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FCRE&ORD
NUCLEAR REGULATCRY COMM SSI ON STAFF

The Nuclear Regulatory Commission (NRC) staff is reappraising its rﬁgu-
latory position relative to the deconmissioning of nuclear facilities.(1)” As
part of this activity, the NRC has initiated two series of studies through
technical assistance contracts. These contracts are being undertaken to

develop information to support the preparation of new standards covering
decomm ssi oning.

The first series of studies covers the technolog{, safety, and costs of
deconn155|on|nP reference nuclear faci Tities. (2-23) “Light water reactors
(LWRs) and fuel -cycle and nonfuel -cycle faci Tities are rncluded. Faci 1ities
of current design on typical sites are selected for the studies. Separate
reports are prepared as the studies of the various facilities are conpleted.

~The second series of studies covers suEporting information on the decom
m ssioning of nuclear faci lities. (24-28) This series includes an annotated
bi bl iography on decomm ssioning and studies on faci 1i tation and radiation
swwm%%wmwﬂﬂm@mmmmm,&%l%mmm%mmf
regul ations appl 1 cable to decomi ssioning

Thi s riBort contains informtion concerning technical support provided
by Pacific Northwest Laboratory staff for deconmssioning matters related to
preparation of the final Deconm ssioning Rule by the NRC staff.

The information provided in this.reFort on deconmi ssioning of a reference
BWR, including any comments, will be included in the record for consideration

by the Conmission in establishing criteria and new standards for deconm ssion-
Ing. Conments on this report should be mailed to:

Chi ef

Materi als Branch

Di vision of Eng|neer|n?

O fice of Nuclear Regulatory Research
US Nuclear Regul atorg Conmi ssi on
Washington, DC 2055
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ABSTRACT

Preparation of the final Decommissioning Rule by the Nuclear Regulatory
Commission (NRC) staff has been assisted by Pacific Northwest Laboratory
(PNL) (@) staff familiar with decommissioning matters. These efforts have
included updating previous cost estimates developed during the series of studies
on conceptually decommissioning reference licensed nuclear facilities for
inclusion in the Final Generic Environmental Impact Statement (FGEIS) on decom-
missioning; documenting the cost updates; evaluating the cost and dose impacts
of post-TMI-2 backfits on decommissioning; developing a revised scaling formula
for estimating decommissioning costs for reactor plants different in size
from the reference boiling water reactor BWR) described in the earlier study;
and defining a formula for adjusting current cost estimates to reflect future
escalation in labor, materials, and waste disposal costs.

This report presents the results of recent PNL studies to provide

supporting information in three areas concerning decommissioning of the
reference BWR:

e updating the previous cost estimates to January 1986 dollars
e assessing the cost and dose impacts of post-TMI-2 backfits

e developing a scaling formula for plants different in size than the
reference plant and an escalation formula for adjusting current
cost estimates for future escalation.

(a) Operated for the US. Department of Energy by Battelle Memorial Institute.
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1.0 [ NTRGDUCTI ON

~ Preparation of the final Deconmssioning Rule by the NRC staff has been
assisted by PNL staff familiar with decommissioning matters. These efforts
have included updat i n? previous cost estinates devel oped duri n? the series of
studi es on concept ual Fy decorm ssi oning reference 1icensed nuclear faci 1ities
for inclusion in the Anal Generic Environnental Inpact Statement (FGHS) on
Decomm ssi oni ng; docunenting the cost updates; eval uating the cost and dose
I npacts of post-TM -2 backfi ts on deconm ssioni ng; devel oping a revised scal -
ing formula for estimating deconm ssioning costs for reactor plants different
insiz gromthe reference b0|I|n? water reactor (B described in the earlier
study; (1) and defining a fornula for adjusting current cost estinates to reflect
future escalation in l'abor, materials, and waste disposal costs.

This report presents the results of recent PNL studies to provide sup-
porting information in the fol [owing three areas concerning decomm ssioni ng
of thereference BR

updating the previous cost estimates to January 1986 dollars

e assessing the cost and dose inpacts of post-TM -2 backfits

devel oping a scaling formula for plants different in size than the
reference plant and an escalation formula for adjusting current
cost estimates for future escalation.

For consistency, the anal yses for the inpact of post-TM -2 backfits fol-
| ow the sane basic Structure, content, and study approach delineated in the
original B/R study. (1)

Because of rising costs and a changing regulatory clinmate, the NUREG/CR-
0672 ?enerl C cost estimates, original Iy devel oped in 1978 dollars, were updated
to reflect 1984 cost conditions In a report prepared by PNL for the Hectric
Power Research Institute.(2) Uking the new cost estinates as a base, revised
generic cost estimates were devel oped for several alternatives identified to
I'ncrease deconm ssioni ng costs, including additional 1icensing fees and extra
staff to keep personnel radiation exposure bel ow5 rem/year.

In addition to the EPR cost update, two addendums(3.4) to the original
B/R report (NUREG/CR-0672) have been I:)r epared which examned the effects on
costs and safety of deconm ssioning plants 1) of being unable to dispose of
wastes offsite and 2) of classifying the wastes resul ting from decomm ssioning.
This third addendum which examnes the topics listed above, was prepared in
support of the FGE S on Deconm ssioning and the final Decomm ssioning Rule.

~ Fol Towing this introductory chapter, a summary of the information and
findings concerning the three areas of interest tothis study is presented in
Chapter 2 Chapter 3 contains the supporting information associated wth
uPdatl ng the previous cost estimates to January 1986 dol lars. The assessnent
of the cost and dose inpacts of post-TM-2 backfits on decomm ssioning the
reference BRR is given in Chapter 4. The nethodol ogy used to devel op scaling
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and escalation formulae for the Decommissioning Rule is presented in Chapter 5.
Two appendixes to the report provide supporting information for cost updating
bases and methodology (Appendix A) and revised assumptions and formulae for
estimating costs as a function of plant size (Appendix B).
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20  SUWARY

~ The results of this study sponsored by the US Nuiclear Regul atory Com
mssion (NRQ to provide technical support for decomm ssioning matters related
to preparation of the Final Deconmssioning Rule are sunmarized in this chapter.
The purpose of this study is to provide supporti ng information related to decom
mssioning a reference boiling water reactor (BAR), as described previously

In NUREG/CR-0672. The three areas considered in this report are

updating the previous cost estimates to January 1986 dollars
assessing the cost and dose inpacts of post-TM -2 backfits

devel oping a scaling formula for plants different in size than the
reference plant and an escal ation formula for adjusting current
cost estimates for future escalation.

The principal results are given, in brief, in the follow ng paragraphs, wth
nore conpl ete summaries presented in subsequent sections.

| medi ate dismant|ement of the reference BAR is estimated to cost
$131.8 m11ion gln.January 1986 doilars) under the uti Tity-plus-contractor
option or $108.9 ml lion under a utility-only option.

Preparing the reference BR for safe storage, safe storage for 30 years,
and dismantlenent after 30 years is estimated to cost a total of $131.4 mllion
(in January 1986 doIIarsg). Continuing care during the safe storage period is
estimated to cost $120,000 per year and woul d continue until the facility is
dismantled. The cost of deferred disnmantlenent, starting after intervals of
10, 30, 50 and 100 years after final shutdown, has been estimated in January
1986 dol lars to be $82.2 nillion, $82.2 nmllion, $48.3 nllion and $48 m |11 on,
respectively.

Ent onbi ng the reference BAR after renoving the hi_ghlg activated reactor
vessel internals is estimated to cost $112.8 ml lion(in January 1986 dol | ars)
under the uti 1ity-plus-contractor option. Entonbing the reference BARR wth
the highly activated reactor vessel internals left In place is estinated to
cost $96.9 m 11ion under the uti 1ity-pl us-contractor option.

Costs of continuing care during entonbment of the reference BAR are esti-
nated to be $64, 000 per year. Federal and state licensing/inspection cOStS
are estimated to cost an additional $10,000 per year. These costs woul d con-
tinue until either the radioactivity can be shown to have decayed to unre-
stricted release levels, or until the facility is dismantled should an earlier
release of the property becone necessary.

No detailed estinmates of cost and radiation dose are made for di snantl e-

nent of an entonbed facility. However, it is anticipated that these paraneters
wll have values simlar to those for dismant|enent tol | owing safe storage.
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The removal , packaging, and shipnment of equipment and materials that
were installed in the reference plant subseguent to the TM-2 accident and
whi ch became radioactive and/or contamnated while in service are estimted
to result in additional radiation doses of about 3.1 man-remto decomm ssion-
ing workers during imediate dismantlenent. The original immediate di sman-
tlement deconmi ssioning cost estimte could he exPected to increase only
slightly overall (less than 1% in January 1986 dollars), due to the slightly
exPanded scope of decommissioning activities associated with changes in the
reference plant's characteristics.

An inportant part of the Decommissioning Rule devel oped by the NRC related
to commerci al Bomer reactors is the section dealing with assurance that funds
wll be available for decommissioning when the time comes to acconplish that
effort. The NRC has placed into the Rule a fornula for estimting the amount
of funds required to provide reasonable assurance of adequate funding as a
function of the power rating of the reactor. Since the actual date of decom
n133|0n|n? for most plants I's as yet undefined, an additional formula has
been developed for adjusting that cost estimte to include escalation fromthe
time the Rule was issued to the time of actual decomm ssioning.

2.1 STUDY BASES

~For consistency, the major study bases are the same as those used in the
original BWR deconn135|on|ng studies wth two exceptions: 1) costs are in
January 1986 doilars, and 2) occupational radiation doses to decomm ssionin
workers shall not exceed 5 rem per person per year. It should bhe recognize
that revisions to 10 CFR 20.101 since NUREG/CR-0672 was published in 1980 have
tended to reduce annual cunulative radiation dose allowable to persons working
in the nuclear industry. Under normal circumstances, the allowable quarterly
radiation dose is nowl - 1/4 rem(rather than the 3 rem per quarter dose
Postulated In NUREG/CR-0672 for deconmissioning workers), with an annual cumu-

ative dose of 5 rem

2.2 UPDATED DECOWM SSI ONI NG COSTS

Al costs are given in terns of January 1986 dollars, with 25% contingen-
cies included.

The total cost in January 1986 dollars for each of the deconm ssioning
alternatives is summarized in Table 21  In addition to the values escal ated
fromthe parent documents, the costs in Table 21 reflect several new cost
adders (I _.e., predecommissioning engineering, additional staff to assure neet-
ing the 5 rem/year dose |imt for personnel, extra supplies for the additiona
staff, and the additional costs associated with the 0ﬁt|on of using an externa
contractor to conduct the decommissioning effort). These cost adders, initially
devel oped in a PNL deconmissioning cost update done in 1984 for the Electric
Power Research Institute (EPRI NP-4012), are included in this analysis. Fur-
thermore, the estinated |nﬁacts on the decomm ssioning cost of post-TM-2
backfit requirements for the reference BWR, described in Chapter 4, are included
in the overall totals shown in the table, where applicable.
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TABLE 21  Sumrmary of ?ateq Decormi ssioning Costs Estimated for the
Ref erence BWR(a,b

Estimated Costs in Millions of 1986 Dellars

Preparations ENTOMB1d)
Decommissioning for Safe SAFSTOR(c) Tnternals  Internals
Option Decontamination Storage I0 Years 30 Years 50 Years 188 Years Included(e) Removed

Utility-Only

(Internal)

Staffing 108.9 41.1 128.8 131. 4 9.9 106.1 77.3 89.6
Utility-Plus-
Contractor

(External)

Staffing 131.8 66.9 - —- - - 98.9 112.8

(@ Values include the cost adders described in Section 2.2 and the effects of TM-2 backfits, plus a 25%con-
tingency, and are in January 1986 dol lars.

(b) Values exclude cost of disposal of last core, exclude cost of demolition of nonradioactive structures, and
exclude cost of deep geologic disposal of dismantled, highly activated components.

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

(d) The cost of surveillance and maintenance for the entombed structure is estimated to be about $8.864 million
per year. Values listed do not include any costs for pest-entosbment period actions.

