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FOREWORD 
BY 

NUCLEAR REGULATORY COMMISSION STAFF 

The Nuclear Regulatory Commission (NRC) staff is reappraising its regu- 
latory position relative to the decommissioning of nuclear facilities.(l) 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 
decommissioning . 

The first series of studies covers the technology, safety, and costs of 
decommissioning reference nuclear faci 1 ities. (2-23) Light water reactors 
(LWRs) and fuel -cycle and nonfuel -cycle faci 1 i ties are included. Faci 1 i ties 
of current design on typical sites are selected for the studies. Separate 
reports are prepared as the studies of the various facilities are completed. 

The second series of studies covers supporting information on the decom- 
missioning of nuclear faci 1 i ties. (24-28) This series includes an annotated 
bi bl iography on decommissioning and studies on faci 1 i tation and radiation 
survey methods appropriate for decommissioning, as well as an examination of 
regulations appl icable to decommissioning. 

This report contains information concerning technical support provided 
by Pacific Northwest Laboratory staff for decommissioning matters related to 
preparation of the final Decommissioning Rule by the NRC staff. 

The information provided in this report on decommissioning of a reference 
BWR, including any comments, will be included in the record for consideration 
by the Commission in establishing criteria and new standards for decommission- 
ing. Comments on this report should be mailed to: 

Chief 
Materi a1 s Branch 
Division of Engineering 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 
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ABSTRACT 

Preparation o f  the f i n a l  Decommissioning Rule by the  Nuclear Regulatory 
Commission (NRC) s t a f f  has been assisted by Pac i f i c  Northwest Laboratory 
(PNL) (a) s t a f f  fami l i a r  w i t h  decommissioning matters. These e f f o r t s  have 
included updating previous cost  estimates developed dur ing the ser ies o f  studies 

- - on conceptual l y  decommissioning reference l icensed nuclear f a c i  1 i t i e s  f o r  
inc lus ion  i n  the F ina l  Generic Environmental Impact Statement (FGEIS) on decom- 
missioning; documenting the cost  updates; evaluat ing the cost  and dose impacts 
o f  post-TMI-2 backf i t s  on decommissioning; developing a revised scal i ng  formula 
f o r  est imat ing decommissioning costs f o r  reactor  p lan ts  d i f f e r e n t  i n  s i ze  
from the reference bo i  l ing  water reactor  (BWR) described i n  the e a r l i e r  study; 
and de f in ing  a formula f o r  ad jus t ing cur rent  cost  estimates t o  r e f l e c t  f u t u re  
escalat ion i n  labor,  mater ia ls,  and waste disposal costs. 

This repor t  presents the r e s u l t s  o f  recent PNL studies t o  provide 
support ing informat ion i n  three areas concerning decommissioning o f  the 
reference BWR: 

updating the  previous cost  estimates t o  January 1986 do1 l a r s  

assessing the cost  and dose impacts o f  post-TMI-2 back f i t s  

developing a sca l ing formula f o r  p lants  d i f f e r e n t  i n  s i ze  than the 
reference p l an t  and an escalat ion formula f o r  ad jus t ing cur rent  
cost  estimates f o r  f u t u r e  escalat ion. 

(a) Operated f o r  the U.S. Department of Energy by B a t t e l l e  Memorial I n s t i t u t e .  
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1.0 INTRODUCTION 

Preparation of the final Decommissioning Rule by the NRC staff has been 
assisted by PNL staff fami 1 iar with decommissioning matters. These efforts 
have included updating previous cost estimates developed during the series of 
studies on conceptual ly decommissioning reference 1 icensed nuclear faci 1 i ties 

- - for inclusion in the Final Generic Environmental Impact Statement (FGEIS) on 
Decommissioning; documenting the cost updates; evaluating the cost and dose 
impacts of post-TMI-2 backfi ts on decommissioning; developing a revised scal- 
ing formula for estimating decommissioning costs for reactor plants different 
in size from the reference boiling water reactor (BWR) described in the earlier 
study; (1) 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 sup- 
porting information in the fol lowing three areas concerning decommissioning 
of the reference BWR: 

updating the previous cost estimates to January 1986 dollars 

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

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. 

For consistency, the analyses for the impact of post-TMI-2 backfits fol- 
low the same basic structure, content, and study approach delineated in the 
original BWR study. (1) 

Because of rising costs and a changing regulatory climate, the NUREG/CR- 
0672 generic cost estimates, original ly developed in 1978 do1 1 ars, were updated 
to reflect 1984 cost conditions in a report prepared by PNL for the Electric 
Power Research ~nstitute. (2) Using the new cost estimates as a base, revised 
generic cost estimates were developed for several a1 ternatives identified to 
increase decommissioning costs, including additional 1 icensing fees and extra 
staff to keep personnel radiation exposure below 5 rem/year. 

In addition to the EPRI cost update, two addendum~(3~4) to the original 
BWR report (NUREG/CR-0672) have been prepared which examined the effects on 
costs and safety of decommissioning plants 1) of being unable to dispose of 
wastes offsite and 2) of classifying the wastes resulting from decommissioning. 
This third addendum, which examines the topics 1 isted above, was prepared in 
support of the FGEIS on Decommissioning and the final Decommissioning Rule. 

Fol 1 owing this introductory chapter, a summary of the information and 
findings concerning the three areas of interest to this study is presented in 
Chapter 2. Chapter 3 contains the supporting information associated with ' updating the previous cost estimates to January 1986 dollars. The assessment 
of the cost and dose impacts of post-TMI-2 backfits on decommissioning the 
reference BWR is given in Chapter 4. The methodology used to develop scal ing 



and esca la t i on  formulae f o r  t h e  Decommissioning Rule i s  presented i n  Chapter 5. 
Two appendixes t o  t h e  r e p o r t  p rov ide  support ing i n fo rmat ion  f o r  c o s t  updat ing 
bases and methodology (Appendix A) and rev i sed  assumptions and formulae f o r  
es t imat ing  cos ts  as a f u n c t i o n  o f  p l a n t  s i z e  (Appendix B) .  
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2.0 SUMMARY 

The results of this study sponsored by the U.S. Nuclear Regulatory Com- 
mission (NRC) to provide technical support for decommissioning matters related 
to preparation of the Final Decommissioning Rule are summarized in this chapter. 
The purpose of this study is to provide supportin information related to decom- 
missioning a reference boiling water reactor (BWR 7 , as described previously 
in NUREGICR-0672. The three areas considered in this report are: 

updating the previous cost estimates to January 1986 dollars 

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

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. 

The principal results are given, in brief, in the following paragraphs, with 
more complete summaries presented in subsequent sections. 

Immediate dismantlement of the reference BWR is estimated to cost 
$131.8 mi 11  ion (in January 1986 do1 lars) under the uti 1 ity-plus-contractor 
option or $108.9 mil 1 ion under a utility-only option. 

Preparing the reference BWR for safe storage, safe storage for 30 years, 
and dismantlement after 30 years is estimated to cost a total of $131.4 million 
(in January 1986 dollars). Continuing care during the safe storage period is 
estimated to cost $120,000 per year and would continue until the facility is 
dismantled. The cost of deferred dismantlement, starting after intervals of 
10, 30, 50 and 100 years after final shutdown, has been estimated in January 
1986 dollars to be $82.2 million, $82.2 million, $48.3 million and $48 million, 
respectively. 

Entombing the reference BWR after removing the highly activated reactor 
vessel internals is estimated to cost $112.8 mil lion (in January 1986 dollars) 
under the uti 1 i ty-plus-contractor option. Entombing the reference BWR with 
the highly activated reactor vessel internals left in place is estimated to 
cost $96.9 mi 11  ion under the uti 1 i ty-pl us-contractor option. 

Costs of continuing care during entombment of the reference BWR are esti- 
mated to be $64,000 per year. Federal and state 1 icensinglinspection costs 
are estimated to cost an additional $10,000 per year. These costs would 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 . re1 ease of the property become necessary. 

No detailed estimates of cost and radiation dose are made for dismantle- 
ment of an entombed facility. However, it is anticipated that these parameters 
will have values similar to those for dismantlement following safe storage. 



The removal, packaging, and shipment of equipment and materials that 
were installed in the reference plant subsequent to the TMI-2 accident and 
which became radioactive and/or contaminated while in service are estimated 
to result in additional radiation doses of about 3.1 man-rem to decommission- 
ing workers during immediate dismantlement. The original immediate disman- 
tlement decommissioning cost estimate could be 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 important 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. The NRC has placed into the Rule a formula for estimating 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- 
missioning for most plants is as yet undefined, an additional formula has 
been developed for adjusting that cost estimate to include escalation from the 
time the Rule was issued to the time of actual decommissioning. 

2.1 STUDY BASES 

For consistency, the major study bases are the same as those used in the 
original BWR decommissionin studies with two exceptions: 1) costs are in 
January 1986 do1 1 ars, and 2 3 occupational radiation doses to decommissioning 
workers shall not exceed 5 rem per person per year. It should be recognized 
that revisions to 10 CFR 20.101 since NUREG/CR-0672 was pub1 ished in 1980 have 
tended to reduce annual cumulative radiation dose a1 lowable to persons working 
in the nuclear industry. Under normal circumstances, the a1 lowable quarterly 
radiation dose is now 1 - 114 rem (rather than the 3 rem per quarter dose 
postulated in NUREGICR-0672 for decommissioning workers), with an annual cumu- 
lative dose of 5 rem. 

2.2 UPDATED DECOMMISSIONING COSTS 

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

The total cost in January 1986 dollars for each of the decommissioning 
alternatives is summarized in Table 2.1. In addition to the values escalated 
from the parent documents, the costs in Table 2.1 reflect several new cost 
adders (i .e., predecommissioning engineering, additional staff to assure meet- 
ing the 5 remlyear dose limit for personnel, extra supplies for the additional 
staff, and the additional costs associated with the option of using an external 
contractor to conduct the decommissioning effort) . These cost adders, ini ti a1 ly . 
developed in a PNL decommissioning cost update done in 1984 for the Electric 
Power Research Institute (EPRI NP-4012), are included in this analysis. Fur- 
thermore, the estimated impacts on the decommissioning cost of post-TMI-2 
backfit requirements for the reference BWR, described in Chapter 4, are included 
in the overall totals shown in the table, where applicable. 



TABLE 2.1. Summary of Up ated Decommissioning Costs Estimated for the I! Reference BWR alb) 

Decommission i ng 
Option 

Estimated Costs i n  M i  I l ions of 1986 Dol lars  
Preparat ~ o n s  

f o r  Safe SMSTOR(C) 
ears ears ears Decontamination Storage 10 Y 30 Y 60 Y 188 Ysars ~ncluded(e) Removed 

U t i  l ity-Only 
(Internal) 
Staf f ing 108.9 41.1 128.8 131.4 99.9 106.1 77.3 89.6 

U t i  l ity-Plus- 
. Contractor 

(Externa I) 
Staf f ing 131.8 66.9 -- -- -- -- 98.9 112.8 

(a) Values include the cost adders described i n  Section 2.2 and the ef fects  o f  TMI-2 backf i t s ,  plus a 25% con- 
tingency, and are i n  January 1986 do1 lars. 

(b) Values exclude cost of disposal o f  l as t  core, exclude cost o f  demol it ion o f  nonradioact ive structures, and 
exclude cost o f  deep geologic disposal o f  dismantled, highly activated components. 

(c) The values shown f o r  SAFSTOR include the costs o f  the preparations f o r  safe storage, continuing care, and 
deferred dismantlement. 

(d) The cost o f  survei l lance and maintenance f o r  the entombed structure i s  estimated t o  be about $0.164 m i  l l ion 
per year. Values l isted do not include any costs f o r  post-ento~bment period actions. 

(e) Does not include the costs associated with the eventual removal, packaging, and disposal o f  the entombed 
r a d i o s i v e  materials, the demol it ion of the entombment structure, o r  denol i t i o n  o f  the reactor bui Iding. 

2.3 ESTIMATED IMPACTS OF POST-TMI -2 BACKFIT REQUIREMENTS ON THE ESTIMATED 
COST AND DOSE OF DECOMMISSIONING THE REFERENCE BWR 

Since the original BWR decommissioning report was prepared, a number of 
post-TMI-2 backfi t requirements have been imposed on operating nuclear power 
stations. These requirements were actions judged necessary by the NRC to 
correct or improve the safety of operation of nuclear power plants based on 
the experience from the accident at TMI-2. The results of analyses to examine 
and assess, in quantitative terms, the impact on estimated occupational doses 
and on decommissioning costs for all NRC-initiated post-TMI-2 plant modifi- 
cations imposed on the previously studied reference BWR are summarized in the 
following subsections. 

