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This study presents the results of a comparison of a previous decommis-
stoning cost study by Pacific Northwest Laboretory (PNL) and a recent decom-
missioning cost study by TLG Engineering, Inc., for the same commercial
nuclear power reactor statfon. The purpose of this comparative analysis on
the same glant is to determine the reasons why subsequent estimates for

similar plants by others were significantly higher in cost and external
occupational radiation exposure (ORE) than the PNL study.

the primary purpose of the original study by PNL (NUREG/CR-0672) was to
provide information on the available technology, the safety considerations,
and the probable costs and ORE for the decommissioning of a large boiling
water reactor (BWR) power station at the end of its operating 1ife. This
information was intended for use as background data and bases in the modifi-
cation of existing regulations and in the development of new regulations
pertaining to decommissioning activities. It was also intended for use by
utilities in planning for the decommissioning of their nuclear power
stations,

The TLG study, inftiated in 1987 and completed in 1989, was for the same
plant, Washington Fublic Power Supply System’s Unit 2 (WNP-2), that PNl used
as its reference plant in its 1980 decommissioning study. Areas of agreement
and disagreement wre identified, and reasons for the areas of disagreement
are discussed,
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1.0 INTRODUCTION

This study presents the results of a comparison of a previous decommis-
sioning cost study, NUREG/CR-0672 (Oak et al, 1980), and a recent decom-
missioning cost study (TLG 1989) for the same (except for possible differ-
ences in postulated plant equipment inventories between the two decommis-
sioning analyses) commercial nuclear reactor power station, prepared by two
independent organizations. The purpose of this comparative analysis on the
same boiling water reactor (BWR) plant 15 to determine the reasons why subse-
guent estimates for similar plants by others were sign1f1cantly higher in
cost and external occupational radfation exposure (ORE) than the estimates
derived in NUREG/CR-0672.

At the direction of the U.5 Nuclear Rogu\ctor{ Commission (NRC), Paci-
fic Northwest Laboratory (PNL) contracted with TLG Engineering, Inc. (TLG) to
have TLG prepare a decommissioning cost estimate for the same reference
plant, Washington Public Power Supply sistem's Unit 2 (WNP-2), that PNL used
in its 1980 BWR decommissioning study (NUREG/CR-0672). In this way, it is
possible to make direct comparisons of the various portions of the decom-
missioning cost and ORE estimates, to see which portions are significantly
different and what causes the differences. This contract was initiated in
mid-1987, and a draft report was received from TLG in February 1988, with the
fina) revisions to the final report submitted in June 1989. To assure the
reader would have a balanced perspective to tne comparative studies, PNL
provided draft copies of its report to TILG for review and comment. TLG
comments were provided to the NRC in March 1990 (LaGuardia 1990). In turn,
selgcteg]construct!ve TLG comments were incorporated into this report, where
applicable.

The decommissioning study delineated n NUREG/CR-0672 was performed for
the NRC by PNL to conceptually decommission a present-generation BWR power
station. The primary purpose of the original study was to provide informa-
tion on the availahle technology, the safety considerations, and the probable
costs for the decommissioning of a large BWR power station at the end of its
operating 1ife. This information was intended fer use as background data and
bases in the modification of existing regulations and in the development of
new regulations pertaining to decommissioning activities., [t was also
intended for use by licensees in planning for the decommissioning of their
nuciear power stations.

Orig1n|1 NRC guidance on decommissioning was provided in the form of the
June 1974 issue of Regulatory Guide 1.86 (NRC 1974). R. G. 1.86 defines four
decommissioning alternatives acceptable tn the NRC, including prowpt removal/
dismantling, mothballing, entombment, and conversion. and that terminology
was used throughout the TLG report. However, the NRC uses new terminology in
the Decommissioning Rule for the first three alternatives (the Rule does not
consider conversion as a true decommissioning alternative and it is no longer
referred to). In the Rule, prompt remova)/dismantling is referred to as the
DECON alternative, mothballing is referred to as SAFSTOR, and entombment is
referred to as ENTOMB, Because the R. G. 1.86 terms and the newer Rule terms
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are so similar, the more recet.. NRC terminology i1s used in this addendum when
making comparisons between the TLG report and NUREG/CR-0672.