(e) Does not include the costs associated with the eventual removal, packaging, and disposal of the entombed
radioactive materials, the demolition of the entombment structure, or demolition of the reactor bui lding.

23  ESTIMATED | MPACTS OF PQCST-TM -2 BACKFIT REEHIRENENTS ON THE ESTI MATED

Since the original BWR decomm ssioning report was prepared, a number of
post-TM -2 backfit requirenents have been 1nposed on operating nuclear power
stations. These requirements were actions judged necessary bY the NRCto
correct or inprove the safety of OPerat|on of nuclear power plants based on
the experience fromthe accident at TM-2. The results of analyses to examne
and assess, in quantitative terms, the inpact on estimated occu?at|onalldpses
and on decommi ssioning costs for all NRC-initiated post-TM-2 plant modifi -
cations inposed on the previously studied reference BAR are summrized in the
fol I ow ng subsections.

2.3.1 Estimated Additional Decommi ssioning Costs

~ The total additional cost in January 1986 dollars for each of the decom
m ssioning alternatives is summarized in Table 22

2.3.2 Radi ation Exposure st tes

The additional accuml ated occhationaI radiation doses are estimated to
be 31 mn-remfor imediate dismantlement and for entombnent, and about

0.28 man-rem for P'ﬁC'nP the facility In safe stora?e, with essentially no
increase in occupational radiation dose for survei 1lance and mintenance staff
during continuing care. Relatively 1ittle additional reduction in accumulated
occupational radiation dose is estimted to result fron1defe(r|n%.the di sman-
tlement sequence beyond 30 years for those itens identified in this backfit
assessment, and virtual Iy no reduction results from deferment beyond 50 years.



TABLE 22, Total Estinmated Additional Costs for Possible Deconm ssioning
Aternatives for the Reference BR

Addi tional Deconm ssigning Costs
($ t housands) (a)
Nunber of Years
After Shutdown D snantl enment is Deferred

Decomm ssioning Alternative 0 10 30 50 100
| medi at e D smant | enent 101 -- -- - --
Preparations for:
Saf e Storage 3.8 3.8 3.8 3.8 3.8
Continuing Care -- -- -- -- --
Deferred D smant | enent -- 58.9  58.9 3.8(b)  3.8(b)
Total Additional Cost -- 62.7  62.7 7.6 7.6
Ent onbrrent 101 101 101 101 101

Continuing Care -- -- -- -- --
Deferred D snant| enent - - - - -
Total Additional Cost -- 101 101 101 101(c)

Val ues include a 25%contingency and are in January 1986 dollars.
These reduced val ues result from|esser amounts of “contam nat ed
materials for burial in a licensed disposal site.

It is assuned that the entonbed radioactive material decays to the
unrestricted rel ease level in 100 years.

—_—~
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The individual estimates of additional external occupational, transport,
and public radiation doses for the various decorm ssioning alternatives are
sunmarized in Table 23 The radiation dose rates are based on the maxi num
al | onabl e dose rates for each shipnent in exclusive-use trucks, just as anal yzed
in the parent study, and are thus conservatively high. The estinmated addi-
tional external radiation dose for routine transportation operations for
i mredi at e di snant|enment is 0.07 man-remto transport workers and 0.007 man-
remto the general public.

Based on this study, there are no additional radiation doses to workers
or to the public during the preparations for safe storage, since no additional
truck shipnents are contenpl at ed.

2.3.3 (onclusions fromthe Backfit Anal ysis

The changes at the reference BMR that have resulted to date, as well as
those changes anticipated to result fromfull inplenentation of post-TM-2
regul atory requirenents, wll have only a mnor Inpact on deconm ssioning



TABLE 23 Summrzlof Estimated Additional External Occupational, Transport,

and Public Radiation Doses for Decommi ssioning the Reference BWR
Time After - Estimted
React or Addi tional_ Dose (man-rem
o Shut down _ Transpor t
Deconmi ssi oni ng_Mbde (Years) Cccupational  Workers(@) Public(a)
| medi ate Dismantlement(b) 0 3.06 0.070 0.007
Safe Storage: (c)
Preparations for Safe 0 0.28 0 0
Storage(b
Continuing Care 10 0 0 0
30 0 0 0
50 0 0 0
100 0 0 0
Deferred Dismant Tement 10 0.82 0 0
30 0.06 0 0
50 <0.005 0 0
100 <0.00001 0 0
Total for Safe Storage(c)
with Deferred Dismantle-
ment in year: 10 1.1 0 0
30 0.34 0 0
50 0.29 0 0
100 0.28 0 0

(a) Based on the radiation doses per shipment delineated in Table N5-2 in
NUREG/CR-0672. _ o _

Total additional shipnments: 1 for immediate dismantlement; zero for

safe storage. _ _

Safe Storage consists of three phases: preparations for safe storage,

continuing care, and deferred dismantlement.

e
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costs and occupational radiation doses for that facility. For any ﬁi ven plant,
however, site-specific issues will have to be addressed to assess the actual
impact of the backfits on decomm ssioning.

~ One unexpected result of this assessnent is the identification of the
positive effect that the Technical Support Centers (TSCs) , required in the
aftermth of TM-2, will eventual |y have on decomm ssioning activities. TSCs
are required to provide up-to-date, as-built drawi ngs for the purpose of emer-
gency Preparedness. The availabi 1ity and use of those draw ngs w 11 faci 1i-
tate planning and preparation of decomm ssioning activities and subsequently
will support inplenentation of those activities.



A nunber of plant nodifications have been made for which no specifics
could be obtained (and thus no quantification of potential inpacts on decom
m ssioning could be nade). These nodifications pertain to sareguards and/or
plant security areas or equipnent, and this type of information is not avail-
able without appropriate need-to-know.  However, it is unlikely that these
modi fications would have any significant effect on the safety or cost of
deconmi ssi oni ng.

2.4 SCALING AND ESCALATI ON FORMULAE DEVELOPED FOR THE DECOVM SSIONING RULE

The fornulae for evaluating financi al assurance for deconmm ssioning that
the NRC has placed into the Decommissioning Rule are summarized in this section.

The fornulae for estimating decomm ssioning costs incorporate the effects
of post-TM-2 backfits, as documented in Chapter 4 of this report, and account
for the situations when the uti 1ity enploys an external deconm ssioning con-
tractor and when the utility acts as its own deconmissioning contractor. These
formul ae were devel oped using data from plants ranging in size from about
1200 MWt to 3400 Mwt. The fornula appearing in the Rule for the utility-plus-
contractor option is:

Estimted BWR Deconmissioning Cost = 104 + 0.009 MWt (ml Tions January 1986%)

where the cost for plants smller than 1200 MWt is set egual to the cost for
a 1200-Mw¢ plant, and the cost for plants larger than 3400 MWt is set equa
to the cost for a 3400-Mw¢ plant.

This formula provides reasonable cost estimtes for immediate di smantlenent
of reactor plants that are smaller than the reference plant examned in the
original BW deconmi ssioning analKS|s (NUREG/CR70672?. Since imediate di s-
mant| ement (DECON) is general |y the more expensive of the acceptable decom
m ssioning possibilities, if funds for DECON are available, the other
possibilities are also covered.

As a result of performng several cost updates over the years since 1978
(the most recent update is P|ven in Chapter 3 of this repprt?, it became appar-
ent that the total cost could be divided into three principal conponents, as
regards to cost escal ation. These conmponents are:
e Labor and other conponents that escalate at the same rate as |abor

e Energy: electricity, fuel, and other conponents that escalate at
the same rate as energy

e \aste Disposal : handling and burial charges at a lowlevel waste
di sposal site.
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Assuming that the escalation factors for each of these conponents can be derived
for any point in the future, relative to the 1986 data base used in the afore-
mentioned formula used in the Decomm ssioning Rule, then the escal ated decom

m ssioning cost is given by

Estimted Cost (year X) = January 1986 Cost (0.65 Lx + 0.13 Ex + 0.22 By)

where Lx is the escalation factor for |abor and related conponents between
January 1986 and year X, Ex is the escalation factor for energy over the sanme
period, and Bx is the escalation factor for waste disposal over the same period
Lx and Ex are to be based on regional data of the US Departnent of Labor's
Bureau of Labor Statistics. The waste disposal factor, Bx, iS to be taken
from NUREG 1307, a regort that w 11 be devel oped especial Iy for this purpose
and will contain the bases and the derived escalation factors for each disposa
site operating in the US at the time of issue. The report will be updated

and reissued on some reasonable frequency, to provide reliabl e factors at any
point in tine.



3.0 OOST WPDATI NG BASES, METHODOLOGY AND RESULTS

The cost adj ustment factors used to update the deconm ssioning costs for
the reference to a January 1986 cost base for the Fnal Generic Environ-
mental Inpact Statement (FGHS) on Deconm ssioning are described in detail in
Appendi x A of this report. The results of the application of the cost adjust-
nent factors given in Appendix A are presented in this chapter.

31 APPLICATI ON METHODALGGY

The appl i cation net hodol ogy consisted of a detailed reviewof al ele nSs
that make Up each of the major Cost categories given in the parent docunent (1
for the three deconm ssioning alternatives--i medi ate di smant| ement ( :

saf e storage (SAFSTCR) , and entonbnent (ENTOMB).  The appropriate cost adj ust-
ment factors were then applied to the respective line itens and the itens

vere added to form updated cost cat ethorl es for each of the deconm ssioning
alternatives. In addition to the values escalated fromthe parent docunent,
several new cost adders were included in the update. These were: predecom-

m ssi oning engi neering; additional staff to assure neeting the 5 rem/year

dose limt for personnel; extra suEplles_for the additional staff; and the
addi tional costs associated with the option of using an external contractor

to conduct the decorm ssioning effort. These cost adders were devel oped in the
PNL decomm s§| oni ng cost update done in 1984 for the Hectric Power Research
Institute. (2) Furthernore, the estimated inpacts of post-TM-2 requirenents

on the reference BMR decomm ssioning costs, described in Chapter 4, are included
in the overall cost update. In each case, a 25% contingency is applied to the
sumof the categories to establish the estimated costs of decomm ssioning the
reference BMR in January 1986 dol | ars.

3.2 ESTI MATED DECOWM SSI ONLNG GOBTS

~I'nmedi ate dismantlement of the reference BRR is estimated to cost $131.8
ml 1ion under the uti 1ity-plus-contractor option. The major contributors to
the total cost of inmmediate disnantlement are summarized in Table 31  The
cost for shipment and disposal of radioactive materials is about 34% of the
total deconmssioning cost. About 30% of the total deconm ssioning cost is
due to utility staff [abor (i.e., the cost categories of Staff Labor plus
Additional Staff Needed to Reduce Average Annual Dose to 5 rem per year, shown
in Table 31).  Approximately 22% of the total deconm ssioning cost is due to
the use of an external decomm ssioning contractor. Energy, suppl ies, and
sPem al tools and equi pment costs constitute about 7%, 3%, and 3%, respectively,
of the total disnantlenent cost.

Preparing the reference BUR for safe storage is estimated to cost
$50.9 m 17ion under the uti 1ity-plus-contractor option. The najor contributors
to the total cost of preparations for passive safe stor aPe are sunmarized in
Table 3.2 About 44%of the total cost of preparations for safe storage is



TABLE 3.1. Summary of Estimated Costs for Immediate Dismantlement

of the Reference BAR (mil lions of 1986 dollars)

Estimated Cpsts Percent
Cost_Category ($ millions) (a,b) of Total

Disposal of Radioactive Materials

Activated Materials Disposal 7.248

Contaminated Internals Disposal 23.483

Radioactive Waste Disposal(c) 4.549
Total Disposal Costs 35.280 33.5
Staff Labor 28.098 26.7
Energy 7.071 6.7
Special Tools and Equipment 3.226 3.1
Miscellaneous Supplies 2.974 2.8
Specialty Contractors 0.570 0.5
Nuclear Insurance 1.520 1.4
License Fees 0.11¢ 0.1
Cost Adders(d)

Additional Staff Needed to Reduce 3.520 3.3

Average Annual Dose to 5 rem/year

Use of External Decommissioning 16.880 16.0

Contractor

Predecommissioning Engineering 5.920 5.6

by an External Contractor

Supplies for Extra Staff 0.160 0.2

Post-TMI-2 Impacts by an

External Contractor 0.080 _0.1

Subtotal 105.411 100.0
25% Contingency 26.353

Total, Immediate Dismantlement Costs 131.764

(a) Costs adjusted to January 1986. _

(b) Number of figures shown is for computational accuracy and does not
imply precision to the nearest thousand dollars.