Estimated Additional Decommissioning Costs 

The total additional cost in January 1986 dollars for each of the decom- 
missioning a1 ternatives is summarized in Table 2.2. 

Radi at ion Exposure Estimates 

The additional accumul ated occupational radiation doses are estimated to 
be 3.1 man-rem for immediate dismantlement and for entombment, and about 
0.28 man-rem for placing the facility in safe storage, with essentially no 

= increase in occupational radiation dose for survei 1 lance and maintenance staff 
during continuing care. Re1 atively 1 i ttle additional reduction in accumulated 
occupational radiation dose is estimated to result from deferring the disman- 
tlement sequence beyond 30 years for those items identified in this backfit 
assessment, and virtual ly no reduction results from deferment beyond 50 years. 



TABLE 2.2. Total Estimated Additional Costs for Possible Decommissioning 
Alternatives for the Reference BWR 

Additional Decommissioning Costs 
($  thousands) (a) 
Number of Years 

Decommissioning Alternative 
Immediate Dismantlement 
Preparations for: 
Safe Storage 
Continuing Care 
Deferred Dismantlement 

Total Additional Cost 

Entombment 
Continuing Care 
Deferred Dismantlement 
Total Additional Cost 

After Shutdown Dismantlement is Deferred 
0 10 3 0 50 100 - - -  

(a) Values include a 25% contingency and are in January 1986 do1 1 ars. 
(b) These reduced values result from lesser amounts of contaminated 

materials for burial in a licensed disposal site. 
(c) It is assumed that the entombed radioactive material decays to the 

unrestricted release level in 100 years. 

The individual estimates of additional external occupational, transport, 
and pub1 ic radiation doses for the various decommissioning a1 ternatives are 
summarized in Table 2.3. The radiation dose rates are based on the maximum 
allowable dose rates for each shipment in exclusive-use trucks, just as analyzed 
in the parent study, and are thus conservatively high. The estimated addi- 
tional external radiation dose for routine transportation operations for 
immediate dismantlement is 0.07 man-rem to transport workers and 0.007 man- 
rem to 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 shipments are contemplated. 

2.3.3 Conclusions from the Backfit Analysis 

The changes at the reference BWR that have resulted to date, as well as 
those changes anticipated to result from full implementation of post-TMI-2 
regulatory requirements, will have only a minor impact on decommissioning 



TABLE 2.3. Summary of Estimated Additional External Occupational, Transport, 
and Publ ic Radiation Doses for Decommissioning the Reference BWR 

Time After Estimated 
Reactor Additional Dose (man-rem) 
Shutdown Transport 

Decommissioning Mode (Years) Occupational workers (a) Publ ic(a) 
Immediate ~ismantlement (b) 0 3.06 0.070 0.007 

Safe Storage: (c) 

Preparations for Safe 0 
Storage (b) 

Continuing Care 

Deferred Di smant 1 ement 10 
30 
50 
100 

Total for Safe storage(c) 
with Deferred Dismantle- 
ment in year: 10 

30 
50 
100 

(a) Based on the radiation doses per shipment delineated in Table N.5-2 in 
NUREGICR-0672. 

(b) Total additional shipments: 1 for immediate dismantlement; zero for 
safe storage. 

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

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

One unexpected result of this assessment is the identification of the 
positive effect that the Technical Support Centers (TSCs) , required in the 
aftermath of TMI-2, wi 1 1  eventual ly have on decommissioning activities. TSCs 
are required to provide up-to-date, as-built drawings for the purpose of emer- 
gency preparedness. The availabi 1 ity and use of those drawings wi 1 1  faci 1 i -  
tate planning and preparation of decommissioning activities and subsequently 
will support implementation of those activities. 



A number of plant modifications have been made for which no specifics 
could be obtained (and thus no quantification of potential impacts on decom- 
missioning could be made). These modifications pertain to safeguards and/or 
plant secu~ity areas or equipment, and this type of information is not avail- 
able without appropriate need-to-know. However, it is unlikely that these 
modifications would have any significant effect on the safety or cost of 
decommissioning. 

2.4 SCALING AND ESCALATION FORMULAE DEVELOPED FOR THE DECOMMISSIONING RULE 

The formulae for evaluating financi a1 assurance for decommissioning that 
the NRC has placed into the Decommissioning Rule are summarized in this section. 

The formulae for estimating decommissioning costs incorporate the effects 
of post-TMI-2 backfits, as documented in Chapter 4 of this report, and account 
for the situations when the uti 1 ity employs an external decommissioning con- 
tractor and when the utility acts as its own decommissioning contractor. These 
formulae were developed using data from plants ranging in size from about 
1200 MWt to 3400 MWt. The formula appearing in the Rule for the utility-plus- 
contractor option is: 

Estimated BWR Decommissioning Cost = 104 + 0.009 MWt (mil 1 ions January 1986s) 

where 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 formula provides reasonable cost estimates for immediate dismantlement 
of reactor plants that are smaller than the reference plant examined in the 
original BWR decommissioning analysis (NUREGICR-0672). Since immediate di s- 
mantlement (DECON) is general ly the more expensive of the acceptable decom- 
missioning possibilities, if funds for DECON are available, the other 
possibilities are also covered. 

As a result of performing several cost updates over the years since 1978 
(the most recent update is given in Chapter 3 of this report), it became appar- 
ent that the total cost could be divided into three principal components, as 
regards to cost escal ation. These components are: 

Labor and other components that escalate at the same rate as labor 

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

Waste Disposal : hand1 ing and burial charges at a low-level waste 
disposal site. 



Assuming that the escalation factors for each of these components can be derived 
for any point in the future, relative to the 1986 data base used in the afore- 
mentioned formula used in the Decommissioning Rule, then the escal ated decom- 
missioning cost is given by: 

Estimated Cost (year X) = January 1986 Cost (0.65 Lx + 0.13 Ex + 0.22 Bx) 

where Lx is the escalation factor for labor and related components between 
January 1986 and year X, Ex is the escalation factor for energy over the same 
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 U.S. Department of Labor's 
Bureau of Labor Statistics. The waste disposal factor, Bx, is to be taken 
from NUREG-1307, a report that wi 1 1  be developed especial ly for this purpose 
and will contain the bases and the derived escalation factors for each disposal 
site operating in the U.S. at the time of issue. The report will be updated 
and reissued on some reasonable frequency, to provide re1 i abl e factors at any 
point in time. 



3.0 COST UPDATING BASES, METHODOLOGY AND RESULTS 

The cost adjustment factors used to update the decommissioning costs for 
the reference BWR to a January 1986 cost base for the Final Generic Environ- 
mental Impact Statement (FGEIS) on Decommissioning are described in detail in 
Appendix A of this report. The results of the application of the cost adjust- 
ment factors given in Appendix A are presented in this chapter. 

3.1 APPLICATION METHODOLOGY 

The application methodology consisted of a detailed review of all elements 
that make up each of the major cost categories given in the parent document (1) 
for the three decommissioning alternatives--immediate dismantlement (DECON), 
safe storage (SAFSTOR) , and entombment (ENTOMB). The appropriate cost adjust- 
ment factors were then applied to the respective line items and the items 
were added to form updated cost categories for each of the decommissioning 
alternatives. In addition to the values escalated from the parent document, 
several new cost adders were included in the update. These were: predecom- 
missioning engineering; additional staff to assure meeting the 5 rem/year 
dose 1 imit for personnel; extra supplies for the additional staff; and the 
additional costs associated with the option of using an external contractor 
to conduct the decommissioning effort. These cost adders were developed in the 
PNL decommissioning cost update done in 1984 for the Electric Power Research 
Institute. (2) Furthermore, the estimated impacts of post-TMI-2 requirements 
on the reference BWR decommissioning costs, described in Chapter 4, are included 
in the overall cost update. In each case, a 25% contingency is applied to the 
sum of the categories to establish the estimated costs of decommissioning the 
reference BWR in January 1986 dollars. 

3.2 ESTIMATED DECOMMISSIONING COSTS 

Immediate dis1;lantlement of the reference BWR is estimated to cost $131.8 
mil 1 ion under the uti 1 ity-plus-contractor option. The major contributors to 
the total cost of immediate dismantlement are summarized in Table 3.1. The 
cost for shipment and disposal of radioactive materials is about 34% of the 
total decommissioning cost. About 30% of the total decommissioning cost is 
due to utility staff labor (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 3.1). Approximately 22% of the total decommissioning cost is due to 
the use of an external decommissioning contractor. Energy, suppl ies, and 
special tools and equipment costs constitute about 7%, 3%, and 3%, respectively, 
of the total dismantlement cost. 

Preparing the reference BWR for safe storage is estimated to cost 
$50.9 mi 1 1  ion under the uti 1 ity-plus-contractor option. The major contributors 
to the total cost of preparations for passive safe storage are summarized in 
Table 3.2. About 44% of the total cost of preparations for safe storage is 



TABLE 3.1. Summary o f  Estimated Costs f o r  Immediate Dismantlement 
o f  the  Reference BWR ( m i l  1 ions o f  1986 do1 l a r s )  

Cost Category 
Disposal o f  Radioactive Mater ia ls  

Act ivated Mater i  a1 s Disposal 

Contaminated I n te rna l  s Disposal 

Radioactive Waste Disposal (c) 

Total  Disposal Costs 

S t a f f  Labor 

Energy 

Special Tools and Equipment 

Miscellaneous Supplies 

Speci a1 t y  Contractors 

Nuclear Insurance 

License Fees 

Cost Adders (d) 

Addi t iona l  S t a f f  Needed t o  Reduce 
Average Annual Dose t o  5 remlyear 

Use o f  External Decommissioning 
Contractor 

Predecommi s s i  oning Engineering 
by an External Contractor 

Supplies f o r  Ext ra  S t a f f  

Post-TMI-2 Impacts by an 
External Contractor 

Subtotal 

25% Contingency 

Total ,  Immediate Dismantlement Costs 

Estimated Costs 
($ m i  11 ions) (atb) 

Percent 
o f  Total  

(a) Costs adjusted t o  January 1986. 
(b) Number o f  f i gu res  shown i s  f o r  computational accuracy and does no t  

imply p rec is ion  t o  the nearest thousand do l la rs .  
(c) Includes both wet sol  i d  wastes and dry  sol  i d  wastes. 
(d) See t e x t  f o r  d e t a i l s  concerning t h i s  category. 



TABLE 3.2. Summary of Estimated Costs for Preparations for Safe Storage 
of the Reference BWR (mi 1 1  ions of 1986 do1 lars) 

Estimated Costs Percent 
Cost Category ($ millions) (atb) of Total 

Disposal of Radioactive Materials 3.757 9.2 
Staff Labor 18.006 44.2 
Energy 

Special Tools and Equipment 

Mi scel 1 aneous Suppl i es 
Speci a1 ty Contractors 
Nuclear Insurance 

License Fees 
Cost ~dders (c) 

Additional Staff Needed to Reduce 
Average Annual Dose to 5 remlyear 

Use of External Decommissioning 
Contractor 

Predecommi ssioning Engineering 
by an External Contractor 
Supplies for Extra Staff 
Post-TMI-2 Impacts by an 
External Contractor 
Subtotal 

25% Contingency 
Total , Preparations for Safe 
Storage Costs 

Negligible 
40.720 

10.180 

50.900 

(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) 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, energy, 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 BWR is 
estimated to be about $120,000 per year. 

The cost of deferred dismantlement, starting after intervals of 10, 30, 
50 and 100 years after final reactor shutdown, is estimated in January 1986 
dollars to be $82.2 million, $82.2 million, $48.3 million and $48 million, 
respectively. The lesser cost after 100 years is the result of having less 
contaminated material for packaging, shipment, and burial due to decay of the 
residual radionucl ides. 

Entombing the reference BWR via the scenario that calls for the removal 
and disposal of reactor vessel internals is estimated to cost $112.8 million 
under the uti 1 i ty-pl us-contractor option. The major contributors to the total 
cost of entombment are summarized in Table 3.3. About 34% of the total is 
due t o  utility staff labor (i .e., the cost categories of Staff Labor plus 
Additional Staff Needed to Reduce Average Annual Dose to 5 mrem per year, 
shown in Table 3.3). The external contractor labor accounts for about 26% of 
the total cost for this scenario. Disposal of radioactive materials, energy, 
and special tools and equipment contribute 22.8%, 8.4%, and 3.6%, respectively, 
to the total cost. 