Dismantiement, efther immediate or after an extended safe storage
period, permits terminelion of the owner’'s reactor operating license. Safe
storage and entombment require the continuance of an amended version of the
license and are not recessarily complete modes. The amended operating
license, allowing the licensee to possess but not operate the facility, is
termed a "possession-only" license (NRC 1974). A comparison of the summar
descriptions of each of these alternatives as considered in the PNL and TL
studies 1s presented in Table 1.1.

The comparison made in this report examines only the DECON (immediate
dismantlement) mode of decommissioning, since the SAFSTOR (safe storage) and
ENTOMB (entombment) analyses are, basically, outgrowths of the DECON analy-
sis. This comparison is further restructured to consideration of only the
scenario wherein the owner (utility) employs a decommissioning operations
contractor (DOC) to accomplish the actual do.ommissioning.

Foliowing this introduction, & summary of the information and findings
resulting from this analysis is presented in Chapter 2. Chapter 3 contains
the supporting information associated with updating the NUREG/CR-0672 cost
estimates to mid-1987 (July-August) dollars. A summary of the results of the
TLG study is presented in Chapter 4. The analysis performed to determine the
differences between the two decommissioning studies on the same BWR and the
conclusions reached from that analysis are presented in Chagter 5. Support-
ing information for the PNL cost updating bases and methodology is provided
in Appendix A.
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TABLE 1.1.

the PNL and TLG Studies

Characteristics of the Decommissioning Alternatives Considered in

Recommigsioning Altertatives Daed by PNL engd TLG

PN Sty

® DECON (Immecliate D)wmart ement):

The station is deconteninated e the redionctive
moter ials are removes. Upan oampletion, the nules!
ligerse is termivaiod and the property (s relessed
for unrestricted use, The dSanclition and removel of
uncontemineter structures and site restoration is
not inel uded,

SAFSTOR (Sefe Storage with Delayed Dismant \ement):

The radionctive moteriale ol contaminated areas ore
decontaminated or secured and the structures ar
oquipment are maintained as necessery to ersure the
protection of the public from the ~esidusl radic:
setivity, During the period of sefe storepe, use of
the property remaing Limited by the ruclear |icerse,
Eventupl digmant lement (s necessary 1 unrestricted
relense andd [icerme termination is desired,

ENTOMB (Entambment ):

The redicact ive materinls ardd conteminated oreas are
decontamineted and the nonreleasable mater fnls sre
confined within o monolithic structure that provides
integrity 1o ensure the protection of the public
from the entombed racionctivity for o time period of
sutficient length to permit the decay of the radio-
petivity to unrestricted retesse levels, During

the period of entambment, the property s mainteined
os necessary anct remaing restricted in use by the
muclear [icense, Two postuleted entombment
scenerios are considered: 1) entomdment with the
renctor vessel internals removed, arel 2) entomtment
with the reactor vessel internals in place,

106 Sty

Pt Removel/Digmentiing) of e power
reattor consists of removing from the site all fuel
srpenbl s and source material, radicactive fission
ondd corrosion prooucts, end ell other radiosctive
moterinls having sctivities sbove releese Limits,
The facility omerator mey then have unrestricted
use of the sity with o reguirement for o |icense.
This scenario is delineated in the rule on
gecommiss loning {ssuet by the Nueisar Regulatory
Commission (NRC) "General Requ' rements for
Decommissioning Nucieer Faeilities." This study
further sssumes thet the remainder of the resctor
facility will be dismantied and oll vestiges
removed. The site is then restored anc mudie
svailable for elternative use.

