

0 

0 

399 

368 

284 

394 

368 

284 

399 

368 

289 

0 

0 

0 

3137 

31 

31 

3337 

31 

31 

1337 

31 

31 

0 

0 

0 

89 

67 

96 

" 67 

06 

09 

67 

96 

0 

0 

0 

381 'i 

066 

361 

3815 

966 

361 

38l'i 

966 

361 

of nuclear waste. 

Offsite Disposal Co_st l$_ thousands) 
Neutron Contami 
Activated nated lladwaste S_u_b_to_t_a1 

2300(c) 

2300(c) 

2300(c) 

6HR 

195 

162 

19S 

16? 

16? 

193 

162 

162 

490'!( l) 

43( c) 

43 ( l) 

320 

26 

'" 
316 

22 

Je 

309 

'8 
15 

255 (c) 

204(c) 
140( c) 

??I 

179 

124 

210 

170 

121 

'" 
lh() 

IIG 

7464 

2547 

24fl3 

1229 

900 

305 

721 

359 

301 

696 

340 

293 

Option 
Total 

Cost 
($thousands) 

8600 

3763 

36g9 

5696 

1518 

13H\ 

5069 

135 3 

I I 95 

50?4 

131'1 

1167 



TABLE 8. 1-6. Estimated Total Cost Differences - Interim Onsite Nuclear Waste 
Storage vs. 

Interim Onsite ( ) 
Storage Period (yr) c 

30 

50 

100 

Immediate Offsite Nuclear Waste Disposal for SAFSTOR 

Cost Differences ($ thousands)(a,b) 

30 Yeadd) 50 Year d 100 Year(d) 
PWR BWR PWR BWR PWR BWR 

-2005 -2984 -660 -2244 -670 -2381 

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

-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, 80, 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 
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the reference PWR and $1.1 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 ENTOt~B 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 

sma 11 . 

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 ($ thousands) 
Years Tyt~e of Waste 

Storage After Neutron-
Location Shutdown Activated Contaminated Radwaste 

Ons ite, Interim 0 945 401 240 
Offsite, Permanent 0 2498(a) 472(a) 693(a) 

30 331 538 259 

50 316 185 181 

100 314 185 171 

(a) From Table 4.5-1 of Reference 3. 
(b) Includes cost of placement of waste in interim onsite storage 

external to the entombment structure. 
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1586 

3663 
2714(b) 

2268(b) 
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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 Dis~osal ($ thousands) 
Years Ty2e of Waste 

Storage After Neutron- Option 
Location Shutdown Activated Contaminated Radwaste Tot a 1 ----

Onsite, Interim 0 484 

Offsite, Permanent 0 2394(a) 

30 741 

50 614 

100 574 

(a) From Table K.3-3 of Reference 2. 
(b) From Table K.3-4 of Reference 2. 

1230 447 2161 
1846(b) 1469(c) 5709 

1327 572 480l(d) 

104 328 3207(d) 

104 308 3147(d) 

(c) 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 8.1-9. Estimated Total Cost Differences - Interim Onsite Nuclear Waste 
Storage vs. Immediate Dffsite Nuclear Waste Disposal for ENTDr~B 

Temporary Onsite Cost Differences ($ thousands)(a,b) 
Storage Period (yr) PWR BWR 

30 

50 

100 

-949 

-1395 

-1407 

-908 

-2502 

-2562 

(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 Nuclear 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 
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disposal facility. Permanent onsite low-level nuclear waste disposal facilities 

will be operated only at those multiple-reactor stations where the hydrology 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 

• no overweight charges, since all travel is over private roads 

• no relief driver charges, since only one driver is needed 

• shielded cask liners 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 

DOT for transport on public highways. Shielding is provided for the truck 

cab to limit 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 {$93.57/m3) and covers the costs of construction, operation, 

and decommissioning of the facility. 
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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 OECON 

The estimated costs of onsite disposal of the nuclear waste from DECON of 
the reference PWR and reference BWR are presented in Table 8.1-10. 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 Disposal of 
Nuclear Waste from DECON 

Cost of Waste Disposal ($ thousands) 
Type of Waste 

Neutron-Disposal 
Location Activated Contaminated Radwaste Total 

Reference PWR 

Offsite 2733(a) 5183(b) 693(c) 8609 
Onsite 1933 3467 240 5640 

Saving 2969 

Reference BWR 

Offsite 2300(d) 4909(e) l469(f) 8678 

Onsite 409 3337 447 4193 
Saving 4485 

(a) From Table G.4-3 of Reference l. 
(b) From Tables G-4-4 and G.4-5 of Reference l. 
(c) From Table G.4-6 of Reference 1. 
(d) From Table !.3-3 of Reference 2. 
(e) From Table !.3-4 of Reference 2. 
(f) From Tables H.S-10 and !.3-5 of Reference 2. 
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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 1•2) 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 PWR 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 8 .. 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 Sav~ 

30 

50 

100 

30 

50 

100 

1910 

1858 

1858 

394 

368 

284 

3467 

21 

21 

3337 

31 

31 

Reference PWR 

317 

255 

246 

Reference BWR 

608 

451 

433 

5694 8792(b) 

2134 3566(b) 

2125 3520( b) 

4339 8680(c) 

852 3763( c) 

748 3699( c) 

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

3098 

1432 

1395 

4341 

2911 

2951 

(b) Base:d on Tables H.3-2 and H.S-2 of Reference 1. Numbers reduced to remove 25::: contingency. 
(c) Based on Tables H.S-10, J.5-3, and J. 7-2 of Reference 2. 

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

Cost of Waste Dis~osal ($ thousands) 

Disposal Neutron-
T~ee of Waste 

Location Activated Contaminated Radwaste Total --

Reference PWR 

Offsite 2498(a) 472(a) 693(a) 3663 
Ons ite 945 401 240 1586 

Saving 2077 
Reference BWR 

Offs i te 2394(b) l846(c) l469(d) 5709 
On site 484 1230 447 2161 

Saving 3548 

(a J From Table 4.5-l of Reference 3. 
(b) From Table 1.3-3 of Reference 2. 
(c) From Table 1.3-4 of Reference 2. 
( d J From Tables H.S-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: 

• fosters stable operating and construction labor forces 

• favors the establishment of onsite interim nuclear waste storage or onsite 

nuclear waste disposal 

• 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 

multiple-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 

• the standardization and improvement of decommissioning techniques 

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

learning or rehearsing decommissioning procedures 

• 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 cost reduction 

factors are applied to support staff labor as well as to decommissioning \oJorker 

labor. 

Jl.ssumptions 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 multiple-reactor station are shown in Table 8.2-1. These factors are 

also applicable for estimation of occupational radiation dose reduction. 
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TABLE 8.2-1. Cost and Dose Reduction Factors 

Number of 
Reactors Average Cost R~duction Factor 

of Planning & Decommissioning 
One Type Preparation Operations 

1.0 1.0 

4 0.62(a) 0.94(a) 

5 0.60 0.93 

10 0.55 0.92 

20 0.53 0.91 

(a) 1.0 + .5 + .5 + .5 = 0.62; 
4 

1.0 + .95 + .9 + .9 = 0.94 
4 

The factors given in Table 8.2-1 are used to estimate the decommissioning 

staff labor 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 available at a multiple

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

• health physics services 

• security forces 

• solid waste processing 

• equipment decontamination services 

• maintenance shops and services 

• laundry services 

• transportation services 

• central stores. 
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TABLE 8.2-2. Decommissioning Staff Labor Costs 

Staff Labor Costs/Reactor ($ 
SAFSTOR(6) 

thousands)(a) 
No. of Reactors 
Decommissioned DE CON 30 Yr 50 Yr 100 Yr ENTOMB 

PWRs 
--~-

7 981 (c) ll 179 (d) ll 179 (d) ll l79(d) 7 607(e) 

4 7 345 l 0 138 10 138 l 0 138 7 001 

5 7 237 9 950 9 950 9 950 6 898 

BWRs 

l5066(f) 24 272(g) 21 937(g) 21 937(g) 15 424(h) 

4 l 3 704 21 050 18 926 18 926 14 046 

5 13 528 20 734 18 64 7 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 Table 10.1-2 of Reference l. 
(d) Based on Tables 10. l-2 and 10.2-2 of Reference l. 
(e) Based on Table 4.5-l of Reference 3. 
(f) Based on Table 1.3-6 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 life and the decommissioning period follow

ing operation. The two major factors postulated to contribute to this cost 

reduction are: 
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• the reduced health physics staff overhead at each reactor, resulting from 

the sharing of certain staff members between several reactors at the site 

• 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 organizations considered for decommissioning in 

this analysis are shown in Figure 8.3-1. The staff organization without cen

tralized services (Figure 8.3-la) is essentially the same as that postulated 

for the P\~R and BWR decommissioning studies(l,Z) of single-reactor stations. 

In Figure 8.3-lb, the postulated organization with centralized health physics 

services is shown as a three-tiered organization to reduce overhead manpower. 

At the multiple-reactor station level the health and safety super·visor 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 quad) 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 requirements and costs for these staff members are assumed 

to be reduced 10~ from those required without centralized health physics ser

vices. 

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 

studies(l ,Z) are used here as the base costs, because th-2 costs would be the 

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

(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.l of Appendix B of this study and the results are summarized here. 

To develop the costs for the centralized services, it is assumed that: 
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FIGURE 8.3-1. Health Physics Staff Organization for Decommissioning 



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

each individual reactor 

• labor requirements for senior health physics technicians and health 

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 multiple

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 also 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 requirement 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: 

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

• 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 

study are shown in Figure 8.3-2. 

for the security force considered in this 

The security organization without centralized 

services, Figure 8.3-2a, is the same as that shown in Reference 2 for decommis

sioning 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 8.3-l. Summary of Health Physics Staff Labor Costs for Decommissioning 
of an LWR at a Multiple-Reactor Stationta) 

Total Health Physics Staff 
Labor Costs ($ thousands) 

w/o Centralized 
Decommissioning Alternative Health Physics 

PWR -

DECON(b) 1424 

SAFSTOR: (c) 

Preparati?nJ for Safe 668 
Storage d 

Deferred Decontamination(e) 1424 

Totals 2092 

ENTOMB(e) 1424 

BWR 
-· 

DECON( f) 2349 

SAFSTOR: (c) 

Preparati?n} for Safe 1530 
Storage g ) 

Deferred Oecontamination(e 234g 

Totals 3879 

ENTOMB(h) 2406 

(a) Assumed to be a 10-reactor station. 
(b) From Table B.l-1. 

w/Centralized 
Health Physics 

962 

412 

962 

1374 

962 

1731 

1094 

1731 

2825 

1752 

Net Savings 
w/Centra 1 i zed 
Health Physics 
($ thousands) 

462 

256 

462 

718 

462 

618 

436 

618 

1054 

654 

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

(d) From Table B. l-2. 
(e) Assumed to be the same as for DECON. 
(f) From Table B. l-3. 
(g) From Table B. l-4. 
(h) Reactor vessel internals removed; from Table B.l-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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I SECURITY I 
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tal BASED ON FIGURE H.I-1 OF REFERENCt 2. 
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f 
l 

~- l·2b 

I 
SECURITY I 

SUPERVISOR j 

I 

lASS I STANT SECURITY I 
SUPERVISOR I 

----------

ISt.CURITY SHIFT I 
SUi'ERVISORS 

SECURITY I 
PATROLMEN I 

----------------

I
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PATROLMEN! 

(bl ASSUMES SITE DIVIDED INTO THRH GROUPS OF REACTORS WITH THRtE OR FOUR UNJTS IN EACH GROUP. 

FIGURE 8.3-2. Security Force Organization for Decommissioning 

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 Table 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 deco~issioning 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 PWR(l) and the reference 

BWR( 2) at single-reactor stations, it was assumed that the dry solid radioactive 
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TABLE 8.3-2. Summary of Security Force LabQr)Costs for LWR Decommissioning 
at a Multiple-Reactor Station~a 

Total Security Force Labor Costs 
($ thousands) 

w/o Centralized w/Centralized 
Decommissioning Alternative Security Forces Security Forces 

PWR -

DECON(b) 2129 1670 

SAFSTOR: (c) 

Preparati(n) for Safe 1155 1005 
Storage d ( ) 

Deferred Decontamination e 1390 732 

Totals 2545 1737 

ENTOM8(f) 2129 1670 

8WR 

DECON(g) 2495 1973 

SAFSTOR: (c) 

Preparations for Safe 2032 1729 
Storage( h) (. 

Deferred Decontamination l) 1622 859 

Tota 1 s 3654 2588 

ENTOM8(j) 2671 2066 

Assumed to be a 10-reactor station. 
From Table 8.2-l. 

Net Savings 
w/Centralized 
Security Forces 
($ thousands) 

459 

150 

658 

808 

459 

522 

303 

763 

1066 

605 

(a) 
(b) 
(c) Centralized security forces are assumed to have no significant impact on 

costs for continuing care. 
(d) 
(e) 
(f) 
(g) 
(h) 
( i ) 
( j) 

From Table B.2-2. 
From Table B.2-3. 
Assumed to be the same as for DECON. 
From Table 8.2-4. 
From Table 8.2-5. 
From Table B.2-6. 
From Table 8.2-7. 
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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 reduction 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 8.3 

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 operating 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-l 

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 radioactive 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 combustible 

radioactive waste during decommissioning 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 radioactive 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 station, thereby increasing the economy 

of these services and the economic 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 

Decommissioning Alternative 

PWR 

DE CON/ENTOMB 
SAFSTOR: 

BWR 

Preparations for Safe Storage 

Deferred Decontamination After 30 yr 

Deferred Decontamination After 50 yr 

Deferred Decontamination after 100 yr 

Totals, w/30-yr Deferred Decontami
nation 

Tota 1 s, w/50-yr Defe;·red Decontami
nation 

Totals, w/100-yr Deferred Decontami
nation 

DE CON/ENTOMB 

SAFSTOR: 

Preparations for Safe Storage 

Deferred Decontamin~tion after 30 yr 

Deferred Decontamination after 50 yr 

Deferred Decontamination after 100 yr 

Totals, w/30-yr Deferred Decontami
nation 

Totals, w/50-yr Deferred Decontami
nation 

Totals, w/100-yr Deferred Decontami
nation 

(a) From Table B.3-2 of Appendix B. 

Total Disposal Costs(a) 
($ thousands) 

Compacted Com- Incinerated 
bustible Wastes Wastes 

207 74 

59 19 

148 44 

96 28 

65 20 

207 63 

155 47 

124 39 

396 175 

143 63 

255 82 

204 65 

140 46 

398 145 

347 128 

283 109 
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Net Savings 
with Incineration 

($ thousands) 

133 

40 

104 

68 

45 

144 

108 

85 

221 

80 

173 

139 

94 

253 

219 

174 



facilities at a multiple-reactor station. Several types of equipment decon

tamination services are considered here for inclusion in the centralized 
services: 

• decontamination of special tools and equipment used for decommissioning, 

allowing maintenance and reuse of these items 

• mobile decontamination systems for in-situ chemical decontamination of 

piping and components 

• central electropolishing and chemical decontamination facilities for 

improved decontamination of pipe sections and components. 

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 
a sizable cost investment. In the reference studies,(l-3) these items are not 

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 length 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 8.4-1 and 

8.4-2 of Appendix B. Similar estimated cost details for the decommissioning 

of BWRs are given in Tables 8.4-3 and 8.4-4. 

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 is 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. (1) 

8.3.4.2 Mobile Chemical Decontamination Equipment 

Mobile chemical decontamination equipment is assumed in the BWR study( 2) 

to be used for in-situ decontamination of piping and components during decom

missioning by any of the three alternatives. However, such equipment is not 

discussed in the PWR study.(l) 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 for LWR 
Decommissioning at a Multiple-Reactor Station{aJ 

Total Costs/Deconmissioning for 
5 ecial Tools and E ui ment 

Decommissioning Alternative 

PWR 
-DECON(b) 

SAFSTOR: 

Preparations for Safe Storage{ c) 
Deferred Decontamination 

Totals 
ENTOMB( f) 

BWR 
-DECON(g) 

SAFSTOR: 
Preparations for Safe Storage(h) 
Deferred Decontami nation 

Tot a 1 s 
ENTCMB (j) 

(a) Assumed to be a 10-reactor station. 
(b) From Table 8.4-1. 
(c) From Table 8.4-2. 

W1 t out 

822 

28 
7621 d I 
790 

822 

2016 

351 I . I 
1728 1 

2079 

2016 

(d) Calculated from Table H.S-2 of Reference 1. 

euse 
$thousands) 

Wlt euse 

495 

13 
457 I e I 
470 

495 

851 

153 
7261 e) 

879 

851 

Net Savings/ 
Decorrmi ss ion i ng 

with Reuse 
($ thousands) 

327 

15 
305(e) 

320 

327 

1165 

198 
1002(e) 

1200 

1165 

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

(f) Assumed to be the same as for DE CON. 
(g) From Table B.4-3. 
(h) From Table B.4-4. 
(i) From Table J.?-2 of Reference 2. 
(j) Reactor vessel internals removed; assumed to be the same as for DECON. 

In the BWR 

$20,000 

study, five mobile chemical decontamination units, estimated 

to cost each, and four mobile chemical mixing and 

ing $2,500 each, are assumed to be used (see Tables 1.3-9 

heating units, cost

and J.S-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 8.4-3 and 8.4-4 of Appendix 8 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 8WR is $68,700 for DECON 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 
the BWR. 

in the decommissioning of the PWR as were assumed to be needed for 

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 casted as a function of the time 

schedule, 3 years for the PWR and 3-l/2 years for the BWR for DECON. 

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

Estimated Estimated Useful 
Decommissioning Total Capital ( ) Lifetime (No. or 

Alternative Cost ($ thousands) a DecoriVllissionings) b) 

DECON/ENTOMB 110 5 

SAFSTDR(e) 110 5 

(a) From Table 1.3-9 and Table J.5-6 of Reference 2. 
(b) Assumes adequate maintenance. 
(c) Rounded to the nearest $1000. 

Cost/Decommissioning with Reuse Savings/ 
($ thousands~(c) Decommi ss i oni ng 

Cap1ta1 Maintenance d) Total _il__QJ_ou~ands) 

22 l7 39 7l 

22 7 29 81 

(d) Based on assumed average rate of 5% of capital cost per year; assumes a 3-year decommissioning schedule for 
DECDN 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. {4) 

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 decommissioning 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 radioactive 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 valves 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-valve 
cost.)( 6) 

8.3.4.4 Eguipment Decontamination Services Summary 

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 Electropolishing Facility During Decommissioning 

Facility Costs/Decommissioning 
($ thousandsj(a) 

Net Recovery Net Cost 
Value of Savings/ 

Capital(b) 
Operation and 

Type of Reactor Maintenance (c) 
Stainless Steel Decommissioni{g 

Total ($ thousands)(a,d) { $ thousands) a) -------
PWR 47 188 235 975 ( e I 740 

s~m 47 188 235 472(f) 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 

deronlllissioning, with 10 reactors at the site. 
(c) Assumed to be 10% of total capital cost/year; electropolishing associated ~lith 

decommissioning estimated to be completed in 1 year. 
(d) Based on $0.60/kg salvage value and $0.74/kg disposal cost, fol' a net recovery 

value of $1.34/kg (seep. 10-3 of Reference 1). 
(e) Based on 80% recovery of 910,000 kg potentially recoverable. 
(f) Based on 80% recovery of 179,000 kg potentially recoverable stainless steel and 

43S ,000 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 Sav1ngs AssoCJated w1th Decontam1nat1on OJ.ll.ions ($ thousands}(a) 
Reuse of Special(b) Mobile Decontam1 I Central ~Electropohshinq 

DecOITillissioning Alternative Tools and Equipment inat"!_o_n._Equipmentlc Facility with SS Res;_QY~ Total 

PWR 

DECON 

SAFSTOR(e) 

ENTIJ-IB 

'" DEC ON 

SAFSTOR(e) 

ENTOMB I g) 

(a) Rounded to the nearest $1000. 
(b) From Table 8.4-S. 
(c) From Table 8.4-6. 
(d) From Table 8.4-8. 

327 71 

320 81 

327 71 

1165 I f) 

1200 

1165 

(e) For deferred decontamination after 30 years of safe storaqe. 

740 

740 

740 

237 

237 

237 

(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. 

1138 

1141 

1138 

1402 

1437 

1402 

decommissioning a BWR are about 40% greater than the savings for decommission

ing a PWR. This is attributable to the significantly greater estimated cost 

of special tools and equipment given in the BWR decommissioning study. (2) 
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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 shop 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 

• 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 

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

that an onsite laundry would reduce costs because: 

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

• 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: 

• 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 likely 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. No signifi

cant impact on decommissioning costs is perceived. The principal 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 {$ thousandsl 
Oecommi ss i ani ng Health Ph{sics Security 

Alternative Services b) Forces (c) 

PWR 
DE CON 462 459 
SAFSTOR 718 808 

ENTOMB 462 459 

B~iR 

DE CON 618 522 
SAFSTDR 1054 1066 
ENTOMB 654 605 

(a) Assumed to be a 10-reactor station. 
(b) From Table 8.3-1. 
(c) From Table 8.3-2. 
(d) From Table 8.3-J. 
(e) From Table 8.3-7. 

Solid Waste Decontamination 
Processing(d) Services(e) 

133 1138 
144(f) 1141 
133 li 38 

221 1402 
253(f) 1437 

221 1402 

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

Total 

2193 

2812 

2193 

2763 

3810 
2882 

types are shown in Table 8.4-1 for DECDN, 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 
Alternative 

Cost ($ millions)(a) 
BWR(c) 

43.6 

55.0 

44.5 

DEC ON 
SAFSTOR(d) 
ENTOMB(e) 

PWR(b) 

31.0 

39.7 

28.7 

(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 years. 
(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. 

located at the station, the continuing stability 

If only a few reactors are 

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 1n 

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 DECOMMISSIONING 

The impact of decommissioning one of the reactors at a multiple-reactor 

power station on the radiation dose from decommissioning 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 
DE CON SAFSTOR a ~=E'-'N,T-oOMccB'"'"~ 

PWR BWR PWR BWR Factor PWR BWR 

Waste Di sposa 1 
Onsite Interim Storage For: 

30 Years 
50 Years 

100 Years 
Onsite Disposal 

Site Dedication(b) 

Central Services 
Solid Waste Processing 

+71.6 

-72.0 

-75.0 
-89.8 

-75.0 

-3.8 

+46.7 -74.0 -68.0 
-55.1 -77.4 -86.7 
-59.7 -78.0 -87.9 

-100.6 -90. 1 -1D0.7 

-129.0 -21. D -29.0 

-5.0 -1.6 -2.5 

(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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+6. 1 +33.3 
-11 .6 -25.9 
-12.8 -29.3 
-22.8 -67.2 

-62.D -118.0 

-3.8 -5.0 



9.1 DISPOSAL OF NUCLEAR WASTE 

Options for disposal of the nuclear waste generated by decommissioning a 

reactor at a multiple-reactor station are: 

• burial offsite at a licensed disposal facility 

• onsite interim storage with later transfer offsite to a licensed waste 
disposal facility 

• 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 \~aste 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: 

1. onsite transportation to the interim storage facility 
2. placement of the waste in the interim storage facility 

3. retrieval of the waste from the interim storage facility 

4. transportation to the offsite disposal facility 

5. 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 
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lower and there should be less waste for disposal 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: 

• 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 + l/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 Pt.JR(l, 2) and the reference 

BWR,( 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 

DE CON 

The estimated occupational radiation doses for disposal 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 \.Jaste from 
DECON of the Reference PWR 

~- _ ~-------·---Ei_ Li_n_li>J~i~_O_c_~_<!U_ O!l_a__!___Q~s_~-- 01!.'~ n __ -...!:?:_!i!l_ ________ _ 
__ Imme.5!_i_?_t~ _ __Qf_t;j_t_g__pi ~-a I____ ----~ . __ _9_!!~i_t~n_t_e_r_i!!!__?(o_~~---------
Neutron- Contaminated Neutron- Contanlinated Differ~nr:.e ft'om 
Activated t1ateriill & 1\ctivilted nateriol r, I1nmediate 

. ___ Wa_s te Di sposa 1 Ta~t____ Ma teri a1 l~a_c]~~t~--- Tot a 1 ~_!:_l_teri_ii_l___ l<.a_d~_i!S ~ !_o_ta 1 Offs i !_e __ QJ..?EQ_s~ 

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 Difference 

After 30 years 

After 50 years 

After 100 years 

15. B 

95.0 

(a) ( ) indicates a reduction in dose. 

83.7 99.5 

27.0 122.0 

1.6 

95.0 

30.0 

l.O 

0.02 

13.0 

12.8 

12.8 

30.0 

l.O 

0.02 

8.4 

17.0 

6.0 

0.5 

0.(13 

73.4 

I. 7 

1.5 

6.0 

0.5 

O.OJ 

10.0 

122.0 

36.0 

1.5 

0.05 

86.4 

14.5 

14.3 

36.0 

I. 5 

0.05 

10.0 

122.0 

36.0 

1.5 

0.01 

113.1)1'1 

185.0) 

185.2) 

186.0) 

I 120.11 

I 121 . 9 I 

71.6 

172.0) 

175.0) 
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TABLE 9.1-2. Estimated Occupational Radiation Doses from Disposal of the Nuclear Waste from 
DECON of the Reference BWR 

__ _ Was..!_~i sposll.] __ 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 

E<>timnted Occuputionitl Uose (mnn--rcm) 
~-} nm~_<:l_i~a_t_~Q__f !_~}}~_.Jfl s_Q_o_s_a _}__ __ ~ -~ _· -~=-]~ljJi:~_i!l_f~T:~l}ii)Ti.l!:~_g-~-=~==~-:~-~~-= 
Neutron- C·mtandnoted Neutron- C<jntnnlinnted Difference from 
Activated l"'aterial & Activated f-1aterial ?. Immediate 
Mate_!:_iaL__ _____ f_?_d~~~-s_t~-- T_o_tal ~Q_teri_a_l __ -~?_d_~~_te ___ I_o_t_al Of_f_s_ite _ __pis_22sa_l 

1.8 

130.0 

13.0 

1.5 

0.02 

18.0 67.2 85.2 

17. 3 

1 5. 6 

15.6 

G.S 

3:i.O 

7. 2 

0.72 

0.05 

65.6 

1.5 

l.l 

8.6 

165.0 

20.2 

2.22 

0.07 

82.9 

1 7 1 

16.7 

8.6 

Hi5 .0 

20.2 

2. 2 

0.07 

(2.3)(a) 

( 68. I ) 

(68.5) 

Placement in Offsite Disposal 130.0 

After 30 years 

35.0 165.0 

13.0 7.2 

0.7 

0.05 

20.2 (144.8) 

After 50 years 

After 100 years 

Total Difference 

After 30 years 

After 50 years 

After 100 yeors 

(a) ( ) indicates ~ reduction in dose. 

1.5 

0.02 

2.2 (IGZ.r.) 

0.07 (164.9) 

46.7 

I 55. 1 l 
(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 radioactive 
waste from decommissioning for both the PWR and the BWR are greater than the 
occupational doses for immediate offsite waste disposal. With onsite interim 
storage for 50 or 100 years, there is a reduction of the occupational 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 radioactive 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) 
ReactorjStorage Immediate Offsite Onsite Interim 
Type , Period (yr) Disposal Storage Difference 

PWR/0 21.0 

PWR/30 18.0 (3.0) (a) 

PWR/50 3.0 (18.0)(a) 

PWR/100 3.0 (18.0) (a) 

BWR/0 22.4 

BWR/30 17.0 (5.4)(a) 

BWR/50 3.5 (18.9)(a) 

BWR/l DO 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 from SAFSTOR to an offsite waste disposal facility are given in 

Table 9.1-8 for immediate offsite disposal 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, 50, 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 decommissioning waste from SAFSTOR is lower 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 disposal 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 PWR 

Waste ~Disposal Task 

Onsite Transport 

Placement in Interim Storage 

Retrieval from Interim Storage 

After 30 years 

After 50 years 

After 100 years 

____ Estimated _.9ccupationi.l._J)_o~(man-_:em) ------~ 
IrTillediate Offsite Disposa_l ___ Onsit_e~terim Stor_~--

Neutron- Contaminated Neutron- Contaminated Difference from 
Activated Material & Activated ~1aterial & Immediate 
r~aterial Radwas_~ Tot_9_!_ Materi.il____ _____!0_dwast_~_ Tot<D_ Offs:!_!_g _ _D.i2!2E_S2.!_ 
_____ Preparatio_~0_o.!:.____i~f_e Storage _______ _ 

0.9 

2.0 

0.44 

0.04 

0.002 

0.9 

2.0 

0.44 

0.04 

0.002 

O.Y 

2.0 

0.44 

0.04 

0.002 

Cri Offsite Transport 10.4 10.4 

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 

2.0 2.0 

2. I 

0.5 

0.4 

0.44 

0.04 

0.002 

2. I 

0.5 

0.4 

0.44 

0.04 

0.002 

(8.3)(1) 

(9.9) 

(10.0) 

( 1 . 6 i 
(1.96) 

(I .998) 

(6.6) 

(8.9) 

( 9. I I 
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TABLE 9.1-4. (Contd) 

__________ ___l2_t_imat_ed Oc~_u~t.i_Q!la_l___Q_o~~-rern) ___________ _ 
____ Immediate Of_fsit~i_s~J_1_ _ _O~i.te Inter_~~Stora~ __ _ 
Neutron- Wntaminated Neutron- Contaminated 

Waste Disposal Task 

Onsite Transport 

Placement in Interim Storage 

Retri eva 1 from Interim Storage 

After 30 years 

A-fter 50 years 

After 100 years 

Offsite Transport 

After 30 years 

After 50 years 

After 100 years 

Activated l~aterial & Activated Material & 
Material Radwaste Total Material Radwaste 
---- -Defe-rredDecc;r:ltamif-la-tlOn After 30 Yedr_s_-

1 3. 0 72.7 

--------

85.7 

1.3 

10.0 

0.3 

0.04 

0. 016 

7.7 

7.7 

7.7 

7.30 

5.8 

0.22 

0.07 

0.011 

0.95 

0.73 

0.51 

Placement in Offsite Disposal 10.0 5.8 15.8 

After 30 years -- -- -- 0 3 

After 50 years 

After 100 years 

Tota 1 After 30 years 

After 50 years 

After 100 years 

0.04 

0. 016 

0.07 

0.011 

Total 

8.6 

15.8 

0.51 

0. 11 

0.018 

8.65 

8.43 

8.11 

0.51 

0.11 

0.028 

Difference from 
Immediate 

Of_f ~-e~ii__Q_osa _l 

8.6 

15.8 

0.52 

0. 11 

0.018 

I 77 .ol 
I 77. 3 l 
I 77.5 l 

I 15. J l 
I 1 5. 7 l 
I 1 5. 8 l 

I 67. 4 l 
168.5) 

168.9) 
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-~-Waste _Qj_?~d_l__Ta~ 

Onsite Transport 

Placement in Interim Storage 

Retrieval from Interim Storage 

After 30 years 

After 50 years 

After l 00 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 

TABLE 9.1-4. (Contd) 

Estimated Occu..l2i.!iona1 Dose (man-rem} =::::"r om=e~dT;Cact~e00~f'<f~s'i't-;e:co~ic;sp~o'Cs~a+1':':-= On S ite Infer i rr1 S to rage -~ --· -- - - -
Neutron- Contaminated Neutron- Contaminated Difference from 
Activated r1aterial & Activated 1·1aterial & Immediate 
r.late_rJ...i.l_ ___B_9_dl'ldS te_ To_~ _t!a~_iil_ __ B.i_dw~t.e_ Tot a 1 Off2_j__~D~osa l 

Deferred Decontamination After 50 Years --------·-

0.8 

1.0 

0.04 

0.016 

0.011 

7. 7 0.95 8.65 

7.7 

7.7 

7.7 

1.0 0.51 l. 51 

0.04 

0.016 

0. 011 

0.09 

0. 51 

O.C7 

0.03 

0.007 

0.95 

o. 73 

0.51 

0.07 

0.03 

0. 007 

0.89 

1. 51 

0.11 

0.046 

0.018 

8.65 

0.89 

l. 51 

0. 11 

0.046 

0.018 

10.0) 

8.43 10.2) 

8.21 10.4) 

0. 11 

0.046 

0.018 

I L 4 J 
I 1 . s l 
I 1 . s) 

1.11 

0. 75 

0.52 
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_____ W_aste_ 8isposal _lil_s~_ .. 