With the reactor internals left in place, which is really a form of hard- 
ened safe storage, entombment of the reference BWR is estimated to cost about 
$97 million (see Table 3.3). 

The cost of continuing care during entombment of the reference BWR is 
estimated to be about $74,000 per year for either of the aforementioned sce- 
narios, which includes an estimated $10,000 per year for various federal and 
state 1 icensing/inspection costs. 

Because of the many variables involved, PNL made no firm estimate of the 
costs for possible deferred dismantlement of the entombment structure. How- 
ever, these costs are anticipated to be at least of the same order of magnitude 
as those discussed previously for deferred dismantlement of the reference BWR 
after a period of safe storage. 



TABLE 3 . 3 .  Summary o f  Estimated Costs f o r  Entombment o f  t h e  
Reference BWR ( m i  11 ions  o f  1986 do1 l a r s )  

Entombment 

Cost Category 

Disposal o f  Radioactive Yateria I s  

Neutron-Activated Materia I s  

Contaminated Materia I s  

Radioactive Wastes (d) 

Tota l Di sposa l Costs 

S ta f f  Labor 

Energy 
Spec i a l Too l s and Equ i pment 

Mi sce l l aneous Equ i pnent 

Specialty Contractors 

Nuclear Insurance 

License Fees 

Cost ~ d d e r s  (8) 

Additional S ta f f  Needed t o  Reduce 
Average Annual Dose t o  6 remlyear 

Use o f  External Dacomm iss ion i ng 
Contractor 

Predecomm iss  i on i ng Engineering 
by an External Contractor 

Suppl ies f o r  Extra Staf f  

Post-TMI-2 Impacts by an 
External Contractor 

Subtota I s  

26% Contingencies 

Tota I, Entombment Costs 

Annual Continuing Care Costs 

Entombment (with i nterna Is) 
Estimated Costs Percent 

(Smill ions)(a,b) o f T o t a l  

(interna I s  removed) (c) 
Estimated Costs Percent 

(S ni l l ions)(a,b) o f  Total 

(a) Costs adjusted t o  January 1986. 
(b) Number of f igures shown i s  f o r  computational accuracy and does not imply precision t o  the nearest thousand 

do1 lars. 
(c) For t h i s  entombment scenario, dismantlement w i  l l eventual ly  be required. 
(d) Includes both wet sol  i d  wastes and dry sol i d  wastes. 
(e) See t e x t  f o r  de ta i l s  concerning t h i s  category. 
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4.0 ESTIMATED IMPACTS OF POST-TMI-2 REQUIREMENTS AND OTHER SELECTED 
REGULATORY CHANGES ON DECOMMISSIONING OF THE REFERENCE 

BOILING WATER REACTOR 

Since the original BWR decommissioning report (1) was prepared, a number 
of post-TMI-2 backfi t requirements have been imposed on operating nuclear 
power stations. These requirements were actions judged necessary by the NRC 
to correct or improve the safety of operation of nuclear power plants based 
on the experience from the accident at TMI-2. 

Examined and assessed in quantitative terms in this chapter are all NRC- 
initiated post-TMI-2 plant modifications imposed on the previously studied 
reference BWR, whether mandated (as in a rule, regulation, or order) or com- 
mitted to b the licensee (originating in a generic letter or IE Bulletin, 
for example J , for their impact on estimated decommissioning costs and occupa- 
tional radiation doses. The purpose of this examination was to provide the 
NRC decision-makers with pertinent information concerning the effects of those 
backfi t requirements and associated regulatory changes on decommissioning. 
The results of these analyses also make a useful addition to the already 
existing decommissioning data base and increases its general appl icabi 1 i ty. 

The study results are summarized in Section 4.1. The study approach 
taken is presented in Section 4.2. The analyses are based on the reference 
BWR nuclear 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. 

SUMMARY OF STUDY RESULTS 

The results of this study to assess the impacts on decommissioning of post- 
TMI-2 requirements and other changes in the regulatory cl imate are summarized 
in this section. The principal results are given, in brief, in the following 
paragraphs, with more details presented in subsequent sections. 

4.1.1 Study Bases 

For consistency, the major study bases are the same as those used in the 
original BWR decommissioning study with one exception--costs are in January 
1986 dollars. The results obtained in this study are specific to these major 
bases and to the specific assumptions that are derived from them. Applying 
these results to situations with conditions different from those in this study 
could produce erroneous conclusions. However, without additional 
evidence/information, more refined analyses are not expected to significantly 
change the results of this study. 

4.1.2 Additional Decommissioning Costs Associated with Backfit Assessment 

A1 1 additional costs associated with this backfit assessment are given 
in January 1986 do1 lars, with 25% contingencies included. 



Immediate dismantlement of the reference BWR is estimated to cost an 
additional $100,800 based on this backf i t assessment. 

It is assumed for purposes of this backfit assessment that virtually all 
of the contaminated materials identified in this study for immediate dismantle- 
ment require offsite disposal for entombment as well. It is further assumed 
that the removal, packaging, and transport of those materials is accompl ished 
in a manner similar to that postulated for immediate dismantlement. The costs, 
schedules, and manpower estimates also are anticipated to be similar to those 
estimated for immediate dismantlement. Thus, the total additional cost assoc- 
iated with this backfit assessment for entombment is about $101,000, including 
a 25% contingency. No increase in costs associated with continuing care 
activities is anticipated to result based on this backf i t assessment. 

Preparing the reference BWR for safe storage is estimated to cost an 
additional $3,800. Deactivation and tagging of the additional valves and 
equipment that were identified in this study are estimated to require about 
two days. No increase in costs associated with continuing care activities 
is anticipated to result based on this backfit assessment. 

The additional costs of deferred dismantlement following safe storage of 
the reference BWR 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 lesser costs after the longer intervals are the 
result of having less of the contaminated materials identified in this study 
for shipment and disposal due to decay of the radionuclides. 

The total estimated additional costs in constant 1986 dollars for each of 
the decommissioning alternatives are summarized in Table 4.1. 

4.1.3 Additional Decommissioninq Radiation Doses Associated with Backfit 
Assessment 

Estimates of additional accumulated occupational radiation doses associated 
with this backfit assessment are briefly described in the following 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 materials identified in this 
study to disposal sites. 

The individual estimates of additional occupational, transport worker, 
and pub1 ic radiation doses for the various decommissioning a1 ternatives are 
summarized in Table 4.2. Additional accumulated occupational radiation doses 
are estimated to be 3.1 man-rem fcr immediate dismantlement and for entombment, 
and about 0.28 man-rem for placing the facility in safe storage, with essen- 
ti a1 ly no increase in occupational radiation dose for survei 11  ance and main- 
tenance staff during continuing care. Deferring the dismantlement sequence 
beyond 30 years for those i tems identified in this backfi t assessment results 



TABLE 4.1. Summary of Estimated Additional Costs for Possible 
Decommissioning Alternatives for the Reference BWR 

Additional Decommissioning Costs 
($ thousands) (a) 
Number of Years 

Decommissioning A1 ternative 
Immediate Dismantlement 
Preparations for: 
Safe Storage 
Continuing Care 
Deferred Dismantlement 

Total Additional Cost 

En tombmen t 
Continuing Care 

Deferred Dismantlement 
Total Additional Cost 

After Shutdown Dismantlement is Deferred 
0 10 30 50 100 - - - 

(a) Values include a 25% contingency and are in January 1986 do1 1 ars. 
(b) These reduced values result from lesser amounts of contaminated 

materials for burial in a 1 icensed disposal site. 
(c) It is assumed that the entombed radioactive material decays to the 

unrestricted release level in 100 years. 

in re1 atively 1 i ttle reduction in accumulated occupational radiation dose, 
and virtually no reduction results from deferment beyond 50 years. The esti- 
mated additional external radiation dose from transport operations for imme- 
diate dismantlement is 0.07 man-rem to transport workers and 0.007 man-rem to 
the general pub1 ic. 

Since no additional truck shipments are contemplated, there are no addi- 
tional radiation doses to workers or to the public resulting from post-TMI-2 
backf i ts during the preparations for safe storage. 

4.1.4 Conclusions and Recommendations 

Based upon the results of this study, it appears that the changes that 
have already resulted, as well as those changes anticipated to result from 
full implementation of post-TMI-2 regulatory requirements at the reference 
BWR, will have only a minor impact on decommissioning costs and occupational 
radiation doses. Site-specific issues will have to be addressed in every 
other case where precise assessments of the exact extent of the impact on 
decommissioning are desired. For example, the 1 icense conditions for plants 
licensed before January 1, 1979, vary in both scope and content. After 



TABLE 4.2. Summary of Estimated Additional External Occupational, Transport, 
and Public Radiation Doses for Decommissioning the Reference BWR 

Time After Estimated 
Reactor Additional Dose (man-rem) 
Shutdown Transport 

Decommissioning Mode (Years) Occupational workers (a) Pub1 ic (a) 
Immediate ~i smantl ement (b) 0 3.06 0.070 0.007 

Safe Storage: (c) 

Preparations for Safe 0 0.28 0 0 
storage(b) 

Continuing Care 

Deferred Dismantlement 10 0.82 0 0 
30 0.06 0 0 
50 4.005 0 0 
100 <O . 0000 1 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 

h 100 0.28 0 0 

(a) Based on the radiation doses per shipment del ineated in Table N.5-2 in 
NUREGICR-0672. 

(b) Total additional shipqents: 1 for immediate dismantlement; zero for 
safe storage. 

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

January 1, 1979, inclusion of a fire protection program (including a fire 
hazards analysis) in the Final Safety Analysis Report became a prerequisite for 
1 icensing . Plant modifications resulting from such analyses apparently varied 
widely. It is known that at some plants such modifications have been extensive, 
including rerouting of cable, affixing fire retardant materials, instal lation 
of new conduits, and provision of improved barriers as we1 1 as the addition 
of pumps 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 
estimates for post-TMI-2 requirements (and other regulatory adjustments) for 
the single BWR examined in this study may not represent the circumstances at 
a1 1 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 TMI-2 will eventually have on decommissioning activities. TSCs are 
required to provide up-to-date, as-bui 1 t drawings for the purpose of emergency 
preparedness. The avai 1 abi 1 i ty of those drawings wi 1 1  faci 1 i tate planning and 
preparation of decommissioning activities and subsequently wi 1 1  support imple- 
mentation of those activities. 

It should be noted that a number of plant modifications have been made 
for which no specifics could be obtained (and thus no quantification of poten- 
tial impacts on decommissioning could be made). These modifications pertain 
to safeguards and/or plant security areas or equipment, and this type of infor- 
mation is not available without appropriate need-to-know. However, it is 
unlikely that these modifications would have any significant effect on the 
safety or cost of decommissioning . 

An emerging area of change that was identified ioncerns the steadily 
increasing costs associated with the burial of radwastes and the concomitant 
efforts at volume reduction by nuclear power plant operators. Whether such 
efforts are done by a contractor or by the addition of new equipment at the 
plant itself, an increase in the inventory of, contaminated materials, in the 
form of outdated original equipment, could result. In many cases, this 
equipment may lie unused at the plant for years until the plant is decommis- 
sioned. Then, it must be accounted for. 

4.2 STUDY OBJECTIVE, APPROACH, ALTERNATIVES, BASES AND ASSUMPTIONS 

This section contains brief descriptions of the study objective, approach, 
decommissioning a1 ternatives, and bases and assumptions. 

4.2.1 Study Objective 

The primary objective of this study is to examine post-TMI-2 backfits and 
assess their potenti a1 impacts on decomrni ssioning cost and dose estimates 
previously developed for the reference BWR. (1) Development of this informa- 
tion is necessary in order to provide NRC decision-makers with the pertinent 
information they need concerning those impacts on decommissioning. 

4.2.2 Technical Approach 

A methodology was developed to guide the acquisition and assessment of 
the data concerning post-TMI-2 backf i t impacts on the decommissioning estimates 
previously developed for the reference BWR. (1) 

The study methodology, which is designed to provide direction for data 
gathering, proper use of the 1 i terature, and careful eval uation of information, 
is shown in Figure 4.1. 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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project manager) with the uti 1 i ty 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 1 ity staff and to gather 
appropriate backf i t information. 