(c) Includes both wet solid wastes and dry solid wastes.

(d) See text for details concerning this category.



TABLE 32 Summary of Estimated Costs for Preparations for Safe Storage
of the Reference BWR (m 11lions of 1986 dollars)

Estimted Costs Per cent
Cost Cat egory ($ mllions) (a,b) of Tota
Di sposal of Radioactive Materials 3.757 9.2
Staff Labor 18. 006 44,2
Ener gy 4.229 10.4
Special Tools and Equi pnent 0.562 1.4
M scel Taneous Suppl ies 2.178 5.4
Speci alty Contractors 0.314 0.8
Nucl ear Insurance 0.950 2.3
Li cense Fees 0.084 0.2
Cost Adders(c)
Additional Staff Needed to Reduce 0 0
Average Annual Dose to 5 rem/year
Use of External Decommi ssioning 7.040 17.3
Contract or
Predecomm ssioning Engi neering 3.600 8.8
by an External Contractor
Supplies for Extra Staff 0 0
Post-TM -2 I npacts by an
External Contractor Negligible -
Subt ot al 40.720 100.0
25% Cont i ngency 10. 180
Total , Preparations for Safe 50 900

Storage Costs

a) Costs ad%usted to January 1986 ,

b) Number of figures shown 1s for conputational accuracy and does not
imply precision to the nearest thousand dollars.

(c) See text for details concerning this category.



due to utility staff labor. The external contractor contributes about 26% of
the total cost. Disposal of radioactive wastes, enerqy, and suppl ies contribute
about 9.2%, 10.4%, and 5.4%, respectively, to the total cost.

~ The cast of continuing care during safe storage of the reference BR is
estimated to be about $120,000 per year.

The cost of deferred dismant|ement, starting after intervals of 10, 30,
50 and 100 years after final reactor shutdown, is estimated In January 1986
dollars to be $82.2 mllion, $82.2 mllion, $48.3 mllion and $48 ml1ion,
respectively. The |esser cost after 100 years is the result of having |ess
contam nated material for packaging, shipnent, and burial due to decay of the
residual radionucl ides.

Ent onbi ng the reference BAR via the scenario that calls for the renoval
and disposal of reactor vessel internals is estimated to cost $112.8 nllion
under the uti Tity-pl us-contractor option. The major contributors to the total
cost of entonmbnent are summarized in Table 3.3 About 34%of the total is
due to utility staff labor (i .e., the cost catePorles of Staff Labor plus
Additional Staff Needed to Reduce Average Annual Dose to 5 nrem per year,
shown in Table 33.  The external contractor |abor accounts for about 26% of
the total cost for this scenario. Dsposal of radioactive materials, energy,
and special tools and equi pment contribute 22.8%, 8.4%, and 3.6%, respectively,
to the total cost.

Wth the reactor internals left in place, which is really a formof hard-
ened safe storage, entonmbnent of the reference BRR is estimated to cost about
$97 mllion(see Table 33.

~ The cost of continui ng care during entonbment of the reference BRR is
estimated to be about $74,000 per year for either of the aforementioned sce-
nari 0os, which includes an estinated $10, 000 per year for various federal and
state licensing/inspection COStS.

Because of the many variables involved, PNL made no firmestinate of the
costs for possible deferred di snant! ement of the entonbment structure. How
ever, these costs are anticipated to be at |east of the same order of nagnitude
as those discussed previously for deferred dismantlenent of the reference BAR
after a period of safe storage.
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TABLE 3.3. Summary of Estimated Costs for Entombment of the
Reference BAR (millions of 1986 dollars)

Entombment
Entombment (with internals) (internals removed) (€)
Estimated Costs Percent Estimated Costs Percent
Cost Category (8 millions)(a,b) of Total ($ millions)(a,b) of Total

Disposal of Radioactive Yaterials

Neutron-Activated Materials N/A 7.259

Contaminated Materials 9.491 8.796

Radioactive Wastes{d) 4.549 4.549
Total Disposal Costs 14.040 18.1 20.604 22.8
Staff Labor 27.198 35.1 28.962 32.1
Energy 7.567 9.7 7.557 8.4
Special Tools and Equipment 1.388 1.8 3.226 3.6
Miscel laneous Equipnent 2.974 3.8 2.974 33
Specialty Contractors 0.275 6.4 8.275 8.3
Nuclear Insurance 1.528 2.0 1.520 1.7
License Fees 0.068 8.1 0.086 6.1
Cost Adders(e)

Additional Staff Needed to Reduce 2.160 2.8 1.840 2.9

Average Annual Dose to 6 rem/year

Use of External Decommissioning 14.248 18.4 17.040 18.9

Contractor

Predecommissioning Engineering 5.928 7.8 8.600 8.8

by an External Contractor

Supplies for Extra Staff 0.080 0.1 ¢.080 ~8.1

Post-TMI-2 Impacts by an

External Contractor 0.080 8.1

Subtotals 77.518 100.6 96.234 100.6
26% Contingencies 19.379 22.559

Total, Entombment Costs 96.896 112.793
Annual Continuing Care Costs 0.674 68.074

(@ Costs adjusted to January 1986.

() lglurlnber of figures shown is for computational accuracy and does not imply precision to the nearest thousand
ol lars.

() For this entombment scenario, dismantlement will eventually be required.

(d) Includes both wet solid wastes and dry solid wastes.

(e) See text for details concerning this category.
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4.0 ESTIMATED | MPACTS OF POST-TM -2 RE%%IRENENTS AND OTHER SELECTED
REGULATORY CHAN DE | ONI N THE REFERENCE

BO LING WATER REACTOR

Since the ori(};i_nal BWR decommi ssioning report (1) was prepared, a nunber
of post-TM-2 backfit requirements have been inposed on operating nuclear
power stations. These requirenments were actions jud?ed necessarY by the NRC
to correct or inprove the safety of operation of nuclear power plants based
on the experience fromthe accident at T™M-2.

- Examned and assessed in quantitative terms in this chapter are all NRC-
initiated post-TM-2 plant modifications inposed on the previously studied
reference BWR, whether mandated (as in a rule, regulation, or order) or com
mtted to by the licensee (originating in a gener|p letter or IE Bulletin

for exanple), for their inpact on estimated decomm ssioning costs and occupa-
tional radiation doses. The purpose of this examination was to provide the
NRC deci si on-makers with pertinent information concerning the effects of those
backfit requirements and associated regul ator changes_on deconmi ssi oni ng

The results of these analyses also make a useful addition to the already

exi sting decomm ssioning data hase and increases its general appl icabi 1ity.

The study results are summarized in Section 41  The study approach
taken is presented in Section 42  The analyses are based on the reference
BWR nucl ear power plant reported in NUREG/CR-0672.(1) The sources of infor-
mation used in the analyses are discussed in Section 4.3, and the detailed
results of the analyses are given in Section 4.4

4.1 SUMMARY OF STUDY RESULTS

The results of this study to assess the inpacts on decomm ssioning of post-
TM -2 requirements _and other changes in the regulatory cl imte are summarized
inthis section. The principal results are given, in brief, in the follow ng
paragraphs, with more details presented in subsequent sections.

411  Study Bases

~ For consistency, the major study bases are the sane as those used in the
original BWR deconmissioning study wth one exception--costs are in January
1986 dollars. The results obtained in this study are specific to these major
bases and to the specific assunptions that are derived fromthem ﬁly|n?
these results to situations with conditions different fromthose in this study
could produce erroneous conclusions. However, without additional
evidence/information, nore refined anal yses are not expected to significantly
change the results of this study.

4.1.2 Additional Deconmissioning Costs Associated with Backfit Assessnment

_ A11 additional costs associated with this backfit assessment are given
in January 1986 dollars, with 25% contingencies included.
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~ Imedi ate di smantlenent of the reference BAR is estinmated to cost an |
addi tional $100, 800 hased on this backfit assessnent. |

It is assumed for purposes of this backfit assessment that virtually al
of the contamnated materials identified in this study for inmediate dismantle-

ment require offsite disposal for entonbnent as well.” It is further assumed
that the renoval , packaging, and transport of those materials is acconpl ished
In a manner simlar to that postulated for inmediate dismantlenent. e costs,

schedul es, and manpower estinates also are anticipated to be simlar to those

estinmated for inmediate dismantlenent. Thus, the total additional cost assoc-

lated with this backfit assessnment for entonbnent is about $101, 000, including |
a 25%contingency. No increase in costs associated wth continuing care
activities is anticipated to result based on this backfit assessnent.

~ Preparing the reference BMR for safe storage is estinated to cost an
addi tional $3,800. Deactivation and tagging of the additional valves and
equi pnent that were identified in this study are estimated to require about
two days. No increase in costs associated wth continuing care activities
Is anticipated to result based on this backfit assessnent.

The additional costs of deferred dismantlenent follow ng safe storage of
the reference BAR for intervals of 10, 30, 50 and 100 years after final shut-
down are estimated in January 1986 dollars to be $58, 900, $58, 900, $3, 800, and
$3,800, respectively. The |esser costs after the longer intervals are the
result of haV|ng | ess of the contamnated materials identified in this study
for shipnent and disposal due to decay of the radionuclides.

The total estinmated additional costs in constant 1986 dol | ars for each of
the decomm ssioning alternatives are summarized in Table 4.1

4.1.3 Additional Deconm ssioning Radi ation Doses Associated with Backfit
ASSessment

~ Estimates of additional accumulated occupational radiation doses associated
with this backfit assessnent are brjefly described in the fol l ow ng paragraphs.
Included are the additional occupational doses and the additional radiation
doses received by transport workers and by the general public as a result of
transporting the increased amount of radioactive nmaterials identified in this
study to disposal sites.

The individual estimtes of additional occupational, transport worker,

and public radiation doses for the various decomm ssioning alternatives are
sunmarized in Table 4.2 Additional accumul ated occupational radiation doses
are estimated to be 31 man-remfcr inmediate dismantlement and for entonbment,
and about 0.28 man-remfor placing the facility in safe storage, with essen-

ti ally no increase in occupational radiation dose for survei 1Tance and nai n-
tenance staff during continuing care. Deferrln%.the di smant | ement sequence
beyond 30 years for those itens identified in this backfit assessment results



TABLE 41  Sunmary of Estimated Additional Costs for Possible
Decomm ssioning Alternatives for the Reference BAR

Addi tional Decomm Ssi ?nsng Cost s
($ thousands) (a
Nunber of Years

After Shutdown D smantlenent is Deferred

Decomm ssi oni ng Alternative 0 10 30 50 100
| medi at e Di smant | enent 101 - -- -- -
Preparations for:
Safe Storage 3.8 3.8 3.8 3.8 3.8
Continuing Care -- -- -- -- --
Deferred Di snant| enent -- 58.9 _58.9 3.8(b)  3.8(b)
Total Additional Cost -- 62.7  62.7 7.6 7.6
Entombment 101 101 101 101 101

Continuing Care -- -- - -- -
Deferred D smant| ement -- - - - _—
Total Additional Cost -- 101 101 101 101(c)

Val ues include a 25%contingency and are in January 1986 dollars.
These reduced val ues result from|esser amounts of contam nat ed
materials for burial in a licensed disposal site.

It is assuned that the entonbed radioactive material decays to the
unrestricted rel ease level in 100 years.

—~
(=)

—
)

in relatively 1ittle reduction In accumul ated occupational radiation dose,
and virtually no reduction results fromdeferment beyond 50 years. The esti -
mated additional external radiation dose fromtransport operations for inne-
diate dismantlenment is 0.07 man-remto transport workers and 0.007 man-remto

the general public.

