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ABSTRACI

This study presents the results of a comparison of a previous decommis-
sioning cost study by Pacific Northwest Laboratory (PNL) and a recent decom-
missioning cost study by TLG Engineering, Inc., for the same commercial

.

nuclear power reactor station. The purpose of this comparative analysis on
'

the same plant 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 life. 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, initiated in 1987 and completed in 1989, was for the same
plant, Washington Public 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 t.re identified, and reasons for the areas of disagreement
are discussed. l

!

l,

i i i

,

s - --.n . - . , - - , , , ,.,,,,,n. -..,,a,,,- ---, ---, . . , - -, - - - - . - - A



_ - - . .. _
. . _ _ _ _ _ _ __.

FOREWORD
BY

NUCLEAR REGULATORY COMMISSION STAFF

The Nuclear Regulatory Commission (NRC) t; s issued regulations related
to the decommissioning of nuclear fccilities. 1 As part of this activity,
the NRC initiated two series of studies through technical assistance con-
tracts. These coh.racts were undertaken to develop information to support
the preparation of new standards covering decommissioning.

lhe first series of studies covers the tggh ogy, safety, and costs of
decommissioning reference nuclear facilities. b g?Light water reactors
(LWRs) and fuel-cycle and non-fuel-cycle facilities were included. Facil-
ities of current design on typical sites were selected for the studies.
Separate reports were prepared as the studies of the various facilities were
completed.

The second series of studies e '' e decom-
missioningofnuclearfacilities.(gvgssupportinginformatF) This series inc1"' ited
bibliography on decommissioning and studies on facilitat L.i . ,,

survey methods appropriate for decommissioning, as well as t4n examination of
regulations applicable to decommissioning.

This report contains information concerning a comparison of two decom-
missioning cost estimates developed for the same commercial nuclear reactor
power station, prepared by two independem entities.

The infocmation provided in this report on decommissioning of a ref-
crence BWR, including any comments, will be included in thc record for
consideration by the Commission in establishing criteria and new standards
for decommis;ioning. Comments on this report should be mailed to:

Chirf
Radiation and llealth Effects Branch
Division of Regulatory Applications
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
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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 decam-

,

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 is to determine the reasons why subse-
quent estimates for similar plants by others were significantly higher in
cost and external occupational radiation exposure (ORE) than the estimates
derived in NUREG/CR 0672.

At the direction of the U.S. Nuclear Regulatory Commission (NRC), Pact-
fic Northwest Laboratory (PNL) contracted with TLG Engineering, Inc. (TLG) to
have TLG prepare a decommissioning cost estimate for the same reference
plant, Washington Pubile Power Supply System'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
final revisions to the final report submitted in June 1989. To assure the
reader would have a balt.nced perspective to the comparative studies, PNL
provided draft copies of its report to TLG for review and comment. TLG
comments were provided to the NRC in March 1990 (LaGuardia 1990). In turn,

selected constructive TLG comments were incorporated into this report, where
applicable.

The decommissioning study delineated in 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 available technology, the safety consideratione, and the probable
costs for the decommissioning of a large BWR power station at the end of its
operating life. 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. 'It was also
intended for use by licensees in planning for the decommissioning of their
nuclear power stations.

Original NRC guidt.nce 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 in the NRC, including prompt removal /
dismantling, mothballing, entombment, and conversion and that terminology

.

was used throughout the TLG resort. However, the NRC uses new terminology in
the Decommissioning Rule for tie 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 removal / dismantling is referred to as the
DECON alternative, mothballing is referred to as SAFSTOR, and entombment is
referred to as EN10MB. Because the R. G. 1.86 terms and the newer Rule terms

1.1
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are so similar, the more recet.. NRC terminology is used in this addendum when
making comparisons between the TLG report and NUREG/CR 0672.

Dismantlement, either immediate or after an extended safe storage
period, permits termination of the owner's reactor operating license. Safe
storage and entombment require the continuance of an amended version of the
license and are not necessarily 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 summary
descriptions of each of these alternatives as considered in the PNL and TLG
studies is 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 accortplish the actual dcommissioning.

Following this introduction, a 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
estimatestomid-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 Chapter 5. Support-
ing information for the PNL cost updating bases and methodology is provided
in Appendix A.
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TABLE 1.1. Characteristics of the Decomissioning Alternatives Considered in
the PNL and TLG Studies

MMtsloMrg uttrnntivtmtx1 by tu and TM*

rM3tvlt_ , MC St*

* DECON (Inzwdlate Distmtlerunt): * MCON th ort _hevel/Dismonttire) of a rmer
reactor ecmists of removing f rca the site all fuel

The station is deconteminated ard the radioactive esswtslies and source material, radioactive fission
meteriels are renoved, Upon canpletion, the nuclear ard corrocicri procbets, ard all other radioactive
license is terminated and the pecperty is released materials having activities alove release limits.
for mrestricted use. The donolition and renovel cf The f acility ocerator may then have unrestricted
mcontatinated stru:tures and site restoration is use of the sits with ro rt<pirenent for a license.
ret inclWed. This scenario is dellreeted in the rule on

deconrnissioning issued by the Nuclear Regulatory
Cormission (WRC) HGeneral Pequirerets for
Decanissioning Wuclear Facilitiet." This sttdy
further assmes that the remainder of the reactor
f acility will be dismontled ard all vestiges
removed. The site is then restored ard made
evallable for alternative use.

* $MSTOR ($efe $torage with Delayed Dismantlenent):
e 54510e (Mothteit with Delayed Dismatinl1 also

the redloactive materials and contaminated areas are consists of placing ard meintainirg the f acility
decontaminated or secured ard the structures ard in protective storage. Fuel and source esteriet
equigrnent are mnintained as recessary to ersure the is renoved frca the sitt. Inittel nothball
protection of the public f rom the aesicbal radio- operations consist of general plant
activity. During the period of safe storage, use of decontamination, radiation surveys, processing and
the property remains limited by the nuclear literse. the disposal of radioactive waste materlels,
tventual dismnntlenent is recessary if unrestricted securing a possession-only license, ard
release and licerne termination is desired. leplementing security, suheillance ord meintenance

plars for the deley period. Delayed dir. mantling
activities are initiated efter the dormancy period

ard are basically those described for the DECON
alternative, resulting in the restoration ard
release of the site f or alternative use.

* th1CNB (Entahent):
e tnt 0MB (Intertment with Delevt;Lplomontlinal

the radioactive materials and contaminated areas are consists of placing the f acility into protective
decontanineted ard the nonreleasable materials are storage, with the reactor vessel internals in
confined within a nonolithic structure that provides place. Alt fuel ard source material is removed
integrity lo ersure the protection of the gublic from the site. Initial activities corsist of
frce the entcarted radioactivity for a time period of removing f rom the site all contaminated cuyonents,
suf ficient tergth to permit the decay of the radio * systenes ard structures outside the designated
activity to unrestricted rettese levels. During entantrent botedary ard seeling the remaining
the seriod of entontrwnt, the property is maintained radioactivity within an entornbment structure
as necessary and remains restricted in use by the (usually the nessive, concrete central portion of
ruclear licerse. Two postulated enturistent the contairvnent or reactor tullding). This
scenarios are considered: 1) entactrent with the structure provides for isolation of the entire
reactor vessel internets rmoved, and 2) enteritrnent radioactive inventory on the site during the delay
with the reactor vessel internals in place. period. Additional activities involve the securing

of a possession only licerse, ard the inplene-to-
tion of secuelty and surveillance plans f or the
delay period. Delayed dismantling activities are
initiated af ter the delay or cormancy period and

I consist of radiation surveys, removal of the
; entomtinent structure and materials within it,
' proces ing and the disposal of any remaining solid

ard liquia radioactive wastes followed by the
restorstion and release of the site as described in
the DICON alternntive.
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i The results of this study to compare a previous decommissioning cost
study by Pacific Northwest Laboratory (PNL), NUREG/CR 0672 (0ak 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 chipter. 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 pluss by others were significantly higher in cost and external
occupational radiation exposure (ORE) than the PNL study. The U.S. Nuclear
Regulatory Commission (NRC) sponsored this work.

The primary purpose of the original 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 reactor
(BWR) power station at the end of its operating life. 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 updated 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 complete
discussions presented in Chapter 5.

2.1 STUDY APPROACJJ

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 regulatory climate, the NUREG/CR-
,

0672 (Oak et al.1980) reference plant cost estimates, originally developed '

2.1
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1 in 1978 dollars, were updated to reflect 1984 cost conditions in a report
prepared by PNL for the Electric Power Research Institute (Smith et al.
1985). Using the new cost estimates as a base, revised cost estimates were
developed for several alternatives identified to increase decommissioning
costs, including: predecommissioning engineering; additional staff to assure
meeting the 5 rem / year dose limit 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-

1 zation to conduct the decommissioning effort.
|In addition to the EPRI cost update, three addendums (Holter and Murphy

1983; Murphy 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 being 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 and4

j 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. Informa-
tion from these addenda useful to this analysis is incorporated into these
updated study results.

4

The pertinent cost adjustment 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 various cost items for the utility plus-decommissioning 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 dismantlement 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-
.

THI-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 jmplementa-tion of the post-TMI 2 requirements is estimated to be about 36 m , raising
the total dispgsal volume of radioactive waste for immediate dismantlement to4

about 18,975 m*.

2.3 RESULTS Of TE TlG 2TUDY

| A site-specific cost estimate was prepared for WNP 2 by TLG (1989). The
j methodology used to develop the cost estimates follows the basic approach

originally presented in Manion and LaGuardia (1976 and 1980) and LaGuardia
.

(1986). The TLG study examines DECON (prompt removal / dismantling) for two

2.2
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TABLE 2.1. Summary of PNL Estimated Costs for immediate Dismantlement
of the Reference 8WR Using the Utility-Only Approach or
the Utility DOC Approach

L[illma_ted Cost (millions 196111 bbli
4

Cost Cateaory Utility Only ULjlity-DOC.

Radioactive Material Disposal 32.782 32.782 --

Shipping Containers 6.522 6.522--

Staff Labor 32.230 7.831 38.125

Energy 6.000 6.000 1
-

Special Equipment 3.347 3.347--

,

Miscellaneous Supplies 3.249 3.249-

Specialty Contractors 0.591 0.591--

Nuclear Insurance 1.626 1.626 --

Licensing fees 0.123 0.123 --

Mobilization and Demobilization _ 2.010--

Subtotals, Utility DOC Costs 48.362 53.872--

Total DOC Fee (15%) 8.081-- --

Total. 00(_Cg111 61.953

Suhlalal 86.470 110.315

[ontinaency (25%) _Zlakl0 27.519

Totals, DECON Costs 108.088 137.894

(a) Costs adjusted to'~5ugust 1987.
(b) Number of figures shown is for computational accuracy and does

not imply precision to the nearest thousand dollars.

l.
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alternatives concerning management of the decommissioning programs. The TLG'

report states: "In the base ca',e, the licensee uses a DOC in the decommis-
sioning of WNP 2. It is assum'd that the DOC provides sufficient staff to
perform the preparatory demolitiontal planning and scheduling and manage the
demolition efforts. Site security during demolition is provided by the
licensee or its subcontractor. The demolition work is performed by the DOC
or a demolition subcontractor who will providc adequate staff, labor, equip-
ment, materials and overhead to complete the demolition. As an alternative,
the decommissioning programs were reanalyzed with the premise that the
licensee performed tie DOC function i.e., the licensee operated as its own
D0C."

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

Period 1 - Preparations.

Period 2 - Decommissioning Operations and License Termination.