Decommissioning A1 ternatives 

c, Evaluation 4 

The three decommissioning a1 ternatives evaluated in the reference BWR 
study are examined again in this study to estimate the additional costs and 
radiation doses that may result from implementation of post-TMI-2 backfits. 
These alternatives are defined briefly below. 

Licensee 
Visitation 

Immediate - The station is decontaminated and the radioactive 
Dismantlement materi a1 s are removed shortly after final reactor 
(DECON) shutdown. Upon completion, the nuclear license 

is terminated and the property is released for 
unrestricted use. 

I 

Safe Storage - The radioactively contaminated materials and con- 
with Deferred taminated areas are decontaminated or secured and 
Dismantlement 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 limited by the 
nuclear 1 icense. Eventual dismantlement is necessary 
for unrestricted release and license termination. 

Entombment 
(ENTOMB) 

- The radioactively contaminated materials and con- 
taminated areas are decontaminated and the nonreleasable 
materials are confined within a mono1 i thic structure 
that provides integrity to ensure the protection of 
the public from the entombed radioactivity for a period 
of sufficient length to permit the decay of the radioac- 
tivi ty to unrestricted release levels. During the 



period of entombment, the property is maintained as 
necessary and remains restricted in use by the nuclear 
1 i cense. 

Study Bases and Assumptions 

The study is intended to provide decommissioning information useful to 
NRC decision-makers. In addition, the information will provide the basis for 
developing current cost and occupational dose estimates for decommissioning 
the reference plant. The study bases are: 

Costs are in January 1986 do1 lars. 

All other applicable bases and assumptions necessary to the conduct 
of this study are the same as those used in the original NUREG report 
(see Reference 1 for detai 1 s) . 

4.3 SOURCES OF INFORMATION 

A manual literature search was conducted to obtain information associa- 
ted with post-TMI-2 backfi ts. For example, the WNP-2 responses (through 
December 1985) to 60 regulatory issues resulti from TMI-2 contained in their 
Final Safety Analysis Report (FSAR) Appendix B 19)  were examined. Government 
reports, technical journals, conference proceedings, etc. were examined for 
information relative to the reference BWR. A computer-based 1 icensee event 
report (LER) search was conducted for the 1 icensee's plant. A1 though the 
LERs were not viewed in the same context as other more clearly defined post- 
TMI-2 backfi ts, they were nonetheless examined and assessed for their potential 
impact on decommissioning costs since they often reveal modifications to the 
plant. Where those modifications involved equipment, components, and/or mate- 
ri a1 s that would eventual ly become radioactive and/or contaminated, they were 
assessed for thei r impact on decommi ssioning as we1 1 . 

The utility visitation was a very significant part of the study, though 
limited in scope in terms of actual time spent with utility representatives. 
The NRC is cognizant of the criticism focusing on the regulatory burden on 
licensees. Therefore, initial discussions were conducted between the licensee 
and their respective NRC project manager. Subsequently, PNL staff contacted 
the cognizant utility staff identified by the NRC project manager, meetings 
were conducted, and the information gathering process was carried out. 

Licensee Visitation 

The visitation itself involved an introductory conference with utility 
representatives representing finance, 1 icensing , and/or decommissioning plan- 
ning. Topics covered included: 1) the purpose and objectives of this study; 
2) a brief review of their decommissioning plans; 3) a discussion focusing on 
understanding differences between various decommissioning cost estimates by 
others; and 4) arrangements for responsible uti 1 ity staff to provide backfit 
information to PNL. 



The discussions were kept informal to faci 1 i tate development of backf i t 
information specific to the study. This effort was quite productive as mean- 
ingful, pertinent backf i t information was obtained. Some of the information 
secured on the utility visit was not available from other sources. 

4.3.2 Discussion Concerninq Information Sources Used in this Study 

As previously mentioned, the primary objective of this study is to exam- 
ine post-TMI-2 backfits for their potential impact on decommissioning. If a 
plant modification is needed for a facility to comply with a license, an NRC 
rule or order, or to conform with a written commitment by the 1 icensee, it wi 1 1  
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, components, or design of a faci 1 ity; or the design approval or manufactu- 
ring 1 icense for a faci 1 ity; or to the procedures or organization required to 
design, construct, or operate a facility; any of which may result from a new 
or amended provision in the NRC rules or the imposition of a regulatory staff 
position interpreting the Commission rules that is either new or different 
from a previously applicable staff position after: (i) The date of issuance 
of the construction permit for the faci 1 i ty for faci 1 i ti es having construction 
permits issued after October 21, 1985; or, (i i )  Six months before the date of 
docketing of the operating license application for the facility for facilities 
having construction permits issued before October 21, 1985; or (ii i )  The date 
of issuance of the operatin 1 icense for the facility for facilities having 
operating 1 icenses; or, (iv ! The date of issuance of the design approval under 
10 CFR Part 50, Appendices MI N, or 0. (3) 

Generic backfitting is governed by the Committee to Review Generic Require- 
ments process. On the other hand, plant-specific backfitting is governed by 
NRC staff manual chapter 0514, which encompasses power reactors. Plant-specific 
backfitting is different from generic backfitting in that the former involves 
the imposition on a licensee of positions unique to a particular plant, whereas 
generic backfitting involves the imposition of the same or similar positions 
on two or more plants. In the case of generic backfitting, additional guidance 
on the subject to the licensee is provided via generic letters,(a) since a 
systematic and documented analysis is required to be done by the NRC for any 
generic backfit it seeks to impose. 

(a) Generic letters are issued by the NRC Office of Nuclear Reactor Regula- 
tion, Division of Licensing. They are used to transmit information to, 
and obtain information from reactor 1 icensees, appl icants, and/or equip- 
ment suppliers regarding matters of safety, safeguards, or environmental 
significance. Generic letters usual ly either 1) provide information 
thou ht to be important in assuring continued safe operation of facilities, P or 2 request information on a specific schedule that would enable regula- 
tory decisions to be made regarding the continued safe operation of facil- 
ities. They have been a significant means of communicating with licensees 
on a number of important issues, the resolutions of which have contributed 
to improved qua1 ity of design and operation. 



The examination and assessment of information contained in generic letters 
concerning backf i ts 1 ed into other records-keepi ng systems that revealed areas 
with the potential for additional information on various kinds of changes to 
the reference plant. For example, the LERs include a detailed narrative 
description of potentially significant safety events. These reports are i n i -  
tiated by the licensee. 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 might 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 examined for the 
reference plant to assess any potenti a1 impacts on decommissioning . About 
270 LERs were examined for the WNP-2 plant (the reference BWR), which cor- 
responds roughly to most of the LERs produced for the plant since commercial 
operation began. 

In all cases, the subsequent identification of any change that might 
impact on decommissioning was investigated further, including examination of 
plant annual reports(a) and discussions with plant engineering and/or licensing 
staff. In some cases, as-built drawings were obtained from which estimates 
of volumes of contaminated and/or radioactive wastes were subsequently made. 
For the most part, best estimates concerning material quantities were based 
upon discussions with uti 1 i ty staff and upon engineering judgment. Records 
associated with most material quantities and with a1 1 occupational exposures 
associated with instal lation activities were general ly unavai 1 able. Therefore, 
estimates concerning occupational exposures presented in this study rely on 
the composite values developed for the reference plant contained in the parent 
document. (1) 

4.4 RESULTS OF THE BACKFIT IMPACT ASSESSMENT FOR THE REFERENCE BWR 

This section contains the results of the backfit impact assessment for 
the reference nuclear power plant, including estimates of the additional decom- 
missioning costs and occupational doses resulting from the post-TMI-2 require- 
ments imposed on the licensee to date by the NRC as well as other selected 
changes resulting 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 regulatory issues result- 
ing from TMI-2 are contained in their FSAR Appendix B. (2) This backfit assess- 
ment is not intended to encompass a technical discussion of all 60 regulatory 
issues and responses, and that level of detail is not included. The 60 require- 
ments are lumped into fewer categories for simp1 ici ty and are presented in 
Table 4.3 to show the broad spectrum of issues covered therein. 

(a) The annual reports contain, together with other licensee information, a 
section devoted to plant modifications and design changes. Equipment, 
components, and/or other materials that had been or were scheduled to be 
instal led in radiation zones were careful ly examined for their potential 
impact later during decommissioning. 



TABLE 4.3. Summary of Regulatory Items Associated with Post-TMI-2 
Action Plan Requirements for the Reference BWR 

Regulatory Items 
Technical Support Center 
Emergency Operations Center 
Emergency Feedwater System Upgrade 
Abnormal Transient Operator Guide1 i nes and 
TMI-Related Training and Dri 11  ing 

Emergency Planning 
Reactor Coolant System Vents 
Shift Technical Advisor Training 
Safety Parameter Display System 
Safety and Relief Valve Testing 
Reactor Cool ant System and Containment 
Atmosphere Sampl i ng 

Safety Grade Reactor Trip 
Small Break Loss-of Cool ant Accident Analyses 
Plant Shielding Review 
Reactor Vessel Level Instrumentation 
Containment Pressure Instrumentation 
Containment Hydrogen Monitor 
Hydrogen Purge System 
Reactor Vessel Thermal Shock Report 
Control Room Habitability Improvements 

Information found in FSAR Appendix B, the WNP-2 Annual Reports, generic 
letters, and LERs, together with discussions with WNP-2 engineering staff, 
were careful ly assessed to identify those plant modifications and design changes 
subsequent to the TMI-2 accident that could potentially have an impact on 
decommissioning. Included in this category are equipment, components, and/or 
materials that had been or are scheduled to be installed in the near-term in 
radiation zones (i .e., in those plant areas whereby such entities will probably 
become contaminated or radioactive during the plant's remaining lifetime and 
thus become prime candidates for removal during decommissioning) . Tab1 e 4.4 
lists the equipment, piping, valves, and other items that are estimated to 
eventually have an impact on decommissioning of the reference plant. 

4.4.1 Estimated Additional Costs for Decommissioning the Reference BWR 

The estimated additional costs for decommissioning the reference BWR via 
the three decommissioning alternatives described previously in Section 4.2.3 
are presented in the following subsections. The costs include a 25% contin- 
gency and are adjusted to January 1986 do1 lars in all cases. 

Estimated Additional Costs for Immediate Dismantlement 

The estimated additional costs for immediate dismantlement are summarized 
and totaled in Table 4.5. It can be seen from the table that the total addi- 
tional cost associated with this backfi t assessment for immediate dismantle- 
ment is about $101,000, including a 25% contingency. 



TABLE 4.4. Summary of Information Regarding Additional Potential ly 
Contaminated Materials at the Reference BWR 

Estimated 
Number of 
Disposable Number 

System or 
Location 

Description 
of Materi a1 (a) 

Containers 
(rounded up) (c) 

% 

Length, m Mass, kg 

793 709 Post-Accident 
Sampl ing 
System 

Piping, 314-in. 
S/S 

Valves 
Pumps 
Hanger Supports 
Display Panel 
Insulation 

Material and 
Heat Wrap 

Miscellaneous 

CRD Mainte- 
nance Room 

Piping, 2-112- 44 
in. 

Valves 8 
Skid (filter 1 

and pump) 
Tank 1 

Pre-Moi sture 
Separator 
Reheater 

Piping, 8-in. 35 
c/ s 

Valves 12 
Drain Tank 2 

Mi scel 1 aneous Instrumentation N A 
in Contain- 
men t 

Fire Protection 
Materi a1 s - N A 

855 Totals 

(a) Obtained or estimated from information suppl ied by Washington Pub1 i c  
Power Supply System. 

(b) A piping unit consists of a piece 1.75 meters in length. 
(c) Assumed to be 1.2-m by 1.24 by 2.4-m metal boxes, unless otherwise 

indicated. 
(d) NA means not appl icable. 
(e) Packaged as their own containers, 0.6 m by 1.2 m by 1.8 m each. 
(f) Packaged as its own container, 0.9 m by 0.9 m by 6.1 m. 
(g) Packaged as their own containers, 0.8-m diameter by 2.7-m each. 
(h) These containers are 55-gal drums. 
(i) These seven containers represent self-contained disposable containers on 

which openings or surfaces are capped or covered and seal-welded. 