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 

TABLE 9.1-4. (Contd) 

Estimated Occuoat1onal Dose (man-rem) 
- llll~lediate _Qffs_i fe--DlS[iOSal~~--=-On_:,-i te_ In_te-ri~i_ -Stor;l-yc -~- -- - -·-·-
~1eutron- Contaminated Neutron- Contaminated Difference from 
Activated l~aterial & Activated 'laterial -~ Immediate 
r~ateriil__ ___ Radwaste Toti.l_ f.1ate__!:__j_j.l_ _Radwa_s_~ Total O_f~i-~Dgosal 

Deferred Decontamination After 100 Years 
--.--- ---- --· 

0.8 0.07 0.87 0.87 

0.016 0.033 0.049 0.049 

0.012 0.012 0.024 0.024 

0. 011 0.007 0.018 0.018 

0.011 0.002 0.013 0.013 

7. 7 o. 73 8.43 

7.7 0.51 8.21 I o. 22 l 
7.7 0.44 8. 14 10.29) 

7. 7 0. 37 8.07 I o. 36 l 

0.016 0.033 0.049 

0.012 0.012 0.024 10.02) 

0.011 0.007 0.018 10.03) 

0. 011 0.002 0.013 10.04) 

0.70 

0.62 

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 

__ Wa_s _!_g__J}i s pos_a .l_____I9_s_t 

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 Occ~tional Dose (rna.n-rem) _ = I!n~ned i ~ t~O_f fs it~_ Di ~p_o_?_a_l___ ·_ ~ __ O_!l_s_i_te l_n_t_P~c_i 1n_)_tO-r_a_ie:- --
rJeutron- Contaminated Neutron- Contaminated 
Activated ~-laterial & Activated .'·1aterial P. 
r~aterial Radwaste Total Material Radwaste 

--- Preparations Fo_r_ Safe Sto_r_a-ne 
··------ .- -------- ~---- ---- --

23.2 23.2 

6. 7 6. 7 

0.7 

6.7 

1.5 

0. 14 

0.01 

2.8 

1 . 2 

0.9 

1. 5 

0.14 

0.01 

-;- o ta 1 

0. 7 

6.7 

1.5 

0.14 

0.01 

2.8 

1.2 

0.9 

1.5 

o. 14 

0.01 

Ji fference ft'OI'l 
Jmrnediate 

O_ffs_ i _'U' __ Di s _fl0_a_l 

I) 7 

6. 7 

1.5 

0. 14 

0.01 

I 20.4 I Ia I 
I 22. o 1 I 
(22. 31 

(5.21 

(6.61 

(6.71 

(16.71 

I 21. 1 I 
(21 .61 
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'Waste Di2£_o_s_~ _T_~k 

Dnsite 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 

TABLE 9.1-5. (Contd) 

Estimated Occ~ional Dose (man-rem) 
~1!1led i_afe _Offs i fe _DiSpo-s·a 1 ~ ---=------._gn·s i te- Infer_i~to·raqe--.-- -- ·-----
Neutron- Contaminated Neutron- Contaminated Difference frorn 
Activated ~1aterial & Activated ~1aterial Immediate 
t1aterial Radwaste Total Material Radwaste ~otal Offsite Disoosal 
----Deferred o·econ-tdmi rlation A-fter ji')Years-.- ·- --. ----- ----

.---. -- --·- -----·--

1.7 6.0 7. 7 7. 7 

14.0 7. 1 21.1 11.2 

0.5 0.3 0.8 0.8 

0.06 0.09 0. 15 0.15 

0.008 0.018 0.026 0.026 

1 7. 3 60.4 77.7 

15.3 l.B 17. 1 160.61 

2. 7 1.5 4.2 I 7 3. s I 
2.7 l.O 3. 7 174.01 

Placement in Offsite Disposal 14.0 

After 30 years 

7. 2 21. 2 

0. 5 0.3 0.8 120.41 
After 50 years 

After 100 years 

Total After 30 years 

After 50 years 

After 100 years 

0.06 

0.08 

0.09 0. 1 5 111.11 
0.018 0.026 I 21 . 2 I 

I 51 . 3 I 
165.61 

166.31 



~ 

' ~ _,. 

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 Offsite 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) 
Immed 1 a-t~e"O"f"f~s'i •t·eoc-oc,~· s~p~o~s~a~1C" --- Ons ite I ntg _ _!j~_ Storage----=-

Neutron- Contaminated Neutron- Contaminated 
Activated Material & Activated f.laterial & 
~1aterial Radwaste Total />1aterial Radwaste Total 
--·-Deterred Oec6ntamiilation After 50 Years--·-

-------· 

14.4 1.8 16.2 

1.6 0.8 2.4 

1.4 

1.6 

0.06 

0.02 

0.008 

2. 7 

2.7 

2. 7 

0.06 

0.02 

0.008 

0.2 

0.8 

0.3 

0.05 

0.01 

1.5 

1.2 

0.9 

0.3 

0.05 

0.01 

1.6 

2.4 

0.36 

0.07 

0.018 

4.2 

3.9 

3.6 

0.36 

0.07 

0.018 

Difference from 
Immediate 

Off_~e _ _Q_i_.s~i.l_ 

1.6 

2.4 

0.36 

0.07 

0.018 

( 1 2. 0) 

( 12. 3 

( 12.6) 

(2 .0) 

( 2. 3) 

(2.4) 

( 9. 6) 

( 1 0. 5) 

(11.0) 



~ 

' ~ 
~ 

Waste gisposal 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 

TABLE 9.1-5C (Contd) 

_ ~ Estimated Occ~patiq_n~ose (man-rem) 
-__ -_""Imm~_~e~d~1~-a~tcc_e Off~_ite Di~l. _ . -~~~~terim Sto~_ 
Neutt·on- Contaminated ~eutron- Contaminaterl 
Activated Material & Activated Material & 
t1aterial Radwaste Total Material Radwaste Total 

Difference from 
Immediate 

Offsite Disposal 
Deferred Decontci-mination Afte-r 100 Years----

0.2 0. 1 

0.02 0.05 

0.008 0.018 

0.008 0.010 

0.007 0.002 

2.3 1.5 3.8 

2.3 l.O 

2.3 0.9 

2.3 0.8 

0.02 0.05 0.07 

0.008 0.018 

0.008 0.010 

0.007 0.002 

0.3 

0.07 

0.026 

0.018 

0.009 

3.3 

0.3 

0.07 

0.026 

0.018 

0.009 

I o. 5) 

3.2 10.6) 

3.1 10.7) 

0.026 

0.018 

0.009 

10.04) 

10.05) 

10.06) 

I o. 14) 

10.26) 

10.38) 

(a) ( ) indicates a reduction of the dose compared with immediate offsite disposal. 



TABLE 9.1-6. Summary of Occupational Doses from Disposal of Nuclear 
Waste from SAFSTOR of the Reference PWR 

Deferred Decontamination 
After (years) 

Dose Differences from Immediate Offsite Disposal (man-rem)(a) 
Interim Storage Period 

30 

50 

1 DO 

30 years 50 years 100 years 

(74.0)(b) 

I 5. 5 l 
(5. 9) 

(77 .4) 

(8.1) 

(8.3) 

(78.0) 
(8.6) 

(8.6) 

(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. 

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

Dose Differences from Irrmediate Offsite Dis 
Deferred Oecontamlnation 3 years 50 years 

After (J:::ears) Interim Storage Interim Storage 

30 (68.0) (b) (86. 7) (87.9) 
50 (16.3) (31.6) (31.6) 

1 DO I 16.8 l (11.4) (12.0) 

(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 
irrmediate offslte disposal. 

(a) 

in Table 9.1-11 for irrmediate 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 
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TABLE 9.1-8. Estimated Radiation Doses to the Public from Transportation of 
the Nuclear Waste from Decommissioning a Reactor by SAFSTOR 

Reactor/Storage 
Type I Period (yr) 

PWR/0 

PWR/30 

PWR/50 

PWR/l 00 

BWR/0 

BWR/30 

BWR/ 50 

BWR/100 

PWR/0 

PWR/30 

PWR/50 

PWR/100 

8WR/0 

BWR/30 

8WR/50 

BWR/l 00 

PWR/0 

PWR/30 

PWR/50 

PWR/l 00 

BWR/0 

BWR/30 

BWR/ 50 

BWR/100 

Public 
Imme ate ffs1te 

Disposal 

19.7 

20.8 

Radiation Dose man-rem (a) 
Ons 1 te nten m 

Storage Difference 

2.2 

1.8 

1.8 

4.1 

1.2 

1 . 0 

l17.5)lb) 

117.9) 

I 1 7. 9 l 

116. 7) 

I 19. 6 l 

I 19.8 l 

Deferred Decontamination After 50 Years 

3.9 

8. 1 

2.1 

1.8 

1.8 

1.5 

1.1 

l.O 

I l. 8 l 
12. 1 ) 

I 2. 1 l 

16 .6) 

I 7. o l 
I 7. 1 l 

Deferred Decontamination After 100 Years 

3.8 

5.6 

1. 1 

1.8 

1.8 

1.3 

l.O 

0.7 

I 1 . 7 l 
I 2. o l 
12 .0) 

I 4. 3 l 
I 4. 6 l 
I 4. 9 l 

(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 ENT0~1B of the Reference PWR 

Was tg___Q_1~P(,l.~_a 1_1Q2_~---

0nsite Transport 

Placement in Interim Storage 

Retrieval from Interim Storage 

After 30 years 

After 50 years 

After 100 years 

Offsite Transport 

After 30 years 

Afler 50 years 

After 100 years 

Place1uent in Offsite Disposal 

After 30 years 

After 50 years 

After 100 years 

Total Di fferenc.e 

After 30 years 

After 50 years 

After 100 years 

------·----

_____ . ____ Esti~l_?t~ _ _Qccupational Dose (man_- rem) ·--
_____ Immed i 01te Offs i t_e __ Di Sf!.921:L_ Ons i t~_~_rim___l_t_ora~ __ _ 
Neutron Contaminated Neutron- Contaminated Difference from 
Activated Material & Activated Material & Immediate 
!:1aterjj_l__ ____ BiJdhas_t~-- Total l'@_!erial___ ~!_"aSte _ Total 9_ffsite Dispg2iJ_!_ 

6.4 15.5 21.9 

23.0 20.0 43.0 

0.6 1.6 2.2 2.2 

13.0 20.0 43.0 43.0 

2.4 2.5 4.9 4.9 

0.24 0.25 0.49 0.49 

0.006 0.015 0.021 0.021 

6.1 9.9 16.0 (5.9 ) 
(a) 

5.8 1.3 7.1 (14.8) 

5.8 1.1 6.9 (15.0) 

2.4 2.5 4.9 (38.1) 

0.24 0.25 0.49 (42.5) 

0.006 0.015 0.021 (43.0) 

6.1 

(11.6) 

( 12.8) 

(a) ( ) indicates a reduction in dose. 
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TABLE 9.1-10. Estimated Occupational Doses from Disposal of the Nuclear Waste 
from ENTOMB of the Reference BWR 

Waste Disposal Jask 

Onsite Trrtnsport 

Placement in Interim Storage 

Retrieval from Interim Storage 

After 30 years 

After 50 years 

After 100 years 

Offsite Transport 

After 30 yeat'S 

After 50 years 

After 100 years 

Placement in Offsite Disposal 

After 30 years 

After 50 years 

After 100 years 

Total Difference 

After 30 years 

After 50 years 

After 100 years 

------

Estimated 
frllirledi ate -Offs·'i~t""'e--c'Di sposa 1 

Neutron- Contaminated 
Activated Material & 
t·1a~erial Radwaste Total 

14.1 32.5 46.7 

115.0 20.0 135.0 

(a) ( ) indicates a t·eduction in dose. 

Occu~ational Dose (man-re~ 
Onsite Interim Storage 

treutFOn- Contaminated 
Activated Material & 
t·1aterial Radwaste Total 

1.4 3.1 4.6 

115 .o 10.0 135.0 

11.5 4.1 15.7 

1 . 1 0.4 1.5 

0.014 0.03 0.04 

14.2 30.8 45.0 

12.7 1.5 14.1 

11. 7 1.1 13.8 

11. 5 4.2 15. 7 

1.1 0.4 1.5 
0.014 0.03 0.04 

Difference from 
Immediate 

Offsite Disposal 

3.6 

135.0 

15.7 

1.5 
0.04 

(l.l)(a) 

(31.5) 

(31.9) 

(119.3) 

(133.5) 

(135.0) 

33.3 

(25.9) 
(19.3) 



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

Reactor /Storage 
Type I Period (yr) 

PWR/0 

PWR/30 

PWR/50 

PWR/1 00 

BWR/0 

BWR/30 

BWR/50 

BWR/1 00 

Public Radiation Dose (man-rem) 
Immediate Offsite Onsite Interim 

Disposal Storage Difference 

4.5 

9.6 

3.3 

1.5 

1.4 

9.2 
2. 9 

2.8 

(1.2)(a) 

( 3. 0) 

( 3. 1 ) 

(0.4) 

( 6. 7) 

(6.8) 

(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 will 
be over private roads in a privately controlled area. 

T~e 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 B~JR. In all cases, the radiation dose 
for onsite disposal of the waste is less than 10~~ of the dose for offsite 

disposal. 

9.2 SITE DEDICATION 

Dedication of a site to nuclear power generation results in replacement 

reactors being constructed on a schedule to achieve startup of a new reactor as 

an old reactor is shut down. At such dedicated sites, either relatively long 
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TABLE 9.1-12. Estimated Transportation Doses from Disposal of Nuclear 
Decommissioning Waste 

Number of Shiements Transeortation Dose (man-rem) 
Decommissioning/Reactor Off site Onsite Off site Onsite 

Alternative I Ty~e Di seas a 1 Di seas a 1 Diseosal Diseosal Difference 

DECON/PWR 1363 1326 99.5 9. 7 (89.8)(a) 

DECON/BWR 1495 1168 1 09. 1 3. 5 ( 1 00 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 1 09. 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. 

It 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 to 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 DECDN 

The impact of site dedication on the occupational radiation doses from 

decommissioning the reference reactors by OECON is given in Table 9.2-1 for 

the Plm 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 Occu2ational Dose (man-rem) Dose Reduction {man-rem) 
Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors 
Reactor of 0?5 of 0?5 of One of One 

Building Station( a) Ttoe I Tne I T~~e Tyee 

Reactor Building 490 461 456 19 34 

Auxiliary Building 117 213 211 14 16 

Fuel Building 134 126 125 8 9 

Ancillaries 233 219 117 14 16 

Totals 1084 l 019 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 0.93 for 5 

reactors of one type. 

TABLE 9.1-2. Impact of Site Dedication on Estimated Occupational Radiation 
Oases from DECON of a BWR 

Averafe Occueational Dose (man-rem) Dose Reduction {man-rem} 
Sing e- 4 Reactors 5 Reactors 4 Reactors 5 Reactors 
Reactor of O?e of O?e of One of One 

Building Station(a) Type b) Type b) Type Type 

Reactor Building 891 838 829 53 62 

Turbine Generator 193 181 179 12 14 
Building 

Radwaste & Control 530 498 493 31 37 
Building 

Ancillaries 231 217 215 14 16 

Tota 1 s 1845 1734 1716 111 119 

(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 rs when five reactors of one type are 

decommissioned. 

9.2.2 Impact on Radiation Doses from SAFSTOR 

The impact of site dedication on the occupational radiation doses from the 

preparations for safe storage is presented in Table 9.2-3 for the reference PUR 

and in Table 9.2-4 for the reference BWR. 

Impacts on the occupational doses from deferred decontamination of the 

reference reactors are given in Table 9.2-5 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 ENTOI~B 

The impacts of site dedication on the occupational radiation dose from 

decommissioning the reference reactors by ENTOf1B are presented in Table 9.2-8 

for the reference PVJR 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 P~JR 

Average OccuEational Dose (man-rem) Dose Reduction (man-rem} 
Single- 4 Reactol·s 5 Reactors 4 Reactors 5 Reactors 
Reactor of O~e of O~e of One of One 

Building . r a\ T~2e b I T~2e b) T,t2e TtEe Stat1on' 1 

Reactor Building 58 55 54 3 d 

Auxiliary Building 30 28 28 2 2 

Fuel Building 15 14 14 l l 

Ancillaries 176 165 164 ll 12 

Totals 279 261 260 17 19 

(a) From Table ll.3-2of 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. Impact of Site Dedication on Estimated Occupational Radiation 
Doses from Preparations for Safe Storage of a BWR 

{'werage Occu~ational Dose (man-rem) Dose Reduction (man-rem) 
Single- 4 ReactDl"S 5 Reactors 4 Reactors 5 Reactors 
Reactor of 01e of 01e of One of One 

Building Station(a) Type b I Type b I Type Type 

Reactor Bt.:ilding 155 146 144 9 i 1 
Turbine Generator 18 17 17 

Bui ]ding 

Rad~1aste & Control 99 93 92 6 7 
Building 

Ancillaries 1 03 97 96 6 ; 

' 
Iota 1 s 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 Occu~ational Dose (man-rem) Dose Reduction (man-rem) 
Years After Single- 4 Reactors 5 Reactors 4 Reactors 5 Reactors 

Reactor Reactor of One of O(e of One of One 
Shutdown Station( a) Type ( b I Type b I Type Type 

30 24 23 22 2 

50 2 2 2 0 0 

1 DO 1 1 0 0 

(a) From Table H.6-1 of Reference 
(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 9.2-6. Impact of Site Dedication on Estimated Occupational Radiation 
Doses from Deferred Decontamination of a B"R 

Average Occueational 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(a) Type(b) Type(b) Type Type 

30 36 34 33 2 3 

50 3 3 3 0 0 

100 <l <l <l 0 0 

(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 one type. 

TABLE 9.2-7. Estimated Dose Reductions from Decommissioning 
Reactors of One Type by SAFSTOR 

Severa 1 

Dose Reduction (man-rem)(a) 
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 ENTm~B of a PWR 

Average Occupational ~ose (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(a} Type(b) Type(b) Type Type 

Reactor Building 130 122 121 8 9 

Auxiliary Building 191 274 272 18 20 

F ue 1 Building 147 138 137 9 10 

Ancillaries 378 355 351 13 26 

Totals 947 889 882 58 65 

(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 ENTOI~B of a BI4R 

Average Occupat1onal Dose {man-rem) Dose Reduction (man-rem} 
Sing 1.e- 4 Reactors 5 Reactors 4 Reactors 5 Reactors 
Reactor of One of One of One of One 

Building Station\ a) lype(b) Type(b) Type Type 

Reactor Building 738 694 686 44 52 

Turbine Generator 195 183 181 12 14 
Building 

RadwJste & Control 511 490 485 31 36 
Building 

Anci 11 aries 130 216 214 14 16 

Tota 1 s 1684 1583 1566 I 0 I 118 

(a) From iable 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 tyoe. 
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9.3 CENTRALIZED SERVICES 

Centralized services that may be available at a multiple-reactor station 

are: 

• health physics services 

• security forces 
• solid waste processing 

• equipment decontamination services 

8 maintenance shops and services 
• laundry services 
• transportation services 

• 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 disposal facility. Reduction of the volume 

of waste handled could lead to potential radiation dose reduction for: 

• plant workers who prepare and package the waste for shipment 

• transportation workers involved in the shipment of the waste 

• 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 radioactive waste to 

the radioactive waste disposal facility results in lower radiation doses to the 

transportation workers and the public. In Reference l, 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 0.015 man-rem per shipment for the public. Table 8.3-3 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 ENTGr1B of a PI·JR 

and 5.0 man-rem for DECON or ENTDr1B of a Bl~R. 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 Bl~R. This table also shows radiation

dose reductions for the public of 0.8 man-rem for OECON or ENTOMB of a P\~R and 

1.0 man-rem for DECOI< or ENT01•1B 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 multiple-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 B:~Rs. The estimated radiation doses for decommission

ing both types are shown in Table 9.4-l for OECON, SAFSTOR, and ENTOI\B. 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 P\~Rs and BI•/Rs 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 P\~Rs and BWRs are developed in 

Subsections 9.1, 9.2, and 9.3. 

TABLE 9.4-1. Estimated Occupational Doses For 
Decommissioning LWRs 

Decommissioning 
Alternative 

DEC ON 

SAFSTOR 
(30-year storage) 

ENT011B (c) 

Occupational 
Pi<R{a) 

1080 

280 

950 

(a) From References 1 and 2. 
(b) From Reference 3. 

Dose (man-rem) 

1850 

420 

1680 

(c) For ENTOMB with reactor internals removed. 

9. 5 NUI·\BER 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

sioning tools and equioment 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 +or 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 

The three decommissioning 

for each scenario. The 

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

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 ! TYPE OF RETIRED AFTER 40 YR OLD REACTOR WASTE DISPOSAL CENTRAL 
NUMBER Of ' 

REACTOR l REACTOR l REACTOR REPLACED IMNt:DIATE ON SliT ONS ITE FACILITIES 
REACTORS 

' 
PWR ! BWR EVERY 2 YR EVERY 4 YR YES NO OFF 51 TE INTERIM PERMANENT YES [ NO 

STORAGE DISPOSAl - j_ ______ 

1 ' X ' X X X X 

---· ~ -~- r--
' 1 ' X X X X X 

~- ~ 

' 
) 

i 
10 X X X X X X 

- ---·· 

' 10 X X X X X X 
. ---

5 10 X X X X X X 

------ -- -- '~ 

FIGURE 10.0-l. Multiple-Reactor Station Scenarios 

10.1 SCENARIO NUMBER 1 

In this scenario four PWRs are located 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 life
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. 
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TABLE 10.1-l. Multiple-Reactor Station Scenario 1 Decommissioning Cost Impact (4 PWRs} 

Decon~ni ,;s i ou i IHJ 

Alternative 

OECON 

~ioqle-R~actor Station 
llecomrni~sioning IJnit Cost 
_____ H _!ho_u~<~!Jd~J 

~4 fl21 (h) 

-~1:!:( f) 32 600(g) 

SAFS lOR ( ~_o __ t.r:(f) 28 600( 9) 

I 
I 0_9 _ _y_r· {f) 31 800{g} 

E'NWMll n 7B6(d) 

r~~~-~ lt~~!K_tj Uri_ !-'!"!_ R~~.'-·_t9r- Urli ~ (~t_ -~ _M~ H_i p 1 e-_flt·~~ 0I_~ !j_t_!QJ_I_j1 _ _1110liSdOd~J ---
-- _ !-Jas_te_ Jlj,~.P92a_l EfficienLy 
On;ite lnteriu1 On;ile !mprove1nent Total Net 5dvr~ 

_____ }tor~~------ !'ennJnent Fro111 <l Centr·dl ----- - - ---X of __ _ 
!~S_01]1:!J" __ t;:_Q_s__t__ _____ !!_l_sp.Q_s_<!l __ 0~J~!I£L)_ ?~_'oljces !_ __ t_housd_llrl~ LJnit CO?!_ 

I :: 10(1 

I 
30 

50 

IUO 

1

30 

50 

100 

1

30 

50 

100 

1

30 

50 
]()() 

{1 b40)(c,d) {e) 636 (c) (1 004) (4.0) 

770(b) -- 636 2 406 9.7 

780{b) 636 ? 416 9.7 

2 005(h) 

? 080{1!) 

2 105(11) 

fib(){h) 

720(h} 

750(h) 

670(h) 

730(h) 

750(h) 

946 (j) 

392(j) 

405(j) 

001 

041 

041 

041 

041 

041 

041 

041 

041 

6()6 

606 

6[16 

) 046 

3 121 

3 146 

701 

761 

791 

711 

771 

791 

5')2 

99B 

2 Ull 

9.3 

9.6 

9.7 

,., 
&.2 

6. 3 

' 4 
5.6 

0.6 

6.5 

8.4 

8. 5 

Net Co~t at 
Multiple
Re~ctor 

Stctlon 
_L$ __ t h<!_I_J ~;J_n1~J 

25 tl25 

22 415 

22 405 

29 554 

29 479 

29 454 

26 B99 

(6 839 

26 BOY 

~() 089 

30 ();>9 

30 009 

22 234 

?1 788 

21 77~ 

(<~)!lased on cost reduction tdctors 1r1 T~Lle B 2-1. 31l:t silving of planning and preparatwn ond 61 Sd~ing of decoum1issionin'] operdtiorb co;tc. 
(b) Fro111 f<~ble 4.5-1. Rt•fen?IIL1' 2. ENlOM(l cu~t include~ $4 111illion for 100 years' surveillan(.e. 
(c) Fr0111 ldble H.l-3. 
(<l) ( ) indiciltes a ne<)Jtive r1Un1ber. 
(e) lJ,ioloes indicate not ust•U or· not ~vdildble. 
(f) <;.,te otora<Je ~eriod for tile r·eactor. 
(q) ll<l·;ed IJil liliJle II.C.-•1, ~cfenmce 1, with cu;tc, tor· s~ent fuel ohipment and de111olitior~ services deleted. 
(h) 11""111 TrlhlP IL 1-b. 
(.i) lromTiJhleB.l-9. 
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TABLE 10.1-2. Multiple-Reactor Station Scenario l - Impact on Occupational Radiation Dose from 
Decommissioning (4 PWRs) 

____ R!J~-~..!:_ i_?!l_ p~~ _!l~-~~~-~-i-~rl_ ~{'!' __ ~eJl tnr Unit_ ~_!-_ _ot_MJ!! ~-'1'_!.£'Jl~l.'.:_t0_!"" jl:'_ t_i ()II ("'a!~-_!~!nj_ __ Net Dose aL 
___ !'/<~<o.1_e____l!js_llooi]_________ __ EffiCJency Multl]rle-

Single-Reactor ~tat1u" Or1site \ntr,rim One, i te Improvement Total Net Reduction Redctor 
Decou~ni s s ion i ll'J Radiation Do>e frour _ _')tr,ra~~- ____ PPnllilnf'nt frOllt (d) Centra I -- ----v-or $ i ii']l c-:.-- Station 

lllterr1ative ~l8Wn!!'_~i~rl_i~_9 lm_.:J.n~_r~m) Period _Cyr) ___ rl!l~,e IJ_i_sp_<!~.'!_l_ ~ xp_e_r_1_e~<o_ __ Seni~ec, urarr- r·errr Reactor Dose (man-_r~U__ 

130 
(6B.9)(c,J) (e) 

73 (e) 
'.l 0. "j 1320 

DtCotl 1J24(b) 50 7i' .o(d) 73 145.0 11.0 1179 

100 75.0(<1) 73 14tl. 11.2 117G 

130 
74.0(11) 16 100 0 HJ. 1 '54 

~Q__yr:(f) 554(y) 50 77 4 (II) 

" 103.4 Hl./ 451 

100 7fl 0( II) n 10~.0 l< s ~50 

I 30 
~-~(h) ·- 25 -. 311.~ 6.7 426 

SAr~TOR I \0 ,,lfl 456(g) 50 8.2(h) 2\ :n. 2 7.3 413 
fl.6(h) 100 10 -- )J .6 7 4 422 

5.9(h) 

)10 75 .. 30.9 6 8 "' ! Q.Q. .1.!.:. ( f ) 455(y) 50 8.3{h) 21 J3 .J 7.3 4U 

100 B 6{h) 15 -. 33. G 7 4 421 

IJO 
{6. I) (c ,k) 5\ 411 9 5.] 873 

l"NTOMH nz{j) co 11.6( l) 55 CG.6 7.2 8~~ 

l 00 12 .l:l( k} b~ .. G/.IJ 7. 4 8G4 

(a) Bo;ed 011 the dose reduction fdctor~ 111 Table 8.<'-1. J!li ~avin~ orr [Jlann1ng an<.l prcpar~t1on dnd 6:1: ;oving on deCOIFilllssioniny operJtions 
Jose. 

(b) Frorn Table 11.3-1 of Reference I and lal>le 9.1-1<' of this repo1L 
(c) ( ) indiLates an incre~se in the do<><:. 
(<.l) fr0111 Table 9.1·1. 
(.:) 0Johes indicate not used or not available 
(f) Safe stor"age penod for reactor. 
(y) 13ac,ed on Tdbles 11.3-2, 11 3·4, illi<lll.3-5 of Refereuce 1 omlloble 9.1-12 uf this report. 
(h) From Table 9.1-5. 
(J) ~Jsed on Table 4.0-l of Reference 2 COITecte<.l for rddioJctive decily dnd Tuble 'J.l-12 of this repor·t. 
(k) From TJble 9.1-9. 



10.2 SCENARIO NUMBER 2 

Scenario 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 10.2-1 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 least 
expensive for decommissioning one of the BWRs. 

10.3 SCENARIO 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-l. Multiple-Reactor Station Scenario 2 - Decommissioning Cost Impact (4 BWRs} 

Oeco"""i s., ion i ny 
AltPrnative 

urcor~ 

Sfll-~ !OR 

fNTO~Ifl 

Slnglf'-Re.octor .\ldtion 
Decomoli'>~loning Unit c,,,, 

_(_~ _ thu~'>O'_II<l_~ )_ 

34 l:l40(b) 

)Q tr(J) 47 112(e) 

\50 y-r(d) 41 OfiO(e) 

100 yr(d) 1\4 032(e) 

36 •165(f) 

Cll'; t J(eJo~ t i S!!l l'_e !:_ R_~_dd.or V!• i_ t_ ~ L~- _Mu l_t l plro_-f1_e_ac t~J!'_ Stat ion ( $ ltiOUSdll<h) 
'I'IJ>_~jl_i_sro~al _ ___ fffineucy ---------

n,,,i l~ lntl·r·im Ow;itc i11fl)t'DVeolte11t Jut.1l Nut 
. __ }tu_ro<!.J~- _ _ 1-'~T'IIIolflent In"" (d Centrdl 

r~nnd (yr·) (~>_:>!-_ [II'>JHI'>•I_i __ l __ X_l'_('!'_IY-''~-p __ } ~~!'V_l~~ _! thou,,nlrl~ 

(c) {c) {c) 362 
{c) 

3!>2 

J 222 3 !22 

3 Oil 3 011 

3 011 j fill 

I J?IJ .. I 378 

\tlvin:J5 ·;: or 
llr1 it Co., t 

4.0 

b. ~l 

l 3 

G 0 

.1 R 

Net Cost dt 
Mullipl~;;

Reactor 
5\dtiUtl 
ti ttJolJ~il!rd~) 

JJ 'l/B 

43 WlO 

31'. 04g 

41 Oll 

35 0117 

(~) 1\d•;prl on co~t rt"dortinn fMI.or~ in Tahlf' 11 )-1 '1H'I. '•dVlll<J nn planninrJ dod prr>par,otior~ dPld f.~. ~dViii<J on do>C'OII<Hi\•,innttHJ operatinn\ ro~t, 
(IJ) 1-"'"' TMJle 10.1-1 of Referenle 3. 
(c) lldSh<'~ inditate root used or not dVdildlJie. 
(d) '>Jte >tordge period for the reactor 
(<_) llJ'"ed urr Trlble 10.4-? of ll<~h,·en<Y I, vlitl'.oqt tile :-5·~ continqerKy. 
(f) F1·on; lJbl~ IO.:J-1 of Helerence J. ftHO~Iil Wtlh r·edr1Qr tnt.,rn,Jh rerrroved. Co;t include> t4 llttllto!l tor· 100 yc,ns' sun••illance. 
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TABLE 10.2-2. Multiple-Reactor Station Scenario 2 - Impact on Occupational Radiation Dose 
from Decommissioning (4 BWRs) 

llecoonmi ss 1 on i ng 
_fu!:rn~ t_iy~ __ 

DE CON 

5AFSTOR 

ENTOM!l 

Single-Redctor Station 
Rad1atiun Dose Froon 

~~O_!!!IIi s2_i_Qn_1_n_9 --~~il- reo'!}_ 

1954(b) 

lQ. y_r:(e) ~2/(l!) 

~ ~0 J'.!'(e) 429(b) 

l9Q__]~(e) 427(b) 

175G(g) 

p.~~_:iil_tjQ!!_D~!:_B_~d.~_U i_i>_!!_r~_[{_e_as_t!_l!_ JJ.r.!.l_t___i!j._jl_ !'l.~.l!iJ:k-Rea_f!Jl! StJt i on_im~~-r~ 
______ l/~~~-.Qi~ql _______ Efficiency 

Onsite Interim Ow,ite Improvenoent 
Storaj€ P.;mlo;~nent Frono ( } Central 

?_Cr_io·d 1YEI-- D-o~~-=--:-=- Qj_sJ!..Q2a_l_ ~~!~_ig_n<;_e___.:__ Servke~ 
{c) (c) __ (c) 

111
(d} 

24 (f) 

n(fl 
22( f) 

I 01 (h) 

(c I 

Total Net Reduction 
------~:Cof SirlljTe----
•n<~n-reu• R('actor D~e __ _ 

Ill 5.7 

24 4.6 

22 5. I 

~l 5.l 

101 5.8 

Net Dose d t 
Multiple
Redctor· 
Station 
Jman-_T!"~'J 

lfl13 

"'3 
407 

405 

1655 

{a) Based on the dose reduction fdctors in Tabl~ 8.2-1. 3/J:t saving on planning and preparation ami 6% saving on dec01mlission1ng operations 
dose. 

(lo) From Table J./-4 of Reference 3 and Table 9.1-12 of this report. 
(c) Dashe~ 1ndicate not used or not avdilc~ble. 
(d) rrom Table 9.2-2. 
(e) S<lfe storage period for redctnr. 
{f) rrom Tobie 9.2-7. 
(g) Fr·o111 lahle K.4-1 of Reference 3 and Table 9.1-12 of this report. 
(h) rrom Table 9.2-9. 