- Since no additional truck shipments are contenplated, there are no addi -
tional radiation doses to workers or to the public resulting from post-TM -2
backfits during the preparations for safe storage.

4.1.4 (Conclusions and Reconmendati ons

Based upon the results of this study, it appears that the changes t hat
have al ready resulted, as wel|l as those changes anticipated to result from
full inplenmentation of post-TM-2 regulatory requirenents at the reference
BWR, w [l have only a mnor inpact on decomm ssioni ng costs and occupati onal
radiation doses. Site-specific issues will have to be addressed in every
ot her case where precise assessments of the exact extent of the inpact on
deconm ssioning are desired. For exanpl e, the 1icense conditions for plants
licensed before January 1, 1979, vary in both scope and content. After




TABLE 4.2, Sumnarg| of Estimated Additional External COccupational, Transport,

and Public Radiation Doses for Deconmi ssioning the Reference BWR
Time After ~ Estimted
React or Addi tional Dose (man-rem
o Shut down _ Transport
Deconmi ssi oni ng Mbde (Years)  Cccupational workers(a) Public(a)
| medi ate Dismant| enent (b) 0 3.06 0.070 0.007
Safe Storage: (c)
Preparations for Safe 0 0.28 0 0
Storage(b
Continuing Care 10 0 0 0
30 0 0 0
50 0 0 0
100 0 0 0
Deferred Di smant|enment 10 0.82 0 0
30 0. 06 0 0
50 4.005 0 0
100 <0.00001 0 0
Total for Safe Storage(c)
with Deferred Dismantle-
nent in year: 10 11 0 0
30 0.34 0 0
50 0.29 0 0
’ 100 0.28 0 0

(a) Based on the radiation doses per shipnent del ineated in Table N5-2 in
NUREG/CR-0672. o _

(b) Total additional shipments: 1 for inmmediate dismantlenent; zero for
safe storage. . _

(c) Safe Storage consists of three phases: preparations for safe storage,
continuing care, and deferred dismantlenent.

January 1, 1979, inclusion of a fire protection program(including a fire
hazards analysis) in the Final Safet?/ Anal P/SIS Report becane a prerequisite for
Ticensing. Plant nodifications resulting fromsuch analyses apparently varied
widely. It is known that at some plants such nodifications have been extensive
including rerouting of cable, affixing fire retardant materials, instal 1ation
of new conduits, and provision of inproved barriers as well as the addition

of punﬁs and other equipment. To identify all the practical aspects involved
in such assessments will require an in-depth study of each plant, since each
reactor and its respective site are unique. Thus, cost and occupational dose
estimtes for post-TM-2 requirements (and other regulatory adjustments) for
the single BAWR examined in this study may not represent the circunstances at
all BWR stations.



~ One unexpected result of this assessment is the identification of the pos-
itive effect that the technical support centers (TSCs) required in the after-
math of TM-2 will eventually have on deconmissioning activities. TSCs are
required to provide up-to-date, as-bui 1t drawings for the purpose of energency
preparedness.  The avai 1abi 1ity of those drawings w 11 faci 1itate planning and
preparation of decomm ssioning activities and subsequently w 11 support inple-
mentation of those activities.

It should be noted that a number of plant nodifications have been made
for which no specifics could be obtained Jgnd thus no quantification of poten-
tial impacts on decommissioning could be mde). These modifications pertain
to safeguards and/or Plant security areas or equipment, and this type of infor-
mation Is not available without approPr|ate need-to-know.  However, it is
unlikel'y that these nmodifications would have any significant effect on the
safety or cost of deconmm ssioning.

_ An energing area of change that was identified concerns the steadily
increasing costs associated wth the burial of radwastes and the concom tant
efforts at volune reduction by nuclear power plant operators. Wether such
efforts are done by a contractor or by the addition of new equipment at the
Plant itself, an increase in the inventory of,contamnated materials, in the
ormof outdated original equipment, could result. In many cases, this
equi pment _may lie unused at the plant for years until the plant is decomms-
sioned. Then, it nust be accounted for.

4.2 STUDY OBJECTIVE, APPROACH, ALTERNATIVES, BASES AND ASSUMPTI ONS

This section contains brief descriptions of the study objective, approach
decommi ssioning alternatives, and bases and assunptions.

421 Study Objective

The primary objective of this study is to exam ne post-TM-2 backfits and
assess their potential inpacts on decommiSSlogln cost and dose estimates
PFGV|9U3|Y devel oped for the reference BUR (1) Development of this inform-
[ion is necessary in order to provide NRC decision-mkers with the pertinent
information they need concerning those inpacts on decomm ssioning.

422 Technical Approach

A et hodol ogy was devel oped to guide the acquisition and assessment of
the data concerning post-TM-2 backf it IGBéCtS on the decomm ssioning estimates
previously devel oped for the reference BWR (1)

The study ‘methodology, which is designed to provide direction for data
gathering, proper use of the 1literature, and careful eval uation of informtion
I's shown in Figure 41  The first step in the process was to acquire _
background material on the reference BWR by consulting the literature. Coin-
ciding with that task were contacts (initially arranged by the respective NRC
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FIGURE 41  Post-TM -2 Backfit Inpacts Study Methodol ogy

pro{ect nanager% with the uti Tity that operates the reference reactor involved
In the study. The final step included visits to the utility headquarters and

the reference reactor site to meet with cognizant uti 1ity staff and to gather

appropriate backf it information.

4.2.3 $Si Al t

The three_deconnissionin%.a]ternatives evaluated in the reference BWR
study are examned again in this study to estimte the additional costs and
radiation doses that may result from1nplementation of post-TM-2 backfits
These alternatives are defined briefly bel ow.

| mredi at e - The station is decontamnated and the radioactive
Di smant | ement materi als are removed shortly after final reactor
DE shutdown.  Upon conpl etion, the nuclear Iicense

Is termnated and the property is released for
unrestricted use

e Safe Storage - The radioactively contamnated materials and con-
W th Deferred tam nated areas are decontam nated or secured and
Di smant | enent the structures and equipment are maintained as
( SAFSTOR) necessary to ensure the protection of the public from

the residual radioactivity. During the period of safe
storage, use of the property remains limted by the
nucl ear Ticense. Eventual dismantlenment is necessary
for unrestricted release and |icense termnation

e Entonbnent = The radioactively contam nated materials and con-
(ENTOMB) tamnated areas are decontam nated and the nonrel easabl e
materials are confined within a monolithic structure
that provides integrity to ensure the protection of
the public fromthe entonbed radioactivity for a period
of sufficient length to permt the decay of the radioac-
tivity to unrestricted release levels. ~During the
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period of entonmbment, the property is maintained as
necessary and remains restricted in use by the nuclear
11 cense.

4.2.4 Study Bases and jons

The study is intended to provide decomm ssioning information useful to
NRC deci sion-mekers. In addition, the information wll PrOVIde the basis for
develo?|ng current cost and occupational dose estimates tor deconmm ssioning
the reference plant. The study bases are:

Costs are in January 1986 dollars.

e Al other applicable bases and assunptions necessary to the conduct
of this study are the same as those used in the original NUREG report
(see Reference 1 for details).

4.3 SOURCES OF | NFORMATI ON

A manual literature search was conducted to obtain informtion associa-
ted with post-TM-2 backfits. For exanple, the WNP-2 responses (through .
Decenber 1985) to 60 regul atory issues result|?g fromTM -2 contained in their
Final Safety Analysys Report (FSAR) Appendix B(2) were examined.  Government
rePorts,_techn|ca. journal s, conference proceedings, etc. were examned for
information relative to the reference A conputer-based 1icensee event
report (LER) search was conducted for the Ticensee's plant. Although the
LERs were not viewed in the same context as other more clearly defined post-
TM -2 backfits, they were nonethel ess examned and assessed for their potential
I npact on deconn135|on|n?.costs since they often reveal nodifications to the
plant. Where those nodifications involved equi pment, conponents, and/or nate-
rials that woul d eventual |y become radioactive and/or contamnated, they were
assessed for their inpact on decomm ssioning as well.

- The utility visitation was a very significant part of the study, though
limted in scope in terms of actual time spent with ut|I|tY representatives.
The NRC is cognizant of the criticismfocusing on the regu atory burden on
licensees. Therefore, initial discussions were conducted between the |icensee
and their respective NRC Prolect manager. Subsequently, PNL staff contacted
the cognizant utility starf i1dentified by the NRC project manager, meetings
were conducted, and the information gathering process was carried out

4.3.1 Licensee Visitation

The visitation itself involved an introductory conference with utility
representatives represent|ng finance, 1icensing, and/or decomm ssioning plan-
ni ng. TOP'CS covered included: 1) the purpose and objectives of this study;
2) a brief review of their decomm ssioning plans; 3) a discussion focusing on
understand|ng di fferences between various deconn133|on|n? cost estimates
others; and 4) arrangenents for responsible uti Tity staff to provide backfit
information to PN




_ The discussions were kept informal to faci litate devel opnent of backf it

informtion specific to the study. This effort was quite productive as mean-
ingful, pertinent backfit information was obtained. Some of the information

secured on the utility visit was not available from other sources.

432 Discussion Concerning |nformation Sources Used in this Study

_ As previously nentioned, the primary objective of this study is to exam
ine post-TM-2 backfits for their potential 1npact on deconmissioning. |If a
plant modification is needed for a facility to conply with a |icense, an NRC
rule or order, or to conformwth a witten conmtnent by the 1icensee, it will
probably show up in the utility's record system(either as a backfit or possibly
as a design change).

Backfitting is defined as a modification of or addition to systems, struc-
tures, conponents, or design of a faci 1ity; or the design approval or manufact u-
ring Ticense for a faci 1ity, or to the procedures or organization required to
desrgn, construct, or operate a facility; any of which na¥ result froma new
or amended provision in the NRC rules or the inposition of a regulatory staff
P05|t|on interpreting the Coomssion rules that is either newor different

roma previously applicable staff Posyt[on after: (i)  The date of issuance
of the construction permt for the taci 1ity for faci 1iti es having construction
permts issued after October 21, 1985; or, (ii) Six months before the date of
docketing of the operating license application for the facility for facilities
having construction permts issued before October 21, 1985 or (iii) The date
of issuance of the operatin? license for the facility for facilities having
ogerat|ng Ticenses; or, (iv) The date of issuance of the design approval under
10 CFR Part 50, Appendices M, N or 0. (3)

Generic backfitting is governed by the Commttee to Review Generic Require-
ments process. On the other hand, Rlant-speC|f|c backfitting is governed by
NRC staff manual chapter 0514, whicf enconPasses power reactors. PIant-sPeC|f|c
backf|tt|n?_|s different fromgeneric backtitting in that the former involves
the inposition on a |icensee of positions unique to a particular plant, whereas
generic backfitting involves the inposition of the same or simlar positions
on two or more plants. In the case of,gener[c backfitting, add|t50nal gui dance
on the subject to the licensee is provided via generic letters,(a) since a
systematic and docunmented analysis is required to be done by the NRC for any
generic backfit it seeks to inpose.

(a) Generic letters are issued by the NRC Office of Nuclear Reactor Regula-
tion, Division of Licensing.” They are used to transmt information to,
and obtain information fromreactor 71icensees, applicants, and/or equip-
ment suppliers regard|n? matters of safety, safeguards, or environmenta
significance. Ceneric letters usual ly either 1) provide information
tMumtobeuwwmm|na$mumpmandSMeommMonm facilities,
or 2? request information on a specific schedule that would enable regul a-

tory decisions to be made regarding the continued safe operation of facil-

ities. They have been a significant neans of connun|cat|n% with |icensees
on a nunber of inportant issues, the resolutions of which have contributed
to inproved quality of design and operation.



The exam nation and assessment of information contained in generic letters
concerning backfits Ted into other records-keepi ng systems that reveal ed areas
with the potential for additional information on various kinds of changes to
the reference plant. For exanple, the LERs include a detailed narrative
description of potentially significant safety events. These reports are ini-
tiated by the l1censee. By describing in detail the event and the planned
corrective action, the LER system provides the basis for the careful study of
events or conditions that mght lead to serious accidents. For the purpose
of this study, the "planned corrective action" feature of the LERs (and the
followup correspondence associated with that action) was examned for the
reference plant to assess any potential inpacts on deconmissioning. About
270 LERs were examned for the WNP-2 plant (the reference BAR), which cor-
responds roughly to most of the LERs produced for the plant since comercia
operation began.