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 all vestiges were removed, it was fur-
ther assumed that the site was restored by 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 (i.e., licensee and decommissioning
operations contractor or DOC) is about $201.2 million (1987 dollars), and the
cost of DECON in the reanalyzed case (i.e., licensee acting as its own DOC)
is estimated to cost about $262.7 million (1987 dollars).

In the TLG study, approximately $190.1 million of the 5281.2 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 is 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-
ira 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. lhe TLG study further states that it is estimated
that about $11.3 million in cascading costs will be incurred in the decommis-
sioning process for the licensee to meet the intent of the NRC's definition

(a) Demolition as used here appears to include some license termination
activities encompassed in Periods 1 and 2 as well as nonliccnse related
demolition and site restoration activities during Period 3.

2.4
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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 (bese case) is shown in Table 2.2.

The projected ORE for either cf 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 generated over a 48-month period.

IMLL M. License Termination including Cascading Costs from the
TLG Study for the DECON (base case) Mode

Millions 1987$
Total Total Cost

Direct Cost for Decom- Including
License Cascading missioning Demolition /

Period Number._ _ Termination Costs Cost ._.Re1Lqr.Alten

1(3) 15.971 0.0 15.971 15.971

2(b) 135.802 9.078 144.880 144.880

3(c) 0.329 0.000 0.329 64.I17

Subtotal 152.102 9.078 161.180 224.968

25% Contingency ,lD.&21 1 262 _4 M 9]i 56.242

Total 190.128 11.347 201.475 281.210

a Preparations,
b Decommissioning Operations and License Termination.
c Site Rostoration.

2.4 RESULTS OF THE COMPARISON 8ETWEEN THE TWO.S.TUDl[1

This section contains the results of the comaarison between the ref-
erence plant study by PNL (0ak et al.1980) and t1e 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 j
i

2.5
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B Q1E 2.3. Comparison of Cost Estimates Without Demolition (a) ,

Millions of 1987 Dollars
Cost item PNL Estimate TLG Estimate

Waste Disposul 50.4 53.7
Energy 7.5 7.7
Equiprpppt end Supplies 9.5 10.3
OtherW/ 6.0 _21d

Subtotal 73.4 97.6
Labor 4

Utility 9.8 32.3
*

DOC 19.8 25.5
Workers 35.0 46.1 0

Subtotal 64.6
103.9(c)

i

Total 138.0 201.5

(a) Includes 25% contingency.
(b) This cost includes DOC mobilization and demobiliza-

tion, nuclear liability insurance, specialty
contractors, and licensing fees.

(c) Adapted from Table 2.2; does not include asts for
Period 3 Site Restoration,

large difference in labor costs, a factor of 1.6, in the other areas of the
estimate, the estimates are reasonably comparable. In examining the bases
for the TLG labor cost estimates, a number of reasons were identified as to
why the TLG estimates were larger than the PNL estimates. The principal
factors are:

The size and composition of what are essentially overhead staff of.

the utility and the DOC are significantly different, with the staff
postulated by TLG resulting in the total man-years of effort being
larger by roughly a factor of two.

Different assumptions about the duration of the pre-license ter-.

mination activities (TLG: 6.23 years, PNL: 4.5 years) also con-
tribute to the increased labor costs from the utility and DOC
overhead staff in the TLG estimate. The estimated direct labor
requirements differ between the two studies by about 30%, with the
TLG estimate being the larger.

The work difficulty factors used by TLG in developing the unit cost.

factors applied to each cecommissioning task are applied at the
u;rer bound of thair ranges for all tasks. If the work difficulty

factors in the TLG estimate were reduced to their lower bound
values, the TlG estimate would be reduced by about 45%, becoming
15% smaller than the PNL estimate. Thus, the estimated direct
labor costs are very sensitive to the assumed working conditions in
the plant.

2.6
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Diffeont assumptions about where to assign the costs of removings- .

clean materials from t,he plant, and whether these materials had any
salvage value, also contribute to a difference in license termi-
nation costs. PNL assumed removal of only those clean materials
necessary to gain access to contaminated materials, leaving the
rest for removal by the demolition contractor. TLG assumed removal
of all clean materials from the structures during pre-license
termination activities.

The larger plant systems and structure inventory postulated in the-

TLG study contributes to a larger worker labor requirement than was
developed in the PNL study. This larger inventory also contributes
to the larger worker radiation dose developed in the TLG analyses. >

Areas of agreement and disagreement identified between the PNL study and
the TLG study are summarized in Table 2.4 and Table 2.5, respectively. More
detailed discussion of these comparisons are given in Chapter 5 of this
report.

1
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IAQLL2J. Summary of the Areas of Reasonable Agreement Between the PNL
Study and the TLG Study on Decommissioning WNP-2

!
Area of Cg_mparison Comments and Oualifyina Stat e nts

Both studies recognize that immediate dismantlementPlanning nd ..

Preparati,n is a complex undertaking and that its success
depends greatly on good planning and preparation ;

work before final reactor shutdown. A difference ,

exists in the time postulated for these efforts, |

however, with the PNL study allocating two years
prior to reactor shutdown and the TLG study allocat-
ing three years -two years prior to shutdown and the
first year after shutdown.

There is a general agreement between the two studiesDecontamination ..

of Systems on the need for decontamination of reactor piping
systems and components during decommissioning,
Chemical decontamination methods (recirculating and
once-through) and water-jet cleaning are clearly
envisioned as being both necessary and effective in
both studies. However, major differences exist in
postulated application methodology and techniques
which greatly impact the estimated cost and occupa-
tional radiation exposure projections for these
decontamination tasks, as outlined in Table 2.5.

The costs for NLI during DECON are reasonably com-Nuclear Liability ..

Insurance (NLI) parable between the two studies at $1.6 million for
the PNL study and at $1.9 million for the TLG study,
without contingency.

The costs of energy (electricity and oil) to licensePlant Energy ..

Budget termination during DECON are reasonably comparable
between the two studies at $7.5 million and $7.7
million (including contingency) for the PNL study
and the TLG study, respectively.

Both studies are in agreement that the NRC has noDemolition and .*

Site Restoration jurisdiction over removal of uncontaminated struc-
tures and restoration of the site ence all radioac-
tive materials in the reference BWR are removed or
decontaminated. in the PNL study, these materials
are removed by a demolition contractor after license
termination. In the TLG study, they are removed
during Period 3 after license termination by decom-
missioning workers.

Both decommissioning studies use a 25% contingencyContingency ..

for their final cost estimates.

2.8
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TABLE 2.5. Summary of the Areas of Disagreement Between the PNL Study and the TLG Study on
Decommissioning WP-2 ;

Area of Ccroarison Coments and Qualifying Statemts

* The PNL study and the TLG study each use dif ferent basic rrethods for determining the engineering cost* Estimating Pethodology
and occ pational radiation exmstre (DE) estimates for DECON

PNL Stud / TLG Study

- A detailed engineering study was done, based on - A triit f actors amroach as t. sed to idmtify the
task-by-task activities, (RE, and costs rW to projected doses and costs assceisted with each
deccrrrission the refererre BWR. activity idecontarninetion, renwat, aruf pack-

aging) for given types cf meteriet ard egripment
in the reference But.

- The CRE estimates include varying levels of - Constant dose rates were amtied to att eerflar
di'ficulty for ersch task and varying dose rates types on a giver. system, ard over att tasks
throughout the facility, based toon corposite associated with that system. These tevets were
dose rate maps drawn from 7 operable BWRs (Dak considered to be appropriete for a large But at
et at. 1980). end of life.

- Varying levels of difficulty were considered in - Maxieus tevels of difficulty given in LaGuardia
developing the man-hours and exposure hours et at. (1986), cuisidered apropriate for a tarse
estimated for each decormissioning activity. BWit at end of life, were amtied in developirrJ

f the man-hours and exposure hours estimated for
e each decorrtissioning activity.

- Cost per activity was nuttiplied by the ru.mber of
sinitar activities (decontaminaticri, remmrat, ard
packaging) to obtain the cost estiente.

- All uncontaminated materials are left for remevat - Uncontaninated materlat and equipnent are removed
by the denotstion contractor after license dring Period 2 by dectrreissioning workers.
termination.

* Decornissioning Staf fing
- tJtility and DOC Overhead Staf fing

493172Utility overhead (ren years)

182 352
DOC overhead (man years)

845354Total (man-years)
~48

Cost (mit tions 1987 dotters, without ~24

contingency)

- Dedicated Decormissioning Workers
566390Total Labor (man-years)

37
Total Cost (mittions 1987 dotters) ~28

- For a discussion of staffing differences, see
Chapter 5.

,
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| TABLE 2.5. (contd)
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l
ts; c.ts and Qualifying Statements

Area of Comparison TLG Stut*.vPWL Study

* Decontamination of Systems

- Chemicat Decontamination
(recirculatory)

70433
Estimated ORE (man-rem)

~4.5
1Estimated cost (mittions 1987 dottars,

withoist contingency)

- Water-Jet Cleaning
175

27
Estitrated ORE (man-rem)

j ~2.10.85Estimated Cost (mittions 1987 dollars,
without contingerry)

- The cost ard ORE estimates incitde varying tevels - MaxinJm values of work difficulty factors givenin LaGuardia et at. (1986), considered sporopri-* Work Difficulty Factors of difficulty for each task and varying &se ate for a large BWR at end of life, were used inrates throughout the facility, based tpon
the &velocrent of mit cost f actors for removalcomposite dose rate maps drawn from 7 operabtero of materiet, and att difficulty factors were-

BWRs (Oak et at.1980). applied to att steps within each operation.o
Constant dose rates were amtied to at t worker
ty;n on a given system, and over att tasks
associated with that system.

- Cascading costs in the TLG study are estimated to- This activity was not considered as s seperate be about $11.3 rait tien, including contingecy.* Cascading Costs

(The costs associated with tire renovat of
work etenent in the PN!. sitxty in 1980, tut was

nonradioactive materiets to facilitate
includad in each activity, as appropriate.

daconteriination and retrievat of
radioactive materists.)

* Radioactive Waste Volume
24.'87

-Packagedwaste,Volune,M 18,975

WOTE: The differences in packaged weste are
believed ckie largely to different
asstrptions regarding postulated plant
equigrent inventory, how selected materiats
are packaged, and whether certain con-
taminated materials could be sufficiently
decontaminated to be released as clean
scrap.

3.04.5- Estimated Transportation Cost (mittions
1987 dottars, without contingency)

- - - - -

- - ,-
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3.0 ILNl STUDY: COST UPDAllNG BAX Sa METHELOLOGY A@lSATS.

Because of rising costs and a changing regulatory climate, the NUREG/'

l CR-0672 (0ak et al.1980) generic cost estimates, originally developed in
1978 dollars, were updated to reflect 1984 cost conditions in a report pre-
pared by PNL for the Electric Power Research Institute (Smith et al.1985).
Using the new cost estimates and the original reference plant inventory as a
base, revised reference plant cost estimates were developed for several
alternatives identified to increase decommissioning costs, including: prede-
commissioning engineering; additional staff to assure meeting the 5 rem / year
dose limit for personnel; extra supplies for the additional staff; and the
additional costs associated with the option of using a contractor external to
the utility organization to conduct the decommissioning ef fort.

in addition to the EPRI cost update, three addendums (Holter and Murphy
1983; Murphy 1984; and Konzek and Smith 1988) to the original BWR report
(NUREG/CR-0672) have been prepared. The first two addendums examined the
effects on costs and safety of decommissioning plants 1) of being unable to
dispose of wastes offsite, and 2) of classifying the wastes resulting from
decommissioning. The third addendum examined the topics listed below in
support of the Final Generic Environmental Impact Statement on Decommis- .

sioning and the final Occommissioning Rule:

updating the previous cost estimates to January 1986 dollarsa

assessing the cost and dose impacts of post-TMI-2 backfits.