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 decommissioning 

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 Table 10.3-1. Decommissioning 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 Table 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 

DECON 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 lifetime 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 PWRs and 5 BWRs) 

_ Cos~j!J_(_:_~_iQ!!~ l<ea~i~r::__!!n!J _<!!_d_!'1-.!!lliQJ~Bg~_s:g>~_itat irJn jt_thOt)~~~--

Single-Reactor Station 
DeLutumi ;s i ani ng OeCO!TIIIissioning Unit Co;t 
___ ll_lternative --~lLt_housands) ____ 

- _____ Waste _!Ji 5_E_C!_S_a _ _L fff i c i cncy 
Onsite Interim Onsite lmproveiW!nt Total Net Savin.!!i__ sira.ge Pcn11anent rrom ( ) central -- ----------·r of -

f'~ri od]Jf __ · (0s_!_-=.-::::- ~i ~os".}_ ~!~_ri eQ[~~ ~_D'_i ce>_ ~ _!~ous_~!''o!~ Unit Cost 

5 PWRs 

DECotl 24 821 (b) ----=-:_\CT-. --··---::Jey-- (c) 744 (c) 
744 3.0 

19... y_r_( d) 32 600(e} 

SAFSTOR ! ?Q__r_i: ( d) 28 &OO(e) 

}_Q.Q _ _J!:_(d) 31 llOO(e) 

?29 .. n<J J.B 

229 . - 1 229 4.3 

229 -. 1 2?9 3.9 

ENTOMB 23 7A6(b) 709 70~ 3.0 

Ol.CON 34 8•10(f) 
____ ...i__~.B_s_~--~ 

~38 . - 1 538 4.4 
~(<.1) 47 112(g) 

SAf:. TOR ! ~Q__y.r:_(d) 41 060(9) 

-~QIL.\'.!:_ ( d ) 44 OJ2(g) 

3 531:1 3 53!l 7.5 

3 290 3 290 B.O 

3 290 3 290 7.5 

ENTOI1B 36 465(h) 57U ·- 1 S/0 4.3 

-----~ 

Net Cost at 
Mul Liple
Reactor 
Station 

_(1. ~b_ousanQ_s_) 

24 077 

31 371 

27 371 

JfJ 571 

23 077 

:n 302 

43 57~ 

37 770 

40 742 

34 1:195 

(,1) Based on cost reduction factors in Table 8.2-1. 40% saving on planning and preparation and 7% saving on decomuissioning operations costs. 
{b) From Tdble 4.5-1 of Reference 2. ENTOM[l cost includes $4 million fur 100 years of surveilldiJce. 
(c) Oashes indicJte not used or not av~ilable. 
(d) ~afe storage period for tile reactor. 
{e) flon1 Table H.5-4 of Reference 1, with costs for spent fuel shiplloent and demolition services deleted. 
(f) from Table 10.1-1 of Refer·ence 3. 
(y) From Table 10.4-2 of Reference 3, without the 25% contir.gency. 
{h) Fro•u litbl~ 10.3-1 of Reference 3. EtHOMf\ with reactor interoals removed. Cost includes $4 million for 100 yeilrs' surveillance. 



0 

' ~ 
0 

TABLE 10.3-2. Multiple-Reactor Station Scenario 3 - Impact on Occupational Radiation Dose 
from Decommissioning (5 PWRs and 5 BWRs) 

Radi~tion Dose Reduction Pe1· Reactor Unit at d Multi_ple-Rcoctor )ldlion lman-r~ 
:----:=-1i:~-te~-Drs-r·o,-a}~~~--:-::--.-_-uncrency------ ---------- ------- ---- --

)ingle Redctor StJtJoo OnsJte Intenm Ons1te lmptovement Total Net Reduction 
Oecononi ~'> i oni ng Rddiation Dose From 

O_e~QU!fii s_c;_l!J_!!i_n_g_l~_n_-_r~nj 
______ ~:tor~.!l_e _________ Per1nanent Frou1 Cen~ral ------'IOTSTilylc---
p_e!'JQ.ti:G.r:I _ _D__2_~--- '2_1Sp.U_~dJ. ~-xp~r_i~~~-~- _;>;erv_1ces IIIJI\-rem Redctor Do~e '11 terndti ve 

-~ -~--------

5 PWRs 

llEClJN l324(a) -~rL> 1-------_-~Cbl ___ -

]_(L_yr_(d} :i54{e) 

SArSTOR I !JO Y!:(d) 456(e) 

lPQ__y_r_(d) 4!>5(e) 

tN fGr1ll 922(g) 

5 BWRs 

lilCON 1954 (J) 

~(!.1) 527 (j) 

S!\rSTOR )~r.(d) 429(j) 

19_0 y_r(d) 427 (j) 

lNfOMil 1756(nl) 

(a) Fr"m Table 11.1-1 of Reference 1 and Table 9.1-12 of this report. 
(b) D.1she~ indicJte not used or not avdilaiJle. 
(l) From Table 9.2-1. 
(d) S<1fe stGra<Je periDd for redctor. 

(b) !l5(c) 

31 (f) 

29( f) 

29( t) 

62(h} 

129(k) 

29(f) 

26( f) 

26( f) 

118(n) 

(e) Bused on T~bles 11.3-2, 11.3-4 J11d 11.3-S of Reference 1 and Table 9.1-12 of this report. 
(f) From Tdble 9.2-7. 

(b) --
--
--
--

--
--
--

(q) Based on Table 4.6-1 of Reference 2 corrPcted for radioactive decdy dOd Table 9.1-12 of thi~ report. 
(II) F!'nm TatJ]e 9.2-fl. 
{j) From Table J.7-4 of RefP.rence 3 and Table 9.1-12 of thb report. 
(k) From Tdble 9.2-2. 
(m) fr0111 Tahle K.4-l of Reference 3 and Table 9.1-12 Gt tins report. 
(n) From Table 9.2-9. 

8C 6.4 

31 5.6 

29 6.4 

29 6.4 

61 b. 7 

129 6.6 

29 5,5 

26 6. 

'" 6. 

IW 6. 

Net Dose dt 
Multiple
Reactor 
StJtion 
_{l~n_::_!'~l!)_ 

12J') 

523 

427 

426 

800 

11'125 

4" 
401 

401 

1638 



for a significant decay period before it is transferred offsite, either to a 

licensed waste disposal facility or, if releasable, to a nonradioactive 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. Radioactive decay during the period 

of onsite interim storage results 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 resulting 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 

10-ll 
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TABLE 10.4-1. Multiple-Reactor Station Scenario 4a- PWRs- Decommissioning Cost Impact 
(5 PWRs and 5 BWRs) 

Oeco"111i ss i oni ng 
Alterndtive 

DE CON 

SAFSTOH 

OHOMO 

Single-Re<~ctor Station 
[)ecolllllissioning llnit Cost 
. __ ___ll_!_h0US2~_d_j L__ 

24 U21(L) 

}_Q..J'.!:_(f) 32 600(g) 

~0 yr(f) 28 600{g) 

l~{f) 31 800(g) 

23 71l6(c} 

-~ kedu.£tj.!!!~ _P~.!:. Rl'd~tor t!_r:oi t at ~!!!!_1 tip 1 e-~.£._d.£!-l!!"_ S tdt_i_!_l_n__il.!:_hous~ds L __ _ 
----~ste Di.?.P!?.S..i!.l_______ __ Efficiency 

Onsite Interim Onsite lmpro~ernent _ _!'2_~~1 Net_Sav_!!!.!IS __ 
Stora e Permanent From ( ) Centra/ % of 

P€1-"fO(n V:l- __ ____f_c:I~L __ - Dispo~ ~-~:o::_ience a_ ~er~tce~ ~L ~- t_hou~l__<:l~ !J.!!_i__!;_C£2J 

I :: 100 

I 
30 

50 
100 

I 
30 

50 

100 

I 
JO 

50 

1 ou 

I 
30 

50 

100 

( 1 640) (d) 

770(d) 

1 78U(d) 

2 005(h) 

2 O&O(h) 

2 lll5(h) 

660(h) 
no(h} 

750(h) 

670{h) 

7JO{h) 

/50{h} 

946 (d) 

J92(d) 

405(d) 

{') 744 

744 

744 

no 
229 

119 

1~ 

·~ 
·~ 
1N 

2~9 

229 

709 
709 

709 

2 193 

2 1':13 

2 ]')3 

2 812 

2 812 

2 812 

2 776 

2 776 

2 776 

2 F•3 

2 753 

2 nJ 
2 193 

2 193 

2 19J 

197 

4 707 

4 717 

6 046 

6 121 

6 146 

4 665 

4 n~ 

4 7~~ 

4 652 

4 711 

4 /3;'_ 

3 84!l 

4 294 

4 307 

~-2 

1 9.1J 

19.0 

Ill.~ 

lfl.& 

lfl. g 

16.3 

Hi.5 

]6.6 

14.6 

14.8 

H.':l 

Hi.2 

IH.l 

lll.l 

Net Cost at 
Multiple

Reactor 
Station 

11_ tho~~.'!U 

23 524 

20 114 

20 104 

26 ~54 

26 479 

2b 45-1 

n ~J~ 

23 ti75 

23 ll4~ 

27 14!l 

27 O!l!l 

2/ OLil 

19 ':l3B 

19 492 

19 479 

{d) Base<1 on cost reduction factors in Table 8.2-1. 40:t ~aving on planning ~nd preparat1on and 7't Sdvin9 on decor111rissioninq operations co<,ts. 
{b) from Tdbles 8.3-8 dnd 8.3-3. 
{c) From Table 4.5-1 of Reference 2. ENf011B cost includes $4 million for 100 years"surveill,lnce. 
(d) frono Tdbl!' 8.0-l. 
{e) !Ja~hes indicate not used. 
(f) Safe storage penod for the reKtor. 
{g) Based on Table H. 5-4 of Reference 1, with costs for spent fuel shiplll<~nt and de•oolition ~ervices deleted. 
(h) From Tdble 8.1-6. 
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TABLE 10.4-2. Multiple-Reactor Station Scenario 4b - BWRs - Decommissioning Cost Impact 
(5 PWRs and 5 BWRs) 

Dect•lillli s·, ion i ng 
flitenl~tivt• 

lltCON 

SAFS 101~ 

tNTOMB 

Slngle-ReactOl' )tJtlon 
Decolllllis~ ion111~ Utll t Co~ t 

($ th~-u~an~_?) 

34 840{c) 

30 'jl {g) 47 112\li) 

I ~Q_y_r:_(gl 41 060(h) 

I 
109_ Y!(g} 44 OJ~{h) 

36 465(k) 

Cu~t Reduction l'er ~eJctor Unit --_- ·w-~;:t~-i'lrspo~-~~f-----

o"~ite Interin1 On~itr 

~ir-_i .i_\d_j cld 01~_:c..Q:~! -=--~:::: 

I 
)0 

;o 
1 OD 

I ~~ 100 

I 
]0 

50 

100 

I 
)0 

'" lOU 

I 
30 

50 

100 

(410) (d ,e) 

·1 1 on("' l 
3 160(e) 

2 984(j) 

611 (j) 

3 6~6(j) 

? 245(J) 

2 41 oU l 
2 444(.j) 

2 38l(j) 

2~04(.1) 
2 ~32(.1) 

908(c) 

2 ~02(e) 
<' 561 (e) 

Po>rmanent 
p_i SJ~O_SJ_l 

{f) 

dl .i )'1ul_t_i_[l_l~~H~_d~_t_~>_r \l_:!t ion ($ tjl_Qu~~-~~L 
fff1cicncy 

lmprovenoen t 
from 

fxpe_t~-~~-"~~ a) 

~3a 

538 

5JR 

3 518 

1 538 

3 538 

] 290 

3 290 

3 290 

3 2<JO 

J 290 

J ;''}(l 

~70 

570 

570 

TotJI N~l )"vi119_~_ 
C<>nto·dl ----------- :t of 

S•n-vlf.cs(b) $ tlmu~,HtdS Unit Co~t 

2 763 

2 /63 

2 763 

J 80'J 

3 1\():J 

::l flO') 

1 715 

3 77~ 

3 17~ 

1 730 

730 

J 730 

2 8lJl 

? fl[ll 

2 1181 

1191 

<01 

461 

Ill J11 

10 95fl 

ll 003 

9 31() 

9 41~ 

9 509 

9 40 I 

9 ~24 

9 ~~2 

'i 3~9 

6 9',3 

7 012 

ll. 2 

21 2 

21 4 

21.9 

23 3 

2J .4 

22 7 

23. 

2J 2 

21.4 

21.6 

21.7 

14. 

19 

19.2 

Net cu~t at 
Mull iplp

ReJctor 
St"tion 
li _ _!_h~>us unds) 

30 94':1 

n 4:J<J 

27 379 

:J(, 11-ll 

36 154 

36 109 

31 7~1) 

31 ~lJ'j 

31 551 

34 631 

34 50H 

34 41JO 

:ll 106 

29 512 

29 4~3 

(a) B~s'"d on cost reduction factors in Table 8.2-l. 4U:t sav1119 on pl~11ni<ty and preparat1on and 7% SdViWJ on decommissioniny operations lO\t>. 
(b) U~sed on Tdble~ 8.3-J Mid 8.3-8. 
(d ~rolll fable 10.1-1 of Reference 3. 
(J) ( ) indicates a negat1ve number. 
(•') From Tdble fl.0-1. 
(f) D~s11e~ ind1LJte r1tlt used. 
(g) Sdfe stordye period for· Lhe r·edcttlr·. 
(h) O~sed on T~b1e 10.4-2 of Reter~nLC' 3, 25~. tont.luyency deleted. 
(J) Ft"Uiil Table 8.1-6. 
(k) Fr·om T~ble 10.3-l nf Reference 3. £NTOMB wlth interndls removed. Co~t includes $4 million for lOll ye~r>' sur·veillancC' 
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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) 

Ra<Jiation f)!)~e RQducLion Per ReactDr Unit at a t·1ultJ.ple-l(edctor· St~tlc>n _0r1Jn--rt~IID 
-------·-1rd-~-te--DE~Josar-- ------ -Effid"e-ilcy ____ --- --------- -·· -

Uecollmi~~lonln<J 

A 1 tero_':!_tc_i_v_g __ _ 

DE CON 

SAFSTOR 

UHIIMll 

SiniJle-ReJctor StJtion 
Rddiation llo~e f1·onr 

peco~'!'l_issio~_i_n;; (!'10'_11-l_:':'.n~) 

1324(b) 

}Q .tr(g) 5~>4 {h) 

~0 J'..':.{g) 446(h) 

lOO_y.r{g) 344(h) 

gzz{ru) 

(a) I roru ldt11e 11.3-.l of J\ppendH B. 

·-on~ (fe-f n-ter;-;n --- ---- Oli-iT(e-- liilproven•ent 
Stor~ Permanent l""rolll 

f-C'·r-iO([_(id --~=~O_:;~e ~=---- lJ_i_spo_~_dl_ [-xpq_r_ieuce 

1

30 

50 

100 

I 
30 

so 
100 

I ~~ 100 

I :: 100 

I 
JO 

;o 

100 

(6H.9)(c,d) 

72.0{d) 

J5.0{d) 

~~-o!Jl 
/1_4{j) 

18.U(j) 

5_5{j) 

R.2(j) 
B.6(j) 

5.9(j) 

B.J(J) 

8.6(j) 

(0.1) ( c ,n) 

11. 6( n) 

12. R ( ro) 

(e) R5 (t) 

flS (f) 

fl5( f) 

31 (I<.) 

31 ( 1<.) 

31 ( k) 

£9( k} 

29(1<.) 

l~ ( k) 

29(k) 

?9( k) 

?9( k} 

bl(o) 
bl(o) 
62(o) 

{b) lr·u111 TJble 11.3-1 ol Rrferen~e I Mid labl~ 9.1-1? of this r·epor·t. 
(c) ( ) indicdles 1ncrease in dose. 
(d) fr·om Tot,1e 9.1-1 
(~) Dash~~ indicate not used. 
(f) froru [JIJI~ 'l.?-1. 
('ll ~,df' storil')<' period for r~<lClUf. 
(h) ll<~~ed oro fables 11.3-?, 11.3-4, arrJ 11.3-~ of Reference 1 und lcih1c 9.1-12 of this report. 
(j) Fnlllr Table g l-5. 
(k) lro11r rat>le '.J.?-7. 

Cent.r Jl 
ServiLes J) 

3.8 

3.li 

3 e 

.b 

.G 

.G 

.5 

1.5 

.s 

.3 

3 

. 3 

J .II 

3.8 

3.8 

( 11 ,) lld~ed orr TJIJle 4.6-1 rlJid l{f'ff'rence ~corrected for rad1oact1ve ciecdy and Table 9.1-12 of thi~ repur·t. 
(n) f-n.JIII Tallie ~.1-9. 

(n} I rur" ldiJle 9.2-fl. 

foLtl 

mdn-rem 

19.9 

1 Go.a 

163.8 

106.& 

110 0 

110.6 

JG.O 

31;. 7 

39. 

36 I 

3K.6 
Jl:l_g 

~Y. 

77.4 

78.6 

Net Rcductior1 
--y o-r-srn<jfe

ReaLtOr lluSl' 

u 
1£.1 

1? .4 

19.2 

1Ci. 9 

20.0 

7.0 

8.5 

8.6 

8.0 

e 5 

8. 'i 

6 0 

8.4 

8.:.. 

Uet Do\e ,, t 
~lulti!JIC

ReMtor 
~tdtlUO 

(urdn-rerrr) 

I 304 

1163 

IIIJU 

447 

444 

443 

~2(1 

"' 41/ 

419 

~ I r, 

4](, 

1l(Ji 

114~ 

1143 
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TABLE 10.4-4. Multiple-Reactor Station Scenat'io 4b - BWRs - Impact on Occupational Radiation 
Dose from Decommissioning (5 PWRs and 5 BWRs) 

De< 011~11 i <;', i oni ng 
A1t~rndtive 

UECON 

SAFSTOR 

ENTUMG 

S1n~le-Reactor Stution 
Radidtion Do>e From 

[}e~_?!l!111 -~-<; _i O!l_i_llfl_j!l)_OI]_~ !'!~IJ!l 

1954(b) 

lQ__y_!_ ( f) 527{b) 

~.!:(f) 429(b) 

_l_QQ___,z_r{f) 4 2 7 ( b ) 

l/56(j} 

(a) From Table ll.3-3. 

H~diation Do~<! Reduct1on Per Reactor Un1t at a 
-~-~- __ W~_s ~-e Jfi~<;fi:_Os_di ----- cHi'C feiiCy-

Onsite Interim Onsite Improve111ent 
_____ _!!:cor_:;~g_e: ______ PenrLdflt'llt From 

~e!"_i_c•_1_ (xrJ _jl()~e ___ Qi_?EP_~~L f_xp••_r_i~nce_ 

1
30 

10 

lOU 

1
30 

50 

100 

1

30 

50 

100 

1
30 

50 

100 

1
30 

50 

IOU 

(46.7)(c,d) 

55. 1 (d) 

59. 7(d) 

6!1.0('!) 

il6.7(g) 

87.9(9) 

26./g) 

31 .6(g) 

J~.6(y) 

16.8(g) 

21 .4(g) 

22 .o(y) 

(J3.3)(c,J) 

25.9(d) 

29. 3(d) 

(e I 129(d) 

129(d) 

129(d) 

29(1i) 

2'!(1<) 

29(h) 

26(h) 

26(h) 

?6(h) 

£6(h) 

26(11) 

2(,(11) 

118(d) 

118(d) 

118(d) 

(b) Fror11 Table J.7-4 of Reterence 3 Jnd Tobie 9.1-2 of this report. 
(c) ( ) indicatt>s incred>C in dose. 
(d) fron• la!>le 9.0-1. 
(e) Da~h~~ indicdte not used. 
(f) Sdte otnrage period for the reactor. 
(g) Frono OJ!Jle 9.1-7. 
(h) From !uble 9.2-7. 
(j) F,·o"' fable K.l\-1 of RefererKe 3 and Tdb1e 9.1-12 of thi~ report. 

M~J!!Jl_~-_!<edctQr __ ~t-"_l ion (!n_o~!!_:_r'~--

Cenlrdl 
Service~ o) 

5.0 

5.0 

5 0 

l.5 

2.5 

2.5 

2.4 

2.4 

2.4 

2.2 

2.2 

2.2 

5.0 

5.0 

5.0 

Total Net Reduction --------'fr;r-srn9Je-:.-
mJn-r"'"' g!"ao;.~or Do~_ 

87 3 

1B9. 

193 7 

99.~ 

l 18.£ 

119.4 

~4. 7 

60.0 

61 0 

45.0 

49.6 

~0 .! 

l:l~. 7 

14!1. 9 

152. J 

~ ~ 

9 7 

' g 

18.9 

22.4 

n.1 

12 8 

14.0 

14.2 

10.5 

11.6 

11.8 

5. 

8 5 

8 7 

Net Oose ~l 
Multiple

Reactor 
~tat ion 

__l!!i~n_=I~n) 

11:l67 

17G5 

1 /GO 

4~7 

40> 

408 

37~ 

369 

368 

382 

377 

377 

1666 

1007 

1603 



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 8.1.3. 

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-l. Multiple-Reactor Station Scenario 5 - Deco111rnissioning Cost Impact 
(5 PWRs and 5 BWRs) 

(O'>t HedHCtlllr< Per· Rt>aCtlH' IJroit 
------wa"st,; n·;,p<tS"l · 

-- --oil~-i te !tit-eriilt ------- -1Tii_s_lt(, 

dl a Mtiltlple-l~edctor' ~!oJ!i9!1_j_1_f:_hou_:o.~t_<tj __ 
I ft tciency 
ln•~rovement 

De .. om11•i ,, ion i "'l 
J\lt.ernativ<' 

Single-Re~ctor ~tatt<Hl 
llecutimisoiontng Unit Cost 

{$ th_o~~and•, I 
_____ ~_tor~~~------ Permanent 

?i:•~i_o_1 __ {y_r) Cg_st _ [Jl_~l'9_i_<l_l_ 
I rom ( ) 

~ XjJ_!;I'_l~rll~ _a_ 

__ l_g_t,:'_L _Net _'?_<i_y_in~--
CentrJ) t of 

:,ervicec, b) ~_!_t!~'-"t'..'!i ~i• _ _H __ (_g~_l:_ 

Net Cost at 
Multiple

Reactor 
<;tat i "" 

(J _fJ!'!_U~_'!_nd'_) 

5 f'WR~ 

DECUN 24 821 (c) IJ I (d) 2 %ll(e) /44 2 19'l :. ~o:. 2J .R lll 916 

l_Q__t..T:_( f) J! 60ll(q) 

)AF~lOII )5o l:'!'( fl ?H 60\J(g) 

lQQ__y_o_:_(t) 31 eool g) 

3 09H(h) 1 n~ 2 fll2 lJ9 

412( lo) l 22~ 2 /16 ~ 4l7 
391\ (h) I 220 ( 7~3 ~ 376 

~~-~ 25 4G1 

19.ll !3 ltd 

16.9 ?(, 424 

LN ro~m 23 786(c) 2 076(j) 709 " 193 4 918 20.9 1s nos 

5 ~riRs 

DLCON 34 840(k) 4 4P,~(e) I 531:l 2 763 e 7116 2~.2 26 0~4 

IJ!lrcl r) 47 11 ?(m) 

\1\FSlUil .?~(t) 41 IJGil(m) 

19~0_1_~_(f) 44 OJO(m) 

4 342(h) ~ 5Jil 3 809 11 61l'J 
2 glll(h) J ?90 3 J/5 g qn 
2 950(h) 3 290 'l 7lU 9 970 

24.8 J:. 473 

24.3 Jl Oll5 

22.6 34 OG2 

LNTOMtJ J6 ·Wi(n) 3 54J(J) 1 5/0 2 1:\81 7 99K 21.9 {()4(.7 

-----------

, "I I" 
(c) 
(d) 
lei 
(f) 

1
,,, ,,, 

I J I 
I >I 
(u1) 
(r•) 

Bas~J on co\t reJuLlion fd~tors in Table 8_2-l. 40% Sdving on p1annin~ and ~repdrJtwn and 7t savinu on decnH~"'''-'ioning nperdtwns o.o<,b. 
BJ>~d on Tal!le~ f\.3-3 dnd 8.3--fl. 
rro~1 Tdble 4.5-1 of Reference 2. ErilOMil cost \lll"ltode> $4 n•il1ion for 100 Y'-'ars' ourvei11dnce. 
D~>hes indicate not u;ed. 
fo'OIII ldlo1e 8 J-10. 
'>afe 5tora~e periOd tor tl1e r·e.Jctoo·. 
fl.Js~d on Tallie ll.~-4 of Refen•nc.e 1, 1-rith cusb for spent fu<'l shipme11t and demo1 it ion services deleted. 
Fo·ou1 TJble 1).1-!1. 
From Tal!lP 8.1·12. 
rr0111 Tal!le 10.1·1 of Refeo·ence 3. 
Ba~ed on TJhlr 11) 4-2 of Reter~m_e .l. 2~'k corot1ngency deleted. 
Fron1 r~L>le 10.3-1 of Reter·er.ce J. UHOI~H with internal> ren•oved. Co>t i11c1udes $4 m1llion for 100 yeao·s' surveilldnce. 
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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) 

f{a,i 1 ~ 1_1on flo~"- _R!':lu_c1_~~r!__I''C''--r,eil_s_~~!''--1Jn i t ~ L_<!_ _M_!J H_ i p l e R"'lc_l ur: ___ S ~~_!,_!_~>_n_ {oil~!•_- r<;:nl__ 
_J.j?_~t-~_jl_i_!_t•o~~_l_ _ _ ffticiency 

Si.,rjle~Reactor )tatiOn 
Radiation Oo~e fro111 

-(1!,-o-ite Interi111 On~ite llllflrovement Total Net Reduction 
DecO<Illli s~ 1 oni ng 
~lterndt1ve [I~ CO!'III j ~ ~i_!:'_!_!j_rl_2 _i~l~ n_:: r:'!li) 

Storaqe Pt•nllctro~llt r·rom lentr~~ - ---:fUF-Sfnq-lfc-::-
r_,!·i:!9 Jyr]_ --- -irose ~1SplJS~J(o_) [Xj:_~!~l_~!O_ )ervn_e•, I•) llldii-I'('ITI Rc·actor lluse 

lli"CON 
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11.0 FACILITATION OF DECDf1MISSIONING 

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 decommissioning. These 
purposes apply equally to single-reactor stations and to multiple-reactor sta

tions; but they can often be more effectively achieved at multiple-reactor 

stations because of collocation of the reactors and sequential decommissioning. 
A recent discussion of the facilitation of decommissioning light water reactors, 

without particular regard to multiple-reactor stations, appears in NUREG/CR-0569.(l) 

The decommissioning facilitation alternatives presented in Reference 1 are reviewed 
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. 

ll.l 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. 
It 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. 
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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 alterna~ives 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-MWe PWR single-reactor station (Reference 2, 

pp. 11-17). This value does not include the radiation dose from removal of 

the last core. A similar standard of comparison for a Bt4R is the 1760 man-rem 

calculated for DECON of an 1155-MWe BWR at a single-reactor station (Refer-

ence 3, pp. ll-7 and ll-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 
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comparison are the costs to DECON a reference, single-reactor station, 1175-MWe 

PWR and a reference, single-reactor station, 1155-t~We B\~R, which are $31 mil

lion 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 periods, 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 be 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 
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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. 

1l . 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 to activation will reduce 

the amount of 60 co produced. 60co 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 60co formed. However, care must be 

taken in situations where structural materials are involved, where reactor 

neutron physics might be affected, and where other materials might be activated 

to form even less desirable activation products. Elimination of 60co in this 

manner would not be particularly helpful if safe storage of 30 to 50 years fol

lowed by deferred decontamination were selected as the decommissioning alterna

tive, because much of the 60 co would decay to innocuous levels during the storage 

period. 

11.2.4 Design of the Biological Shield for Easy Remov_al_ 

Two alternatives for improving the safety of removing the biological 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 lift. 
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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 !-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

ical shield would be made of layers of preformed concrete in onion-like layers 

held in place by the structural steel 1-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 life 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 applied between the plates would provide the spalling force. Again, 

careful attention would need to be paid to structural design. 
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11.2.6 Special Shielded Maintenance Shop 

Expanded maintenance shops with added special shielding would allow 

shielded laydown, maintenance, and dismantling 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 8.4 of 

Appendix B. 
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11.2.10 Remote Maintenance and Decommissioning 

Remote-controlled equipment offers the possibility of carry1ng 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 little 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 limited 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 also 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, shielded, 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-like 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. 
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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 3m 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

lar 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 OECOMMISSIONING AT MULTIPLE-REACTOR STATIONS 

All 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. 
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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 on site interim waste storage, 

both dose and cost reductions are realized. 

Onsite 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 multiple-reactor station 
yields decommissioning 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. 

Of 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 Regulatory 

Guide 1.86 is: 

"Conversion to a New Nuclear 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 
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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 PWRs( 4) 

and BWRs,(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., (6) 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 of 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 million( 6) 

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.( 2•3) 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 lift heavy pieces of equipment such as 

reactor pressure vessels. The reactor pressure vessel in the reference PWR, 

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 Vessel 

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 level 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, althouqh 

the containment building has an equipment hatch that is slightly larger india

meter than the reactor pressure vessel, the concrete shielding wall around the 

steam generator nearest the equipment hatch would prevent lining 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 old 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 lift 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.l.l 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 is 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 biological 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 lifting 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 P\~R 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 coolant loop nozzles just outboard of the reactor pressure 

vessel supports. 

4. Cut off the remaining nozzles at the outer surface of the reactor pressure 

vessel. 

5. Remove and package accessible insulation. 
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6. Weld closures on bottom head nozzles. 

7. Remove the control rod drives from the reactor vessel head, package, and 

ship them to a licensed nuclear waste disposal facility. 

8. Seal the openings in the reactor vessel top head. 

9. Install steel seal plate on top of the reactor pressure vessel. 

10. Remove the steam generator shielding above the operating floor level that 

interferes with the laydown of the reactor vessel. 

11. Install a temporary 400-Mg crane above the operating floor. 

12. Install a "greenhouse" over the refueling pool. 

13. Install a high-pressure water-jet ring in the refueling pool for vessel 

decontamination. 

14. Attach hoisting gear to the reactor vessel. 

15. Lift the reactor vessel through the high-pressure 1-1ater jet ring. 

16. Weld closures on coolant inlet and outlet nozzles. 

17. Remove "greenhouse." 

18. Haist the vessel from the reactor cavity and lay it down an a roller support 
in line with the equipment hatch. 

19. Cut a hole in the roof of the fuel building through which the reactor 

pressure vessel can be removed. 

20. Move the reactor vessel out of the containment building into the fuel 
building. 

21. Lift the reactor vessel out of the fuel building and place it on an over
the-road transporter. 

22. Move the pressure vessel to the onsite interim storage facility and place 
it in the storage cell. 

23. Segment the vessel and package the segments for ultimate disposal at a 

licensed nuclear waste disposal facility, after the radiation dose rate 

has decayed to a level 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 

Cost Cate or 

Removal and Disposal of Reactor Internals 
Decommissioning Worker Labor 
Shielding for Vessel Transport 

Estimated Cost 
($thousands} 

3028 

261 

23 

Special Tools and Equipment 270 
Disposal of Control Rods, Drives, & Pipe Sections 44 
Vessel Removal & Transport 3460 
Interim Storage Costs (50-Year Storage) 

Segment Vessel 
Disposal of Vessel Segments 

Total 

136 

74 
915 

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 
estimates 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 
lifted 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.S 

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 lines 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 lines penetrate the reactor 

vessel wall in the region of the sacrificial shield. In order to cut these lines 

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 lines 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 lifting 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 lifted out of the reactor building through 

a hole in the roof and transported to the onsite interim storage facility by 
a contractor specializing in lifting 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. Remove, package, and ship the reactor internals to a nuclear waste disposal 
facility. 

2. Cut the four main steam lines at the reactor vessel wall and remove a 
section of each line. 

3. Cut the four instrument lines that enter the reactor vessel above the 

sacrificial shield. 

4. Cut the remainder of the lines 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. 

5. Cut each of the lines at the outer surface of the reactor vessel wall. 

6. Remove the 185 control rod drive housings from the bottom head and 

seal the openings. 

7. Cut off the lines connected to the bottom head and seal the openinqs. 

8. Remove and package accessible insulation. 

9. Install steel seal plate on top vessel flange. 

10. Install a temporary 700-Mg crane over the reactor cavity. 

11. Install a "greenhouse" over the reactor well. 

12. Install a high-pressure water jet ring in the reactor well. 

13. Attach hoisting gear to the reactor pressure vessel. 

14. Lift the reactor pressure vessel through ring of high-pressure water jets. 

15. Lift the vessel so that seal plates can be welded over the nozzle openings. 

16. Lower the reactor vessel onto the pedestal. 

17. Remove the "greenhouse." 

18. Remove the section of the reactor building roof that is 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. Move the reactor pressure vessel to the onsite interim storage facility 

and place it in a storage cell. 

21. Segment the reactor vessel and package the segments for disposal at a 
licensed 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 

Cost Category 

Removal and Disposal of Reactor Internals 
Decommissioning Worker Labor 
Special Tools and Equipment 

Estimated Cost 
($ thousands) 

5333 

499 

326 

Disposal of Control Rods, Drives, & Pipe Sections 58 

Vessel Removal & Transport 2308 
Interim Storage Costs (50-Year Storage) 
Segment Vessel 
Disposal of Vessel Segments 

Total 

268 

118 

183 

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 lower 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 radioactivity 

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 low 

specific activity (LSA) material shipment. The size and weight of the intact 

assembly precludes consideration of truck or rail shipment. 

The much higher levels of radioactivity 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 little 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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Neutron activation of the concrete and steel in the biological shield is 
greatest at the inner surface of the shield and decreases rapidly through the 
wall of the shield. Virtually all of the activated material in the biological 
shield is present in the inner 1-m layer of the shield. In the modular shield 
concept shown in Figure 11.4-1, only that portion of the shield that will be 

activated during reactor operation is modularized. The modules form a right
circular cylinder 6.1 m inside diameter, 7.9 m outside diameter, and 7.3 m high . 

SHIELD BLOCK SUPPORT 
COLUMN 
(TYPICAL DETAIL) 

CABLE TENSIONING 
ANCHORING DEVICE 
(TYPICAL) 

.. 