_ In all cases, the subsequent identification of any change that m ght

I npact on decormi ssigning was investigated further, including exam nation of
plant annual reports(a) and discussions with plant engineering and/or |icensing
staff. In some cases, as-built drawi ngs were obtained from which estimtes

of volumes of contam nated and/or radioactive wastes were subsequently made

For the most part, best estimates concerning material quantities were based
upon discussions wth ut|1JtF staff and upon engineering judgment. Records
associated with most material quantities and with all occupational exgosures
associated with instal Tation activities were general |y unavai 1able. Therefore,
estimates concerning occhat|onaI exEosures presented in this study rely on

t he conposige val ues devel oped for the reference plant contained in the parent
docunent. (1

4.4 RESULTS OF THE BACKFIT | MPACT ASSESSMENT FOR THE REFERENCE BWR

This section contains the results of the backfit inpact assessment for
the reference nuclear power plant, including estimates of the additional decom
m ssioning costs and occupational doses resulting fromthe post-TM-2 require-
ments inposed on the |icensee to date by the NRC as well as other selected
changes resultln% from adjustments in the regulatory climate. The results
are based upon the information sources previously discussed in Section 4.3

_ The WNP-2 responses (through December 1985) to 60 regulator{ i ssues result-
ing from TM-2 are contained in their FSAR Appendix B.(2)” This backfit assess-
ment is not intended to enco %SaIWMNw[mSW$MmOfM|GOr%MMOW
issues and responses, and that level of detail is not included. The 60 require-
ments are lunped into fewer categories for simplicity and are presented in
Table 43 to show the broad spectrum of issues covered therein.

(a) The annual reports contain, together with other licensee information, a
section devoted to plant nodifications and design changes.  Equipnent,
conponents, and/or other materials that had been or were scheduled to be
instal led in radiation zones were careful ly examned for their potential
impact |ater during decomm ssioning.
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TABLE 43 Sunmary of Regulatory Itens Associated with Post-TM -2
Action P an Requirenents for the Reference BR

Requl atory |tens

Techni cal Support Center

Ener gency goer ations Center

Emer gency Feedwat er System Upgr ade

Abnormal * Transi ent Qperator Guidelines and
TM-Related Training and Dri 11ing

Emer gency P anning

Reactor Cool ant System Vents

Shift Technical Advisor Training

Safety Paraneter D SF| ay System

Safety and Relief Valve Testing

React or (ool ant System and Cont ai nnent
Atm)sg(here Sampl ing

Safety Gade Reactor Trip .

Smal | Break Loss-of (ool ant Accident Anal yses

Plant Shiel ding Review .

Reactor Vessel Level Instrunentation

Contail nnent Pressure | nstrunentation

Cont ai nnent Hydrogen Moni t or

Hydrogen Purge System

Reactor Vessel Thermal Shock Report

Control Room Habitability |nprovenents

Information found in FSAR Appendix B, the WNP-2 Annual Reports, generic
letters, and LERs, together wth discussions wth W\P-2 engi neerlng staff,
were careful ly assessed to identi fK those plant modifications and design changes
subsequent to the TM -2 accident that could potentially have an inpact on
decoomssioning. Included in this cat egory are equi pnent, conponents, and/or
material s that had been or are scheduled to be installed in the near-termin
radiation zones(i .e., in those plant areas whereby such entities wll probably
become contamnated or radioactive during the plant's remaining lifetine and
thus becone prime candidates for renoval during deconm ssioning). Table 4.4
lists the equi pment, piping, valves, and other itens that are estimated to
eventual |y have an inpact on decomm ssioning of the reference plant.

441 Estimated Additional Costs for Decomm ssioning the Reference B/AR

The estinmated additional costs for decomnm ssioning the reference BR via
the three decomm ssi oni nP al ternatives described previously in Section 423
are presented 1n the fol l'owing subsections. The costs include a 25% conti n-
gency and are adjusted to January 1986 dollars in all cases.

4.4.1.1 FEstinated Additional Costs for |mediate D snant!| enent

The estimated additional costs for immediate disnant|ement are sunmarized
and totaled in Table 45 It can be seen fromthe table that the total addi-
tional cost associated with this backfit assessment for immediate disnantl e-
ment is about $101, 000, including a 25% contingency.
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TABLE 44 Summary of Information Regarding Additional Potential |y
Contaminated Materials at the Reference BWR
Esti mat ed
Nunber of
o Number Di sposabl e
System or Description of . Cont ai ners
Locati on of Material(a) units(b) Length, m Mass, kg (rounded up){c)
Post - Acci dent  Piping, 314-in. 453 793 709 1
Sanpl ing s/s
System Val ves 66 NA(d) 92 <0.2
Punps 6 NA 138 <0.1
Hanger Supports 255 NA 561 1
Di spl ay Panel 2 NA 909 2(e)
Insul ation NA NA 90 1
Material and
Heat Wap
M scel | aneous NA NA 90 <0.5
CRD Mai nt e- Piping, 2-1/2- 44 76 740 0.2
nance Room In.
Val ves 8 NA 182 <0.1
Ski dd(fl 't (gr 1 NA 455 0.3
and pu
Tank P 1 NA 614 1(f)
Pre-Mbi sture  Piping, 8-in. 35 61 2,728 1.4
Separ at or c/s
Reheater Val ves 12 NA 588 0,2
Drain Tank 2 NA 2,086 2(g)
M scel 1aneous Instrunentation NA NA 227 2(h)
In Contain-
ment ,
Fire Protection
Materi als _NA NA 1,061 _0.5
Total s 855 930 11,270 7+ 7(1)

i ndi cat ed.

—
D O (XK=

—3=

e~ —~———— —~——— —~

NA neans not appl icable.
Packaged as their own containers, 0.6 mhbhy 12 mby 18 m each.
Packaged as its own container, 009 mby 009 mby 6.1 m
Packaged as their own containers, 0.8-m diameter by 2.7-m each.
These containers are 55-gal druns. _ _ _
These seven containers represent self-contained disposable containers on

a) Ootained or estimated frominformation suppl ied by Véashington Public
Power Supply System . _
A piping unit consists of a piece 1.75 neters in length. _

Assuned to be 1.2-m by 1.2-m by 2.4-m metal boxes, unless otherw se

whi ch openings or surfaces are capped or covered and seal -wel ded.



TABLE 45  Summary of Estimated Additional Costs for |mmediate
Dismant Tenment of the Reference BWR

Esti mat ed

Cost Category Costs,$(a,b)
Di sposal of Contaminated Materials 58,914
Staff Labor 40, 165
Special Tools and Equi pnent NA(c)
M scel 1aneous Suppl i es 1,705
Total, Immediate Dismantlement Costs 100, 784

(a) Values include a 25% contingency and are in
January 1986 dollars. _ .

(b)  The nunber of figures shown is for conputationa
accuracy and does not inply precision to that
many significant figures. . _

(c) NA neans not applicable; see text for discussion

Detailed cost data for the individual cost categories shown in Table 4.5
are presented and discussed in the fol | owing subsections.

_ Costs for Disposal of Contamnated Materials. The contaminated mater-
ials I'Tsted Tn Tabl'e 44 are antrcipated to be renoved from various |ocations
within the reactor building, the radwaste and control building, and the turbine
generator bui Iding. For exanple, the post-accident sanpling system has piping
conponents, and valves at various elevations in the reactor bU||d|ng (including
a mniml anmount within primry containment) and in the radwaste and contro

bui ding. An estimted one additional overWE|ﬂht truck shipnment is required
to transport the contamnated materials to a shallowland burial facility,
where they will OCCUPK an estimted 36 m3 of space, The total d|3ﬂosal cost
(see Table 4.6) for these additional contamnated materials fromthe imediate
di smant | ement of the reference BWR is estimted at about $59,000, including a
25% cont I ngency.

Costs for Staff Labor. The estimated additional costs for staff [abor
attributable to this backfit assessment during inmediate di smantlenent are
shown in Table 47.  The estimted staff [abor requirements shown in the table
are based on a task-by-task analysis to determne the man-years of effort
required to renove and package alt of the materials previously given in
Table 44, The same basic assunptions made in devel oping the staff |abor
estimates given in the original stud% (see Section |.2.4, Reference 1) are
utilized here. It is assumed that the |aborer and craftsmen shown in Table 47
are hired fromthe local union hall and that they are adequately trained on-site
for the decomm ssioning work.
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TABLE 46. Summary of Estimated Costs for Disposal of Ad?

Sionm

Contam nated Materials fromthe Reference BWR(a

Description: Al mterials shown in Table 4.4
Estimated Mass, kg(b): 11,270

Nunber of Disposable containers(c): 14(d)
Contai ner Costs, $(e): 15,000
Number of Shipments(f): 1
Transport Costs, $(9): 4,320
Handling Costs, $: 0
Burial Volune, ns: 36
Burial Cost, $(h): 39 594

Total Disposal Cost, $(i): 58 914

(1)

Val ues include 25% contingency and are in January 1986 dollars.
Cotained or estimated frominformtion supplied by Washington
Public Power Suggly System

Assuned to be 1.2-m by 1.2-m by 2.4-m nmetal boxes, unless other-
wi se indicated. . . _

Seven of these containers are self-contained disposable con-
tainers on which the openings or surfaces are capped or covered
and seal -welded. . _

Based on information in Section M.2 of Appendix M Reference 1,
and escal ated to January 1986 dollars.

Assumed to be overwei ght shipment.

Based on Table M4-4 of Reference 1 and escalated to January
1986 dolilars.

Based on Table M5 1 of Reference 1 and escalated to January
1986 dol | ars; based on an assumed container surface dose rate of
<0.20 R/hr. _ _ .

The number of figures shown is for conputational accuracy and
dose not inply precision to that many significant figures.

Costs for Special Tools and Equipment for |mediate Disnmantlenent.

The

inventory of special tool's and equipment given'in Table I.3-9, Reference 1,
I's considered adequate to accommdate the additional deconm ssioning tasks
attributable to this backfit assessnent.

Costs for Additional M scell aneous Suppl ies. The additional mscel lan-

eous supplies needed to accompTish the decomm ssionina tasks attributable to
this backfit assessment include anticontam nation clothing, cleaning and
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TABLE 47. Estimated Costs for Staff Labor During |mediate Di smantlement
of the Reference BR

Total Staff
Labor Required Total Staff Labor
Posi tion (man - years) Costs ($)(a.b,c
Decommi ssi oning Wrkers
Crew Leader(d) 0.117 8,728
Wility Operator(d) 0. 117 6, 343
Labor er 0.117 6, 060
Craftsman 0. 167 13, 160
HP. Technician(d) 0.117 5,874
Total s 0.635 40, 165

(a) Values include a 25% contingency and are in January
1986 dollars. _

(b) Calculated as the product of the estimated staff [abor
requirements shown above (based on a task-by-task
anal ysis) and the corresponding data given in
Table M.1-1 of Reference 1, and escal ated to January
1986 dollars. _ .

(c) The nunber of figures shown is for conputationa
accuracy and does not inply precision to that many
significant figures. _ -

(d) One additional trained person is maintained for the
time period shown above to meet the additio
requi rements associated with this task.

contam nation control supplies (chemcal agents, sweeping conpounds, rags, nops,
and plastic bags and sheeting), expendable hand tools, and cutting and wel di ng
suppl i es (saw Dbl ades, torch gas, and welding rod). The total estimated cost

for these additional mscellaneous supplies during imediate dismantlenment of
the reference BWAR is about $1,700 (see Table 48.  Individual costs shown in
the table are estimated by determning the average cost of the respective
items per man-year for the original decommissioning worker staff, then multi -
plying that cost by the additional nunber of man-years estimated to acconplish
the decommi ssioning tasks identified in this backfit assessment, and then
escalating the costs to January 1986 dollars.