nmn_mmm_\_mmm.glmum Blso
consists of placing and maintaining the facility

in protective storpge, Fuel and source matorisl
i removes from the site, Initial mothbell
operations consist of generel plant
decontainination, radiation surveys, processing and
the disposel of redicactive waste materials,
securing & possession-only license, and
implement ing security, survelllence and meintenance
plans for the deloy period. Deleyed disment!|ing
sctivities are initiated after the dormancy period
ored are basically those described for the DECON
elternative, resulting in the restoration and
release of the site for alternative use.

gm?‘ gesgwg with Qﬂq_‘g %]m;mm
consists placing the facility into protective

storege, with the reactor vesse! internals in
place. AlLL fuel and source material s removed
from the site, Initial sctivities consist of
removing from the site gl contaminated components,
systens argd structures outside the designated
entambment boundary and sealing the remaining
radicactivity within an entombment structure
(uswally the messive, concrete centrol portion of
the containment or reacto: building), This
strcture provides for isolation of the entire
racicactive inventory on the site during the delay
period, Additional sctivities involve the securing
of a possession-only license, ant the implementa-
tion ot security and surveillance plans for the
delay period, Delsyed dismantling activities are
fnitietedt after the delay or dormancy period and
consist of radietion surveys, removal of the
entombment structure and meterials within it,
procesying and the disposal of any remaining solid
ond Liguio radiocactive wastes fol lowed by the
restoretion and release of the site os described in
the DECON alternative,



2.0 SUMMARY

The results of this study to compare a previous decommissioning cost
study by Pacific Northwest Laboratory (PNL), NUREG/CR-0672 (Oak et al. 1980),
and a recent decommissioning cost study by TLG Engineering, Inc. (TLG 1989)
for the same (except for possible differences in postulated plant equipment
inventories between the two decommissioning analyses) commercial nuclear
power reactor station are summarized in this chapter. The purpose of this
comparative analysis on the same plant, Washington Public Power Supply Sys-
tem's Unit 2 (WNP-2), is to determine the reasons why subsequent estimates
for similar pleais by others were significantly higher 1n cost and externa)
occupational radiation exposure (ORE) than the PNL study. The U.S. Nuclear
Regulatory Commission (NRC) sponsored this work.

The primary purpose of the originel study by PNL was to provide infor-
mation on the available technology, the safety considerations, and the prob-
able costs and ORE for the decommissioning of a large boiling water reacter
(BWR) power station at the end of its operating 1ife, This information was
intended for use as background data and bases in the modification of existing
regulations and in the development of new regulations pertaining to decommis-
sioning activities., It was also intended for use by utilities in planning
for the decommissioning of their nuclear power stations,

This summary is organized as follows. The study approach is presented
in Section 2.1, Section 2.2 contains the results of the updeted PNL study.
The results of the TLG study are summarized in Section 2.3. A summary of the
results of the comparison between the two studies is presented in Sec-
tion 2.4. Areas of agreement and disagreement are identified, and reasons
for the areas of disagreement are briefly discussed, with more compiete
discussions presented in Chapter 5.

2.1 STUDY APPROACH

With the exception of some possible differences in plant equipment
inventories between 1980 and 1987, common grounds (e.g., WNP-2 drawings and
inventory documents, rates for shipping radioactive wastes, base burial
costs, etc.) provided the bases for the reference plant study by PNL and the
site-specific study by TLG. The costs reported in each study are examined
and tabulated for the DECON (immediate dismantlement) decommissioning alter-
native and escalated to a common base of mid-1987 dollars to provide a rea-
sonable comparison. The areas of agreement and disagreement concerning
decommissioning costs and ORE reported by both studies are then identified,
clarified where possible, and the various factors that contribute to the
differences are discussed.

2.2 RESULTS OF THE UPDATED PNL _STUDY

Because of rising costs and a changing regulalory climate, the NUREG/CR-

0672 (Oak et al. 1980) reference plant cost estimates, originally developed
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in 1978 dollars, were updated to reflect 1984 cost conditions in a report
progared by PNL for the Electric Power Research Institute (Smith et al.