0 

' · 

C: : 

FIGURE 11.4-1. Conceptual Design- Modular Biological Shield 
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There are six rings of modules. Each ring is 1.2 m high and contains eight 

modules. Each module weighs about 8 Mg. The modules are constructed by pour
ing concrete into carbon steel shells that are fabricated to close dimensional 
tolerances. As shown in Figure 11.4-1, the modules are stepped at the top and 
bottom to minimize radiation streaming and to provide lateral stability. Cir

cumferential post-tensioned cables provide additional structural stability to 
that provided by the eight wide-flange 1-beam columns. Each module has two 

recessed lifting bails in the top of the block. These bails are designed for 
engaging the lifting hooks semi-remotely, using long-handled tools. 

The incremental cost increase for construction of the modular shield rela
tive to a conventional monolithic shield is estimated to be $884,000. The cost 

of removing the modules and disposing of them in a nuclear waste disposal facil
ity is estimated to be $205,000. By comparison, the cost of removing an equiva

lent amount (145m3) of the activated portion of the monolithic shield at the 
reference PWR is estimated to be $337,000, a difference of $172,000. Thus, the 
modular shield is estimated to increase the total cost (construction and decom
missioning) by about $712,000. 

The occupational radiation dose received by workers during the removal 
and disposal of the shield modules is estimated to be 13 man-rem, compared with 

an estimated dose of 29 man-rem for the removal and disposal of the equivalent 
portion of a monolithic shield. Thus, it appears that a modular shield design 
would not be cost-effective when considering decommissioning alone. However, 
if replacement of a reactor pressure vessel is considered, the ability to 
remove and restack or replace the modules, thereby reducing the dose rates in 
the vicinity of the vessel nozzles, might be worthwhile. 
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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 radioactive 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 period long enough for radioactive decay to reduce the quantity 

of waste that must be disposed of 1n 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 facility. 

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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3. 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 to limit the dose rate to 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. 

4. The onsite interim waste storage facility is 24 km from the reactor and 

the onsite transport cost is $1.43/km for a truck. 

5. The cost of placing and maintaining nuclear waste in interim storage is 

equal to the disposal charge at a licensed waste disposal site ($93.57/m3). (a) 

6. There are no liner or curie surcharges at the onsite storage facility. 

7. The cost of retrieving the waste from interim storage is the same as the 
disposal charge at a licensed waste disposal site ($93.57/m3). (a) 

8. 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. 

9. The liner and curie surcharges at the commercial waste disposal facility 

are lower after temporary onsite storage because of radioactive decay that 

has occurred. 

10. For neutron-activated material, the radioactive decay during temporary stor

age of even 100 years is insufficient to 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.l.l 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 
of decommissioning a reference PWR by Smith et al. (l) Radioactive decay fac

tors for neutron-activated material used in the cost analyses are given in 
Table A.l-1 for the radioactivity levels and the dose rates. 

TABLE A.l-1. Decay Factors for Radioactivity Levels and 
Dose Rates of Neutron-Activated Materials 
in the Reference PWR 

Decay Factors(a) 
Time After 
Shutdown 
(Years) Radioactivity level Dose Rate 

30 5.2 X 10-2 1.9 X 10-2 

50 4.6 X 10-2 l.4x 10-3 

60 4.3 X 10-2 3.7 X 10-4 

80 3.7 X 10-2 3.7 X 10-5 

100 3.2 X 10-2 1.3 X 10 -5 

130 2.6 X 10-2 1.15 X 10 -5 

150 2.2 X 10-2 l.1x10 -5 

200 1.5 X 10-2 1.1 X 10 -5 

(a) Based on Figure C.3-l 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.l-2. 

A.l.l.l Waste from DECON 

In the following subsections, estimated costs for disposal of each type 
of nuclear waste from DECON are developed for onsite interim storage and later 
offsite disposal of the waste. 

A-3 





• 

Component 

Pressure Vessel Wall 
Pressure Vessel Head 
Pressure Vessel Bottom 

Upper Core Support Assembly 
Upper Support Columns 
Upper Core Barrel 

Upper Core Grid Plate 
Guide Tubes 
Lower Core Barrel 

Thermal Shields 
Core Shroud 
Lower Grid Plate 

Lower Support Columns 
Lower Core Forging 
Misc. Internals 

Bio-Shie1d Concrete 
Reactor Cavity Liner 

Tota 1 s 

Pressure Vessel Wall 
Pressure Vessel Head 
Pressure Vessel Bottom 

Upper Core Support Assembly 
Upper· Support Columns 
Upper Core Barrel 

Upper Core Grid Plate 
Guide Tubes 
Lower Core Barrel 

Thermal Shields 
Core Shroud 
Lower Grid Plate 

Lower Support Columns 
Lower Core Forging 
Misc. Internals 

Bio-Shield Concrete 
Reactor Cavity Liner 

Totals 

TABLE A. 1-2. PWR Costs for Disposal of Neutron-Activated Materials at Various Times after Shutdown {Based on Table G.4-3, Reference 1) 

~~_ight (kg)(a)_ 

269 800 
88 450 
38 870 

12 020 
11 110 

2 720 

4 630 
15 100 
42 640 

10 430 
12 290 

3 950 

3 360 
36 470 
36 290 

884 500 
14 510 

1 487 140 

269 800 
88 450 
38 870 

12 020 
11 110 

2 720 

4 630 
15 100 
42 640 

10 430 
12 290 

3 950 

3 360 
36 470 
36 290 

884 500 
14 510 

487 140 

Estimated 
Radioactivity 

( Ci) 

177 
<1 
<1 

<1 
<4 

(43 

080 
<4 

33 500 

7 310 
152 000 
24 600 

430 
108 

86 

<86 
<1 

219 432 

92 
<1 
<1 

<1 
<3 

<33 

797 
<3 

25 700 

5 530 
113 000 

18 200 

330 
83 
66 

<66 
<1 

163 907 

Number of 
Pieces 

70 
20 
20 

12 
96 
10 

9 
122 

64 

12 
96 
9 

96 
25 
80 

741 

70 
20 
20 

12 
96 
10 

9 
122 
64 

12 
96 

9 

96 
25 
80 

741 

Number or 
Containers b) 

--··-- --

38 
20 
20 

4 
4 
2 

5 
6 

32 

6 
4 
5 

1 
11 

8 

195 
4 

365 

38 
20 
20 

4 
4 
2 

5 
6 

32 

6 
4 
5 

1 
11 
8 

195 
4 

365 

Contain!;!r 
Co~ c) - --· 

380 000 
200 000 
200 000 

40 000 
40 000 
20 000 

50 000 
60 000 

320 000 

60 000 
40 000 
50 000 

10 000 
110 000 
80 000 

78 000 
l 600 

739 600 

380 000 
200 000 
200 000 

40 000 
40 000 
20 000 

50 000 
60 000 

320 000 

60 000 
40 000 
50 000 

10 000 
110 000 
80 000 

78 000 
1 600 

739 600 

Cask (d) Number of Transport<}tJ·on Handling Buri~1( 1 

3~~-~;:~s (H~er S~~~~:~ts _ Co.s_t~-(~~\_'_-__ -_~co~--'~-'~--~~~~)=l~f=) _:'V=o=1 o=m=o=(m=3=)=9~-::_ 
0 
0 
0 

2 000 
2 000 
1 000 

2 500 
0 

16 000 

3 000 
2 000 
2 500 

500 
5 500 
4 000 

0 
0 

41 000 

38 70 680 11 400 108 
5 9 300 0 57 
2 3 720 0 57 

4 7 440 1 200 11 
4 7440 1200 11 
2 3 720 600 6 

5 9 300 
l 1 860 

32 59 520 

6 
4 
5 

1 
11 
8 

49 
1 

178 

11 160 
7 440 
9 300 

1 860 
20 460 
14 880 

91 140 
l 860 

331 080 

2 200 
0 

9 600 

1 800 
l 200 
2 200 

300 
3 300 
2 400 

0 
0 

37 400 

14 
17 
91 

17 
11 
14 

3 
31 
23 

707 
14 

1 192 

50 .Y~j~.!:_S After Shutdown 

0 
0 
0 

0 
2 000 
1 000 

2 500 
0 

16 000 

3 000 
2 000 
2 500 

500 
5 500 
4 000 

0 
0 

39 000 

38 
5 
2 

1 
4 
2 

5 
1 

32 

6 
4 
5 

1 
11 
8 

49 
1 

175 

70 680 
9 300 
3 720 

1 860 
7 440 
3 720 

9 300 
1 llj;O 

59 520 

11 160 
7 440 
9 300 

1 860 
20 460 
14 880 

91 140 
1 860 

325 500 

11 400 
0 
0 

0 
200 
600 

2 200 
0 

9 600 

1 BOO 
1 200 
2 200 

300 
3 300 
2 400 

0 
0 

36 200 

108 
57 
57 

11 
11 
6 

14 
17 
91 

17 
11 
14 

3 
31 
23 

707 
14 

1 192 

Burial 
Cost ($)(f) 

10 070 
5 300 
5 300 

1 060 
1 060 

530 

1 325 
1 590 
8 480 

590 
060 
325 

265 
2 915 
2 120 

66 144 
1 357 

111 491 

10 070 
5 300 
5 300 

060 
060 
530 

325 
1 590 
8 480 

590 
060 
325 

265 
2 915 
2 120 

66 144 
1 357 

111 491 

Liner f 
Surcharge ($)(_) 

0 
0 
0 

0 
0 

150 

625 
0 

4 ooo 

750 
500 
625 

125 
375 
000 

0 
0 

9 250 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

Curie f 
Surcharge ($)( ) 

0 
0 
0 

0 
0 
0 

500 
0 

l 0 800 

2 080 
27 320 

4 750 

310 
0 
0 

0 
0 

46 760 

0 
0 
0 

0 
0 
0 

500 
0 

10 400 

1 990 
25 320 

4 400 

305 
0 
0 

0 
0 

43 91J 

Total 
Disposal 

Costs ($) ll) 

472 150 
214 600 
209 020 

51 700 
51 700 
26 l 00 

67 450 
63 450 

428 400 

80 380 
79 520 
70 700 

13 360 
143 550 
104 400 

235 284 
4 817 

2 316 581 

472 150 
214 600 
209 020 

42 920 
51 700 
25 850 

66 825 
63 450 

424 000 

79 540 
77 020 
69 725 

l3 230 
142 175 
103 400 

235 284 
4 817 

2 295 710 

TABLE A.l-2. PWR Costs for Disposal 
of Neutron-Activated 
Materials at Various 
Times after Shutdown 
(Based on Table G.4-3, 
Reference l) 
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TABLE A.l-2. (contd) 

Estimated Tota 1 

Weight (kg)(a} 
Radioactivity Number of Number of Containfr Cask (d) Number of Transporttt)on Handlin? Buri ~l Burial(f) liner (f) Curie (f) Disposa{ 

Comt~onent ( Ci Pieces -~_pntainers(b) Cost (~J c) Renta 1 lSI Shi[!ments Cost ($) e Cost ($) f) Volume (m )(g) Cost {$) Surcharge ($) Surcharge ($) _ Costs ($) ~;) 

----· -- .. -- 100 Years After_ Shutdown 

Pressure Vessel Wall 269 800 64 70 38 380 DOD 0 38 70 680 11 400 108 l 0 070 0 0 472 150 
Pressure Vessel Head 88 450 <1 20 20 200 000 0 5 9 300 0 57 5 300 0 0 214 600 
Pressure Vessel Bottom 38 870 <I 20 10 200 000 0 2 3 720 0 57 5 300 0 0 209 020 

Upper Core Support Assembly 12 020 <1 12 4 40 000 0 I 1 860 0 11 1 060 0 0 42 920 
Upper Support Columns 11 110 2 96 4 40 000 2 000 4 7 440 1 zoo 11 1 060 0 0 51 700 
Upper Core Barrel 2 720 12 10 2 20 000 1 000 2 3 720 600 6 530 0 0 25 850 

Upper Core Grid Plate 4 630 557 9 5 50 000 2 500 5 9 300 2 200 14 1 325 0 1 500 66 825 
Guide Tubes 15 100 2 122 6 60 000 0 I 1 860 0 17 1 590 0 0 63 450 
Lower Core Barrel 42 640 18 000 64 32 320 000 16 000 32 59 520 9 600 91 8 480 0 10 020 423 620 

Thermal Shields 10 430 3 870 12 6 60 000 3 000 6 11 lbO 1 800 17 1 590 0 1 900 79 450 
Core Shroud 12 290 78 500 96 4 40 000 2 000 4 7 440 1 200 11 1 060 0 23 600 75 300 
Lower Grid Plate 3 950 12 700 9 5 50 000 2 500 5 9 300 2 200 14 1 325 0 4 110 69 435 

Lower Support Columns 3 360 220 96 I 10 000 500 I 1 860 300 3 265 0 300 13 225 
Lower Core Forging 36 470 55 25 11 110 000 5 500 II 20 460 3 300 31 2 915 0 0 142 175 
Misc. Interni!ls 36 290 44 80 8 80 000 4 000 8 14 880 2 400 23 2 120 0 0 103 400 

Bio-Shield Concrete 884 500 '" 195 78 000 0 49 91 140 0 707 66 144 0 0 235 284 
Reactor Ci!vity Liner 14 510 < 1 4 1 600 0 1 1 860 0 14 1 357 0 0 4 817 

---·~~- ----· 
TOti!l s 1 487 140 114 040 741 365 1 739 600 39 000 175 325 500 36 200 l 192 111 491 0 41 430 2 293 220 

(a) Weights approximi!te, calculated from dimensions or obtained from Trojan FSAR. 
(b) Indici!tive of volume only. Actui!l pieces ilre distributed throughout all containers to satisfy the 50,000 Ci/container limit for burial. 
(c) Bilsed on Table 1.2-1, Reference 1. 
(d) Based on Table 1.3-l, Reference 1. 
(e) Based on Ti!ble 1.4-4, Reference 1. 
(f) Based on Table 1.5-l, Reference 1. 
(g) Volume 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.l-2. (contd) 
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A.l.l.l.l 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. 

Placement 1:n Interim Stora_c;e. 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.l-3. 

TABLE A.l-3. Estimated Costs of Onsite Interim 
Storage of Neutron-Activated Material 
from DECON of a PWR 

Cost Component Cost($) 

Containers 1 739 600(a) 

Cask Rental 16 600(b) 

Onsite Transportation 14 840(c) 

Handling 50 600(a) 

Placement 111 49l(a) 

Tota 1 1 933 130 

(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 1.431 " $14,840 

Remo>JaZ to Of.fsite Disposal. Details of the cost estimates for removal of 
the neutron-activated material to an offsite licensed disposal facility are 
summarized in Table A.l-4. 
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TABLE A.l-4. Estimated Cost of Removal to Offsite Disposal 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 lll 490 lll 490 lll 490 

Cask Rental 41 000 39 000 39 000 

Transportation 331 080 325 500 325 500 

Handling 37 400 36 200 36 200 

Burial lll 490 lll 490 lll 490 

liner Surcharge 9 250 0 0 

Curie Surcharge 46 760 43 918 41 430 

Tot a 1 s 688 470 667 600 665 ll 0 

(a) From Table A.l-2. 

A.l .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.l-5. 

TABLE A.l-5. Estimated Costs of Onsite Interim Storage of 
Contaminated Material from DECON of a PWR 

Cost Component 

Containers 
Onsite Transportation 

Handling 

Placement 

Total 

Cost($) 

1 857 200(a) 
66 330(b) 
39 320( c) 

504 598 

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 l. 
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Removal to Offsite Disposal. Details of the cost estimates for removal of 
the contaminated material to an offsite licensed disposal facility are summarized 

in Table A.l-6. 

TABLE A.l-6. Estimated Costs of Removal to Offsite Disposal 
of the Contaminated Material from DECON of a 
PWR 

Cost Costs ($) After Interim Storage Period of 
Component 30 Year 50 Year l 00 Year 

Retrieve from Interim Storage 310 720(a) 310 720(a) 310 720(a) 

Transportation 781 680(b) 11 520(d) 11 520(d) 

Handling 39 320(c) 0 0 

Buri a 1 504 600(b) 9 357(d) 9 357(d) 

Tot a 1 s 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. 

(b) From Tables G.4-4 and G.4-5, Reference l. 
(c) From Table G.4-4, Reference l. 
(d) Based on 100m3 of contaminated material sent to an offsite licensed 

burial facility. 

A.l.l.l.3 Radioactive Waste. Estimated costs for placement of the radio
active waste in onsite interim storage and later removal to offsite permanent 
disposal are shown in Tables A.l-7 and A.l-8, respectively. 

A. 1.1.2 Waste from SAFSTOR 

SAFSTOR involves two major activities that generate radioactive 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 licensed 

disposal facility is estimated for times after shutdown ranging from 60 to 
200 years. 

A-ll 



TABLE A.l-7. Estimated Costs of Onsite Interim Storage of Radioactive Waste 
from DECON of a PWR 

Cost Component Cost (5) 

Containers 136 650(a) 

Cask Rental 12 OOO(b) 

Onsite Transoortation 9 82Q(c) 

Handling 24 OOO(d) 

Placement 57 876(a) 

Total 240 350 

(a) From Table G.4-6, Reference 1. 
(b) ~ssumed that shielded casks 

would be 11eeded only for spe11t 
resi11s, spent filter cartr'dges, 
and evaporator bottom 1 iquids. 
One day cask rental per 31l~p

ment. 
{c) 143 shipments with a round-trip 

dista11ce of .ta km. 
143 X 48 X 1.431 ~ 59820. 

(d) Handling costs from Table S.4-6, 
Refere11ce 1, for spent resins 
spent filter cart~idges, and 
evaporator bottom 1 ictuids. 

TABLE A.l-8. Estimated Costs of Removal to Offsite Disposal of Radioactive 
Waste from DECON of a PWR 

Cost 
Component 

Retrieval from Interi.-n 

Cask Rental 

Transportation 

Liner Surcharge 

Burial 

Tota 1 s 

Storage 

Costs '$ 
0 Year 

112 650(a) 

10 ooolbl 
34 480(o) 

2 500 

49 780(f) 

259 410 

After Interim Storaae 
~ Year 

112 650(a) 

0 

32 640(d) 

0 

35 740(g) 

181 300 

Period of 
00 Year 

112 650(a) 

0 

26 380(e) 

0 

31 070(h) 

170 600 

(a) 1506 containers at 4 man-hr per container with a charge-out rate of 
$13.70 per man-llr. 

(b) Casks needed on~y for sp~nt resins. 
(c) 44 shipments at $1920 per shipment. 
{d) 17 shipments at $1920 per shipment. 
(e) 14 shipments at $1920 per shipment. 
(f) 532m3 at $93.57 per m3. 
(g) 382 m3 Jt $93.57 per m3. 
{h) 332 m3 at $93.57 per m3. 
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The estimated costs for the disposal of each type of nuclear waste from 

SAFSTOR of the reference P\~R are developed in the following subsections for 

onsite interim stor3ge and eventual offsite disposal. 

A.l.l.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 onsite interim storage are 

summarized in Table A.l-9. 

TABLE A. 1-9. Estimated Costs of Onsite Interim Storage of 
Neutron-Activated Material from Deferred 
Decontamination of a PWR 

Cost Costs ($) After Safe Storage Peri oct of 
Component 30 Year 50 Year 100 Year 

Containers 739 600(a) 739 600(a) 739 600(a) 

Cask Rental ll 2oo(b) 0 0 
Onsite Transportation 12 230(c) 7 290(ct) 7 290(d) 

Handling 35 ooo(e) 0 0 
Placement 111 490(a) 111 490(a) 111 490(a) 

Totals 909 520 858 380 858 380 

(a) From Table G.4-3, Reference 1. 
( b I Casks used only for cask liners with a surface dose rate 

>l.O 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 1.431 • $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. 
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TABLE A. 1-10. Estimated Costs of Removal to Offsite Disposal of Neutron
Activated Material from Deferred Decontamination of a PWR 

Cost 
::o~ocren+. 

Df£s1te J~s~os~: Costs ·.S\ .:;•ter In::Prir' Storace Peric<1 .;f 
JC 'lear 5C· Y"ar 100 Ye:1r 

Geferrec: Gec:ono.ri~a::ion 30 Yea~s After Shutdo,~n'-CJ 

Re~rjeve Fro~ interim S~crage 

Transportation 

Cur~e Surcharge 

s~r~ a 1 

Totals 

;11 

2C·3 

" Ill 

.:.Jz 

.!90 Ill '90 

52D 203 J20 

D6D " 630 

490 111 .:go 

56C :..:1 . 30 

C""erred Deconte~ina~~2n 50 ·:ear'S .~fter 

Retrieve Fr~m r~teri" S:orage 'il .:gc. 1 ~ ; 

, rars~ortaO:lCn 203 S2C' ~03 

Cur~e S.;r::>an;e " 63C ] 

Buri a; -,. .19C ". 
' ' ' " 

-:-o~als .!41 l3G .139 

Deferred 'Jecontamination 

:;,etr'e·te Fron !nteri~ St:Jra;-e l:l <19C· 

ransportat1cn 2J3 32G 

c~ri c: S•~rc"ar~e 11 910 

3uri al ;n '" :o~a l s .l]8 410 

.:c.) FQr defer~;;c d<O<:cntaTina~~on 3J ;ears after 
60, SO, and 1 ~0 year; after shutcown. 

(b) For defer,ed deconta::-inat~or 5C tears af:er 
80, lrJ'J, and l5C Jears o.f~er s~ui:dc•.o~n. 

Ill 

ZOJ 

Ill 

:.37 

shu:aa:;r, 

shutdown, 

·an 
"' 
52'] 

'DO 
,;go 

'iOO 

00 Years After 

.!90 

~20 

O'C 

-90 

51 c 

offs i te c~sposai 

offs':e di sposa 1 

:11 JSO 

203 520 

II 910 

Ill 490 

438 -1.10 ,, 
Si"rutdc·,n'· 1 

-----
Ill .j.'~" --
2D3 52C 

ll DlO 

11~ .!90 

437 510 

S~utdown(c) 

11 i <1.90 

203 s·· co 

9 38C 

111 490 

-1.35 820 

·~·i l ~ :ate ~, a<:e 

·~ill :ake 0 -'" 
lsl For Cefe"Ted ce~c~ta:;-'n~cicr, 'CO years 6f~er >~u~Cown, .J'fslte ~lSP:Jsa1 will take Dii'lc.o 

130, I:.G, an::J 2'JO years af~e.- Sht.tdown. 

A.l.l.2.2 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.l-12. 
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TABLE A. 1-11. Estimated Costs of Onsite Interim Storage of Contaminated 
Material from Deferred Decontamination of a PWR 

Cost Costs $) After Safe Storage Period of 
Component 30 Year 50 Year a lao Year(a) 

Containers 857 200 ll 200 ll 200 
Onsite Transportation 66 330 350 350 
Handling 39 320 0 0 
P1 acement 504 600 9 360 9 360 

T ota 1 s 3 467 450 20 910 20 910 

(a) Based on 100m3 of contaminated material for disposal. 
See Table H.5-l, Reference 1. 

TABLE A. 1-12. Estimated Costs of Removal to Offsite Disposal of Contaminated 
Material from Deferred Decontamination of a PWR 

Cost 
Component 

Retrieve From Interim Storage 

Transportation 

Burial 

Tota 1 s 

Retrieve From Interim Storage 

Transportation 

Burial 

Tota 1 s 

Retrieve From Interim Storage 

Transportation 

Buria 1 

Tota 1 s 

Offsite Disposal Costs ($) After Interim Storage Period of 
30 Year 50 Year 100 Year 

Deferred Decontamination 30 Years After Shutdown(a) 

31D 55D 310 550 310 550 

9 600 9 600 5 760 

9 360 g 360 4 680 

329 510 329 510 320 990 

Deferred Decontamination 50 Years After Shutdown(b} 

2 100 2 100 2 100 

9 500 9 500 5 760 

9 360 9 360 4 680 

21 060 21 060 12 540 

Deferred Decontamination 100 Years After Shutdown(c} 

2 100 2 100 2 100 

5 760 5 760 3 840 

4 680 4 680 2 810 

12 540 12 540 8 750 

(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. 

(c) For deferred decontamination 100 years after shutdown, offsite disposal will occur 
130, 150, and 200 years after shutdown. 
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A. 1.1.2.3 Radioactive 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. Est i rna ted costs for p 1 acement in ons ite 

interim storage of the radioactive waste from preparations for safe storage 

are summarized in Table A.l-13. 

TABLE A.l-13. Estimated Costs of Onsite Interim Storage of Radioactive Waste 
from Preparations for Safe Storage of a PWR 

Cost Component Cost (S) 

Containers 114 970(a) 

Cask Rental 12 ooo(b) 

Onsite Transportation 8 450(c) 

Handling 24 ooo(d) 

Placement 36 330(e) 

Total 195 750 

(a) From Table H.3-2, Reference l. 
(b) One day cask rental for each 

shipment. Casks used only for 
cask liners with a surface dose 
rate >l R/hr. 

(c) l3g shipments with round-trip 
distance of 48 km. 

(d) For spent resins, spent filter 
cartridges, and evaporator bot
toms liquids. 

(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 radioactive 

waste from preparations for safe storage are given in Table A.l-14. 
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TABLE A.l-14. Estimated Costs of Removal to Offsite Disposal of Radioactive 
Waste from Preparations for Safe Storage of a PWR 

Cost Offsite Disposal Costs ($) After Interim Storage Period of 
______ Cp_mJonent _____ --~ =l_O_..'!.._e_ar__ - ---- 50 Year --- 100 Year--

Retrieve r rom Interim Storage 

Cask Rental 

Transportation 

liner Surcharge 

Burial 

Totals 

31 550(a) 

1o ooo(b) 

55 680(c) 

2 500 

21 520(f) 

121 250 

------· 
31 550(a) 

0 
13 440(d) 

0 

14 040(g) 
·~·--

59 030 

---·~ 

31 550\a) 

0 
9 600(e) 

0 
9 360(h) 

------
50 510 

(a) 422 containers at 4 man-hr per container with a charge-out rate of $18.70 per 
man-hr. 

(b) C~sks used only for those shipments with a cask-liner dose r~te >1 D:/hr. 5-day 
cask rental for each ship1nent.. 

(c) ?9 shipments at $1,920 per shipn1ent. 
(d) 7 shipments at $1,920 per shi~nt. 
(e) 5 shipments at $1,920 per shipment. 
(f) 230m3 at $93.57 per m3. 
(g) 150m3 at $93.57 per m3. 
(h) 100m3 at $93.57 per m3. 

Defc'!'Y>ed D2contwnination. 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.l-15, an 

the estimated costs of removal of the waste to offsite disposal is shown in 

Table A.l-16. 

TABLE A.l-15. Estimated Costs of Onsite Interim Storage of Radioactive 
Waste from Deferred Decontamination of a PWR 

Cost Costs After Safe e Period of 
Component 30 Year a 50 Year a 00 Year aJ 

Containers 21 900 14 300 9 540 

Onsite Transportation 2 ooolb) 550 (b) 340(b) 

Placement 21 520 14 040 9 360 

Tota 1 s 45 420 28 890 19 240 

Waste volumes assumed: 
100 year - 100m3. 

30 year-230m3; 50 year- 150m3; (a) 

(b) On site round trip of 48 km at 51 .431 per km. ~umber of 
shipments: 30 year- 29; 50 year- 8; 100 year- 5. 
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TABLE A. 1-16. Estimated Costs of Removal to Offsite Disposal of Radioactive 
Waste from Deferred Decontamination of a PWR 

Cost 
Component 

Offsite Disposal Costs ($) After Interim Storage Period of 
30 Year 50 Year 100 Year 

Deferred Decontamination 30 Years After Shutdown(a) 

Retrieve Ft·om Interim 
3torage(b) 

Transportation (c) 

Burial(d) 

":"ota1s 

81 860 

1 5 360 

14 040 

lll 260 

81 860 81 860 

9 600 7 630 

9 360 _7 020 

100 820 95 568 

Deferred Decontamination 50 Years After 
, c I 

Shutdown',-

Retrieve From Interim 
Sto·,·age( f} 

Transoorta t ion (g) 

Burial{h) 

Totals 

53 450 

9 600 

9 360 

72 410 

53 450 

9 600 

9 360 

72 41 0 

53 450 

5 760 

5 610 

64 820 

Deferred Decontaminat1on 100 Years After Shutdown(i) 

Re~rieve FtQm Inte~im 

StoragelJ J 
I k' 

:railsportation' ! 
1m' 

Buri 3.1 ' 1 

Totals 

35 660 

7 680 

7 020 

50 360 

35 660 

5 750 

5 Sl 0 

4 7 030 

35 660 

5 760 

4 680 

46 100 

(a) For deferred decontamination 30 years after shutdown, offsite disposal will occur 
60, 20, and 130 years af:er shutdown. 

(f-) 1095 dt'u:ns of waste. 4 man-hr per drum to check, seg1·egate, and repackage. $13.70 
per mar:-hr charge-out rate. 

(c) 8 shipiT1ents for 30 years storage; 
100 years storage. 

5 shipments for 50 years sto,·age; 4 snipments foe 

(d) B:.~rial volumes of waste assumed: 150 
100 years. 

3 m at 30 years; "100 a-.3 at 50 years; 75 m3 at 

(e) For deferred decontaminaticr: 50 years after shutdo·-m, offs;te disposal wil1 occur 
80, 100, and 150 years after shutdown. 

:fl 715 drums of waste retrieved, checked, segregated, and repackaged where necessary. 
(g~ 5 snipments for 30 or 50 years storage; 3 shipments for 100 years storage. 
(h) Burial volumes of waste assumed: 100m3 at 30 and 5G years sturage; 60m3 at lOC y2ars 

storage. 
(ii For deferred decontardnation 100 years after shutdown, offsite Cisocsa·l will ::·ccu"' 

130, 150, and 200 years after shutdown. 
(j) 477 drums of waste retrieved, checked, and segregated. 
(k) 4 shipments for 30 years storage; 3 sh!pments for 50 and lOG years stora';le. ~ 
(m) Burial volumes or waste assumec!: 75 mj at 30 years; 60m3 at SO years~ 50 :n) at 

100 years. 
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A.l.l.3 Waste from ENTOI·1B 

Decommissioning the P\~R by ENTO~'lB utilizes the space below the operating 

floor 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 radioactive waste are disposed of in 

the same manner as the contaminated material from DECON of a PWR. Two scenarios 

were proposed for ENTOt·lB in the PWR and B\·JR decommissioning studies. (l, 2) In 

the first scenario, the neutron-activated reactor internals are removed and 

sent to waste disposal, and in the second scenario, 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 licensed disposal facility are developed in this subsection. 

A.l.l.3.1 Neutron-Activated Material. Reactor internals are the only 

neutron-activated material removed during ENTDr~B of the reference PI~R. The 

estimated costs of placing the reactor internals in onsite interim storage 

are given in Table A.l-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.l-18. 

A.l.l.3.2 Contaminated t1ateria1. About 507{ 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.l-19. The cost estimates for removal of this material to an 
offsite licensed waste disposal facility are presented in Table A.l-20 for 

interim storage periods of 30, 50, and 100 years. 

A.l.l.3.3 Radioactive Waste. In Reference 3 it is assumed that the 

quantity of radioactive waste generated by ENTOMB of the reactor is the same 
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TABLE A.l-17. Estimated Costs of Onsite Interim Storaqe of the Reactor 
Internals from ENTOMB of a PWR 

Upper Core Support 40 000 
flssernbly 

Upper Support Co 1 umns 40 000 

Upper Core Barre 1 20 000 

Upper Core Grid Plate 50 000 

Guide Tubes 60 000 

Lower rare Barrel 320 000 

Thermal Shield 60 000 

Core Slrroud 40 000 

Lower Grid Plate 50 000 

Lov1er Support Columns 10 000 

Lower Core Forging 110 000 

Misc. Inter·nals 80 000 

Totals 880 000 

400 

400 

200 

500 

600 

3 200 

600 

400 

500 

100 

100 

BOO 

8 800 

(a) Based on Table G.4-3, Reference 1. 
(b) One-day cask rental. 

Costs ($)(') 
~-i:l-~~ !_r~_fc.oocsp"o"c_"t~o<et i0_!! ~-l_a_c~fl!"'coc;t--,T"o fay-

200 

200 

600 

2 200 

1 200 

9 600 

800 

200 

2 200 

300 

3 300 

2 400 

27 200 

275 

275 

137 

345 

412 
2 1 gg 

411 

?75 

345 

70 

756 

550 

6 050 

OfiO 

060 

530 

325 

590 

8 1180 

1 590 

060 

325 

265 

2 915 

2 120 

23 320 

42 935 

42 935 

21 46 7 

54 370 

63 802 

343 4 78 

64 4G2 

42 935 

54 370 

10 735 

118 071 

85 870 

945 370 

TABLE A.l-18. Estimated Costs of Removal to Offsite Disoosal of the Reactor 
I nterna 1 s from ENTot1B of a P\~R 

Cost Offsile DisEosal Costs (\.l_.Mter Interim Storage Pel"iod of 
100 Year Conrpon_ent _____ 30 Year 50 Year 

R"t.rieve · St (a) From Intenm orage 23 320 23 320 23 320 

Cask Rental 41 000 39 000 39 000 

T ranspo1·ta t ion 154 3[10 148 800 140 800 

Hand1 i ng 26 000 24 800 24 BOO 

Liner Surcharg~ 15 750 13 150 13 150 

Curle Surcharg~ 46 770 43 920 41 430 

Burial 23 320 23 320 23 320 
--- ·----

Totals 330 540 31 fi 310 313 820 

(a} Assumed to be the san~ as the placement cost in Table A. 1-17. 
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TABLE A.l-lg, Estimated Costs of Onsite Interim Storage of 
Contaminated Material from ENT0t1B of a PI·JR 

Cost_~j ___________ 

Vo 1 ume (m3 ) (a} Containers(a) 
Ons ite 

Placement(a) -~ _____ C_o!nE_onent I._r __ ~.r~~.f'E_r_!~_t_!_O!! Total -----
Tanks 406 44 800 960 37 990 83 750 

Service Water System 160 17 600 410 14 925 32 935 

Component Cooling System 450 49 600 030 42 061 92 691 

Condensate Storage System 101 11 200 210 9 498 20 908 

Turbine Generator 558 61 600 510 52 237 115 .347 

Compress~d Air System 51 5 600 140 4 749 10 489 

Glycol Heating System 29 3 200 70 2 714 5 ':184 

[xtraction Steam System 188 20 800 480 17 638 38 918 
---- ---

Tota 1 s 1 943 214 400 4 810 181 81?. 401 022 

------
(a) Based on rable G.4-5 of Reference 1. 