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.

3.1 SJJ)DY BASES

For consistency, the analyses of the impact of post-TMI-2 backfits fol-
lowed the same basic structure, content, and study approach delineated in the
original BWR study (Oak et al.1980). The estimated inpacts of post-TMI-2
requirements on the reference BWR decommissioning costs, described by Konzek i
and Smith (1988), are included in the overall cost update presented in this
study as well. .

The pertinent cost data, including the cost adjustment 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 results of the application of the cost escalation data given in Appen-
dix A are presented in this chapter.

3.1
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3.2 AP_P_LLCATION METHODOLOGY

The emphasis of this study is on the DECON (immediate dismantlement)
- mode of decommissioning, using the utility-plus-decommissioning operations

contractor (DOC) organizational structure. The SAFSTOR (safe storage) and
ENTOMB (entombment) analyses are not treated in this comparison because they
are basically outgrowths of the DECON analysis (i.e., they rely largely on
data generated for DECON). This is true for both the PNL study and the TLG
study. Therefore, the application methodology used in this study for up-
dating the decommissioning costs consisted of a detailed review of all ele-
ments that make up each of the major cost categories given in the parent
document (0ak et al. 1980) for the DECON decommissioning alternative. The
appropriate cost adjustment factors were then applied to the respective line-

d items and the items were added to form updated cost categories for the DECON
decommissioning alternative. In addition to the values escalated from the
parent document, the cost adders developed in Smith et al. (1985) were allo-
cated to their appropriate categories and included in the update. A 25%
contingency was then applied to the sum of the categories to establish the
estimated costs of decommissioning the reference BWR in August 1987 dollars.

3.3 LSTlMATED DECOMMISSIONING COSTS

The various cost items for the utility-plus-DOC approach are separated
into utility costs and DOC costs in Table 3.1 for comparison with the costs

TABLE 3.1. Summary of PNL Estimated Costs for Immediate Dismantlement
of the Reference BWR Using the Utility-Only Approach or the
Utility-DOC Approach

fstimated Cost (millions 1987$)(a,%,
__

Cost Cateaory Utility-Only Utility-DOC

Radioactive Material Disposal 32.782 32.782 --

6.522Shipping Containers 6.522 --

Staff Labor 32.230 7.831 38.125
Energy 6.000 6.000 --

Special Equipment 3.347 3.347--

Miscel1ancous Supplles 3.249 -- 3.249
Specialty Contractors 0.591 -- 0.591
Nuclear Insurance 1.626 1.626 --

Licensing fees 0.123 0.123 --

tLobilization and Demobilization - -- 2.038
Subtotals, Utility-DOC Costs -- 48.362 53.872
Total DOC Fee (15%) -- -- 8.08.1
Total __P0C Costs 61.953
Subtotals Contingency (25%) 86.470 110.315

21.618 27.579
Totals, DECON Costs 108.088 137.894

(a) Costs adjusted to August 1987.
(b) Number of figures shown is for computational accuracy and does not

imply precision to the nearest thousand dollars.
:
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for the utility-only approach, which are also shown. A 15% fee is applied to ,/all DOC costs. The utility DOC approach for immediate dismantlement of the
BWR ii. creases the total decommissioning 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.
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4.0 RESULTS OF THE TLG SJE1

The TLG Engineering, Inc., study (TLG 1989) examines DECON (prompt
removal / dismantling), SAFSTOR (mothballing with delayed dismantling), and
ENTOMB (entombment with delayed dismantling) for two alternatives concerning
management of the decommissioning programs, in the base case, the licensee
uses an outside contractor in the decommissioning of WNP-2. This decommis-
sioning operations contractor (DOC) provides sufficient staff to perform the
preparatory demolition planning and, scheduling and to manage the demolition
efforts. Site security during 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, equipment, materials
and overhead to complete the demolition. As an alternative, the decommis-
sioning activities were reanalyzed with the premise that the licensee
performed the DOC function (i.e., the licensee operated as its own DOC).

As previously mentioned in Chapter 1, the primary emphasis of this
comparative study is on the DECON mode of decommissioning, using the utility-
plus-DOC organizational structure. The other modes are, in nature, out-
growths of the DECON analysis, in that they rely largely on data generated
for DECON. This is true for both the TLG study as well as the PNL study.
The information concerning the TLG study that follows continues to reflect
this emphasis on the DECON mode of decommissioning the reference BWR,

4.1 DECOMMISSIONING PERIOD ACTIVITY DESCRIPTIONS

The TLG study provides a breakdown, comprised of three periods, of the
basic activities necessary for a demolition / site-restoration scenario. The
following sections briefly describe each period.

4.1.1 Period 1: Preparations

Beginning approximately two years prior to the commencament of decommis-
sioning operations, detailed preparations are undertaken to provide a smooth
transition from plant operations to decommissioning-for the site and the per-
sonnel involved in decommissioning. These preparations include engineering
planning, filing of a decommissioning plan, surveys of plant areas to deter-
mine contamination levels, activation analyses of the vessel and vessel
internals, as well as the assembly of a decommissioning management organiza-
tion. Following final shutdown, more detailed surveys and benchmarking of
calculated estimates are performed to validate results. Final planning for
activities and writing of activity specifications and detailed procedures
also begin at this time. Following approval of the decommissioning plan by
the NRC, the NRC will issue a dismantling order authorizing implementation.
Period 1 ends upon receipt of the dismantling order from the NRC.

4.1
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4.1.2 Period 2: DecommissipAina Operations and License Termination

The dismantling procedures and the decommissioning operations may begin
upon receipt of the dismantling order from the NRC. Upon completion of all
license-related decommissioning operations contained in the decommissioning
plan, the licensee conducts a final radiation survey to assure that all
radioactive materials have been removed. This survey will coincide with the
final NRC onsite inspection, which verifies that the acceptable activity and
contamination levels are satisfied. When the requirements are satisfied, the
NRC can terminate the license and any further NRC jurisdiction over the
facility.

4.1.3 Period 3: Site Restoration

Although not required for license termination, it was assumed for both
cases of DECON in the TLG study that the remainder of the reactor facility
was dismantled and all vestiges were removed. It was further assumed that
the site was then restored by regrading the site to conform to the adjacent
landscape and thus made available for alternative use.

4.2 COST ESTIMATE

A site-specific cost estimate was prepared for WNP-2 by TLG Engineering,
Inc. The basis of the estimate, including brief descriptions of the source
of information, methodology, site-specific consideration:, cost estimates for
both cases of DECON, and cascading costs, are described in this section.

4.2.1 Basis of Estimate

The cost estimate was developed using WNP-2 drawings and the inventory
documents provided by the licensee. The drawings and documents were used in
the TLG study to develop the general arrangement of the facility and to
determine estimates of building concrete volumes, steel quantities, numbers
and size of components, and landscaping requirements. The licensee provided

'

typical craft labor rates and salary data for its personnel for the positions
identified by TLG,

Rates for shipping radioactive wastes were obtained from Tri-State Motor
Transit published tariffs (Tri-State). The Washington Nuclear Center burial
facility operated by U.S. Ecology at Hanford, Washington, was assumed as the
destination for the wastes generated in the decommissioning process (U.S.
Ecology).

4.2.2 Methcdoloav

The methodology used to develop the cost estimates follows the basic
approach originally presented in Manion (1976 and 1980) and LaGuardia (1986).
These references use a unit cost factor method for estimating decommissioning

4.2
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activity costs. With the item quantity (e.g., tons, yards, etc.) developed
from plant drawings and inventory documents, the activity-dependent costs are
estimated.

The activity-duration critical path was used to determine the total dec-
ommissioning program schedule. The program schedule was used to determine
period-dependent costs for program management, administration, field
engineering, equipment rental, quality assurance, and security. The licensee
provided typical salary and hourly rates for personnel associated with
period-dependent costs. The costs for conventional demolition of nonradio-
active structures, materials, backfill, landscaping, and equipment rental
were taken from R. S. Means (Means 1987). The activity- and period-dependent
costs were summed to estimate the total decommissioning costs. A 25%
contingency was then added.

4.2.3 Site-Soecific Considerations

The TLG study specifically lists major component removal and transporta-
tion methods for moving nuclear steam supply system (NSSS) components over-
land as site-specific considerations that are deemed to affect the method for
dismantling and removing equipment from the site. Although not required for
license termination, it is assumed that the site is restored by regrading the
site to conform to the adjacent landscape.

4.2.4 Cost Estimate Summaries

Summaries of the decennissioning costs for DECON in the base case
(licensee and DOC) and the reanalyzed case (licensee as DOC) are given in
Tables 4.1 and 4.2, respectively. It can be seen from Table 4.1 that the
total projected cost of dismantling the WNP-2 facility, for the DECON alter-
native in the base case scenario (i.e., licensee and decommissioning opera-
tions contractor or DOC), is about $281.2 million (1987 dollars). Similarly,
it can be seen from Table 4.2 that the cost of DECON in the reanalyzed case
(i.e., licensee acting as its own DOC) is estimated to cost about
$262.7 million (1987 dollars).

4.2.5 Cascadina Costs

As previously mentioned in Section 4.2.4, the total projected cost of
DECON (base case) was about $281.2 million. Approximately $190.1 million of
this total is estimated to be directly attributable to the engineering and
planning for and the actual disposition of the residual radioactivity of the
WNP-2 facility. The TLG study points out, however, that a direct accounting
of only these costs is not entirely accurate in portraying the actual cost of.
" decommissioning" as defined by the NRC and that consideration must also be
given to the methods of executing the decontamination processes as well as
cascading costs.

The TLG study defines cascading costs as those costs associated with the
removal of noncontaminated and releasable material in support of the

4.3
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TABLE 4.1. Summary of DECON Costs (licensee and DOC)(a)

Calendar Cost
Cost Cateaory Period Year 1 millions 1987$)-

Preparations 1 2022 0.077
2023 1.002
2024 3.128
2025 15.757

Subtotal 19.964

Decommissioning Activities 2 2025 4.679
2026 56.150
2027 56.150
2028 56.150
2029 7.970

Subtotal 181.099

Structure Demolition 3 2029 26.636
2030 31.042
2031 _22.469

Subtotal _BL112
Total 261.210

(a) All costs include a 25% contingency.

TABLE 4.2. Summary of DECON Costs (licensee as DOC)(a)

Calendar Cost
Cost Cateaory

__
Period Year (millions 1987$)

Preparations 1 2022 0.066
2023 0.861
2024 2.770
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 73.739
Total 262.666

(a) All costs include a 25% contingency.

4.4 '
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decommissioning process (e.g., if it is considered necessary to remove por-
tions of the top floors to get at a bottom-floor nuclear component). The TLG
study further states that it is estimated that $11.3 million of cascading
costs will be incurred in the decommissioning process for the licensee to
meet the intent of the NRC's definition of decommissioning, resulting in a
total DECON cost of $202.3 million. A summary listing from the TLG study for
license termination, including cascading costs, for DECON (base case) is
shown in Table 4.3.

TABLE 4.3. License Termination including Cascading Costs from the
TLG Study for the DECON (Base Case) Mode

miltlom 1964

( Direct Cost 10tal

peeled he. et r= e Cascadir:1 Costs

i ') 15,971 15.971 0.0 15.971t

2(b) 144.880 135.802 9.078 144.880

3(C) F. 117 y],2 0.0 ,,,,929

tetotet 224.968 152.102 9.078 161.180

251 Centingency M ,JL.QM .Lh2 AM
Total 281.210 190.128 11.347 201.475

"k'"'""''""'""'""'"

4.3 SCHEDULE ESTIMATE

Commercial operation of the WNP-2 nuclear unit was initiated in December
1984. For the purposes of the TLG study, the shutdown date (license expira-
tion) was taken as 40 years following the date of commercial operation, with
decommissioning operations commencing on December 1, 2024. This time frame
was used as input in scheduling analysis. The exact dates for DECON (prompt
removal) are presented in Table 4.4. In addition, the following assumptions
were used in the development of the schedule given in the table:

All work except vessel and internals removal activities is.

performed during an 8-hour workday, 5 days per week with no over-
time. There are 11 paid holidays per year.