4412 Estimated Additional Costs for Entonbnent

~ PNL considered two approaches to entonbnent in the parent study on decom
mssioning the reference BWR(1)--entombnent with the reactor vessel internals

removed (scenario 1) and entonbnent with the reactor vessel internals in place
(scenario 2. The latter scenario is really a formof hardened safe storage
since eventual |y dismantlenent is necessary. For hoth entonbment scenarios



TABLE 48  Estimated Costs for Additional Mscel|aneous Supplies During
| medi ate Dismant!ement of the Reference BWR

Estimat ed
[tem Costs, $(a,b)
Anti contamination Clothing(c) 580
Cleaning and Contam nation Control Supplies 739
Hand Tool s 257
Cutting and Vel ding Supplies _ 129
Tot al 1,705

(a) Xalues include a 25%contingency and are in January 1986
ollars.
(b)  The number of figures shown is for conputationa
accuracy and does not inply precision to that many
significant figures. o
(c) Esthated at four changes per day per decommi ssioning
wor ker .

di smant | ement of the reference facility outside the entombnent structure is
carried out in a mnner simlar to inmediate dismantlenent, with the difference
being that as much as possible of the contam nated equi pnent and material is
placed in the entonmbment structure (see Figure K.1-1, Reference 1, for details)
rather than being packaged and sh|pPed to offsite disposal. However, the

amount of contamnated material that can be entonbed inside the primry contain-
ment vessel, in either entombment scenario, is limted by the free and easily-
filled volume available for use within the vessel

Exami nation of the analysis performed in the parent document(1) reveals
that a volume utilization efficiency for storage wthin the §r|narY cont ai n-
ment vessel of 50% was assumed. This resulted in roughly 33% of all contam
inated material, in either scenario, reqU|r|ng packaging and shipnment to offsite
disposal. It is beyond the scope of this study to optimze the storage, but
this should be considered during the planning of any actual entonbment project.

~ Based on the aforementioned discussion, it is assumed for purposes of
this backfit assessment that virtually all of the contamnated materials 1isted
previously in Table 4.4 reSU|re offsite disposal. It is further assuned that
the renoval, packaging, and transport of those materials is acconplished in a
manner simlar to that which was previously described for inmmediate di sman-
tlement. The costs, schedul es, and manpower estimates also are anticipated
to be,simlar to those previously estimated for inmediate di smantlenent.
Thus, the total additional cost associated with this backfit assessnent for
gn%on?n?nt I's about $101,000, including a 25% contingency (see Table 45 for
etai 1s) .



No increase in costs associated with continuing care activities is antici-
pated to result based on this backfit assessment.

4.4,1.3 Estimated Additional Costs for Preparations for Safe Storage

Deactivation and tagging of valves and equipment (see Table 4.4 for
details) are estimated to require about two days. The estimated additiona
costs for preparations for safe storage for these activities are summarized
in Table 49 It can be seen fromthe table that the total additional cost
associated with this backfit assessment is about $3,800, including a 25%
conti ngency.

4414 Estimated Additional Costs for Deferred Di smant!ement

The cost of deferred dismantlement of the reference BWR has previousIY
been estimted assuming that dismantlement takes place starting at intervals
of 10, 30, 50, and 100 years after reactor shutdown. These estimates are
devel oped in Appendix 37 of Reference 1, together with the costs for continuing
care. Continuing care costs of the reference BAWR are not anticipated to be
affected based on this backfit assessnent.

The total costs of deferred dismantlement are affected only slightly
because of the increased quantity of contaminated materials (see Table 4.4
for details) that nust be renoved. However, the additional costs due to this
increase in the contamnated materials inventory could be expected to decrease
for dismantlenent at 50 years or later just as they were judged to do so in

TABLE 49.  Sunmary of Estimated Additional Costs for Preparations
for Sate Storage of the Reference BWR

Esti mat ed

Cost Category Costs, $(a,b)
Di sposal of Contam nated Materials Negl i gible
Staff Labor 3,509
Speci a1 Tool s and Equi pment Negl igibl e
M scel Taneous Suppl ies _ 294
Total , Preparations for Safe 3,803

Storage Costs

(a) Values include a 25% contingency and are in January
1986 dollars. _ ,

(b) The number of figures shown is for conputationa
accuracy and does not inply precision to that many
significant figures.




the parent document. (1) This lower disposal cost is because of the |esser
quantities of contamnated materials for burial, due to decay of the
radi onucl i des.

It is assumed that the radioactive contamnation of the piping systens,
tanks, pools, etc. is ﬁr|nar[|y 60Co, Thus, for safe storage periods of less
than fifty years (~10 half-1ives of 60Co), the materi al remains radioactively
contamnated to levels greater than those that would permt unrestricted use
of the mterial. After 50 ¥ears of decay, it is assumed that the radioactive
contamnation on the bulk of the fornerly contamnated material has decaﬁed
to level's that are indistinguishable fromthe natural radioactivity in the
environment, and can be either salvaged for scrap value, buried in a |and-
fill, or left in the structures.

The same basic activities that are performed during imediate di smantle-
ment are also performed during deferred dismantlement. It is assumed that a
work force of essentially the same size as was used in inmediate dismant|enent
I's needed for deferred dismantlement, and for approximtely the same duration.

~ Aconvenient way to estimte the additional costs incurred for deferred
di smant | ement, based on this backfit assessment, after periods of safe storage
of various lengths is to examne only those cost parameters that are different
from imediate dismantlement. The manpower costs are assumed to be the same
as for immediate dismantlement. The mgjor difference in cost identified in
this study concerns the cost of disposal of contamnated material

The estimtes of the additional volumes of contamnated material that
mst be packa?ed and shipped for burial when dismantlement is perforned start-
ing inmediately and starting at 10, 30, 50 and 100 years after reactor shutdown
are given in Table 4.10, together with their respective estimted disposa
costs. The estimated additional volumes given in the table are sunmarized
from informtion discussed previously in this section. The total additiona
vol une of contamnated material, as 8reV|oust presented in Table 4.4, is
assumed to remain constant through 30 years but to have decreased to <0.4 m3
by 50 years and thereafter based on engineering judgment.

Essentially no additional volune of contaminated material is attributable
to the preparations for safe storage as determned by this study; thus no dis-
posal cost is assigned to it in Table 4. 10.

~ Using the additional volunmes of contamnated materials and their respec-
tive estimted disposal costs listed in Table 410 for the different tine
periods, it can be seen that after about 50 years, additional deferred dis-
mant| enent costs associated with those additional contamnated materials are
reduced by about $55,000.

~In summary, the total cost of deferred dismantlement could be expected
to increase by about $59,000 when dismant|enment starts at either 10 or 30 years
after reactor shutdown. Deferred dismantlenment at 50 years or nore after



TABLE 4.10.  Estimated Additional Volumes and Costs of Contam nated Mteri al

Di sposed of During the Various Deconmissioning Options for the
Ref erence BWR

Estimated Burial

Option Starts Vol une, m3 Esti mat ed
S , (Years after Contam naf ed Di sposa

Deconmi ssi oni ng Option Shut down) Materi al Costs, $(a)
| medi at e Di smant | ement 0 36 58,914(b)
Preparations for Safe 0 -- --
St orage
Deferred D smant 1enent 10 36 58,914

30 36 58,914

50 <0.4 3,828(c)

100 <0.4 3,828

Based on Table 4.6. _ _ _

Based on: 1) one le aI-ME|ght truck shipnent of two disposable con-
tainers (1L.2-m by 1.2m by 2.4-m netal boxes) to a |owlevel waste
burial ground; 2) information in ApBFnd|x M Reference 3, escalated to
January 1986 dollars; and 3) Table M5-1, Reference 1, for assuned
container surface dose rates of <0.20 R/hr.

§B} Val ues include a 25% contingency and are in January 1986 dollars

reactor shutdown is estimted to result in an increase of about $3,800. In any
case, the increase in the total cost of deferred dismantlenent is attributable

to the increase in the volume of contamnated materials as determined by this
backfit assessnent.

442 Estimated Additional External Occupational Radiation Doses for
Decomm ssioning the Reference BUR

Detai led estimtes are made of the external ocpuEational radiation doses
that are accunul ated by the workers used to acconplish the decommi ssioning
tasks attributable to this backfit assessment during immediate di smantlement
of the reference BAR The estimtes are based on a task-by-task analysis to
determne the man-hours of effort required in radiation-zone work and the
anticipated dose rates associated with each task for all [abor categories.

The same basic assunﬁt|ons made in developing the occupational radiation dose

t

ﬁstinates given in the original study (see Section 1.4, Reference 1) are used
ere.

~ Estimtes of the additional occupational radiation doses for decomm s-
sioning the reference BWR via three deconmissioning alternatives are presented
in the fol | owing subsections.
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4421 Estimated Additional External QOccupational Radiation Doses for
| medi ate Di smant| enent

The estimated total dose for each task 1vvithin each building) is corrected
for radioactive decay with a decay factor calculated using the half-life of
60Co and the nidpoint of the timeline for the given task as it is acconplished
within the reactor bui 1ding/primary containment, turbine generator building,
and the radwaste and control building. For the purpose of this study, the
approxi mte timeline selected to acconPHsh the decommi ssioning tasks attri-
butable to this backfit assessment falls between the twentieth and the twenty-
fourth months (after shutdown) of the original immediate dismantlenment sched-
ule. The reason for this selection is that this ﬁenod roughly corresponds
to the P|PI ng and equi pment removal activities scheduled to take place in all
three of the buildings (see Figure |.2-4, Reference 1, for detai 1s).

The results of these analyses, including decay corrections, are presented

in Table 411 The total corrected additional external occupational radiation
dose is about 3 man-rem

TABLE 4.11.  Estimated Additional Cccupational Radiation Doses for |nmmediate
Di smant| enent of the Reference BWR

Estimated Cccupational Exposure

(man-hr) / Corrected Dose (man -rem)(3) Total s
Reactor/ Correct ed
. Primary o RABC Exposure  Dose(b)
Posi tion Containment T-G Building Building man-hr) (man-rem

Decommi ssi oni ng Wr kers
Supervisors(c) 4210. 2883 1310. 0376 710. 0188 62 0. 3447

Utility Qperators 18311.2404 5910. 1356  3010. 3530 272 1.7290
and Laborers

Craftsnen 14110. 1936 4510. 1417 2410. 2030 210 0. 5383
HP. Technicians 5010. 3604 1610. 0463 810. 0461 74 0. 4528
Total s 41612. 0827 13310.3612  6910. 6209 618 3. 0648

(a) The decay factors used in these anal yses for the reactor building/
primary containnent, the turbine generator building, and the radwaste
and control buildi n?_are 0.858, 0.851, and 0.769, respectively.

(b)  The nunber of_5|Pn| icant figures shown is for conputational accuracy
and does not inply precision to the nearest mllirem .

(c) Includes shift engineers, crew leaders, craft supervisors, and senior
heal th physics technicians.



4422 Estimated Additional External Occupational Radiation Doses for \
Ent onbnent |

As previously discussed, this backfit assessment is based on the same man-
power assunptions used for immediate dismantlement. In addition, the overall
schedul e and sequence of tasks also are essentially unchanged from those des-
cribed previously for immediate dismantlement. Therefore, based on the scen-
arios postulated for entonbment in the parent study(1) and the radiation doses
prey|puslr estimated in this study for 1mediate dismantlement, the estimted
addi tional external occupational radiation dose is anticipated to remin

unchanged, at about 3 man-rem by performing entonbnent rather than a di sman-
tlement (see Table 4.11 for details).

4423 Estimated Additional External Occupational Radiation Doses |
for Preparations for Safe Storage

As previously nentioned in Section 441 two additional days of effort
were allocated for the deactivation and tagﬂ|ng of valves and equipment.  For
the crewsize envisioned, it is estimted that this equates to an additiona
56 hours of radiation zone work, which results in a total corrected additional
occupational dose of about 0.28 man-rem

During the continuing care period, the external occupational radiation
dose of the surveillance and maintenance staff is not anticipated to be sig-

nificantly affected by the additional equipnment and materials identified in
this study.