TABLE A.l-20. Estimated Costs of Removal to Offsite Disposal of 
Contaminated Material from ENTOMB of a PWR 

Cost Offsite Ois~osal Costs {$~ After Interim Storage Period of 
0 Year 100 Yeat• S:_g_m~ent_ 30 Year 

Retrieve From Interim Storage{a) 181 81 0 181 310 

Trcntsportation {b) 174 720 920 
Buria1{t) 181 81 0 120 ---

Totals 538 340 184 850 

{a) Assumed to be the same as the cost to place the material in interim storage. 
(b) 21.4 m3jshipment and $1 ,9?.0/shipment. 
(c) $93.57/mJ. 

181 810 

1 920 

120 ---
184 850 

as the quantity generated by DECON. Therefore, the costs given below for the 

onsite interim storage and later offsite disposal of the radioactive waste 
from ENT0t1B are the same as the costs developed for DECON of the reactor. 

Place in interim storage -

Remove to offsite disposal 
After: 30 years storage 

50 years storage 
100 years storage 
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A.l.Z Reference BWR Decommissioning Wastes 

The study of decommissioning a reference B\·JR by Oak et al. (2) is the 

source of the data for estimating the imoact on costs of onsite interim stor

age of the nuclear wastes from decommissioning the reference B\~R. Radioactive 

decay factors for neutron-activated material used in the cost analyses are given 

in Table A.l-21 for the radioactivity levels and the dose rates. 

TABLE A. 1-21. Decay Factors for Radioactivity Levels and Dose Rates 
of Activated Material in the Reference BWR 

Time After 
Decay Factors(a) Shutdown 

(Years) Radioactivitt Level Dose Rate 

30 5. 1 X 10-2 1. 9 X 1 o-2 

50 4.0 X 1 o- 2 1.4 X 10-3 

60 3.8 X 10-2 3.7 X 10-4 

80 3.4 X 10-2 3.0 X 10-5 

100 3.0 X 10-2 9.6 X 10-6 

130 2.4 X 1 o- 2 5.3 X 10-6 

150 1. 9 X 10-2 5.2 X 10-6 

200 l. 0 X 10-2 4.8 X 10-6 

(a) Based on Figure E.l-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.l-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 onsite interim storage 

and later offsite disposal of the waste. 

A.l.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.l-23. Since transport of the neutron-activated material to the 
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TABLE A.l-22. B~IR Costs for Disposal of Neutron-Activated F1aterials at Various Times after Shutdown (Based on Table 1.3-3, Reference 2) 

____ _ Component 

Steam Separator Assembly 
Fuel Support Pieces 
Control Rods & In-Core Instruments 

Control Rod Guide Tubes 
Jet Pump Assemblies 
Top Fuel Guide 

Core Support Plate 
Core ShroLJd 
Reactor Vessel l-la11 
Sacrifical Shield 

Totals 

Steam Separator Assembly 
Fuel Support Pieces 
Control Rods & In-Core Instruments 

Control Rod Guide Tubes 
Jet Pump Assemblies 
Top Fuel Guide 

Core Support Plate 
Core Shroud 
Reactor Vessel Wall 
Sacrificial Shield 

Totals 

Steam Separator Assembly 
Fuel Support Pieces 
Control Rods & In-Core ]flstruments 

Control Rod Guide Tubes 
Jet Pump Assemblies 
Top Fuel Guide 

Core Support Plate 
Core Shroud 
Reactor Vessel Wall 
Sacrificial Shield 

Totals 

·--

l'~ig_h_t_ik_g_) (~~ 

9 500 
5 420 

19 810 

3 500 
6 000 
2 300 

18 500 
32 000 

157 700 
272 000 

526 730 

9 500 
5 420 

19 810 

3 500 
6 000 
2 300 

18 500 
32 000 

157 700 
272 000 

526 730 

9 500 
5 420 

19 810 

3 500 
6 000 
2 300 

18 500 
32 000 

157 700 
272 000 

526 730 

Estimated 
Radioactivity 
__ (Ci_)_ 

260 
19 

5 122 

3 
54'~ 

816 

18 
170 730 

20 
<I 

172 946 

213 
16 

4 200 

2 
444 
669 

14 
140 000 

16 
<I 

145 575 

141 
10 

2 778 

2 
294 
442 

10 
92 600 

II 
' I 

96 289 

(a) Estimated from volumes presented in Table E.l-6, Reference 2. 
(b) Based or~ information in Section M.2, Reference 2. 
(c) Based on Tab1 e 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 

Number of 
Pieces 

951 
740 
610 

370 
110 
408 

258 
558 
576 

14 

4 595 

951 
740 
610 

370 
110 
408 

258 
558 
576 

14 

4 595 

951 
740 
610 

370 
110 
408 

258 
558 
576 

14 

4 595 

Number of 
Cor~tain~rs 

28 
14 

8 

12 
40 
72 

31 
70 

" 14 

311 

28 
14 
8 

12 
40 
72 

31 
70 
22 
14 

311 

28 
14 
8 

12 
40 
72 

31 
70 
21 
14 

311 

(g) Based on Table M.5-l, Reference 2; based on volume only; rounded to nearest $10. 

Contair~fYr Cask Number of Transportij.tiOrl 
C?~~~ R_e!!ta1 _ _il)(c) S~_j_pments Co__u __ (?)\d) 

_____ 30 Years~ft€r Shutdowr~ __ ~____::___-----::__ ----

12 600 
6 300 

48 000 

5 400 
18 000 
32 400 

13 950 
31 500 

9 900 
84 000 

262 050 

14 000 
7 000 

27 600 

6 000 
20 000 
36 000 

15 son 
35 000 

0 
0 

161 100 

14 
7 
8 

6 
20 
72 

16 
70 
I 0 
14 

237 

_5_Q_ Years After _ShutdO_l'l_!l __ 

12 600 
6 300 

48 000 

5 400 
18 000 
32 400 

13 950 
31 500 

9 900 
84 000 

262 050 

100 
·----

12 600 
6 300 

48 000 

5 400 
18 000 
32 400 

13 950 
31 500 
9 900 

84 000 

262 050 

14 000 
7 000 

27 600 

6 000 
~0 000 
36 000 

15 soc 
35 000 

0 
0 

161 100 

14 
2 
8 

I 
20 
72 

6 
70 
10 
14 

217 

Years After Shutdowrl 

14 000 14 
7 000 2 

27 600 e 

0 
20 000 
36 000 

15 500 
35 000 

0 
0 

155 100 

I 
20 
72 

6 
70 
10 
14 

217 

26 880 
13 440 
1 ~ 360 

11 520 
38 400 

138 240 

30 720 
134 400 

19 200 
26 880 

455 040 

26 880 
2 360 

15 360 

1 180 
38 400 

138 240 

7 080 
134 400 

19 200 
26 _?80 

409 %0 

~6 880 
2 360 

15 360 

1 180 
38 400 

138 240 

7 080 
134 400 

19 200 
26 880 

409 980 

(h) Based on Table M.5-l, Reference 2, for the estimated dose rate at the container surface. 
(i) Based on Table M.5-l, Reference 2, for the estimated curie inventory per shipment. 
(j) The number of figures shown is for computational completeness only and does not imply accuracy to that many significant figures. 

Handlin~ Burial f 
Cost ($)e) Vo1_!!1!1e_.(m3)( l 

5 600 
2 800 

12 310 

2 400 
8 000 

14 400 

6 200 
14 000 
4 400 
5 600 

75 710 

5 600 
0 

12 310 

0 
8 000 

19 400 

0 
14 000 

4 400 
5 600 

64 310 

5 600 
0 

12 310 

0 
8 000 

14 400 

0 
14 000 
4 400 
5 600 

64 310 

10 
5 

15 

4 
14 
24 

II 
24 

8 
90 

205 

10 
5 

15 

4 
14 
24 

II 
24 

8 
90 

205 

I 0 
5 

15 

4 
14 
24 

II 
24 
8 

90 

205 

Burial 
Cost ($)(~} 

940 
470 
400 

380 
1 310 
2 250 

1 030 
2 200 

680 
9 530 

20 190 

940 
470 
400 

380 
1 310 
2 250 

1 030 
2 200 

680 
9 530 

20 1 90 

940 
470 
400 

380 
1 310 
2 250 

1 030 
2 200 

680 
g 530 

20 190 

Liner (h) 
Surc~arge ($) 

g 100 
1 750 

12 410 

600 
16 DOD 
28 800 

900 
28 000 

1 100 
0 

98 660 

3 500 
0 

4 400 

0 
5 000 
9 000 

0 
8 750 

0 
0 

30 650 

0 
0 

400 

0 
0 
0 

0 
0 
0 
0 

400 

Curie 
Surcharge {$)( 1 ) 

0 
0 

2 760 

0 
0 
0 

0 
36 030 

0 
0 

38 790 

0 
0 

2 660 

0 
0 
0 

0 
32 610 

0 
0 

35 270 

0 
0 

2 570 

0 
0 
0 

0 
29 500 

0 
0 

32 070 

Total 
Disposal.! 

Costs (~j__J 

69 120 
31 760 

119 840 

26 300 
101 7W 
252 090 

68 300 
281 130 

35 280 
126 010 --··--- --

1 111 540 

63 520 
16 130 

111 730 

12 960 
90 710 

232 290 

37 560 
258 460 

34 180 
126 010 

983 550 

60 020 
16 130 

l 07 640 

6 960 
85 710 

223 290 

37 560 
246 600 

34 180 
126 010 

944 100 

TABLE A. l-22. BWR Costs for Disposal 
of Neutron-Activated 
Materials at Various 
Times after Shutdown 
(Based on Table 1.3-3, 
Reference 2) 
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TABLE A.l-23. Estimated Costs of Onsite Interim Storage 
of Neutron-Activated r~aterial from DECON 
of a BWR 

Cost Component Cost ($) 

Containers 262 050(a) 

Cask Rental 34 420(b) 

Onsite Transportation 16 970(c) 

Handling 75 nold) 

Placement 20 190(d) 

Tot a 1 409 340 

(a) From Table A.l-22. 
(b) One-day cask rental for each 

shipment. 
(c) 247 shipments with a round-trip 

distance of 48 km. 
(d) From Table 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 regulation permit on public highways. 

In order to pack more of the neutron-activated material in the cask liners, 

the thickness of the shielding installed in the cask liners is reduced to the 

amount needed to meet DOT requirements after 30 years of radioactive 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.l-24. 

A.l.2.1 .2 Contaminated Material. The estimated costs of onsite interim 

storage of the contaminated material from DECON of a Bt~R are given in Tabie A.l-25. 

Estimated costs of removal of the contaminated material to an offsite 

licensed disposal facility are presented in Table A.l-26. 
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TABLE A.1-24. Estimated Costs of Removal to Offsite Disposal of Neutron
Activated Material from DECON of a BWR 

Cost Costs ($) After Interim Storage Period of 
Component 30 Year 

Retrieve From Temporary Storage(•) 20 190 
Cask Rental (b) 161 1 DO 
Transportation( b) 455 040 
Handling(b) 75 710 
Liner Surcharge(b) 98 550 
Curie Surcharge(b) 38 790 
Burial(b) 20 190 

Totals 859 680 

{a) Assumed to be the same as the burial cost. 
(b) From Table A.l-22. 

50 Year 100 Year 

20 190 20 190 

161 100 155 1 00 
409 980 409 980 

54 310 64 310 
30 650 400 

35 270 32 070 
20 190 20 190 

741 690 702 240 

TABLE A.l-25. Estimated Costs of Onsite Interim Storage of Contaminated 
Material from OECON of a BWR 

Cost Component 

Containers 
Onsite Transportation 

Placement 
Total 

Cost ($) 

1 669 32D(a) 
55 37D(b) 

612 410(a) 

3 337 100 

(a) From Table !.3-4 of Reference 1. 
(b) 806 shipments with round-trip 

distance of 48 km. 

A.1.2.1.3 Radioactive \~aste. In Table A.l-27 the estimated costs of 

onsite interim storage of the radioactive waste from OECON of the reference 

BWR are presented. 
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TABLE A.l-26. Estimated Costs of Removal to Offsite Disposal of 
Contaminated Material from DECON of a BWR 

Cost Costs($) After Interim Storage Period of 
Component 30 Year 50 Year 100 Year 

Retrieve From Interim Storage(a) 292 980 292 980 292 980 

Transportation(b) 1 547 520 5 760 5 760 

Burial 1 611 180 14 040 14 040 

Totals 3 451 680 312 780 312 780 

(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.l-27 Estimated Costs of Onsite Interim Storage of Radioactive 
Waste from DECON of a BWR 

Cost Component 

Containers(a) 

Cask Rental (b) 

Handling 

Cost ($) 

281 370 

5 200 

10 400 

7 900 

142 130 

447 000 

Onsite Transportation(c) 
Placement (d) 

Tot a 1 

(a) 

(b) 

(c) 

(d) 

From Tables H.5-10 and I.3-5 of 
Reference 2. 
Casks used only for containers 
with surface dose rates >1 R/hr. 
One day rental per shipment. 
115 shipments with round-trip 
distance of 48 km. 
Same as burial costs given in 
Tables H.5-10 and 1.3-5 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.l-28. 

A.l.2.2 Waste 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 Pl4R in subsec

tion A.l.l.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.l-28. Estimated Costs of Removal to Offs ite Disposal of Radioactive 
Waste from DECON of a BWR 

Cost Costs ($) After Interim Storage Period 
Comeonent 30 Year 50 Year 100 Year 

Retrieve From Interim Storage (a) 262 410 262 410 262 410 
Cask Rental (b) 26 000 0 0 

Transportation(c) 176 640 32 640 23 040 

Handling 10 400 0 0 

Liner Surcharge 2 600 0 0 
Burial (d) 93 570 32 750 22 460 

Totals 571 620 327 800 307 910 

(a) 

(b) 
(c) 

3510 containers at 4 man-hr per container and charge-out rate of 
$13.70 per man-hr. 
Casks used only for containers with surface dose rate >0.2 R/hr. 
Transportation costs based on 92 shipments after 30 years, 17 ship
ments after 50 years, and 12 shipments after 100 years, at $1920 

of 

(d) 
per shipment. 3 3 
Burial vo1umes assumed - 1000 m after 30 years, 350m after 50 years, 
and 240 m after 100 years. 
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A.l.2.2.1 Neutron-Activated Material. No 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 neutron-activated material removed 
during deferred decontamination are presented in Table A.l-29. 

Estimated costs for removal to 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.l.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 Table A. l-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 
Comeonent 30 Year 50 Year l 00 Year 

Containers 262 050(a) 262 o5o(a) 262 o5o(a) 

Cask Rental(b) 27 920 23 720 0 
Onsite Transportation(c) 16 280 13 530 2 200 
Handling 67 110 48 710 0 
Placement 20 l90(a) 20 l90(a) 20 l90(a) 

Totals 393 550 368 200 284 440 

(a) From Table A.l-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 50 years, and 32 trips after 100 years. 

A-29 



TABLE A.l-30. Estimated Costs of Removal to Offsite Disposal of Neutron
Activated Material from Deferred Decontamination of a BWR 

Cost Offsite Diseosal Costs ($l After Interim Storage Period 
Comeonent 30 Year 50 Year 100 Year 

Deferred Decontamination 30 Years After Shutdown{a) 

Retrieve From Interim Storage 20 190 20 190 20 190 

Cask Rental 132 600 27 600 27 600 

Transportation 403 200 71 040 71 040 

Handling 64 310 22 310 22 310 

Liner Surcharge 13 100 1 000 400 

Curie Surcharge 34 080 32 530 30 990 

Buri a 1 20 190 -~ 20 190 

Totals 687 670 194 860 192 720 

Deferred Decontamination 50 Years After Shutdown {b) 

Retrieve From Interim Storage 20 190 20 190 20 190 

Cask Ren ta 1 27 600 27 600 27 600 

Transportation 71 040 71 040 71 040 

Handling 22 310 22 310 22 310 

Liner Surcharge l 000 400 400 

Curie Surcharge 32 530 740 680 

Buri a-1 20 190 20 190 20 190 

Totals 194 860 162 470 162 410 

Deferred Decontamination 100 Years Jl.fter Shutdown (c) 

Retrieve From Interim Storage 20 190 2G 190 20 190 

Cask Rent a 1 27 600 27 600 27 600 

Transportation 71 040 71 040 71 040 

Hand] ing 22 310 22 310 22 310 

Liner Surcharge 400 400 400 

Curie Surcharge 700 680 630 

Burial 20 190 20 190 20 190 

Totals 162 430 162 410 162 360 

of 

(a) For deferred decontamination 30 years after shutdown, offs i te 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. 

(') 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 
Component 

Containers 

Onsite Transportation 

Placement 

Tot a 1 s 

Costs $ After 
30 Year a 

1 669 320 

55 370 

612 410 

3 337 1 00 

Safe Stora e Period of 
50 Year 100 Year 

16 800(b) 

550(c) 

14 035(b) 

31 385 

16 soo(b) 

550(c) 

14 035(b) 

31 385 

(a) Table J.7-l of Reference 2 shows the volume of contaminated 
waste to be the same after 30 years of safe storage as it 
is for DECON; therefore the costs should be the same. These 
costs are from Table A.l-25. 

(b) Based on volume of 150m3 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 

1n Table A.l-32. 

A.l.2.2.3 Radioactive Waste. All of the wet solid radioactive waste and 

some of the dry solid radioactive waste generated by SAFSTOR are disposed of 

during preparations for safe storage. Disposal costs are developed in two 

steps: l) for those radioactive wastes generated during preparations for safe 

storage and 2) for those radioactive wastes generated during deferred decontami

nation. 

Pr,;par•cdions .t'or> Safe Storage. The estimated casts for placement in onsite 

interim storage of the radioactive waste from preparations for safe storage 

are summarized in Table A.l-33. 

Estimated costs for removal to offsite disposal of the radioactive waste 

from preparations for safe storage are given in Table A. 1-34. 

Deferred 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.l-35. 
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TABLE A.l-32. Estimated Costs of Removal to Offsite Disposal of the Contami
nated Material from Deferred Decontamination of a BWR 

Cost 
Component 

Offsite Dis osal Costs ($ .ll.fter Interim Stora e Period 

Retriev-= Crorr Interim Storage 

-:-rarrsoorta:io~ 

Burial 

Tote 1 s 

Re:rieve Fro'!' Interim Stofage 

Trnnspo,.tation 

But·i a 1 

Totols 

F.etrieve From Interim Storage 

Transporta:ion 

Burial 

7otals 

Year 

Deferred 

292 980 

13 4'0 

14 04C· 

320 460 

Deferred 

3 140 

11 520 

11 700 

26 360 

DeferreG 

3 140 

7 680 

7 960 

18 780 

D Year 

Decontamination 30 Years A+"ter 

292 980 

" " 520 

11 JDC 

316 200 

Deco~taminati:m 50 Years Afte,. 

3 140 

9 600 

9 360 

" 100 

De('.ontamjnation lOU Years Afte" 

J 140 

7 680 

7 010 

77 840 

(a,' 'or deferred decor,tcminatlon 30 years after 
6C, 80, a'ld 130 years after shutdow~. 

shutdo1vn, o"fsite disposa~ 

Oi3POSal shutdovm, cffs1te 

0 "' Shutd·:>Wn(al 

292 980 

7 688 

7 950 

398 610 

I b I Snutdown · 

3 140 

7 680 

7 ozc 
" " 840 

Shutdown(c) 

3 140 

' rc Oo 

5 610 

" 510 

wi 11 occur 

wi 11 occur (b) For deferred decontamination 5G years after 
80, 100, and 150 years after shutdown. 

(:) ;or Go:ierred decontamination 100 yea~·s a"'ter sr,utdowr,, offsite disoosal will occur 
13G, 150, and 200 years aft"'r strutoowr .. 

,, 

TABLE A.l-33. Estimated Costs of Onsite Interim Storage of Radioactive l~aste 
from Preparations for Safe Storage of a BWR 

Cost Com~onents Cost ( s) 

Containers 239 670\a) 

Cask Rem:al 5 2CO~b) 

Onsite Transpodation 5 45C(c) 

Handll ng 1'1 400 

?lacement 99 471J:oJ 

Tota 1 361 190 

(ai From Tables H.5-i0 and J.S-3 of 
Reference 2. 

(b) Casks L/Sed only for the 52 con
tainers with surface dose rates 
>1 R/hr. 1 day t.~er shipment. 

(c) 94 shipments with round-trio 
distance of 48 km. 

(d) Assumed to be the same 3S the 
buria: cost. 
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TABLE A.l-34. Estimated Costs of Removal to Offsite Disposal of Radioactive 
Waste from Preparations for Safe Storage of a BWR 

Cost 
________ G._Q_!O.fl.2_!]£'nt _______ _ 

Rett·ieve From Interim Storage(a) 

Ca:-k Rental(b) 

Transportation 

HJndl ing 

Burial (f) 

Totals 

106 590 

26 000 

72 960(c) 

10 400 

74 860 ----
290 810 

106 590 l 06 590 

0 0 

31 640(d) 13 040(e) 

0 0 

31 750 22 460 
-~--~ ------

171 980 152 090 

(i!) 14?.5 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 surface dose rate >1 R/hr. 5-day 

cask rental for a shipment. 
\c) 3B shipments at $1920 per shipment. 
{d) 1"1 shipments at $1920 per shipment. 
(e) 12 shipments at $1920 per shipment. 
(f) Burial volumes- BOO m3 after 30 years; 350m3 after 50 years; 240m3 after 100 years. 

TABLE A.l-35. Estimated Costs of Onsite Interim Storage of Radioactive Waste 
from Deferred Decontamination of a BWR 

Cost 
Component 

Containers 
Onsite Transportation(b) 

Placement 
Totals 

Waste volumes assumed: 
100 yr - 240 m3. 

Costs 
30 Year 

41 620 

l 440 

40 890 

83 950 

$ After Safe Stora 
a 0 Year a 

33 340 

l 170 

32 750 

67 260 

(a) 

(b) Onsite round trip of 48 km. Number of 
30 yr- 21; 50 yr- 17; 100 yr- 12. 

shipments: 

A-33 

e Peri oct of 
l 00 Year a 
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Costs of the removal of the radioactive 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. l-36. Estimated Costs of Removal to Offsite Disposal of Radioactive 
Waste from Deferred Decontamination of a BWR 

Retrieve 

Cost 
Component 

From Interim Storage 

Transportation 

Buri a 1 

Tot a 1 s 

Ret,ieve From Interim Storage 

-:-1·an s porta t ion 

BL.Jria1 

:ota 1 s 

Retrieve From Interim Storage 

Transportation 

Buri a 1 

Totals 

Offsite Disposal Costs ($) After Interim Storage Period of 
30 Year 50 Year 100 Year 

(a 1 
Deferred Oe~ontamination 30 Years After Shutdowr1 ' 

155 500 155 500 155 500 

32 540 25 880 19 200 

32 750 27 140 19 65G 

220 890 209 520 1?4 350 

Deferred Decontaminatiol'1 50 Years A-~'ter Shutdown(b) 

124 620 124 620 124 620 

25 880 23 040 1' 280 

27 135 22 460 " 780 

178 635 170 120 159 580 

Deferred Decontamination 100 \'ears 4fter Shutdown(CJ 

85 450 85 450 85 450 

19 200 17 280 15 360 

19 650 17 780 14 970 

124 300 120 510 115 780 

(a) For deferred decontamination 30 years after shutdown, offsite aisposa1 will occur 
60, 80, and 130 years after shutdown. 

(b} For deferred decontamination 50 years after shutdown, offsite oisposal ~o;ill occur 
80, 100, and 151J years after shutdown. 

(c) For deferred decontamination 100 years after shutdowr, offsite disposa1 win occur 
i30, 150, and 200 years afte~ shutdown. 

A.l .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 is 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 

licensed disposal facility are covered in this subsection. 

A.l.2.3.l Neutron-Activated t·1aterial. The reactor internals are the 

only neutron-activated material removed during ENTOMB of the reference B\~R. 

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.l-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 licensed waste disposal 

facility. The estimated costs for onsite interim storage of this remaining 

contaminated material are given in Table A.l-39. In Table A.l-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.l.2.3.3 Radioactive 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. Therefore, the costs shown below for the onsite 

interim storage and later offsite disposal of the radioactive waste from ENTOMB 

are the same as the costs developed for DECON of the reactor. 

$447,000 Place in interim storage -

Removal to offsite storage 
After: 30 years storage $571,620 

$327 ,800 
- $307,91 0 

50 years storage 
100 years storage 
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TABLE A. l-37. Estimated Costs of Onsite Interim Storage of BWR Reactor 
Internals 

Steam Separator A~sembly 12 500 2 P,QO 960 5 600 940 " 900 

Orificr>d Fuel Surports 6 300 1 400 480 2 800 410 1 1 450 

Contr·ol Rorls and In-Core Instruments 48 000 9 600 550 12 310 400 71 860 

Control Rod Guide Tubes 5 400 1 zno 410 Z 4CO JRO 9 7'30 

Jet Punrp 1\s<;emblies 38 400 4 000 370 8 000 1 .lHl .'iJ 080 

Top ruel Guide 111 600 7 zoo 4 9SO ltl 400 2 250 140 400 

Core Support Plate 13 950 3 100 1 100 6 200 030 ?5 380 

Core Shroud 129 130 5 1 DO 3 __j_pQ _1_9 _ _1_QQ 600 !_{~_i]Q_ - -~-

Totals 365 380 34 400 13 320 61 910 9 380 484 390 

------~--

1•1 Based on Table K.J-3 of Reference 2. 
(b) One-day cask rental per shiprnent. 
(c) Round-trir distance to onsite interim storaye facility- 48 km. 

TABLE A. 1-38. Estimated Costs of Removal to Offsite Disposal of the Reactor 
Interna 1 s from ErHOIIB of a BWR 

Cost 
Component 

Retrieve From Interim Storage(a) 

Cask Rental 

Transportation 

Hand] ing 

liner Surcharge 

Curie Surcharge 

Burial 

Totals 

------

Offsite DisEosal 
30 Year 

9 380 

151 600 

372 480 

61 910 

97 560 

38 790 

9 380 

741 100 

Cos tlJJl__£\fter Interim 
50 Yeilr -------

9 380 

151 600 

327 420 

50 150 

30 650 

35 270 

9 380 
~----

613 850 

(a) AssutrrP.d t.0 be the same as the placement cos/. in Table A.l-37. 
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Stora9e Period of 
loo Year 

9 380 

145 600 

327 420 

50 150 

400 

32 070 

_2_380 

574 400 



Ti\BLE A.l-39. Estimated Costs of Onsite Interim Storage of Contaminated 
Material from ENTOMB of a BWR 

Cost Component 

Containers 

Onsite Transportation 

Handling 

Placement 

Total 

Cost ($) 

561 320(a) 
22 670(b) 

45 360(a) 

600 720(c) 

1 230 070 

(a) From Table K.3-4 of Reference 2. 
(b) 330 shipments with round-trip 

distance of 48 km. 
(c) 6420 m3 at $93.57 per m3 

TABLE A.l-40. Estimated Costs of Removal to Offsite Disposal of Contaminated 
Material from ENTOMB of a BWR 

Cost 
----~Co~m~ent ______ _ 

Retrieve From Interim Storage{a) 

Transportation (b) 

Buri a 1 

Totills 

92 930 

633 600 

__§_00 72__Q_ 

1 327 250 

92 930 

5 760 

__ 5_?iQ_ 

103 930 

92 930 

5 760 

5 240 

103 930 

(a) 1243 contJine1·s. Assl!med 4 man-hr per· conta1ner 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 NUCLEAR WASTE 

Onsite disposal of nuclear waste involves essentially 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 

A-37 



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 radioactive waste are the same as the costs for onsite interim storage 

of the waste. 

For OECON of the PWR, the estimated costs for onsite disposal of the nuclear 

wastes are the same as the costs given in Tables A.l-3, A.l-5, and A.l-7. For 

OECON of the BWR, the estimated costs for onsite disposal of the nuclear wastes 

are the same as those given in Tables A.l-23, A.l-25, and A.l-27. 

Estimated costs for disposal of the nuclear wastes from SAFSTOR of the P\4R 

are the same as those given in Tables A.l-9, A.l-11, A.l-13, and A.l-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.l-29, A.l-31, A.l-33, and A.l-35. 

Estimated costs for disposal of the nuclear wastes from ENTDr1B of the ref

erence PWR are the same as the costs presented in Tables A.l-17 and A.l-19. For 

the 8\~R. the costs are the same as those given in Tables A.l-37 and A.l-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: 

• health physics services 

• security forces 
• solid waste processing 

• equipment decontamination services 

• maintenance shops and services 

• laundry services 
• transportation services 

• central site stores. 
In this appendix, details of the analyses of the impacts associated with central

ized services are presented. Only the first four services listed above are ana

lyzed 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.l HEALTH PHYSICS SERVICES 

Centralized health physics services are anticipated to reduce the costs 

of health physics activities at a reactor sited on a multiple-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. 

• 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 health physics staff labor requirements and costs during decommission
ing, both with and without centralized health physics services, are presented 
here for the various combinations of reactor types and decommissioning alterna
tives considered in this study. Net savings with centralized health physics 
services are calculated from these results. 

B. l. l PWR DECON 

Health physics staff labor requirements and costs for DECON of the refer
ence PWR are shown in Table B. l-1. Manpower requirements from Table 10. l-2 

of Reference l 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 required without centralized health physics as compared 
to about 32-l/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 $460,000. 

B.l .2 PWR SAFSTOR 

Health physics staff labor requirements and costs for the preparations 

for safe storage phase of PWR SAFSTOR are shown in Table B. l-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 6 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 PWR. 

Deferred decontamination of the reference PWR is anticipated to require 
essentially the same work force as DECON (seep. 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-l/2 man

years and about $460,000, as shown previously in Table 8.1-1. 
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TABLE B. 1-1. Health Physics Staff Labor Requirements and Costs for PWR DECON and ENTOMB 

-.--fgs i t_i_9_!L _________ ·-

li_ithot.~t Ce!J_tr<llj_~Health Phy~ics(c) 

He<1lth and Safety Super~isor 
lndustr1al Safety Specialist 
Radioacti ~e Shipurent Spech 1 i st 

He<1lth Physicist 
Senior Health Physits Technici~f\ 
!jealth Physics 1eclmic1~--------

Totals, Without Centralized Health 
Physics 

With f~alize.:l lleaUh__j'hy;ic~(P.) 
Site Level(f) 

Health and Saf~ty Supervisor 
lndL.lstrial Silfety Specia1ist 
n .. rk 

Grollp Level (h) 

Health Physics Supervisor 
Radioactive Shipment SpPcialist 

Unit Level 

He~lth Physicist . 
Senior Health Physics Technician(J) 

_ He<~l_!.!!_ __ Phys ics_ Technicia~W ______ _ 

Tot.;~ls, With Centralized Health Physics 

Net Savings With centralized Health 
Physics 

Based on Table 1.1-l of Reference 1. 
Rounded to the nearest $100. 