Vessel and internals removal activities are performed by using.

separate crews for different activities working on different
shifts, with a corresponding backshift charge for the second shift.

Multiple crews work parallel activities to the maximum extent.

possible consistent with optimum efficiency, adequate access for
cutting, removal and laydown space, and with the stringent safety
measures necessary during demolition of heavy components and
structures.

4.5,
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TABLE 4.4. Schedule for DECON from the TLG Study

Incremental Cumulative
Period Eeain 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-Feb-2029 30,19 104.90

3 Post-RB Demolition 29-Aug-2031 0.79 105.69

End of Project 22-Sep-2031 --
'

4.4 RADI0 ACTIVE WASTE VOLUME

TheestimatedradioactivewastevolumegeneratedduringDECONisshognIt can be seen from this table that approximately 24,489 m
inTableg).5.(32,030y 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 burial grounds. Commercially available steel containers
with external dimensions measuring 4 ft x 4 ft x 8 f t 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
liner volume is taken as the waste volume.

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

Mode Waste Class Volume, m3

DECON A 23,702.5
i C 603.7

>C 183.0
Total 24,489.2|

4.6'
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4.5 Q[CMPAJ1MA_L EXPOSVRE.

Radiation doses to decommissioning workers in the TLG study are calcu-
lated as the product of the estimated radiation zone work force requirements
and the radiation exposure rates postulated for each decommissioning task.] The occupational exposure estimates from decommissioning are based on the
following assumptions:

Occupational exposure estimates include only the craft labor neces-.

sary for decontamination, removal and packaging activities as well
as all required health physics personnel exposures in support of
those activities, Casual exposures to the plant staff are not

3 included in the estimates.

Personnel exposure to radiation is minimized by using shielding and.

remote handling techniques and avoiding higher radiation fields
when presence is not necessary,

Local exposure rates near items such as tanks and pipes are reduced.

by a successful chemical decontamination program prior to work in
that area,

Careful prompt accounting of accumulated radiation exposure is. '

maintained to rapidly identify tasks causing excessive dose
accumulation by workers so that corrective action can be taken,

Cobalt-60 is the primary contributor to radiation exposure..

A summary of the occupational exposure, by periods, for DECON from the TLG
study is given in Table 4,6,

TABLE 4,6. Occupational Exposure for DECON from the TLG Study

Total Dose,
Period No, man-rem

1 21

2 3756

3 0

Total 3777

4.7
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5.0 RESVLTS OF THE COMPARISON BETWEEN THE TWO STUDIES
FOR THE DECON ALTERNATIVE

This chapter contains the results of the comaarison between the ref-
erence plant study by PNL (Oak et al.1980) and tie 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 in 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 radioactive 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 and 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 disagreement 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.

5.1 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:

planning and preparation.

decontamination of systemse

nuclear liability insurance.

plant energy budgete

5.1
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| demolition and site restoration.

|
contingency..

5.1.1 Plannino_i!Dd Preparation

Both studies recognize that immediate dismantlement of the reference BWR
is a complex undertaking, and that its success depends greatly on good
planning and completion of preparatory work before final reactor shutdown.
In both studies, planning and preparation for immediate dismantlement is
accomplished during the two years prior to final reactor shutdown and
includes an almost identical listing of preparatory activities; however,
there are several major exceptions. In the PNL study, prior to the start of
the actual decommissioning tasks, additional HEPA filters are installed out-
board of the blowers in the HVAC exhaust systems of the Reactor Building and
the Turbine Generator Building. The Radwaste and Control Building HVAC sys-
tem is already equipped with HEPA filters. These additional filters are
installed to lessen the potential for atmospheric release of airborne radio-
activity generated during immediate dismantlement, because many of the tasks
are expected to generate airborne contamination levels that exceed levels
produced during normal plant operation. In the TLG study, during this same
period, contamination control envelopes are installed in various locations
during dismantlement for similar purposes.

Period 1 (Preparations) in the TLG study spans three years - two years
prior to shutdown and the first year af ter shutdown. TLG assumes that the
first year after shutdown will be needed to accurately determine the final
radiation levc.s, contamination and activation of components. By comparison,
most of the planning and preparation tasks in the PNL study are postulated to
be completed during the two years prior to shutdown. The comprehensive
radiation survey schedule developed by PNL cssumes surveys of the reactor
building / primary containment, turbine generator building, and selected
support facilities are needed soon after final shutdown. To accurately
determine the final radiation / contamination levels associated with cleanup of
the radwaste and control building, the survey of this building is postulated
to occur 16 months after shutdown.

5.1.2 Q. contamination of Systemse

There is general agreement between the two studies on the need for
decontamination of reactor piping systems and components during decommission-
ing. Chemical decontamination methods (recirculatory and once-through) and
water-jet cleaning are clearly envisioned as being both necessary and effec-
tive in both studies. However, in spite of these commonalities, major dif-
ferences exist in postulated application methodology and techniques which
greatly impact the estimated cost and ORE projections for these decontam-
ination tasks. These areas of disagreement are discussed in detail in
Section 5.2.3.

5.2
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5.1.3. Nuclear Liability Insurance.

The costs for nuclear liability insurance (NLI) during DECON are reason- |
iably comparable _between the two studies. The costs-for NLI are estimated in

NUREG/CR-0672 for an assumed policy limit of- $160 million carried through the
decommissioning period and are shown in Table 5.1. The total estimated cost i

for NLl'is about $1.63 million, which represents a little more-than 1.5% of
thu total DECON cost -

The costs for NLI during prenpt dismantlement are estimated in the TLG
study throu0h three decommissioning periods and are shown in Table 5.2.

TABLE 5.1. Estimated Costs for Nuclear Liahi;ity Insurance i
During DECON from the PNL Study (as ;

Year After Shutdowa Estimated Premium ($ thousands)(b)

1 357

2 476

3 476

4 .112

-Total 1626 :

(a) Personal 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 Liahility Insurance-
During DECON from the TLGLStudyta;

'

Period Estimated Premium'($-thousands)(b)

1 - Preparations 309

.2 - Decom. Activities 1365

3 - Structure Demolition - 228

Total- 1902

-(a)-Source: WPPSS-data, adjusted by TLG per information from
American Nuclear Insurers, i

(b) The costs shown do not include contingency.
~
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5.1.4 Plant Enerav Budaet

The costs of energy (electricity and oil) to license termination during
DECON are reasonably comparable between the two studies. The total plant
energy budget is estimated at about $7.5 million (including contingency) in
NUREG/CR-0672. In the TLG study, the total plant energy budget to license
termination at the end of Period 2 is about $7.7 million (including
contingency).

5.1.5 Demolition and Site Restoration

Both studies are in agreement that the NRC has no jurisdiction over
removal of uncontaminated structures and restoration of the site once all
radioactive materials in the reference BWR are removed or decontaminated.
Therefore, the NRC is requested to terminate the possession only license at
the conclusion of the active decommissioning phase in both studies and
release the site for unrestricted use. Following license termination, the
owner decides whether the remaining onsite structures are to be demolished or
left standing.

There is a significant disagreement between the studies as regards the
costs of clean facility demolition and site restoration, due largely to
different assumptions about how the job is accomplished. TLG postulates
using decommissioning workers and continuing much of the utility /00C
supervisory staff through the demolition period, while PNL postulates
bringing in a demolition contractor who orovides his own supervisory staff
for demolition activities.

Development of demolition and site restoration costs is presented in the
NUREG/CR 0672 decommissioning cost estimates for completeness. Based on the
discussion above, such site restoration ano demolition costs are considered
only as an adjunct to and not part of the primary cost estimate presented in
NUREG/CR-0672.

By way of comparison, the TLG study (p.10 of 100) states: "Although
not required for license termination, this study alternative (i.e., DECON)
also assumes the removal of the remaining structures from the site; thereby
ending the System's liability and permitting return of the WNP-2 site for
other use."

5.1.6 Continaency

Both of the decommissioning studies use a 25% contingency for their
final cost estimates.

5.2 ARIAS OF DISAGREEMENT

This section provides information on the areas of disagreement
associated with accomplishment of the DECON alternative, in the following
order:

5.4
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f H estimating. methodology

' decommissioning staffing-.

..: decontamination of systems'

. work ~ difficulty factors

cascading costs.

radioactive waste volume '

.

occupational radiation-exposures.

. -radioactive-waste transport costs.
;

Differences .in the estimated costs and occupational radiation exposure (0RE). ,

between the two-studies are examined in these selected areas for the OECON-
; alternative, assuming .the utility-plus DOC organizational structure.

'

5.2.l! Estimatina Methodoloav

'TheLPNL' study and the TLG study each use variations of the same-basic-
methodsLfor determining the engineering cost and occupational radiation-

; exposure' estimates for DECON. ' Selected-examples of the results of using
L 1these.different variations are briefly described below.-

5. 2. l ~.1 Develooment of Occupational Radiation Exoosure J-d Enuineerina
-Cost-Estimates

::
The PNL: study was based on. task-by-task analyses of the activities, ORE,-

and costs needed1to decommission the'~eference: BWR.- Varying levels of dif--r
'ficulty-(which_are-not documente'd in.the-report) and varying dose rates
- throughout the facility were reflected throughout the analyses. The attempt

,

wasomade toioptimize the decommissioning tasks under consideration.- After an'

inventory of'all-items in the facility was-performed, .the _0RE and cost for-
' decontamination, removal, Land packaging: individual items 'and systems were:
icalculated 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 in1the
study depending upon the system'and/or._ component and upon the time aftero

L reactor shutdown, and were based on. composite dose rate maps drawn .from-seven
operable BWRs (0ak-et al c1980i Appendix D).

TLG performed- a detaileditask-by-task analysis using a iniit cost . factor:
~ approach to identify the doses andLcosts associated:with:the: decontamination,
-removal, and packaging for given types:of material and equipment in tho' ref-
erence BWR (LaGuardia 1990).- Constant dose rates were applied to all worker
hours-assigned to a'given system 1and overiall tasks associated with that

L
,

5.5
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system. Af ter an inventory of all items in a given system was performed, the
cost per item was then multiplied by the number of items to provide the cost
estimate for that system. All system costs were summed to provide the total
facility engineering cost estimate.

5.2.1.2 Treatment of Uncontaminated Materials

A major difference that becomes apparent in comparing the PNL study with
the TLG study is that the TLG study removes significant amounts of uncohtam-
inated material and equipment during the pre-license termination period,
whereas the PNL study leaves the removal of essentially all uncontaminated
materials to the demolition contractor, af ter license termination, with any
scrap values being incorporated into the contractor's bid proposal.

TLG study assumption number 12 (p. 34 of 100) states: " Scrap processing
and site removal costs are not included in the estimate." Instead, TLG
assumes that the value of the scrap will be sufficient to offset the cost of
loading and shipping. However, while scrap processing, per se, is not
included in the estimate, the total costs for removal of the uncontaminated
materials from 26 systems are included in Period 2 (Decommissioning Opera-
tions and License Termination). The projected costs for removal of these

{ uncontaminated materials are about $5.6 million (without contingency), and
encompass a total projected effort of 85 man-years. About $1.2 million
(without contingency) of these costs
fied in the study as cascading costs (and 17 man-years of effort are identi-a/ in support of license termination.