4424 Estimated Additional External Occupational Radiation Doses for
Deferred Di smant ! enent

The same basic activities that are performed during inmediate dismantle-
ment (see Table 4.11 for details) are also performed dur|n% deferred di sman-
tlement. It is assumed that a work force of essentially the same size as was
used in imediate dismantlement (see Section 441 for details) is needed for
deferred dismantlenent, and for approximately the same time duration.

- For this study it is assuned that the additional amounts of occupationa
radiation dose accunulated by the deconn133|on|n? workers is control | ed 1arEe|y
by the radiation levels of 60Co throughout the plant. Thus, if a given tas
performed i mediately after shutdown caused a radiation dose of Ng, that same
task performed t years later during deferred dismant|enment would cause a dose
of N(t) = Noe-At, where X is the decay constant for 60Co in years.

~Since one of the key assunptions for deferred dismantlenent is that essen-
tial ly all of the same jobs would be performed in approximately the same way

as for immediate dismantlement, using the same techniques and equi pnent, the
occupational radiation dose accumul ated during deferred di smant Tement, incl ud-
ing those jobs concerning this backfit assessment, would be progort|onal to
that accumulated during 1 mediate di smantlenent Ssee Table 4.11), reduced by
the relative reduction of the radioactivity levels of 60Co over the safe stor-
age period. Therefore, to estimate the additional external occupational dose
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for deferred dismantlenent, a sinple reduction of the imediate di smantlenent
dose in Propomon to the decay of 60Co over the safe storage period is a
reasonabl e and conservative approach. These estimates are given in Table 4.12
for dismantlement st art!nF 10, 30, 50 and 100 years after reactor shutdown.
After 100 years, essentially all of the remaining radioactivity is contained
only in the activated reactor vessel conponents, and the occupational radiation
dose associated with this backfit assessnent is extremely small.

TABLE 4.12.  Estimated Additional External Cccupational Radi zzt'son Doses
for Deferred Dismantlement of the Reference BWR{a

Esti mat ed
Years After Addi ti ona
o Final Reactor Dose
Deconmi ssi oni ng Mde Shut down (man -rem)
| mredi at e Di snant | ement 0 3.06
Deferred Di smant | ement 10 0.82
30 0.06
50 <0.005
100 <0.00001

(a) Man-remestimtes derived fromTable 4.11

4,43 Estimted Additional Radiation Doses from Routine Transportati on Tasks

~ The same basic assunptions nade in deyeIoPing the estimted accumul at ed
radiation dose fromtruck transport of radioactive wastes in NUREG/CR-0672,
Section N5 of Appendix N are used in this study. The estimated routine
doses fromtruck transport of the additional contamnated materi als identi-
fied in this backfit assessment from immediate di smant|enent and from prepa-
rations for safe storage are listed in Table 413 These radiation dose rates
are based on the maxi mum al | owabl e dose rates for each shipnent in exclusive-
use trucks, as analyzed in the parent study, and are thus conservatively high.
The estimated additional external radiation dose for routine transportation
operations for immediate dismantlenent is 0.0703 man-remto transport workers
and 0.0068 man-remto the general public.

Based on this study, there are no additional radiation doses to workers

or to the public during the preparations for safe storage, since no additional
truck shipnments are contenpl ated.
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TABLE 4.13. Estimated Additional Accumulated Radiation Doses from Truck

45

1.

Transport of Radioactive Wastes from the Reference BAR

Estimated
Radiation Do?e Additional
. per Shipment,(a)  Total Dose
Mode Group (man -rem) ('man-rem)
Immediate Truck Drivers 0.067 0.067
Dismantlement(b) Garagemen 0.0033 0.0033
Total 0.0703
Onlookers 0.005 0.005
General Public 0.0018 0.0018
Total 0.0068
Preparations fs)r Truck Drivers 0 0
Safe Storage (b Garagemen 0 0
Total 0
nlookers 0 0
General Public 0 Q
Total 0

a) Based on Table N.5-2 in NUREG/CR-0672. _
b) Total additional shipments: 1 for immediate dismantlement;
zero for safe storage.
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5.0 DEVELOPMENT OF SCALING AND ESCALATION FORMULAE
FOR _THE DECOMMISSIONING RULE

A necessary part of the Decommissioning Rule developed by the NRC, related
to commercial power reactors, is the section dealing with assurance that funds
will be available for decommissioning when the time comes to accomplish that
effort. To provide reasonable assurance of adequate funding, the NRC has
placed into the Rule a formula for estimating the amount of funds required as
a function of the power rating of the reactor. Since the actual date of decom-
missioning for most plants is as yet undefined, an additional formula has
been developed for adjusting the cost estimate to include escalation from the
time the Rule was issued to the time of actual decommissioning. The bases
and methodology used in developing these formulae are presented in this chapter.

5.1 DEVELOPMENT OF SCALING FORMULAE FOR ESTIMATING DECOMMISSIONING COSTS COF
BARs DIFFERENT |N SIZE FROM THE REFERENCE BAR

In the original analyses of decommissioning a reference BAR (1) a meth-
odology was developed for estimating the costs of decommissioning plants with
smaller power output than the reference plant. This methodology was based on
the assumption that essentially all of the decommissioning costs were propor-
tional to the size of the principal components of the plant (e.g., the reactor
vessel, turbine condenser, etc.) . Subsequent analyses have suggested that
only the waste disposal costs should be proportional to the size of the major
components, and that the other costs (principally labor and materials) should
be nearly independent of the plant size. These revised assumptions and formulae
for estimating costs for plants smaller than the reference glant were initially
documented in a letter (R. 0. Smith to C. Feldman, 11/12/86 ), which is presented
in Appendix B. Since that letter was written, small adjustments to the cost
estimates have been made to include the effects of post-TMI-2 backfits, as
documented in Chapter 4 of this report. The development of these revised
scaling formulae is presented here for completeness.

The smallest conventional BAR examined in the original scaling analysis
for BM was the Vermont Yankee station, with a thermal rating of 1593 MWt,
and a derived scaling factor of 0.648. The reference reactor (WNP-2) had a
thermal rating of 3320 MWt and a scaling factor of 1.0. To develop a new
scaling relationship, it was necessary to recalculate the cost estimate for
the Vermont Yankee reactor, as shown in Table 5.1.

TABLE 5.1. Revised Estimated Decommissioning Costs for WNP-2 and Vermont
Yankee Reactors (millions of January 1986 dollars)

Waste Scaling Other External Utility Utility Plus
Reactor Site Disposal Factor Costs Contractor Only Contractor
WNP-2 44.201 1.00 64.694 22.972 108.895 131.867
Vermont Yankee 44.201 0.648 64.694 22.972 93.336 116.308




To devel op the revised scaling fornul ae, the cost estimates given in
Table 5.1 were inserted into two linear equations having two unknown coeffi -
cients and the equations were solved for the unknown coefficients.

A + B(3320 MWt) = $131.867, A = B(1593 MWt) = $116.308

8 =900 x 10-3 MIlion $/MWt, A = $101.956 nillion(Wility + Contractor)
A =$78.985 m1lion (Ui 1ity-only)

Thus, the BWR scaling equation for deconm ssioning costs becones:
Total Cost (ml 7ions 1986%) =(101.956 + 0.0090 {P ant MwWt})

when the uti lity enploys an external decomm ssioning contractor, and

-

Total Cost (m 11ions 1986%) =(78.985 + 0.0090 {Pant MWt})

when the utility acts as its own deconm ssioning contractor.

These equations were devel oped using data from |o! ants rangi ng from about
1200 MWt to 3400 Mwt, and are only assumed to be applicable within that range.
For plants snal | er than 1200 Mw¢, the val ue cal cul ated at 1200 Mwt shoul d be

used, a conservative assunption. For plants greater than 3400 Mwt, the val ue
calculated at 3400 MWi shoul d be used.

~ Subsequently, in the devel opnent of the Decomm ssioning Rule, some
addi tional conservatismhas been added to the constant terms in the above
equations. As aresult, the equation appearing in the Rule is:

Estimated BWR Deconmissioning Cost = 104 + 0.009 MWt (ml 1ions January 1986$)

Wiere the cost for plants smaller than 1200 MWt is set equal to the cost for

a 1200-MWt plant, and the cost for plants larger than 3400 MWt is set equal to
the cost for a 3400-MWt plant.

This equation is believed to represent an adequate approach to estinating the
anount of funds that should be available to provide reasonabl e assurance t hat
decomm ssioning of a BAR station can be perforned at the appropriate tine.

This equation I's applicableto cost estinates for immediate di smantlement for
reactor plants that are smaller than the reference plant examned in the orig-
ina BYWR decomnm ssioni ng anal ysis. (1) Since i nmedi ate di smant|ement (DECON)

IS Pener ally the nore expensive of the acceptabl e decomm ssioning possibi 1ities,
if funds for DECON are available, the other possibilities are al So covered.
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52 DEVELOPMENT OF A COST ESCALATION FORMULA FOR DECOMM SSI ONING COSTS

The cost estimate for deconm ssioning the reference BWR was devel oped in
1978 dollars initial ly. Because of the significant amount of escalation that
has occurred since that time, it has been necessary to periodically update
the estimited cost to reflect increases in the various conponents of that
cost, with the results of the nost recent update given in Chapter 3 of this
regort: As a result of performng several cost updates over the years since
1978, it becanme apparent that the total cost could be divided into three
principal conponents, as regards to cost escalation. These conmponents are:

e Labor and other conponents that escalate at the same rate as |abor

e FEnergy: electricity, fuel, and other conponents that escal ate at
the Sane rate as energy

e \\ste Disposal : handling and burial charges at a lowlevel waste
di sposal site.

Assuming that the escalation factors for each of these conponents can be
derived for anK point in the future, relative to the 1986 data provided in
this report, then the escalated deconm ssioning cost is given hy

Estimted Cost (Year X) =[January 1986 Cost] [A Lx + B Ex + C Bx]

where A, B, and C are fractions of the total cost in January 1986 dol | ars
that are attributable to |abor, energy, and burial, respectively, and sumto
1.Q The factors Lx, Ex, and Bx are defined bel ow.

Lx =[labor cost escalation from 1986 to Year X]

Ex =[energy cost escalation from 1986 to Year X]

Bx = [disposal cost escalation from 1986 to Year X]
r

[disposal cost in Year X / disposal cost in 1986]

Evaluation of Lx and Ex for years subsequent to 1986 are left to the |icensees,
based on the national consuner price indices and on local conditions at a

given site. Evaluation of Bx iS to be provided to the |icensees via NUREG-
1307, a report to be issued Per|od|cally_by the US NRC, which will contain
the disposal rate schedules ror each radioactive waste disposal site operating
inthe US at the time of report issuance, and values of Bx apgllcable to

each operating site. Evaluation of the coefficients A B and Cis illustrated
inthe followng tables and paragraphs.



The distribution of total disposal costs between container cost,
transportation cost, and burial cost is illustrated in Table 5.2, with the

costs given in Jilnuary 1986 dollars, based on the original estimates given in
NUREG/CR-0672. (1

TABLE 5.2. Distribution of Radioactive Waste Disposal Costs into Components
that Escalate Proportional to Labor, Energy, and Burial Costs

Costs in Millions of January 1986 Dollars

NUREG/CR-0672 Container Transportation Burial
Reference Table Type of Waste Costs Costs Costs
1.3-3 Activated 0.67 1.51 5.07
Materials
1.3-4 Contaminated 4.89 2.80 15.80
Materials
I.3-5 Radwaste 0.95 1.72 1.80
Subtotals 6.50 6.02 22.67
Contin?ency
(25% 1.65 1.51 5.67
Totals 8.15 7.53 28.34

Evaluation of the coefficients A B, and C in the decommissioning cost
escalation formula is presented here for the reference BAR This evaluation
I's based on information presented in Chapter 3 of this report and on Table 5.2,
above. The cost components that escalate similarly are grouped together in
Table 53. The sum of those grouped costs is divided by the total cost of
decommissioning to obtain the fraction of the total cost attributable to that
group of components.