198 4. Using the new cost estimates as a base, revised cost estimates were
developed for severa)l alternatives identified to increase decommissioning
costs, including: predecommissioning engineering; edditional staff to assure
meeting the 5 rem/year dose 1imit for personnel; extra supplies for the addi-
tional staff; and the additional costs associated with the option of using a
decommissioning operations contractor (DOC) external to the utility organi-
zation to conduct the decommissioning effort,

In addition to the EPR] cost update, three addendums (Molter and Murpny
1983, Hur:hy 1984; Konzek and Smith 1988) to the original BWR report (NUREG/
CR-0672) have been prepared. The first addendum examined the effects on
costs and safety of decommissioning plants of be1n? unable to dispose of
wastes offsite. The second addendum presented a classification of the wastes
resulting from decommissioning. The third addendum examined pertinent topics
in support of the Final Generic Environmental Impact Statement on Decommis-
sioning and the final Decommissioning Rule, including assessing the cost and
dose impacts of post-TMI-2 backfits and developing a revised scaling formula
for plants different in size than the reference plant, and an escalation
formula for adjusting current cost estimates for future escalation. Inferma-
tion from these addenda useful to this analysis 1s incorporated into these
updated study results,

The pertinent cost ad%ustment factors used to update the decommissioning
costs for the reference BWR to an August 1987 cost base for this study are
described in detail in Appendix A of this report.

The varifous cost items for the utiI1ty-plus-decommiss$oning operations
contractor (DOC) approach are separated into utility costs and DOC costs in
Table 2.1 for comparison with the costs for the utility-only approach, which
are also shown, A 15% fee is applied to all DOC costs. The utility-DOC
approach for immediate dismantloment of the BWR increases the total decom-
missioning cost by about 27%, to about $138 million. This total does not
include any incentive or bonus payments that might be negotiated for an
undertaking of this magnitude,

The accumulated ORE impact associated with implementation of the post-
TMI-2 requirements is estimated to be 3.1 man-rem, raising the total ORE for
immediate dismantlement of *he reference BWR to about 1889 man-rem. The
accumulated disposal volume of radioactive waste associated with imp]nmenta-
tion of the post-TMI-2 requirements is estimated to be about 36 m?, raising
the total dispgsa\ volume of radicactive waste for immediate dismant)lement to
about 18,975 m*,

2.3 RESULTS OF THE TLE TTUDY

A site-specific cost estimate was prepared for WNP-2 by TLG (1989). The
methodology used to develop the cost estimates follows the basic approach
origina)ly presented in Marmon and LaGuardia (1976 and 1980) and LaGuardia
(1986). The TLG study examines DECON (prompt removal/dismantling) for two
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JABLE 2.1, Summary of PN. Estimeted Costs for Immediate Dismant)ement
of the keference BWR Using the Utility-Only Approach or
the Utility-DOC Approach

o Cost Catesory Wﬁ%

Radioactive Materia)l Disposal 32.782 32.782

Shipping Containers 6.522 .- 6.522
Staff Labor 32.230 7.831 28,125
Energy 6.000 6.000

Special Equipment 3.347 .o 3.347
Miscellaneous Supplies 3.249 .- 3.249
Specialty Contractors 0.59] .- 0.591
Nuclear Insurance 1.626 1.626

Licensing Fees 0.123 0.123

Mobilization and Demobilization — 1. 3 2,038
Subtotals, Utility-DOC Costs . 48,362 53.872
Total DOC Fee (15%) e ’e 8.08]
Total, DOC Costs 61.953
Subtotal 86.470 110,316
Contingency (25%) -21.618 21,519
Totals, DECON Costs 108,088 137.894

(a) Costs adjusted to August 1987,
(b) Number of figures shown is for computational accuracy and doss
not imply precision to the nearest thousand dollars,
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alternatives concerning management of the decommissioning programs. The TLG
report states: "In the base case, the licensee uses a in the decommis-
stoning of WNP-2. It s assum.d t?a} the DOC provides sufficient staff to
perform the preparatory demolition'®) planning and scheduling and manage the
demolition efforts., Site securit durln? demolition is provided by the
licensee or its subcontractor. The demolition work is performed by the DOC
or a demolition subcontractor who will provide adequate staff, labor, equip-
ment, materials and overhead to complete the demolition. As an alternative,
the decommissioning grogaams were reanalyzed with the premise that the
aagegsee performed the DOC furction--1.e., the licensee operated as 1ts own