TABLE 4.5. Summary of Estimated Additional Costs for Immediate 
Di smant 1 ement of the Reference BWR 

Estimated 
Cost Category ~osts,$(a~b) 

Disposal of Contaminated Materials 58,914 

Staff Labor 40,165 

Special Tools and Equipment N A ~ )  
Mi scel 1 aneous Suppl i es 1,705 

Total, Immediate Dismantlement Costs 100,784 

(a) Values include a 25% contingency and are in 
January 1986 do1 1 ars. 

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

(c) NA means 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 lowing subsections. 

Costs for Disposal of Contaminated Materials. The contaminated mater- 
ials listed in Table 4.4 are anticipated to be removed from various locations 
within the reactor building, the radwaste and control building, and the turbine 
generator bui lding. For example, the post-accident sampling system has piping, 
components, and valves at various elevations in the reactor building (including 
a minimal amount within primary containment) and in the radwaste and control 
bui lding. An estimated one additional overweight truck shipment is required 
to transport the contaminated materials to a shallow-land burial facility, 
where they will occupy an estimated 36 m3 of space, The total disposal cost 
(see Table 4.6) for these additional contaminated materials from the immediate 
dismantlement of the reference BWR is estimated at about $59,000, including a 
25% contingency. 

Costs for Staff Labor. The estimated additional costs for staff labor 
attributable to this backf i t assessment during immediate dismantlement are 
shown in Table 4.7. The estimated staff labor requirements shown in the table 
are based on a task-by-task analysis to determine the man-years of effort 
required to remove and package a1 1 of the materials previously given in 
Table 4.4. The same basic assumptions made in developing the staff labor 
estimates given in the original study (see Section I .2.4, Reference 1) are 
utilized here. It is assumed that the laborer and craftsmen shown in Table 4.7 
are hired from the local union hall and that they are adequately trained on-site 
for the decommi ssioning work. 



TABLE 4.6. Summary of Estimated Costs for Disposal of Additional 
Contaminated Materials from the Reference BWR(~) 

Description: 

Estimated Mass, kg (b) : 

Number of Disposable containers (c) : 

Container Costs, $ (e) : 

Number of shipments(f): 

Transport Costs, $ (9) : 

Handling Costs, $: 

Burial Volume, m3: 

Burial Cost, $(h) : 

Total Disposal Cost, $(i): 

All materials shown in Table 4.4 

11,270 

14(d) 

15,000 

1 

4,320 

0 

36 

39,594 

58,914 

Values include 25% contingency and are in January 1986 do1 lars. 
Obtained or estimated from information suppl ied by Washington 
Pub1 ic Power Supply System. 
Assumed to be 1.2-m by 1.2-m by 2.4-m metal boxes, unless other- 
wise indicated. 
Seven of these containers are self-contained disposable con- 
tainers on which the openings or surfaces are capped or covered 
and seal -we1 ded. 
Based on information in Section M.2 of Appendix M, Reference 1, 
and escalated to January 1986 dollars. 
Assumed to be overweight shipment. 
Based on Table M.4-4 of Reference 1 and escalated to January 
1986 do1 1 ars. 
Based on Table M.5-1 of Reference 1 and escalated to January 
1986 dollars; based on an assumed container surface dose rate of 
c0.20 R/hr. 
The number of figures shown is for computational accuracy and 
dose not imply precision to that many significant figures. 

Costs for Special Tools and Equipment for Immediate Dismantlement. The 
inventory of special tools and equipment given' in Table 1.3-9, Reference 1, 
is considered adequate to accommodate the additional decommissioning tasks 
attributable to this backfit assessment. 

Costs for Additional Miscell aneous Suppl ies. The additional miscel lan- 
eous sumlies needed to accom~lish the decommissionina tasks attributable to 
this baafit assessment include anticontamination cloihing, cleaning and 



TABLE 4.7. Estimated Costs for Staff Labor During Immediate Dismantlement 
of the Reference BWR 

Total Staff 
Labor Required Total Staff Labor 

Position (man -years) Costs ($) (afbfc) 
Decommissioning Workers 

Crew ~eader (d) 0.117 8,728 

Ut i 1 i ty operator (d) 0.117 6,343 

Laborer 0.117 6,060 

Craftsman 0.167 13,160 

H.P. ~echnician(d1 0.117 5,874 
Totals 0.635 40,165 

- 

(a) Values include a 25% contingency and are in January 
1986 do1 1 ars. 

(b) Calculated as the product of the estimated staff labor 
requirements shown above (based on a tas k-by-tas k 
analysis) and the corresponding data given in 
Table M.l-1 of Reference 1, and escalated to January 
1986 do1 1 ars. 

(c) The number of figures shown is for computational 
accuracy and does not imply precision to that many 
significant figures. 

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

contamination control suppl ies (chemical agents, sweeping compounds, rags, mops, 
and plastic bags and sheeting), expendable hand tools, and cutting and welding 
supplies (saw blades, torch gas, and welding rod). The total estimated cost 
for these additional miscellaneous supplies during immediate dismantlement of 
the reference BWR is about $1,700 (see Table 4.8). Individual costs shown in 
the table are estimated by determining the average cost of the respective 
i tems per man-year for the original decommissioning worker staff, then mu1 ti - 
plying that cost by the additional number of man-years estimated to accomplish 
the decommissioning tasks identified in this backfit assessment, and then 
escalating the costs to January 1986 do1 lars. 

4.4.1.2 Estimated Additional Costs for Entombment 

PNL considered two approaches to entombment in the parent study on decom- 
missioning the reference BWR(~) --entombment with the reactor vessel internals 
removed (scenario 1) and entombment with the reactor vessel internals in place 
(scenario 2). The latter scenario is really a form of hardened safe storage 
since eventually dismantlement is necessary. For both entombment scenarios, 



TABLE 4.8. Estimated Costs for Additional Miscel laneous Suppl ies During 
Immediate Dismantlement of the Reference BWR 

Estimated 
I tem costs, $(alb) 

Anticontamination clothing(c) 580 

Cleaning and Contamination Control Suppl i es 739 

Hand Tools 257 

Cutting and Welding Supplies 

Total 

(a) Values include a 25% contingency and are in January 1986 
do1 1 ars. 

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

(c) Estimated at four changes per day per decommissioning 
worker. 

dismantlement of the reference facility outside the entombment structure is 
carried out in a manner similar to immediate dismantlement, with the difference 
being that as much as possible of the contaminated equipment and material is 
placed in the entombment structure (see Figure K.l-1, Reference 1, for details) 
rather than being packaged and shipped to offsite disposal. However, the 
amount of contaminated material that can be entombed inside the primary contain- 
ment vessel, in either entombment scenario, is limited by the free and easily- 
filled volume available for use within the vessel. 

Examination of the analysis performed in the parent document(1) reveals 
that a volume utilization efficiency for storage within the primary contain- 
ment vessel of 50% was assumed. This resulted in roughly 33% of all contam- 
inated material, in either scenario, requiring packaging and shipment to offsi te 
disposal. It is beyond the scope of this study to optimize the storage, but 
this should be considered during the planning of any actual entombment project. 

Based on the aforementioned discussion, it is assumed for purposes of 
this backfit assessment that virtually a1 1 of the contaminated materials 1 isted 
previously in Table 4.4 require offsite disposal. It is further assumed that 
the removal, packaging, and transport of those materials is accomplished in a 
manner similar to that which was previously described for immediate disman- 
tlement. The costs, schedules, and manpower estimates a1 so are anticipated 
to be ,similar to those previously estimated for immediate dismantlement. 
Thus, the total additional cost associated with this backfit assessment for 
entombment is about $101,000, including a 25% contingency (see Table 4.5 for 
detai 1 s) . 



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 additional 
costs for preparations for safe storage for these activities are summarized 
in Table 4.9. It can be seen from the table that the total additional cost 
associated with this backfit assessment is about $3,800, including a 25% 
contingency. 

4.4.1.4 Estimated Additional Costs for Deferred Dismantlement 

The cost of deferred dismantlement of the reference BWR has previously 
been estimated assuming that dismantlement takes place starting at intervals 
of 10, 30, 50, and 100 years after reactor shutdown. These estimates are 
developed in Appendix 3.7 of Reference 1, together with the costs for continuing 
care. Continuing care costs of the reference BWR are not anticipated to be 
affected based on this backfit assessment. 

The total costs of deferred dismantlement are affected only slightly 
because 0% increased quantity of contaminated materials (see Tab1 e 4.4 
for details) that must be removed. However, the additional costs due to this 
increase in the contaminated materials inventory could be expected to decrease 
for dismantlement at 50 years or later just as they were judged to do so in 

TABLE 4.9. Summary of Estimated Additional Costs for Preparations 
for Safe Storage of the Reference BWR 

Estimated 
Cost Category Costs, $ ( a M  

Disposal of Contaminated Materials Negl igible 
Staff Labor 3,509 

Speci a1 Tool s and Equipment Negl igi ble 

Mi scel 1 aneous Suppl i es 294 

Total , Preparations for Safe 3,803 
Storage Costs 

(a) Values include a 25% contingency and are in January 
1986 do1 1 ars. 

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



the parent document. (1) This lower disposal cost is because of the lesser 
quantities of contaminated materials for burial, due to decay of the 
radi onucl ides . 

It is assumed that the radioactive contamination of the piping systems, 
tanks, pools, etc. is primarily 60~0. Thus, for safe storage periods of less 
than fifty years ("10 half-1 ives of 6 0 ~ 0 ) ~  the materi a1 remains radioactively 
contaminated to levels greater than those that would permit unrestricted use 
of the material. After 50 years of decay, it is assumed that the radioactive 
contamination on the bulk of the formerly contaminated material has decayed 
to levels that are indistinguishable from the natural radioactivity in the 
environment, and can be either salvaged for scrap value, buried in a land- 
fill, or left in the structures. 

The same basic activities that are performed during immediate dismantle- 
ment are also performed during deferred dismantlement. It is assumed that a 
work force of essentially the same size as was used in immediate dismantlement 
is needed for deferred dismantlement , and for approximately the same duration. 

A convenient way to estimate the additional costs incurred for deferred 
dismantlement, based on this backfit assessment, after periods of safe storage 
of various lengths is to examine only those cost parameters that are different 
from immediate dismantlement. The manpower costs are assumed to be the same 
as for immediate dismantlement. The major difference in cost identified in 
this study concerns the cost of disposal of contaminated material. 

The estimates of the sdditional volumes of contaminated material that 
must be packaged and shipped for burial when dismantlement is performed start- 
ing immediately and starting at 10, 30, 50 and 100 years after reactor shutdown 
are given in Table 4.10, together with their respective estimated disposal 
costs. The estimated additional volumes given in the table are summarized 
from information discussed previously in this section. The total additional 
volume of contaminated material, as previously presented in Table 4.4, is 
assumed to remain constant through 30 years but to have decreased to 4 . 4  m3 
by 50 years and thereafter based on engineering judgment. 

Essentially no additional volume of contaminated material is attributable 
to the preparations for safe storage as determined by this study; thus no dis- 
posal cost is assigned to it in Table 4.10. 

Using the additional volumes of contaminated materials and their respec- 
tive estimated disposal costs listed in Table 4.10 for the different time 
periods, it can be seen that after about 50 years, additional deferred dis- 
mantl ement costs associated with those additional contaminated 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 dismantlement starts at either 10 or 30 years 
after reactor shutdown. Deferred dismantlement at 50 years or more after 



TABLE 4.10. Estimated Additional Volumes and Costs of Contaminated Materi a1 
Disposed of During the Various Decommissioning Options for the 
Reference BWR 

Option Starts 
(Years after 

Decommissioning Option Shutdown) 

Immediate Dismantlement 0 

Preparations for Safe 
Storage 

Deferred Di smant 1 ement 10 
3 0 
50 
100 

Estimated Burial 
Volume, m3 

Contaminated 
Materi a1 
3 6 

Estimated 
Disposal 

Costs, $(a) 

(a) Values include a 25% contingency and are in January 1986 dollars. 
(b) Based on Table 4.6. 
(c) Based on: 1) one legal-weight truck shipment of two disposable con- 

tainers (1.2-m b 1.2-m by 2.4-m metal boxes) to a low-level waste 
burial ground; 2 T information in Appendix M, Reference 3, escalated to 
January 1986 do1 lars; and 3) Table M.5-1, Reference 1, for assumed 
container surface dose rates of <0.20 R/hr. 

reactor shutdown is estimated to result in an increase of about $3,800. In any 
case, the increase in the total cost of deferred dismantlement is attributable 
to the increase in the volume of contaminated materials as determined by this 
backfit assessment. 