The analysis presented in Table 53 has shown the values of A, B, and C
to be 0.66, 0.12, and 0.22, respectively. A similar analysis for the reference
PAMR has yielded values of 0.64, 0.14, and 0.22, respectively. In view of the
uncertainties and contingencies on these values, and considering that the
values of the coefficients for both the PAR and the BAR are so similar, it

has been concluded that the best estimates for the coefficients are the averages
of the PAR and BAR values:

A =0.65 B =0.13 C=0.22



TABLE 5.3 Derivation of the Coefficients A B, and Cin the
Deconmi ssi oning Cost Escal ation Formul a
M 11ions of
Januar o o
Cost Category 1986 Dol Coefficient Derivation Data Source
Labor 35.98 Table 31
Equi pment 4.03 "
Suppl i es 3.71 "
Deconmi ssi oni ng
Contract or 21.1 "
| nsurance 1.9 "
Added St af f 4.4 "
Added Suppl ies 0.2 "
Specialty "
Contract or 0.71
Pre- engi neeri ng 7.4 "
Post-TM Backfits 0.1 "
Survei 1lance -- -
Fees 0.14 = 86.95/131.7 "
Cont ai ners 8.14 Table 52
Subt ot al 86.95 = 0.66
Ener gy _ 8.84 = 16.381131.7 Table 31
Transportation 7.54 Table 52
Subt ot al 16.38 = 0.12
Buri al 28.34 = 28.341131.7 Table 5.2
Tot al 131.7 = 0.22
Note: Al costs include a 25% contingency.
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APPENDIX A

COST_UPDATING BASES AND METHODOLOGY

Cost adjustment factors used to update decommissioning costs to a
January 1986 cost base for the Final Generic Environmental Impact Statement
(FGEIS) on Decommissioning are contained in the following letter to Dr. Carl
Feldman (NRC) from Richard I. Smith (PNL).



s %Battelle

Pacific Neorthawest Laderatores

P2 Condsy

T
Ricmiand, \Waasnagrn b s x4

Tuiephone (53U

Teley 15-2874

June 25, 1986

Dr. Carl Feldman

Chemical Engi neering Branch
Division of Engineering Technology
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Feldman:

Enclosed are the marked-up draft of Chapter 14, NON-FUEL-CYCLE NUCLEAR
FACILITIES, for the Generic EIS on Decommissioning, and a brief summary of
the bases and methodology used in updating the cost estimates contained in
Chapter 14. This same bases and methodology is being applied to updating the
remaining chapters of the GEIS, and these chapters will be forwarded to you
as they are completed.

In addition, we reviewed the text of Chapter 14 and offer a few minor
suggestions for revisions where we thought a revision might clarify a point.
These suggestions are also marked on the enclosed draft text.

If you have any questions about any of this material, please call me

Sincerely,

gy

Richard |. Smith, PE
Staff Engineer

Enclosures

RIS:sh



COST_UPDATING BASES AND METHODOLOGY
E. S. Murphy and G. J. Konzek

Cost adjustment factors used to update decommissioning costs to a January
1986 cost base-are shown in-Table 1. The rationale for these cost. adjustment
factors is given in the.following paragraphs.

Table 1. Adjustment Factors for Updating Costs to a January 1986 Cost Base

Cost Adjustment Factor Applied To
1978 Costs 1981 Costs
Cost Category
Staff labor -~ 1 1.6 1.3
Equipment 1.6 1.2
Miscel Taneous Supplies 1.6 1.2
Energy
Electricity 1.9 1.4
Fuel Oil 2.1 0.9
Specialty Contractors 1.6 1.3
Regulatory Fees See rationale See rational e
Insurance 1.9 1.5
Waste Management
Containers See rational e See rational e
Transportation 1.8 1.3
Buri al See rationale See rationale

Staff labor. Cost adjustment factors for staff labor were determined by using
the January 1986 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 or 1981 and 1966.
/



Equipment. Equipment costs were escalated based on national average cost
escalation values for capital equipment obtained from the US Department of
Labor publication, "Producer Prices and Price Indexes."

M scel laneous Suppl ies. Cost adjustment factors used for mscell aneous supplies
are the same as those used for equipment.

Electricity. Costs of electricity were escalated based on national average
values of the electric power index in the US Department of Labor publication,
"Producer Prices and Price Indexes."

Fuel O 1. Costs of fuel oil were escalated based on national average values
of the index for No. 2 fuel oil in the US Department of Labor publication,
"Producer Prices and Price Indexes." The price index shows a decline in the
price of fuel oil between January 1981 and January 1986.

Specialty Contractors. Specialty contractor costs are primarily costs
associated 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.

Repulatorv_Fees. 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 i s required to accomplish the appropriate reviews, operational
survei 1lance, and termination inspections, with an estimated cost in 1986
dollars of about $120,000.

Insurance. Based on tel ephone discussions with American National Insurers
(ANI) representatives and with Oregon State University personnel who operate
a research reactor, 1978 insurance premiums were escalated by a factor 1.9
and 1981 premiums were escalated by a factor of 1.5.

Containers. Insofar as possible, containex costs were updated using actual
1986 costs determined by telephone contact with a supplier. For cases where
this was not practicable, 1978 container costs were escalated by a factor of



1.6 and 1981 container costs were escalated by a factor of 1.2. (These are
the same escalation factors used to update equipment costs.)

Transportation. Per a telephone call to Tri-State Motor Transit Company on

Mgy 27, 1986, it was determined that the 1986 cost of a legal-weight, exciusive-
use truck shipment employing a single driver is $1.89/mile for a shipment

from Raleigh, North Carolina to Hanford. The 1978 cost of a similar shipment
was $1.03/mile, and the 1981 cost was $1.42/mile. These values were used to
establish transportation cost adjustment factors.

Low-Level Waste Burial. Current rate schedules for disposal of radioactive
waste were obtained from both U.S. Ecology and Chem-Nuclear Systems, Inc..

The two companies use different bases for determining surcharges, and,
therefore, their rate schedul es are not directly comparabl e. Chem Nuclear's
charges appear to be slightly higher than those of U.S. Ecology. Waste disposal
costs in the original decommissioning studies were based on US Ecology rate
schedules. Cost adjustment factors were therefore obtained by comparisons of
1978 and 1981 U.S. Ecology rate schedules with the current US. Ecology rate
schedule.

Waste disposal cost escalation factors are larger than escalation factors for
any other cost category. For example, for the disposal of steel drums or
wood boxes with surface dose rates <0.2 R/hr, the escalation factor is 9.4
for adjusment of disposal costs from the early-1978 base to the January 1986
base, ad 2.9 for the adjusment of disposal costs fran the early-1981 base
to the January 1986 base. Wade disposal cost escalation factors for
different categories of wase depend an several parameters including type of
wade container, quantity of radioactive material in the container, and
package weight. Wade disposal cost escalation factors weae therefore
determined an a case-by-case basis.
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APPENDIX B

REVISED ASSUMPTIONS A\D FORMULAE FOR ESTIMATING COSTS
AS A FUNCTION CF PLANT SIZE

For purposes of developing upper-bound estimates of costs for immediate
dismantlement of reactor plants different in size from the reference BAR
. scaling analyses were performed and overall scaling factors (0SFs) were devel-

oped. The initial results of these analyses are contained in the following

letter to Dr. Carl Feldman (NRC) from Richard I. Smith (PNL). In addition, the
letter also presents the cost escalation factors from 1984 to 1986 that were
developed in PNL's cost update for the Electric Power Research Institute(a)
and subsequently utilized as an integral part of the cost base for the NRC's
Generic Environmental Impact Statement (GEIS) on Decommissioning. 1t should
be recognized that since the letter was written, small adjustments to the
cost estimates have been made to include the effects of post-TMI-2 backfits
as documented in Chapter 4 of this report. Development of the revised scaling
factors is presented in Chapter 5 of this report.

(@) R I.Smith, G J. Konzek, E. S. Murphy, and H. K Edler. 1985. Updated
Costs for Decommissioning Nuclear Power Facilities. EPRI NP-4012, Electric

Power Research Institute Report by Pacific Northwest Laboratory, Richland,
Washington.

B.1
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November 12, 1986 Pacific Northwest Laboratories

P. OBox 999
Richland, Washington U.S.A. 99352
Telephone {509)

Telex 15-2874
Dr. Carl Feldman
Materi als Branch
Office of Nuclear Regulatory Research
U. S. Nuclear Regulatory Garm ssion
Washington, D. C. 20555

Dear Carl :

In response to your request, we have examined the updated costs for
decommissioning the reference PAR and BWR as developed for the GEIS, and have
made further adjustments which include the cost adders developed in our EPRI
cost update (EPRI NP-4012) for pre-decommissioning engineering, additional staff
to assure meeting the 5 Remlyear dose limit for personnel, extra supplies for
the additional staff, and the additional costs associated with utilizing an
external contractor to conduct the decommissioning effort. These adders have
been escalated from 1984 to 1986. Engineering and staff labor was escalated
by a factor of 1.02 from the 1984 values, while the extra supplies were
escalated by a factor of 1.04. Since the external contractor costs are
essentially all staff labor, these costs were escalated by a factor of 1.02.
All values include a 25%contingency. The results are presented in Table 1.

Table 1. Immediate Dismantlement Costs in Millions of 1986 Dollars

Reactor GEIS Pre-D&D Extra Extra External (a) utitity  Utility+
Type Value Engrng. Staff Supplies Contrtr. Only Contrtr.

PWR 73.608 5.610 7.527 1.248 14.740 87.993 102.733

BWR 98.564 5.610 4.412 0.208 22.972 108.794 131.766

(a) Includes incremental cost (1.836) of utilizing an external contractor
for pre-decommi ssioning analyses.

LCALING ANALY3S

For purposes of developing an upper-bound estimate of costs for immediate
dismantlement of reactor plants smaller than the reference plants, assume that
all costs (staff labor, equipment, supplies, etc.) except waste disposal are
independent of plant size, and that the scaling factors developed in the
NUREG/CR-0130 Addendum and in the NUREG/CR-0672 Appendix O are applicable to
just the'disposal costs. This analysis will be limited to plants with thermal
power ratings greater than 1200 MW,. Using the 1986 GEIS cost updates for
the reference plants, as given in %he table above, the portion of those costs
that are due to waste disposal, the overall scaling factors from the previous
scaling analyses, and the escalated cost adders from Table 1, above, the results
shown In Table 2 are obtained:
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Dr. Carl Fedman
November 12, 1986

Page Two

Table 2. Immediate Dismantlement Costs For Plants Smaller Than The Reference
PAWR and BWR, Based On Previously-Derived Overall Scaling Factors

Reactor Waste Scaling Remaining Escalated Utility Utility +
Di sposal Factor Costs Adders Only Contractor
R E Ginna 39.434 0.518 34.174 14.385 68.986 83.726
Trojan 39.434 1.000 34.174 14.385 87.993 102.733
Ver. Yankee 44.100 0.648 54.464 10.230 91.271 116.243
VWNR2 44.100 1.000 54.464 10.230 108.794 131.766

Using the results from Table 2, a set of linear equations can be derived for
the scaling of the immediate dismantlement,costs for plants in the 1200 to
3500 MW range.

PWR: Cost = 57.756 + 8.640 x 10:3 [ Mw; ] Utility Only

Cost = 72495 + 8640 x 10 ° | MW{_ ] Utility + Contractor
BWR: Cost = 78.948 + 8.986 x 10'33[ My, ] Utility Only

Cost = 101.924 + 8.986 x 10 ° [ Mﬁt ] Utility + Contractor

For the reference plants, the thermal power ratings used in developing these
equations are PAR ( 3500 MW; ), BWR ( 3320 MW, ). The thermal power ratings
of the other plants used in developing the overall scaling factors are given
in the respective NUREG/CR reports.

| trust this information will be adequate and appropriate for your use in
developing the final decommissioning rule. If you have any questions about any
of the material presented in this letter, please call me

Sincerely,
b'vdu
Richard | Smith, P.E.

Staff Engineer
Waste Systems and Transportation
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