The TLG study provides a breakdown, comprised of three periods, of the
basic activities necessary for a demolition/site-restoration scenario:

e Period 1 - Preparations
o Period 2 - Decommissioning Operations ancd License Termination
e Period 3 - Site Restoration,

Although not required for license termination, it was assumed in the TLG
analyses of the DECON alternatives during Period 3 that the remainder of the
reactor facility was dismantled and al) vestiges were removed. It was fur-
ther assumed thal the site was restored b{ regrading the site to conform to
the adjacent landscape and thus made available for alternative use.

The total projected cost of dismantling the WNP-2 facility for the DECON
alternative in the base case scenario (1.e., licensee and decommissioning
operations contractor or DOC) is about $261.2 million (1987 dollars), and the
cost of DECON in the reanalyzed case (1.e., licensee acting as its own DOC)
is estimated to cost about $262.7 million (1987 dollars).

In the TLG stury, approximately $190.1 million of the $281.2 million
total projected cost of DECON (base case) is directly attributable to the
engineering and planning for and the actual disposition of the residual
radioactivity in the WNP-2 facility.

The TLG study points out, however, that a direct accounting of only
these costs 1s not entirely accurate in portraying the actual cost of "decom-
missioning" as defined by the NRC, and that consideration must also be given
to the methods of executing the decontamination processes as well as "cascad-
irq costs.” The TLG study defines cascading costs as the costs associated
with the removal of noncontaminated and releasable material in support of the
decommissioning process. The TLG study further states that it is estimatec
that about $11.3 million in cascading costs will be incurred in the decommis-
sfioning process for the licensee to meet the intent of the NRU's definition

(a) Demolition as used here appears to include some license termination
activities encompassed in Periods 1 and 2 as well as nonlicense-related
demolition and site restoration activities during Period 3.
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of decommissioning, resulting in a total DECON cost of $201.5 million., A
summary listing from the TLG study for license termination, including cascad-
ing costs, for DECON (base case) 1s shown in Table 2.2,

The projected ORE for either «f the DECON alternatives is 3777 man-rem.
The estimated radioactive waste volume generated during DECON is approxi-
mately 24,489 cubic meters. The waste volume attributed to DECON is pri-
marily generaced over a 48-month period.

JABLE 2.2. License Termination Including Cascading Costs from the
TLG Study for the DECON (base case) Mode

Millions ]2%2} ,
otal

Total Cost
Direct Cost for Decom- Including
License Cascading missioning Demolition/
Period Number Ot ~.Restoration
1(3) 15.971 0.0 16,97 15.971
2(b) 135,802 9.078 144 880 144,880
3(c) 0329 0.000 0,329 64,117
Subtotal 152.102 9.078 161.180 224,968
25% Contingency .38.026 _2.269 40,295 _56.242
Total 190.128 11.347 201.47% 281.210

(a) Preparations.
ib) Decommissioning Operations and License Termination,
¢) Site Restoration.

2.4 RESULTS OF THE COMPARISON BETWEEN THE TWQ STUDIES

This section contains the results of the comparison between the ref-
erence plant study by PNL (Oak et al. 1980) and the site-specific study by
TLG (TLG 1989) for the same (except for possible differences in postulated
plant equipment inventories between the two decommissioning analyses) commer-
cial nuclear reactor power station, WNP-2, a BWR. The results of the com-
parison are based on examination and analyses of the DECON alternative (im-
mediate dismantlement), with a utility plus decommissioning operations con-
tractor (DOC) organizational structure.