The cost and schedule estimate for DECON presented in the TLG study are
based on the complete removal of all components within the facility. The
total projected dedicated worker effort for removing all systems (clean and
contaminated) in Period 2 is about 666 man-years, Removal of the noncascad-
ing clean matehel comprises about 12% of this total.

5.2.2 Decommissionino Staffina

Another area where the PNL and TLG studies differ significantly is in
the levels of staffing assigned to the project, and a related question: the
duration of the pre-license termination period. To permit a side-by side
examination of the staffing levels postulated in the two studies, the staff-
ing in the PNL study, including later additions for engineering support and
for assuring that individual worker radiation doses do not exceed the
5 rem / year limit, has been rearranged to match as closely as possible the
positions identified by TLG. For purposes of this comparison, the discussion
is limited to the case of DECON, with the decommissioning organization struc-
ture appropriate for the case of the utility providing the overview surveil-
lance and a decommissioning operations contractor (DOC) providing the
engineering support and overall operations direction and control. These
groups (the utility staff and the DOC staf f) are principally overhead staff,
with the dedicated decommissioning workers being subcontractors to the 00C.

(a) See Section 5.2.5 for additional description of these costs.

5.6
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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 position 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.

5.2.2.1 Utility and DOC Overhead Staffina 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 common to both studies, the TLG study
postulates about 1.5 times as many man-years as the PNL study, and has an
additional group 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 stu@. 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 riedy reduced the security force to
a minimal industrial security level as soon as the 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 postulated utility
staff and that are not included in the PNL-postulated utility staff.

A similar situation exists for the overhead staff assigned to the D0C.
For those DOC staff that were common to both studies, the longer pre-license
termination period postulated by TLG resulted 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.

5.7
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FIGURE 5.1. Time Distribution of Postulated' Utility and DOC Overhead Staff

5.2.2.2 Dedicated Decommissionina 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 these system decontaminationi, than did the PNL analysis. A
second contributor to the difference in dedicated worker man-years is that,

E in the TLG analysis, all of the clean piping and equipment, etc., was removed
during the pre-license termination period, while in the PNL analysisi 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.
1
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FIGURE 5.2. Time Distribution of Estimated Dedicated Decommissioning Workers

A reasonable approximation of the TLG direct labor costs can be made by
calculating the average worker cost, based on a crew size and composition
typical of crews utilized in many of the unit cost factors, and multiplying
the number of man-years of dedicated labor by that average annual worker
cost. Assuming a crew consisting of 2 laborers, I craftsman, and 0.5 fore-
man, the average annual worker cost is about $65,140. Thus, the dedicated
labor cost would be the product of that value times the 566 man-years of
dedicated labor, for a total of about $36.9 million, without con +;ngency.
The total dedicated labor cost estimated in the PNL study is about
$28.0 million, roughly $9 million less than TLG's estimate.

5.2.2.3 lotal Pre-License Termination Labor Costs

Assuming the approximation made above for calculating the TLG dedicated
worker costs is reasonably accurate, the total labor costs for the pre-
license termination period are $51.7 million for the PNL study and
$83.1 million for the TLG study, as shown in Table 5.3.

5.2.3 Decontamination of Systems

lnis section contains a discussion of the BWR systems considered for
chemical dectntamination and water-jet cleaning in the PNL study and in the
TLG study. Btth study approaches to cleaning the systems by these selected
methods are dircussed, and the analysis performed to determine the
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differences between the two studies and the conclusions reached from that
analysis are presented in subsequent sections.

5.2.3.1 PNL Study Aporoach to Decontamination of Systems

in the PNL study (Dak et al .1980, Section G.1 of Appendix G), the basic
methods postulated to be used to decontaminate contaminated system surfaces
are described. The two methods that are selected for system decontamination
activities at the reference BWR are briefly described below. They are:

chemical decontamination (recirculatory and single-pass methods).

water-jet cleaning..

The recirculatory method is used where the chemical solution can be
retirculated until the desired degree of decontamination is obtained. The
single-pass method completes the decontamination in one pass and is used
where recirculation is impractical, in general, the water-jet decontami-
nation activity proceeds concurrently with draining the particular volume of
contaminated water. However, for effective decontamination, the internal
surfaces of the main condenser are water-jet cleaned as they become exposed
during disassembly.

Owmical Decontamination - Chemical decontamination is considered for
selected systems or components in the reference BWR that contain deposited
contamination representing a radiation dose rate hazard once the system or
component is drained and dried for fut ther decommissioning effort. The
systems or components to be chemically decontaminated are sciected on the
following bases, in descending order of importance:

expected contact radiation dose rate after draining; systems or.

components with expected readings <l5 mR/hr are not considered

flow capability.

operational heating capability.

size..

Since the presence of minimal amounts of residual s.hemical decontamina-
tion solution was not expected to present an industrial safety hazard during
subsequent decommissioning activities, a water flush was assumed not cost-
effective for circulatory systems in the reference BWR.

The three categories of systems or components within the reference BWR
that are selected for either recirculatory or once-through chemical decon-
tamination, together with their decontamination flow capabilities, are:
1) six reactor piping syste:as located primarily in the Reactor Building--
recirculatory (some with piping jumpers); 2) three contaminated drain systems
located in the Reactor Building, the Turbine Generator Building, and the
Radwaste and Control Building--once-through (with mobile chemical mixing and

5.13
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helting units); and 3) thirty two pieces of equipment in the iiquid and solid
radwaste systems located in the Radwaste and Control Building--recirculatory
(with mobile chemical decontamination units described later in this section).

The six reactor systens are depicted i 'gure 5.3 and include the reac-
tor water recirculation (RRC) system, the rt C.or water cleanup
tem, the residual heat removal (RHR) system, the low-pressure cor(RWCU) sys-e spray
(LPCS) system, the high pressure core spray (HPCS) system, and the fuel pool
cooling and cleanup (fPC) system. The latter four systems require special
piping jumpers to complete recirculation loops. The recirculation loop for

ch system may or may not include all the system piping. The reactor core
. olation cooling (RCIC) system is not selected for chemical decontamination
because it requires nuclear steam for operation of the steam-driven pump and
none is available following final reactor shutdewn.

While too extensive to judicially depict in a shale figure in this
report, the three contaminated drain piping systems--equipment drain (radio-
active), floor drain (radioactive), and miscellaneous liquid waste (radio-
active)- are shown in figure C.1 of Appendix C in NUREG/CR 0672 a:. Ern the
equipment pieces in the liquid and solid radwaste systems that are selected
for chemical decontamination in the PNL study. Becruse of the assumed lack
of operational heating capability to achieve and maintain the proper solution
temperature and because of the large volumes invoh ed, these systems are
assumed to be drained to a minimum working volume of water ptior to decon-
tamination. This volume is assumed to be too small to prime the system pumps
for recirculation through the system piping. Therefore, each individual
equipment piece is assumed to be isolated from the piping and chemically
decontaminated in a recirculatory loop formed with a mobile chemical decon-
tamination unit (described later). A special spray nozzle connection is
required for a piece of equipment that exceeds tne volumetric capacity of the
mobile chemical decontamination unit.

Some contaminated systems in the reference BWR, for example, the main
stecm system, the condensate (nuclear steam) system, and tne reactor feed-
water system, are extremely difficul+ to isolate for recirculatory chemical
decontamination. In addition, some equipment is not amenable to indhidual
decontamination because of complex design or other detrimental reasons. In
such cases, ALARA principles must be judiciously applied and all alternative
dismantlement methods should be considered to ensure optimization of costs
versus anticipated occupational radiation exposure (ORE) during decommission-
ing activities.

As previously mentioned, the recirculatory method is used wherc the
chemical solution can be recirculated until the desired degree of decon-
tan.ination is obtained. Isolatable equipment and piping sections in the
reference BWR that are highly contaminated but not amenable to system-wide
internal decontamination are postulated to be chemically decontaminated using
mobile, shielded, decontamination units. Five such units are assumed to be
used. Each unit is used for chemical recirculation and, after use, is itself
decontamineted by backflushing. Each unit consists of two parts: ') a

5.14
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remotely controlled operating unit containing a recirculating pump, an
expansion tank, a thermostatically controlled electric heater, and a valve
manifold; and 2) a cor. trol unit, connt nted by an electrical cable to the
operating unit, located an appropriate distance away from the operating unit
for ALARA considerations. Mter isolation, the item being decontaminated is

8

connected (with short-run flexible hoses) to the mobile decontamination unit
E to fctm a recirculation loop. Chemicals are injected into the loop througii

,] the valve manifold at the unit, valving is aligned, and recirculation is
i begun. The required solution temperature is automatically maintained by the

unit's electric heater during the entire recirculation period. Limited
operator attention is required during recirculation.

The once through method completes the decontamination in one pass and is
used where recirculation is impractical. Because of the harsher nature of
the chemicals used in the once-through method, water rinses are necessary for
these system / components to prevent creation of industrial safety hazards for
subseqvcnt disassembly operations.

In the PNL study, detailed estimates are made of costs as well as the
ORE that is accumulated by the decommissioning workers during system decon-
tamination and draining and radioactive liquid handling tasks. The ORE es-
timates are based on a task-by task analysis of personnel exposure hours and
expected radiation dose rates associated with each task. System decon-
tamination and draining and radioactive liquid handling tasks are performed
24 hours per day, 7 days per week. Retirculatory chemical decontamination is
postulated to take two days of loop operation at the proper temperature*

(353*K) to achieve the desired decontamination factor. The t.stimated cost,
time, and ORE for systems internal decontamination tre presented in
lable b.4.

It can be seen from lable 5.4 that the radiation doses for the chemical
decontamination of the different systems vary considerably. For each system,
the total dose is comprised of the sum of the doses to dedicated workers,
lhese doses are based en composites of measured shutdown radiation dose rates
obtained from seven operational BWRs (Oak et al.1980, Appendix D). In addi-
tion, it is assumed that the decontamination achieves a minimum decontamina-
tion factor (DF) of 10. Subsequent disassembly and removal operations
reflect this DF as evidenced by the varying radiation exposure rates
associated with these decommissioning tasks (Oak et al.1980, Table 1.4-1).

WA er-Jet Cleaning - In tbe PNL stuty (Oak et al. 1980), water jet
cleaning at the rate of 0.77 m4/ min and a flow rate of 23 L/ min was assumed,

,

used to clean the surfaces of the followin9

suppression chamber6

reactor well pool cavity.

dryer separator pool cavity.

5.16
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Jf_Q.Lfld. Estimated Cost, Time, and Occupational Radiation Exposure (ORE)
i

! for Systems Internal Decontamination in the PNL Study

Estimated Task Totals
Time, Dose,

Building (a]. Decontamination Activity Lost.$(b) dDi __ man rem (C)

Systems (Rttitqulatory)

PC Reactor Recirculation 413.570 29 4.456

RB, PC, RB Reactor Water Cleanup 14,774 5 2.301

RB, PC Residual Heat Removal 139,840 26 6.978

RB, PC Low Pressure Core Spray 19,184 5 0.616

RB, PC High Pressure Core Spray 23,069 5 0.829

RB, PC, RW Fuel Pool Cooling and Cleanup 16,324 5 0.410

in Situ

RW 32 Tanks in Various Systems 293,832 40 15.450(d)

Systems (Once-Throuatt).(e)

RB, PC Drains 28,421 0.539

TG Drains 18,853 13 0.381

RW Drains 44.484 0.544

Totals 1,012,351 128 32.510

(a) PC Primary Containment; RB Reactor Building; RW = Radwaste Building;
and, TG = Turbine Generator Building.