T i '!~~-hl i~!:_ ,;_o _ _f_j_f@. l __ t<_e2_c_t!!!'_ j_h__i:!_t_d_sl~_-.l year j_ 
_, -t 1 2 ~ 

__ .a:nT.lf~)_ St ilfC1~·o_!~ B_~ti(f~r.1en"t" Tr1ian~y~iff:_C 

0.3 
0. 3 
0 

0 
0 
0 

~_§_ 

0.1 
0.1 
0.1 

0 
0 

0 
0 

,__Q__ 

0.3 

0.3 

1.0 
1.0 
1.0 

0.5 
1.0 
3. c 
"/.5 

0.1 
0.1 
0.1 

0. 3 
0.3 

0.5 
0.9 
?:..:.l 
5.0 

1.5 

1.0 
1.0 
1.0 

1.0 
2.0 
7. 0 

13.0 

0.1 
0.1 
0.1 

0.3 
0.3 

1.0 
1.8 
6.3 

10.0 

3.0 

1.0 
1.0 
1.0 

1.0 
2.0 
7.0 

13.0 

0.1 
0.1 
0.1 

0. 3 
0.3 

1.0 
1.8 

___§_:]_ 

10.0 

3.0 

1.0 
1.0 
1.0 

1.0 
1.0 
5. 0 

10.0 

0.1 
0.1 
0.1 

0. 3 
0.3 

1.0 
o.g 
4 ' . " 

u 
2.7 

Tutal Staff 
Labor Reql!i red 
__ (nl:'l!•_--_;j__~ilr5J. _ 

4 3 
4.3 
4 .o 

3.5 
6.0 

22.0 

44.1 

0.5 
0.5 
0.5 

1.1 
1 .1 

3.5 
5.4 

19.8 

32.6 

11.~ 

Cus t per 
Man-Year(a) 
_(__ $_ !_)l_O_.t.l_?_ ~n~ ~) 

50.4 
43.3 
32.9 

39.4( d) 
32.9 
25. 1 

SO. 4 
43 .8( g) 
20.3 

43 .8( i) 
32.9 

39.4(d) 
32.9 
25.1 

Total Staff 
Lahar Costs(b) 
__ (_$ __ thou ~an_~?J 

215.7 
188. 3 
131 .6 

137.9 
197.4 
552,_~ 

_!424,_1 

25.2 
21.9 
10.2 

" 6 39.5 

137.9 
177.7 

_l\_TI_.Q_ 

96U 

462.1 

(o I 
(b) 
(c I 
(d) 
1•1 

Based on orgdnization shown in figure 8.3-la; manpower requirements taken from Ti!ble 10.1-2 of Reference 1. 
Ba~ed on ~alue given in Table M.l-1 of Reference 3, to providP consistency between PWR and BWR results. 
Based on orgdrlization sho1~n in FigLJre 8.3-lb, with manpower requirements from Table 10.1-2 of Reference l modified 
rounded to n<'-xt higher 0.1 man-year. 

appropriately; 

I f) 
(g) 
(h) 
( i} 
(j) 

Single unit assumed to bear 10% of total site cost. 
From Table M.1-1 of Reference 3. 
Single urlit. asstUlJed to b~ilr 30% of total grOUf! cost (107:: of total site cost a5SUltJing 3 groups). 
Study E~titnate. 
Based on an assumed 10% reduction of the tllanruwer requirement'> without centrulized health phy~1cs. 
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TABLE B.l-2. Health Physics Staff Labor Requirements and Costs for PWR Preparations for 
Safe Storage 

Position 

~H1!9.!:!l..f_e_!!._t..E~l.L~.JJ.g~g_h_ ~!l.Y5 _i ~-s~-c~ 
Health and Saf~ty Supervisor 
Industrial Safety Srecialist 
Radioactive Shi~ment Specialist 

Health Physicist 
Senior Health Physics Techuician 
HealJ..l:!._.!::t!i:sics Te_s_!mlci_~----

Totals, Without Centralizer:! He~lth r11ysics 

i<jith Central_ized _!!_!!o!_lJb__Physic~~ 
Site Level(f) 

Health and Safety Super~i5or 
Jndu>trial Safety Specialist 
Clerk 

Group level (h) 

llealth Physics Supervisor 
Radioactive Ship!nent SpecialLt 

Unit Le~el 

Health Physicist ., 
Senior Health Physics Jcc?r)jt:ian(J, 

_f~]_!b__Physi~ Technici~n~-----~---
Totals, With Centralizer1 He .. lth Phydcs 

Net Sa~ings With fentralized Health Physics 

(a) Based on Table 1.1-1 of Refe1·ence l. 
(b) Rounder1 to the nearest $10fJ. 

Time Relative to final fkJLtor Shutdown (ye~rj 
--=z-----------~r·- --------~- ---- -z-

-_A~_fi!J:l-l_}~LJ_~r:J§B.!!.; t'eL~~ts:~l!!l.'!.n_-..Year-_sr :~ 

0.3 1.0 1.0 0.4 
0.3 1.0 1.0 0.4 
0 1.0 1.0 0. 4 

0 0.5 1.0 0.4 
0 1.0 2.0 0.7 
Q_ !___,_~ 1.:__0. L_Q 
o. 6 6.0 9.0 :!_,} 

0.1 0.1 0.1 0 1 
0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 

0 0.3 0.3 0.1 
0 0.3 0.3 0.1 

0 (.). 5 10 0.4 
0 0. 9 1.8 0.7 
0 1.4 2.7 0.9 

~ _LZ. 6.4 2.5 

0. 3 2.3 2.6 0.8 

Total St<ttf 
labor RequireU 

_(_ n~'!!~-y_~_r_s.) __ _ 

1..7 
2.7 
2.4 

1.9 
1.7 

_2__,2 

18.9 

0.4 
0.4 
0.4 

0.7 
0. 7 

1.9 
3.4 
5 .0 

12. Cl 

6.0 

Cost per 
Man-Yt-dr(il) 

!1 J..h_p_u-"'~-n~.i)_ 

50.4 
43.8 
32.9 

39.'1(d) 
32.9 
25. 1 

50.4 
43.8( ) 
20.3 g 

43 _8( i) 
32.9 

39. q(d) 
32.9 
25.1 

Total 5t~ff 
Labor Costdb) 
LL..!l!_o_~~-n_d~) 

1.16.1 
1 18.3 

79.0 

74.9 
121.7 
138.0 

§!i§..:Q 

20.2 
17.5 
8.1 

30.7 
23.0 

74.9 
lJ I. 9 
125.5 

il.!..:Q 
256.2 

{c) Baseo.l on organization shown in ~i<JUn;; L-3-la; mdJlfXJI~er require•ntmts taken frolll Table 10.2-2 of Reference J, rounJed to next higher 
0.1 man-year. 

(d) Based on ~alue given in T~ble H.l-1 of Refer·ence 3, to provide consistency between PPIR ar1d BWR resulb. 
(e) Based on organization sho~m in Figure a.:J-lb, with manpower requirements from Table 10.2·-2 of Rtderence 1 modified appropriately; 

rounded to next higher 0.1 111an-_year. 
{f) Sinqle unit as~ulllt;'d to bear 101 of totJ] site co~t. 
(g) Frorfi Ti!ble H.l-1 of Reference 3. 
{h) Single unit assumed to bedr Jo:t of total group LOst (Jo;: ot total site cost assuming 3 yi"OUIJ~). 
(1) Study est11nate. 
(.i) Based on an Jssumed JO:t rer.Juttion of the n1anpower requirements without centralized ~•ealth p/ly5ics. 



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. 

8.1.3 PWR ENTOMB 

The schedule of events for ENTOMB of the reference PWR is very similar 

to that for DECON (seep. 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.l-1. Centralized health physics services during 

ENTOMB are thus estimated to result in net savings of 11-l/2 man-years and about 

$460,000. 

8.1.4 BWR DECON 

Manpower requirements and costs for health physics staff during DECON of 

the reference BWR are shown in Table B.l-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. 

8.1.5 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.l-4, based 

on information from Table J.4-l of Reference 3. Without centralized health 

physics services, 49 man-years and about $1.53 million are estimated to be 

required. With centralized health physics, these requirements are reduced to 

38 man-years and about $1.09 million, for net savings of 11 man-years and almost 
$440,000. 

During 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 (seep. 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.l-3. 
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TABLE B.l-3. Health Physics Staff Labor Requirements and Costs for BWR DECON 

-------~P~J..i!_ion~-

!!'.!!!lf!_l!t Centra I i zed !l~<!._l_!!l__f!l.rs i c~-~ 
Health and Safety Supervisor· 
Jndu<;trial Safety Spe~ialist 
Radioactive Shipment Specialist 

Health Physicist 
~enior Health Physics Technician 

---~~!mics T~_llnicia..!!___ ________ ~----

Totals, Without Centri!]ile<J Hf'alth PhysiC> 

I!!_!_!!_ CenJ!~~ Heal_!_h_~1c~~ 
Site Level (e) 

Health and Safety Supervrsor 
Industrial Safety Specialist 
Clerk 

Group level(f) 

Health Phy~ics Supervisor 
R.:.dio<tctive Shiprr~rrt Specialist 

Unit Level 

Health Fhysic1st 1) 
Senior fledlth Physrcs Teci)uJ-cian( 1 

__ Hea 1 th Pb.Y.s ics Techr!i£iE.!li_h ___ _ 

TOtdh, Witlr Centnil ized Health Physics 

Net Savings With Centralized Health Physics 

(a) Based on Tabl~ M.l-1 of ReferE'ncc J. 
(b) Rounded to the nearPst $100. 

Ti11~ Relntive to Final Re~ttor Shutdown fyearj -·---=-:2-----:-y------l----·---z------J----- ·---;r-
_!nliU<ll __ ft~I(l~J:>Ilr _R!_"gu_i__!~~~t_J.!~!:Gi"~.D_-=: 

1.0 
0.3 
0 

0 
0 
0 

1.3 

0 .I 
0.1 
0.1 

0 
0 

0 
0 
0 

0.3 

1.0 

1.0 
1.0 
1.0 

0.5 
1.0 
_l:_9 
7.5 

0.1 
0.1 
0.1 

0. 3 
0. 3 

0.5 
0.9 
LZ 
5.0 

l.5 

1.0 
1.0 
1.0 

1.0 
2.~ 

1_!! 1_ 

20.8 

0.1 
0.1 
0. I 

0.3 
0.3 

1.0 
2.3 

12.9 

!L_l_ 
.1. 7 

1.0 
1.0 
1.0 

1.0 
2.2 

1~_,2_ 

21 .1 

0.1 
0. I 
0 I 

o. 3 
0.3 

1.0 
2.0 

_!_32 

17 '-~ 

3.7 

1.0 
1.0 
1.0 

1.0 
2 .I 

!1.J! 
20.1 

0.1 
0.1 
0. I 

0. 3 
0.3 

I 0 
1.9 

l_L§_ 
16 .4 

J.l 

0.8 
0. 5 
04 

0.5 
1.0 
u 
7.0 

0.1 
0.1 
0.1 

0 2 

" 
0 5 
o. 9 
u 
5.6 

1.4 

TotJl St~ff 
Labor RE'quired 
__ (ma!J~~_!!_r_sl_ __ 

5.8 
4.8 
4.4 

4.0 
8.8 

50.0 

77 .8 

0.6 
0.6 
0.6 

.4 
4 

4.0 
8.0 

45.2 

61 .!l 

16.0 

(c) Based on organizatioro shown in Figure 8.J-la; manpower requirements taken from Table 1.2-3 of Heference 3. 

Cost pE'r 
Man-YeJr(a) 

f1_t_il()_'!_S!'Jnds_l_ 

50 4 
43 8 
]l'. 9 

39.4 
32.9 
25 .1 

50.4 
43.8 
20.3 

43.8(9} 
32.9 

394 
32.9 
25.1 

Total Staff 
Labor Costs(b) 
i_!_ _ _!i~_~nhl __ 

292.3 
210.2 
144.8 

157.6 
289.5 

1255.0 

~-! 

30 2 
26 3 
12 2 

61.3 
46. 1 

157.6 
263.2 
1134.~ 

17 Jl .4 

61/l. () 

(d) Based on organization showrl in Figure 8.J-1b, with manpower requirements froon Table 1.2-3 of Reference 3 JUtH.Iified apprOIJriatcly; 
rot.~nded to neKt higher 0.1 rrodn-year. 

(e) Sin<]le unit assumed to bear 10% of total site cost. 
(f) Sinyle unit assu~ied to bedr JOX of total group cost (lOS of total ~ite cost d>SUioling J groups). 
(g) Stt;dy estimate. 
(h) Based un an assumed 10% r~duction of the manpow'-!!" requirements W!tloout reutraliled health p!oySlt'· 
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TABLE B.l-4. Health Physics Staff Labor Requirements and Costs for BWR 
Preparations for Safe Storage 

Time Relali~e to Final Reactor Shutdown _Vearl ·----:y-----------=-1-- --- - 3-
Position _-:-:-A'nnu_i_l_ -~~ffi~p_r__Beq 11 Treme"ri t ( uia n- t~fr-Sf_:::~ 

OJi~_Centralized He<1lth Phvsics(c) 

Heolth and Safety St~pervisor 0.5 
Industrial Safety Specialist 0.2 
R<~dioactive Shipment Specialist 0 

He<1lth Physicist 0 
Senior Health Physic~ TeLhnician 0 
Health Physics Technic-ian _Q__ 

Totals, Without Centralized Health Physics 0.7 

~ith Centralize9 Health fhY~cs(d) 
Site Level(e) 

Health ami Safety Supervisor 
Industrial Safety Specialist 
Clerk 

Group Leve 1 (f) 

Health Physics Supervisor 
Radioactive Shipment Specialist 

Unit Level 

Health Physicist h) 
Senior Health Physics Techn\·cian( 
He a 1 th Phys its _T ech_uj cia~ ___ . 

0.1 
0.1 
0.1 

0 
0 

0 
0 
0 

Totals, 14ith Centralized Hc<1lth Physlcs Q_,} 

Net S<lvings With Centr;J.\hed Health Physic~ 0.4 

(o) Based on Table M.l-1 of Reference 3. 
(b) Roltnded to the nearest $100. 

.0 

.0 

.0 

0.5 
1.0 
3.0 

?3 

0. 1 
0.1 
0.1 

0. 3 
0.3 

0. 5 
0.9 
2.7 

5.0 

2.5 

1.0 
1.0 
1.0 

1.0 
2.2 

13 .o 
JU 

0.1 
0.1 
0.1 

0.3 
0. 3 

1.0 
2. 0 
lU 
15.6 

3.6 

.o 

.o 

.0 

1.0 
2.2 
9.1 

JU 

0.1 
0.1 
0.1 

0. 3 
0.3 

1.0 
2.0 

_ _.!!__,__~ 

}1_,_!_ 

3.1 

0.8 
0.5 
0.4 

0.5 
1.4 
u 
~ 

o. 1 
0.1 
0.1 

0.2 
0.2 

0. 5 
1 . 3 
u 
2:_Q 

1.3 

Total St;j.ff 
L<~t>or Required 
{ma_n~ye<~_r2_)_ 

4.3 
3.7 
3.4 

3.0 
6.8 

3L.~ 
49._1! 

0. 5 
0.5 
0.5 

1.1 
1.1 

3.0 
6.1 
I~ 
3!!.:_0 

11.0 

Cost p4'r 
M;J.n-Year\~l 
i.tJ!iOUS~-~) 

50 4 
43.8 
32.9 

39.4 
32.9 
25.1 

50.4 
43.8 
20.3 

43. B{g) 
32.g 

39.4 
32.g 
25.1 

(c) Base(! on organization shown in Fig1n-e 8.3-la; monpowcr l"e(\\Jirements taken from Table J.'l-1 of 1\eference 3. 

TOt;J.\ Staff 
Labor Cosb(h) 
-~usands) 

216.7 
162.1 
111.9 

118.2 
223.7 
697.8 

]21Q:~ 

25.2 
21.9 
10.2 

48.2 
36.2 

118.2 
204.0 
630 .Q 

1093:_'! 

436.5 

(d) Based on organization ~hown in figure 8.3-lb, with manpower requirements trom T~ble J.4-1 of Reference 3 modifiell appropriately, 
rounded to next higher 0.1 IMn-year. 

(e) Single unit o~sumed to bear 10% of total ~lle cost. 
{f) Slngle unit assumed to bear 30% of total group cost (10% of tot:J.l site cost assllming 3 group-.). 
(g) Study estimote. 
(h) Based on on assunl!ld 10% redllction of the manpower requirement~ without centralized health physics. 



Centralized health physics services are estimated to result in total 

net savings for BWR SAFSTOR of 27 man-years and about $1.05 million. 

8.1.6 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.l-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 $1.75 million with centrallzation. Centralized health 

physics services result in net savings of almost 17 man-years and about $650,000 

for scenario 1. 

8.2 SECURITY FORCES 

Centralized security forces are anticipated to reduce the costs associated 

with security functions at a reactor sited on a multiple-reactor station during 

both operation and decommissioning. Two factors are postulated to account for 

this cost reduction: 

• The overhead structure for each reactor can be reduced by sharing certain 

staff members between reactors. 

• 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. 

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 centralized 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 results. 

8.2.1 PWR DECON 

Security force labor requirements and costs for DECON of the reference PWR 

are presented in Table 8.2-1, based on the schedule shown in Figure 9.1-2 of 
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TABLE B.l-5. Health Physics Staff Labor Requirements and Costs for BWR ENTOMB 

Position 

Without Centralized Health Physics(c) 

Health and Safety Supervisor 
Industrial Safety Specialist 
Radioactive Shipment Specialist 

Health Physicist 
Senior Health Physics Technician 
Health Phnics Technician 

Totals, Without Centralized Health Physics 

With Centralized Health Physics(e) 

Site level(f) 

Health and Safety Supervisor 
Industrial Safety Specialist 

~-

Time Relative to Final Reactor Shutdown (.~ear) 
-2 -1 1 2 3 4 

Annual StaTflahiif"Re9uirement (man-years-r= 

1.0 1.0 1. 0 1. 0 1.0 1. z(dl 
0.3 1.0 1.0 1.0 1.0 0.9 
0 1.0 1.0 1.0 1.0 0. 7 

0 0. 5 1.0 1.0 1.0 0.8 
0 1 .0 2.4 2.3 2.0 2.0 

"- l=.Q 13.9 13.6 12.0 u 
u u. 20.3 19.9 18.0 11.8 

0.1 0.1 0.1 0.1 0.1 0.?: 
0.1 0.1 0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 0.1 0.1 

Total Staff Cost pey 
labor Required Man-Year a) 

(man- years) i!....!housand_s). 

6.2 50.4 
5.2 43.8 
4.7 32.9 

4.3 39.4 
9.7 32.9 

48. 7. 25.1 

Ll!& 

0.7 50.4 
0.6 43.8 
0.6 20.3 

Total Staff 
labor Costs b) 
($ thousands)_ 

312.5 
227.8 
154.6 

169.4 
319.1 

1222.4 

_?.405.8 

35.3 
26.3 
12.2 

'" J6 Group level(g) 

43. 8\h) Health Physics Supervisor 
Radioactive Shipment Specialist 

Unit level 

Health Physicist (") 
Senior Health Physics Technician 1 

Health Physics Technician(i) 

Totals, With Centralized Health Physics 

Net Savings With Centra 1 i zed Hea 1 th Physics 

Based on Table M.l-1 of Reference 3. 
Rounded to the nearest $100. 

0 
0 

0 
0 

"-
0.3 

1.0 

0. 3 0.3 
0.3 0.3 

0,5 1.0 
0. 9 2.2 
2.7 12.6 

~ 16.7 

2.5 3.6 

0.3 0.3 0.3 1. 5 
0.3 0.3 0.3 1.5 

1.0 1.0 0.8 4.3 
2.1 1.8 1.8 8. 8 

]ld 10.8 5.6 44.0 

16.3 14.5 9. 2 62.0 

3.6 3.5 2.6 16.8 

Based on organization shown in Figure B.3-la; manpower requirements ta\:.en from Table K.2-2 of Reference 3. 

65.7 
32.9 49.4 

39.4 169.4 
32.9 289.5 
25.1 1104.4 

1752.2 

653.6 

(<) 
(b) 
(c) 
(d) Inc l1.1des 4 additional months fo 11 owl ng active decollJili ss ioni ng to comp 1 ete admi ni strati ve requirements; shown as part of year 4 even 

though it e~tends into year 5; from Tahle K.2-2 of Reference 3. 
(') 

(f) 
(g) 
(h) 
{ i ) 

Based on organization shown in Figure 8.3-lb, With manpower requirements from Table K.2-2 of Reference 3 modified appropriately; rounded 
to ne)(t higher 0.1 man-year. 
Single unit assumed to bear 10% of total site cost. 
Single unit assumed to bear 30% of total group cost {10% of total site cost assuming 3 groups). 
Study estimate. 
Based on an assumed 10% reduction of the manpower requirements without centralized health physics. 
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TABLE B. 2-l. Security Force labor Requirements and Costs for PWR DECON and ENTOMB 

Post ion 

_!ji tho_!!_!_ Centrq!l1!1_ Security___fQ_t:._ces ( c J_ 

Security Supervisor 
Security Shift St~pervisor 
Security Patrolmen ·-----
Totals, Without (entralized Security Forces 

With Centra 1 ized Securi tr_forc~~ 
Site level(f) 

Seo::ur1ty Supervisor 
Assistant Seo.:ur·ity Supervisor 

Group Level (h) 

Security Shift Supervisor 
Security Piltroln;en 

Unit level 

Security Patr:JlnJen(i) ---
Totals, With Centralized Security Forces 

Net Savings With Centralized Security Forces 

(a) Based on Tobie M.l-1 of Referem.e .1. 
(b) Rounded to the nearest $100. 

I_i_!T_B_Eo_]_ative _!Q. fi!!!!.~-/eacto_r~ Shu~~4earj_ 

=-AE~-~~-rs ~a ff labor-li:equ 1 reme~_:Ll~!~an-ri@!'IC _ 

I.O 1.0 1.0 
5.0 s .o(oJ 5.0 

39.0 21.7 13.0 -----
-15.0 27.7 19.0 

0. I 0.1 0.1 
0.1 0.1 0.1 

1 .5 1.5 1.5 
3.0 3.0 J .0 

?1.:Q _J _ _LQ - 2.:_Q 
4J,Z_ ?ll 10.7 

1.3 6.0 B. 3 

Totd] St<~ff 
Labor Re<]uired 
_j~-~-D-

3.0 
15.0 
{}2 
91. 7 

rl.J 
0. J 

4.5 
9.0 

g:.Q 

&_l_ 

15.6 

Cost rer Total Staff 
Man-Year(a) l.abor Costs\b} 
(1_!-!Jou_~~!:!tl H thous~~-

3?. 9 98.7 
30. 7 460.5 
21.3 1569.8 

2129.0 

32.9 ( ) 9.9 
30. 7 g 9.2 

30.1 138.2 
21.3 191 .7 

21.3 1320.6 

1669.,__§_ 

459.4 

(cj Based on organization shown in Figure 8.3-2a, on schedule sho.JWn in Figure 'J.J-2 of Reference 1 (demolition deleted), and 011 

staffing ass1rmptions from Reference 3 (e.g,, Table 1.2-3) for cunsi~tency between PI<IR dOd BWN results. 
(d) Assumes spent fuel shirment completed at end of month 16, rotJnded to next higher 0.1 man-year·. 
(e) Based on organization shown in Figure 8.3-2b; rounOed to the next higher 0.1 man-year. 
(f) ~ingle unit assumed to bear 10% of tot~) site cost. 
(g) Study estimate. 
{h) Single unit assun~ed to bear JO:t of. total gt"Oup cost {JO% of total site cost assuming three r_~roups); assume3 one security shift supervisor 

and two security patrolmen per shift at each group. 
(i) Assumes three men/shift on two--shift, 5-ddy-wet"~ cove1·age dfter completion of spent fuel shipfJII<nt {end of month 16). 



Reference 1, with demolition deleted. The requirements and costs with central

ized security forces take into 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. 

8.2.2 PWR SAFSTOR 

Security force labor requirements and costs for the first phase of PWR 

SAFSTOR, preparations for safe storage, are presented in Table 8.2-2, 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 million, for net savings of 

almost 4-l/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 labor 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 OECON 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 requirements 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 8.2-2. Security Force Labor Requirements and Costs for PWR Preparations for Safe Storage 

Position 

Without Centralized Security Forces(c) 

Secur ty Supervisor 
Secur ty Shift Supervisor 
Secur ty Piltrolmen 

Totals, Without Centralized Securit} 

l<jith Centralized Secllrity Forces{e) 

Site Level(f) 

Security Supervisor 
Assistant Security Supervisor 

Group level(h) 

Security Shift Supervisor 
Security Patrolmen 

Unit Le~el 

Forces 

Secllrit:t Patrolmen(i) --
Tot~ls, i<jith Centralized Security Forces 

Net Savings With Centralized Security Forces 

Based on Table M.l-1 of Reference 3. 
Rounded to the nearest $100. 

Time Relati~e to Final Reactor Shutdown "' 
Annual Staff Labor Requirement (man ye<~rs) 

1.0 0.4 
s.o(d) 1.7 

l!lQ___ u 
44.0 6.5 

0.1 0.1 
0.1 0.1 

1.5 0. 5 
3.0 1.0 

37.7 ~ 
42.4 u 

1.6 2.8 

Total Staff Cost per Tot<ll staff 
Labor Required Man-Year( a) Labor Costs(b) 

(man-years) ($ thousands) ($ thousands) . 

1.4 32.9 46.1 
6.7 30.7 205.7 

42.4 21.3 ~ 
50.5 )}54.9 

0.2 32.9( ) 6.6 
0.2 30.7 g 6.1 

2.0 30.7 61 .4 
4 .o 21.3 85.2 

39.7 21.3 845.6 

46.1 1004.9 

4.4 150.0 

(o) 
(b) 
(c) Based on organization shown in Figure 8.3-2~. on schedule shown in Figure 9.2-5 of Reference 1, and on staffing assumptions from 

Reference 3 (e.g., Table 1.2-3) for consistency between PWR and BWR results; rounded to the next higher 0.1 man-year. 
(d) 
(•) 
(f) 
(g) 
(h) 

(i) 

Assumes spent fuel shipment completed after 11.5 mnths. 
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 tot.:~ I group cost (10% of total site cost assuming three groups); assumes one security shift super~isor 
and two security patrolmen per shift at each group. 
Assumes three men/shift on two-shift, 5-day-week co~erage after completion of spent fuel shipment (11.5 mnths). 
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TABLE B.Z-3. Security Force Labor Requirements and Costs for PWR Deferred Decontamination 

rnstion 

Without_ Centr-_rllizerl C.ecuri_ty_ for-ces 1r) 

~pnn·ity Suflervi'ior 
<.eotrity c,hlft <.upervi~or 

Sc~urity f'atro_l_!nen 

fotals, Without C.Pntrali7ed Se<urity torcr>s 

W i lh _Centra 1 i Jed }ecurj ly _ F_orce~ ( d l 

Sitf' LPwl(e) 

Security \uper·vi <or 
Ac,s i SLHrt ">ecuri tv 'iupPrv i "lr 

Group Leve 1 ( q) 

Security ~hift Suprrvi~or 
Security p,,trolmen 

llnit llvPI 

_"-etu_rily l'~trolme!l(hl_ 
!nt,,1•., With Lenlralizprl '>rru• 1tv Force<; 

Nrt C.~vinq'> With Centrali7Prl Security lorte5 

(~) Ua•,pd r1n Ioble M 1-1 of RPfPrPil[P ]_ 
(h) Rounderl to tile ne,ln-<,t two. 

j 
1\nr,~-~~ 

1.0 
5 0 

1 3_.0 

19.0 

() 1 
0.1 

5 
:l 0 

6 0 

10. 7 

0.) 

lill~' RP],)tlV<e to <,t,<rt ol 
Oefr>rrPd [)pronta'"'Mtion (y,•ar) 

2 - j 

?taff I abor fleljuircniE'nt_ (111Jn-y_e-~r;)_--

1.0 1.0 
5 0 5.0 

13 0 Ll o 
19 0 Jll. 0 

0 1 0. I 
0 I 0.1 

I S 1.5 
J 0 3 0 

6 0 6 .() 

10. 7 10.7 

0 3 0 ] 

Tot~l St~ff 

l.abor ~PlJ'tir!'rl 

(uran:Yf'•lrs)_ 

.J.O 
15.0 
19.0 

57.0 

0 J 
(). ~ 

4.5 
9 0 

111 _0 

32.1 

?'1. q 

Co~t per 
Man-Year(a) 

(_$ t.liouS!l!l_cls) 

17.9 
30.7 
?\. 3 

l~ 9{ f) 
30 I 

30. 7 
?l.) 

71.1 

Total Staff 
Labor Co<,l~ h) 
(t thou~andJ)__ 

9H 7 
4611 r, 
830 7 

1389.9 

9 0 
q 1 

13R 7 
191.7 

3!lJ ~ 

732.4 

G57 r, 

{() I!<J"'d on orqanilation d•own i11 Fiqunc B.l-2~. on >chedult> 'in•wn in fi~ure 'l.1-? of Refert>nrr- 1 (dem[llition aud spPnt fuel >hil•lllent 
deleterJ) and on <;taffinq J'i'>WlliJtiun<, from Rcfrn>ncr 3 (., 'J., T~ble 1.7-J) fur ron'-istrncy brtwern PWR ~nd RWR J·coi!ll.s 

I d) El~>Pd ''" orq,lniLation >h0wn in I iyure 1(.\-?h. 
(e) Sinql" unit a>'>UlllPd to ht>ar lrJ~· nf total 5ite co~t. 
{f) Study !'~till!Jte. 
( '1) Si?1q le unit a>~u111ed 1 n l>r~r J(ll of lot a I qrour cn5l (lOt. of tot ,11 ~ i tP <:O';t ,F,>u•Hi ny Um>p qr·nup5); <l 0•S\IIllf'', one ~eluri ty >hi tt ~uper·vi sor 

~nd two '.l·<urity p~trolnu•n I'Pr <;hift at f'il<:h group 
{h) 1\s~UIIlP~ thrpe mpn/>hitl nn two-<:fnft, 3-rlay-wE'Pk uJverJg<'. 



8.2.3 PWR ENTOMB 

The schedule of events for entombment of the reference PWR is very similar 

to that for DECON, as stated previously in Section 8.1.3. Therefore, the 

security staff requirements and costs for entombment are assumed to be the same 

as those given previously in Table 8.2-1. Centralized security during ENTOMB 

is thus estimated to result in net savings of about 15-1/2 man-years and 

$460,000. 

8.2.4 8WR OECON 

Manpower requirements and costs for security personnel during DECON of 

the reference BWR are shown in Table 8.2-4. Manpower requirements from 

Table 1.2-3 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 almost $2.50 million, is 

required without centralized security as compared to almost 90 man-years, cost

ing about $1.97 million, with centralization of the security forces. Net 

savings with centralized security are thus about 17-l/2 man-years and over 

$520,000. 

8.2.5 8WR SAFSTOR 

Security force labor requirements and costs for preparations for safe 

storage, the first phase of SAFSTOR, are presented in Table 8.2-5, based on 
information from Table J.4-l 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 totals 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 8.2-6. The requirements are based 
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TABLE B.2-4. Security Force Labor Requirements and Costs for BWR DECON 

-------- .--fu?_!l~ ---- - --

Without Central i zerl _Secu.!:_!.!Y.___torce2_~~-~ 

Security Supervisot' 
SeCllrity Shift Supervi~or 
Security Patrolmen ______________ _ 

Tot~ls, Without Centralized Security Force~ 

!'!.!_tJ:!_~ntral_iz~d Securi_!.~ces{d) 
Site Level (e) 

Security Supenisor 
Assistant Security Super~isor 

Group Level (g) 

Securi t.y Shift Supervisor 
Security Patrul•aen 

Unit level 

Security Patrolmen(h) 

Totals, With CentraliLed Security Forces 

Net Savings With Centra 1 i zed Security Forces 

(a) Based nn Table M.l-1 of Reference 3. 
{b) Rounded to the ne.trest $100. 

Time Relative to Final 1\eactor Shutdown (.ye~rJ . _T ________ -2-------3---------4-

-Ann~jl:_~~i;_a.f_f_ LaLQ_r_:::·@~~]:n!-~1-;-rman-y~ifjT--

1.0 1.0 1.0 0. ~ 
5.0 5.0 5.0 2:5 

39.0 28.0 13.0 6.5 
45.0 J4 .0 l1Jl 9.5 

0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 

1.5 1. 5 1.5 0.8 
J .0 3.0 3 0 1.5 

39.0 _? __ ~ __ :} 6.0 _l,__Q_ 
43.7 30.0 10.7 ~.5 

1.3 4 .o 8.3 4.0 

Totol :Ot~ff 
Labor Hequired 
(n~<~'S)'ear~_)___ 

3.5 
17 .s 
86.5 

J9L~ 

0.4 
0. 4 

5.3 
10.5 

13.J 

H\1. 9 

17.6 

(c) Ba~ed on organizati<Jn shown in Figure R.J-2a; manpower t·equirements taken from Table 1.2-3 of Reference J. 
(d) Ba5ed on ur~anization Jl!own in Figure !l.j-2b; rounded to the next highe!" 0.1 man-year. 
{e) Sin')le unit aSsUined lo bear· FJ'i of total site cost. 
(f) Study estimate. 

Cost rer 
11an-Year\il) 

.Ll_~tJE.l!~d.21 

3~. 9 
30.7 
21. 3 

32.9(f) 
30.7 

30.7 
21.3 

21.3 

Total Staff 
Labor Co5t5(b) 
_(_$_ thou~L 

115.2 
537.3 

1R.t2. 5 

2495 ,Q 

13.2 
12. 3 

162.7 
2n.1 

1 b6l. 3 

L97J_.l_ 

521 .B 

(g) Single unit as~umed to bear 30:t of tot<ll group ~ost (lOX ot total 5ite co~t assuming three group~); assumes one ~ecurity shift sup~t·visor 
a~d two security patrolmen per shift at each group. 

(h) Assumes three men/shift on two-shift, 5-day-week co•1erd9e after completion of spent f11el ship111ent (l'nd of month 19). 
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TABLE B.2-5. Security Force Labor Requirements and Costs for BWR Preparations for Safe Storage 

rostion 

!-!_jj~out Centr~ zeo.J Sec uri ty__lQ_rces (c) 

Security Supervisor 
Security Shift Supprvi s0r 
_j_e~c_urit)'-~-~~l!n~!' _________ _ 

Totals, lrli thout Centralized Security fanes 

!-'_itll Centra 1 i zed Secur !_!y Fore~~) 
Site Level(e) 

Secun ty Supervisor 
Assistant Security Su11ervi~or 

Gro~p Level (g) 

Secun ty Shift Supervi 'iOr 
Security Patroloiten 

Urli t Leve 1 

Secur.:!.!Y____!'il_tro 1 men (h) 

Totdl~, lolitl1 Centralized Secunty Forces 

Net 5avin<]s \t.'ith Centralized Security Forces 

{a) Ba~ed on Table M.1-l of Rtderence 3. 
(b) Rounded to the nearest $100. 