4.4.2 Estimated Additional External Occupational Radiation Doses for 
Decommissioning the Reference BWR 

Detai led estimates are made of the external occupational radiation doses 
that are accumulated by the workers used to accomplish the decommissioning 
tasks attributable to this backfit assessment during immediate dismantlement 
of the reference BWR. The estimates are based on a task-by-task analysis to 
determine the man-hours of effort required in radiation-zone work and the 
anticipated dose rates associated with each task for all labor categories. 
The same basic assumptions made in developing the occupational radiation dose 
estimates given in the original study (see Section 1.4, Reference 1) are used 
here. 

Estimates of the additional occupational radiation doses for decommis- 
sioning the reference BWR via three decommissioning a1 ternatives are presented 
in the fol lowing subsections. 



4.4.2.1 Estimated Additional External Occupational Radiation Doses for 
Immediate Dismantlement 

The estimated total dose for each task (within each building) is corrected 
for radioactive decay with a decay factor calculated using the half-life of 
6 0 ~ 0  and the midpoint of the timeline for the given task as it is accomplished 
within the reactor bui ldinglprimary containment, turbine generator building, 
and the radwaste and control building. For the purpose of this study, the 
approximate timeline selected to accomplish the decommissioning tasks attri- 
butable to this backfit assessment falls between the twentieth and the twenty- 
fourth months (after shutdown) of the original immediate dismantlement sched- 
ule. The reason for this selection is that this period roughly corresponds 
to the piping and equipment removal activities scheduled to take place in all 
three of the buildings (see Figure I .2-4, Reference 1, for detai 1s). 

The results of these analyses, including decay corrections, are presented 
in Table 4.11. The total corrected additional external occupational radiation 
dose is about 3 man-rem. 

TABLE 4.11. Estimated Additional Occupational Radiation Doses for Immediate 
Dismantlement of the Reference BWR 

Estimated Occupational Exposure 
(man-hr) /Corrected Dose (man -rem) (a) Totals 
Reactor1 Corrected 
Primary RW &C Exposure ~ o s e  (b) 

Position Containment T-G Building Building man-hr) (man-rem) 

Decommissioning Workers 

~upervi sors (c) 4210.2883 1310.0376 710.0188 62 0.3447 

Uti 1 ity Operators 18311.2404 5910.1356 3010.3530 272 1.7290 
and Laborers 

Craftsmen 14110.1936 4510.1417 2410.2030 210 0.5383 

H.P. Technicians 5010.3604 1610.0463 810.0461 - 74 0.4528 

Totals 41612.0827 13310.3612 6910.6209 618 3.0648 

(a) The decay factors used in these analyses for the reactor building1 
primary containment, the turbine generator building, and the radwaste 
and control building are 0.858, 0.851, and 0.769, respectively. 

(b) The number of significant figures shown is for computational accuracy 
and does not imply precision to the nearest mill irem. 

(c) Includes shift engineers, crew 1 eaders, craft supervisors, and senior 
health physics technicians. 



4.4.2.2 Estimated Additional External Occupational Radiation Doses for 
Entombment 

As previously discussed, this backfit assessment is based on the same man- 
power assumptions used for imrnedi ate dismantlement. In addition, the overall 
schedule and sequence of tasks also are essentially unchanged from those des- 
cribed previously for immediate dismantlement. Therefore, based on the scen- 
arios postulated for entombment in the parent study(l) and the radiation doses 
previously estimated in this study for immediate dismantlement, the estimated 
additional external occupational radiation dose is anticipated to remain 
unchanged, at about 3 man-rem, by performing entombment rather than a disman- 
tlement (see Table 4.11 for details). 

4.4.2.3 Estimated Additional External Occupational Radiation Doses 
for Preparations for Safe Storage 

As previously mentioned in Section 4.4.1, two additional days of effort 
were allocated for the deactivation and tagging of valves and equipment. For 
the crew size envisioned, it is estimated that this equates to an additional 
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 equipment and materials identified in 
this study. 

4.4.2.4 Estimated Additional External Occupational Radiation Doses for 
Deferred Dismantlement 

The same basic activities that are performed during immediate dismantle- 
ment (see Table 4.11 for details) are also performed during deferred disman- 
tlement. It is assumed that a work force of essentially the same size as was 
used in immediate dismantlement (see Section 4.4.1 for details) is needed for 
deferred dismantlement, and for approximately the same time duration. 

For this study it is assumed that the additional amounts of occupational 
radiation dose accumulated b the decommissioning workers is control led 1 argely 8 by the radiation levels of 6 Co throughout the plant. Thus, if a given task 
performed immediately after shutdown caused a radiation dose of No, that same 
task performed t years later during deferred dismantlement would cause a dose 
of N(t) = ~ ~ e - h t ,  where X is the decay constant for 6 0 ~ 0  in years. 

Since one of the key assumptions for deferred dismantlement is that essen- 
tial ly a1 1 of the same jobs would be performed in approximately the same way 
as for immediate dismantlement, using the same techniques and equipment, the 
occupational radiation dose accumul ated during deferred di smant 1 ement , i ncl ud- 
ing those jobs concerning this backfit assessment, would be pro ortional to 
that accumulated during immediate dismantlement (see Table 4.11 ! , reduced by 
the relative reduction of the radioactivity levels of 60~0 over the safe stor- 
age period. Therefore, to estimate the additional external occupational dose 



for deferred dismantlement, a simple reduction of the immediate dismantlement 
dose in proportion to the decay of 60~0 over the safe storage period is a 
reasonable and conservative approach. These estimates are given in Table 4.12 
for dismantlement starting 10, 30, 50 and 100 years after reactor shutdown. 
After 100 years, essential ly a1 1 of the remaining radioactivity is contained 
only in the activated reactor vessel components, and the occupational radiation 
dose associated with this backfit assessment is extremely small. 

TABLE 4.12. Estimated Additional External Occupational Radiation Doses 
for Deferred Dismantlement of the Reference BWR(~) 

Estimated 
Years After Additional 
Final Reactor Dose 

Decommissioning Mode Shutdown (man -rem) 

Immediate Dismantlement 0 3.06 

Deferred Dismantlement 10 0.82 
30 0.06 
50 ~0.005 
100 CO . 0000 1 

(a) Man-rem estimates derived from Table 4.11. 

4.4.3 Estimated Additional Radiation Doses from Routine Transportation Tasks 

The same basic assumptions made in developing the estimated accumulated 
radiation dose from truck transport of radioactive wastes in NUREG/CR-0672, 
Section N.5 of Appendix N, are used in this study. The estimated routine 
doses from truck transport of the additional contaminated materi a1 s i dent i - 
f ied in this backfi t assessment from immediate dismantlement and from prepa- 
rations for safe storage are listed in Table 4.13. These radiation dose rates 
are based on the maximum allowable dose rates for each shipment 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 dismantlement is 0.0703 man-rem to transport workers 
and 0.0068 man-rem to 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 shipments are contemplated. 



TABLE 4.13. Estimated Addi t ional  Accumulated Radiat ion Doses from Truck 
Transport o f  Radioactive Wastes from the Reference BWR 

Estimated 
Radiat ion Dose Addi t iona l  

L per Shipment,(a) Tota l  Dose 
Mode Group (man -rem) ("man-rem) 

Immediate Truck Dr ivers 0.067 0.067 
~i smantl ement (b) Garagemen 0.0033 0.0033 

Total  0.0703 

On1 ookers 0.005 0.005 
General Pub1 i c  0.0018 0.0018 

Total  0.0068 

Preparations f o r  Truck Dr ivers 0 
Safe Storage (b) Garagemen 0 

Total  

On 1 ookers 0 0 
General Publ ic  0 - 0 
Total  0 

(a) Based on Table N.5-2 i n  NUREG/CR-0672. 
(b) Tota l  add i t i ona l  shipments: 1 f o r  immediate dismantlement; 

zero f o r  safe storage. 
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5.0 DEVELOPMENT OF SCALING AND ESCALATION FORMULAE 
FOR THE DECOMMISSIONING RULE 

A necessary p a r t  o f  t h e  Decommissioning Rule developed by t h e  NRC, r e l a t e d  
t o  commercial power reac tors ,  i s  t h e  sec t i on  dea l i ng  w i t h  assurance t h a t  funds 
w i l l  be a v a i l a b l e  f o r  decommissioning when t h e  t ime comes t o  accomplish t h a t  

. e f f o r t .  To prov ide  reasonable assurance o f  adequate funding, t h e  NRC has 
p laced i n t o  t h e  Rule a formula f o r  es t imat ing  t h e  amount o f  funds requ i red  as 
a func t ion  of t h e  power r a t i n g  o f  t h e  reac tor .  Since t h e  ac tua l  da te  o f  decom- 

. miss ion ing f o r  most p l a n t s  i s  as y e t  undefined, an a d d i t i o n a l  formula has 
been developed f o r  ad jus t i ng  t h e  cos t  est imate t o  i nc lude  esca la t i on  from t h e  
t ime t h e  Rule was issued t o  t h e  t ime o f  ac tua l  decommissioning. The bases 
and methodology used i n  developing these formulae are  presented i n  t h i s  chapter.  

5.1 DEVELOPMENT OF SCALING FORMULAE FOR ESTIMATING DECOMMISSIONING COSTS OF 
BWRs DIFFERENT I N  SIZE FROM THE REFERENCE BWR 

I n  t h e  o r i g i n a l  analyses o f  decommissioning a re ference BWR, (1) a meth- 
odology was developed f o r  es t ima t ing  t h e  cos ts  o f  decommissioning p l a n t s  w i t h  
smal le r  power output  than t h e  reference p l a n t .  This methodology was based on 
t h e  assumption t h a t  essen t ia l  l y  a1 1 o f  t h e  decommissioning cos ts  were propor-  
t i o n a l  t o  t h e  s i z e  o f  t h e  p r i n c i p a l  components o f  t h e  p l a n t  (e.g., t h e  r e a c t o r  
vessel,  t u r b i n e  condenser, etc.)  . Subsequent analyses have suggested t h a t  
on l y  t h e  waste d isposal  costs should be p ropor t i ona l  t o  t h e  s i z e  o f  t h e  major 
components, and t h a t  t h e  o the r  costs ( p r i n c i p a l l y  l a b o r  and mate r ia l s )  should 
be n e a r l y  independent o f  t h e  p l a n t  s ize .  These rev i sed  assumptions and formulae 
f o r  es t imat ing  costs f o r  p l a n t s  smal le r  than t h e  re ference l a n t  were i n i t i a l l y  
documented i n  a l e t t e r  (R. I. Smith t o  C. Feldman, 11/12/86 ! , which i s  presented 
i n  Appendix 6. Since t h a t  l e t t e r  was w r i t t e n ,  small  adjustments t o  t h e  cos t  
est imates have been made t o  i nc lude  t h e  e f f e c t s  o f  post-TMI-2 b a c k f i t s ,  as 
documented i n  Chapter 4 o f  t h i s  repor t .  The development o f  these rev i sed  
sca l  i n g  formulae i s  presented here f o r  completeness. 

The smal les t  conventional BWR examined i n  t h e  o r i g i n a l  s c a l i n g  ana lys is  
f o r  BWRs was t h e  Vermont Yankee s t a t i o n ,  w i t h  a thermal r a t i n g  o f  1593 MWt, 
and a der ived s c a l i n g  f a c t o r  o f  0.648. The reference r e a c t o r  (WNP-2) had a 
thermal r a t i n g  o f  3320 MWt and a s c a l i n g  f a c t o r  o f  1.0. To develop a new 
s c a l i n g  r e l a t i o n s h i p ,  i t  was necessary t o  r e c a l c u l a t e  t h e  cos t  est imate f o r  
t h e  Vermont Yankee reac to r ,  as shown i n  Table 5.1. 

TABLE 5.1. Revised Estimated Decommissioning Costs f o r  WNP-2 and Vermont 
Yankee Reactors (mi 11 ions  o f  January 1986 do1 1 ars) 

Waste Sca l ing  Other External  U t i l i t y  U t i l i t y  Plus 
Reactor S i t e  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 develop the revised scaling formulae, the cost estimates given in 
Table 5.1 were inserted into two 1 inear equations having two unknown coeffi- 
cients and the equations were solved for the unknown coefficients. 