(b) Costs are in mid-1987 dollars and do not include centingency, radwaste
preparation, or radwaste disposal costs. They do include auxiliary
equipment (including decon rigs and jumpers, where applicable), energy
(electricity and oil), chemicals, and dedicated staff labor.

(c) Adapted from Table H.5 ll of Oak et al.1980.
(d) The ORE associated with in situ decontamination of tanks was inadver-

tently omitted from Table H.5-ll of Oak et al.1980, but is included
here for completeness.

(e) It is assumed that this chemical decontamination activity is the last
one to be done in each building. The three contaminated drain piping
systems are equipment drain (radioactive), floor drain (radioactive),
and miscellaneous waste (radioactive).
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spent fuel pool cavity.

the internal surf aces of the condensate storage tanks and the maine

condenser

the external surfaces of the liquid and solid radwaste systemse

equipment.

5.2.3.2 TtG Study ADeroach_to Decontamination of Systems

The two basic methods that are selected for system decontamination
activities at the reference BWR in the TLG study are briefly described below.
They are:

chemical decontamination (recirculatory)e

water jet cicaning..

[.btn11.c31 Decon11n11 nation - Assumption Number 6 in the TLG study states
that a DF of 10 is postulated from the chemical decontamination of the
nuclear steam supply system (reactor vessel and iecirculation system); no DF
is given concerning the other contaminated reactor systems. The study work-
sheets for specific system decontamination tasks as well as for the sub-'

sequent disassembly and removal operations associated with those systems show
identical, across-the-board occupational exposure rates for both supervisory
and dedicated workers.

The chemical decontamination of the remaining contaminated systems
piping in the TLG study is performed segment by segment. A detailed review
of TLG's chemictl decontamination worksheets shows that the decontamination
rigs are hooked up about every 100 feet of piping in all the contaminated
systems, as shown in Table 5.5. Thus, this approach results in an estimated
total of 755 decon rig bookups at a cost of $4.5 niillion, without contin-
gency. Overall, about 704 man-rem (greater than 17% of the total ORE for the
DECON alternative in the TLG study) is incurred during the decontamination of-

systems during decommissioning.

A major schedule estimate assumption proffered in the TLG study (Assump-
tion Number 1) states: "All work except vessel and internals removal activ-
ities is performed during an 8-hour workday, 5 days per week with no
overtime. There are eleven paid holidays per year." Unit Cost Factor (UCF)
number 89 states that 8-hour flushes are required for each decontamination
rig hookup and a total duration of 41.4 hours is required per hookup. With a
single shift operation, only one hookup per decontamination rig could be
completed every 5 days (41.4 hours). Thus, a total of 3,916 rig operating
days would be required to complete the system decontaminations, it would
appear that the circulatory decontamination efforts are likely to be on the

5.18
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Critical path, and could extend the duration of the pre-license termination
period unless 5 to 10 decontamination rigs were in service simultaneously.

Raler-Jet Cleaning - The external surf ace decontamination of large vol-
LG study is described in VCf number 88. A decontami-

ume components in the {/ minute, using a 46 L/ min fluid flow rate isnation rate of 0.023 m
delineated therein.

5.2.3.3 Results of the Comparison of the Approaches to hcontaminatio.n
of Reacttr_Sy111njim

A comparison between the TLG study and the PNL study of the radio-
actively contaminated piping systems selected for chemical decontamination is
presented in Table 5.6. Unfortunately, the discrepancies seen in the table
concerning the number of valves and piping lengths were not resolved in this
study, and they have some effect on the differences in decontamination costs.

The principal difference found in this analysis between the PNL study
and the TLG study concerning the chemical decontamination and water-jet
cleaning of contaminated reactor systems are presented in Table 5.7. It can
be seen from the table that these differences include the overall approaches
envisioned in getting the job done, constant versus variable radiation dose
rates assigned to the workers performing the tasks, and the number of feet of
piping involved in the projer.t.

The PNL study employed a system wide decontamination approach, including
the use of jumpers where appropriate, and calculated the ORE based on the
dose rates, which varied depending on the system, in addition, the PNL study
considered both the solution heating requireinents necessary for effective
chemical decontamination as well as the optimum utilization of the onsite
radwaste processing systems for concentration and solidification of the spent
decontamination solutions. The TLG study chose a segment-by segment approach
whereby some 755 separate hookups were envisioned, based on connections being
made about every 100 feet of systems piping, and with the resultant contam-
inated waste fluids being processed in numerous batches.

The TLG study applied constant dose rates to all worker types over all
systems and over all systems tasks. The PNL study based its ORE estimates on
a task-by-task analysis of personnel exposure hours and expected radiation
dose rates associated with each task. The expected radiation dose rates
varied in the PNL study depending on the system and/or component and were
based on composites drawn from seven operable BWRs (0ak et al 1980,
Appendix 0).

In both studies, only one system volume of chemical decontamination
solution is required for the nuclear steam supply sys'.em (reactor vessel and
recirculation system). However, in the TLG study, two water rinses are

5.20
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1AlllE 5,6. Comparison Between the TLG Study and the PNL Study of'

Radioactively Contaminated Piping Systems Selected for
Chemical Decontamination

Tot al s tgy
PNL StyTLG Stydy

1Totalsta;
Number Number

Piping, of Piping, of
.P_ljnt System LFLCJ y31ves LFLc) Valves

,_

Reactor Water Recirculation NDC(d) NDC 604 8
Reactor Water Cleanup 2,810 54 3,649 57

Residual Heat Removal 5,848 94 5,450 75
Low-Pressure Core Spray NDC NDC 1,024 13

High Pressure Core Spray NDC NDC 788 19

fuel Pool Cooling and Ciegnup 4,152 67 3,419 66
Radwaste Drain Syttems:se;

Reactor Building / Primary-

Containment NDC NDC 2,212 24
Turbine Generator Building NDC NDC 3,275 14-

Radwaste and Control Building NDC NDC 4,718 202-

Radwaste Floor Drain Process 634 65 NDC NDC

Rt.dwaste - Equipment Drain Process 960 67 NDC NDC

Chemical Waste Processing 11,993 61 NDC NDC

Equipment Drains - Reactor Building 22,987 9 NDC NDC

Equipment and floor Drains - TG 22,987 0 '4DC NDC,

Floor Drains - Reactor Building 1,706 23 NDC NDC

Equipment and Floor Drains - RW _MM __U ___161C R(10

Totals 75,476 451 25,139 478

(a) Information adapted from TLG study, Section 5 worksheets for utility and
DOC DECON scenario.

(b) Information adapted from Oak ct al. (1980), Tables C.3-7 through C.3-10.
(c) LF means linear feet.
(d) NDC means No Direct Comparison is apparent between the studies.
(e) In the PNL study, thu,e are some of the last tasks done in each build-

ing. They include 215 floor and equipment drains in the Reactor /
Primary Containment,115 floor and equipment drains in the Turbine-
Generator Building, and 217 floor and equipment drains in the Radwaste
and Control Building, as well as process and miscellaneous wastes
(radioactive) systems (see Tables C.3-7 through C.310 in Oak et al.
1980),

postulated prior to segmentation. The segmentation itself is to be done
underwater; therefore, it is presumed (but not stated) that the reactor
vessel will again be filled with water. This approach effectively requires
three or four system volumes of decontamination solution and/or rinse water
that must subsequently be dealt with.

5.21
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JRLLLZ. Comparison of the PNL Study and the TLG Study Approaches to
Decontamination of Reactor Systemsi

fescription of Differev e

C et coor v it LWsM *I NL ba4v
1. .'ec or.tpinet ton of $ystent-. Two tosic methodst two basic nethcet

Appr cech 1 Chemicet occontamination 1. Chemicet decontamination
(recirculetory) (recirculetory, and once-

2. Water jet cleaning through, deperding on piping
systen)

2. Water-jtt cleaning.

2. Work $chedule B hr workday, $ dcys per week Rcurd the clock, 7 days per week

3. Radletion Dose Retes Contgt on all systems et 0.010 vertebte depending on system end/or
R/hr congonent, tesed on coryosites

dre n f rom 7 operable IJs

4. Estincted Cxcupat tonel Radie- 704 33
tion f xposure, man rem

5. Decontamination criterlon Note stated in the report 'I ho themicet deconterrinet tonI

required m miscellaneous nyttens
neith expected contect reedings of
<t5 nA/hr, ef ter dretning.

6. Pipirg (all stres) selected for 75,476 25,130
decontamination, LF

7 Selected Reactor $ysten.1

e. Nuclear $ team $t4 ply $ys- e. Using one chemical flush and two e. Using one chemical flush, et
tem (reacter vesset erd weter rinses prior to tenptreture. hith m water rinse
recircutetton system) segnent at ion prior to segnentetton.

b. Residunt Heet Removal b. , c . , d. , g . , and h. s yst enr 1 b. , c . , d. , e. , and f . sys t en t
c. Reactor Weter Cleento 1. R ec i r cula tory 1 Retirculetory et tensereture

d. f uel Pool Cooling and 2. Decentamination rig gking on 2. $ystem s(de using system
Cleanup consecutive sections ptstps; Jttgers used, where

e. Low Pressure Core $ prey 3. 755 decontamination rig hahtu appropriate.
f. High Pressure Core Sprey 4 Deconcontaminate all piping in 3. ko decortamination rige taed

erprominutely 100 foot urticrv 4 Decentaminate entire system

g. Ecpipient and Flcor Ornirt gt
1. kobile heating unit with

renote controls used

h. Chemicel Weste Processing
i. In situ (32 tanks) it

1. five decontemination rigs
working in parettel; occon-
teminnte et terte:eture
recuired

2. Two hootton per tank
3. Recirculetory

8. Cost, $ Milltorr.(8) 4.468 1.01?

(e) Ibsed on lebte $.4.
(b) desed on f igure 5.3.
(c) Besed on chemical Olution beating reovirements and contamiruted solutiorm draining and processing times.
(d) TLG esstred contaminated systent had high radiation levels prior to acconteminetlon. These systems were

decontaminated to a constant level of 0.010 R/hr of ter decontamination (LeGuardie 1990).
(e) Wo decon.eminnt. . of systms that were not expsed to contamiretion during rormel operation of the reactor

(LoGuardie 1990).
(f) Exact rtrter of decontaminet ton rigs not stated in the itG remet; however, LeGuardio (1990) i ! ,u

" Multiple rrobile decontaminntion rigs (five) working on several systcm et ore time."
(g) Costs are in mid 1967 cb1ters and do not include contingency.
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PNL believes that in the chemical decontamination of radioactively con-
j taminated systems during decommissioning, the fewer hookups, the better.

Because there are fewer opportunities for leaks, less surveillance is
required, leading to less ORE. In addition, chemical decontamination is only
justified if the ORE expenditure during the decontamination activity is at
least recovered during subsequent removal operations. TLG also believes that
in chemical decontamination, the fewer the hookups, the better, for the same
reasons (LaGuardia 1990).

The chemical decontamination activities postulated in the TLG study,
covering about 3 times as many linear feet of pipe as the PNL study, resulted
in an estimated total ORE of about 704 man-rem, compared with less than 33
man-rem from those activities in the PNL study. The approach taken in the
TLG study resulted in an estimated cost of about $4.5 million, without con-
tingency, compared with an estimated cost of slightly greater than
$1.0 million, without contingency, in the PNL study.

Ig the PNL study, the water-jet decontamination rate was assumed to be
he TLG study, the water-jet decontamination rate

0.77m'/ minute,whileing/ minute. The TLG study worksheets indicate thatwas assumed to be 0.023 m
water-jet cleaning was limited to the containment vessel liner and various
pool liners in the Reactor Building. No concrete cleaning was done with
water jet. The estimated cost, without contingency, for these tasks is $2.1
million and includes 27.5 man-years of effort. By way of comparison, the PNL
study (Oak et al.1980, Table H 5-5) indicates water-jet cleaning activities
in the Reactor Building (178 schedule days), the Turbine Generator Building
(128 schedule days), and the Radwaste Building (50 schedule days). The es-
timated cost, without contingency, is $0.85 million and includes 12.9 man-
years of effort. Overall, decontamination costs differed between the two
studies by about $4.7 million, with the TLG estimate being the larger.