The PNL cost estimate and the TLG cost estimate are compared in
Table 2.3, in the same breakdown of cost components and in the same-year
dollars (1987). Examination of Table 2.3 shows that the principal reason for
the difference between the two estimates for the same plant is due to the

2.5
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IABLE 4.1. Summary of DECON Costs (1icensee and DOC)(2)

Calendar Cost

—Lost Category Period ~lear . {
Preparations 1 2022 0.077
2023 1.002
2024 3.128
2025 15.787
Subtotal 19.964
Decommissioning Activities 2 2025 4.679
2026 56.150
2027 56.150
2028 56.150
2029 _1.970
Subtotal 181.099
Structure Demoiition 3 2029 26.636
2030 31.042
2031 22.469
Subtotal _80.147
Total c0l1,210

(a) A1l costs include a 25% contingency.

TABLE 4.2. Summary of DECON Costs (licensee as DoC)(2)

Calendar Cost
Lost Category Period year _ (millions 1987%)

Preparations 1 2022 0.066
2023 0.861
2024 ¢.770

2025 14.437
Subtotal 18.134
Decommissioning Activities 2 2025 4.413
2026 52.954
2027 52.954

2028 52.954
2029 7.517

Subtotal 170,792
Structure Demolition 3 2029 24,507
2030 28.560
2031 20.672

Subtotal 73.73
Total 262.666

(a) All costs include a 25% contingency.
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TABLE 4.4. Schedule for DECON from the TLG Study

Incremental Cumulative
Period Begin Date ~Months __ ~Months _
1 Pre-Shutdown 01-Dec-2022 24,02 24.02
1 Post-Shutdown 01-Dec-2024 11.99 36.01
2 Pre-NSSS Removal 01-Dec-2025 8.38 44.39
2 NSSS Removal 13-Aug-2026 18.10 62.49
2 Post-NSSS Removal 15-Feb-2028 12.22 74.71
License Termination
3 RB Demolition 21-reb-2029 30.19 104.60
3 Post-RB Demolition 29-Aug-2031 0.79 105.69
End of Preject 22-Sep-203] .-

4.4 RADIOACTIVE WASTE VOLUME

The estimated radicactive waste volume generated during DECON is shown
in Table 4.5. It can be seen from this table that approximately 24,489 m
{32,030 y°) of material are generated. This waste volume attributed to DECON
is primarily generated over a 48-month period. Waste volumes are quantified
consistent with 10 CFR 61 classifications. The waste volumes shown in the
table are calculated based on the gross container volume to be shipped and
buried in controlled buria) grounds. Commercially available steel containers
with external dimensions measuring 4 ft x 4 ft x 8 ft are used in the TLG
study for piping, small components, and concrete.

The reactor vessel and internals are categorized as large-quantity ship-
ments and are shipped in reusable shielded casks with disposable liners., The
Yiner volume is taken as the waste volume.

TABLE 4.5. Radioactive Waste Burial Volumes for DECON from the TLG Study

_Mode  Waste Class volume, m
DECON A 23,702.5
¢ 603.7

>C 183.0

Total 34,4802
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This chapter contains the results of the comparison between the ref-
erence plant study by PNL (Oak et al, 1980) and the site-specific study by
TLG Engineering, Inc. (TLG 1989) for the same commercial nuclear reactor
power station, Washington Public Power Supply System’s Unit 2 (WNP-2), a
boiling water reactor (BWR). With the exceptions of some possible dif-
ferences ‘n plant equipment inventories between 1980 and 1987 and postulated
transport distances, common grounds (e.g., WNP-2 drawings and inventory docu-
ments, rates for shipping radioective wastes, base burial costs, etc.) pro-
vided the bases for both studies. This comparison focuses on the DECON
alternative (immediate dismantlement), with a utility-plus-decommissioning
operations contractor (DOC) organizational structure. All costs are on a
common base of mid-1987 dollars to provide a reasonable comparison,

The cost and occupational radiation exposure (ORE) estimates in both
studies are based on their respective assumptions, The assumptions are the
keys to a proper understanding of the methods ard limitations of the esti-
mates in both studies. A knowledge of the differences in assumptions is
necessary before comparisons can reasonably be made between the two studies.
Such differences are clearly identified in this chapter, where appropriate.