B = 9.00 x 10-3 Million $/MWt, A = $101.956 million (Utility + Contractor) 
A = $78.985 mi 11 ion (Uti 1 i ty-only) 

Thus, the BWR scal ing equation for decommissioning costs becomes: 

Total Cost (mil 1 ions 1986$) = (101.956 + 0.0090 {Plant MWt)) 

when the uti 1 ity employs an external decommissioning contractor, and 
b 

Total Cost (mi 11 ions 1986s) = (78.985 + 0.0090 {Plant MW~)) 

when the utility acts as its own decommissioning contractor. 

These equations were developed using data from plants ranging from about 
1200 MWt to 3400 MWt, and are only assumed to be applicable within that range. 
For plants smaller than 1200 MWt, the value calculated at 1200 MWt should be 
used, a conservative assumption. For plants greater than 3400 MWt, the value 
calculated at 3400 MWt should be used. 

Subsequently, in the development o f  the Decommissioning Rule, some 
additional conservatism has been added to the constant terms in the above 
equations. As a result, the equation appearing in the Rule is: 

Estimated BWR Decommissioning Cost = 104 + 0.009 MWt (mil 1 ions January 1986$) 

Where 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 estimating the 
amount of funds that should be available to provide reasonable assurance that 
decommissioning of a BWR station can be performed at the appropriate time. 
This equation is applicable to cost estimates for immediate dismantlement for 
reactor plants that are smaller than the reference plant examined in the orig- 
inal BWR decommissioning analysis. (1) Since immediate dismantlement (DECON) 
is generally the more expensive of the acceptable decommissioning possibi 1 i ties, 
if funds for DECON are available, the other possibilities are also covered. 



5.2 DEVELOPMENT OF A COST ESCALATION FORMULA FOR DECOMMISSIONING COSTS 

The cost estimate for decommissioning the reference BWR was developed in 
1978 do1 lars initial ly. Because of the significant amount of escalation that 
has occurred since that time, it has been necessary to periodically update 
the estimated cost to reflect increases in the various components of that 
cost, with the results of the most recent update given in Chapter 3 of this 

- report. As a result of performing several cost updates over the years since 
1978, it became apparent that the total cost could be divided into three 
principal components, as regards to cost escalation. These components are: 

a Labor and other components that escalate at the same rate as labor 

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

Waste Disposal : hand1 ing and burial charges at a low-level waste 
disposal site. 

Assuming that the escalation factors for each of these components can be 
derived for any point in the future, relative to the 1986 data provided in 
this report, then the escalated decommissioning cost is given by: 

Estimated 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 dollars 
that are attributable to labor, energy, and burial, respectively, and sum to 
1 .O. The factors Lx, Ex, and Bx are defined below. 

Lx = [labor cost escalation from 1986 to Year XI 

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

Bx = [disposal cost escalation from 1986 to Year XI 
or 
[disposal cost in Year X / disposal cost in 19861 

Evaluation of Lx and Ex for years subsequent to 1986 are left to the licensees, 
based on the national consumer price indices and on local conditions at a 
given site. Evaluation of Bx is to be provided to the licensees via NUREG- 
1307, a report to be issued periodically by the U.S. NRC, which will contain 
the disposal rate schedules for each radioactive waste disposal site operating 
in the U.S. at the time of report issuance, and values of Bx applicable to 
each operating site. Evaluation of the coefficients A, B, and C is illustrated 
in the following tables and paragraphs. 



The d i s t r i b u t i o n  o f  t o t a l  disposal costs between container cost, 
t ranspor ta t ion  cost, and b u r i a l  cost  i s  i l l u s t r a t e d  i n  Table 5.2, w i t h  the  
costs g iven i n  January 1986 do1 l a r s ,  based on the o r i g i n a l  estimates given i n  
NUREGICR-0672. (1) 

TABLE 5.2. D i s t r i b u t i o n  o f  Radioactive Waste Disposal Costs i n t o  Components 
t h a t  Escalate Proport ional  t o  Labor, Energy, and Bu r i a l  Costs 

Costs i n  M i  11 ions o f  January 1986 Do1 1 ars 
Container T r a n s ~ o r t a t  i on Bur i  a1 

~ e f e r e n c e  Tab1 e Type o f  Waste Costs cbsts Costs 

1.3-3 Act ivated 0.67 1.51 
Mater i  a1 s 

I .3-4 Contaminated 4.89 2.80 15.80 
Mater i  a1 s 

Radwaste 

Subtotals 6.50 6.02 22.67 

Contin ency 
(251q 

Tot a1 s 8.15 7.53 28.34 

Evaluat ion o f  the  coef f ic ients  A, B, and C i n  the decommissioning cost  
esca la t ion formula i s  presented here f o r  the reference BWR. This evaluat ion 
i s  based on in format ion presented i n  Chapter 3 o f  t h i s  repor t  and on Table 5.2, 
above. The cost  components t h a t  escalate s i m i l a r l y  are grouped together i n  
Table 5.3. The sum o f  those grouped costs i s  d iv ided by the  t o t a l  cost  o f  
decommissioning t o  obta in  the f r a c t i o n  o f  the  t o t a l  cost  a t t r i b u t a b l e  t o  t h a t  
group o f  components. 

The analysis presented i n  Table 5.3 has shown the values o f  A, B, and C 
t o  be 0.66, 0.12, and 0.22, respect ively.  A s i m i l a r  analysis f o r  the reference 
PWR has y ie lded  values o f  0.64, 0.14, and 0.22, respect ively.  I n  view o f  the 
uncer ta in t ies  and contingencies on these values, and considering t h a t  the  
values o f  t he  c o e f f i c i e n t s  f o r  both the PWR and the BWR are so s im i l a r ,  i t  
has been concluded t h a t  t he  best  estimates f o r  the c o e f f i c i e n t s  are the  averages 
of the PWR and BWR values: 



TABLE 5.3. Derivation of the Coefficients A, B, and C in the 
Decommissioning Cost Escalation Formula 

Cost Category 

Labor 
Equipment 
Suppl i es 
Decommissioning 

Contractor 
Insurance 
Added Staff 
Added Suppl ies 
Spec i a1 ty 

Contractor 
Pre-engineeri ng 
Post-TMI Backfits 
Survei 1 1  ance 
Fees 
Containers 

Subtotal 

Energy 
Transportation 

Subtotal 

Buri a1 

Total 

Mi 1 1  ions of 
January 

1986 Do1 lars Coefficient Derivation Data Source 

Table 3.1 
I1 

11 

- - 
A = 86.951131.7 11 

Table 5.2 

B = 16.381131.7 Table 3.1 
Table 5.2 

C = 28.341131.7 Table 5.2 

Note: All costs include a 25% contingency. 

5.3 REFERENCES 

1. H. D. Oak, G. M. Holter, W. E. Kennedy, and G. J. Konzek. 1980. Tech- 
nology, Safety and Costs of Decommissioning a Reference Boi 1 inq Water 
Reactor Power Station. NUREGICR-0672, U. S. Nuclear Regulatory Commission 
Report by Pacific Northwest Laboratory, Rich1 and, Washington. 
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APPENDIX A 

COST UPDATING BASES AND METHODOLOGY 

Cost adjustment f ac to rs  used t o  update decommissioning costs t o  a 
Januar 1986 cost  base f o r  t h e  F ina l  Generic Environmental Impact Statement 
(FGEISJ) on Decommissioning a r e  contained i n  the  fo l lowing l e t t e r  t o  Dr. Car l  
Feldman (NRC) from Ricbard I. Smith (PNL) . 



&b ,, Battelle 

June 25, 1986 

Dr.. Carl  Feldman 
Chemical Engi n e e r i  ng Branch 
D i v i s i o n  o f  Eng ineer ing  Technology 
U.S. Nuc lea r  Regu la to ry  Commission 
Washington,  D . C .  20555 

Dear Dr. Feldman: 

Enclosed a r e  t h e  marked-up d r a f t  o f  Chap te r  1 4 ,  NON-FUEL-CYCLE NUCLEAR 
FACILITIES, f o r  t h e  Gener ic  EIS on Decommissioning, and a b r i e f  summary of  
t h e  b a s e s  and methodology used i n  upda t ing  t h e  c o s t  e s t i m a t e s  c o n t a i n e d  i n  
Chap te r  14. T h i s  same bases  and methodology i s  being a p p l i e d  t o  upda t ing  t h e  
remaining c h a p t e r s  o f  t h e  GEIS, and t h e s e  c h a p t e r s  w i l l  be forwarded t o  you 
a s  t h e y  a r e  completed.  

In a d d i t i o n ,  we reviewed t h e  t e x t  of Chap te r  14  and o f f e r  a few minor  
s u g g e s t i o n s  f o r  r e v i s i o n s  where we though t  a r e v i s i o n  might c l a r i f y  a p o i n t .  
These s u g g e s t i o n s  a r e  a l s o  marked on t h e  enc losed  d r a f t  t e x t .  

I f  you have any q u e s t i o n s  about  any o f  t h i s  m a t e r i a l ,  p l e a s e  c a l l  me. 

Richard  I .  S m i t h ,  P E  
S t a f f  Engi n e e r  

Enc losures  

RIS: s b  



COST UPDATING BASES AND METHO,D,OLOGY 
E. S. Murphy and G. J. Konzek 

Cost adjustment fac to rs  used t o  update decommissioning costs t o  a January 

1986 cost  base-are shown i n -Tab le  1. The ra t i ona le  f o r  these cost. adjustment 

fac to rs  i s  given i n  the . f o l l ow ing  paragraphs. 

Table 1. Adjustment Factors f o r  Updating Costs t o  a January 1986 Cost Base 

S t a f f  l a b o r .  Cost  ad jus tment  f a c t o r s  f o r  s t a f f  l a b o r  were determined by us ing  

Cost Category hh: S t a f f  Labor 

Equipment 

~i  s c e l  lrdneous Suppl i  e s  

Energy 

E l e c t r i c i t y  
Fuel Oil 

S p e c i a l t y  C o n t r a c t o r s  

Regula to ry  Fees 

Insurance  

Waste Management 

Conta iners  
T r a n s p o r t a t i o n  
Buri a1 

t h e  January  1986 Handy Whitman Index o f  Pub l ic  U t i l i t y  C o n s t r u c t i o n  Cos t s .  

Average v a l u e s ,  determined by averag ing  c o s t  e s c a l a t i o n  f a c t o r s  f o r  b u i l d i n g  

t r a d e s  l a b o r  f o r  t h e  s i x  r e g i o n s  o f  t h e  United S t a t e s  d e f i n e d  by t h e  Handy- 

Whitman index ,  were used i n  making comparisons between 1978 o r  1981 and 1966. 
/ 

Cost Adjustment Factor Applied To 

1978 Costs  

1.6 

1.6 

1.6 

1.9 
2.1 

1.6 

See r a t i o n a l e  

1.9 

See r a t i o n a l  e  
1 . 8  

See r a t i o n a l  e  

1981 C o s t s  

1.3 

1 .2  

1.2 

1 .4  
0 .9  

1.3 

See r a t i o n a l  e  

1 . 5  

See r a t i o n a l  e  
1 .3  

See r a t i o n a l e  



Equipment. Equipment c o s t s  were e sca l a t ed  based on na t iona l  average c o s t  

e sca l a t ion  values f o r  c a p i t a l  equipment obtained from t h e  U.S. Department of  

Labor p u b l i c a t i o n ,  "Producer Pr ices  and P r i ce  Indexes." 

Mi sce l  laneous Suppl i  es .  Cost adjustment f a c t o r s  used f o r  mi s c e l l  aneous supp l i e s  

a r e  t h e  same a s  those  used f o r  equipment. 

E l e c t r i c i t y .  Costs  of e l e c t r i c i t y  were e sca l a t ed  based on na t iona l  average 

values of t he  e l e c t r i c  power index i n  t he  U.S. Department of  Labor p u b l i c a t i o n ,  

"Producer Pr ices  and P r i ce  Indexes." 

Fuel Oi 1.  Costs o f  fue l  o i  1 were e sca l a t ed  based on na t iona l  average values 

of t h e  index f o r  No. 2 fue l  o i l  i n  t h e  U.S. Department of  Labor p u b l i c a t i o n ,  

"Producer Pr ices  and P r i ce  Indexes." The p r i c e  index shows a d e c l i n e  i n  t he  

p r i c e  of fuel  o i l  between January 1981 and January 1986. 