5.2.4 Vnit Cost and Work Difficulty Factors

The heart of the TLG estimating methodology is the development of unit
cost factors for performing many repetitions of the same or very similar
operations. This methodology is presented in detail in LaGuardia (1986). A
simple example is the cutting of contaminated piping of a given size range
(e.g., < 2 in, dia.). The steps necessary to remove a section of piping
approximately 5 ft in length from a given system are identified, time dura-
tions assigned to each step, and the elapsed times nuessary to complete each
step are estimated and summed over the complete operation. An appropriate
crew makeup is identified (e.g., 2 laborers, 1 craftsman, 0.5 foreman), with
appropriate salary rates and cost multipliers (i.e., overheads and profit).
A set of work difficulty factors is also identified and applied to the base
time duration to reflect the increases in time duration for the operation
that result from such considerations as working above floor level, wearing
respiratory protection, time devoted to obtaining and understanding the
instructions associated with operations in radiation zones and to reducing
radiation dose rates applicable to those operations, time for putting on and
removing protective clothing necessary for radiation zone work, and time for
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.

work breaks. In Laguardia (1986), these time duration multipliers were
identified and ranges of applicable values were presented, as given below.

'

Height: 10 to 20% of basic task duration.

Respiratory Protection: 25 to 50% of basic time duration.

Rad. Protection /ALARA: 10 to 40% of basic time duration.

Protective Clothing: 30% of adjusted time duration.

Work Breaks: 8.33% of total adjusted duration y.

4

These work difficulty factors are used in developing unit cost facters for
removing material used in the TLG analysis for WNP-2 (TLG 1988). For the
removal of contaminated materials, each dif ficulty factor was set at the
upper limit of its range, and all difficulty f actors were applied to all
steps within each orcration, j

1hc above approach has the result of markedly ir. creasing the total dura-
tion of the times estimated for each operation, in many instances, these
factors are appropriate and proper. In other instances, indiscriminate
application of these factors results in an overestimate of the time duration
of a given operation. An example is in the application of the maximum
Radiation Protection /ALAPA difficulty factor to every cut of contaminated
piping made during decommissioning. A given crew will spend some time at the
beginning of each shift being instructed about what system (s) they will work
on and what conditions they may encounter during that shif t relative to
radiation protection needs, it seems highly r likely that they should spend s

'\-
the couivalent of over 3 hours for every 8 hoi :, of work receiving these
instructions, and/or installing shielding to reduce the dose rates they would
encounter during the shift. s

Another unit cost factor that appears to PNL to be significantly
inflated by inappropriate use of work difficulty factors is the use of the
solution circulation rig for piping decontamination. For each use of the
rig, 6 hc e s are assigned to disconnecting from the last use, moving to the
next location, and connecting for the next use. Once connected, 8 hours are j

assigned to circulating the decontamination solutien through the piping. To

perform this operation, a crew of 2 laborers, I craftsman, and 0.5 foreman
are assigned. In the TLG unit cost factor for decon rig operation, the
maximum values of the full set of work difficulty factors are applied to all
14 hours of all crew members, in other words, these 3.5 persons are
postulated to spend the entire 14 hours working at elevated heights, in
masks, and under severe conditions relative to radiation protection.
Examination of the listed steps for decon rig operation shows that 5 hours ..

are devoted to connecting and disconnecting the rig from the piping, 1 hour
for moving the rig to the next location, and 8 hours for circulating the
decontamination solution. While the difficulty factors certainly apply

~

during the connecting / disconnecting steps, it is not obvious that these .

-

5.24

-
____ -__ __ _ _-____ -___-_ - _

,



_ _ _ _ _ _ _ _ _ _ _ . _ _ _

factors should apply during the movement of the rig, and seems highly
unlikely that they should apply during the period of solution circulation,

If one were to assume that the postulated work diificulty f actors were
appropriate for everything except the circulation time, the total time dura-4

tion would be reduced from 41,4 hours / operation to 29.0 hours. The total
_

labor cost for decon rig operation would be reduced from about $3.6 million
to about $2.5 million. With 755 operations of the rig estimated in the TLG
analysis, at an average cumulative dose of 93.198 man mrem / operation, this
operation alone contributes over 700 man rem to the total dose (4085 man-
rem) accumulated by the dedicated decommissioning workers. Reducing the
number of crew labor hours per operation would also reduce the cumulative

,
~ dose in roughly the same proportion, from about 700 man-rem to about
( 500 man-rem.

These obviously extreme examples illustrate the compounding effects on
cost and dose that can result when generalized unit cost factors (developed
with upper-bound work dif ficulty factors applied to all activities within a
given operation) are applied to all operations of a given type without con-
sideration of the differences in conditions that may exist between steps of aL

given operation.
,

5.2.5 [ ncadim loitt
An extensive literature search revealed that cascading cost have not

been given any selective or distinctive consideration in decommissioning cost
estimates until recently. This is not surprising, since the history of
decommissioning cost estimating has proved to be an evolutionary and itera-
tive process. This highly subjective cost category was not considered as a
separate entity in the 1980 PNL study. Rather, the time / manpower estimated
for each task included creating the minimum number of additional points of
access and egress necessary to accomplish license termination.

A summary listing from the llG study for license termination and site
restoration in the base case (i.e., licensee and decommissioning operations

b contractor) f or DECON, including cascading costs, is shown in Table 5.8. It

a can be seen from the table that the total projected cost of dismantling the
'.

WNP-2 facility is about $281.2 million (1987 dollars). Approximately
.

$190.1 million of the $281.2 million total projected cost is directly 9trib-
utable to license termination activities (e.g., the engineering and .anning
for and the actual removal and disposal of the residual radioactivity of the
WNP-2 facility). The TlG study points out, however, that an accounting of
only these costs is not entirely accurate in portraying the actual cost of
" decommissioning" as defined by the NRC and that consideration must also be
given to the methods of executing the decontamination processes, which

.

(a) Cascading costs are defined as those costs associated with removing
noncentaminated and releasable material in support of the decommis-
sioning process (e.g., if it is considered necessary to remove portions

- of the top floors to get at a bottom-floor nuclear component).

5.25

_

m-._-______ __._i_ - .
.

mm ie i ,
, , , , , , , , , , , _ , , , , , , ,



. _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __ _ __ -_

! JABLE SJ. Summary of Estimated Costs from the TLG Study
for the DECON (base case) Mode

>ttIions 19875
Direct Cost for total total Cost Oreludtre

, Period No. Liteme Terminatip_rL (2,RMlh2 Ct4tl. f geg gi,gsjonire Cost. DemtitioVRestoration)

1(a) $$,971 0.(s 15.971 15.971

2(b) 135.802 9.078 144.s80 144.to0

3(C) _922 9.d _ 0,3?0 .64Alf

subtetal 152.102 9.078 161.180 224.968

25% Cmtireerey ,}$ R 6 .L2f? 49Jf91 lidil

total 190.128 11.347 201.475 231.210

(a) Preparettors.
(b) Deconmittlonir$ Operations art License Terminatim.
(c) $tte Restoration.

include " cascading costs." The TLG study further states that about
$11.3 million in cascading costs are estimated to be incurred during the
decommissioning process for the licensee to meet the intent of the NRC's
definition of decommissioning, resulting in a total DECON cost of about
$201 million.

(9fnparison of Rafiqactive Watte Volumni5.2.6

Direct comparison of disposal volumes on an item-by-item basis is not
always t.ossible between the two studies, because of dif ferences in how the
information was assembled and presented. However, it is possible to compare
selected groupings of waste volumes, as shown in Table 5.9.

For the components associated with the reactor vessel, the internals,
and the control rod drives, the total estimated volumes for the packaged
materials agree amazingly well. The total packaged volumes associated with
piping and valves also agree fairly well. There is a significant difference
between the studies in the volumes of activated and contaminated concrete
packaged for disposal, which probably reflects different assumptions about
how the sacrificial shield is packaged. Also, there is a large difference
between the two studies relative to the treatment of the containment vessel
liner. TLG packaged the liner for disposal as radioactive wastes, while PNL
assumed the liner could be cleaned sufficiently to permit release as scrap.
There is a significant difference between the volumes associated with the
spent fuel racks and pool liners from the Reactor Building. It is likely
t!.at this difference is also a result of different assumptions about how the
material is packaged. A major difference appears when considering piping
hangers. TLG worksheets show that all piping 2-1/2 inches or greater in
diameter regyired a pipe hanger abott every 22 ft, each of which occupied
nearly 13 ft3 in burial volume and weighed about 250 lb. On the other hand,
PNL considered only snubbers / hangers within the containment vessel.
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TABLE 5.9. Selected Comparisons of Radioactive Waste Volumes for DECON

3Pack _itged Waste Volume hq L.
Ltim _ PNt TtG

Reactor Vessel /Interr.als/CR Drives 1,022 1,020

Piping and Valves 4,295 4,604

Activated / Contaminated Concrete 1,766 1,105

Containment Vessel Lir.er (cleaned / released) 922(a)

Spent fuel Racks / Pool Liners 381 856

Piping Hangers 270 1,b53

All Other Wastes 11.24.1 14.429

Totals 18,975 24,489

(a) TLG believes that a BWR suppression pool liner w;11 not be releasable
without extensive decontamination, and that a cost-benefit study would
have to be performed at the time of decommissioning to determine whether
or not decontaminat'.on of the iiner is reasonable. At current burial
ground prices and current decontamination technology, TLG believes that
decontamination of the suppression pool lin' ' is not cost effective
(LaGuardia1990).

Overall, the total packaged volumes of radioactive waste estimated by
the two studies agree reasonably well (i.e., to within about 10%) once the
largest identified differences are removed, with the TLG estimate being the
larger of the two. With disposal costs in the vicinity of $40 million, this
difference torrespunds to a cost difference of about $4 million.

5.2.7 Comoaritan_pf Occupational Radiation Exposures

For DECON of the reference BWR, the estima+ed total ORE by PNL is 1845
man-rem. As a result of a re-examination (Smith et al.1985), PNL increased
the decommissioning worker staff by about 80 man-years to assure meeting the
5 rem / year dose limit.

The TLG study shows an estimated ORE of 20 man rem in Period 1 plus 3756
man-rem in Period 2 for DECON, based upon 566 man-years of dedicated decon-
tamination workers (see Table 5.3). This manpower loading would appear to
result in exceeding current regulatory dose limits of 5 rem /yr. However,
the TLG approach (not str.ted in the report) was to lay off workers as they
reached their annual exposure limit and to hire new workers, to avoid
indiv' 'ual over .xposures.

5.27
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i 5.2.8 [ Amp 3rison of Eackaaed Waste Transportation Colli

lhere is a sigt.ificant difference between the estimated cost of
transporting the packaged wastes to the low level disposal site (PNL, 54.5
million; TLG, $3.0 million). This difference arises from two competing

3
a dgfference in the estimated volumes of waste (PNL,18,975 m ;factors:

TLG, 24,489 m ), and a difference in the postulated transport distance and
rates (PNL, 1000 miles round trip at $1.61 per mile; TLG, $100 miles one-wt.y
at $5.25 per mile). The net result of these dif ferences is about $1.5
million, without contingency.
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APPENDlX A

COST UPDATING BASES AND METHODOLOGY

This appendix contains the cost adjustment factors and other pertinent
cost-relatr' 'vmation used to update the PNL decommissioning costs to a
mid 1987 (s -; aust) cost base for the purpose of subsequent comparison'

with the TLb ongineering, Inc., cost estimate.