Areas of agreement and disagreement concerning decommissioning costs and
ORE reported by both studies are identified. Areas of disaqreement are clar-
ified where possible, and the various factors that contribute to these dis-
agreements are discussed. It should be recognized that, within selected
requirements common to the overall decommissioning project, there are aspects
of those common requirements in which both areas of agreement as well as
disagreement could be expected. For example, in the area of planning and
preparation there are commonalities as well as differences between the
studies; both will be discussed in subsequent sections.

§.1 AREAS OF REASONABLE AGREEMENT

Although both the PNL study and the TLG study are separate and distinct
studies examining the same BWR, there are a number of areas of commonality.
Subsequent sections provide information on the areas of reasonable agreement
associated with the DECON alternative, in the following order:

e planning and preparation
s decontamination of systems
¢ nuclear liability insurance

¢ plant energy budget

8.1
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5.1.3. Nuclear Liability Insurance

The costs for nuclear 1iability insurance (NLI) durin
ably comparable between the two studies, The costs for NL

NUREG/CR-0672 for an assumed policy 1imit of $160 million carried through the

DECON are reason-
are estimated in

decommissioning period and are shown in Table 5.1. The total estimated cost
for NL1 is about $1.63 million, which represents a little more than 1.5% of

the total DECON cost.

The costs for NLI during prompt dismantlement are estimated in the TLG
study through three decommissioning periods and are shown in Table 5.2,

TABLE 5.1. Estimated Costs for Nuclear L1a?:lity Insurance

During DECON from the PNL Study

Year After Shutdown Estimated Premium ($ theusands) (P!
1 357
2 476
3 476
- - 317
Total 1626

(a) Persona! Communication: Letter from Maura Labriola,
American Nuclear insurers, to G. J. Konzek, Battelle-

Northwest, June 8, 1988.
(b) The costs shown do not include contingency.

TABLE 5.2. Estimated Costs for Nuclear Lia?i]iiy Insurance

During DECON from the TLG Study\d
-, Period Estimated Premium ($ thousands)(b)
1 - Preparations 309
2 - Decom. Activities 1365
3 - Structure Demoiition 228
Total 1902

(a) Source: WPPSS data, adjusted by TLG per information from

American Nuclear Insurers.
(b) The costs shown do not include contingency.
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o« estimating methodology

o decommissioning staffing

¢ decontamination of systems

e work difficulty factors

e cascading costs

s radioactive waste volume

¢ occupational radiation exposures

e radioactive waste transport costs.

Differences in tne estimated costs and occupational radiation exposure {ORE)
between the two studies arc examined in these selected areas for the DECON
alternative, assuming the utility-plus-DOC organizational structure.

5.2.1 Estimating Methodology

The PNL study and the TLG study each use variations of the same basic
methods for determining the engineering cost and occupational radiation
exposure estimates for DECON. Selected examples of the results of using
these different variations are briefly described below,

5.2.1.1 Development of Occupational Radiation Exposure . d fudineering
Lost Estimates

The PNL study was based on task-by-task analyses of the activities, ORE,
and costs needed to decommission the reference BWR. Varying levels of dif-
ficuity (which are not documented in the report) and varying dose rates
throughout the facility were reflected throughout the analyses. The attempt
was made to optimize the decommissioning tasks under consideration. After an
inventory of all items in the facility was performed, the ORE and cost for
decontamination, removal, and packaging individual items and systems were
calculated and summed. The study based its ORE estimates on detailed
analyses of personnel exposure hours and expected radiation dose rates asso-
ciated with each task. The expected radiation dose rates varied in the
study depending upon the system and/or component and upon the time after
reactor shutdown, and were based on composite dose rate maps drawn from seven
operable BWRs (Oak et al. 1980, Appendix D).