S ~ e c i a l t v  Cont rac tors .  S p e c i a l t y  c o n t r a c t o r  c o s t s  a r e  p r imar i ly  c o s t s  

assoc ia ted  with l a b o r  and equipment. The same cos t  e s c a l a t i o n  f a c t o r s  were 

used f o r  s p e c i a l t y  c o n t r a c t o r  l abo r  and equipment a s  were used f o r  f a c i l i t y  

l i c e n s e e  l abo r  and equipment. 

Repulatorv Fees. Fees charged f o r  l i cens ing  s e r v i c e s  performed by t h e  N R C  

a r e  on a cos t  recovery b a s i s  a s  def ined in  10  CFR Par t  170. For t h e s e  c o s t  
updates i t  i s  assumed t h a t  l i c e n s e e  submi t t a l s  a r e  of a q u a l i t y  such t h a t  one 

NRC s t a f f - y e a r  i s  requi red t o  accompl i  sh t h e  app ropr i a t e  reviews, opera t iona l  
survei  1 lance ,  and te rmina t ion  in spec t ions ,  with an es t imated  c o s t  i n  1986 

do1 1 a r s  of about $120,000. 

Insurance. Based on t e l  ephone di s cuss i  ons wi t h  Ameri can National In su re r s  

(ANI) r e p r e s e n t a t i v e s  and with Oregon S t a t e  Univers i ty  personnel who ope ra t e  

a research  r e a c t o r ,  1978 insurance premiums were e s c a l a t e d  by a f a c t o r  1.9 

and 1981 premiums were e s c a l a t e d  by a f a c t o r  of 1.5.  

Containers.  I n s o f a r  a s  possi  bl e ,  containex c o s t s  were updated using ac tua l  

1986 c o s t s  determined by te lephone contac t  with a s u p p l i e r .  For ca ses  where 

t h i s  was not p r a c t i c a b l e ,  1978 con ta ine r  c o s t s  were e sca l a t ed  by a f a c t o r  of 



1.6 and 1981 con ta ine r  c o s t s  were e s c a l a t e d  by a  f a c t o r  of 1.2. (These a r e  

t h e  same e s c a l a t i o n  f a c t o r s  used t o  update equipment c o s t s . )  

Transpor ta t ion .  Per a  telephone c a l l  t o  T r i - S t a t e  Motor T r a n s i t  Company on 

May 27, 1986, i t  was determined t h a t  t h e  1986 cos t  of a  legal-weight ,  exc lus ive-  

use t ruck  shipment employing a  s i n g l e  d r i v e r  i s  $1.89/mile f o r  a  shipment 

from Raleigh, North Carol ina t o  Hanford. The 1978 c o s t  of a  s i m i l a r  shipment 

was $1.03/mile, and t h e  1981 c o s t  was $1.42/mile. These values were used t o  

e s t a b l i s h  t r a n s p o r t a t i o n  c o s t  adjustment  f a c t o r s .  

Low-Level Waste Bur ia l .  Current r a t e  schedules  f o r  disposal  of r a d i o a c t i v e  

waste were obtained from both U.S. Ecology and Chem-Nuclear Systems, Inc,.. 

The two companies use d i f f e r e n t  bases  f o r  determining surcharges ,  and, 

t h e r e f o r e ,  t h e i r  r a t e  schedul e s  a r e  not di r e c t l y  comparabl e.  Chem Nuclear ' s  

charges appear t o  be s l i g h t l y  h igher  than those of U.S. Ecology. Waste disposal  

c o s t s  i n  t h e  o r i g i n a l  decommissioning s t u d i e s  were based on U.S. Ecology r a t e  

schedules .  Cost adjustment f a c t o r s  were t h e r e f o r e  obtained by comparisons of 

1978 and 1981 U.S. Ecology r a t e  schedules  with t h e  c u r r e n t  U.S. Ecology r a t e  

schedule.  

Naste disposal  c o s t  e s c a l a t i o n  f a c t o r s  a r e  1 a rge r  than e sca l a t ion  f a c t o r s  f o r  

any o t h e r  cos t  category.  For example, f o r  t he  disposal  of s t e e l  dr-ums o r  

wood boxes with s u r f a c e  dose r a t e s  <0.2 R/hr, t h e  e s c a l a t i o n  f a c t o r  i s  9.4 

for adjustment of disposal costs from the early-1978 base to the January 1986 
base, and 2.9 for the adjustment of disposal costs from the early-1981 base 
to the January 1986 base. Waste disposal cost escalation factors for 
different categories o f  waste depend on several parameters incl uding  type of 
waste container, quantity of radioactive material in the container, and 
package weight. Waste disposal cost escalation factors were therefore 
determined on a case-by-case basis. 
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APPENDIX B 

REVISED ASSUMPTIONS AND FORMULAE FOR ESTIMATING COSTS 
AS A FUNCTION OF PLANT SIZE 

For purposes o f  developing upper-bound est imates o f  cos ts  f o r  immediate 
dismantlement o f  r e a c t o r  p l a n t s  d i f f e r e n t  i n  s i z e  from t h e  reference BWR, 

, s c a l i n g  analyses were performed and overa.11 s c a l i n g  f a c t o r s  (OSFs) were devel-  
oped. The i n i t i a l  r e s u l t s  o f  these analyses are  contained i n  t h e  f o l l o w i n g  
l e t t e r  t o  D r .  Car l  Feldman (NRC) from Richard I. Smith (PNL) . I n  add i t i on ,  t h e  
l e t t e r  a l s o  presents t h e  c o s t  esca la t i on  f a c t o r s  from 1984 t o  1986 t h a t  were 
developed i n  PNL's cos t  update f o r  t h e  E l e c t r i c  Power Research ~ n s t i t u t e ( a )  
and subsequently u t i l i z e d  as an i n t e g r a l  p a r t  o f  t h e  cos t  base f o r  t h e  NRC's 
Generic Environmental Impact Statement (GEIS) on Decommissioning. It should 
be recognized t h a t  s ince t h e  l e t t e r  was w r i t t e n ,  small adjustments t o  t h e  
cos t  est imates have been made t o  i nc lude  t h e  e f f e c t s  o f  post-TMI-2 b a c k f i t s  
as documented i n  Chapter 4 o f  t h i s  repo r t .  Development o f  t h e  rev i sed  scal  i n g  
fac tors  i s  presented i n  Chapter 5 o f  t h i s  repo r t .  

- (a) R. I. Smith, G. J. Konzek, E. S. Murphy, and H. K. Edler.  1985. U dated 
Costs f o r  Decommissioning Nuclear Power Faci 1 i t i e s .  EPRI NP-4012, +- E e c t r i c  
Power Research I n s t i t u t e  Report by P a c i f i c  ~ o r G s t  Laboratory, Richland, 
Washington. 



November 12,  1986 

Dr. Carl Feldman 
Materi a1 s Branch 
Off ice  of Nuclear Regulatory Research 
U. S. Nucl e a r  Regulatory Commi s s i  on 
Washington, D. C .  20555 

Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washington U.S.A. 99352 
Telephone (5091 

Telex 15-2874 

Dear Carl : 

In response t o  your  r e q u e s t ,  we have examined t h e  updated c o s t s  f o r  
decommissioning t h e  r e f e rence  PWR and BWR a s  developed f o r  t h e  GEIS, and have 
made f u r t h e r  adjustments  which inc lude  t h e  cos t  adders developed i n  o u r  EPRI 
c o s t  update (EPRI NP-4012) f o r  pre-decommi s s ion i  ng engineer ing ,  a d d i t i o n a l  s t a f f  
t o  a s su re  meeting t h e  5 Remlyear dose l i m i t  f o r  personnel ,  e x t r a  s u p p l i e s  f o r  
t h e  add i t i ona l  s t a f f ,  and t h e  add i t i ona l  c o s t s  a s soc i a t ed  with u t i l i z i n g  an 
ex te rna l  c o n t r a c t o r  t o  conduct t h e  decommissioning e f f o r t .  These adders  have 
been e s c a l a t e d  from 1984 t o  1986. Engineering and s t a f f  l a b o r  was e s c a l a t e d  
by a f a c t o r  of 1.02 from t h e  1984 va lues ,  while t he  e x t r a  s u p p l i e s  were 
e s c a l a t e d  by a f a c t o r  of 1.04. Since t h e  external  c o n t r a c t o r  c o s t s  a r e  
e s s e n t i a l l y  a l l  s t a f f  l a b o r ,  t h e s e  c o s t s  were e sca l a t ed  by a f a c t o r  of  1.02. 
All values inc lude  a 25% contingency. The r e s u l t s  a r e  presented  i n  Table 1. 

Table 1. Immediate Dismantlement Costs in  Mi l l ions  of 1986 Do l l a r s  

Reactor GEIS Pre-D&D Extra Extra External (a )  Uti 1 i t y  Uti 1 i  t y+  
Type Value Engrng. S t a f f  Suppl ies  Cont r t r .  Only C o n t r t r .  

PWR 73.608 5.610 7.527 1.248 14.740 87.993 102.733 

(a) Inc l  udes incremental c o s t  (1.836) of u t i  1 i  z ing an ex te rna l  c o n t r a c t o r  
f o r  pre-decommi s s i o n i  ng ana lyses .  

SCALING ANALYSIS 

For purposes of developing an upper-bound es t imate  of  c o s t s  f o r  immediate 
dismantlement of r e a c t o r  p l a n t s  smal le r  than the  re ference  p l a n t s ,  assume t h a t  
a1 l  c g s t s  ( s t a f f  1 abor ,  equipment, suppl i  e s ,  e t c . )  except waste d i sposa l  a r e  
independent of p l a n t  s i z e ,  and t h a t  t h e  s ca l ing  f a c t o r s  developed i n  t h e  
NUREG/CR-0130 Addendum and i n  t h e  NUREG/CR-0672 Appendix 0 a r e  appl i  cab1 e t o  
just t h e ' d i s p o s a l  c o s t s .  This  a n a l y s i s  wi l l  be l imi t ed  t o  p l a n t s  with thermal 
power r a t i n g s  g r e a t e r  than 1200 MW . Using the  1986 GEIS c o s t  updates f o r  
t h e  r e f e rence  p l a n t s ,  a s  given i n  Fhe t a b l e  above, t h e  por t ion  of t hose  c o s t s  
t h a t  a r e  due t o  waste d i s p o s a l ,  t h e  ove ra l l  s ca l ing  f a c t o r s  from t h e  previous 
s c a l i n g  ana lyses ,  and t h e  e s c a l a t e d  c o s t  adders from Table 1 ,  above, t h e  r e s u l t s  
shown i n  Table 2 a r e  obta ined:  



Dr. Carl Feldman 
November 12, 1986 
Page Two 

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

Reactor Waste Scal i ng Remaining Escalated Uti 1 i t y  Uti 1 i t y  + 
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 
WNP-2 44.100 1.000 54.464 10.230 108.794 131.766 

Using the r e su l t s  from Table 2, a s e t  of l i nea r  equations can be derived f o r  
the  scal i ng of the  immediate dismantlement, cos ts  f o r  p lants  i n  the 1200 t o  
3500 MWt range. 

PWR: c o s t = 5 7 . 7 5 6 + 8 . 6 4 0 x i o ~ ~  [ M W ~ I  u t i l i t y ~ n l y  
Cost = 72.495 + 8.640 x 10 [ MWt ] U t i l i t y  + Contractor 

BWR: Cost = 78.948 + 8.986 x 10'q3[ MW ] U t i l i t y  Only 
Cost = 101.924 + 8.986 x 10 [ M S ~  ] U t i l i t y  + Contractor 

For the  reference p lan t s ,  the  thermal power ra t ings  used in developing these 
equations a re  PWR ( 3500 MWt ) ,  BWR ( 3320 MWt ) .  The thermal power ra t ings  
of the  o ther  p lants  used in developing the  overall  scal ing f ac to r s  a re  given 
in the  respective NUREG/CR reports .  

I trust th is  information wil l  be adequate and appropriate f o r  your use i n  
developing the  f i na l  decommissioning rule.  I f  you have any questions about any 
of the  material presented in t h i s  l e t t e r ,  please ca l l  me. 

Sincerely,  

b~ 
Richard I Smith, P.E. 
S ta f f  Engineer 
Waste Systems and Transportation 
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