~- _Re 1" t1 ve to _f_i na ~£!~actor_ 2H:!!~!".n_ ~~~rl 

-Arlrlua_J_:}. till _ _!-abo r· ·:B:i-:iJYJ:YI'!rnen _!: _ __Gira n-:t._ea rSJ __ 

I. 0 1.0 0.5 
5.0 5.0 1.5 
J~~Q 2!!.0 6.5 

45.0 3-t .0 9.5 

0. I 0.1 0. I 
0.1 0. I 0. I 

1.5 I 5 0.8 
3.0 1.0 1.5 

39.0 25.3 3.0 

43.7 30.0 5.5 

1.3 4.0 4.0 

Tot<~l St,lff 
L<ibOr lkqulrtd 
(mJn.::-JI!~r2_l__ 

2.5 
12.5 
73 5 

88.5 

0 3 
0.3 

3 .8 
7.5 

Ed 
79.'2 

9.3 

(c) Based on organization sh,)wll in Figure 8.3-?a; manpower requirements taken from Table J.4-l of Keference ::1. 
{d) B~sed on organization shown in Figure 8.3-Zb; rounded to the next higher 0.1 noan-year. 
(e) Sinqle site assumed to bear lO:t of total site cost. 

cast per Total St<~ff 
Man-Vear(il) Labor Coscs h) 
(~__!!ls.ws~~ fi_thuus_~)_ 

32.9 82.3 
30.7 3!!3.8 
21.3 1 ~6~.fi 

2031. 'I 

31 9 9.9 
30.l(f) 9.2 

30 7 116 .I 
21. J 159 8 

2L3 1433' 5 

!ll.'Ll. 
302.6 

(f) Study estilllate. 
{g) Single unit assumed to bear 30::: of total group cost (lO't of total site cost a~S(JIIJing three yroups); JSSUIIIb one security shift supervisor 

and ii~O security patrulnJen per shift at each group. 
(h) Assumes three men/>hift on two-shift, 5-day-week cn·.·erage after cornp1etion of spent tucl ~~I,.Oollent (end ut 1110nt~ 19). 
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TABLE B.Z-6. Security Force Labor Requirerrents and Costs for BWR Deferred Decontamination 

~'osition 

Without Centralil;'d S_f'r.u!_i_ty t_orccs_(c)_ 

Sf'uwi tv Supervi wr· 
Sf'curi tv Shift Surrrv i lor 
_)_ecu_~~ty_ £n.trolmen_ 

TQt.Jis, Without (l'nlralilE'rl \pr11rity rorce~ 

Wit~ C<:>nlral izPd S_ecuritJ l"nrce:._(rl) 

'•ite Lf>V<'l(e) 

Srcurity c,upervJ<;m· 
fl•,,iqnnt <;ecurity <;upPrvi'>or 

(,rrJU~ l.l•vri(CJ) 

Secunty \hift_ "uPPfvi<;or 
'ipcurity l',,tro],,Pn 

llr>i t I r•vf' I 

'i~~uri_ty_ l'~trolmen(h) 
Tnt~]-;, With Cenh,-dilr>d '•Pcunty ForCP<; 

Nf't c,avinqo, -~ith Cpntrnli?erl ':.er11rity torces 

(il) Baserl on 1Jblr• M 1"1 ol RPfPr<'f\[P 3. 
(b) Round<>d to thP neare~t $100. 

1 ilfiP RPLlLivr to \tJrt pf 
DPfPrnrl lleront.lwin~tion(Y•>•r) 

2 } 
linnua i ~; t a ft t abor· !ir'(j_IJ i"rr•H<'Pl t _( 111an _-yrJ r~} 

' 0 1 0 1_1) 0. 5 
5 () 5 0 ' 0 2.5 

13.0 1 1 0 lJ,_l) 6.'l 

19.0 JgQ I 'l .0 9.5 

0.1 0 I 0 I II 1 

" 1 
0 1 0 1 0.1 

1.5 I 5 1.!:. 0 8 
l I) l " l 0 ]; 

6.0 G.O G 0 3..:9 
10.7 I 0. 7 10 .I 5 !:. 

8.1 8 J II 3 10 

Tot~l ~tilff 

Labor· Required 
_(-'HMl-J€'ilr<;) 

J r, 
11.5 
45.5 

66."> 

0' 
0.4 

; J 
1(1 ') 

21. [) 

37 .f, 

~H.'-) 

(o<; l p<'r 
Miln· YeM-(J) 

($__thou~~J_nrl;_) 

J2. y 
30. 7 
2l.J 

3( 9( f) 
10 7 

30. 7 
21. l 

?1. 3 

lnlill starr 
Latmr ro•.t> b) 
l$ __ tho_u_~a~9~) 

115 2 
~11 3 
%9 2 

1621.7 

13 2 
12 3 

167. 
Ill 

447.1 

359. 

7b~ 'i 

(c) Basr>d on nrq,1ni1,1Lion <;IIOwn HI rirjul"P 8 3-?~ ~nd nn lllilllpOWf'r rrr]uir·PmPntc, from 1~hlr> l.?-.l nf R<>fPn•n((• 3; moJified for deletion of 
~pPnt furl shipn•enl. 

\rl) fl,1~etl on orq~nicat.iun <;hrJwrl in 11~11re fl.3-?b; rnundf'rl to the nPvt hiqiF•r 0 I H1il!l yNr. 
(e) ')irJqlP unit ilS~nmed tCJ hpar IIi: of tOtill ~ite co~t 
(f) '>tudy e--,timate 
(q) C,in~le unit .1ssuo•erl to b('M _)0' of total Cjronp r_uq (IO't of tot.~ I sit<' ro-,l •1'; 0.11111in~ thrf'(' qt"\llJP'>); ,1~·.ulllf''> onP <;('q~rity sh;ft ~uprrvisnr 

anrl two >F>cunty [l<lt1olrnpu l'f'r shift ~teach qroup. 
(h) fl>'>umr> t.hree menf<,hift on two-<;hift, 0>-day-werk coveragP. 



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-l/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. 

8.2.6 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 8.2-7. Totals of about 114-l/2 man-years and approximately $2.67 million 

are required 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-l/2 man-years and $600,000. 

8.3 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 volume 

of wastes requiring shipment and disposal. Reductions in radiation exposures, 

both to workers and to the public, can also result because of the reduced 

handling and shipping requirements. 

This analysis assumes a central waste incineration facility capable of 

handling 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 

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 volume 

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 

Position 

Without Centra 1 ized Security Forces ( c l 

Secl!rity Supervisor 
Security Shift Supervisor 
Securitr Patrolmen 

Tot a 1 s, Without Centra 1 i zed Security Forces 

With Centralized Security Forces(d) 

Site level(e) 

Security Supervisor 
Assistant Security Supervisor 

Group level (g) 

Security Shift Supervisor 
Security Patrolmen 

Unit leve 1 
Security Patrolmen(h) 

Totals, With Centralized Security Forces 

Net Savings With Centralized Security Forces 

Based on Table M.l-1 of Reference 3. 
Rounded to the nearest $100. 

Time Relative to Final Reactor Shutdown ({ear) Total Staff 
I 2 j labor Required 

Annual Staff Labor Requirements (llllln-years) (man-years) 

1.0 1 .0 1.0 0. 9 3.9 
5.0 5.0 5.0 4.4 19.4 

39.0 28.0 13.0 Jli g].4 

45.0 34.0 19.0 16.7 114.7 

0.1 0.1 0.1 0.1 0.4 
0.1 0.1 0.1 0.1 0.4 

1.5 1.5 1.5 1.4 5.9 
3.0 3.0 3.0 2.7 11.7 

3g.o 25.3 ..2.Jl ~ 75.6 

43.7 30.0 10.7 2.:.£ 94.0 

1.3 4.0 8.3 7.1 20.7 

1•1 
(b) 
(c) 
(d) 
1•1 
I tl 
(g) 

Based on organization shown in Figure 8.3-2a; manpower requirements from Table K.2-2 of Reference 3. 
Based on organization shown in Figure 8.3-2b; rounded to the next higher 0.1 man-year. 
Single unit assumed to bear 10% of total site cost. 

(h) 

Study estimate. 
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. 
Assumes three men/shift on two-shift, 5-day-week coverage after completion of spent fuel shipment 
(end of 100nth 19). 

Cost pef 
Man-Year 11) 

{$ thousands! 

32.g 
30.7 
21.3 

32. 9( f) 
30.7 

30.7 
21.3 

21.3 

Total Staff 
Labor Costs b) 
($thousands) 

128.3 
595.6 

1g46.8 

2670.7 

13.2 
12.3 

181.1 
249.2 

1610.3 

2066.1 

604.6 



requirements in the reference decommissioning studies (see, for example, page G-33 
of Reference l and page 1-41 of Reference 3) and agrees with that reported in 

another analysis of incineration versus compaction (see page 10-l of Reference 4). 

Incineration is assumed to reduce the volume an additional factor of 5:1, for 

an overall volume reduction of 25:1 for incineration. (4) The volume reduction 

factor for incineration depends on the type of waste involved and on the incin

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. (?, 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 decommissioning alternatives considered in this study. 

8.3.1 Cost Effects 

A large LWR averages about 142m3 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, g1v1ng 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 

relationship known as the 11 Six-tenths factor," 

fairly well by 
shown by: (9) 

the logarithmic 

(B. 1 ) 

where: 

ch 0 the capital cost of the new plant 

c 0 the capital cost of the previous plant 

r " the ratio of new to previous capacity. 

Thus, for the incinerator at the 10-reactor site: 

ch " (3.o) 0·6 · sz,ooo,ooo. (B.Z) 

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 

cost $195,000/year, or $19,500/year per reactor. With 142 

are estimated to 
3 m of compacted 

waste processed for each reactor, this yields a unit cost for operation and 

maintenance of ~$137/m3 of compacted waste (or $685/m3 of incinerated product, 

assuming the 5:1 volume-reduction factor given previously). 

Assuming 40 years of operation for each reactor (see page 7-16 of Refer

erence 1), each reactor generates about 5680 m3 of compacted combustible waste 

during its operating lifetime. During decommissioning, up to 284m3 of com

pacted combustible waste are generated at a PWR (page G-33 of Reference 1) and 

up to 678m3 at a BWR (page l-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 operations 

phase of each reactor, it is assumed here that all capital costs are borne by 

reactor operations. 
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8.3.1.1 Cost Savings During Reactor Operations 

As stated previously, ~142m3 of compacted combustible wastes are generated 
annually 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 million, or $390,000 per reactor. Operation and main
tenance costs are $19,500/year per reactor. Decommissioning costs for the 
incinerator are $39,000 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 8.3-1 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. 

8.3.1.2 Cost Savings During Reactor Decommissioning 

As stated previously in Section 8.3. 1, the capital costs of the incinerator 
are assumed to be 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 8.3. l, is $137/m3 

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 schedule as needed.) 

Costs for disposal of incinerated combustible wastes from decommissioning, 

based on the previous assumptions, are presented in Table 8.3-2 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. Annua 1 Costs for Disposal of Dry Combustible Wastes for an Operating LWR 

Number of 
Number of Estimated No. Cask Shipments 
Disposable contatnr Requlri?g Rental ( Shle\ded(d)f Transportftlon Handlln1( f) Burial ( ) 

~Form __ Containers ~osts($) a) Shielding ) Costs($) c) Unshielded Costs($} e Volumehh 9 Costs!$ 

Compacted ContJustlble 675tkl 13 500 210 " 000 15/3 34 S60 6000 142 
Wastes 

Incinerated CmWustl-
ble Wastes 

ill(m) 2 100 -". _LQ(l<> _1Ll 7 680 "00 -" 
Annual Net Savings '" 10 800 "' 12 000 12/2 """ 4800 "' With Incineration 

(a) Assumes $20/contatner, based on Table 1.2-1 of Reference I and Table M.2-l of Reference 3. 
(b) Assumed to be the same percentage of materhl as durlllg decl}llllhslolllng (31S), as calcuhted from Table 1.3-5 of Reference 3. 
(c) il~sed on $500/cnk/sh\pment, maxiJnum seven contelners/cask, from Table 1.3-1 of Reference 1 and Table M.3-1 of Reference 3. 

I d) Assumes two casks per shipment. 
e) Assumes $1,920 per shipment, based on Table M.4-4 of Reference 3 for oven<elght sh\pllll!nts. 

(<J Assumes $200 p~r cask, based on Table 1.5-1 of Reference 1 and hble M.S-1 of Reference 3. 3 (g Assumes 0.21 m per conhlner Including the disposable container; rounded to the next whole m . 

Burial ( ) 
Costs($) h 

13 810 

_1_ 920 

10 890 

(h) Based on Table H.S-1 of Reference 3; surface dose rates assumed to be <0.20 R/hr for unshielded drums, 0.21 to 1.00 R/hr for shielded drUIIIS of 
co~acted wastes, and 1.01 to 2.00 R/hr for shielded drums of Incinerated wastes; rounded to the next higher $10. 

(I) Based on annual changes of $9 7511/reactor to offset capital costs and $1g,500/reactor for routine operation and ,.a\ntenance costs for the 
Incinerator facility; c~action facility assumed to be Included In costs of nort~~~l reactor operation. 

{k) Calculated based on 142 ll of compacted corrtlustlb1e wastes as reported on page 10-2 of Reference 4. 
(m) Based on a 5:1 reduction of the estimated vo\UIIIe of COfll>ICted codlustlble wastes. 
(n) Parentheses Indicate a negative net savlo~, or I net cosU. 

Total facility 
Operation and 
Malntena(c~ 
Costs($) I 

0 

30 225 

{29 25G)(n) 

Total 
Disposal f£lliill j) 

82 870 

!l__ll§_ 

35 145 





TABLE B.3-2. Costs for Disposal of Incinerated Combustible Wastes from Decommissioning 

Estimated No. 

Decoll11lissioning Alternati~e 

Number of 
Disposabl~ 

Containers tal 
Contain~r 

C_osts($)\b)_ 
Requiring 

Shielding(c) 

Cask 
Rental 

Costsil)~~ 

Number of 
Shipments 

Shielded(e)f 
yn_s_hielded 

Transportq t ion 
Costs($)_l_!L_ 

Handling 
~OS tS (~) l 9) 

~ ~ 

Buri<1l3 (h) 
Y?lume{m J _ 

"' --oECON/ENTOMB(m) 

SAFSTOR: 

"' 

Preparations for Safe Storage(n) 

Deferred Decontamination After 30 Years/ 0l 
Deferred Decontamination After 50 Years 0 

Deferred Decontamination After 100 Years(o) 

Total, w/30-Year Deferred Decontamination 
Total, w/50-Year Deferred Decontamination 
Total, w!lDO-Year Deferred Decontamination 

--oECON/ ENTOMB ( q) 

SAFSTOR: 

Preparations for Safe Storage(r) 

Deferred Decont<~mination After 30 Years/sl 
Deferred Decont<~mination After 50 Years ( ) 
Deferred Decontamination After lOD Ye<1rs 5 

Total, w/30-Year Deferred Decontamination 
Total, w/50-Year Deferred Decontamination 
Total, w/100-Year Deferred Decontamination 

270 

54 

220 
143 
96 

274 
197 
150 

645 

228 

417 
334 
229 

645 
562 
457 

5 400 

080 

4 400 
2 860 
l gzo 

5 480 
3 g40 
3 000 

12 900 

4 560 

8 340 
6 68D 

_!__580 

12 900 
11 240 
9 14D 

84 

27 

0 
0 
0 

27 
27 
27 

200 

71 

0 
0 
0 

71 
71 
71 

6 000 

2 000 

0 
0 
0 

2 000 
2 000 
2 000 

14 500 

5 500 

0 
0 
0 

~ 500 
5 500 
5 500 

6/2 

2/1 

0/2 
0/l 
QLl 

2/3 
2/2 
2/2 

15/3 

6/1 

0/3 
0/2 
912 
6/4 
6/3 
6/3 

15 360 

5 760 

3 840 
l g2Q 
l 920 

9 600 
7 680 
7 680 

34 560 

l3 440 

5 760 
3 840 
3 840 

19 200 
17 280 
17 280 

2 400 

800 

0 
0 
0 

800 
800 
800 

5 BOO 

2 200 

0 
0 
0 

2 200 
2 ~OD 
2 200 

(a) Based on a 5:1 reduction of estimated ~olumes of compacted combustible dry wastes from References 1 and 3, rounded to the next higher whole 
container. 

(b) Assumes $20/container, based on Table 1.2-1 of Reference 1 and Table M.2-1 of Reference 3. 
(c) For OECON, ENTOMB, and preparations for safe storage the same percentage of incinerated material is assumed to req~1re shielding a> was assumed for 

compacted combustible wastes in References l and 3; no shielding assuined to be required for deferred decontamination 
(d) Based on $500/cask/shirxnent, maxim1.111 seven containers/cask, from Table 1.3-1 of Reference l and Table M.3-1 of Reference 3. 
(e) Assumes two casks per shipment. 
{f) Assumes $1g20 per shipment, based on Table M.4~4 of Reference 3 for overweight shipment. 
(g) Assumes $200 per cask, based on Ti!ble I.5-1 of Reference 1 and Table M.5-l of Reference 3. 

3 {h) Assumes 0.21 m3 per container including the disposable container; rounded to the next whole m 
(i) Based on Table M.5-l 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 totre 

next higher $10. 
(j) Based on $137/mJ 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 ENTOMB assumed the same as for OECON based on cost presented in 

Table 4.5-1 of Reference 2. 
(n) Based on information from Table H.3-2 and pages H-14 through H-16 of Reference 1. 
(o) Calculated from burial volumes presented in Table H.5-l of Reference 1. 
(p) Calculated by multiplying the disposal cost for DECON by the ratio of the waste ~olumes for deferred decontamination <~nd DECON. 
(q) Based on information from Table 1.3-5 of Reference 3; requirements for ENTOMB assumed the same as for DECON based on discussion of radioacti~e wastes 

presented on page K-27 of Reference 3. 
{r) Based on information from Table J.5-3 of Reference 3. 
(s) Calculated from burial volumes presented in Table J.7-l of Reference 3. 
(t) From Table J.7-2 of Reference 3. 

57 

11 

47 
31 
11 

59 
43 
33 

136 

48 

88 
71 
49 

136 
119 
97 

Buria 1 . 
Losts($)_(_1

_)_ 

5 840 

1 240 

4 330 
2 810 
l 890 

5 570 
4 050 
3 130 

13 940 

4 930 

8 200 
6 570 
4 500 

13 130 
ll 500 
9 430 

Faci 1 ity 
Operation and 
Maintena~~'i 
Costs($) Jl 

38 840 

7 770 

31 650 
20 570 
13 810 

39 420 
28 340 
21 580 

g2 780 

32 800 

59 g9o 
48 050 
32 940 

92 790 
80 850 
65 740 

Total Disposal Costs($)(~) Net Cost 
Savings ~ith (k) 

I_ncine_rat ion__($_)_ 
With Without 

Jncineration lnci.fl_eratio__!! 

73 840 

18 650 

44 220 
28 160 
19 540 

62 870 
46 810 
38 190 

174 480 

63 430 

82 2go 
65 140 
45 860 --

145 720 
128 570 
109 2gQ 

207 430 

59 250 

148 lOO(p) 
96 300(p) 

_j_!_§OO(p) 

207 350 
155 550 
123 850 

395 650 

142 670 

255 ooo(t) 
204 ooo(t) 
14o ooo(tl 

397 670 
346 670 
282 670 

133 5go 

40 600 

103 880 
68 140 
45 060 

144 480 
108 740 
85 660 

221 170 

79 240 

172 710 
138 8tJO 
94 140 

251 gso 
218 100 
173 380 

TABLE 8.3-2. 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.3.2 Radiation Dose Effects 

Reduction of the volume of waste handled 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 Waste Packaging Workers 

After the combustible wastes are compacted at the individual reactor site, 

they are transported to the incinerator and burned. The resulting 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 is 

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 Waste Transportation Workers 

The radiation dose estimates presented for transpcrt workers in the PWR 

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: 

Transport Workers 

Truck Drivers 

Garagemen 

Total 

Radiation Dose 
Per Shipment 

(man-rem) 

7.0x10-2 

3.3 X 10-3 

7 3 l 0
-2 

• X 

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 8.3-3. 

8.3.2.3 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 8.3.3.2). 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: 

Members of 
the Public 

Onlookers 

General Public 

Total 

Radiation Dose 
Per Shipment 

(man-rem) _ 

5.0 X 10-3 

] . 0 X 10-2 

] . 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 8.3-3. 
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TABLE B.3-3. Radiation Dose Reductions Resulting from Incineration of Dry Combustible 
Wastes from Decommissioning 

Number of Shi11:ments 
Required for ( ) S<1ved by 

R<~diation Dose Reductions {now-rem) 
Required for 

Decommissioning Alternative Compacted Wastes Incinerated W<~stes a Incineration 

PWR 

DECON/ENTOM8 60(e) 8 52 
SAFSTOR: 

Preparations for Safe Storage 19 (f) 3 16 
Deferred Decontamination After 30 Years 7('1 2 5 
Deferred Decontamination After 50 Years 5(g 1 4 
Deferred Decontamination After 100 Years ~ 1 2 
Total, w/30-Year Deferred Decontamination 26 5 21 
Total, w/50-Year Deferred Decontamination 24 4 20 
Total, W/100-Year Deferred Decontamination 22 4 18 

8WR 
DECON/ENTOM8 86(h) 18 68 

SAFSTOR: 

Prepar<~tions for Safe Storage 32 ( i) 7 25 
Deferred Decontamination After 30 Years 13(j) 3 10 
Deferred Decontamination After 50 Years lO(j) 2 8 
Deferred Decontamination After lOD Years _tJ_I 2 _i 
Total, wj30-Year Deferred Decontamination 45 10 35 
Total, w/50-Year Deferred Decontamination 42 9 33 
Total, w/100-Year Deferred Decontamination 39 9 30 

(a) From Table 8.3-2. -2 
(b) Based on a reduction of 7.3 x 10_ 2 m<~n-rem per shipment saved, rounded to the nearest 0.1 man-rem. 
(c) Based on a reduction of 1.5 x lD man-rem per shipment saved, rounded to the nearest 0.01 man-rem. 
{d) Rounded on the nearest 0.1 man-rem. 
(e) From Table G.4-6 of Reference 1. 
(f) From Table H.3-2 of Reference 1. 

To Trans~g-~·t 
Workers 

3.8 

1.2 

0. 4 
0.3 
0.1 

1.6 
1.5 
1.3 

5.0 

1.8 

0.7 
0.6 
hi 
2.5 
2.4 
2.2 

(g) Calculated from waste volumes presented in Table H. 5-1 of Refer,.nce l,assuming no shielding of cont<~iner required. 
(h) From T<lble I .3-5 of Reference 3. 
(i) From Table J.5-3 of Reference 3. 

To Members(o~ 
The Public c 

0. 78 

0. 24 

0. 08 
0.06 
0.03 

0.32 
o. 30 
0. 27 

1.02 

0.38 

o. 15 
0.12 
0.08 

0.53 
0. 50 
0.46 

(j) Calculated from waste volumes presented in Table J.7-l of Reference 3, assuming no shielding of containers required. 

Total (d) 

4.6 

1.4 
0.5 
0.4 
~ 
1.9 
1.8 
1.6 

6.0 

2.2 
0.9 
o. 7 
0.5 
3.0 
2.9 
2.7 



8.3.3 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 8.3-4. 

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 PWR 

and 55 to 70% for the 8WR. However, the dollar value savings are higher for 
the BWR than for the PWR because of the larger volume of waste requiring dis
posal at the BWR. 

The radiation dose reductions are directly proportional to the number of 

waste shipments saved by incineration and, therefore, represent about 80% reduc
tions in the doses to transport workers and to the public 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, consequently, more waste shipments can be eliminated by incineration. 

8.4 ~QUIPMENT 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 equipment decontamination services are considered here for inclusion 
in the centralized services available at a multi-reactor station: 

• decontamination of special tools and equipment used for decommissioning, 

allowing maintenance and reuse of these items 

• mobile decontamination systems for in-situ chemical decontamination of 

piping and components 

• central electropolishing and chemical decontamination facilities for 
improved decontamination of pipe sections and components. 
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TABLE 8.3-4. Summary of Net Cost Savings and Radiation Dose Reductions for Incineration of Dry 
Combustible Wastes from LWR Decommissioning 

Total Di<>rosal Colts Net Cost (b) 
($ thoosand_0i"' Savings With Radiation Uo>e Redoclions io1an-re1n) __ 

c·ompaCfedC-om- ---InClnerilf€>d Incineration T0-T-ran~P0rt- ---Tn-"Meoillers ___ -----
-- _D~_~o_f'!'lJ_s_~_i on i_n__g_ A 1 te_rf!~~~- b!J.2.!:.~.!? l e_ Was tcs __ W!!2_'o_e_s_ __ _($ __ t_~o_o~iJnds )_(_:'!] Worker~ ~-f _the ~u.b_l~ Tot a 1 

LH:CON/ENTOMS Z07.4 73.8 133.6 3.fl 0.78 4.6 

SAFSlOR: 

Preparations for Safe Storage ~9.3 18.7 40.6 1.2 0.24 1.4 

DefPrred Decontamination After 30 Years 148.1 44.2 103.9 0.4 0.08 0.5 
Dderred Decontamination lifter 50 Years 96.3 28.2 68.1 0.3 0.06 0.4 
Oeferred Decontamination After 100 Years 64.6 19.5 45.1 0.1 0.03 0.2 o:J --- -- --- --- --

' lot~l~, w/30-Year Df'ferred Decontamination 207.4 62.9 144.5 1.6 0.32 1.9 
w Totals, w/50-Year Deferred Decontamination 155.6 46.8 108.7 1.5 0.30 1.8 

Totals, w/100-Year Deferred Decontamination 123.9 38.2 85.7 1.3 0.27 1.6 

BWR 
()[(ON/ENTOMB 395.7 174.5 221.2 5.0 1.02 6.0 

SArSTOR: 

l're!Jarations for Safe Storage 142.7 63.4 79.2 1.8 0.38 t'.2 

Deterred Decontamination After 30 Ye<1r~ 255.0 82.3 172.7 0.7 0.15 0.9 
flderred Decontamination After 50 Years 204.0 65.1 138.9 0.6 0.12 0.7 
Deferred Decontamination After 100 Years 140.0 45.9 _9~___,_l 0.4 0.08 0.5 

lota1s, w/30-Year Deferred Decontamination 397.7 145.7 252.0 2.5 0.53 3.0 
Totals, w/50-Year Deferred Decontamination 346.7 128.6 218.1 2.4 0.50 2.9 
Totals, w/100-Year Deferred Decontamination 282.7 109.3 173.4 2.2 0.46 2.7 

(a) From Table 8.3-2; rounded to the nearest $100. 
(b) From Table 8.3-3. 



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

are analyzed here. 

8.4. 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,{l-J) 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, it is assumed that the special decommissioning 
tools and equipment are decontaminated, maintained, and reused where possible. 

An estimated useful lifetime (in terms of the number of decommissioning projects) 
is assigned to each item, and the capital costs for the item are assumed to be 
shared equally by that number of projects. Decontamination and maintenance costs 

are assumed to be 10% per year of the totdl 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. l. l PWR DECON 

The costs for special tools and equipment for PWR OECON at a 10-reactor 
station, both with and without decontamination and reuse, are presented in 
Table 8.4-1, together with net cost savings per decommissioning project with 

reuse. A total of over $820,000 is required 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-l. Costs for Special Tools and Equipment for PWR DECON and ENTOMB 

Iter. 

'Jr.der..ater Man1pulotor 
U~dPNater Plasma Cuttic,q Torch 
lndenoater Oxyacetylenp Tarcll 

Portdble Plasma Cutt1n~ Torch 
Arc sa~ 
Guil1otlne Pipe Sow 

Clused-C1rcu1C High-Resolution 'elev,,lon \>Stun 

SniPlded Veh1cle W1th Marlpulotcr,, :xchonqeill,le ToDI\, 
Scoop loader, etc. 

Undenooater Llghts and V1ewing Wlndow; 

Subrner>lble Pump With C1sposable filter Cdrtr.dge> 
Assorted Under.~ater Tool I 
hydraulic Concrete-Surface Spoll1ng Cevice 

Concrete On II, Electnc/Pneumotl( Hammer 
Portable filtered Ventilo~ion Enclosure 
Suppl1ed-Air Bubble Su1~ 

Safety Nets 
Blo>ting Mat> 
Electropol,shing Decontaminat 1on 1Jn1~ 

Iota l' 

E>t1nlated 
Number I . 

Req_.J_i_red 0
_·'_ 

' 

as reuu1 red 

' a, requned 

' 
' ' zoe 

w 
' 

:al Based on 1nformat1on presented 1n Table 10 l-7 of R~ferer.ce I 
(b; A;;umes adequHe maintenance i!fl<) aeconta:-,r,otion 
(c) Rounded to the nearest SlOO. 

Est 1moted 
Totol Co>ts 

_(__?_ th~_;J~_il_n_ds_)~l 

300 0 

'" ',0 0 

,, 
IOO 

J6 0 

(II 

50.0 

s 0 

25. () 
w c 

' 0 
' 0 

l 0 c 

'" 0 
~ 00 

821 . 5 

t;~imateC 'J>eful 
1 i let '"'€ 

:Number of r, 
[)~_,:<)~ l 1_<;_1<)"· "'~'j_1 

'·' 

I (e) 

-~:c,J 

Lost/0e(omn.IS\1Dning With Reu;e 
___ i_i thousands)ic) 

Oer-oi1~aii>ina:bo!i~d-· --· 
la_p_1tal ond Maintentance' ! I<Jtil_l 

3or: o 
' 

16 c 
?0 0 

' 
II) 0 

c 

' '" () 10.0 

1.0 

' c w c 

12 " 
2. 5 

435 :.: 

" ' 
12.0 
I o 0 
'_4 

30C. 0 

'" 6. 5 

28.0 
35.0 
l 2 0 

p 

' 
. ~ 

25 (\ 
., 0 

' ' " 10 I) 

. 6. 
; 

49S. 2 

(d) Based on an o11umed effeCtiVe rate of 5 Gf total cao,tal cost per yeor o"er the 3-year de~ommlSSJOnlr'g schedule 
(e) Mod1f1ciltion af existing plant eq-,-~meot. not re.Jsable at ather reactors 
(f) £>ist>ng plant eQuipment 
(g) Assull'ed to be included''' central,erJ d~cor.tdmlnotlDn \fnice>, 'ee Sect10n B.4 3 

Net Co>t Jnvin<;<;/ 
Decormn ss ior ;nq 

wiU· R~u;e,c. 
_(S _thou,on.<!2_l_' 1 

h 

52 0 

" 23. 

" 
' 
G./ 

' l.i 
_'_2_0- 0 

326 



B.4.l .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 8.4-2. Shown 

are costs both with and without decontamination 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 

tools and equipment required for deferred decontamination are essentially the 

same as those required for OECON, the same percentage savings should apply to 

both cases. Using the 40% savings derived in Section 8.4.1.1, the total cost 

per decommissioning project is estimated to 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.l .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 previously in 

Table 8.4-1, based on the assumption that the actual items involved 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 

I t~m 

Portdble Oxy.,Ldylene Cutt1ng Iorch 
Gulllot1"e Pi~e Saw 
Clo>ed-Circuit, Hi~h-~e;olutwn Telev1>inn Sy;tenr 

Sut.mersible Pu111P With Oi>posoble F1lter l~rtr1Jges 
Hydraulic Concrete-Surfo;-e ~pJiling [leoice 
Con~ rete Or i 11 , E 1 ~c t.r i c; I P!ieur''' t i c H~"'"" r 

Portable filtered Ventilation tnclosure 
Sup~liPd-Air Bublol~ ~uit 
~ufety kets 

lohls 

htinoated 
Nu11ibH ) 

~~.9"'~~~~ 

' 2 

' 
' 1 
1 

;c 
1 

(a) Based on inforn .. tinn presented in T<1ble hl.(-6 of Reference 1. 
(b) Assumes adequate maintenance and decontamination. 
(c) ~ounded tn the nedrest $100. 

[SllOiol(cJ 

fntol Co>L( \ 
(j _!-loou~~!!.'!~) a 

'" 
~-~e) 

'" 5 0 
o; 

' 5 
2 ~ 
5.0 

27.5 

l>tlmdted IJ;dul ros t/\JHon,.,h~ 1 on uog ~i ill Reu~e 
I_ lfCtliiiP ___ J$ th<<<!2dnds) c 

(Number of (L' Oecunta<nll1-:li 1on _-;;) ___ 
fJ~C_!!~~I1i>>l_l!l,lr\g>)_ __ I Cap~_!cil ~n.t MdiriJ!'nt~n_c-'0.( ]Q_tol 

' 10 0 ' 11 
; 1 0 0 ; 2 .1 
1 

2 ' ; 01 2 .., 
1 2.; 0. J 1 8 
2 " . 0 1 0.3 

' 1 ; u 
1 (f) 1 ; ?; 
5 L8 0.3 1.3 

11-:9 --,-4 1:L:l 

(d) Based on the iiSSiimed effective rate of S:t of total Ldpltal Lost per year over the lb-rnonth dec01Tllli>'>1Uning ;rhedule 
(e) Existing plant equi!MI"-"nt. 
(f) Revised upward tu r"flect short time uf use for this d~COU>lll>~ioning alleruot1ve 

Net Lost Sa•lngst 
Oecor"m ss ion 1 r. ~ 

with Reus~ ) 
0 th<,>usa!'~)_(c 

0 ' 
H 

' J 
2 ' 
02 

3 ' lf"2 



8.4.1.4 8WR OECON 

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 8.4-3. Also included in the table are the net cost savings resulting 

from decontamination and reuse of these items. The total cost of the items 

is ~$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. 

8.4. 1.5 8WR 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 8.4-4. 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 8.4.1.4) 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. 