TLG performed a detailed task-by-task analysis using a unit cost factor
approach to identify tha doses and costs associated with the decontamination,
removal, and packaging for given types of material and equipment in the ref-
erence BWR (LaGuardia 1990). Constant dose rates were applied to all worker
hours assigned to a given system and over all tasks associrated with that

$.9






The positions identified within each of these groups, the fully-burdened
annual salary rates, the number of man-years per position, and the cumulative
staff labor cost for each pesition are presented in Table 5.3. The positions
that are common to both studies are listed on the left side of the table,
Positions that are unique to the TLG study are listed to the right in the
table. Comparisons of the staffing estimates for each of the three groups
(utility overhead, DOC overhead, and DOC dedicated workers) are discussed in
the following sections.

§.2.2.1 Utility and DOC Overhead Staffing Comparisons

The postulated overhead staffing levels from each study and their
approximate distributions in time over the pre-license termination period
(TLG periods 1 and 2) are illustrated in Figure 5.1.

For the utility staff that is commen to both studies, the TLG study
postulates about 1.5 times as many man-years as the PNL study, and has an
additional ?roup of utility staff that (by itself) exceeds the total utility
staff postulated by PNL by more than a factor of 1.3, As a result, the total
cost for utility staff in the TLG study is about 3.5 times larger than in the
PNL stuiv, A significant contributor to this difference was the TLG assump-
tion that the security forces were kept at the same size throughout the pre-
license termination period, while the PNl c<tudv reduced the security force to
a minimal industrial security level as soon as .he spent fuel was removed
from the site. This difference in assumptions accounts for about 25% of the
difference in the utility staff man-years. The largest contribution to the
difference in utility staff comes from the additional supervisors (9), the
additional engineers (9), the force of additional operators (12), and the
team of craftsmen and laborers (32) that appear on the TLG-post:lated utility
staff and that are not included in the PNL-postulated utility staff.

A similar situation exists for the uverhead staff assigned to the DOC.
For those DOC staff that were common to both studies, the longer pre-license
termination period postulated by TLG resu’ted in nearly 1.5 times as many
man-years for those staff as did the PNL study. The larger total DOC staff
postulated in the TLG study resulted in about 352 man-years being expended by
the DOC staff. However, differences in the assumed charge-out rates for the
various staff positions between the two studies tend to reduce the magnitude
of the cost difference due to the difference in staff size and activity dura-
tion. As a result, the estimated DOC overhead staff labor cost for the TLG
study was only about 30% greater than that estimated in the PNL study, even
though TLG estimated nearly twice as many man-years as did PNL.

The total utility and DOC overhead staffing was 354 5 man-years for the

PNL study and 836.6 man-years for the TLG study, with corresponding labor
costs of $23.7 million and $46.3 million, respectively.

9.7
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FIGURE 5.1. Time Distribution of Postulated Utility and DOC Overhead Staff

5.2.2.2 Dedicated Decommissioning Worker Comparisons

In the area of dedicated decommissioning workers, the PNL study esti-
mated about 390 man-years of effort by the hands-on workers and their
immediate supervision. The TLG study estimated about 566 man-years for the
same group. The approximate dedicated worker staffing levels from each study
and their distribution in time over the pre-license termination period are
illustrated in Figure 5.2. The differences between these estimates are
attributable to three principal causes. First, the difference in approaches
to decontaminating the various piping and equipment systems (discussed in
Section 5.2.3) resulted in the TLG analysis expending at least 34 more man-
years to perform those system decontaminations than did the PNL analysis. A
second contributor to the difference in dedicated worker man-years is that,

| in the TLG analysis, all of the clean piping and equipment, etc., was removed

| during the pre-license termination period, while in the PNL analysis, that

| material was left in place within the decontaminated structures for removal

| by the demolition contractor later. As discussed previously in Sec-
tion 5.2.1.2, the removal of the non-cascading uncontaminated materials
resulted in an additional 68 man-years being assigned to the pre-license
termination period in the TLG study. A third contributor to the difference
in dedicated worker man-years (about 45 man-years) is attributed to dif-
ferences in application of the various work difficulty factors for the
various tasks, as discussed in Section 5.2.4.
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