Cost adjustment factors used to update decommissioning costs to a mid-
1987 cost base are shown in Table A.I. The rationale for these cost adjust-
ment f actors is given in the following paragraphs.

TABLE A.l. Cost Adjustment Factors for Updating Decommissioning Costs to a
Mid 1987 Cost Base

Cost Adjustment factor Applied to
Cost Cateaory 1978 Cqsts

Staff Labor 1.63

Equipment 1.66

Miscellaneous Supplies 1.66

Energy

Electricity 1.95
fuel Oil 1.50

Specialty Contractors 1.66

Regulatory Fees See rationale

insurance 2.03

Waste Management

Containers See rationale
Transportation 1.56
Burial See rationale

A.1
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SipfLLet&t. Cost adjustment f actors for staf f labor were determined by
using the July 1987 Handy Whitman Index of Public Utility Construction Costs.
Average values, determined by averaging cost escalation factors for building
trades labor for the six regions of the United States defined by the Handy-
Whitman index, were used in making comparisons between 1978 and 1987.

[quipatal. Lquipment costs were escalated based on national average cost
escalation values for capital equipment obtaincd from the U.S. Department of
Labor publicaticn, " Producer Prices and Price Indexes."

lihttllEttnMLhWTlifJi, Cost adjustment factors used for miscellaneous sup-
plies are the same as those used for equipment.

[lttiritity. Costs of electricity were escalated based on national average
values of the electric power index in the U.S. Department of Labor publi-
cation, " Producer Prices and Price Indexes."

LutLQil. Costs of fuel oil were escalated based on national average values
of the index for No. 2 fuel oil in the U.S. Department of Labor publication,
" Producer Prices and Price Indexes."

SAtti al t Y.lEnirJLC10D. Specialty Contractor costs are primarily Costs asso-
ciated with labor and equipment. The same cost escalation factors were used
for specialty contractor labor and equipment as were used for facility
licensee labor and equipment.

Et9ula10.ty_.[en, fees charged for licensing services performed by the NRC
are on a cost recovery basis as defined in 10 CfR Part 170. For these cost
updates it is assumed that licensee submittals are of a quality such that one
NRC staff-year is required to accomplish the appropriate reviews, operational
surveillance, and termination inspections, with an estimated cost in 1987
dollars of about $123,000.

jniuta.nte. Based on telephone discussions with American National Insurers
(ANI) representatives, 1978 insurance premiums were escalated by a factor of
2.03.

Cont 11pers , insofar as possible, container costs were updated using actual
1987 costs determined by telephone contact with a supplier. For cases where
this was not practicable,1978 container costs were escalated by a factor of
1.7.

ItanEportation. From the published rates of a carrier licensed to transport
radioactive materials (ICC TSMT 1988), it was determined that the 1987 cost
of a legal-weight, exclusive-use truck shipment employing a singic driver for
a 1,000 mile round-trip distance is $1.61/ mile. The 1978 cost of a similar
shipment was $1,03/ mile. This value was used to establish the transportation
cost adjustment factor.

Lqw-leveLWaflp_Rutlal. Current rate schedules for disposal of radioactive
waste were obtained from both U.S. Ecology and Chem-Nuclear Systems, Inc.

A.2
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The two companies use difforent bases for determining surcharges, and, there-
fore, their rate schedules are not directly comparable. Chem Nuclear's
charges appear to be somewhat higher than U.S. Ecology's. Waste disposal
costs in the original BWR decommissioning study (Oak et al.1980) were based
on U.S. Ecology rate schedules.

The calculations necessary to determine the costs for burial of the
radioactive wastes postulated to result from decommissioning of the reference
BWR are performed using a detailed spreadsheet (NRC 1988). The spreadsheet
evaluates the burial costs for each of the items originally costed in the
reference BWR decommissioning cost study. The costs in this study are based
on the burial price schedule of August 17, 1987, for the U.S. Ecology's Wash-
ington Nuclear Center, located on the Hanford Site near Richland, W6shington.
The spreadsheet calculations, which are too voluminous to present here, are
summarized in Table A.2. The costs shown in the table do not contain a cost
contingency.

Since the original BWR decommissioning report was prepared, a number of
post TM1-2 backfit requirements have been imposed on operating nuclear power
stations. These requirements were actions judged necessary by the NRC to
correct or improve the safety of operation of nuclear power plants based on 1

~

the experience from the accident at TMI-2. The costs for disposing of the
additional contaminated materials associated with post-THI-2 requirements
imposed on the licensee are included in Table A.2. A summary of these esti-
mated additional disposal costs for the DECON alternative is presented in
Table A.3. The costs given in Table A.3 are based on the additional mate-
rials inventory delineated in NRC (1988), updated to the aforementioned
August 17, 1987, burial price schedule, and contain a 25% contingency. The
addition of these materials brings the total radwaste burial volume to
670,180 cubic feet.

A.3
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i Il&LLL2, Burial Volumesgnd Co$ts at the U.S, Ecology Wa$hington Site,
Reference BWR\

Bur t el 19875 (without contirmxy)
Volge Crane Cast Elings Liter buriel Distm et

beste Meterset ,1f U._ }vrt%rgt Eg_6 {}IH it t) _Curlt._ Dose Pete (B e r gt,_ ,,_ic* t
_

k!htid
steam separator 353 0 33,600 0 23,689 291,200 10,449 358,93B

f uet Sugusrt vd Pines 1 77 0 16,P00 0 0 53,200 5,239 75,239

Control Rcds/tricores 530 0 9,600 0 52,074 320,000 15,6BS 397,362

Control kcd Guides 141 0 6,600 0 0 18,792 4 ,1 74 29,566

Jet Pagm 495 0 4B,000 0 35,160 610,000 14,652 707,B12

top Fuel Guides B48 0 86,400 0 117,776 1,098,000 25,101 1,327,277

Core $Jgiort Plate 309 0 17,0$0 0 0 48,546 11,514 77,110

Core throtd 1,660 0 168,000 0 1,539,720 1,792,000 49,136 3,54B,056

Deactor vessel Well ?R3 17,435 12,100 0 0 34,452 8,3 77 72,3 64

Secrifittel Shield 3,17B 48,057 0 0 0 0 94,069 142,926

UntW10fLitd
Other Primry contelrrent 124,670 0 0 0 0 0 3,696,152 4,696,152
Reactor Water pec tre, 3,108 35,978 0 0 0 0 91,997 127,974

Sacrificiel Shield 10,943 138,7tt, 0 0 0 0 324,061 462,649

Contelrvent Atnospheric 1,695 931 0 0 0 0 50,172 51,103

High Pressure Core Spray 600 4,53) 0 0 0 0 17,760 22,291

Low Pressure Core sprey 353 1,416 0 0 0 0 10,449 11,664

teactor Building Closed 1,130 2,747 0 0 0 0 33,44B 36,195

Cooling
Fesctor Core ISO Cooting 459 716 0 0 0 0 13,506 14,302

RenickmL Heat Renmet 2,190 12,909 0 0 0 0 64,824 77,733

Pool Lines and Racks 13,455 51,833 0 0 0 0 398,268 450,101

Contaminated Concrete 15,327 9,648 0 0 0 0 453,679 463,528

Other Reactor building 50,110 0 0 0 0 0 1,483,256 1,483,256

Turbine 49,652 128,303 0 0 0 0 1,469,t99 1,598,002

kleer Stewn Condemate 12,819 18,6B7 0 0 0 0 379,442 398,129

Low-Pressure f eedwater 26,026 140,751 0 0 0 0 770,370 911,121

Heater
Main steam 2,5 00 4,747 0 0 0 0 74,237 78,983

Moisture separator 25,250 06,204 0 0 0 0 747,400 S33,604

Reheatern
Reactor f eedwater haas 6,851 9,155 0 0 0 0 202,790 211,945

High Pressure f ee< hater 4,? T3 27.724 0 0 0 0 126,481 154,205

Puas

Other TG Building 171,520 0 0 0 0 0 5,076,992 5,076,992
R Mwaste Building M ,931 0 0 0 J 0 2,513,958 2,513,958
Reactor Building 10,710 0 35,200 0 0 0 322,664 357,864

1G Buttding 7,230 0 21,100 0 0 0 217,372 240,472

RMwaste ord Control 6,240 0 20,000 0 0 0 187,607 208,507

Cmeentretor Bottant 22,500 0 123,750 0 0 150,898 666,000 940,648

tost THI 2 Wastes 1,?71 0 0 0 0 0 37,651 37,651

Other _tdog 0 ,JL}M Q 0 34ZZ _1E iG _ 217EI
lotet BWR 670,1B0 741,559 634,650 0 1,768,419 4,420,765 19,649,272 21,414, t,64

3(a) turconrge for ron4orthwest Cortpact users et $20/f t equals an incremntel cost of $13,403,600,
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IMLLAJ. Summary of Estimated Costs for Disposal of Additional
Contaminated Materials from the Reference BWRga;

Descriptico: All materials shown in Table 4.4 of
Konzek and Smith (1988)

Estimated Mass, kg,b)l
Number of Disposable Containers (C):: 11,270(d)

14

Container Costs,$ I: 15,000

Number of Shipments (9)::
1

Transport Costs, $ 4,320

HandlingCosts,g: 0
Burial Volume, 36

Total Disposal Cost, $f:::Burial Cost, $ 47.039
66,359

(a) Values include 25% contingency and are in August 1987 dollars.
(b) Obtained or estimated from information supplied by Washington Public

Power Supply System.
(c) Assumed to be 1.2 m by 1.2 m by 2.4-m metal boxes, unless otherwise

indicated.
(d) Seven of those containers are self-contained disposable containers on

which the openings or surfaces are capped or covered and seal-welded.
(e) Based on information in Section M.2 of Appendix M by Oak et al. (1980)

and escalated to August 1987 dollars.
(f) Assumed to be overweight shipment.
(g) Based on Table M.4 4 by Oak et al. (1980) and escalated to August 1987

dollars.
(h) Based on Table M.5-1 by Oak et al. (1980) and escalated to August 1987

dollars; based on an assumed container surface dose rate of <0.20 R/hr.
(i) The number of figures shown is for computational accuracy and does not

imply precision to that many significant figures.
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11. A8sf M Aci Gop weem e, s st

This study presents the trsults of a coriperiton of a previous deccernissionity cost stud / ty Pacific horthwest tetoratory
(PNL) and a recent decorrentssiontr$ Cost stWy ty ILG Engineerirg, lnc., for the some cortraerclet nuclter power reactor station.
The purpose of this ccerparative enetysis on the swne plant is to dettrreine the reasons why sdas44Jent estimates for similar
plants by others were significantly higher in cost ord enternal occupational radiation exposure (ORE) then the PNL study.

The priemry arrose of the original stWy by PNL (WVRIC/CR 06T2) was to provide informatico on the ovellebte technology.
the safety considerations, ord the protable costa and ORE for the decorrinissittiing of a terpe BWR powstr station et the end of
its cperating Life. This information was interded for use as tackgrcurd date and teses in the modification of existing
regulations and in *.he develttsnent of new regulations pertaining to decorrinissioning activities. It was etso intended for use
14 utilities in planntre for the deccarrnissionirs of their ructeer gewer stations,

the itG stu:fy wee performed in 1989 f or the sene plant, Washington Public Power Supply $rstinn's Unit 2 (WNP+2), that Pht
usxt es its reference plant in its 1980 c'eccernissioning stWy. Arcos of agreement ord disagretsnent are identified, and
reasons for the areas of disagreement are discussed.
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