Overall 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 DECDN and ENTOMB 

-~------ _________ !_t~-

Underwater Manipulator 
Underwater Plasma-Arc Torch 
Unden<ater Oxyacetylene Torch 

Arc Saw 
Porhble Plasma-Arc Torch 
Portable Oxyacetylene Tore~ 

Remote-Controlled Oxyacetylene Torch 
Guillotine Pipe Saw 
Power-Operated Reciprocating Hacksaw 

Closed-Circuit, High-Resolution Teleoislon 
Underwater Lig~ts and Periscopes 
Unden;ater Tools 

O,ubmersib1e Pump With Disposable FiltPr 
High-Pressure ~ter Jet 
Pipe Jumper 

Mobile Chemiql Oeconhmination U11it 
Mobile Chemical Mixing and Heating Unit 
Scaffolding 

Safet.y Mets 
Power-O~erated, Mobile, Scissors-Type 1'\Jnlift 
Power-Operated, Mobile. 1\rtirulated-Am Man lift 

9100-k<;l Mobile Hydraulic Ct·ane 
9100-l<.g Forklift 
Rlgqing Materials (e.g., Chokers, Grarples, Winches) 

Concrl'te Drill With HEPi1-filtered Oust Collecting Sy~tem 
Concrete 'urface Spaller 
front-£nrlloader (Highly 1-IJneuvPra~le, I ight-Outy) 

Vacuum C 1 Paner (HEPA-f i 1 tered) 
rorta!J1e Ventilation Enclosure 
Supplied-Air Plastic Suit 

filtered-Exhaust ran Unit 
Polyurethane Foam Generat~r 

Totals 

F>tin1at~d 

tlumber (a) 
P~q•!i_r_~d __ _ 

' 1 
1 

1 
2 

lO 

4 
lO 
lO 

2 
a~ required 
~s r~<juired 

5 
2 
4 

5 
4 

200 

a' required 
8 
3 

3 
5 

a~ requir~d 

4 

• 3 

3 
lO 

2'0 

4 
2 

(a) Based on information prP.~ettlf'J in Ta~le 1.3-9 of Referen~e 3. 
(b) Assumes adequat€' rnaintenat<ce and ~€'contanoinat1on. 
(c) Rounded to the ne~rest $100. 

Esti111ated 
Total r.o~ts( ) 

($_ Ql_o!l_~a-~121 ~-

ll!OO 

" 10 

100 
40 
10 

20 
40 
' 

" ; 
25 

5 

" 3 

100 
lo 
10 

25 

'" n 
60 
so 
25 

8 
20 
30 

15 
15 

" 
15 
lO 

21116 

rstim~ted Us~ful 

Lifetime 
(Nun~ber of 

D~~O_"!''_i~onJ_n_g_~_{b) 
5 
5 
2 

5 
5 
2 

2 
5 
5 

l(el 

5 
1 

2 
2 
1 (f) 

5 
5 
; 

2 
5 
5 

5 
5 
2 

2 
2 
; 

5 
1 

' 
; 
5 

Cos t/DPCOIItni so 1 oni ng ~i fh Reuse 
____ H_!~Q!J~a~·Q.~~.!:..- _ 

Oecun lamInation( d) 
Copj~a_) and__l1_!1_i_n~e_!l_~nf~--- !~t~ 

200.0 175.0 Jn.o 
8.0 1 .o 15.0 
5.0 l.B 6.0 

20.0 17.5 37. 5 
8.0 1.~ 15.0 
5.0 1 8 5 8 

10.0 3.5 13.5 
8 0 '" 15.0 
l.O 09 1.9 

15.0 15.0 
LO 0 9 L9 

25.0 25.0 

2.5 0.9 3.4 
20.0 1. 0 27.0 
3.0 3.0 

?0.0 17.5 37.5 
2.0 I .8 3.8 
2.0 1.' 3.8 

12.5 .. Hi.9 
38. ~ 33.6 72.0 
5.4 4. 1 10.1 

12.0 10 5 22.5 
lb.O 140 30 0 
12.5 4.4 16.9 

4.0 1.4 5. 4 
10.0 " 1 l. 5 
6 0 5.3 11. 3 

3.0 2. 5 5.6 
E> 0 15 0 

'" 15.0 

3 1 1 ' 5. 0 
2.0 L8 3.8 

510.5 340.4 850.9 

(d) Based on an assum,.d effed.ive rate Of SX of total capital cost per yNr over the 3-1/2-year decoumi,,ioning schedule. 
(e) Modification of extsttnq ol~nt equipment, not reusable at nther reacton 
(f) Designed specifl~~lly for individual pl~nt, r.ot reOJsable. 

Net Cost S~vi11gs/ 
Deco"rni > s 1 on i ng 

wt th Reu~e 
($ tho~s~~~c) 

625.0 
25.0 

3. 2 

625 
25 0 

; 1 

5 5 
25.0 
3.' 

3. 1 

1.6 
13.0 

62.5 
6.2 
6 2 

8.' 
120.0 

16 9 

37.5 
50.0 

0.1 

1.6 
5.5 

18.7 

9 ' 

10.0 
6 .• 2 

1165.1 
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TABLE B.4-4. Costs for Special Tools and Equipment for BWR Preparations for Safe Storage 

Item 

Portabl!! OxNcetylene Tonh 
Guillotine Pipe Saw 
Powt'r-Operah•d Reciproc~tinq Hacksaw 

Close~-Cinuit, Higll-R!"solution !elevisio11 
Su~mersible Pumr with Oisposoble Filt~r 
High-Pressure Water Jet 

low-Pres~un~ Water Jet 
Pire JUioper 
Mobile Chemical Oeco.,tamination Unit 

Mobile Chemical ~lhing and !leatinq Unit 
s~alfolding 

':.1fetJ Nets 

Po11er-OperatPrl, Mobile, Slissor,-Type Manlift 
Power-Operated, Mobile, Articulated-Arm Manl1ft 
91il0-ky-Capacity Forklift 

fstir.1ated 
NUinber 

Req_u_i_o·pd( '1 ) 

' 2 
2 

' 5 
2 

' 5 

' 50 
as required 

2 
I 

' 
Rigging M~t.,r>als (e.g., Chod~rs, Grapples, Windoes) as requirPd 
Concrete llrill w1th HHA-riltered Du~t Colledinq l 

Sy;tem 
Concrete Surface Sp~ll<'r 

Ft·(l~t-!md Loader (Hiqhly Maneuver"tole, I iqht-~uty) 
V"cuuro LIP~ner (IIEPA-Filtered) 
Portable VPntilation Encloc.ure 

Supplied-Air PIJstic Suit 
rolyur"'th~tle Foam Gent'rator 
P"int SprayPr 

lotals 

' 4 

' 
100 

' 4 

(a) Ba>erl on infnrmatiun prPse"t_~rl 1n l~bl!' J.5-6 of Rder~nr,e 3. 
(b) ii>>Urtlf'S aJequ~te m~inten~nce an<i decontam\n~tion. 
(d R01m<led to the nedrest $10r:J_ 

tstimuteoi 
Total Coqs ) 

(_$ t!oOU'"lnd~)_(~ 

' 0 
0.0 

' c 

' 5 5 0 
•oo 
l'i _() 

) 0 
100 (I 

]0,() 

2.5 
10.0 

"' 0 0 c 
1} _ _J 

co 
? 0 

5.0 

10 n 
•sc 
u 

"' ](}_() 

'.0 
350 l1 

r,timated U•,eful 
L i fet imP 

(Number of (b) 
Deco_rllloi -~-~ inn in~:;_) 

' 5 
5 

1 (e) 

? 
? 

' l (f/ 
5 

5 
5 
2 

5 
5 ,, 

' ' 
? 

' 5 
5 

tw,t./!1PlOOini""'"ing [./1~h Rew.~ 
___ _O_thou_s_~_!l':f_>)(d ____ _ 

DHnnt;omi nut ion ( ~) 
Capital and M,1lnterot,lnc~,__ l~tal 

(). 5 0.' 0 6 
u LO 2 6 

"' 0.' Q.J 

5 ' . 5 
Z.5 06 J ' zoe 50 ::'S I) 

5 I .9 " _j_() 3 0 
ZQ_() <n 3? c, 

? 0 L3 J. 3 
0.5 0 3 0.0 
5.0 ' J 6 J 

'" 8.0 20.8 

' 8 ... 2 ' 

" u u 

? 5 0 6 J ' LO 0.3 ' 3 

5 c 6 J. 

" u J J 
' 0 I 0 09 
' 5 4.~ 

6.0 5.0 
2 (I .. , J.3 
0 8 0 5 u 

Ill q 4i.<f 153.3 

(rl) r.a<;ed on an a;sume<l effective r~t~ of s·r, of total c~rital u»t per ye"r ovrr th~ ?-In-year decorlllll>~ionin~ >cherlulP 
\~)Modification of existing plant equiplllf'nt, not reusable at other rf'ertors. 
(f) Desiqnerl sp!'cifically fnr i!ldivi.iual p1arot, nflt reusoble 

NEt Cost ~~~ing>/ 
Ueco,.rnl ss ion i ng 

with Reuse( 
(_$ __ tho_usands) _<:2 

0.0 
5. 4 
0.' 

,, 
<5 0 

5.0 

6? 5 

6 ' 

' ' J. 7 

'" 6. I 
80 

.0 

0 ' 

6 
<o. 

9 

6 7 
7.' 

197 <; 



8.4.1.6 BWR ENTOMB 

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 8.4-3. 

8.4.2 Mobile Chemical Decontamination Equipment 

Mobile chemical decontamination equipment is postulated in the BWR study{ 3) 

to be used for in-situ decontamination of piping and components during decommis

sioning by any of the three alternatives. However, such equipment is not 

discussed in the PWR study. (l) The costs of using such equipment for PWR decom

missioning are estimated here 1) to provide a common basis between PWR and 8WR 

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 8WR 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.S-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 8.4-3 

and 8.4-4 presented previously, it is 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 8.4-5. 
The total costs with reuse are $38,500 for DECON or ENTOMB and $29,300 for pre
parations for safe storage. It 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 piping, valves, and other plant components for reuse or salvage, 
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TABLE 8.4-5. Costs for Mobile Chemical Decontamination Equipment 
for PWR Decommissioning 

Estimdted 
Oeconni~sionin<J rot.ll Capital ( ) 
_M t~ro_a__tj_v~ 0~_t_ji __ thou_S_i_lld_S _t_a _ 

OECON/[NTOMB 

SArs fOR (e) 

110.0 

110.0 

E~timated Usefoil 
Lifetime (No. or 

~_£0~11 i.s_s i o_~i n9_~_)_ .?1 

' 
5 

(a) Fr'lm T~ble 1.3-9 and Ti!l>lP J.S-6 of ReferPIJU' 1. 
(h) Assuwoes ade']uate maintPnance. 
(c) Rounded to the nPare~t $100. 

Co~t/O!"COflllli~sioning witli Reuse 
($ thousands/lei 

~ijltaT Maintf_!i~Ce- ?J -~_Q_tdT 

72.0 

.:2.0 

16.5 

7.3 

Jll_ 5 

29.3 

Savings/ 
Deco~mli ss ioni ng 

_(t_thO!J_Sij_nqD __ 

7l .5 

80.7 

(<1) Based on assulll!:'d average rate of 5% of c~pit,ll cost per ye<lr; assumes a 3-year deco!TJilissioning schedule for 
OECON or ENTOMB a11d a 16-month schedule fur preparations for saff' qorage. 

(f') Chemical decontamination equipment used only during prep~rations for safe storage. 

reducing both the net cost of decorrmissioning 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. (lO) 

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 4. The information in the reference is 

used as a basis for the analysis presented in this study; major differences are: 

• The facility size is increased somewhat in this analysis to allow for 
occasional increased demands for the facility services from the 10 reactors 

onsite. 

• 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. 
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The costs and potential savings associated with a central electropolishing 

and chemical decontamination facility are estimated here. 

8.4.3.1 Facility Costs 

For this study, it is assumed that the central electropolishing and chemical 

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 electropolishing unit (polishing and rinsing tanks, 

electrical supply equipment, and controls) capable of handling components up to 

about 6 m long and 2m 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. 

It 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 facility 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. 

6.4.3.2 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 electropolishi1g 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. In 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 "-'74Ukg 

and ~60¢/kg F.O.B. at the site, respectively, yielding total savings of $1.34/kg 

of stainless steel electropolished to unrestricted release levels. 

For the PWR decommissioning, it is estimated that there is over 0.91 mil

lion kg of potentially salvageable stainless steel removed from the facility 
(see p.l0-3 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 rv$975,000. Subtractinq the costs for retirement of 
capital and for facility operation and maintenance ($235,000, from Section 8.4.3.1), 

the net savings for PWR decorrrnissioning are $740,000. 

A BWR contains much less stainless steel than a PWR and, consequently, the 

potential for salvage is considerably lower. Tetble 8.4-6 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 levels, and the spent fuel storage racks, because their 

composite structure would make salvage very difficult. The spent fuel storage 

pool has two cavities, the main cavity and the s1ipping 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: 

• 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 c:nd the lined wall area of the 
2 • 

spent fuel storage pool are 126.9 m and 587.4 mt, respectively, for a total 
2 liner surface area in the pool of 714.3 m. 

dimensions (from Figure 3.8-35 of Reference 

The dryer and separator pool has 

ll) of 12.6 m by 12.2 m by 7.6 m 

deep. Thus, the lined floor and wall areas of the dryer and separator pool are 
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TABLE 8.4-6. Mass of Contaminated Stainless Steel Equipment Outside 
Primary Containment Vessel of the Reference BWR 

308 
309 
331 

332 
333 
334 

386 
435 

302 

304 
320 
321 

312 
305 
327 

306 
328 
330 

3ll 
335 
408 

379 
380 
409 

307 
329 
337 

Eguipwent Item/Quantity 

Pieing, Reactor Building 
Pi?ing, Turbine Generator Building 
Piping, Radwaste and Control Building 

Chemical Waste Tank/2 
Distillate Tank/2 
Concentrator Feed Pump/2 

Chemica 1 Waste Pump/2 
Distillate Tank Pump/2 
Detergent Drain Pump/2 

Decontamination Solution Concentrator/2 
Decon. Solution Cone. Bottoms Recyc1e 

Pump/ 2 
Condensate Phase Separator Tank/2 

Condensate Backwash Receiver Tank/1 
Condensate Sludge Discharge Mixing Pump/1 
Condensate Decant. Pump/1 

Condensate Backwash Transfer Pump/1 
S~ent Resin Tank/l 
Spent Resin Pump/1 

~aste Sludge Phase Separator Tank/1 
Waste Decant Pump/1 
~Jaste Sludo;e Discharge Mixing Pump/1 

Decon. Solution Cone. Waste Tank/2 
Decon. Solution Cone. Waste Pump/1 
Concentrator Waste ~ieasuring Tank/1 

Hopper Mixer 12 
Waste Processing Pump/1 
Centrifuge/2 

Cleanup Phase Separator Tank/2 
Cleanup Decant Pump/l 
Cleanup Sludge Discharge Mixing Pump/1 

Total 

{a) EKN =Equipment Key Number. 
{b) Table C.3-ll of Reference 3. 
{c) Table C.5-l and Table C.3-6 of Reference 3. 
{d) Table C.S-3 and Table C.3-6 of Reference 3. 
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Mass, Each 
lks) 

5 030 
5 030 

254 

479 
231 
175 

3 409 
844 

3 182 

6 920 
420 
420 

420 
658 
1 02 

5 497 
1 02 
288 

712 
254 
386 

2 727 
136 
454 

2 041 
1 02 
284 

Total Mass 
(lq) 

25 368 
7 895 

16 667 

10 060 
10 060 

508 

958 
462 
350 

6 818 
1 688 

6 364 

6 920 
420 
420 

420 
658 
1 01 

5 497 
1 02 
288 

424 
254 
386 

5 454 
136 
908 

4 082 
1 02 
284 

115 055 

Reference 

(b) 
I b l 
(b) 

(c) 
(c) 
(c) 

(c) 
I c l 
(c) 

(c) 
I c l 

I d l 

I d l 
I d l 
I d l 

(d) 
(d} 
(d) 

(d) 
I ct l 
(d) 

(d) 
(d) 
I d l 

I ct l 
(d) 
(d) 

(d) 
I d l 
(d) 



153.7 m2 and 377.0 m2, respectively, for a total liner area in this pool of 

530.7 m2. For the two pools, the lined area is 1245.0 m2 and, at a thickness 

of 0.0064 m (seep. C-62 of Reference 3), the total solid volume of the liners 

is 7.97 m3. At a density of ~8030 kg;m3 (0.29 lb/in3 , from p. 23-39 of Refer

ence 12), the total mass of stainless steel in the two pool liners 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 $1.34/kg, savings an:! 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-ll 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 8.4-7. It should be noted that the estimates presented do not include 

savings that would result from recovery and refurbishment of components for 

eventual 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 'Jalves 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.)(lJ) 
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TABLE B.4-7. Estimated Costs and Potential Cost Savings Associated with Use 
of a Central Electropolishing Facility During Decommissioning 

I a I 
(b) 

(c) 

(d) 

(e) 
(f) 

PWR 

BWR 

Facility Costs/Oecom111ssioning 
{$ thousands) a) 

--~{b-

1
-operatlOn an_d ___ _ 

Capital Maintenance(c)_ Total 

47 188 235 

47 188 235 

Rounded to the nearest $1000. 

Net Recovery 
Value of 

Stainless St~el 
JlJ_hQyJaD_~~j_\~~ 

975(e) 

472(f) 

Net Cost 
Savings/ 

Decommissioninq) 
_jl. thousa_D~_I '-

740 

237 

Based on a facility cost of $1,880,000, 25~ of which is assurned to be charged to 
decommissioning, with 10 reactors at the site. 
Assumed to be 10% of total capital cost/year; electropolishing associated with 
decumissioning Pstimated to be completed in 1 yf:'ar. 
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 {seep. 10-3 of Reference 1). Carbon steel has a 
salvage value of $0.055/kg to give a net recovery value of $0.795/kg. 
Based on 80% recovery of 910,000 kg potentially recoverable stainless steel. 
Based on SO% recovery of 179,000 kg potentially recoverable stainless steel and 
435,000 kg of potentially recoverable carbon steel. 
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APPENDIX C 

OCCUPATIONAL DOSES FROt~ INTERIM ONS!TE 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 1vaste 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 BWR. 
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. (l-3) 

C.l NEUTRON-ACTIVATED REACTOR COMPONENTS 

A list of the number of waste containers required for neutron-activated 

reactor components from the PWR and the BWR is given in Table C.l-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.l-2 contains the esti

mated occupational doses and data per canister of waste for burial of 1-year

old neutron-activated (slit 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 facilit~1 design shielding factor. This is not an unreasonable 

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.l-1 indicate that each canister contains 

about four times more radioactivity than the 5000 Ci assumed in Table C.l-2. 

Using the dose versus contamination level relationship shown in Figure E.2-4 of 
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TABLE C.l-1. Waste Containers Required for Neutron-Activated Reactor Components 

Number of Containers Reguired Average 
SAFSTOR Radioactivity 

Deferred Decontamination per Container 
Reactor DE CON 30 Yr 50 Yr 100 Yr ENTOMB (Ci/Container) 

Containers to Interim Sto-r-age 
BWR 311 311 311 311 275 2. 1 X 104 

PWR 365 365 365 365 88 1.3 X 104 

Containers to Offsite Diseosal 
BWR 311 311 311 311 275 2. 1 x 1 o4 

PWR 365 365 365 365 88 1.3 X 104 

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 applied 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 Figu'e 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. 7-3g) and forth" 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 (Table I.2-l, p. I-32) with
out the inclusion of a facility design shielding factor. If the same self

shielding dose correction factor developed for PV.'R 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.l-2. Occupational Dos~s)and Data per Container for Slit Trench Waste Disposal -
1-Year-Old Wastela 

Exposure Time Dose Rate Dose at Total lJose 
per Conta1 ner at Location Location per Total Dose per per Category 

Operation __ £'ersonne l /Numb!=.r __ Persormel Location._ _______llir ) - _(_r_emj_il!:.L_ Worker (rem) Worker (rem_) {man-_.~::_emj __ 

Waste Unloading and Foreman (1} 4 m (Skyshine) 4.0 X ]Q-S 40xlO-~ 4.0 X ]Q-S 4.0 X 10-S 

Disposal Laborers (2) D. 3 m from Cask 0.25 2.0 X 10-i -2 
5.0 X 10_

3 l m from Cask 0.25 l.Oxl0-
5 2.5 X 10_ 5 5.2 X 10-Z 1.0 X ]Q-l 4.m (Skyshine) l 4.0 X 10- 4.0 X ]Q 

Equipment Operator (2) 10 m from Conta1ner 0.25 8.2 X 10-Z 2.0 X 10-Z 
plus 0.4 m Concrete 

4.0 X ]Q-S 4.0 X ]Q-S 2.0 X ]Q-Z 4.0 X 10-Z 4 m (Skyshine) 

4.0 X 10-i -5 
Kealth Physics Tech. (l) 4 m {Skyshine} l 4.1} X 10_

2 -2 2.7 X 10-Z 5 m from Container 0.083 3.3 X 10- 2. 7 X 10 2. 7 X 10 
plus 0.4 m Concrete 

Cover and Over- Equipment Operator (l) 2 m above Trench 18(b} 2.1} X 10- 6(b} -- (c) 

burden Placement plus 80 nll' Steel 

Health P.b):~ics Tf'ch . .Cll 1 m over Trench 4.5(b) 2.0 X 10-~(b) 

Total for all 8 ;-.;,·X ]~d) 
Operations 

(,) 

(b I 

(c I 
(d) 

Based on Table 1.2-1 from Reference 3, with dose rates corrected to 1 year of radioactive decay, for burial of 1 container of waste. 
Note: 40 em of concrete is assumed to reduce the dose rate by at least a factor of 10. 
Cover and overburden placement is assumed to take 3 days. The hours and dose rates {in rem/hr) shown are for the ent1re operation, and 
are not on a per container basis. _4 These doses are ftlr the total operation and are less than l x 10 ; thus they are not ccnsidered further. 
The average dose to one of eight workers is about 21 millirem per container. 
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TABLE C.l-3. Occupational Doses and Data per Container for Slit Trench Waste Relocation after 30 Years(a) 

_ _____Qpera ti ~ 

Overburden and 
Cover Remova 1 

~aste Exhumation 
and Loading 

Total for all 
Operation 

__ Personnel/t'l~mber __ 

Equipment Operator ( 1) 

Health Physics Tech. (l) 

Foreman ( l) 

Equipment Operator (2) 

Laborers (2) 

Health Physics Tech. (l) 

8 

____l'!"rsonnel LocatiO!!_ 

2m above Trench plus 
80 rnm Steel 
1n over Trench 

4 m (Skyshine) 

10 n1 from Canister 
4 m (Skyshine) 

0. 3 m from Cask 
1 m from Cask 
4 m (Skyshine) 

4 m (Skyshine) 
5 m from Cardster 

Exposure Time 
per Container 

·--~
l8(b) 

4. 5 (b) 

0 25 
1 

0. 25 
0.25 
1 

1 
0 083 

Dose Rate 
at Location 

_(remjhr_) _ 

2 0 X \0- 6 (b) 

2.0 X \0-S{b) 

2 \ X 10-S 
-Z \. 8 X \Q c 

2 1 X 10-J 
-3 

4.0 X \0_ 4 
2.0 X \0_ 5 
2, \ X 10 

-5 
2.1 x lO_z 
7. l X 10 

Dose at 
Location per 
~or~--~) 

(c) 

2.1 X JD-S 

4.5 x lo=; 
2. l X 10 

-3 
l. 0 X 10 S 
5Qx10=5 2 .J X 10 

-5 2.1 X 10_
3 5 9 X 10 

Total Dose per 
Wor~er (rem) _ 

2.1 X 10-~ 

4.5 X 10-J 

l.Oxl0- 3 

6.0 X 10- 3 

Total Dose 
per Category 
(man-~ 

1 

9 0 

1 0 

6.0 

1.7 

X 10-S 

X ]Q-J 

X 10-3 

x _ _l_0-3 

X l0-2Tdl 

I• I 
(b) 

Based on Table 1.2-l, Reference 3, with dose rates corrected to 30 years of radioactive decay, for reiCtcation of 
Overburden and cover removal is assumed to take 3 days. The hours and dose rates {in rem/hr) shown here are for 

1 container of waste. 
the entirl' operation, and 

lei 
(d) 

are not on a per container basis. _
4 These do~es are for the total operation and are less than l x 10 ; thus they are not considered further. 

The average dose to one of eight workers is about 2 millirem per container. 



waste retrieval doses is shown in Figure C. 1-3 for the PWR and in Figure C.l-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 list 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.Z-1. Deferred decontamination is assumed to occur at 
either 30, 50, or 100 years after reactor shutdovm, 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. All of the occLpational doses estimated in 

this section are based on the number of container·s required for the OECON and 
ENTOMB alternatives. All dose rates are based on an average amount of radio
activity per container, corrected for radioactive 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 ;naterial is involved at an average concentration and that the dose 

may be obtained from the DECON or ENTOMB 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 
11 exact 11 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 wi-:h the BWR. Doses for the PWR 
are found by direct ratio of the waste volumes involved 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 

C-6 
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TABLE C.2-l. Waste Container Requirements for Contaminated and Radwaste Materials 

--~- ~.taine~o~terill' Stor~ _ 

BWR 7.4 x 10 3 7.4 x 10 3 1.7 x 103 1.2 x 103 -4.8 ~OJ 
PWR 5.7 X 10

2 
5.7 X 10 3 7.4 X 102 ).1 X 102 2.0 x 10 3 

BWR 
30 Yr 
50 Yr 

100 Yr 

30 Yr 
50 Yr 

100 Yr 

3 6.4 X 10
3 1.5 X 10
3 l.O x 10 

3 5.5 X 10
2 

4.2 X 10
2 1.9 X 10 

3 2.5 X 10
3 1.4 X 10
3 l.O x 10 

1 7.4 X 10
2 5 .1 X 10
2 

3. 8 X 10 

3 1. 4 X 10
3 1. 2 X 10
2 

9. 2 X 10 

2 5, 1 X 10
2 5 .] X 10
2 3.0 X 10 

3 
,Q X 10

2 <1. 2 X 10
2 ;• .8 X 10 

:. 8 X 1 0~ 
•.. 1 X 10

2 ;: . 5 X ]0 

3 3.7 X 10
3 1. 5 X 10
2 9. 7 X 10 

3 1 .8 X 10
2 4.0 X 10
2 

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 radioactivity concentrations for both 
the PWR and BWR are found to be between 2 and 3 Ci;m3 for 1-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 resulting 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-l. 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 bas!~d on the total dose curve 
in Figure £.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 
Tab 1 e I. 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 fill 1.5 reference tre-nches. The time dependence 

of the occupational doses for retrieving BWR waste is shown by the curves in 
Figure C.Z-3. Similar doses for retrieving PWR wastes are found by ratio of 

the waste volumes, and are shown in Figure C.Z-4. The shapes of these curves 
are based on the total dose curve in Figure E.Z-1 of Reference 2. 
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TABLE C. 2-2. Occupational Doses and Data per BWR for Waste Disposal - 1-Year-Old Waste(a) 

-~tion 

Waste Unloading and 
Disposal 

O~erburdenjCover 
Placement 

Total for all 
Operations 

~.sonne 1 (Number 

Foremen (2) 

Equipment Operators (8) 

Laborers (8) 

Truck Drivers (2) 

Health Physics Tech. (2) 

Personnel Location 

m above Ground Surface 
10m from Waste Face 

m above Ground Surface 
3 m from Waste Face 
5 m from Waste Face 
10 m from 1-Jaste Face 

l m above Ground Surface 
1 m from Waste Face 
2 m from Waste Face 
3 m from Waste Face 
5 m from Waste Face 
10 m from Waste Face 

m above Ground 

1 m above Ground Surface 
3 m from Waste Face 
5 m from Waste Face 
10 m from Waste Fo.ce 
20 m from Waste Face 

Equipment Operator (2) 2 m above Trench 
Kealth_Physics Tech._ill I m above Overburden 

25 

Exposure Time 
per Contgj·ner 

-·~--
189 
189 

189 
9.5 

29 
150 

189 
9.5 
9.5 

20 
57 
94 

378 

189 
20 
20 
94 
57 

27 
4.5 

(a) Based on Table I.2-3 of Reference 3 wlth corrected dose rates and expo~ure times. 

Dose Rate 
at Locatloo 
_j_c_emj~ 

·3 1 .0 X 10 3 4.8 X 10-
-3 l.Ox10 2 2.1 X 10~2 1.3x10_ 3 4 8 X 10 

1.0x10~~ 
3.6 X 10_ 2 2.8xlo

2 2.1x10= 2 1.3xl0_3 4. 8 X 10 

.0 X 10- 3 

l.OxlO=~ 
2. l X 10 Z 
1.3x1o-

3 4.8 X 10-J 
l. 4 X 10-

-4 
. 0 X 10 J 
.0 X 10-

(b) Waste from the BWR fills l.S trenches; thus all th1es from Table I 2-3 are multiplied by 1.5 

Dose at 
location per 
Worker (_r_e.!l:l.l 

-I 
1. 9 X 10 _

1 9. l X 10 
-I 

1.9 X 10_1 
2.0 X 10_ 1 3.8 X 10_1 
7. 2 X 10 

. I 
1.9 X 10_ 1 
3.4 X 10_1 2.7 X 10_1 4.2 X 10_1 7.4 X 10_ 1 4. 5 X 10 

3.8 X 10-1 

·I 1.9 X 10_ 1 4.2 X 10_ 1 2.6 X 10_1 
4.5 x 10_ 2 8. 0 X 10 

-3 2.7 X 10_ 3 
4. 5 X 10 

Total Dose per 
___ W_o~k.c_l~_e.m L 

l.lx10° 

1.5xl0° 

2.4 X 10° 

3.8 X 10-l 

1. 4 x l DC 

-3 
2.7 X 10_

3 
4. 5 X 10 

Total Dose 
per Category 
_l_rr:ai'~ 

2.2 X 10-0 

1.2 X 101 

1_9 X 10 1 

·I 
7. 6 X 10 

2.8 X 10° 

5.4 X 10-3 
~:~ X 10- 3 

3.7~l(d) 

{c) Dose rates are reduced by il factor of 10 from those reported in Table I 2-3, assuming dose reduction is achieved through facility design. 
(d) The average dose to one of 25 workers is about 1.5 rem. 
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TABLE C.2-3. Occupational Doses and Data per BWR for Waste Retrieval - 30-Year-Old Waste(a) 

Exposure Time Dose Rate Dose at Total Dose 
per ConfaJner at Locat~o~ Location per Total Dose per per Category 

Operation Personnel/Number Personnel Location _.Lhr_)_b __ [rem/hr) c ~rker~ (reml _ Work~(~_ .(man-rem) _ 

Overburden/Cover Equipment Operators (2) 2 m above Trench 17 2.0 X 10- 5 5.4 X 10"4 5.4 X 10"4 5.4 X 10-4 

Re100val plus 80 mm of Steel 

Health Physics Tech. (1} 1 m above Overburden 4.5 2.0 X 10" 4 9.0 X 10"4 9.0 X 10"4 90xl0"4 

\Oaste Retrieval Foremen {2) m above Ground Surface 189 -4 -2 2.0 X 10_4 3.8 X 10_ 1 2.2 X 10-1 4.4 X ]0"1 and Loading 10 m from Waste Face 189 9.6 X 10 1 .8 X 10 

Equipment Operators {8) m above Ground Surface 189 -4 
3.8 X 10=~ 2.2 X 10_

3 3 m from Waste Face 9.5 4.2xl0 3 4.0 X lO_z 
5 m from Waste Face 19 2.6 X 10=4 7.5x10 1 2.9 X 10" 1 2.3 X 10° r> 10 m from Waste Face 150 9.6 X 10 1 .4 X 10" 

' Laborers (8) 1 m above Ground Surface 189 2.0 X 10=~ 3.8 X 10=~ -- 1 m from Waste Face 9.5 7.2 X 10_ 3 6.8 X 10_2 2 m from Waste Face 9.5 5.6x1o 3 5.3 x 10_ 2 3 m from Waste Face 10 4,2 X 1(
3 8.4 X 10_1 5 m from Waste Face 57 2.6x1o 4 1.5x10_2 4.8 X 10"1 3.9 X 10° 10 m from Waste Face 94 9.6 x 1o· 9, 0 X 10 

Truck Drivers {2) 1 m above Ground Surface 378 2.0 X 10" 4 7.6 X 10" 2 1. 5 X 10·1 1.5 X 10.] 

Health Physics Tech. (2) 1 m above Ground Surface 189 -4 -1 2.0 X 10_ 3 3.8 x lO_z 
3 m from Waste Face 10 4.2 X 10_ 3 8.4 x 10_ 2 5 m from Waste Face 20 2.6 X 10_4 5.2 x 10_ 2 10m from Waste Face 94 9.6 X 10_ 4 9.0 X lO_z 

2.8 X 10-l 5.6 X 10-l 20 m from Waste Face 57 2.8 X 10 1.6 X 10 

Total for all 25 ~00(d) 
Operations 

(<!)Based on Table 1.2-3 of Reference 3 with corrected dose rates and exposure tin1es. 
(b) Waste from the BWR fills 1.5 trenches; thus all times from Table 1.2-3 are multiplied by l.S. 
(c) Dose rates are reduced by a factor of SO for 30 years of radioactive decay, from Table E.Z-1 of Reference 2. 
(d) The average dose to one of 25 workers is about 300 millirem. 
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